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  Abstract                                                                                                                                                             

The management of e waste has become a global challenge due to its sheer volume, and the presence of toxic and 

hazardous chemicals that are a threat to the environment and health. This article reviews the present status of E waste 

toxicity and its adverse impact on the environment and human health. The continuous increase in the volume of the e 

waste generation in the past few years and it’s improper disposal, exposes the populations to the potentially hazardous 

substances and toxins. Most of the toxicity data has come from the populations exposed to e waste such as the informal 

recyclers and those living in or near e waste dumpsites. Though the genotoxic and cytotoxic effects of individual 

components of the e waste such as heavy metals and the organic pollutants has been established, the complex 

mechanisms and pathways by which the toxicity affects the cells and the DNA are still not very clear. The aim of writing 

this review is to bring the attention of the international scientific community to this serious issue, and to urgently focus 

on finding plausible solutions for efficient and sustainable management of e waste to minimize the threat to the human 

health and the environment. 
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Introduction 

E-waste is one of the significant components of solid 
wastes in most parts of the world due to the fast turnover 
of the discarded electronic equipments by the consumers. 
There are several definitions of e waste. Electronics waste 
or e-waste also referred to as waste electrical and 
electronic equipment (WEEE), is defined as any end-of-
life “equipment which is dependent on electrical current 
or electromagnetic field in order to work properly” [1]. 
According to the Basel Action Network, “e-waste 
encompasses a broad and growing range of electronic 
devices, ranging from large household devices such as 
refrigerators, air conditioners, cell phones, personal 

stereos, and consumer electronics to computers, which 
have been discarded by their users” [2]. Further E-waste 
has been classified into three main categories: Large 
Household appliances (Refrigerators, washing machine 
etc), IT or Telecom Equipments (Personal computers, 
Laptops, cellular phones, I pads etc) and Consumer 
Equipments (televisions, DVD players, Blenders, Heaters, 
Coffee machines etc) [Table 1]. The classification of these 
e-waste items is based on a range of almost 26 common 
components found in them. These components are used in 
the “building” of each item and therefore they are easily 
“identifiable” and “removable” [3]. These components 
include metal, motor/compressor, cooling, plastic, 
insulation, glass, rubber, wiring, concrete, transformers, 
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magnetron, textiles, circuit boards, fluorescent lamps, 
incandescent lamps, heating elements, thermostats, 
brominated flamed retardant (BFR)-containing plastics, 
batteries, external electric cables, refractory ceramic 
fibers, radioactive substances and electrolyte capacitors.  
 
     The rapid advancement and development in the field of 
technology has lead to the flooding of markets with new 
models year after year around the world. The 
introduction of the new models makes the consumers 
discard their old and obsolete models of their electronic 
gadgets especially in the fast expanding 
Telecommunication sector. The fast rate and the 
unsustainable methods of disposal of these electronic 
gadgets is a matter of concern for the environmentalists 
as these gadgets release toxic materials when stored or 
disposed of irresponsibly. Further, the effects of toxins 
can aggravate many folds due to the slow metabolic rate, 
and the process of bioaccumulation. 
 

E-WASTE BY THE METRIC TON 

Weight in 
million tons 

Type of E-waste 

12.8 
Small equipment (microwaves, vacuums, 

video cameras, electric razors, etc.) 

11.8 
Large equipment (washing machines, 

clothes dryers, dishwashers, electric stoves, 
photovoltaic panels, etc.) 

7 
Cooling and freezing equipment 

(temperature exchangers, freezers, etc.) 

6.3 Screens 

3 
Small IT (mobile phones, pocket calculators, 

computers, printers, etc.) 

1 Lamps 

Table 1: Composition of the e waste by weight* 

*Credit- United Nations University (UNU) E waste report 

Global significance of E waste 

     E waste is often disposed of as a component of the solid 
waste collected by the municipalities around the world. In 
the year 2014, an estimated 41.8 Million tons of e waste 
was generated globally and this number is expected to 

reach 49.8 Million tons by the year 2018 [4] [Figure 1]. It 
is the vast continent of Asia, comprising of many 
developing countries, that has become the foremost 
contributor to the world with an estimated 16 Million 
tons of e waste generation in the year 2014 itself. Hong 
Kong, Singapore, Brunei were on top of the list of 
countries with the highest e waste generation per 
inhabitant with 21.5 kg/inh, 19.6 Kg/Inh and 18.1 kg/Inh 
respectively [4] and China, Japan and India were at the 
top of the list of the highest e waste generating countries 
[5,6]. Philippines known as the texting Capital of the 
world has a huge turnover of obsolete electronic waste 
however, most of the Filipinos store it in their houses and 
only a small fraction enters the recycling channel [7]. Due 
to lack of proper guidelines and regulations, the e waste 
in Philippines is being dumped at the Smoky Mountain, 
Pier 18 of Manila, Dreamland, Rosario, Cavite, and 
Venezuela and its impact on the environment is currently 
being analyzed [8]. With countries like Bangladesh, 
Vietnam, Thailand, struggling with the increase in the e 
waste generation and its improper disposal, Asia, with 
countries comprising of these fast growing economies is 
rapidly emerging as “E waste hotspot”.  
 

 
 

Is E waste Hazardous? 

     The e waste consists of 1000 different substances that 
can be categorized into hazardous and non-hazardous 
categories [9]. The e waste is composed of glass, plastics, 
wood, printed circuit boards, ceramics, concrete, rubber 
besides ferrous and non-ferrous metals [10]. The Iron and 
steel amount to about 50% of the e waste whereas, the 
non ferrous metals which constitute 13 % of the e waste 
includes metals like copper (Cu), aluminum (Al), and 
precious metals like gold, silver, platinum, and palladium. 
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     In addition, there are organic pollutants such as 
brominated flame retardants (polybrominated diphenyl 
ethers), polybrominated diphenyls, dibrominated 
diphenyl ethers, polychlorinated biphenyls, 
polychlorinated or polybrominated dioxins and 
dibenzofurans dioxins, found in the e waste. Often 
hazardous substances such as hexavalent chromium and 
flame retardants and heavy metals like lead, mercury, 
arsenic, cadmium, selenium etc have been reported to be 
present more than the safe limits [11]. Among these 
substances, cadmium, hexavalent chromium, and 
beryllium have been identified as carcinogenic whereas 
the polybrominated diphenyl ethers, polycyclic aromatic 
hydrocarbons and aluminum are known genotoxins 
[12,13]. It is the presence of these substances, which pose 
a serious threat to the human and environment when 
exposed to e waste. 
 

Management of E waste 

     The management and disposal of e-waste is very 
complicated due to the presence of toxic chemicals and 
heavy metals in the electronic products [14]. The 
presence of these hazardous materials requires utmost 
precautions, specialized training and cautious approach in 
segregation, collection, transportation, handling and 
treatment of the various components of E waste both 
while assembling the devices and while disposing off the e 
waste. Most of the current e waste management and 
disposal practices are not environmentally sound and 
looks unsustainable in the long run. The current practices 
of e waste disposal involve - using Landfills, Incineration 
and recycling. The Landfills are earmarked areas or land 
generally outside the city limits where, in addition to the e 
waste, the general solid waste is disposed off as well. The 
e waste is either dumped at these sites or buried in the 
trenches that are later covered with a thick layer of soil. 
The biggest drawback of using this method is the 
possibility of human populations being exposed to toxins 
due to the heavy metals and hazardous substances 
leaching out and contaminating the surrounding land and 
water bodies including the groundwater especially in the 
areas recipient of the higher annual rainfall such as 
Indonesia, Colombia, Philippines etc [Figure 2]. 
Incineration involves the burning of waste material at a 
temperature of 9000 C to 10000 C. Since the burning 
releases heavy fumes and large amount of residues, it is 
yet again a potential source of hazardous pollutants such 
as dioxins and furans, insulators (PCBs), fire retardants in 
the environment [15]. Often acids and sludge obtained 
from melting computer chips to recover precious metals 
are disposed off carelessly on the ground. This can lead to 
acidification of soil and contamination of water resources. 
The recycling practices involve the Formal sector, the 
informal sector and the transboundary movement of the  

e waste from developed countries to the third world 
countries. Most of the developed countries are the bulk 
consumers but due to stringent environmental 
regulations and expensive recycling cost, a substantial 
volume of e waste is illegally shipped to the third world 
countries in Asia and Africa [16]. Even most of the rich 
Middle East countries do not have any proper recycling 
facilities hence the collected e waste is exported to Asia 
and Europe for recycling [17]. Recycling involves 
dismantling the different parts of the devices and reusing 
them especially the precious metals like silver, gold etc 
[18]. A ton of used cellular phones, for example contain 
about 3.5 kg of silver, 340 g of gold, 140 g of palladium, 
and 130 kg of copper [19]. The purpose of recycling 
activities in these developing countries is to recover gold, 
silver, copper, zinc, iron, tin, and other metals for profit 
[20,21]. However, because of a lack of stringent 
environmental regulation and worker protection, toxins 
in e-waste cause serious contaminations of local air, dust, 
soil, and water [21-23]. It was the plight of the Informal e 
waste recyclers in the e waste dumpsites of China and 
Ghana that brought the world’s attention to the impact of 
e waste on human health and environment.  
 

Figure 2: E waste in relation to human health and 
environment 
 

Toxicity at E waste dumping sites 

     Due to cheap labour and lack of regulations, 80% of the 
e waste generated in the developed world ends up in 
countries like China, India, Nigeria, Ghana, Philippines, 
Cambodia, Vietnam, Pakistan [24-27]. Since this E waste 
dumpsites are a threat to the human health and 
environment, proper assessment is needed to investigate 
their risks to human health [28]. 
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Guiyu, China: It was a documentary film [1]Exporting 
Harm made by Basel Action Network on electronic waste 
dumping in Guiyu, China that had shocked the world with 
the revelation about the appalling and improper methods 
of E waste disposal and brought to the notice the 
disastrous impact of e waste on the human health and 
environment. Guiyu in China is known as the “electronic 
waste dump of the world” where almost 60,000 e waste 
recyclers dismantle over 1.5 million pounds of e waste 
every year. The environmental contamination due to e 
waste was evident when the samples of sediments 
collected from two rivers in Guiyu showed acute toxicity 
levels due to elevated levels of heavy metals and other 
chemicals [29]. Since the workers recycle the components 
of e waste manually and without any protective covering, 
they are exposed to the toxins and heavy metals present 
in the e waste [21]. The levels of lead in the blood samples 
of the children living in Guiyu were found to be 
significantly higher than in those of children living in 
other cities [30]. Lower body weight, height, body mass 
index and lung functioning in terms of forced vital 
capacity were observed in children living in Guiyu [31]. In 
another study, higher levels of cadmium, copper and lead 
were deducted in the human scalp hair of residents and 
workers involved in high e waste recycling operations 
[32]. The exposure to polycyclic aromatic hydrocarbons 
and other organic pollutants lead to the increase in 
spontaneous abortions [33], stillbirths [34], and 
premature births [35], in the populations living in this 
area. 
 
Agbogbloshie, Ghana: Agbogbloshie, in Ghana has the 
infamous distinction of being the biggest e waste 
dumpsite in the entire sub-Saharan region [36]. The lead, 
in the soil samples in and around Agbogbloshie was found 
to be as high as 18,125 ppm, significantly higher than US 
EPA standard of 400 ppm [37]. Majority of e waste 
recyclers operating in this e waste dumpsite had health 
related complaints such as chest pains, respiratory tract 
infections, body pains, stomach discomfort and headaches 
[38]. Due to the primitive practices used for recycling the 
e waste, many heavy metals such as lead, cadmium, 
copper, zinc etc besides organic pollutants e.g. PCDD/Fs 
and PBDEs were detected in excess to the background 
levels in the sediments of local water bodies in Accra, 
Ghana. The exposure to these toxins and the process of 
bioaccumulation puts the aquatic flora and fauna in and 
around these water bodies at high risk [39]. The Allium 
cepa bioassay method used to investigate the cyto-geno-
toxicity of electronic waste leachates from Iloabuchi 
electronic market, Diobu, Rivers State illustrated 

significant root growth inhibition and morphological 
defects at all concentrations tested [40]. The same study 
also reported a significant increase in the induction of 
chromosomal aberrations as compared to the control; in 
the A. cepa root cells perhaps induced by the presence of 
high metal content in the e waste leachates present in the 
area. Further, higher levels of urinary polycyclic aromatic 
hydrocarbons (PAH) metabolite concentrations and 
significantly higher concentrations of some of the metals 
that are released during recycling activities such as Fe, Sb, 
and Pb were reported in the urine samples of the e waste 
recyclers as compared to the control group [41, 42]. 
 
Bengaluru, India: The demand from the vast Indian 
population has lead to the tremendous increase in the e 
waste trade in India with an estimated 500 % rise in the 
number of old computers dumped as e waste by 2020 
[43]. E waste scrap yards with the informal recyclers have 
come up in and around major cities like Delhi, Chennai, 
Mumbai, Kolkata, Bengaluru, Meerut, Ferozabad [44]. 
Bengaluru, also know as the Silicon Valley of India due to 
the presence of a thriving IT industry generates 8000 tons 
of e waste per year and is prominent in the danger list of 
cities faced with an e waste hazard [45]. The samples of 
soil, air dust, and human hair collected from an e-waste 
recycling site in Bengaluru, showed increased 
concentrations of trace elements such as lead, zinc, silver, 
cadmium, and copper compared to the reference sites 
[46]. Another study conducted in Delhi, the capital of 
India reported higher concentrations of heavy metals like 
As, Se, Cd, Cu, Pb and Zn in the surface soils and 
groundwater samples of e waste recycling areas and 
heavy accumulation of these metals in a native plant, 
Cynodon dactylon growing in the e waste recycling sites 
[47]. 
  

Toxic effects of E waste on humans and 
Environment 

     The e waste toxicity has been reported to cause wide 
range of health problems related to the stomach, skin, 
respiratory tract and other organ systems besides causing 
genotoxicity by causing damage at the chromosomal and 
DNA level [48] [Table 2]. The impact of the toxic 
substances present in the e waste depends on the route of 
exposure, duration of exposure and the enhancement or 
the possible inhibition of the overall affect due to the 
interaction between the various components and 
interaction of these components with other other factors 
[49].  

 
 

 

 

Note: [1]Exporting Harm is a documentary and published report by the Basel Action Network on electronic waste dumping in Guiyu, China (Basel Action Network. 2002. Exporting Harm: The High-

tech Trashing of Asia. BAN, Seattle, USA). Retrieved from: http://svtc.org/wp-content/uploads/technotrash.pdf pp. 15-22 
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While the personals assembling these electronic devices 
and the ones working in the formal and informal recycling 
sectors can directly get exposed to these hazardous 
substances, the general population can get exposed by the 
residual hazardous chemicals persistent in the 
environment due to their slow degradation. The improper 
disposal practices further release these toxins in to the 
environment.  
 
     Higher levels of polychlorinated biphenyls (PCBs) and 
polybrominated diphenyl ethers (PBDEs) have also been 
reported in the human breast milk and scalp hair samples 
of the primipara and multipara mothers living in two 
locations in the Philippines where one of the location was 
- Payatas, an e waste dumpsite [50]. The PBDE levels in 
the human milk were reported to be significantly higher 
in the dumpsite samples as compared to the samples from 
the women living in the no dump site due to inhalation of 
these compounds while dismantling and recycling the e 
waste. Similar results were reported from e waste 
dumpsites – Trang Minh and Bui Dau in Vietnam [51]. 
Further, the estimated infant intake of PBDEs from the 
breast milk of some e waste recycler mothers was 
reported to be close or higher than the reference doses 
recommended by USEPA [52]. Lead (Pb), one of the major 
toxic substance present in the e- waste has been identified 
to be a developmental neurotoxin with the potential of 
inducing neuroanatomical changes such as reduced gray 
matter in the prefrontal region and diffusivity changes in 
white matter in the young adults who were exposed to Pb 
in their childhood [53]. The studies involving measuring 
blood Pb levels in children (1-6 years old) living in the e 
waste recycling site, Guiyu, China indicated 50 % higher 
value (15μg/dL) than the blood Pb level in the control 
group [54]. It has been reported that blood Pb levels ≥ 
10μg/dL in infants is damaging to neurodevelopment and 
may lead to behavioral disturbance, impaired cognitive 
function, attention deficits and hyperactivity [55]. The 
elevated levels of Pb in the blood resulted in the lower 
percentages of Natural Killer cells and altered levels of 
platelets, IL-1β and IL-27 in the preschool children in 
Guiyu [56]. Cadmium, another heavy metal present in the 

e waste can affect the human health by binding to the 
sulfhydryl groups in proteins there by inhibiting the 
enzyme activity which adversely affects the physiological 
and biochemical reactions in the body [57]. The reduction 
in the absolute numbers as well as the percentage of CD4+ 
cells induced by the presence of lead (>25ug/ml) in the 
blood of the children exposed to e waste suggests the 
immuno-toxicity potential of the e waste [58].  
 
     The increased frequencies of micronucleated and 
binucleated cells [59], and increase in chromosomal 
aberrations [60] and micronuclei [61] in the peripheral 
blood of the population exposed to e waste as compared 
to the control group is indicative of the genotoxicity 
potential of the e waste. The investigations by using the 
marker, 8-hydroxyguanosine (8OH-dG) to measure the 
oxidative DNA damage and cancer risk revealed that the 
Chinese e waste recyclers had more DNA damage than 
non-factory workers, with their DNA biomarker levels 
nearly as high as those observed in the cancer patients. 
The cellular DNA damage is known to increase the risk of 
cancer, therefore there is a high potential cancer risk in 
the e waste informal recyclers who are exposed to toxic 
pollutants as well as in populations living close the e 
waste dumpsites. A change in the expression of 182 
miRNAs expression profile in the spermatozoa was 
reported, establishing the cause effect relationship 
between the exposure to e waste toxins and sperm count 
and quality [62]. The polluted soil and dust samples from 
the e waste area of Longtang, induced cell damage and 
DNA single strand breaks in the L02 cells through the 
intracellular reactive oxygen species (ROS) [63]. The 
proposed mechanism of action of e waste in causing the 
genotoxicity to the cell is by DNA fragmentation and cell 
death by apoptosis as observed in mouse fibroblast 
(NIH/3T3) cell line exposed to e waste leachates [64]. 
Hence, so far the studies do indicate that the e waste can 
cause genotoxicity as well as cytotoxicity. However, more 
data and investigations are needed to further substantiate 
this conclusion. 
 

  

Constituents E-waste Source Health effects Source 

PCB 
(Polychlorinated 

Biphenyls 

Capacitors and 
transformers 

 Possible cancer 
 Effects on the immune system, 

reproductive system, nervous 
system, endocrine system. 

 It accumulates in the fat rich tissues 
of almost all organisms 
(bioaccumulation) 

Pinto, V.N. (2008, August 12). E-waste 
hazard: The impending challenge. Retrieved 

August 
13, 2016, from 

http://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2796756/ 

 
Hazardous Waste. (n.d.). Retrieved August 

13, 2016, from 
http://www.epa.gov/epawaste/hazard/tsd/

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2796756/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2796756/
http://www.epa.gov/epawaste/hazard/tsd/pcbs/pubs/effects.htm
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pcbs/pubs/effects.htm 

PVC (Polyvinyl 
chloride 

Cabling and 
Computer 

housing 

 Respiratory problems. 
 Affects skin, lungs and bladder. 
 Can lead to skin and lung cancer. 
 (Affects reproductive system and 

immune system and leads to 
hormonal disorder) 

POLYVINYL CHLORIDE. (2014, July 01). 
Retrieved August 

13, 2016, from 
http://www.cdc.gov/niosh/ipcsneng/neng1

487.html 

Brominated 
Flame Retardants 

Plastic housing 
for electronic 

equipment and 
circuit boards 

 Disrupts endocrine system functions. 

Swedish National Food Administration. 
(2003, September 29). Result 

Filters. Retrieved August 
13, 2016, from 

http://www.ncbi.nlm.nih.gov/pubmed/128
50100 

 

Chromium 

Corrosion 
protection of 

untreated 
galvanished 
steel plates, 

decorators and 
hardener 

 Respiratory tract irritants can cause 
pulmonary sensitization. 

 Increases the risk of lungs, nasal, and 
sinus cancer. 

 Severe dermatitis and usually 
painless skin ulcers. 

 Increased risk of respiratory system 
cancers. 

 Indicated that reversible renal 
tubular damage can occur. 

 Severe liber abnormalities. 
 Caustic and irritating to 

gastrointestinal mucosal tissue. 
 Cardiovascular collapse. 
 Hematological toxicity. 
 DNA damage, gene mutation, sister 

chromatid exchange, chromosomal 
aberrations in a number of targets, 
including animal cells, in vivo and 
animal and human cells in vitro. 

Health effects of Hexavalent Chromium. 
(2001 July). Retrieved August 

14, 2016, from 
www.osha.gov/OshDoc/data_General_Facts/

hexavalent 
_chromium.pdf 

 
Chromium (Cr) Toxicity: Key Concepts. 
(2008, December 8). Retrieved August 

13, 2016, from 
http://www.atsdr.cdc.gov/csem/csem.asp?c

sem=10 

Cadmium 
Chip resistors 

and 
semiconductors 

 Acute inhalation exposure (high 
levels in short period of time) can 
result in flulike symptoms (chills, 
fever and muscle pain) and can 
damage the lungs. 

 Chronic exposure (low level over an 
extended period of time) can result 
in kidney, bone and lung disease. 

 Causes neural damage. 

Public Health Statement for Cadmium. 
(2015, January 21). Retrieved August 

13, 2016, from 
http://www.atsdr.cdc.gov/phs/phs.asp?id=

46&tid=15 
 

Safety and Health Topics: Cadmium. (n.d.). 
Retrieved August 

13, 2016, from 
http://www.osha.gov/SLTC/Cadmium/heal

theffects.html 

Lead 

Solder in PCBs, 
glass panels, 

and gaskets in 
computer 
monitors 

 Lead poisoning. 
 Anemia, weakness and kidney and 

brain damage. 
 Neurological effects and mental 

retardation. 
 High blood pressure, heart disease, 

kidney disease and reduced fertility. 
 Affects brain development in 

Safety and Health Topics: Lead. (n.d.). 
Retrieved August 

13, 2016, from 
http://www.osha.gov/SLTC/lead/healtheffe

cts.html 
 

LEAD. (2013, September 30). Retrieved 
August 

http://www.cdc.gov/niosh/ipcsneng/neng1487.html
http://www.cdc.gov/niosh/ipcsneng/neng1487.html
http://www.ncbi.nlm.nih.gov/pubmed/12850100
http://www.ncbi.nlm.nih.gov/pubmed/12850100
http://www.atsdr.cdc.gov/csem/csem.asp?csem=10
http://www.atsdr.cdc.gov/csem/csem.asp?csem=10
http://www.atsdr.cdc.gov/phs/phs.asp?id=46&tid=15
http://www.atsdr.cdc.gov/phs/phs.asp?id=46&tid=15
http://www.osha.gov/SLTC/Cadmium/healtheffects.html
http://www.osha.gov/SLTC/Cadmium/healtheffects.html
http://www.osha.gov/SLTC/lead/healtheffects.html
http://www.osha.gov/SLTC/lead/healtheffects.html
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children. 13, 2016, from 
http://www.cdc.gov/niosh/topics/lead/hea

lth.html 
 

Mercury 
Relays and 

switches, PCBs 

 Harmful effects on the nervous, 
immune and digestive system, lungs 
and kidneys, and may be fatal. 

 Corrosive to the skin, eyes and gastro 
intestinal tract, and may induce 
kidney toxicity. 

 Neurological and behavioural 
disorders. 

 Mild, subclinical signs of central 
nervous system toxicity. 

 Kidneys effects have been reported, 
ranging from increased protein in the 
urine to kidney failure. 

Mercury and health. (2016, January). 
Retrieved August 

13, 2016, from 
http://www.who.int/mediacentre/factsheet

s./fs361/en/ 

Nickel 
Rechargable 
batteries and 
electron gun 

 Allergic reaction (skin rash and etc.). 
 Stomach aches and suffered adverse 

effects in their blood (increased red 
blood cells) and kidneys (increased 
protein in the urine). 

 Chronic bronchitis, reduced lung 
function and cancer of the lung and 
nasal sinus. 

 

Public Health Statement for Nickel. (2015, 
January 21). Retrieved August 

13, 2016, from 
http://www.atsdr.cdc.gov/PHS/PHS.asp?id=

243&tid=44 
 

Table 2: Impact of some of the components of E waste on Human Health 
 

Results and Discussion 

     Till date, most of the data and the information about 
the impact of e waste have come from samples taken from 
the e waste dumpsites in China and Nigeria. However, to 
study the full impact of the composite nature of the e 
waste, which includes heavy metals, organic pollutants 
and other compounds, the laboratory-based experiments 
should be designed to establish the dose response 
relations between these complex chemical mixtures and 
their impact on different in vitro and in vivo assay 
systems. New models, efficient and sensitive assay 
systems, a standardized questionnaire that can be 
validated by the available definitions of e waste will help 
to generate legitimate scientific evidence to further 
understand the e waste toxicity. Further, the extent of 
damage due to the combined action of chemicals present 
in the e waste with factors such as life style which 
includes smoking, drinking alcohol, nutritional status, 
gender specific difference in the response, needs further 
investigation to fully understand and establish the range 
of effects caused by exposure to e waste. Since the e waste 
is composed of many hazardous chemicals, the “cocktail 
effect’ where the individual components in a mixture do 
not each separately cause harmful effects but the mixture 
itself  can produce   harmful   effects   [65],  needs  further  

 
research to resolve the extent to which each of these 
hazardous chemicals cause genotoxicity and cytotoxicity. 
  
     The fact is that in many countries the E waste is still 
considered and disposed off as part of the solid waste, 
poses another limitation in investigating the effects of the 
E waste as a separate entity. However, more data and 
scientific evidence is needed to understand the full 
potential of e waste toxicity. To manage the e waste and 
protect the environment and human populations from the 
toxicity of the e waste, an interdisciplinary approach with 
collaboration between the scientific community, experts, 
policy makers, manufactures and recyclers in all the 
countries is the need of the hour.  
 

Conclusion 

     E waste is purely a manmade menace, which has now 
become a global issue and needs immediate attention 
with multi pronged approach to find tangible solutions to 
deal with the problem. The improper disposal of e waste 
can cause lot of harm and damage to the environment as 
well as to the health of the people due to the presence of 
hazardous substances. Hence, extensive research by the 
scientific community with an interdisciplinary approach 
is needed to investigate and assess the overall and full 

http://www.cdc.gov/niosh/topics/lead/health.html
http://www.cdc.gov/niosh/topics/lead/health.html
http://www.who.int/mediacentre/factsheets./fs361/en/
http://www.who.int/mediacentre/factsheets./fs361/en/
http://www.atsdr.cdc.gov/PHS/PHS.asp?id=243&tid=44
http://www.atsdr.cdc.gov/PHS/PHS.asp?id=243&tid=44
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potential of the toxicity of the e waste. The collaboration 
between the various stakeholders such as manufacturers, 
recyclers and consumers should be encouraged to reduce 
the overall e waste generation, adopt safe recycling 
practices thereby minimize the exposure to the toxicity of 
the e waste and save the environment and human 
population.  
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