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Abstract
The volume of electronic waste (e-waste) received in Nigeria is reportedly on the increase and
the effects on environmental health are yet to be fully ascertained. This study aimed to
investigate haematological indices, lead and serum iron levels in workers occupationally exposed
to electronic wastes in South-South, Nigeria. In this pilot study, 104 participants were enrolled
from Benin City, South-South Nigeria; consisting of 63 E-waste Workers (EW) sex- and
aged-matched with 41 Unexposed Participants (Control). Blood levels (5 mL) of the metals (lead
and iron) were determined using Inductively Coupled Plasma-Mass Spectrometry while the
haematological parameters [white blood cells (WBC), Lymphocytes ( LY); monocytes (MO),
granulocytes(GR), red blood cells (RBC), haemoglobin (Hgb), haematocrit (HCT), mean cell
volume (MCV), mean cell haemoglobin (MCH), mean cell haemoglobin concentration (MCHC)
and platelets (PLT)] were determined using standard methods. Results obtained from this study
show a significantly low serum iron (11.5 ± 2.14 µg/dL) in the EW compared with Control
(168.9 ± 2.39 µg/dL); while blood lead level in EW (1.07±0.02 µg/dL) was significantly elevated
compared with Control (0.72 ± 0.12). Total WBC and RBC, HCT, MO and MCV were all
significantly elevated in EW compared with Control while LY and PLT in the EW were
significantly decreased compared with Control. This study concludes that chronic occupational
e-waste exposure may increase blood lead level, lower serum iron status and may have adversely
altered some important haematological parameters in the studied population.
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Introduction
Technological advancements in the electronic industry have paved way for the production of
several important electronic devices such as lighting equipment; electrical and electronic tools,
toys, leisure and sports equipment, medical devices, and automatic dispensers among others.
While these devices have made life relatively easier and more comfortable for man, the surge in
their production is however, associated with a concomitant increase in the rate of production of
electronic wastes, especially in developing countries were they are poorly managed as reports
have shown that these wastes usually end up in open dumps and unlined landfills [1]. Electronic
and electrical waste (e-waste), also referred to as Waste Electrical and Electronic Equipment
(WEEE) is defined as any end-of-life equipment, which is dependent on electrical currents or
electromagnetic fields in order to work properly. The core components of most electrical and
electronic equipment such as batteries, circuit boards, plastic casings, cathode-ray tubes,
activated glass, and lead capacitors are also classified as e-waste [2].
Electronic wastes contain potentially harmful chemical elements which could constitute
significant sources of occupational and/or environmental health hazards. Toxic elements
frequently found in electronic wastes include lead, cadmium, chromium, mercury, copper,
manganese, nickel, arsenic, zinc, iron, and aluminium [3-4]
The pathophysiology of heavy metal toxicity is one of the most studied areas of medical
toxicology. Over the years, several plausible explanations on the mechanism of heavy metal
toxicity have been put forward; these include oxidative stress [5], lipid peroxidation, metal-metal
interaction, enzyme inhibition [6-8], DNA binding [9], damage of antioxidant system [10] and so
on.
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Lead toxicity is associated with a number of physiological, morphological, and biochemical
alterations such as liver dysfunction [11], haematological disorders [12], impairment of renal
system functions [13], glucose metabolism abnormality [14], and nervous system disturbances
[15]. Unlike Lead which is always harmful whenever it is detected in the human body
irrespective of its concentration, iron plays a vital role in several cellular and enzymatic
processes in the body. It however, needs to be maintained within certain levels in the body as its
deficiency or toxicity could cause disease [16].
The present study seeks to evaluate the effect of lead on iron status and the haematopoietic
system as a result of occupational exposure to electronic wastes.
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Materials and methods
Study Design and Study Area
This study was designed as a comparative study between occupationally exposed and unexposed
groups. The study was carried out in the Metropolitan City of Benin, Edo State located in
South-south Nigeria. Benin City is the capital of Edo State, Nigeria.
Exposed Group
Male Waste Electric and Electronic Equipment (WEEE) Workers (n=63, Mean age of 31 years),
working and living in Benin City, formed the exposed group. The states of origin of the exposed
subjects comprised Edo, n=32 (50.8%); Imo, n=15 (23.8%); Delta, n=7 (11.1%); Anambra, n=3
(4.8%); Ekiti, n=2; (3.2%); Enugu, n=2 (3.2%) and Abia, n=2 (3.2%). Only subjects with a
minimum of 5 years of occupational exposure to toxic substances in WEEE were enrolled into
the study.
Inclusion Criteria
(a) The exposed subjects comprised Electronic Technicians carrying out informal (primitive)
e-waste recycling, processing, repair and dismantling repair of electronic and electrical
equipment. Subjects who were occupationally exposed to e-waste for a period of five years and
above at the time of sample collection were considered suitable for the study. The five years
duration of exposure used in this study is based on E-waste Risk Assessment Report of
Adaramodu and colleagues [17].
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(b) Control subjects were healthy male individuals with minimal or no occupational exposure
and with no hobby involving e-waste exposure. The non-exposed participants had no previous
demographic and medical history of incidence of cancer.
Exclusion Criteria
E-waste workers who are not exposed to e-waste for a period up to five years at the time of
sample collection were considered suitable for the study. Subject with history of any form of
cancer, tobacco smoking and alcoholism were excluded from the study. Tobacco smoking and
alcohol consumption also served as basis of exclusion for recruiting the apparently healthy
control subjects.
Ethical Approval
The protocol for this study was approved by the Health Research Ethics Committee of University
of Ibadan/University College Hospital, Ibadan, Nigeria, with a reference number UI/UCH EC:
NHREC/05/01/2008a.
Informed Consent
Subjects for this study were adults who were adequately briefed on the research protocol and
informed consent was obtained prior to sample collection. The informed consent form used for
this study was clearly explained to the participants in English and in their native language.
Sample collection
Five millilitres (5ml) of venous blood was collected from the cubital fossa of the research
participants into Tripotassium Ethylene Diamine Tetraacetic Acid (K3EDTA) anticoagulant
container. Verbal informed consent was used in bringing the subjects to the knowledge of the
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exercise, this was followed by the administration of simplified questionnaires to each of the
participants. The research subjects were placed in two groups: the test group comprised
sixty-three (63) individuals who were occupationally exposed to e-wastes for a minimum of five
(5) days a week and eight (8) hours per day, while the control group comprised forty-one (41)
e-waste naive males. All the research participants were males between the ages of twenty (20)
and sixty-five (65) years and were recruited from the University of Benin Community. The blood
samples were analysed within six hours of collection.
Determination of heavy metal levels in blood
Plasma iron and blood lead levels were determined in the analytical services laboratory of the
International Institute for Tropical Agriculture, IITA, Ibadan, using the inductively coupled
plasma mass spectrometer (ICP-MS) (Thermo Elemental, X series I, Germany), based on
standard methods [18]..
Determination of haematological parameters
The Automated Haematology Analyzer (Sysmex KX – 21N; Kobe, Japan) was used to analyze all
haematological parameters such as WBC (µl), LY (%), MO (%), GR (%), RBC (µl), Hgb (g/dl),
HCT (%), MCV (fl), MCH (pg), MCHC (g/dl) and PLT (µl) based on standard methods [19] and
following the manufacturer's operational guidelines. All samples were analyzed within 30 minutes
of collection.
Statistical Analysis
Statistical analyses including descriptive statistics was carried out using the Statistical Package
for Social Scientists (SPSS) version 16.0. All values were expressed as Mean ± Standard Error of
the Mean. The Independent Student’s t-test was used to determine significant differences
between exposed and unexposed groups and p value < 0.05 was accepted.
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Results
Table 1 shows the serum levels of iron and lead in e-waste exposed and unexposed participants.
The mean serum iron and lead levels were significantly elevated in the exposed subjects when
compared with their unexposed counterparts.

Table 2 shows the haematological parameters of the exposed and unexposed groups. The total
White Blood Cell (WBC), Red Blood Cell (RBC), and Monocyte (MO) counts, as well as the
haematocrit (HCT) and Mean Cell Volume (MCV) were all significantly elevated in the exposed
group when compared with their controls. On the other hand, the Haemoglobin (Hgb)
concentration, Mean Cell Haemoglobin Concentration (MCHC), Lymphocytes (LY), and Platelets
(PLT) were all significantly depressed in the exposed group when compared with their unexposed
counterparts.

Table 1: Serum iron and lead levels in e-waste exposed and unexposed participants
Metals

Exposed
Participants
(n=63)

Unexposed
Participants
(n=41)

t -value

p-value

Level
of
significance

Iron (µg/dL)

11.5±2.14

168.9 ± 2.39

0.000

0.007

Highly
significant

Lead(ug/dL)

0.95±0.00

0.03 ± 0.00

19.26

0.000

Highly
Significant

Values are expressed as means ± SEM.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 May 2018

doi:10.20944/preprints201805.0013.v1

Table 2: Haematological parameters in exposed and unexposed participants.

Haematological
Parameter

Exposed
Participants
(n=63)

Unexposed
Participants
(n=41)

p-value

Level of significance

TWBC×103/ul

5.27 ± 0.17

4.09 ± 0.19

P < 0.001

Highly significant

Lymphocytes (%)

31.10 ± 1.69

42.04 ± 2.27

P < 0.001

Highly significant

Monocytes (%)

13.45 ± 0.54

12.71 ± 1.24

P < 0.05

Significant

Granulocytes (%)

55.42 ± 1.89

43.99 ± 2.22

P < 0.001

Highly significant

Platelets ×10/ul

130.94±5.52

228.89±13.17

P < 0.001

Highly significant

RBC ×10 6/ul

5.58±0.06

5.30±0.07

P < 0.01

Highly significant

Haemoglobin
Concentration (g/dl)
PCV (%)

15.11±0.16

16.36±0.16

P < 0.001

Highly significant

46.35±0.41

50.87±10.73

P < 0.001

Highly significant

MCV (fl)

83.11±0.61

75.94±1.26

P < 0.001

Highly significant

MCH (pg)

28.26±1.13

30.91±0.39

P >0.05

Not Significant

MCHC (g/dl)

32.47±0.23

41.03±0.83

P < 0.001

Highly significant

Note: Values are in mean ± Standard Error of Mean
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Discussion

The scourge of electronic waste (e-waste) is currently a major global concern, particularly in
developing countries like Nigeria where e-waste reprocessing is substantial and unregulated.
Recently, researchers have become more interested in the toxicity of electronic waste
components, especially as a result of their heavy metal content [20]. The present study
investigates the adverse health effects of lead toxicity on iron status, and the hematopoietic
system in individuals occupationally exposed to electronic waste.

Lead has been regarded as a potent occupational toxin and its toxicological manifestations are
well known. There is no such level of lead that appears to be beneficial to the human body and
no “safe” level of exposure of lead has been found. Lead toxicity is a hazard with the potential of
causing irreversible health effects and known to interfere with a number of body functions,
primarily affecting the haematopoietic, central nervous, hepatic and renal systems producing
serious disorders [21].

The highly significant depression of serum iron (Fe) in the test group relative to their controls
suggests an established impairment of iron absorption as a result of lead toxicity. Lead is a
particularly pernicious element to iron metabolism, as it is taken up by the iron absorption
machinery, and secondarily blocks iron through competitive inhibition. It therefore interferes
with a number of important iron dependent metabolic steps such as heme biosynthesis [22].

In the same vein, the haemoglobin concentration and MCHC were significantly lower in the test
group when compared with the control subjects. This observation is likely a consequence of lead
interaction with heme synthesis. Lead significantly affects the heme synthetic pathway in a dose
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dependent manner by downregulating three key enzymes involved in the synthesis of heme,
d-aminolevulinic acid dehydratase, aminolevulinic acid synthetase and ferrochalatase [23].

Conversely, the total RBC and MCV were significantly elevated in the test group as compared to
the non-exposed. This increase may be due to a physiological compensatory mechanism wherein
the haematopoietic machinery synthesizes new red cells (reticulocytosis) in order to adequately
compensate for damaged red cell which may be as a result of lead-induced haematotoxicity.
Previous studies have shown that lead is a potential trigger for megaloblastic anaemia by
impairing heme synthesis, reducing the life span of circulating erythrocytes (due to cell
membrane fragility) and thereby increasing the rate of RBC destruction [24].

The mean haematocrit value was significantly depressed in the test group relative to their controls.
This observed difference in the Packed Cell Volume (PCV) is suggestive of acute haemolytic
anaemia in the test group. According to Vij, anaemia caused on account of lead poisoning can be
of two types: haemolytic anaemia, which is associated with acute high-level lead exposure and
frank anaemia, which is caused only when the blood lead level is significantly elevated for
prolonged periods [25].

Furthermore, the mean total WBC count of the participants showed a significant increase in the
test group relative to their controls. Cells of the innate immune mechanism usually mount their
immune responses against harmful foreign agents that gained access to the body. Reports from
previous authors speculate that increased number of circulating neutrophils may represent a
mechanism to compensate lead-mediated immune dysfunction, which is more likely to reflect a
neuroendocrine response to toxicity/stress. Farkhondeh also observed and concluded that inhaled
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lead can increase IgE, histamine levels, total and most differential WBC counts in sensitized
animals exposed to lead [26].

Similarly, the mean lymphocytes value observed in the test group was significantly lower than that
seen in their control counterparts. Reports have suggested that exposure to lead affects humoral
immune response, functional impairment of lymphocytes and production of cytokines [27]. It is
also well established that lead affects humoral and cell mediated immunity, and diminishes host
resistance [28]. It can therefore be inferred that the significant decrease in lymphocytes of the test
group may be as a result of occupational exposure to toxic lead fumes.

Furthermore, the mean platelet count was also found to be markedly depressed in the test group
relative to their controls. Barman and colleagues have reported that chronic occupational
exposure to lead may depress platelet counts, thus suggesting that lead exposure may impair
coagulation function through endothelial tissue injury and reduction of nitric oxide [29]. From
the foregoing, it can therefore be induced that chronic occupational exposure to lead can result to
lead-induced thrombocytopenia.

Conclusion
Chronic occupational e-waste exposure may increase blood lead level, lower serum iron status and
may have adversely altered some important haematological parameters in the studied population.
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