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ABSTRACT
Background: Heavy metal exposure has been
associated with numerous health effects including
renal involvement. The exposure to heavy metals is
still notably prevalent, and possibly on the rise
particularly in some occupations. Crude oil exploration
and other related industrial activities could be a
contributory factor in some regions.

Objectives: The study aimed to determine the level
of blood heavy metals (lead and cadmium) and the
renal function of occupationally exposed persons in
Yenagoa as compared to others with less probable
risk of heavy metal exposure.

Method: Three hundred and ten (310) adults (157
study participants and 153 controls of similar age and
sex) aged 18 years and above were recruited for the
study via simple random sampling. The participants
included smelters, auto-mechanics, vulcanizers, artisan
refinery workers and petrol station attendants with
each occupation categorized as clusters and non-
proportionate allocation of participants for each cluster
who met the inclusion criteria. The control group
consisted of individuals in other occupations with less
probable risk of exposure.  The participants were
evaluated for Urinalysis, Serum Creatinine,
Haemoglobin, blood lead and cadmium. The outcome
was analyzed using version 25.0 of Statistical Package
for Social Sciences (SPSS) software.

Results: A total of 310 participants took part in the
study with 235 (75.8%) males and 75 (24.2%) females
with a male to female ratio of 3.1:1. The mean age of
the study population was 35.6 ± 10.7 years. The mean
level for lead and Cadmium was 48.29 ± 26.29µg/dl
and 4.56 ± 3.07µg/l respectively which was higher
than that of control (Pb - 27.42 ± 11.17µg/dl, Cd -
2.65 ± 1.62 µg/l). The mean eGFR was significantly
lower in the exposed population, 77.39mls/min/m2as
compared with control (82.57mls/min/m2). The mean
haemoglobin level was also significantly lower in the
exposed populations as compared with the controls.

Conclusion: This study shows elevated levels of
serum heavy metals in the occupationally exposed
individuals with probable impact on their renal function
in the Niger Delta region of Nigeria when compared
to their non- exposed counterparts. There is a need
for occupational health education to help in the
prevention of excessive heavy metal exposure and
curb its impact on health of all involved.

INTRODUCTION
Heavy Metals are poorly defined elements with a
mass density greater than 4.5g/cm2 which tend to
release electrons in chemical reactions and form
simple cations. They include copper (Cu), Cobalt (Co),
Chromium (Cr), Cadmium (Cd), Iron (Fe), Zinc (Zn),
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Lead (Pb), Mercury (Hg), Manganese (Mn), Nickel
(Ni) and Mobydellum (Mo). They are generally
classified as physiologically active or inactive [1].

Their common characteristic toxic property
is that they dissociate well and are easily soluble
because they can penetrate through cell membranes
and get into internal organs like kidneys, adrenals, liver,
lungs and skin causing various health effects including
toxic nephropathy [1].

The main threats to human health from heavy
metals are associated with exposure to arsenic, lead,
cadmium and mercury. Exposure to these metals are
common in both domestic and industrial settings [2].

The sources of contamination or pollution of
the environment by heavy metals include different
branches of industry, power, transport, mineral waste
management and fertilizers. The World Health
Organisation (WHO) has created guidelines with
respect to expected exposure levels however these
guidelines are hardly adhered to especially in
developing countries [3].

In Nigeria, for instance, the Niger- Delta
region has high levels of petroleum exploration and
refining activities as well as other industrial activities
associated with heavy metal contact. These activities
constitute the livelihood of many of the occupants of
these regions so continuous exposure is inevitable with
consequent adverse health impact [4].

The health effects of heavy metal exposure
are multisystemic with renal involvement being
commonly reported. However systematic studies of
toxic nephropathy are yet to adequately establish
cause- effect relationship [5]. This study aims to fill
the gap.

In Nigeria, occupational heavy metal
exposure in Nigeria is notably prevalent and
uncontrolled [4]. Its importance as both an association
and/or cause of renal dysfunction has been under-
studied in Nigeria.

In addition to well documented occupational
exposure, southern Nigeria is known particularly for
illegal mining and oil exploration activities making it a
likely highly contributory factor to nephrotoxicity [6].

The objective of this study was to determine
the level of blood heavy metals and the renal function
of occupationally exposed persons in Yenagoa as
compared with non - exposed counterparts.

METHOD
The study was carried out on adults who were 18
years above working as petrol station attendants, auto-
mechanics, artisan refinery workers, vulcanizers and
smelters in a semi-urban community, Yenagoa in
Bayelsa State, Nigeria. The control population
consisted of adults of similar age and sex not involved
in the stated occupations and possibly lesser risk of
occupational and they included civil servants, teachers
and traders. Participants with hypertension, diabetes
or established kidney diseases from other causes were
excluded from the study.

Ethical approval for the study was obtained
from the research committee of the Federal Medical
Centre, Yenagoa. All participants were informed
concerning the purposes of the research and achieved
the printed consent.

Before samples collection, each individual
had an extensive interview by the primary researcher
with the aid of trained research assistants who filled
a structured questionnaire about their possible
diseases and dietary habits. Information on job
experience, socioeconomic situations like income and
education, and history such as drug uses smoking and
alcohol consumption were acquired from
questionnaires and every worker was interviewed by
a trained interviewer.

Blood samples were collected for serum
haemoglobin, creatinine and blood cadmium and lead
levels. Mid-stream urine was also collected and
assessed for protein using dipstick strips.

A venous blood sample (8-10mls) was
collected from the Brachial vein of the ante-cubital
fossa maintaining asepsis in each participant. Blood
sample (2mls each) was placed in EDTA bottle and
lithium heparin bottle for haemaglobin, glucose and
creatinine estimation respectively. Then the remaining
blood sample was put in plain bottle for blood heavy
metals (lead and Cadmium) estimation.

The serum haemoglobin was estimated using
the Cyan methaemoglobin method; serum creatinine
was measured by the Jaffe kinetic method.

The eGFR was calculated from the
standardised creatinine by using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) [7].

The serum concentrations of lead and
cadmium were estimated with the use of graphite
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furnace Atomic Absorption Spectroscopy. Standard
graphite tubes were used for the determination of lead
and pyrolytical graphite tube for the determination of
cadmium [8].

Urine samples were collected in universal
bottles for qualitative protein estimation using dipstick
method.Proteinuria was measured using reagent
strips. A test result of 1+ or higher was defined as
being positive.

STATISTICAL ANALYSIS
Statistical Package for Social Sciences (SPSS)
software version 25.0 was used for data cleaning and
analysis. Variables were presented in tables and
figures as appropriate. Differences in the distribution
of categorical variables between the exposed and the
control groups were investigated using the Chi- square
test of proportion. The mean serum level of heavy
metals in both groups was estimated and the difference
in the mean values of lead and cadmium in the exposed

and control groups was tested using the students' t-
test.

The difference in mean eGFR between the
exposed and control group and between the different
occupational groups was assessed by the student's t-
test and the analysis of variance respectively.

Level of statistical significance was set at p-
value < 0.05.

RESULTS
 A total of 310 participants took part in the study with
157 occupationally exposed and 153 controls. The
participants include 235 males and 75 females, with a
male to female ratio of 3.4:1. The mean age of the
study population was 36.2 (± 10.4) years. Table 1.

Most of the study participants were married.
In the exposed population, secondary level of
education (56.7%) and the mean duration of
occupation in the exposed category in this study was
12.3 ± 10.6 years. Table 1

Table 1: Sociodemographic and Occupational Duration of Study Participants

Characteristics Study Categories Test Statistics p-value
Total Exposed Control
N = 310 (%) N = 157 (%) N = 153 (%)

Sex
Male 235 (75.8) 120 (76.4) 115 (75.2) 0.07a 0.794
Female 75 (24.2) 37 (23.6) 38 (24.8)

Age group
< 30 years 103 (33.2) 55 (35.0) 48 (35.0) 0.68a 0.878
30 - 39 years 82 (26.5) 40 (25.5) 42 (27.5)
40 - 49 years 85 (27.4) 41 (26.1) 44 (28.8)
> 50 years 40 (12.9) 21 (13.4) 19 (12.4)

Mean Age (SD) in years 36.2 ± 10.4 35.6 ± 10.7 36.9 ± 9.9 1.16b 0.248

Marital status
Single 101 (32.6) 65 (41.4) 36 (23.5) 11.27a 0.001*
Married 209 (67.4) 92 (58.6) 117 (76.5)

Educational level
No formal education 3 (1.0) 3 (1.9) 0 (0.0) 139.67a 0.001*
Primary education 47 (15.2) 45 (28.7) 2 (1.3)
Secondary education 121 (39.0) 89 (56.7) 32 (20.9)
Tertiary education 139 (44.8) 20 (14.4) 119 (77.8)

Duration of work
exposure in years 11.1 ± 9.5 12.3 ± 10.6 9.9 ± 8.8 2.23b 0.026*

*Statistically significant; aChi-square test; bStudent's t test; SD Standard Deviation
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BLOOD LEVELS OF HEAVY METALS IN
STUDY PARTICIPANTS
Comparison of levels of heavy metals in 'exposed'
and 'control' group
Blood levels of heavy metals {Lead (Pb) and
Cadmium (Cd)} was assessed within 5 occupations;
mechanics, smelters, vulcanizers, smelters and petrol
station attendants and compared with controls.

In table 2, the mean lead level in the exposed
population was 48.29 ± 26.29µg/dl while the value in
the control population was 27.42 ± 11.17µg/dl and this
was statistically significant (p-value - 0.001). Within
the exposed populations, lead levels were highest

among the Artisan refinery workers, 58.11 ± 25.55µg/
dl followed by the Petrol Station Attendants,
vulcanizers, smelters, and mechanics accordingly.

Cadmium levels was also higher in the
exposed population, (a mean level of 4.56 ± 3.07µg/l
than in the control participants 2.65 ± 1.62µg/l) and
this was statistically significant with a p-value of 0.001.
In the exposed population, Cd was highest in the
vulcanizers 6.61 ± 3.72µg/l, then, mechanics, artisan
refinery workers, smelters and petrol station
attendants respectively. Table 2

Table 2: Blood level of heavy metals among study participants

Study groups Lead Cadmium
Mean ± SD Significant test Mean ± SD Significant test

(p-value)  (p-value)

Total 310 38.07 ± 22.78 3.59 ± 2.70

Study groups
Exposed 157 48.29 ± 26.29 8.97a (0.001) 4.56 ± 3.07 6.81 (0.001)
Control 153 27.42 ± 11.17 2.65 ± 1.62

Occupational groups
Mechanics 32 29.78 ± 17.14 28.36b (0.001) 4.95 ± 3.27 17.33 (0.001)
Smelters 31 46.03 ± 26.11 3.91 ± 3.11
Petrol station attendants 30 56.41 ± 21.32 2.98 ± 1.28
Artisan refinery workers 33 58.11 ± 25.55 4.09 ± 2.91
Vulcanizers 31 52.17 ± 29.85 6.61 ± 3.72
aStudents t-test, bF-test result from ANOVA

Heavy Metals Levels in the 'Exposed' group
according to Occupation Duration
The mean level of lead among participants in the
exposed group who have worked for less than 10
years was 42.20 ± 26.06µg. For participants who have
worked for 11 - 20 years, 21 - 30 years and 31 - 40
years, the mean serum level of lead was 42.41 ± 29.42
µg; 43.19 ± 23.86 µg; 51.93 ± 22.40 µg respectively
(Figure 1). Participants who have spent 30 - 40 years
in the exposed group had significantly (f -test = 3.18;
p - 0.026) higher mean serum values than those who
have spent less than 30 years.

Figure 1 also shows that Cadmium followed
a similar trend to lead, with mean values of 4.32 ±
2.85µg, 4.33 ± 4.01µg, 4.28 ± 2.56 µg and 5.60 ± 5.63
among participants who were less than 10 years, 11 -
20 years, 21 - 30 years and 31 - 40 years respectively.
However, there was no significant difference (f-test
= 1.05; p - 0.373)in the level of serum cadmium in the
different work duration categories.

Renal Function of  Exposed Participants
Comparison of renal function among 'exposed' and
'control' group
The renal function of participants was estimated as
shown in Table 3. The mean eGFR of the exposed
participants was 77.28mls/min/m2 and was lower than
that of control (82.71mls/min/m2) with a p-value of
0.007. The vulcanizers also had the least mean eGFR
(73.16), followed by the petrol station attendants,
smelters, artisan refinery workers and mechanics
accordingly.

The mean haemoglobin concentration among
the exposed was 12.8±1.4 g/dl and was lower than that
of the control group, 14.5±1.7 g/dl. This is statistically
significant with a p-value of 0.001. Table 4.

Proteinuria was observed in 5 (1.9%)
participants among the exposed and 2 participants in
the control with a p-value of 0.448.
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Figure 1: Line graph showing heavy metals levels of the occupationally exposed in relation to the work duration
 (f-test = 3.18; p - 0.026 for Serum Lead; and f-test = 1.05; p - 0.373 for serum Cadmium)
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DISCUSSION
This was a cross sectional study consisting of 157
participants who were 18 years and above working
as auto mechanics, vulcanizers, artisan refinery
workers, petrol station attendants and smelters and
153 controls in other occupations with less probable
exposure.

There was male preponderance with a ratio
of 3.4:1 due to the peculiarities of occupations studied
and this is similar to studies in Nigeria by Alasia et al
and Anetor et al [4,9]. The reason for male
preponderance is due to the physically demanding and
highly time-consuming nature of most of the
occupations. The mean age of the participants was
35.6±10.7 years which is similar to 31.66±7.74 years
by Wang et al and Yakubu et al [10,11] but slightly
lower than 41.2±8.3 years by Ehrlich et al and
46.9±14.5 years by  Reilly et al [12,13]. The probable

reason for the age difference is that  most likely the
fact that these latter studies covered extensive
geographical regions; so recruited participants with
longer duration of exposure and work experience. The
mean duration of occupational exposure in this study
was 12.3±10.6 years and this was similar to 16.7±2.13
years by Anetor et al [9] in Southwest Nigeria and
11.6 years among battery factory workers in South
Africa by Ehrlich et al [12] but lower than 27.7±7.3
years by Roels et al [14]. The probable difference is
that the least occupational duration for participants in
the latter study was 6 years unlike the index study
with a year of exposure as least occupation duration.

The mean level of lead in this study was
48.29±26.29µg/dl among exposed participants which
was similar to 50.37±24.58 µg/dl by Alasia et al [4] in
Port Harcourt and 43.5µg/dl among roadside
automobile technicians by Saliu et al [15] in Lagos

Table 3: Estimated glomerular filtration rate (eGFR) of participants

Study group Total Mean Standard Test p-value
eGFR  deviation  Statistics

Total population 310 79.96 16.84

Study Group
Exposed 157 77.28 13.98 2.73a 0.007*
Control 153 82.71 19.00

Occupation
Mechanics 32 81.06 16.74 2.55b 0.028*
Smelters 31 77.52 12.42
Petrol Station Attendants 30 74.50 15.32
Artisan refinery workers 33 79.79 12.77
Vulcanizer 31 73.16 11.11

*Statistically significant; aStudent's t test; bANNOVA; eGFR estimated Glomerular Filtration rate

Table 4: Haematological and Biochemical Indices of study participants

Characteristics Total Study Categories Test Statistics p-value
Exposed Control

Laboratory findings
Haemoglobin Concentration 13.7 ± 1.8 12.8 ± 1.4 14.5 ± 1.7 9.62a 0.001*

Serum Creatinine 108.2 ± 21.5 111.5 ± 19.5 104.1 ± 21.1 3.25a 0.001*

Protein in Urine
Yes 7 (1.6) 5 (1.9) 2 (1.3) 1.23b 0.448
No 303 (98.4) 152 (98.1) 151 (98.7)

*Statistically significant; aStudent's t test bChi-square test;
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Nigeria. The levels were higher than 16.0µg/dL by
Kassy et al [16] the probably difference was that
this study assessed only one occupation (auto body
mechanics) and had a larger sample size. The lead
levels were slightly higher in a study carried out by
Dioka et al [17] in South East Nigeria, this is probably
due to a small sample size one occupation (artisans)
assessed unlike the index study of different
occupations with varied levels of exposure. However,
in all the aforementioned studies, lead level was higher
in exposed study participants as compared with
controls. This trend is similar internationally as seen
in Battery factory workers in China by Zhang et al
[18] and Potters in Brazil by Bandeira et al [19] as
significantly higher levels of lead as compared to
controls. A meta- analysis carried out by Kuraeiad et
al [20] on blood lead level and renal impairment
observed significant difference in blood levels in
exposed more than their counterparts with lesser risk
of exposure.

The mean serum Cadmium level was
4.56±3.07µg/l in the exposed participants and was
significantly higher than that of controls 2.65±1.62µg/
l and this is similar to studies carried out by Adewale
et al in Abuja, [21] Orisakwe et al [22] in South East,
Nigeria and Yakubu et al [11] in Jos. This trend of
significantly elevated cadmium levels in occupationally
exposed compared to controls was also observed
internationally by Goyal et al [23] in India andin a
cadmium smelting factory in China by Zhou et al [24].
Varied mean cadmium levels were noticed in these
studies and these were mainly accounted for by nature
of occupations involved and level of exposure.
However, occupationally exposed group levels of
cadmium were significantly higher than controls. The
mean heavy metal levels were also noticed to be
increased as work duration increases, this
proportional trend was also noticed in studies by
Assadi et al [25] Roels et al [14] Zhou et al [24] and
Yu et al [26]. This probably indicates increased tissue
levels with prolonged exposure.

The mean eGFR of the exposed participants
was 77.39mls/min/m2 which was lower than control,
82.57mls/min/m2 and this was statistically significant.
The possible reason for the lower eGFR is likely from
the tubular damage of heavy metals on the kidneys.
This is similar to findings from studies carried out
Yakubu et al [11] in Jos and in an oil and gas flaring
communities in Imo state by Egwurugwu et al [27].
However, renal function was not significantly affected

in study carried out by Aneto et al [9]. This is probably
due to comparably less extensive nature of study.
Studies by Yu et al [26] and Roels et al [14]  also
indicated no effect in renal function in occupationally
exposed. These observations are undergoing further
evaluations.

Internationally, Reilly et al [13] observed in
smelting community in Dallas that for each unit
increase in blood lead, there was a corresponding
decrease in eGFR and Kuraeiad et al [20] observed
increased creatinine (and reduced creatinine
clearance) in lead - exposed compared to non- exposed
participants.

The prevalence of persistent proteinuria in
this exposed population was 1.9% and this was not
statistically significantly increased from that of
control. This is similar to studies by Aneto [9] that
indicated increased in urinary microalbumin levels in
the occupationally exposed but not statistically
significant from that of controls. This prevalence was
lower than 10.3% by Tsai et al [28]. The difference
is probable due to fact that other risk factors such as
hypertension and DM where not excluded in the study.

Serum haemoglobin in the exposed
participants was significantly lower than that of the
control subjects most likely from the effect of heavy
metals such as lead on red cell oxidation and bone
marrow suppression. This is similar to studies carried
by Saliu et al [15] in Lagos and Chukwukasi et al in
South East Nigeria [29]. Despite differences in the
mean haematological parameters in the comparism
groups, most of the participants had blood levels of
haemoglobin within the normal range. Hsieh et al [30]
observed that cumulative exposure to lead at
workplace was significantly associated with anaemia
risk among Taiwan workers. Basit et al [31] reported
presence of anaemia in heavy metal exposed battery
workers in Parkistan unlike in the control group
indicating haematologic changes occurring from long
term exposure to heavy metals. However, Froom et
al [32] observed that haemoglobin levels did not
correlate with blood lead levels in battery workers in
Israel. The possible reason for the difference is most
likely due to low prevalence of elevated heavy metals
in the latter study with subsequent probable less effect
on haematologic parameters.

Cohort studies on lead exposed workers in
United States of America, Finland and United
Kingdom (UK) by Steenland et al [33] found positive
trends for renal damage and other co-morbidities and



Tropical Journal of Nephrology Vol.18 Nos 1 & 2, June & Dec., 2023            46

Renal Function Assessment in Adults with Occupational Heavy Metal Exposure

mortality associated with increasing blood lead levels.
Madrigal et al [34] also observed that cadmium
exposure was associated with decreased glomerular
filtration and increased urine protein excretion.This
study further reiterates the emerging concerns of
heavy metals and its effects on renal function and
other health concerns.

This study however did not assess urinary
levels of heavy metals or tissue levels such as bone
lead levels which are significant markers heavy metal
exposure [35,36].

The study however suggests a probable
effect of heavy metals on renal function after
exclusion of other common risk factors such as
diabetes and hypertension. The need for adequate
health education and improved work regulation cannot
be over-emphasized.
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