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Abstract

Every year the electronics industry increases its production and earns billions of dollars. This increase is associated
to the growth electronic waste production that, unfortunately, is not followed by the proportional recycling
increase. An extensive quantity of e-waste containing several toxic chemical residues, that provoke serious toxic
effects for human health, is released in the environment every day. This work it is a mini review about the issue of
electronic waste production and its chemical contamination capacity for soil, water, plants, animals, food, and
humans. Finally, this mini-review finalize with a small reflection about e-waste in Covid-19's Pandemic times.
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1. Introduction

Despite various governments, industrial sectors, and environmental organizations to report a considerable
evolution in the reuse and recycle of electronic waste, the reality is not so exciting. A lot of documentaries from tv
and videos channels, besides news sites, books, and scientific articles have been show the negative effects of
nonconventional and rudimentary methods to recycle metals from e-waste. These informal activities are
considered dangerous because to generate large amounts of residues containing extremely toxic metals and organic
chemical pollutants that cause serious health problems and dramatically decrease the life expectancy of the
population, mainly around contaminated areas near e-waste (Sthiannopkao, 2013; Bradley, 2014; Lecher, 2019;
Bazilian, 2020; Hameed, 2020). This informal subsistence economy is the only source income a lot of populations
located in some areas of many countries such as: Ghana (Buzuev, 2015), Nigeria (Nnorom and Osibanjo, 2008),
India (Borthakur and Singh, 2012), Pakistan (Igbal et al., 2017), Philippines, Indonesia, Vietnam (Youshida et al.,
2016), Mexico (Cruz-Sotelo et al., 2017), Malaysia (Suja et al., 2014), Hong Kong (Bhattacharya, 2017), and
several other parts of the world, mainly in poor and developing countries (Maphosa et al., 2017). In Ethiopia, for
example, the high rate of brokens cell phones, the accelerated increasing of obsolescence rate, and the demand for
new technology are the main causes for the e-waste generation. Commonly storing is the major practiced disposal
method as well as recycling and donating. However, Kitila and Woldemikael (2021) demonstrate that absence of
efficient recycle and appropriate disposal methods are the main factors for the storage, improper disposal and
rudimentary. In other article published in 2019, the same authors reported several problems to treat the electronic
waste from educational institutions and government sector offices of Addis Ababa (Kitila and Woldemikael,
2019).

Recent data collected from The Global E-Waste Statistics Partnership Website demonstrate that Ghana situation is
not different (Global E-Waste: Ghana, 2019). Interestingly this important website does not reveal the amount of
e-waste imported from US, and Europe by Ghana. Perhaps due to the lack of data provided by the local
government. However, it should not be difficult to measure the many tons of e-waste discarded in this African
country by developed countries. In the e-waste import zone situated in Agbogbloshie, a region localized in the
heart of Accra Province, the view it reveals a catastrophic scenario showing various unconventional treatment

54



gjhs.ccsenet.org Global Journal of Health Science Vol. 14, No. 3; 2022

points of toxic e-waste containing fume and water probably contaminated by chemical pollutants, beside urban
conflicts between pickers, and other social problems (Minter, 2016; Daum et al., 2017; Petricca et al., 2020). The
e-waste problem is also a reality in South America. For example, in Paraguay does not exist official data about
e-waste produced by Paraguayan population. Data collected from the Global E-Waste Statistics Partnership
(Global E-Waste: Paraguay, 2019) provides an idea about the e-waste formally collected. However, it does not
reveal the amount of e-waste collected by pickers that living directly of this informal job. So, you ask yourself:
what is the fate of this material? It is likely to be delivered to recyclers using unconventional and dangerous
methods for metals recuperation. Paraguay does not have a specific law for e-waste. However, in its constitution,
there are several items that protect the right to a protected environment and good life quality (ABC, 2006). But in
relation to e-waste, data presented in 2014 reveal that in Paraguay, each person produces 4.9 kg of this kind of
waste, while in its neighboring country ,Brazil, much more populous, each person produces 7.7 kg. Therefore, the
problem of electronic waste in Paraguay cannot be disregarded (Baldé et al., 2014).

In Brazil, Country frontier with Paraguay, recent data collected from The Global E-Waste Statistics Partnership
demonstrate that the situation in this Country is worrying. Brazil generated, in 2019, approximately 2143 kt of
electronic waste and its formal recycling rate was 0% (Global E-Waste: Brazil, 2019). Considering that in Brazil
the consumption of electronic devices, mainly cell phones (Lopes, 2018), is extremely high, the data presented by
the Global E-Waste Statistics Partnership are worrying. The rates of formal e-waste collect obtained from the
Global E-Waste Statistics Partnership Website (Global E-Waste: Brazil, 2019) allowed the elaboration of the graph
presented in Figure 1. Its possible verified that in Latin America, Brazil does not have formal e-waste collect (0%)
while Argentina and Chile formally collect around 3%, and Peru and Colombia collect around 1%. However, in
some informal meetings with pickers that living in the streets of Vitoria-ES (20°19'09' south latitude and 40°20'50'
west longitude), Espirito Santo State Capital, we have been informed that a large part of this electronic waste is
exploited by conventional and unconventional methods (Figure 2) as a secondary source of valuable metals. Some
small companies buy this e-waste for possible recycle or to sell to large companies. However, there are no official
data to support this information. The reasons for the lack of this official data are also unknown. We can suggest that
for these companies, the unconventional e-waste collect has a lower cost because the e-waste is obtained from
pickers that accept low payments to their survive.
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Figure 1. South American countries with formal e-waste collect in comparison with Brazil. (These data were
obtained from The Global E-Waste Statistics Partnership, 2019)
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Figure 2. Small deposit of e-waste informally collected in Vitoria-ES, Brazil (Photo: Gustavo Malini Barcelos)

In this mini review the problems caused by chemical pollutants due excessive number of electronic devices
discharged in environmental in the last times. It is currently verified that the significant amount e-waste occurs
because some important factors such as: the planned obsolescence induced by electronic device industries and the
incessant search by news technologies that involve avid consumers hypnotized by globalist media. This behavior
provokes serious environmental impacts. Do you think that your old cell phone disappears after use time to another
spatial dimension? Your discarded cell phone is part of e-waste destined to poor and developing countries. In these
places, the e-waste deposits are used for unconventional and rude recycle, to obtain metals of considerable
economic value. These methods are responsible by several environmental problems.

2. Objectives

This mini review aims to help clarify the impacts caused by the high e-waste disposal in the environment as well as
the harm caused by it in environment and health. In addition, it warns to the increase in disposal caused by the
growth consumption during COVID-19 pandemic. Finally, it suggests environmental education as a means of
preventing worse damage.

3. Material and Methods

Were used the following data banks to obtain the sources present in this mini review: Portal Capes of Brazilian
Government, WebofScience, PubMed, Google Scholar and Brazil's Scielo as well as sources from geography sites,
online newspapers, online magazines, and blogs.

In this mini review were use "e-waste" word combinate with following keywords: cell phone", contamination,
metals, chemical organic pollutants, disease, water, fume, air, soil, animal, plants, humans, milk, blood, Covid-19,
and other.

4. Results and Discussion
4.1 E-Waste Contamination

The Figure 3 represents the consumption dream of many people. But for most of them, the final disposal of these
products does not matter.
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Figure 3. Cell phone store in a typical mall's Brazilian city (Photo: Angelo Fernando Melo Barbosa)

Do you have knowledge about as your cell phone is discarded in environmental? Do you have knowledge about the
chemical composition of your cell phone (Singh et al., 2018) (Figure 4) and its consequence to the environment
and public health?
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Figure 4. Plastic, polychlorinated biphenyls (PCBs), and metals present in cell phone (Photo: Angelo Fernando
Melo Barbosa)

The e-waste presents several metals of economic, strategic, technological interest such as: Fe, Cu, Al, Co, Ni, Sn,
Pb, Cd, Zn, and valuable metals (Au, Ag, Pt and Pd), which represent great interest for their economic value
(Alsheyab, 2015). However, there are estimated 1000 toxic substances from e-waste that can threaten the living
beings and the environment if not properly treated. Toxic metals and organic compounds such as polycyclic
aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) are the main concerns (Abdelbasir et al.,
2018). Utilizing the keywords: "e-waste and pollution" in the Brazilian Government Data Bank's scientific articles
(Capes, 2000), between year’s 2010 to 2020, was possible to determine the evolution number of scientific articles
published in the world about environmental contamination by e-waste (Figure 5) and recycling (Figure 6).
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Figure 5. Number of articles about e-waste environmental contamination between year’s 2010 and 2020. These
data were obtained from Brazilian Government Data Bank for scientific publications, between year’s 2010 to 2020
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Figure 6. Number of articles about e-waste recycle between year’s 2010 and 2020. These data were obtained from
Brazilian Government Data Bank for scientific publications, between year’s 2010 to 2020 (Capes, 2000)

The articles about contamination really represents the presence of e-waste chemical pollutants in the water (Wu et
al., 2015), soil (Quan et al., 2015), plants (Wang et al., 2012), animals (Wu et al., 2016), and humans (Asante et al.,
2012) near recycling areas (Figure 5). The articles about recycling (Figure 6) represents not only formal recycle,
but mainly unconventional and dangerous recycle methods for environment.
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In the following pages we present the chemical contamination of environment and humans caused by the simple
presence of e-waste in the environment, and by rude and nonconventional recycling. Utilizing Brazilian
Government Search Site Capes (Capes, 2000), it was possible determine the approximate number of different
kinds of contaminated samples by e-waste last twenty years (Figure 7). These data were obtained using keywords
combinations such as: e-waste/soil, e-waste/river, e-waste/food, e-waste/animal, e-waste/vegetables,
e-waste/humans, and others. This search reveal that water (water place + river + lake), soil, food, and humans are
the most affected by e-waste.

Figure 7. Different environmental samples contaminated by chemical pollutants from e-waste. These data were
obtained from Brazilian Government Data Bank for scientific publications, between year’s 2010 to 2020 (Capes,
2000)

4.1.1 Soil

China and U.S.A are the largest responsible by e-waste production of the world (Tiseo, 2021). However, some
procedures for diminish the environment impact have been adopted. In China, for example, pollution control
policies have been implemented since 2012. These policies diminished Pb present in the soil, but the high
concentrations of Cd, Ni, Cu, and Zn weren't impacted. The soil contamination in different locals of China occurs
not only by activity of large recycling industries, but mainly by small e-waste dismantling workshops where the
more rigorous pollution control would need. In these local cancer diseases occurrence increased, demonstrating
that policies of pollution control need be more effective (Yang et al., 2020). In a study performed in some e-waste
areas of Qingyuan (Guangdong Province, China), Chinese researchers detected largest metals concentrations in
e-waste sites with active recycle than abandoned e-waste sites. The rude techniques to e-waste recycle utilizing, for
example, acid lixiviation, cause increases in Pb, Cd, Cu, and Sb concentrations in the soil. This kind of recycle
activity represents serious risks for public health (Adam et al., 2021).

In other Chinese study was evaluates total concentrations of some metals on surface, middle, and deep soils. The
samples were collected from recycle areas of Guyu near a paddy field. The results of analyses showed that areas
utilizing acid-leaching were severely contaminated by Ni, Cu, Zn, Cd, Sn, Sb, and Pb. Was demonstrate that
contamination occur especially on surfaces soils (Quan et al., 2015).

Recently, Thailand’s researchers evaluated soil samples collected from five places e-waste recycling, and five
place without recycling. All places studied are localized in the Buriram region, a Thailand's Province. The sample
soils were analyzed for the toxic metal’s contents utilizing an atomic absorption spectrophotometer. The results
showed environmental risks and public health problems can be possible in this local. The toxic metals presence
was mainly attributed to the high levels of Cu, As, Cd, and Pb for the surface and subsurface soils. The
concentrations of these chemical elements were higher in places e-waste recycling than no recycling places
(Amphalop et al., 2020). The presence of this kind pollutant in environment is extremely dangerous because of the
different disease resulting from toxic metals human exposure (Leston et al., 2010; Zeng et al., 2016; Waalkes,
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2020).

In a study realized at Chemistry’s Department of Ambo University, Ethiopian researchers revealed surface dusts
from electronic and electrical material maintenance workshops may to provoke chemical environmental
contamination by toxic metals. In this study, surface dust samples were collected from electronic and electrical
device maintenance workshops located in Ambo, Gedo, and Nekemte in Ethiopia. Results from analysis, utilizing
the atomic absorption spectroscopy, revealed the presence of significative amount of Pb on surface dust samples
(Getwachew et al., 2019). This study can be an alert for local population and health authorities. The danger is real
and policies for diminish the dust from e-waste need to be immediately adopted.

In another study carried out in India, soil and dust samples were collected from e-waste recycling sectors in
Chandigarh and Ludhiana (Punjab Province). The results obtained, through coupled plasma-optical emission
spectrometer (ICP-OES), revealed high concentration of Ba, Cu, Pb, and Zn in both sample (Singh et al., 2018).

Japanese and Vietnamese researchers collected garden’s soil and floor dust samples from five households that
living in an e-waste-processing area from village of Bui Dau (Hung Yen Province, Vietnam). Using an inductively
coupled plasma mass spectrometer (ICP-MS), they estimated that garden soil and floor dust can be the main
responsible to daily Pb intake by these households. These results were published in 2018 (Oguri et al., 2018).

In addition to regions in China, Ethiopia, India, Vietnam, and Thailand, Accra, in Ghana, is among the areas that
has the biggest e-waste in the world. Tons of e-waste from United States and Europe are release in this African
country. Approximately 200,000 people live daily with fume, water, soil, animals, and plants contaminated by
chemical pollutants. The massive presence of the e-waste in Ghana is a classic example of the lack of human
empathy. It is an example of the total lack of awareness about the planet we live on. It is a classic example in which
thousands of innocents pay for the consuming and greedy habits of others (Daum et al., 2017). That's why
investigations of several researchers are so important to alert the people and provide arguments for governments to
adopt strict measures in activities involving e-waste. Therefore, several studies have been carried out using
different types of samples from Ghana (Daum et al., 2017). For example, some Ghanaian researchers, from
Institute for Environment and Sanitation Studies of Ghana’s University, verified that soil and vegetation samples
from Korle Lagoon area in Accra was contaminated with high metals concentrations, mainly soils samples near
dumps containing e-waste. The Soil analysis showed that the Pb, Cd, and Cu concentrations exceeded their
WHO/FAO thresholds for agricultural soils (Fosu-Mensah et al., 2017). These metals can contaminate water,
animal, and vegetation. Photos present in the Environmental Justice Atlas show domestic animals drinking water
and feeding in the e-waste area from Accra (Lepawsky and Akese 2015). Previously, in another study, soil/ash
mixtures samples from Agbogbloshie e-waste recycling area in Accra, Ghana, were analyzed to verify the metals
variation and distribution. Using an analytical methodology including a portable X-ray fluorescence spectrometer,
researchers make it that human exposure to Pb, Cu, As, and other metals is significative. According to these
authors, the soil contamination is provoked mainly by ash from burning e-wastes (Itai et al., 2013).

However, not only metals are the responsible for soil contamination around e-waste (Abdelbasir et al., 2018). In a
recent study, German and Nigerian researchers demonstrate that soil samples collected from Abuja's dumpsites in
Nigeria, containing e-waste, are contaminated by polybrominated diphenyl ethers (PBDEs). In addition, PBDEs
were found in samples such as: chicken eggs, bentgrass, spinach, tomatoes, pumpkin, and sweet potatoes
(Oloruntoba et al., 2021). These compounds are utilized in electronic devices and other products as flame
retardant.

In another investigation, PBDEs and Octa brominated diphenyl ether-79 (OctaBDE-79) were analyzed in sample
soils from areas where waste electrical and electronic equipment plastics have been dumped and dismantled, over
a long period, at different locations of Benin, Edo State, Nigeria. These soil sample were analyzed by gas
chromatography-mass spectrometry (GC-MS). The results revealed that PBDEs concentration were no expressive,
but OctaBDE-79 concentration was significative (Edene et al., 2020). PBDEs and its derivatives are known by its
high toxicity (Viberg et al., 3006; Kaihan et al., 2020). Decabromodiphenyl ether (BDE-209), for example, can be
provoke the negative effects such as: thyroid hormone disruption, neurobehavioral toxicity, and cancer (Li et al.,
2014). BDE-209 and other toxic organic compounds were found in samples soil collected from four e-waste sites
localized in Karachi City in the Pakistan (Igbal et al., 2017).

Figures 8, 9 and 10 summarize research involving soils contaminated by pollutants generated by e-waste as well as
their potential to contaminate humans.
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Figure 8. Chemical contamination of soil, plants, animals, eggs, and humans by rude activities to electronic
devices recycle
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Acid rain

Animals

*acid leaching of e-waste
*fume from e-waste burning Contaminated
*etc. soil

Rivers Fishes
Lakes and other

animals
Pb, Cd, Cu, Hg, PBDEs, etc. Streams

Groundwater

Figure 10. Human contamination by pollutants from e-waste dump
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4.1.2 Water and Sediments

Natural water sources such as: groundwater, streams, rivers, lakes, and others can be contaminated by chemical
pollutants from e-waste, through different ways. In a review published in 2018, researchers focused on the Ganges
River, India, contaminated by metals. This pollution is provoked by different sources. Among these sources,
recycle activities in areas containing e-waste stand out. This review correlated the Ganges River pollution with
different pathologies described in medical literature (Sankhla et al., 2018).

But these problems are not restricted to India. In various world places can be found natural water sources
contaminated by e-waste pollutants. In a study published in 2007, researchers from the University of Hong Kong
and Baptist University of Hong Kong, using ICP-MS, revealed that the Lianjiang and Nanyang rivers are
contaminated by different metals. The samples of both rivers were collected near a region of Guiyu City, situated in
Chaozhou region of Guangdong Province, South China. These rivers provide water supply for a large population.
Were found metals such as: As, Cr, Li, Cd, Cu, Ni, and Pb. This pollution was correlated with the numerous
informal recycling sites of obsolete electronic devices near rivers. According to the authors, the contamination
may have been caused by improper recycling such as acid leaching (Wong et al., 2007).

Several studies about chemical rivers pollution investigate different kinds of pollutants considering its presence in
water as much as sediment. The physical chemistry characteristics of water as well as sediment may vary with pH,
salinity, oxygen demand, and other parameters. Furthermore, pollutants such as metals and toxic organic
compounds, that have some affinity by sediments, can be release to water (Figure 11) due natural and
anthropogenic factors. A study utilizing water and sediment samples from San Francisco River near Petrolina City
(Pernambuco State, Brazil) concluded that the metals concentrations bioavailable in sediments show alarming
values (Pereira et al., 2017). Inorganic pollutants can readily accumulate in benthic organisms and disseminate
through the food chain (Amin et al., 2009).

Fume containing e-waste
chemical pollutants.

E-Waste
recycle Water of river

area Pd, Cd, Cu, PBDEs, PHAs, etc.

Sediment of river

Figure 11. Natural water polluted by e-waste recycle activities and chemical pollutants present between water and
sediments

In a research realized in Akure, Nigeria, was detect bioaccumulation of some toxic metals in the tissue of
Oreochromis niloticus (tilapia) fish. The fishes were in contact with water samples contaminated with different
mass of e-waste soil. After five days, some toxic metals were detected in the fish tissues using an atomic absorption
spectrophotometer. It was observe the bioaccumulation of Pb, Cd, Mn, Co, Ni, and other. The author concluded
that e-waste can contaminate the soil in recycle area, wich represent a contamination risk to fishes in water near
e-waste (Sanusi, 2016). In other Nigerian study study was investigated the possible contamination of water and
soil samples from alaba, an International Electronics Market (AIEM) situated in Lagos. Utilizing an atomic
absorption spectrometer, the researchers found metals such as Pb and Cd in soil and sources of water near Lagos.
The main findings of this work were the significative levels of Pb and Cd in the groundwater (Otache et al., 2014).

In addition to Nigeria, Ghana also faces serious water contamination problems due chemical pollutants from
e-waste. Researchers of Hohai University, Nanjing, China, wrote a review about the e-waste disposal effects on the
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aquatic environment in Accra. The large amount of electronic waste exposed near natural water sources represents
a serious public health problem. Electronic devices dumps are constantly exposed to heavy rains. This situation
causes water contamination by different pollutants that reach Odaw River and the Korle Lagoon. According to the
authors, pollutants from e-waste limit the aquatic life diversity. Worrying amounts of metals such as: Pb, Cd, and
Cu as well as organic pollutants were detected, by some authors, in water samples from these local (Huang et al.,
2014). Chama et al. (2014), for example, collected Odaw River sediments samples from areas near e-waste recycle
activities and from other without apparent activity. The data obtained using an atomic absorption spectrometer
revealed that sediments collected from areas near e-waste with recycle activity contain metals in concentrations
higher than sediments collected from areas without recycle activity. This kind of contamination is a worrying fact,
because can provoke the toxic metals migration from groundwater to the plants, animals, and finally to the humans
(Figure 10). So, what can you do to diminish the negative effects of this problem? Some simple projects that are
occurring some places of the word maybe change this scenery in the future. In Mumbai, India, for example, a group
of students walking around a tiny area of Powai Lake, for one day, collected e-waste such as: mobile phones,
circuit boards, DVDs, and CDs. These materials were collected for disposal in an appropriate local. It was an
important day about the practice environmental conscientization and a type of good example that should be
followed by other schools in several countries (Earth, 2020).

4.1.3 Vegetables and Animals

Can we imagine that soil and water, polluted by e-waste, cause vegetable and animal contaminate? For sure this
event is occurring. Several studies show the vegetables and animal chemical contamination by organic compounds
and metals in areas near e-waste. In 2012, for example, different concentrations of hexabromocyclododecane
(HBCD) isomers were found on terrestrial birds in the e-waste, urban, and rural areas near Pearl River Delta
situated in South of China. The muscle’s samples collected from birds living near e-waste area, situated in
Qingyuan, demonstrated the presence of a-HBCD in Pycnonotus sinensis, Lanius schach, and Copsychus saularis
species. The presence of -HBCD was detected only in Copsychus saularis (Sun et al., 2012). This is an important
discovery due the HBCD toxicity. The electronic devices industry and other industrial sectors use HCBD as
additive. The human exposure to the HBCD provokes endocrine disruption, neurotoxic effects, and alterations in
reproductive and immune systems (Schecter et al., 2012).

In another study published in 2017 was investigated the presence of PHAs in fishes from Lianjiang River as well as
its possible adverse effects in persons residents in Haimen Bay, near Lianjiang River estuary. This estuary is
localized less than 30 km from Guiyu City (China), that contain one of the largest e-waste recycling sites of the
world. The results showed the presence of worrying concentrations of PAHs in these fish samples. In Haimen Bay,
PAHs represent a higher risk to cancer occurrence compared with areas less contaminated by them (Shi et al.,
2017). It was possible correlate the cancer incidence with the number of persons contaminated by PAHs presents
different fish species from Lianjiang River near Guiyu e-waste dumpsites. Through the Figure 12, we can imagine
as occur the human contamination by PAHs from e-waste.

Guiyu’s e-waste recycle

areas

E-waste pollutants

Figure 12. The PAHs's pathways from e-waste until humans thtough fishes
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Toxic organic compounds from e-waste really are an important pollutant class present in biological samples. The
U.S. Environmental Protection Agency (EPA) warning to toxic effects provoked by these compounds. PBCs, for
example, are known by its carcinogenic potential, besides its negative effects in immune, reproductive, nervous,
and endocrine systems (EPA, 2021).

In a study using fishes, Chinese researchers collected 48 samples including 24 mud carp and 24 northern
snakehead fish from a pond located in Qingyuan Count near an e-waste area. The results demonstrated the
presence of halogenated organic pollutants (HOPs) in serum of both species. Moreover, the PCBs were the main
HOPs found (Zeng et al., 2014). PCBs also were found in some species of fish, prawn, waterbird, frog, lizard, and
watersnake in samples collected from a pond and its terrestrial area situated in Longtang Town, Qingyaun County
at Guandong Province, China (Liu et al., 2018). This lake and its region are contaminated by chemical pollutants
from an e-waste area where occur non-conventional recycle activities (Wu et al., 2008). In another study carried
out far from Qingyaun, researchers of Ghana’s University found PBDEs in different samples collected in an
Agbogbloshie e-waste recycling site, including vegetables (Oteng-Ababio et al., 2014)

In addition to PBDEs, heavy metals also are frequently found in biological samples (Pereira et al., 2017) and its
toxicity is very known (Balali-Mood et al., 2021). But despite being toxic in high concentrations, some metals are
essential in small amounts (Zhang et al., 2018). For example, in a simple experiment for environmental education
class realized in our laboratory, was possible to demonstrate the difference of copper effects in low and high
concentrations in the growth of allium cepa root (ACR). It was demonstrated that occurs ACR growth inhibition in
the solutions containing 200 mg/g copper, while a considerable ACR growth it was observed in aqueous solutions
containing 0.2 mg/L copper (Figure 13). The cytogenetic analyze demonstrated that cell division it is more evident
at copper low concentration than at high concentration (Figure 14).

Figure 13. ACR growth in the solution containing 0.2 mg/L (A) and 200 mg/g copper (B). Experiment for
environmental education class in our laboratory (Health Science Center, Federal University of Espirito Santo,
Vitoria-ES City, Brazil)
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A)

Figure 14. ACR cell division, indicated by arrows, in the solution containing 0.2 mg/L (A) and 200 mg/g copper
(B), respectively. Experiment for environmental education class in our laboratory (Health Science Center, Federal
University of Espirito Santo, Vitoria-ES City, Brazil)

Heavy metals have been frequently found in vegetables samples collected near e-waste areas (Liu et al., 2021). In
a study carried by Chinese researchers, the metals pollution in areas around of a primitive e-waste processing
facility, Guangdong province of south China, was investigated. These researchers concluded that paddy fields and
vegetable gardens in these areas were contaminated by metals such as: Cu, Pb, Cd, and Zn (Luo et al., 2011).
Posteriorly, in 2019, researchers of Guangzhou's University and Adelaide’s University published an article about
the rice plants contamination by chemical pollutants from an abandoned e-waste recycling site in Guiyu, south
China. The analyzes for metals revealed considerable concentrations of Sb and Sn in rice plants (Wu et al., 2019).
This contamination associated to the high rice consumption near e-waste areas can represent a real risk for human
contamination (Figure 15). Despite the implementation regulatory laws and rise of sophisticated recycle
technologies for much e-waste areas in China, the contamination risk of some food source by chemical pollutants
continues (Fu et al., 2013). Studies realized between 2006 and 2010 by some Chinese researchers in Fengjiang
Town, located in the southeast of Zhejiang Province, China confirm it. This local is an important e-waste recycling
and rice crops. Among other findings, some authors demonstrated the dangerous chemical concentrations of some
metals such as: Cu, Pb, As, and Cd in rice samples. According to these authors is necessary stricter implementation
of regulatory measures to controlling the release of metals from e-waste to the environment to diminish the risk of
human contamination (Fu el al., 2013).
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Figure 15. The high rice consumption near e-waste areas can represents a real risk for human contamination

Metals have been also can find in animals near e-waste areas. Recently was published a work about the capacity of
Anabas testudineus specie fish to adapt at heavy metals and toxic organic compounds released in the aquatic
environment by e-waste. Several physiological and biochemical responses were observed such as: oxidative stress,
apoptosis, and increase in defensive responses, including increase in DNA repair, and oxidative stress response by
endoplasmic reticulum (Zhang et al., 2019). This fish species is an important food source for many people living
around water contaminated by e-waste. The nutrient profile of this fish (Paul et al., 2017) makes it an attractive
food source and gives the false feeling that the natural water sources of these localities are not severely
contaminated, since this species persists and reproduces (Zhang et al., 2019).

In other study involving samples fish was demonstrated that Channa striata species, from water around e-waste
dumping area located on Khong Chai district (Kalasin province, Northeastern Thailand), were contaminated by Cr,
Cd and Pb. These inorganic pollutants can induce chromosomal aberrations, serum biochemical parameter changes,
and liver histopathological alterations. According to the authors, these observations can be as warning to human
health conditions in contaminated locals (Phoonaploy et al., 2019).

4.1.4 Humans

Different kinds of pollutants are released every day in soils, air, rivers, lakes, and other water bodies by e-waste
areas around the world. The environmental is contaminated from e-waste pollutants such as: plastic material, toxic
metals, toxic organic compounds, and other (Hashmi & Varma, 2019). The negative effects of these pollutants to
humans occur mainly due chemical toxic mechanisms and probably by radiation emission from e-waste metals
(Alayande et al., 2016). However, the chemical e-waste effects are more known than radiation effects. In 2016, for
example, Nigerian researchers published an article (Alayande et al., 2016) about radiation measures in three major
e-waste from AIEM in Ojos, Lagos State, Nigeria. These authors concluded that even with high amounts of toxic
metals presence, the radiation wasn't shows serious risk for human health. The radiation, however, measured on the
spot, could be an efficient method for metals amount variation in e-waste (Alayande et al., 2016).

Chemically, toxic metals pose a real threat to life. We need to remember that toxic metals such as: Pb, Cd, and Hg
are practically incompatible with the life. There are several scientific publications that describe the deleterious
effects on human body provoked by different metals (Kumar et al., 2018). Pb, for example, can provoke inhibition
of heme biosynthesis resulting in low amounts of hemoglobin and severe anemia (Figure 16) (Lubran, 1980;
Skerfving and Bergdahl, 2007). Cadmium interacts with biomolecules such as: DNA, RNA, proteins, and other.
This heavy metal reacts with thiol groups damaging structures of different proteins (Figure 17), and consequently
inhibiting their functions (Pereira et al., 1998). Furthermore, the chemical interaction between Cd and glutathione
peptide (GSH) can provoke dangerous oxidative stress on cell and consequently its death (Orlando et al., 2021).
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Figure 16. Some points of heme biosynthesis inhibited by Pb. ALA synthase and ALA dehydratase inhibition, and
iron addiction inhibition in porphyrin during heme synthesis, decreasing hemoglobin production. (Adapted from
Skerfving and Bergdahl, 2007)
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Figure 17. Cadmium reacts with thiol groups of proteins, damaging their structures and consequently inhibiting
their functions.

The Pb concentration from some Chinese children’s blood samples were analyzed using a graphite furnace atomic
absorption after children immunization against to measles, mumps, and rubella (MMR). The study used blood
samples from children who lived near e-waste areas in Guiyu and Haojiang, China. Was investigated the immune
responsiveness for MMR. The Pb levels in the children's blood, that live in the areas near e-waste higher than Pb
children's blood levels living in other farther area. Furthermore, the antibodies concentration against MMR were
lower in children near e-waste areas. The authors concluded that these children exposition to the e-waste is
associate to the low antibodies production against the MMR (Lyn et al., 2016).

In other Chinese work, researchers published a work about the correlation between blood contaminated with Pb
and sex hormone levels in males exposed to e-waste dismantling area localized in Taizhou, Zhejiang Province. The
results demonstrated that correlation between the male sex hormones and blood Pb concentration was significant.
In some samples, the male follicle stimulating hormone and luteinizing hormone levels increase while the
testosterone level reduced because Pb concentration growth (Yan et al., 2013).

Recently, Zhang et al. (2019) demonstrated that toxic metals urinary concentrations were significantly elevated in
samples of human's urine obtained from e-waste dismantling areas in Qingyuan City, Guangdong province, China.
In another work using blood samples from 267 exposed peoples to the e-waste area in Guyu, were found worrying
Pb and Cd concentrations. These samples were compared with other blood samples obtained from 167 peoples no
exposed to the e-waste area. The Pb and Cd concentrations from exposed peoples were higher than no exposed
peoples. All 267 participants were hospitalized, and their toxic metal levels were associated with elevated liver
toxicity (Chen et al., 2019).
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Nigerian and English researchers investigated the Pb, Cu, Mn, and Zn concentrations in blood samples of e-waste
pickers in AIEM, Lagos, Nigeria. They collected 30 blood samples from adult males. These samples were
analyzed using an atomic absorption spectrophotometer. High Pb and Mn concentrations were found (Popoola &
Popoola, 2019).

Between years 2010 and 2014, researchers of Department of Toxicology in Montevideo, Uruguay, south America,
evaluated the Pb concentration in blood samples of children and teenagers exposed to e-waste material. The Pb
levels were considerably high in all samples. According to the authors, the manual gathering electronics process is
the most common source of Pb exposure (Pascale et al., 2016).

In a review published by Zeng et al. (2016), the authors discussed about some children health problems provoked
by toxic metals such as: Pb, Cd, Hg, As, and Cu from e-waste arecas. Were mentioned health problems such as:
lower lung function, hepatitis B, low antibody levels, higher prevalence of attention, deficit and hyperactivity
disorders, and mutagenicity.

In a review published by Zeng et al. (2016), the authors discussed about some children health problems provoked
by toxic metals such as: Pb, Cd, Hg, As, and Cu from e-waste arcas. Were mentioned health problems such as:
lower lung function, hepatitis B, low antibody levels, higher prevalence of attention, deficit and hyperactivity
disorders, and mutagenicity. Two years later, results from an environmental investigation revealed the presence of
high Pb, Cr, and Zn concentrations in dermal samples collected from adults and children living in e-waste areas
situated in Chandigarh and Ludhiana, Punjab, India (Singh et al., 2018).

A study realized in Benin, demonstrated the fragility of the exposure of workers to the e-waste. Among the workers
surveyed, few reported using any type of personal protective equipment (PPE). Most are completely exposed to
different stages of recycling such as: dismantling, sorting, and incinerating. These workers reported several
problems in respiratory system, heart, eyes, kidney, and cancer's cases that could be linked to their activity in
e-waste areas (Houessionon et al., 2021). Another study, realized in Palestine, revealed a worrying scenario about
the high childhood lymphoma occurrence and its link with e-waste burn sites. Another observation demonstrated
strong evidence of correlation between e-waste recycle and cancer cases that occurs in West Bank (Davis and Garb
2019).

Sometimes the toxic metals from e-waste are not a problem for only the BRICs, CIVETS, and other emergent or
poor countries. In developed countries, workers of formal recycling plants can be contaminated by chemical
pollutants from e-waste. For example, in Sweden, researchers collected blood and urine samples from workers of
two e-waste formal plants. The results showed high concentrations of Cr, Co, In, Pb, and Hg in both samples
(Julander et al., 2014). Studies like this should be carried out in other developed countries.

In addition to metals, some toxic organic compounds from e-waste also occur in samples human (Siddiqi et al.,
2003). In 2017 was published a work containing results from an evaluation realized to verify the presence of some
chemical pollutants in dust’s samples from e-waste recycling areas in south China. The PBDEs, PCBs, dechlorane
plus, and decabromodiphenyl ethane concentrations were considered high and dangerous for human exposure (He
et al., 2017). Evidence suggests that the PDBEs, for example, provoke several health problems such as: fatigue,
reduced capacity to work, headache, endocrine disorders, hepatic tumors, thyroid problems, and dizziness (Siddiqi
et al., 2003). Urine samples collected from workers living e-waste recycling areas, localized in an Accra suburb,
showed high PHAs concentrations. The authors observed that a significative number of workers, with
contaminated urine, presented cough and chest pain (Feldt et al., 2014).

Analyzing human breast milk samples obtained from some Vietnamese workers living in e-waste recycling sites
from Trang Minh (suburb of Hai Phong city), Dong Mai, Bui Dau (Hung Yen province), and Hanoi, Japanese and
Vietnamese researchers found significative amounts of PCBs, PBDEs, and HBCDs (Tue et al., 2010).

In a review published in 2011, the authors suggest that pregnant women and children living in e-waste areas are
more vulnerable when constantly exposed at the risk of contamination by neurotoxicants agents such as: PBDEs,
PCBs, and PHAs. These neurotoxic agents can provoke possible perturbations in fetus and child
neurodevelopment (Chen et al., 2011).

4.1.5 E-Waste and COVID-19

The consumption of electronic devices such as: computers, TV sets, cell phones, and other electronic devices has
considerably increased in COVID-19 pandemic times. This elevated consumption will cause an increase in
disposal of electronic waste around world. This high consumption is so true that even the raw material sources for
the electronic devices manufacture already show signs of supply limitations. Therefore, it can be suggested that
there will not only an environmental impact, but also an increase in the prices of electronic devices as well as
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increase in technological inequality (Dutta et al., 2021).

The e-waste problems are not restricted to the health impact caused by its metals and toxic organic compounds
such as: respiratory problems (Zeng et al., 2016), cancer (Siddiqi et al., 2003), hormonal dysfunction (Yan et al.,
2013), and other. Some authors suggest that electronic material maybe transmit the COVID-19 virus when
discarded in e-waste. The virus prevalence in plastic and metallic materials could be a real contamination form
(Dutta et al., 2021). However, this is just a hypothesis. Furthermore, the main environmental problem generated by
the people confinement at homes is the increase in electronic devices consumption and, consequently, their
disposal in e-waste (Balde & Kuehr, 2021).

In Brazil, several pickers are responsible for around 90% e-waste recycling are therefore at greater risk of infection
by the coronavirus. To ensure their survival, they cannot remain in lockdown, becoming more exposed to the virus
both through social contact as well as through contact with e-waste probably contaminated by coronavirus (Ferraz,
2020).

Statistical data reveal that the first months of 2020 the drop in initial consumption of electronic products may have
occurred in developing countries more than rich countries (Balde & Kuehr, 2021). However, the lower
consumption scenario in the initial confinement phase no represents the consumption in COVID-19 advance. The
continuous use not only of computers and cell phones, but also of electronic games, TV sets, air conditioners, light
bulbs could cause an increase in the disposal of e-waste and consequently an increase in environment negative
effects. For example, after one year of pandemic, the online electronic devices sales increased 600% only Brazil
(E-Commerce Brasil, 2021). Furthermore, environmental risks are not restricted to the exaggerated consumption
of these products. A significant increase in mining activity to obtain raw material for the manufacture of electronic
products represents another serious risk to the environment (Althaf & Babbitt, 2021).

5. Perspectives in COVID-19 Pandemic Times

Only in Latin America, approximately 1.5 million lives were lost due COVID-19 pandemic. The governments took
containment measures to avoid an even major catastrophe. In several Brazil and other countries places we could
see empty streets, closed stores, public transport absence, industries with low operating capacity, unemployment,
hunger, overwhelmed health system, stopped schools and colleges, cancelled flights, and other very atypical
events. COVID-19 pandemic brought many uncertainties. But we can conclude that significant changes have taken.
One of those was change in certain consumption habits. The significant increase in the electronic device’s
consumption is one of these habits.

Was the notable increase in electronics sale. These devices, with their programmed obsolescence, long before the
pandemic were the main consumer items in modern society. However, in COVID-19 pandemic, they are main tools
for work, study, leisure, and other needs. Billions of electronics tons are often improperly discarded into the
environment every year. This amout, which was already worrying before the pandemic, could be significantly
increased in the coming years. This will worsen if the pandemic persists, causing an increase in e-waste production
and, consequently, more negative impacts in ecosystem. E-waste affects the environment though toxic metals,
PHAs, PCBs, PBDEs, and other several pollutants that contaminate the soil, water, wildlife, domestic animals,
eggs, milk, vegetable, humans and other. So, what can we do?

Governments, companies, research institutions, and society can take preventive measures to reduce environmental
impacts during and after pandemic. For example, in an environmental education project proposed to the
Government of the State of Espirito Santo (Brazil), our group intends to make high school youth aware of the real
existence of this problem, and how it has become even more worrisome due to the COVID -19 pandemic. It will be
shown how unconventional and clandestine recycling can be is just as dangerous as uncontrolled disposal. To raise
awareness entire community school, a selective e-waste collection will be held at school. These students will go to
all school places to explain the project proposal and request the receipt of electronic waste. After collection, the
segregation of this waste will be carried out, and the choice devices that will be worked in the next stage of the
project. The components of some electronic equipments such as: cell phones, computers, among others, will be
disassembled and its chemical constitution identified from scientific literature. For demonstrate e-waste toxicity,
we will use experiments to assess the effects of these waste in the growth of onion roots. Afterwards, the team
(teachers and students) will propose methods to avoid excessive consumption, as well as safe recycling processes
to reuse as much as possible this e-waste. Also, at the end of the project, students will develop an educational video
about the subject. This video can help people's awareness toward to protection the Planet. Projects like this can be
adopted by governments around the world. The environmental education is one of the alternatives to change
behavior and reduces negative impacts in the environment.
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