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Abstract

E-waste recycling has become a global environmental health issue.
Pernicious chemicals escape into the environment due to informal and
nonstandard e-waste recycling activities involving manual dismantling,
open burning to recover heavy metals and open dumping of residual
fractions. Heavy metals derived from electronic waste (e-waste), such as,
lead (Pb), cadmium (Cd), chromium (Cr), manganese (Mn), nickel (Ni),
mercury (Hg), arsenic (As), copper (Cu), zinc (Zn), aluminum (Al) and
cobalt (Co), differ in their chemical composition, reaction properties,
distribution, metabolism, excretion and biological transmission. Our
previous studies showed that heavy metal exposure have adverse effects
on children’s health including lower birth weight, lower anogenital
distance, lower Apgar scores, lower current weight, lower lung function,
lower hepatitis B surface antibody levels, higher prevalence of
attention-deficit/hyperactivity disorder, and higher DNA and chromosome
damage. Heavy metals influence a number of systems and organs,
resulting in both acute and chronic effects on children’s health, ranging
from minor upper respiratory irritation to chronic respiratory,
cardiovascular, nervous, urinary and reproductive disease, as well as
aggravation of pre-existing symptoms and disease. These effects of
heavy metals on children’s health are briefly discussed.

Keywords: Electronic waste; Heavy metals; Exposure; Children; Guiyu
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Introduction

Electronic waste (e-waste), such as waste laptop, and desktop computers,
monitors, cell phones, keyboards, printers, copiers, televisions,
refrigerators, and washing machines, are the endpoint of the vast
amounts of electronic items in modern society. It was estimated that
global e-waste generation was 41.8 million tonnes in 2014 and may
increase to 65.4 million tonnes by 2017 (1,2). E-waste contains heavy
metals that can be released during inappropriate recycling processes and
disposal, resulting in harming humans, animals, vegetation or other
environmental materials (3-6). The countries most affected by informal
e-recycling are China (Guiyu and Taizhou), India (Bengaluru and Delhi)
and some African countries (Lagos in Nigeria, Accra in Ghana), where
e-waste has been recycled or disposed with little or no regulation, using
less advanced technology (7-11). Humans can become exposed to heavy
metals in air, soil, dust, water, and food sources through several routes
that include ingestion, inhalation, and dermal absorption from combustion,
discharges and manufacturing facilities (12,13). Heavy metals cannot be
degraded into less hazardous end products, which is different from
organic pollutants with biodegradable capability. Although segmental
heavy metals such as trace elements are essential to maintain normal
metabolism to a small extent, most of heavy metals have a potentially
adverse effect on human health when their concentrations are exceeded
the tolerance levels due to the bio-accumulation of e-waste components
and by-products in living organisms over time (14).

Children are considered more susceptible to hazardous metal substances
compared to adults for several reasons: excess routes of exposure
(breastfeeding, placental exposures, hand-to-mouth, object-to-mouth
activities); Children have higher basal metabolic rate compare to adults,
and they have higher comparative uptakes of food and lower toxin
elimination rates; children have higher ventilation per minute in relation to
body size compared to adults, and they can inhale more harmful metal



Heavy metal exposure from e-waste and children’s health│3

57

substances: children have a much larger surface area in relation to body
weight than adults, and they can load higher amount of toxicants in their
body through dermal absorption; their organs or tissues are development
and thus more sensitive to perturbed cellular process; children have often
higher physical activity interacted with environment compared to adults,
and they are likely to receive bigger doses of toxicants, relative to their
size, than adults; some exposure such as ETS and e-waste in the home
is difficult to avoid for children (15). In addition, children from Guiyu are
forced to exposure to the full of e-waste pollution of environment from
home, school, and play areas located near landfills and e-recycling
business. It is worth mentioning that the children of e-waste recycling
workers also confront take-home contamination from their parents’
clothes and persons, and in particular from firsthand high-level exposure
if recycling are performed in their homes. One study investigated the
levels of heavy metals in workers and local adult residents in Taizhou (an
e-waste exposed area in Zhejiang province, China). This study showed
that the blood lead levels of worker and local adult residents were 15.1
and 8.4 μg/dL, respectively (16). One of our previous study reported that
the blood lead levels of children in Guiyu (an e-waste exposed area in
Guangdong province, China) was 7.3 μg/dL (17). According to these two
study results, adults seem to be more exposure to the e-waste pollution,
but there is little difference in e-waste exposure between children and
adults. The truth is not to be ignored that children are more easily
damaged than adults when confronting even the same levels of
environmental pollution because their immature systems are unable to
handle and excrete some toxic materials efficiently, and their poor
self-protection sense and ability against environmental pollution make
them hard to avoid damage resulted from e-waste pollution.

Guiyu, has a 30-year e-waste dismantling history, is one of the largest
e-waste destinations and recycling areas in the world. Nearly 60-80% of
families in Guiyu have engaged in e-waste recycling operations run by
small scale family workshops (18). About 60 chemical elements can be
found in e-waste, such as lead, cadmium, chromium, manganese, nickel,
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mercury, copper, arsenic, zinc, iron, and aluminum, many of which are
potentially, or known to be, hazardous (2,19). These metals are used in
products such as circuit boards, semi-conductor chips, cathode ray tubes,
coatings and batteries (10). E-waste-derived heavy metal pollution is
mainly from several e-waste recycling activities including roasting,
burning, acid leaching, inappropriate shredding and dismantling (20).
Informal and hazardous e-waste recycling activities caused local
environmental pollution which poses a threat to the human health of local
residents, particularly in children (Fig. 1). Heavy metal pollution above the
permissible limits has been found in Guiyu according to our previous
studies (17,18,20-22). In this review, we provided the first assessment of
heavy metals on children of Guiyu, and survey literatures to provide
updated information about association between heavy metals from
e-waste and respiratory, cardiovascular, nervous, reproductive, and
urinary toxicity in children, and preventative measures to reduce
exposure.

Fig. 1. The scene of the e-waste recycling in Guiyu, China.

Routes of exposure
Routes of exposure can vary depending on the substance and e-waste
recycling process involved (Table 1). In general, exposure to the heavy
metals of e-waste can happen through inhalation, ingestion and dermal
absorption. Heavy metals are primarily absorbed through respiration in
terms of dust, aerosols or vapor. Children may also contact and ingest
heavy metals by means of mouth and skin. A lot of heavy metals are
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pernicious because they incline to bio-accumulate in human body.
Compounds accumulate in organisms when they are taken in and stored
faster than they are broken down (metabolized) or excreted. In addition to
occupational exposure, people can contact with e-waste materials and
related pollutants mainly through environmental contact with soil, dust, air,
water, and food sources. The most significant input of heavy metals to
surface environment in various e-waste processing activities is probably
due to the recycling of printed circuit boards and other electronic devices
laden with heavy metals (9,23). The recycling procedure involves melting
of solder from circuit boards over makeshift coal grills in order to sort
chips, capacitors, and diodes that are then sold to electrical appliance
factories. Exposed to high levels of heavy metal pollutants can result in
acute and chronic toxicity, such as damage to the central and peripheral
nervous systems, blood composition, lungs, kidneys, liver, and even
death. On the one hand, heavy metals assimilate into the body through
the blood circulation system and become enriched different organs; On
the other hand, heavy metals can combine with protein molecules, such
as binding of cadmium to sulfhydryl groups in proteins to inhibit enzyme
activity, therefore undermining the normal physiological and biochemical
reactions of human health (24).



60 Table 1. Health effects of exposure to heavy metals from e-waste contributed by our laboratory.

Characteristic Setting Population Toxicant Health effect

Lung function

Zheng et al Exposed
vs
reference

Children (aged 8–13
years; n=144)

Chromium,
manganese,
and nickel

Blood manganese: 20.6 vs 14.9 μg/L, p < 0.01. Nickel: 5.3 vs
3.0 μg/L, p < 0.01. FVC in boys aged 8–9 years: 1859 vs 2121
mL, p = 0.03. Decrease in FVC with increased chromium
(11-year-old and 13-year-old), decreased FVC with increased
nickel (10-year-olds)

Nervous

Liu et al Exposed
vs
reference

Preschool (aged 3–7
years; n=303)

Lead Blood lead: 13.2 vs 8.3 μg/dL, p < 0.01. Temperament scores:
activity level (mean ± SD 4.53 ± 0.83 vs 4.18 ± 0.81),
adaptability (4.96 ± 0.73 vs 4.67 ± 0.83) and
approach-withdrawal (4.62 ± 0.85 vs 4.3 ± 0.89)

Liu et al Exposed Preschool (aged 3–7
years; n=240)

Lead,
manganese,
and cadmium

Blood lead: 7.33 µg/dL (5.91-9.13), blood cadmium: 0.69 µg/L
(0.54-0.92), blood manganese: 17.98 µg/L (15.31-21.77). The
serum S100β was negatively associated with inattention and
impulsivity-hyperactivity based on the CTRS in the low lead
group, while positively associated with ADHD, DSM-IV
hyperactivity/impulsivity, inattention, hyperactivity index, and
Rutter antisocial behavior of the CTRS.

Li et al Exposed
vs
reference

Neonate (younger
than 1 month;
n=152)

Lead Cord blood lead: 113.3 vs 60.4 μg/L, p < 0.001; meconium
lead: 2.5 vs 1.2 μg/g, p < 0.001. NBNA scores: total (38.46 vs
38.92, p = 0.043), behaviour cluster (10·91 vs 11.29, p =
0.012). Negative associations between meconium lead and
total NMNA (r = –0.903, p < 0.01), activity tone (r = –0.637, p <
0.01), and behaviour (r = –0.826, p < 0.01) scores
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Reproductive

Xu et al Exposed
vs
reference

Neonate (younger
than 1 month;
n=531)

Lead Cord blood lead: 10.78 vs 2.25 μg/dL (p < 0.01), correlated
with recycling activity. Higher rates of adverse birth
outcomes: stillbirth (4.72% vs 1.03%, p < 0.05), preterm
(5.68% vs 5.24%, p < 0.05), lower birthweight (3168 vs 3258
g, p < 0.05), and lower Apgar scores (9.6 vs 9.9, p < 0.05)

Skeletal

Yang et al Informal
recycling

Preschool (aged 3–8
years; n=246)

Lead,
cadmium

Blood lead (BLLs): 7.30 μg/dL; Blood cadmium (BCLs): 0.69
μg/L. The average of BCLs increased with age. BLLs were
negatively correlated with both height and weight, and
positively correlated with bone resorption biomarkers

Growth

Zheng et al Exposed
vs
reference

Children (aged 8–13
years; n=144)

Manganese
and nickel

Height: 126.8 vs 135.0 cm, p < 0.001. Weight: 24.7 vs 30.2 kg,
p < 0.01. BMI: 15.2 vs 16.5, p < 0.01. Negative correlations
between serum manganese and height (rs = –0.303, p <
0.001) and weight (rs = –0.228, p = 0.006) and serum nickel
and height (rs = –0.417, p < 0.001), weight (rs = –0.399, p <
0.001), and BMI (rs = –0.213, p = 0.011)

Zheng et al Exposed
vs
reference

Preschool (aged 1–7
years; n=278)

Lead and
cadmium

Blood lead: 13.17 vs 10.04 μg/dL (p < 0.01); blood
cadmium:1.58 vs 0.97 μg/L (p < 0.01). The average of
BLLs increased with age in Guiyu (p < 0.01). Mean height of
children in Guiyu is significantly lower than that in Chendian (p
< 0.01)

Huo et al Exposed
vs
reference

Preschool (younger
than 6 years; n=226)

Lead Blood lead: 15.3 vs 9.94 μg/dL (p < 0.01). No differences in
height, weight, chest circumference, or head circumference



62 DNA damage

Li et al Exposed
vs
reference

Neonate (younger
than 1 month;
n=302)

Chromium Comet assay: DNA damage (33.2% vs 10.7%, p < 0.01),
length of tail (4.49 ± 1.92 vs 2.09 ± 0.65 μm, p < 0.01). Blood
chromium correlated with DNA damage (rs = 0.95, p < 0.01)
and tail length (rs = 0.95, p < 0.01)
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Human health effects
Sporadic heavy metal pollution events have occurred, like the historic
Minamata mercury pollution in 1953, or Jinzu River cadmium
contamination in 1955, both in Japan, enabling a number of short and
long term epidemiological studies to determine the effects of heavy metal
exposure on human health. The kinds and doses of heavy metal
exposures can lead to diverse impacts on human health, especially child
health. For instance, lead exposure can result in the production of
autoantibodies against neural proteins, including myelin basic protein and
glial fibrillary acidic protein, deducing that lead can aggravate
neurological disease by increasing the immunogenicity of nervous system
proteins (25). The first sign of the renal lesion due to cadmium exposure
is usually a tubular dysfunction which progress to more severe kidney
damage, evidenced by an increased excretion of low molecular weight
proteins or enzymes, and a decreased glomerular filtration rate (GFR)
(26,27). The toxicity of methyl mercury (MeHg) to the developing brain is
recognized in several studies, such as effects on neurotransmitter
systems, induction of oxidative stress and disruption of microtubules and
intracellular calcium homeostasis. Moreover, In vitro data show that very
low levels of MeHg can inhibit neuronal differentiation of neural stem cells
(28-30). Children living in Guiyu have significantly higher blood chromium
levels (BCr) compared with those of Chendian during the period from
2004 to 2008 (p < 0.001). Weight and chest circumferences are
significant differences between high- and low-exposure groups according
to our previous study (p < 0.01) (31). Our previous study demonstrated
that cadmium pollution was associated with short placental telomere in
Guiyu (32). In addition, several susceptibility factors such as age,
nutritional status and predisposing conditions can disrupt the impact of
heavy metals on humans to some degree. Epidemiological and animal
model data indicate that body systems affected by heavy metal exposure
are the respiratory, cardiovascular, nervous systems, immune, skeleton,
and urinary systems. The exposure to other toxicants such as persistent
organic pollutants (POPs) are needs to be examined with heavy metal
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pollutants in future studies to accurately assess their risk to human
health.

Respiratory system

Multitudinous studies conclude that several types of heavy metals can
both affect the airways at high concentration or long-term exposure to
lower concentrations. Numerous findings show heavy metals from
e-waste exposure may entail detrimental respiratory consequences in
children. Symptoms or diseases, such as nose and throat irritation,
followed by cough, wheezing and dyspnea or more seriously result in
asthma, usually occur after exposure to increased levels of certain heavy
metals such as lead, cadmium, chromium, manganese, nickel, arsenic,
mercury, cobalt or vanadium. Elevated blood manganese levels and
increased serum nickel levels are observed in primary school children in
the informal e-waste recycling town of Guiyu compared to their peers in
Liangying town without any history of e-waste recycling. Using forced vital
capacity (FVC) as a marker for lung function, boys aged 8-9 years with
increased levels of manganese and nickel in Guiyu have significantly
lower lung function than that of the reference (33). Razi et al. demonstrate
that elevated levels of serum lead and mercury, and low levels of zinc and
selenium, may have disturbed the antioxidant system in children with
recurrent wheezing (34). Lead exposure and its blood concentration in
children have been shown to directly relate to immunoglobulin E (IgE)
production which is interrelated with asthma in both humans (35-37) and
rodent models (38,39). Smith et al. show that asthmatic children are over
5 times more likely to have elevated blood lead levels (EBLLs) than
non-asthmatics (40).

Cardiovascular system

Population studies demonstrate a link between heavy metal exposure
and subsequent development of hypertension, endothelial injury or
dysfunction, arteriosclerosis, and cardiovascular disease. In vivo and in
vitro studies show that chronic heavy metal exposures, such as lead,
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cadmium, aluminum, mercury and arsenic, cause hypertension and
cardiovascular disease by a series of cascade reactions promoting
oxidative stress (41-43), impairing nitric oxide signaling (44), augmenting
adrenergic activity (45,46), increasing endothelin production (47), altering
the renin-angiotensin system (48,49), raising vasoconstrictor
prostaglandins and lowering vasodilator prostaglandins (47,50,51),
promoting inflammation, disturbing vascular smooth muscle Ca2+

signaling (52), diminishing endothelium-dependent vasorelaxation and
modifying the vascular response to vasoactive agonists (53,54).
Moreover, several heavy metals have been shown to cause endothelial
injury (55,56), impede endothelial repair (55-57), inhibit angiogenesis
(58,59), reduce endothelial cell growth (60,61), suppress proteoglycan
production, stimulate vascular smooth muscle cell proliferation and
phenotypic transformation, reduce tissue plasminogen activator, and
raise plasminogen activator inhibitor-1 production (62). Nicoloff et al.
showed that hypertensive children have lower serum cobalt
concentrations than references (63). Glenn et al. revealed that changes in
systolic blood pressure at baseline were associated with baseline lead
concentration in blood and bone (64). Schober et al. demonstrated that
blood lead levels as low as 5–9 µg/dL are associated with an increased
risk of death from all causes, including cardiovascular disease, and
cancer in a nationally representative sample of the U.S. population (65).

Nervous system

Several heavy metals, such as lead, mercury, cadmium, arsenic and
aluminum, are known or suspected to have developmental neuro-toxicity.
Neurodevelopmental deficits of children from e-waste recycling area have
aroused great concern of public around the world. Children may have
been exposed to hazardous e-waste components and by-products when
living and playing in e-waste recycling environment, which pose
significant health risks to children from fetal development to the end of
adolescence (10,66,67). The mean scores of activity level,
approach-withdrawal, and adaptability showed significant differences
between Guiyu (exposed area) and Chengdian (reference area) children
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according to one of our previous studies (68). In addition, associations
have been found among BLLs, temperament alteration and the e-waste
recycling activities in Guiyu (22). Neonates in Guiyu had significantly
higher levels of umbilical cord blood and meconium lead and lower
neonatal behavioral neurological assessment (NBNA) scores than those
in the reference group. Moreover, NBNA scores were negatively
correlated with BLLs in neonates of Guiyu. Though no correlation was
found between umbilical cord blood lead and NBNA scores, a negative
correlation was found between meconium lead and total NMNA,
activitytone, and behavioural scores (69,70). Child blood levels of Pb, Cd,
and Mn in Guiyu were correlated with certain behavioral abnormalities,
such as conduct problems and antisocial behavior, and serum S100β
were associated with blood heavy metals, and certain behavioral
abnormalities (68).

The fact that maternal exposure to hazardous substances may affect the
unborn child furthermore implies that exposure to e-waste may cause
adverse health effects across generations. The mean BLLs of 1-to-6
years of age children living in Guiyu reaches 15 µg/dL, which is 50%
higher than the neighboring reference site (~ 10 µg/dL) (18,21). BLLs ≥ 10
µg/dL in early childhood are detrimental to neurodevelopment, and
recognized adverse effects include impaired cognitive function,
behavioral disturbances, attention deficits, hyperactivity, and conduct
problems. Preschool child blood Pb levels strongly predict neurologic
deficits in children and young adults (71). There is a considerable amount
of evidence showing that every 10- µg/dL increase of blood Pb
concentration is associated with a deficit of 2–3 IQ points (72). Pb
exposure in children has also been associated with increased risk of
attention deficit hyperactivity disorder (73). A year ago, the U.S. Centers
for Disease Control and Prevention (CDC) recommended the use of 5
ug/dL as a reference level that be used to trigger interventions, but
recognized that no level of lead has been found to be safe (74). A recent
study indicates that current background Cd exposure concentration in the
U.S. is close 0.2 µg/L. However, in a Chinese birth cohort study, higher
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Cd exposure in cord blood (> 0.6 µg/L) was associated with a 4-point
full-scale IQ deficit at preschool age, after adjustment for cord blood Pb
levels (75). The average blood Cd level (1.6 µg/L) in children from an
e-waste recycling site in China was significantly higher than the reference
site (1.0 µg/L). Reduced S100β, a Ca2+-binding protein and potential
biological indicator of heavy metal environmental pollution in specific
neural lesions, was demonstrated in children with high blood Cd (76).
Living in an e-waste recycling site substantially increases exposure of
children to Cd, but the neurodevelopmental effects remain to be
determined. Increased urinary 8-hydroxy-2´-deoxyguanosine, a
biomarker for oxidative DNA lesions, was reported in children with high
urinary Cr (77). E-waste recycling can result in high Cr exposure in
fetuses, with one report of a mean cord blood Cr concentration of 99 µg/L,
significantly higher than the mean cord blood Cr of the reference site (32
µg/L) (69,70). The reported Cr levels were very high compared with
findings from a large U.K. study (serum ~ 0.5 µg/L) and Italian Cr workers
(whole blood ~ 6.9 µg/L) (78-80).

Immune system

Heavy metal exposure has the potential immunotoxicity to humans and
animals, especially in children. The interaction of heavy metals with the
immune system, in an antigen-non-specific pattern, may lead to
immunotoxicity which is the study of adverse effects on the immune
system resulting from occupational or inadvertent exposure to heavy
metals, drugs, chemicals and, in some instances, biologic materials.
Heavy metals such lead, cadmium and aluminum inducing the alterations
in immune system has been a matter of increasing scientific and public
concern. As such, there have been marked efforts in basic research as
well as incorporation and development of appropriate test methods to
assess the potential immunotoxicity in experimental animals, wild life
studies and humans. Significant effects of heavy metals on the immune
function mainly include autoimmunity, oral tolerance, hypersensitivity and
erythrocyte immune function, and expression of immune cells. Waterman
et al. have shown that lead exposure results in the production of
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autoantibodies against neural proteins, including myelin basic protein and
glial fibrillary acidic protein, concluding that lead can aggravate
neurological disease by increasing the immunogenicity of nervous system
proteins (25). Fischbein et al. report that individuals with mildly elevated
blood lead levels (>25 μg/dL) have detrimental effects on the host
immune system, e.g. a reduction in absolute number and percentage of
CD3+ and CD4+ cells in lead exposed individuals (81). Li et al. also find a
decrease of CD4+ T lymphocytes in children exposed to lead (82). Our
recent study demonstrate that blood hepatitis B surface antibody levels
were negatively associated with blood lead levels, and positively
associated with age in children from an e-waste recycling area in China
(20). These results suggest that exposure to environmental lead results in
alterations in immune function of young children.

Reproductive system

Lead can cause infertility both in men and women at high doses (83-86).
Lead is positively associated with increased rates of hypospermia,
asthenospermia, and malformed sperm, as well as decreases in motility,
penetrability, and number of sperm (82,87-89). Lead exposure can also
affect chromatin stability in sperm nuclei (90,91). Lower doses of lead in
women have been associated with increased rates of spontaneous
abortion, reduced neonatal growth and neurological dysfunction in young
children (87,92,93). Cadmium in the umbilical cord blood influenced
Apgar 5-minute score, crown-heel length, birth weight and
small-for-gestational age after adjustment for potential confounders in
logistic regression models, and placental mercury levels significantly
influenced head circumference, the Apgar 5-minute score and cord length
(94). Studies by our team describe an increased median level of cord
blood lead (CBPb) among neonates in Guiyu compared to a reference
area, as well as lower Apgar scores and higher rates of adverse birth
outcomes, such as stillbirth and low birth weight (95). A possible
correlation was found between exposure to e-waste and changes in
miRNA (small, non-coding RNAs involved in the regulation of gene
expression during translation) expression profiles in spermatozoa. Out of
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182 miRNAs identified from the e-waste exposed population, 109 were
downregulated and 72 were upregulated compared to the reference
population, indicating a potential association between ecological
exposure to e-waste and sperm quality and count (96).

Skeletal system

Children are assigned to environmental pollution susceptible populations
because of their unique physiological characteristics. Heavy metals, such
as lead and cadmium, may interfere with normal growth and development
of children. Long-term high cadmium exposure may cause skeletal
damage, first reported from Japan, where the itai-itai (ouch-ouch) disease
(a combination of osteomalacia and osteoporosis) was discovered in the
1950s. The exposure was caused by cadmium-contaminated water used
for irrigation of local rice fields. A few studies outside Japan have reported
similar findings. During recent years, new data have emerged also
suggesting that relatively low cadmium exposure may give rise to skeletal
damage, as evidenced by low bone mineral density (osteoporosis) and
fractures (17,97-100). Yule et al find that children show slower growth
with the higher blood lead levels (101). In a recent study by Yang et al.,
showed that BLLs were negatively associated with height and weight,
however, positively associated with bone resorption biomarkers in the
multiple linear regression analysis adjusted for age and sex among aged
3–8 children in Guiyu, which was regarded as an indication that e-waste
exposure may have detrimental consequences on child physical
development (17).

Urinary system

Inhalation, absorption or ingestion of heavy metal fumes or particles can
be life threatening, and although acute pulmonary effects and deaths are
uncommon, sporadic cases still occur. Heavy metal exposure can cause
kidney damage such as an initial tubular dysfunction evidenced by an
increased excretion of low molecular weight proteins [such as
β2-microglobulin and α1-microglobulin (protein HC)] or enzymes [such as
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N-acetyl-β-D-glucosaminidase (NAG)], which progresses to decreased
glomerular filtration rate (GFR). It has been suggested that the tubular
damage is reversible (102), but there is overwhelming evidence that the
cadmium-induced tubular damage is indeed irreversible (103-105). In
addition, cadmium can increase the risk of stone formation or
nephrocalcinosis (14,106,107) and renal cancer (108,109). Several
reports have shown that kidney damage and/or bone effects are likely to
occur at lower kidney cadmium levels. European studies have shown
signs of cadmium-induced kidney damage in the general population at
urinary cadmium levels of 2–3 µg/g creatinines (27,110-112). Metallic
mercury may cause reversible kidney damage, which is dependent on
exposure levels of metallic mercury (14,113,114).

Conclusions
This brief review presents the adverse effects of a number of heavy metal
pollutants from e-waste recycling area in children health. As shown, major
injury of diverse organs can be observed. In addition, the genetic damage
of heavy metals from e-waste recycling has aroused great interest of
scientists and concern of public all over the world. The frequency of
micronuclei in binucleated cells, measured by the cytokinesis-block
micronucleus (CBMN) assay, is used as a marker for genotoxic (DNA)
damage, especially at the chromosomal level (115). The comet assay
(single cell gel electrophoresis) is used to detect damage in DNA in single
cells, which is measured by tail length and rate. In addition, damage to
DNA can be detected through chromosomal aberrations (fragments,
monomers, translocations, satellites, and quadriradials) (116).
Significantly higher micronuclei (median 4.0 ‰, range 2.0-7.0 ‰) in
peripheral blood lymphocytes are found in residents from the e-waste
recycling town of Guiyu when compared to a reference population with no
involvement in e-waste recycling activities (median 1.0 ‰, range 0.0-2.0
‰) (117). Another report demonstrates that significant differences in
lymphocytic DNA damage in neonates are found in Guiyu compared to
neighboring Chaonan. Guiyu neonates have greater DNA damage with
significantly higher injury rates (33.20 %) and lengths of tails (4.49 ±1.92)
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in the comet assay compared to neonates from Chaonan (10.70% and
2.09 ± 0.65, respectively). Additional significant correlations have been
found between blood chromium levels and DNA damage in all study
neonates.

E-waste is an emerging issue promoted by the rapidly increasing
quantities of complex end-of-life electronic products. Informal e-waste
recycling lead to large flows of toxic substances and poses health risks to
exposed populations. The health impact of exposure to e-waste must
become a priority of the international community. The specific impact of
e-waste exposure on child health has not been adequately investigated.
Although each of the assessed countries needs to develop expertise to
tackle its potential e-waste management problems, most countries
already have existing specific expertise that can be used and shared.
Moreover, an international research agenda must be established by
experts to increase the body of evidence and create strong scientific
backing for combined international action. To optimize learning and
maximize the efficiency of support for implementing improvements, a
knowledge partnership in e-waste management is proposed in the form of
an international WEEE Competence Centre. To develop possible new
models for e-waste management to reduce e-waste exposure and its
ensuing health effects, the international health community, academia,
policy experts and nongovernmental organizations, in conjunction with
national governments, should then cooperatively intervene and create
policy solutions based on strong scientific evidence, which will benefit
users, manufacturers, and recyclers in all countries.
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