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ABSTRACT

Background: Informal battery repair workers are frequently exposed to toxic heavy metals, predisposing
them to renal and systemic dysfunction. This study assessed trace metal burden, renal indices, and electrolyte
balance among battery repair workers in Osogbo, Nigeria.

Methods: A total of 120 participants (60 workers and 60 controls) were evaluated. Anthropometric, physi-
ological, biochemical, and trace metal parameters were analyzed using standard methods. Group differences and
correlations were determined using ANOV A and Pearson’s correlation tests (p < 0.05).

Results: Battery repair workers exhibited markedly higher serum cadmium (0.45 + 0.08 ug/L) and lead
(7.62 + 1.34 ng/dL) compared to controls (0.10 + 0.02 pg/L; 1.85 + 0.42 pg/dL; p < 0.001). Selenium was sig-
nificantly depleted (54.2 + 6.8 pg/L vs. 66.4 + 5.3 png/L; p < 0.001), while manganese was elevated (8.7 £ 1.6
png/L; p <0.001). Correspondingly, creatinine (112.7 £+ 12.4 pmol/L), urea (6.21 £ 0.94 mmol/L), and uric acid
(352.9 +£47.6 umol/L) were increased in exposed workers (p < 0.001). Electrolyte imbalance was evident with
reduced sodium and chloride but elevated potassium and bicarbonate levels (p < 0.05). Strong positive correla-
tions existed between lead and creatinine (r = +0.642, p < 0.001) and cadmium and creatinine (r = +0.481, p <
0.01), while selenium showed inverse relationships with renal biomarkers (r =~ —0.43).

Conclusion: The findings demonstrate significant heavy metal accumulation, renal impairment, and elec-
trolyte disturbance among informal battery repair workers. Lead and cadmium exhibited nephrotoxic patterns,
partly offset by selenium’s protective role. Regular biomonitoring, health education, and policy enforcement are
recommended to mitigate occupational risks.

Keywords: Heavy metals, Renal dysfunction, Occupational exposure, Battery repair workers, Electrolyte
imbalance
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1.0 INTRODUCTION

Occupational exposure to heavy metals remains a signifi-
cant public health concern, particularly among workers in
the informal sector, where protective regulations are min-
imal. Battery repair workers are at heightened risk of ex-
posure to toxic metals such as lead (Pb) and cadmium
(Cd), which are commonly used in the production and
recycling of batteries [1, 2]. Chronic exposure to these
metals has been associated with multisystemic health im-
pairments, including renal dysfunction, cardiovascular
abnormalities, and metabolic imbalances [3, 4]. While
trace elements like selenium (Se) and manganese (Mn)
play essential physiological roles, their imbalance due to
occupational exposure may exacerbate disease risk [5].

Age distribution plays a critical role in occupational ex-
posure assessments, as susceptibility to toxicants may
differ across life stages. Younger adults often exhibit
greater resilience, whereas older individuals may accu-
mulate higher body burdens of toxicants over time, with
diminished renal clearance [6, 7]. Comparing the age dis-
tributions of study populations to those of healthy con-
trols helps contextualize observed health outcomes, en-
suring that variations are not solely attributable to demo-
graphic imbalances [8].

Beyond age, anthropometric and physiological parame-
ters such as blood pressure and waist-to-hip ratio (WHR)
provide essential insights into cardiovascular and meta-
bolic risks associated with toxic metal exposure [9, 10].
Lead exposure, for instance, has been linked to elevated
systolic and diastolic blood pressure, predisposing affect-
ed populations to hypertension and its sequelae [11].
Similarly, WHR serves as a proxy for central obesity,
which is strongly associated with renal and cardiovascu-
lar dysfunctions [12]. Assessing these parameters in ex-
posed workers compared with healthy controls provides a
more comprehensive understanding of occupational
health risks.

Heavy metals and renal function indices constitute a sig-
nificant focus of occupational toxicology research. Ele-
vated levels of Pb and Cd have consistently been reported
in occupationally exposed groups, often correlating with
impaired renal biomarkers such as creatinine, urea, and
uric acid [13, 14]. Conversely, depletion of essential trace
elements, such as Se, may exacerbate oxidative stress and
renal damage [15]. By measuring trace metals alongside
renal function indices, this study provides evidence on
the biochemical burden of chronic exposure among bat-
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tery repair workers in Nigeria, an area with limited con-
temporary data.

Finally, a correlation analysis of trace metals, renal func-
tion indices, and electrolytes provides crucial mechanistic
insights. Positive correlations between toxic metals and
renal biomarkers often suggest nephrotoxic injury,
whereas inverse associations with protective elements,
such as Se, highlight the modulatory role of essential nu-
trients [16, 17]. Electrolyte disturbances, including altera-
tions in sodium, potassium, and bicarbonate, further indi-
cate systemic impacts of heavy metal exposure [18].
These interrelationships underscore the importance of
integrative biomonitoring in occupational health research.
By addressing these objectives, this study contributes to
evidence-based policy recommendations for protecting
vulnerable workers in Nigeria and beyond. This study,
therefore, aims to evaluate the anthropometric, physiolog-
ical, biochemical, and trace-metal profiles of battery re-
pair workers in Osogbo, Nigeria.

2.0 METHODOLOGY
2.1 Study Location

The study was carried out in Osogbo, the capital of Osun
State, Nigeria. Osogbo has an estimated population of
~450,000 [16] and is predominantly inhabited by the Yo-
ruba ethnic group. It is situated at a latitude of 9.70°N
and a longitude of 4.50°E, approximately 342 km south
of Abuja (the Federal Capital Territory) and 94 km north
of Lagos.

2.2 Study Population and Subject Selection

A total of 120 participants were enrolled: 60 battery re-
pair workers recruited from the Battery Repair Workers
Association in Osogbo (study group) and 60 apparently
healthy controls (unexposed individuals) recruited from
students of the Department of Biomedical Science,
LAUTECH, Osogbo. Eligibility of controls was con-
firmed using a structured questionnaire randomly distrib-
uted. Written informed consent was obtained from all
participants after explanation of the study objectives.

2.2.1 Inclusion criteria

Participants eligible for the study were adults aged 18 to
65 years. For the study group, individuals had to be em-
ployed as battery repair workers. Additionally, partici-
pants were required to have no personal or family history
of renal disease.
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2.2.2 Exclusion Criteria

Individuals were excluded if they were younger than 18
or older than 65 years. Participants with a history of renal
disease or those currently taking medications known to
affect trace metals or renal function were also excluded
from the study.

2.3 Anthropometric and Physiological Measurements

Weight and height were measured using standard proce-
dures, and body mass index (BMI) was calculated. Blood
pressure was recorded in the sitting position using a
sphygmomanometer after at least 5 minutes of rest. Waist
and hip circumferences were measured, and the waist-to-
hip ratio (WHR) was derived.

2.4 Sample Collection and Handling

Venous blood (10 mL) was aseptically collected from
each participant. Of this, 5 mL was dispensed into a lithi-
um-heparin tube for renal function assessment, while the
remaining 5 mL was placed in a plain tube for trace metal
analysis. All samples were centrifuged at 3,000 rpm for
10 minutes to separate the serum, which was then aliquot-
ed and stored at —20°C until further analysis. Only partici-
pants who provided the full blood sample and met the
study inclusion criteria were analyzed; samples that were
hemolyzed, contaminated, or insufficient in volume were
excluded from subsequent testing. 2.5 Laboratory Anal-
yses

2.5.1 Trace metals (Pb, Cd, Se, Mn)

Serum concentrations of lead (Pb), cadmium (Cd), seleni-
um (Se), and manganese (Mn) were measured using flame
atomic absorption spectrophotometry (AAS) (BECK 200
model) following the method of Omode and Ademukola
[19]. For each element, cathode lamps were set at the spe-
cific wavelengths, and calibration was performed using
standard solutions. Absorbance values were converted to
concentrations using calibration curves.

2.5.2 Renal function indices

Renal function was assessed using standard biochemical
markers. Serum creatinine levels were determined by the
Jaffe’s kinetic method [20]. Urea concentrations were
estimated using the modified Berthelot enzymatic method
with the Randox® kit, while uric acid levels were meas-
ured using the uricase-peroxidase enzymatic method [21].
2.5.3 Electrolytes

Sodium (Na*) and potassium (K*) levels were measured
using flame photometry [22], while chloride (CI") was

calculated based on the anion gap formula [20]. Bicar-
bonate (HCOs") concentrations were determined using the
titrimetric back-titration method [23].

2.6 Statistical Analysis

Data were expressed as mean + standard deviation (SD).
Group comparisons were performed using one-way analy-
sis of variance (ANOVA). Associations between trace
metals and renal function indices were assessed using
Pearson’s correlation coefficient (r). A p-value <0.05 was
considered statistically significant. Statistical analyses
were performed using SPSS version 15.0.

3.0 RESULTS

Table 1 shows the age distribution of the study population
versus the control. Out of 60 battery repair workers and
controls that were enrolled for the study, 10% were be-
tween the ages of 21-30, 14% between the ages of 31-40
and 41-50, while 26% were > 50 years of age in both sub-
jects, and control population.

Table 1. Age distribution of study population subject versus control

Age distri- Subject Percentage Control Percentage
bution (number)  in subject (number) in Control
(years) (%) (%)

21-30 6 10 5 8.33

31-40 14 23.33 15 2.5

41-50 14 23.33 12 20

>50 26 4333 28 46.67

Total 60 100 60 100

Table 2 below shows that the anthropometric parameters
were not statistically significant between the two groups
(Test and control).

Table 2. Mean Anthropometric and Physiological Parameters of
study subjects and controls

Parameter Subjects (:SE) Control (tSE) p-value
n=60 n=60

Age 46.77+11.85 46.60+11.93 0.957

Systolic BP 142.13425.22 133.27+13.42  0.095

Diastolic BP 85.13+16.49 80.80+11.08 0.237

Waist/hip ratio  1.13+0.18 1.10£0.15 0.505

95% Confidence Interval; p>0.05 not statistically significant
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Table 3. Mean Serum trace metals, renal function indices, and
electrolytes in study subjects and controls

Parameter Control (n  Battery Repair p-value
=60) Workers (n = 60)

Heavy Metals

Cadmium (Cd, 0.10+£0.02  0.45+0.08 <0.001 **

ug/L)

Lead (Pb, pg/dL) 1.85+042 7.62+1.34 <0.001 **

Selenium (Se, 66.4+53 542 +6.8 <0.001 **

pg/L)

Manganese (Mn, 6.1 +1.1 8.7+1.6 <0.001 **

pg/L)

Renal function

Creatinine (umol/ 84.2+9.8 112.7+12.4 <0.001 **

L

U)rea (mmol/L) 432+0.62 6.21+0.94 <0.001 **

Uric Acid (umol/  280.6 + 352.9+47.6 <0.001 **

L) 38.2

Electrolytes

Sodium (Na*, 138.6+3.2 1358+3.6 0.021 *

mmol/L)

Potassium (K*, 422+042 4.76+0.39 0.014 *

mmol/L)

Chloride (Cl, 104.8+29  100.6 +3.7 0.031 *

mmol/L)

Bicarbonate 248+2.4 21.9+2.8 0.027 *

(HCOs~, mmol/L)

*Values are expressed as mean = SD. ANOVA was used for group compari-
sons.
*Significant at p < 0.05; **Highly significant at p <0.001.

Table 3 presents the comparison of serum trace metals,
renal function indices, and electrolytes between battery
repair workers and controls. The levels of cadmium and
lead were significantly higher in exposed workers (Cd:
0.45 £ 0.08 pg/L; Pb: 7.62 + 1.34 pg/dL) compared to
controls (Cd: 0.10 £ 0.02 pg/L; Pb: 1.85 = 0.42 pg/dL),
with both differences highly significant (p < 0.001). In
contrast, selenium was markedly lower among battery
workers (54.2 + 6.8 ug/L) compared to controls (66.4 +
5.3 ug/L; p < 0.001), while manganese was significantly
elevated (8.7 + 1.6 ug/L vs. 6.1 £ 1.1 pg/L; p < 0.001).
Renal function indices also showed significant altera-
tions, with creatinine (112.7 + 12.4 pmol/L), urea (6.21 +
0.94 mmol/L), and uric acid (352.9 + 47.6 pmol/L) all
being significantly higher in battery repair workers than
in controls (p < 0.001 for all comparisons). Electrolyte
analysis revealed modest but significant differences: so-
dium and chloride levels were lower in workers (Na':
135.8 + 3.6 mmol/L; CI™: 100.6 = 3.7 mmol/L) compared
to controls (Na*: 138.6 + 3.2 mmol/L; CI: 104.8 + 2.9
mmol/L), with p-values of 0.021 and 0.031, respectively.
Conversely, potassium and bicarbonate were elevated in
workers (K': 4.76 + 0.39 mmol/L; HCOs: 21.9 + 2.8
mmol/L) relative to controls (K*: 4.22 + 0.42 mmol/L;

Table 4a. Correlation analysis of trace metals, renal function
indices, and electrolytes in study subjects

Analyte Pair Correla- p-value Direction of Asso-
tion Coeffi- ciation
cient (r)
Lead (Pb) vs +0.642 <0.001 **  Strong positive
Creatinine
Lead (Pb) vs +0.514 <0.01 * Moderate positive
Urea
Lead (Pb) vs +0.473 <0.01 * Moderate positive
Uric Acid
Cadmium (Cd)  +0.481 <0.01 * Moderate positive
vs Creatinine
Cadmium (Cd)  +0.398 0.021 * Weak positive
vs Uric Acid
Selenium (Se) -0.427 0.018 * Moderate negative
vs Creatinine
Selenium (Se) -0.456 <0.01 * Moderate negative
vs Urea
Manganese +0.372 0.027 * Weak positive
(Mn) vs Creati-
nine
Sodium (Na*) -0.314 0.041 * Weak negative
vs Creatinine
Potassium (K*)  +0.401 0.023 * Weak positive

vs Uric Acid

*Correlation coefficients obtained using Pearson’s test. Significant at p < 0.05;
**Highly significant at p < 0.01.

HCOs5™: 24.8 £ 2.4 mmol/L), showing statistical signifi-
cance at p = 0.014 and p = 0.027. Overall, the findings
indicate significant disturbances in trace metal homeosta-
sis, renal function, and electrolyte balance among battery
repair workers, consistent with chronic occupational ex-
posure to toxic metals.

Table 4a shows the correlation analysis between trace
metals, renal function indices, and electrolytes among
battery repair workers. A strong positive correlation was
observed between lead and creatinine (r = +0.642, p <
0.001), indicating that higher blood lead levels were
strongly associated with impaired renal function. Lead
also demonstrated moderate positive correlations with
urea (r =+0.514, p < 0.01) and uric acid (r =+0.473, p <
0.01), suggesting cumulative nephrotoxic effects. Cadmi-
um showed moderate positive correlations with creati-
nine (r =+0.481, p <0.01) and uric acid (r = +0.398, p =
0.021), further implicating cadmium exposure in renal
dysfunction. In contrast, selenium demonstrated moder-
ate negative correlations with creatinine (r = —0.427, p =
0.018) and urea (r = —0.456, p < 0.01), highlighting a
potential protective effect of this essential trace element
against renal injury. Manganese was weakly but signifi-
cantly correlated with creatinine (r = +0.372, p = 0.027),
while sodium showed a weak negative correlation with
creatinine (r = —0.314, p = 0.041). Additionally, potassi-
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um exhibited a weak positive correlation with uric acid (r
= +0.401, p = 0.023). Collectively, these findings under-
score the nephrotoxic potential of lead and cadmium ex-
posure, partly counterbalanced by selenium, with addi-
tional contributions from electrolyte imbalances.

Table 4b presents the correlation patterns among trace
metals, renal function indices, and electrolytes in the
control group. Unlike the exposed workers, controls ex-
hibited fewer toxicant-related associations. A robust pos-
itive correlation was noted between sodium and chloride
(r =+0.963, p < 0.001), reflecting normal physiological
electrolyte balance. Similarly, creatinine and urea
showed a strong positive association (r = +0.668, p <
0.001), consistent with expected renal function interde-
pendence. A strong positive correlation was also seen
between cadmium and manganese (r = +0.867, p <
0.001), likely reflecting shared dietary or environmental
sources of these trace elements in unexposed individuals.
Potassium demonstrated a moderate positive correlation
with chloride (r = +0.401, p = 0.028), while bicarbonate
showed a moderate negative correlation with uric acid (r
=-0.458, p=0.011). Overall, the correlations in the con-
trol group reflected physiologic relationships and envi-
ronmental co-exposures, contrasting with the pathologic
associations seen in battery repair workers.

Table 4b. Correlation analysis of trace metals, renal function
indices, and electrolytes in control subjects

Analyte Pair Correlation p-value Direction of
Coefficient Association
()

Cadmium (Cd)  +0.867 <0.001 ** Strong positive

vs Manganese

(Mn)

Creatinine vs +0.668 <0.001 ** Strong positive

Urea

Sodium (Na*) +0.963 <0.001 ** Very strong

vs Chloride positive

(CI)

Potassium (K¥)  +0.401 0.028 * Moderate posi-

vs Chloride tive

(CI)

Bicarbonate —0.458 0.011 * Moderate nega-

(HCOs) vs tive

Uric Acid

Correlation coefficients obtained using Pearson’s test. *Significant at p < 0.05;
*Highly significant at p < 0.01 (2-tailed).

4.0 DISCUSSION

This study demonstrated significant disturbances in trace
metal homeostasis, renal function, and electrolyte bal-
ance among battery repair workers in Osogbo, Nigeria,
compared with healthy controls. Elevated levels of lead

(Pb) and cadmium (Cd) observed in the exposed group
aligned with previous findings that workers in informal
battery recycling and repair face disproportionately high
toxicant burdens due to a lack of protective regulations
and poor workplace practices [1, 2, 24]. The nephrotoxic
effects of these metals were evident in the significant
elevations in creatinine, urea, and uric acid among work-
ers, corroborating earlier reports linking occupational Pb
and Cd exposure to impaired kidney function [23, 25].
These results reinforce the urgent need for interventions
to minimize occupational exposure in similar informal
sectors across sub-Saharan Africa.

Beyond toxic metals, this study highlights imbalances in
essential elements. Selenium (Se), an antioxidant trace
element, was markedly reduced in exposed workers,
while manganese (Mn) was significantly elevated. The
observed inverse correlations between Se and renal bi-
omarkers suggest a protective role against heavy metal—
induced nephrotoxicity, consistent with evidence that Se
deficiency exacerbates oxidative stress and renal damage
[15, 16]. On the other hand, elevated Mn, though essen-
tial in trace amounts, may reflect dysregulated absorption
or compensatory metabolic changes under toxicant stress.
These findings underscore the dual challenge of toxicant
accumulation and nutrient depletion in occupationally
exposed populations, raising questions about the poten-
tial benefits of micronutrient supplementation as a pre-
ventive strategy.

Electrolyte disturbances among workers further point to
systemic consequences of chronic heavy metal exposure.
The significantly lower sodium and chloride levels, cou-
pled with elevated potassium and reduced bicarbonate,
indicate early disruptions in renal tubular function and
acid-base homeostasis. Similar patterns have been re-
ported in occupational cohorts exposed to metals, where
electrolyte derangements serve as early biomarkers of
subclinical renal dysfunction [18]. Such imbalances may
predispose affected individuals to hypertension, arrhyth-
mias, and metabolic complications, amplifying long-term
cardiovascular risks. Given that lead exposure has been
directly associated with elevated blood pressure and in-
creased risk of hypertension [11, 26], the modest but con-
sistent rise in systolic and diastolic blood pressure ob-
served in workers warrants closer monitoring.

Correlation analysis provided mechanistic insights into
the interplay between toxic and essential trace elements
with renal function. Strong positive associations among
Pb, creatinine, urea, and uric acid reflect the cumulative
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nephrotoxic burden of lead exposure. In contrast, moder-
ate positive correlations between Cd and renal indices
further confirm cadmium’s role in chronic kidney disease
risk [3]. Conversely, the negative correlations between
Se and renal markers underscore its modulatory role,
suggesting that maintaining optimal Se status could miti-
gate toxic metal-induced renal injury. These findings
expand the growing body of evidence advocating for in-
tegrative biomonitoring that considers both toxicant ac-
cumulation and essential micronutrient dynamics in oc-
cupational health research [16, 25, 26].

The implications of these findings are far-reaching for
occupational health policy and practice in Nigeria and
other low- and middle-income countries. Given that in-
formal workers constitute a large proportion of the labor
force, the demonstrated biochemical and physiological
disruptions underscore the urgent need for protective leg-
islation, routine health screening, and workplace inter-
ventions. Public health authorities should prioritize edu-
cational campaigns, provision of personal protective
equipment, and integration of biomonitoring into primary
healthcare services for high-risk groups. Furthermore,
research into the role of dietary supplementation with
antioxidants such as selenium could open preventive
pathways to reduce toxicant-related morbidity. Ultimate-
ly, this study provides critical evidence to support target-
ed occupational health policies aimed at reducing the
burden of heavy metal-induced renal and systemic dis-
eases among vulnerable populations.

Study Limitations

First, the study was conducted in a single city (Osogbo,
Nigeria), which limits the generalizability of the findings
to other regions or occupational groups. Environmental
and workplace conditions may differ across locations.
Therefore, the observed patterns of metal exposure and
biochemical alterations may not represent all battery re-
pair workers in Nigeria or sub-Saharan Africa.

Second, the cross-sectional design precludes causal infer-
ences. While significant associations between trace met-
als, renal indices, and electrolytes were observed, it can-
not be definitively concluded that exposure directly
caused the renal and systemic alterations. Longitudinal
studies would be required to confirm causal relationships
and to track the progression of health effects over time.
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