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Introduction: Electronic waste (e-waste) is an emerging human and environmental 
problem. Lead (Pb) is one of the most dangerous chemicals for human health, 
and it is the most prevalent heavy metal pollutant in e-waste. Despite the rapid 
growth of e-waste globally and the health effects of Pb, there is little information 
regarding the effects of Pb exposure from e-waste on children. Therefore, the 
aim of this review was to provide concise information on the health effects of Pb 
exposure from e-waste on children.

Methods: A comprehensive search of databases was undertaken using PubMed/
MEDLINE, Cochrane Library, Science Direct, HINARI, African Journal Online (AJOL), 
and additional sources were searched up to November 25, 2022. Eligibility criteria 
were determined using Population, Exposure, Comparator, and Outcome (PECO). 
The guidelines for Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) were used during the article selection process. The protocol of 
this systematic review was registered in the International Prospective Register of 
Systematic Reviews (Registration ID: CRD42022377028). The Joanna Briggs Institute 
(JBI) quality appraisal checklist was used to assess the quality of the included studies.

Results: From a total of 1,150 identified studies, 20 full-text studies were included in 
the systematic review. All most included studies were conducted in China recycling 
area for e-waste. The included studies were conducted with an exposed group 
versus a reference group. The majority of the included studies found that blood Pb 
levels were ≥5 μg/dl and that Pb exposures from e-waste were affecting children’s 
health, such as a decrease in serum cortisol levels, inhibition of hemoglobin synthesis, 
impact on neurobehavioral development, affect physical development, etc.

Conclusion: Lead exposure had a significant impact on children’s health as a 
result of informal e-waste recycling. Therefore, formalizing the informal sector 
and raising public health awareness are important steps toward reducing Pb 
exposure from e-waste. Moreover, the concerned stakeholders, like national and 
international organizations, should work together to effectively manage e-waste.
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Introduction

Electronic waste or Waste Electronic and Electrical Equipment (WEEE) refers to used and 
end-of-life electronic and electrical products (1). As Puckett et al. (2) define e-waste as “a broad 
and growing range of electronic devices ranging from large household devices such as refrigerators, 
air conditioners, cell phones, and consumer electronics to computers that have been discarded by 
their users.” Electronic waste is classified as a hazardous substance that requires special disposal 

OPEN ACCESS

EDITED BY

Tim S. Nawrot,  
University of Hasselt, Belgium

REVIEWED BY

Sivaperumal P.,  
National Institute of  
Occupational Health (ICMR), India
Giuseppe De Palma,  
University of Brescia, Italy

*CORRESPONDENCE

Belay Desye  
 belaydesye.2001@gmail.com

SPECIALTY SECTION

This article was submitted to  
Children and Health,  
a section of the journal  
Frontiers in Public Health

RECEIVED 01 December 2022
ACCEPTED 22 March 2023
PUBLISHED 12 April 2023

CITATION

Desye B, Tesfaye AH, Berihun G, Ademas A and 
Sewunet B (2023) A systematic review of the 
health effects of lead exposure from electronic 
waste in children.
Front. Public Health 11:1113561.
doi: 10.3389/fpubh.2023.1113561

COPYRIGHT

© 2023 Desye, Tesfaye, Berihun, Ademas and 
Sewunet. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not 
comply with these terms.

TYPE  Systematic Review
PUBLISHED  12 April 2023
DOI  10.3389/fpubh.2023.1113561

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.1113561%EF%BB%BF&domain=pdf&date_stamp=2023-04-12
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1113561/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1113561/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1113561/full
mailto:belaydesye.2001@gmail.com
https://doi.org/10.3389/fpubh.2023.1113561
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.1113561


Desye et al.� 10.3389/fpubh.2023.1113561

Frontiers in Public Health 02 frontiersin.org

due to the presence of a full spectrum of essential metals. It contains 
more than 1,000 different substances like Pb, mercury, cadmium, and 
brominated flame retardants (BFRs) like poly-brominated diphenyl 
ethers (PBDEs) (3–5). Electronic waste handling is a very complex and 
difficult issue due to its composition. Mishandling, informal recycling, 
and inappropriate disposal of e-waste can cause a serious impact on the 
environment and human health (1, 6).

Lead is the major heavy metal pollutant in e-waste and is found in 
cathode-ray tubes, circuit boards, batteries, and solder (7). In addition, 
Pb exposure is also found in the recycling of e-waste and acid batteries 
and in industrial settings like mining and smelting. Pb exposure can 
also occur in non-industrial settings such as hospitals, schools, and 
homes (8). According to the World Health Organization (WHO), Pb 
is one of the ten hazardous chemicals of public health concern (9, 10). 
Its widespread application has caused significant public health effects 
and environmental contamination (10). Due to its persistent nature, 
Pb can remain in environmental components such as water, soil, and 
air for a long time (11–14). Through ingestion, inhalation, and skin 
contact, Pb can enter the human body (11, 15).

Children living in the area of informal e-waste recycling, such as 
acid leaching, burning, roasting, and dismantling, are among the most 
at risk of exposure to Pb (11, 15). Even if they are not directly involved 
in recycling, children who live in home-based family workshops and 
communities where such e-waste recycling occurs can be  easily 
exposed (16). Due to their immature systems and the fact that they 
have more exposure routes, like the habit of putting their hands in 
their mouths, children can be more vulnerable to Pb exposure. Even 
at low levels of Pb, children absorb 4–5 times as much Pb as adults 
from a typical source and experience the effects of Pb poisoning earlier 
than adults (10, 17).

Children are vulnerable to irreversible neurological and behavioral 
effects due to Pb. Lead exposure in children can have serious health 
consequences. It is mainly affecting brain development, which can 
reduce intelligence quotient (IQ), reduce learning ability, shorten 
attention spans, and increase the risk of behavioral problems (8). Lead 
exposure also affects hematological, neurological, gastrointestinal, 
renal, and cardiovascular organ systems (18) and causes the health 
effects of anemia, immune toxicity, hypertension, and toxicity to the 
reproductive organs (8).

Many countries around the world have laws and regulations 
requiring them to dispose of e-waste. Because of the high cost of 
recycling and the lack of legislative enforcement and disposal sites, 
e-waste is transported internationally from high-income countries to 
low-income countries with low environmental standards. Electronic 
waste recycling and disposal are emerging in regions beyond Asia, in 
many countries (19). Despite the fact that the Basel Convention 
prohibits the export of hazardous wastes to low-income countries (4).

Due to the fast development and advancement of the global 
electronics sector and technology, e-waste has become the fastest and 
largest growing amount of waste in the world (20, 21). In 2019, it was 
estimated that 53.6 million metric tons (Mt) of e-waste were generated 
globally, an average of 7.3 kg/capital, with 83% not properly collected 
and recycled (22). This indicated that recycling activities do not 
correspond to the global growth of e-waste. This informal management 
system may cause significant damage to the most vulnerable groups, 
like children (1). Significant amounts of Pb substances may be released 
into the environment as a result of these informal practices, negatively 
impacting children’s health (13).

Around 800 million people worldwide (1 in every 3 children) have 
high blood Pb levels (8). In many parts of the world, Pb has caused 
extensive health problems and environmental contamination (23, 24). 
The WHO reported that about 1 million people die every year from 
Pb poisoning (8). According to the Institute for Health Metrics and 
Evaluation (IHME), there were over 0.9 × 106 deaths and 21.7 × 106 
Disability-Adjusted Life Years (DALYs) globally due to Pb exposure 
reported in 2019 (25).

Earlier findings revealed that Pb exposure in the recycling area of 
e-waste affects the health conditions of children, such as an increase 
in child sensory integration difficulties (26), cardiovascular 
endothelial inflammation (14), a decrease in child olfactory memory 
(27), and inhibition of hemoglobin synthesis (28). Because of the 
rapid and fast growth of e-waste globally and the health effects of Pb, 
there is a need to provide comprehensive and updated information 
about Pb exposure from e-waste activities. According to a database 
search, no systematic review on the health effects of Pb exposure in 
children has been conducted. Such studies can help policymakers and 
future researchers by providing detailed information about the health 
effects of Pb from e-waste in children. As a result, the aim of this 
study was to review the health effects of Pb exposure from e-waste 
on children.

Review methods

Registration and protocol

For this systematic review, the PRISMA guidelines were followed 
(29) (Supplementary File S1). The protocol of this systematic review 
was registered in the International Prospective Register of Systematic 
Reviews (PROSPERO) (Registration ID: CRD42022377028).

Search strategies

A comprehensive search of databases was undertaken using 
PubMed/MEDLINE, Cochrane Library, Science Direct, HINARI, and 
AJOL, which were searched up to November 25, 2022. For the 
PubMed/MEDLINE search, the Boolean operators “AND” and “OR” 
and the following key terms were used in combination. ((Health 
effects (MeSH Term) OR Health Consequence [All Fields] OR Health 
Outcome [All Fields]) AND (Electronic waste [All Fields] OR E-waste 
[All Fields] OR Waste electronic and electrical equipment [All Fields] 
OR WEEE [All Fields]) AND Children [All Fields]).

In addition to the electronic database search, grey literature was 
searched using direct Google Search and Google Scholar. 
Bibliographies from the included articles listed as references were also 
searched to obtain additional studies.

Eligibility criteria

Inclusion Criteria: In this review, studies that fulfilled the 
following criteria were considered for inclusion.

	▪	 Population: Children.
	▪	 Exposure: Pb from e-waste sources
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	▪	 Comparator: The reported reference group (non-exposed group) 
for each study.

	▪	 Outcomes: Articles reported the health effects of Pb exposure 
from e-waste in children (health outcomes of Pb from e-waste 
in children).

	▪	 Study Design: A cross-sectional study.
	▪	 Time frame. There was no restriction on the study date. All 

studies reported up to November 25, 2022, were considered.
	▪	 Language of published articles: Only full-text articles written in 

English were considered.
	▪	 Publication issue: Peer-reviewed journal articles published until 

November 25, 2022.

Exclusion criteria: Qualitative studies, letters to editors, 
systematic reviews, short communications, and commentaries were 
excluded. In addition, studies that were not fully accessible after 
three personal email contacts with the corresponding author and 
studies that did not indicate the health effects of Pb exposure from 
e-waste on children were excluded.

Study selection

Two investigators (BD and AHT) screened eligible studies 
independently by their title, abstract, and full text using 
predetermined eligibility criteria. The screened studies were 
compiled together by two investigators (BD and AHT), and the 
disagreement between authors that arises during data abstraction 
and selection is solved based on evidence-based discussion and the 
involvement of a third person (GB).

Data abstraction/extraction

The data extraction format was included (name of the author 
and publication year, study country, study design, exposure 
setting, sample size, blood Pb levels, and health effects) (Table 1). 
Zotero reference manager software was used to collect and 
organize studies and for the removal of duplicate studies. The 
PRISMA flow diagram was used to summarize the selection 
process (Figure 1).

Assessment of methodological quality

The JBI quality appraisal tool for cross-sectional studies was 
used to assess the quality of included studies and the risk of bias in 
each study (45). Two reviewers (BD and AHT) independently 
assessed the quality of the included studies. The assessment tool 
contains eight criteria: (1) brief eligibility criteria; (2) description 
of the study participants and study area; (3) use of a valid and 
reliable method to measure the exposure; (4) standard criteria used 
for measurement of the variables; (5) identification of confounding 
factors; (6) development of strategies to control confounding 
factors; (7) use of a valid and reliable method to measure the 
outcome of interest; and (8) use of appropriate statistical analysis. 
It was evaluated using the JBI critical appraisal checklist options: 
Yes, No, Unclear, and Not Applicable. The risks for biases were 

classified as low (total score, 5–8) and high (total score, 0–4). The 
study scored 50% or higher on all quality-assessed items that were 
considered low-risk and included in this review 
(Supplementary File S2).

Results and discussions

During the searching process, a total of 1,150 studies were 
identified. They were identified from PubMed, Cochrane library, 
HINARI, Science direct, AJOL, and additional records identified 
through other sources. From a total of 1,150 articles, 255 articles 
were remaining after removal of duplication. Of the remaining 255 
articles, 165 were excluded after reviewing the titles and abstracts 
because they were not related. Moreover, 70 full articles were 
excluded for not meeting the inclusion and exclusion criteria. 
Lastly, 20 articles were included in this systematic review 
(Figure 1).

All most included studies (n = 19) were conducted in China, 
and (n = 1) was conducted in Vietnam. The included articles were 
conducted using a cross-sectional study design, and the studies 
were conducted in e-waste recycling areas. The included studies 
were conducted with an exposed group versus a reference group 
(non-exposed group). The majority of the included articles revealed 
that blood Pb levels were found to be ≥5 μg/dl and that Pb exposure 
from e-waste had an impact on children’s health, such as a decrease 
in serum cortisol levels, inhibition of hemoglobin synthesis, impact 
on neurobehavioral development, affect physical development, etc. 
(Table 1).

Health effects of children’s from Pb 
exposure

The health effects of Pb exposure from e-waste on children have 
the features of multisystem and long-term effects (Table 1). Lead 
can have a significant impact on the health of children who live in 
an e-waste prone area. Children are more vulnerable to 
environmental exposures compared with adults due to more 
exposure routes (for example, placental absorption, breastfeeding, 
and finger sucking) and their immature systems and higher basal 
metabolic rates, which might make it difficult for them to handle 
and defecate some hazardous materials appropriately (46). Children 
also have a greater need for time to develop diseases compared to 
adults, which could be affected by hazardous chemicals in childhood 
and go through multiple developmental stages and years (47). 
Children are the most easily exposed group, and they need extra 
safety and protection because they are more vulnerable to 
environmental contaminants like Pb from e-waste. Pb exposure 
during childhood can have long-term and negative effects on an 
individual’s health (11, 15, 48).

The major sources or hotspots for e-waste recycling worldwide 
were in Guiyu, China (14, 26, 28, 30). In informal recycling of 
e-waste, activities like dismantling, chipping, and acid leaching 
were carried out for the recovery of metals. They have caused severe 
pollution that has caused extensive health problems for the residents 
and the local environment (49). Children who are growing and 
developing quickly are more vulnerable to the negative effects of Pb 
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TABLE 1  Summary of 20 articles included in the review process of the health effects of Pb exposure from e-waste in children.

Author, publication 
year

Study 
country

Sample size Age of 
participant

Blood lead levels Health effects/ 
outcomes

Huo et al., 2019(30) China, Guiyu 

and Haojiang

267 (exposed group, n = 132) 

and (reference group, 

n = 135)

2–7 years Median 6.5 μg/dl for exposed 

groups and 4.4 μg/dl for 

exposed groups

Affect erythrocyte and stimulate 

cytokine secretion

Zheng et al., 2019 (14) China, Guiyu 

and Haojiang

203 (exposed group, n = 105) 

and (reference group, n = 98)

3–7 years Median 7.2 μg/dl for exposed 

group and 3.9 μg/dl for 

reference group

Exacerbated vascular 

endothelial inflammation

Wang et al., 2021 (28) China, Guiyu 

and Haojiang

426 (exposed group, n = 222) 

and (reference group, 

n = 204)

3–6 years Media 12.26 μg/dl for 

exposed group and 12.58 μg/

dl for reference group

Inhibition of hemoglobin 

synthesis and may lead to 

anemia

Cai et al., 2019 (26) China, Guiyu 

and Haojiang

574 (exposed group, n = 358) 

and (reference group, 

n = 216)

3–6 years Median 4.88 μg/dl for 

exposed group and higher 

than the 3.47 μg/dl blood 

lead level for reference 

groups

Affect the child sensory 

integration and reduce in serum 

cortisol levels

Cao et al., 2018 (31) China, Guiyu 

and Haojiang

118 (exposed group, n = 62) 

and (reference group, n = 56)

3–7 years <10 μg/dl for exposed group Higher percentages of 

peripheral CD4+ and CD8+ 

central memory T cells

Dai et al., 2017 (32) China, Guiyu 

and Haojiang

484 (exposed, n = 332) and 

(reference group, n = 152)

2–6 years Median 6.5 μg/dl for exposed 

group and 4.8 μg/dl for 

reference group

Higher blood and erythrocyte 

Pb levels of children adversely 

affected complement receptor 

expression in all children.

Zheng et al., 2008 (33) China, Guiyu 

and Chendian

278 (exposed group, n = 154) 

and (reference group, 

n = 124)

<8 years ≥10 μg/dl for exposed groups A serious threat to children’s 

health

Xu et al., 2018 (34) China, Guiyu 118 (exposed group) 3–6 years >5 μg/dl for exposed group Oxidative DNA damage, 

potentially increasing the risk 

for mutations and cancer later in 

life

Yang et al., 2013 (35) China, Guiyu 246 (exposed group) 3–8 years Mean 7.3 μg/dl for exposed 

group

Affected children physical 

development and increased 

bone resorption of children

Zeng et al., 2018 (36) China, Guiyu 

and Haojiang

466 (exposed group, n = 331) 

and (reference group, 

n = 135)

3–7 year Median 5.64 μg/dl for 

exposed groups and 3.68 μg/

dl for reference groups

Increased the problem of an 

amplified coagulation system 

through the activation of 

platelets

Zeng et al., 2019 (37) China, Guiyu 

and Haojiang

470 (exposed group, n = 300) 

and (reference group, 

n = 170)

average 4.7 years 6.8 μg/dL for exposed group Limits the growth and 

development of children

Zhang et al., 2017 (27) China, Guiyu 

and Haojiang

118 (exposed group, n = 61) 

and (reference group, n = 57)

4–7 years Mean 9.4 μg/dl for exposed 

group and 5.04 μg/dl for 

reference group

Affect the olfactory memory of 

children

Zhang et al., 2016 (38) China, Guiyu 

and Haojiang

411 (exposed group, n = 285) 

and (reference group, 

n = 126)

3–7 years 6 μg/dl for exposed group 

and 3.92 μg/dl for reference 

group

Decrease the percentages of 

natural killer cells

Zeng et al., 2017 (12) China, Guiyu 

and Haojiang

206 (exposed group, n = 100) 

and (reference group, 

n = 106)

5–7 years Mean 5.53 μg/dl for exposed 

groups and 3.57 μg/dl for 

reference groups

Low levels of hemoglobin and 

affect lung function

Zhang et al., 2015 (39) China, Guiyu 243 (exposed group) 3–7 years 7.9 μg/dl for exposed groups Impact on neurobehavioral 

development

(Continued)

https://doi.org/10.3389/fpubh.2023.1113561
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Desye et al.� 10.3389/fpubh.2023.1113561

Frontiers in Public Health 05 frontiersin.org

exposure from recycling areas of e-waste (11, 15). In China, many 
of the informal e-waste recycling activities were carried out, and the 
health of children in these informal recycling areas of e-waste was 
significantly affected by Pb, and their blood Pb levels were extremely 
high compared to other reference groups (non-exposed groups) 

(32, 36, 38, 50). Globally, China is one of the most serious polluters 
of the environment, with serious consequences for children’s health. 
Most local children were exposed to toxic chemicals such as Pb and 
other non-biodegradable organic pollutants due to informal 
recycling areas of e-waste (51).

TABLE 1  (Continued)

Author, publication 
year

Study 
country

Sample size Age of 
participant

Blood lead levels Health effects/ 
outcomes

Lu et al., 2018 (40) China, Guiyu 

and Haojiang

590 (exposed, n = 337) and 

(reference group, n = 253)

3–7 years 7.14 μg/dl for exposed groups 

and 3.9 μg/dl for reference 

groups

Abnormal measures of 

cardiovascular like vascular 

inflammation and lipid disorder

Liu et al., 2014 (41) China, Guiyu 240 (exposed group) 3–7 years 7.35 μg/dl for exposed group Behavioral abnormalities such 

as conduct problems and 

antisocial behavior

Liu et al., 2011 (42) China, Guiyu 

and Chendian

303 (exposed group, n = 153) 

and (reference group, 

n = 150)

3–7 years Median 13.2 μg/dl for 

exposed groups and 8.76 μg/

dl for reference groups

Altering children temperament

Zhang et al., 2020 (43) China, Guiyu 

and Haojiang

147 (exposed group, n = 73) 

and (reference group, n = 74)

3–7 years Median 3.7 μg/dl for exposed 

groups and 2.3 μg/dl for 

reference group

Children may have dysregulated 

immune response and high 

inflammation risk

Daniell et al., 2015 (44) Dong Mai, 

Vietnam

109 Not-specified ≥45 μg/dl for exposed groups Affect the health of children

The study design of the include articles was a cross-sectional study and the study setting was conducted in the e-waste recycling areas.

FIGURE 1

Flow diagram for the selection of studies for a systematic review of the health effects of Pb exposure from e-waste in children.
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The informal recycling of e-waste leads to the emission of 
hazardous substances like Pb and biodegradable compounds into 
nearby environmental areas like air, soil, water, etc., and in the 
long term it may contribute to air pollution. According to Rautela 
et al. (52), about 83% of e-waste worldwide is recycled informally. 
Inappropriate e-waste management and disposal at landfill sites 
have caused significant risks to the environment and subsequently 
affected health (2, 53). According to Heacock et  al. (1), the 
majority of the toxic chemicals released by electronic products 
have accumulated in the environment and may have negative 
health effects. Lead is extensively and widely used in many 
electrical equipment and products, and it can come from either 
e-waste parts or the process of informal e-waste recycling. 
Consumption pattern, exposure time, dietary differences, and 
lifestyle are all factors that influence daily intake in the human 
body (54).

As the country with the largest production and recycling of 
e-waste, China has neglected the damage of informal e-waste 
recycling to children’s health and the environment for many years 
and is now paying a heavy price for it. More than 72.0, 61.0, and 
86.5% of children in the e-waste exposed group had blood Pb 
concentrations greater than 5.0 μg/dl (13, 30, 36), respectively, 
compared to non-exposed groups (Table 1).

Lead exposure from e-waste has been linked to many 
toxicological outcomes in a variety of organ systems in children, 
including growth and development, hematological, cardiovascular, 
respiratory, and vascular inflammation (12, 35, 37, 39, 41, 42). Lead 
exposure also has negative health effects in children, like inhibition 
of hemoglobin synthesis (12, 28), lower percentages of natural killer 
cells (38), a decrease in child olfactory memory (27), and an 
increase in child sensory integration difficulties (26). Children with 
higher blood Pb levels (≥5 μg/dl) were more likely than those with 
low Pb levels to have a decrease in serum cortisol levels (26), 
oxidative DNA damage (34), affect both developmental conditions 
and promote bone resorption, and affect temperament conditions 
(42) (Table 1).

In the present study, in an e-waste exposed area, children with 
a higher blood lead level were more likely to have a lower serum 
cortisol level when compared with children with a lower blood lead 
level. This finding is consistent with studies conducted previously 
(26, 55, 56). This finding suggests that lead exposure can alter the 
Hypothalamic–Pituitary–Adrenal (HPA) axis function, leading to 
lower than expected cortisol release. The HPA axis compensatory 
mechanism may reach adaptation phase, resulting in lower cortisol 
levels and reduced reduction (57, 58).

The main strength of this study is that it identified the health 
effects of Pb exposure from e-waste in children at a global scale by 
searching the articles rigorously and following recommended 
procedures and protocols. This review also has its limitations. This 
review included articles written in English only.

Conclusion and recommendations

This review comprehensively examines the adverse health 
effects of Pb exposure from e-waste on children. Electronic waste is 
the fastest growing waste stream, which can threaten children’s 

health and contaminate the environment. Electronic waste is not 
just a problem in one country; it is a worldwide issue. Due to 
additional routes of exposure, children are particularly vulnerable 
and sensitive to Pb. As China is the main informal recycler of 
e-waste, synthesizing the evidence of the adverse effects of Pb 
exposure from e-waste in children could provide a useful lesson for 
other countries, and e-waste issues are emerging globally. Due to 
inappropriate management and informal recycling of e-waste, Pb 
exposure significantly affects the health of children. The health 
outcomes of Pb exposure from e-waste must be a concern for the 
international community. Therefore, to reduce the problems of Pb 
exposure from e-waste, the concerned stakeholders, like national 
governments and international organizations, should work together 
to effectively manage e-waste in a sustainable way by formalizing 
informal sectors. It is also essential to increase public awareness 
about the effects and disposal systems of e-waste through regulatory 
frameworks. Moreover, eco-friendly technology is needed for 
proper management of e-waste.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Author contributions

BD was involved in the conceptual development, data 
abstraction and selection, reviewing of articles, and report writing. 
AHT, GB, AA, and BS were involved in guiding the work and 
manuscript writing. All the authors read and approved 
the manuscript.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1113561/
full#supplementary-material

https://doi.org/10.3389/fpubh.2023.1113561
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1113561/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1113561/full#supplementary-material


Desye et al.� 10.3389/fpubh.2023.1113561

Frontiers in Public Health 07 frontiersin.org

References
	1.	Heacock M, Kelly CB, Asante KA, Birnbaum LS, Bergman ÅL, Bruné M-N, et al. 

E-waste and harm to vulnerable populations: a growing global problem. Environ Health 
Perspect. (2016) 124:550–5. doi: 10.1289/ehp.1509699

	2.	Puckett J, Smith T. Exporting harm: The high-tech trashing of Asia the Basel action 
network. Seattle: Silicon Valley Toxics Coalition (2002).

	3.	Needhidasan S, Samuel M, Chidambaram R. Electronic waste–an emerging threat 
to the environment of urban India. J Environ Health Sci Eng. (2014) 12:1–9. doi: 
10.1186/2052-336X-12-36

	4.	Kummer K. International management of hazardous wastes: The Basel convention 
and related legal rules Oxford University Press (1999). 550 p.

	5.	Sthiannopkao S, Wong MH. Handling e-waste in developed and developing 
countries: initiatives, practices, and consequences. Sci Total Environ. (2013) 
463-464:1147–53. doi: 10.1016/j.scitotenv.2012.06.088

	6.	Bhutta MKS, Omar A, Yang X. Electronic waste: a growing concern in today’s 
environment. Econ Res Int. (2011) 2011:1–8. doi: 10.1155/2011/474230

	7.	Osibanjo O, Nnorom IC. The challenge of electronic waste (e-waste) 
management in developing countries. Waste Manag Res. (2007) 25:489–501. doi: 
10.1177/0734242X07082028

	8.	WHO. About 1M people die yearly due to lead poisoning: WHO - Google search. 
(2022). Available at: https://www.google.com/search?q=About+1M+people+die+yearl
y+due+to+lead+poisoning%3A+WHO&oq=About+1M+people+die+yearly+due+to+
lead+poisoning%3A+WHO&aqs=chrome.69i57j69i60.3480j0j7&sourceid=chrome&ie
=UTF-8 (Accessed November 12, 2022).

	9.	WHO. Identifies ten chemicals of major public health concern | international 
Programme on chemical safety. (2016). Available at: https://chemycal.com/news/
a6321e58-dfbf-4e30-914d-62d270622b65/WHO_identifies_ten_chemicals_of_major_
public_health_concern__International_Programme_on_Chemical_Safety (Accessed 
November 12, 2022).

	10.	WHO. Lead poisoning. Key facts about lead. (2022). https://www.who.int/news-
room/fact-sheets/detail/lead-poisoning-and-health [Accessed November 13, 2022]

	11.	Zeng X, Xu X, Boezen HM, Huo X. Children with health impairments by heavy 
metals in an e-waste recycling area. Chemosphere. (2016) 148:408–15. doi: 10.1016/j.
chemosphere.2015.10.078

	12.	Zeng X, Xu X, Boezen HM, Vonk JM, Wu W, Huo X. Decreased lung function with 
mediation of blood parameters linked to e-waste lead and cadmium exposure in 
preschool children. Environ Pollut. (2017) 230:838–48. doi: 10.1016/j.envpol.2017.07.014

	13.	Yekeen TA, Xu X, Zhang Y, Wu Y, Kim S, Reponen T, et al. Assessment of health 
risk of trace metal pollution in surface soil and road dust from e-waste recycling area in 
China. Environ Sci Pollut Res. (2016) 23:17511–24. doi: 10.1007/s11356-016-6896-6

	14.	Zheng X, Huo X, Zhang Y, Wang Q, Zhang Y, Xu X. Cardiovascular endothelial 
inflammation by chronic coexposure to lead (Pb) and polycyclic aromatic hydrocarbons 
from preschool children in an e-waste recycling area. Environ Pollut. (2019) 246:587–96. 
doi: 10.1016/j.envpol.2018.12.055

	15.	Zeng X, Xu X, Zheng X, Reponen T, Chen A, Huo X. Heavy metals in PM2. 5 and 
in blood, and children’s respiratory symptoms and asthma from an e-waste recycling 
area. Environ Pollut. (2016) 210:346–53. doi: 10.1016/j.envpol.2016.01.025

	16.	Lu S-Y, Li Y-X, Zhang J-Q, Zhang T, Liu G-H, Huang M-Z, et al. Associations 
between polycyclic aromatic hydrocarbon (PAH) exposure and oxidative stress in people 
living near e-waste recycling facilities in China. Environ Int. (2016) 94:161–9. doi: 
10.1016/j.envint.2016.05.021

	17.	ATSDRT. Toxicological profile for lead. Atlanta: U.S Public Health Service, Agency 
for Toxic Substances and Disease Registry (2007).

	18.	WHO. Lead poisoning and health. (2019). Available from: https://www.who.int/
news-room/fact-sheets/detail/lead-poisoning-and-health (Accessed December 10, 
2022).

	19.	Wanjiku R. HP and partners tackle Africa e-waste problem. Computerworld 
Kenya (2009). Available from: http://www.computerworld.co.ke/articles/2009/02/20/
hp-and-partners-tackle-africa-e-waste-problem

	20.	Noel-Brune M, Goldizen FC, Neira M, van den Berg M, Lewis N, King M, et al. 
Health effects of exposure to e-waste. Lancet Glob Health. (2013) 1:e70. doi: 10.1016/
S2214-109X(13)70020-2

	21.	Ogunseitan OA, Schoenung JM, Saphores J-DM, Shapiro AA. Science and 
regulation. The electronics revolution: from e-wonderland to e-wasteland. Science. 
(2009) 326:670–1. doi: 10.1126/science.1176929

	22.	Forti V, Balde CP, Kuehr R, Bel G. The global E-waste monitor 2020: Quantities, 
flows and the circular economy potential. United Nations University (UNU)/United 
Nations Institute for Training and Research (UNITAR) – co-hosted SCYCLE 
Programme, International Telecommunication Union (ITU) & International Solid 
Waste Association (ISWA), Bonn/Geneva/Rotterdam. (2020).

	23.	EPA U.S. Integrated science assessment for lead Washington (DC), United States 
Environmental Protection Agency (EPA/600/R-10/075F). (2022). Available at: https://
cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=255721

	24.	WHO. Inorganic lead. Geneva, World Health Organization, international 
Programme on chemical safety (Environmental Health Criteria 165). (1995). Available 
at: http://www.inchem.org/documents/ehc/ehc/ehc165.htm

	25.	IHME. GBD compare. (2019). Available at: https://vizhub.healthdata.org/gbd-
compare

	26.	Cai H, Xu X, Zhang Y, Cong X, Lu X, Huo X. Elevated lead levels from e-waste 
exposure are linked to sensory integration difficulties in preschool children. 
Neurotoxicology. (2019) 71:150–8. doi: 10.1016/j.neuro.2019.01.004

	27.	Zhang B, Huo X, Xu L, Cheng Z, Cong X, Lu X, et al. Elevated lead levels from 
e-waste exposure are linked to decreased olfactory memory in children. Environ Pollut. 
(2017) 231:1112–21. doi: 10.1016/j.envpol.2017.07.015

	28.	Wang H, Huang P, Zhang R, Feng X, Tang Q, Liu S, et al. Effect of lead exposure 
from electronic waste on haemoglobin synthesis in children. Int Arch Occup Environ 
Health. (2021) 94:911–8. doi: 10.1007/s00420-020-01619-1

	29.	Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred 
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 
statement. Syst Rev. (2015) 4:1. doi: 10.1186/2046-4053-4-1

	30.	Huo X, Dai Y, Yang T, Zhang Y, Li M, Xu X. Decreased erythrocyte CD44 and 
CD58 expression link e-waste Pb toxicity to changes in erythrocyte immunity in 
preschool children. Sci Total Environ. (2019) 664:690–7. doi: 10.1016/j.
scitotenv.2019.02.040

	31.	Cao J, Xu X, Zhang Y, Zeng Z, Hylkema MN, Huo X. Increased memory T cell 
populations in Pb-exposed children from an e-waste-recycling area. Sci Total Environ. 
(2018) 616-617:988–95. doi: 10.1016/j.scitotenv.2017.10.220

	32.	Dai Y, Huo X, Zhang Y, Yang T, Li M, Xu X. Elevated lead levels and changes in 
blood morphology and erythrocyte CR1 in preschool children from an e-waste area. Sci 
Total Environ. (2017) 592:51–9. doi: 10.1016/j.scitotenv.2017.03.080

	33.	Zheng L, Wu K, Li Y, Qi Z, Han D, Zhang B, et al. Blood lead and cadmium levels 
and relevant factors among children from an e-waste recycling town in China. Environ 
Res. (2008) 108:15–20. doi: 10.1016/j.envres.2008.04.002

	34.	Xu X, Liao W, Lin Y, Dai Y, Shi Z, Huo X. Blood concentrations of lead, cadmium, 
mercury and their association with biomarkers of DNA oxidative damage in preschool 
children living in an e-waste recycling area. Environ Geochem Health. (2018) 40:1481–94. 
doi: 10.1007/s10653-017-9997-3

	35.	Yang H, Huo X, Yekeen TA, Zheng Q, Zheng M, Xu X. Effects of lead and cadmium 
exposure from electronic waste on child physical growth. Environ Sci Pollut Res Int. 
(2013) 20:4441–7. doi: 10.1007/s11356-012-1366-2

	36.	Zeng Z, Huo X, Zhang Y, Xiao Z, Zhang Y, Xu X. Lead exposure is associated with 
risk of impaired coagulation in preschool children from an e-waste recycling area. 
Environ Sci Pollut Res Int. (2018) 25:20670–9. doi: 10.1007/s11356-018-2206-9

	37.	Zeng X, Xu X, Qin Q, Ye K, Wu W, Huo X. Heavy metal exposure has adverse 
effects on the growth and development of preschool children. Environ Geochem Health. 
(2019) 41:309–21. doi: 10.1007/s10653-018-0114-z

	38.	Zhang Y, Huo X, Cao J, Yang T, Xu L, Xu X. Elevated lead levels and adverse effects 
on natural killer cells in children from an electronic waste recycling area. Environ Pollut. 
(2016) 213:143–50. doi: 10.1016/j.envpol.2016.02.004

	39.	Zhang R, Huo X, Ho G, Chen X, Wang H, Wang T, et al. Attention-deficit/
hyperactivity symptoms in preschool children from an e-waste recycling town: 
assessment by the parent report derived from DSM-IV. BMC Pediatr. (2015) 15:51. doi: 
10.1186/s12887-015-0368-x

	40.	Lu X, Xu X, Zhang Y, Zhang Y, Wang C, Huo X. Elevated inflammatory Lp-PLA2 
and IL-6 link e-waste Pb toxicity to cardiovascular risk factors in preschool children. 
Environ Pollut. (2018) 234:601–9. doi: 10.1016/j.envpol.2017.11.094

	41.	Liu W, Huo X, Liu D, Zeng X, Zhang Y, Xu X. S100β in heavy metal-related child 
attention-deficit hyperactivity disorder in an informal e-waste recycling area. 
Neurotoxicology. (2014) 45:185–91. doi: 10.1016/j.neuro.2014.10.013

	42.	Liu J, Xu X, Wu K, Piao Z, Huang J, Guo Y, et al. Association between lead 
exposure from electronic waste recycling and child temperament alterations. 
Neurotoxicology. (2011) 32:458–64. doi: 10.1016/j.neuro.2011.03.012

	43.	Zhang Y, Huo X, Lu X, Zeng Z, Faas MM, Xu X. Exposure to multiple heavy metals 
associate with aberrant immune homeostasis and inflammatory activation in preschool 
children. Chemosphere. (2020) 257:127257. doi: 10.1016/j.chemosphere.2020.127257

	44.	Daniell WE, Van Tung L, Wallace RM, Havens DJ, Karr CJ, Bich Diep N, et al. 
Childhood Lead exposure from battery recycling in Vietnam. Biomed Res Int. (2015) 
2015:e193715:1–10. doi: 10.1155/2015/193715

	45.	Joanna Briggs Institute (JBI). Checklist for analytical cross sectional studies (2017). 
Available from: http://joannabriggs.org/research/critical-appraisal-tools.html

	46.	Song Q, Li J. A systematic review of the human body burden of e-waste exposure 
in China. Environ Int. (2014) 68:82–93. doi: 10.1016/j.envint.2014.03.018

	47.	Landrigan PJ, Sonawane B, Butler RN, Trasande L, Callan R, Droller D. Early 
environmental origins of neurodegenerative disease in later life. Environ Health Perspect. 
(2005) 113:1230–3. doi: 10.1289/ehp.7571

https://doi.org/10.3389/fpubh.2023.1113561
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1289/ehp.1509699
https://doi.org/10.1186/2052-336X-12-36
https://doi.org/10.1016/j.scitotenv.2012.06.088
https://doi.org/10.1155/2011/474230
https://doi.org/10.1177/0734242X07082028
https://www.google.com/search?q=About+1M+people+die+yearly+due+to+lead+poisoning%3A+WHO&oq=About+1M+people+die+yearly+due+to+lead+poisoning%3A+WHO&aqs=chrome.69i57j69i60.3480j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=About+1M+people+die+yearly+due+to+lead+poisoning%3A+WHO&oq=About+1M+people+die+yearly+due+to+lead+poisoning%3A+WHO&aqs=chrome.69i57j69i60.3480j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=About+1M+people+die+yearly+due+to+lead+poisoning%3A+WHO&oq=About+1M+people+die+yearly+due+to+lead+poisoning%3A+WHO&aqs=chrome.69i57j69i60.3480j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=About+1M+people+die+yearly+due+to+lead+poisoning%3A+WHO&oq=About+1M+people+die+yearly+due+to+lead+poisoning%3A+WHO&aqs=chrome.69i57j69i60.3480j0j7&sourceid=chrome&ie=UTF-8
https://chemycal.com/news/a6321e58-dfbf-4e30-914d-62d270622b65/WHO_identifies_ten_chemicals_of_major_public_health_concern__International_Programme_on_Chemical_Safety
https://chemycal.com/news/a6321e58-dfbf-4e30-914d-62d270622b65/WHO_identifies_ten_chemicals_of_major_public_health_concern__International_Programme_on_Chemical_Safety
https://chemycal.com/news/a6321e58-dfbf-4e30-914d-62d270622b65/WHO_identifies_ten_chemicals_of_major_public_health_concern__International_Programme_on_Chemical_Safety
https://www.who.int/news-room/fact-sheets/detail/lead-poisoning-and-health
https://www.who.int/news-room/fact-sheets/detail/lead-poisoning-and-health
https://doi.org/10.1016/j.chemosphere.2015.10.078
https://doi.org/10.1016/j.chemosphere.2015.10.078
https://doi.org/10.1016/j.envpol.2017.07.014
https://doi.org/10.1007/s11356-016-6896-6
https://doi.org/10.1016/j.envpol.2018.12.055
https://doi.org/10.1016/j.envpol.2016.01.025
https://doi.org/10.1016/j.envint.2016.05.021
https://www.who.int/news-room/fact-sheets/detail/lead-poisoning-and-health
https://www.who.int/news-room/fact-sheets/detail/lead-poisoning-and-health
http://www.computerworld.co.ke/articles/2009/02/20/hp-and-partners-tackle-africa-e-waste-problem
http://www.computerworld.co.ke/articles/2009/02/20/hp-and-partners-tackle-africa-e-waste-problem
https://doi.org/10.1016/S2214-109X(13)70020-2
https://doi.org/10.1016/S2214-109X(13)70020-2
https://doi.org/10.1126/science.1176929
https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=255721
https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=255721
http://www.inchem.org/documents/ehc/ehc/ehc165.htm
https://vizhub.healthdata.org/gbd-compare
https://vizhub.healthdata.org/gbd-compare
https://doi.org/10.1016/j.neuro.2019.01.004
https://doi.org/10.1016/j.envpol.2017.07.015
https://doi.org/10.1007/s00420-020-01619-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1016/j.scitotenv.2019.02.040
https://doi.org/10.1016/j.scitotenv.2019.02.040
https://doi.org/10.1016/j.scitotenv.2017.10.220
https://doi.org/10.1016/j.scitotenv.2017.03.080
https://doi.org/10.1016/j.envres.2008.04.002
https://doi.org/10.1007/s10653-017-9997-3
https://doi.org/10.1007/s11356-012-1366-2
https://doi.org/10.1007/s11356-018-2206-9
https://doi.org/10.1007/s10653-018-0114-z
https://doi.org/10.1016/j.envpol.2016.02.004
https://doi.org/10.1186/s12887-015-0368-x
https://doi.org/10.1016/j.envpol.2017.11.094
https://doi.org/10.1016/j.neuro.2014.10.013
https://doi.org/10.1016/j.neuro.2011.03.012
https://doi.org/10.1016/j.chemosphere.2020.127257
https://doi.org/10.1155/2015/193715
http://joannabriggs.org/research/critical-appraisal-tools.html
https://doi.org/10.1016/j.envint.2014.03.018
https://doi.org/10.1289/ehp.7571


Desye et al.� 10.3389/fpubh.2023.1113561

Frontiers in Public Health 08 frontiersin.org

	48.	Grant K, Goldizen FC, Sly PD, Brune M-N, Neira M, van den Berg M, et al. Health 
consequences of exposure to e-waste: a systematic review. Lancet Glob Health. (2013) 
1:e350–61. doi: 10.1016/S2214-109X(13)70101-3

	49.	Huang W, Shi X, Wu K. Human body burden of heavy metals and health 
consequences of Pb exposure in Guiyu, an E-waste recycling town in China. Int J 
Environ Res Public Health. (2021) 18:12428. doi: 10.3390/ijerph182312428

	50.	Huo X, Peng L, Xu X, Zheng L, Qiu B, Qi Z, et al. Elevated blood lead levels of 
children in Guiyu, an electronic waste recycling town in China. Environ Health Perspect. 
(2007) 115:1113–7. doi: 10.1289/ehp.9697

	51.	Zeng X, Huo X, Xu X, Liu D, Wu W. E-waste lead exposure and children’s health 
in China. Sci Total Environ. (2020) 734:139286. doi: 10.1016/j.scitotenv.2020.139286

	52.	Rautela R, Arya S, Vishwakarma S, Lee J, Kim K-H, Kumar S. E-waste management 
and its effects on the environment and human health. Sci Total Environ. (2021) 
773:145623. doi: 10.1016/j.scitotenv.2021.145623

	53.	Robinson BH. E-waste: an assessment of global production and environmental 
impacts. Sci Total Environ. (2009) 408:183–91. doi: 10.1016/j.scitotenv.2009.09.044

	54.	Song Q, Li J. Environmental effects of heavy metals derived from the e-waste 
recycling activities in China: a systematic review. Waste Manag. (2014) 34:2587–94. doi: 
10.1016/j.wasman.2014.08.012

	55.	Braun JM, Wright RJ, Just AC, Power MC, Tamayo y Ortiz M, Schnaas L, et al. 
Relationships between lead biomarkers and diurnal salivary cortisol indices in pregnant 
women from Mexico City: a cross-sectional study. Environ Health. (2014) 13:50. doi: 
10.1186/1476-069X-13-50

	56.	Fortin MC, Cory-Slechta DA, Ohman-Strickland P, Nwankwo C, Yanger TS, Todd 
AC, et al. Increased lead biomarker levels are associated with changes in hormonal 
response to stress in occupationally exposed male participants. Environ Health Perspect. 
(2012) 120:278–83. doi: 10.1289/ehp.1103873

	57.	Grissom N, Bhatnagar S. Habituation to repeated stress: get used to it. Neurobiol 
Learn Mem. (2009) 92:215–24. doi: 10.1016/j.nlm.2008.07.001

	58.	Miller GE, Chen E, Zhou ES. If it goes up, must it come down? Chronic stress and 
the hypothalamic-pituitary-adrenocortical axis in humans. Psychol Bull. (2007) 
133:25–45. doi: 10.1037/0033-2909.133.1.25

https://doi.org/10.3389/fpubh.2023.1113561
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S2214-109X(13)70101-3
https://doi.org/10.3390/ijerph182312428
https://doi.org/10.1289/ehp.9697
https://doi.org/10.1016/j.scitotenv.2020.139286
https://doi.org/10.1016/j.scitotenv.2021.145623
https://doi.org/10.1016/j.scitotenv.2009.09.044
https://doi.org/10.1016/j.wasman.2014.08.012
https://doi.org/10.1186/1476-069X-13-50
https://doi.org/10.1289/ehp.1103873
https://doi.org/10.1016/j.nlm.2008.07.001
https://doi.org/10.1037/0033-2909.133.1.25

	A systematic review of the health effects of lead exposure from electronic waste in children
	Introduction
	Review methods
	Registration and protocol
	Search strategies
	Eligibility criteria
	Study selection
	Data abstraction/extraction
	Assessment of methodological quality

	Results and discussions
	Health effects of children’s from Pb exposure

	Conclusion and recommendations
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher’s note
	Supplementary material

	References

