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Abstract

Background: Blood-urea nitrogen, creatinine, uric acid and electrolytes are
important biomarkers of renal function which could be considered as suitable
prognostic indicators of renal dysfunction. Aim: The aim of this work was to
assess renal biomarkers of renal function in commercial automobile workers
in Benin City, Edo State, Nigeria. Methodology: A total of 158 males within
the ages of 18 - 60 years participated in this study, 50 of which are control
subjects. They were recruited for this study from various workshops in Benin
City, while controls are unexposed volunteers. Results: It was observed that
serum uric acid, urea, creatinine, chloride and bicarbonate levels in all the
exposed groups were significantly higher (p < 0.05 or p < 0.01 or p < 0.001)
compared with the non-exposed group. Apart from blood urea, the values of
all the other biomarkers of renal function fell within normal reference range.
However, there were no significant differences in all the renal biomarkers
when compared among all the exposed groups. Conclusion: This study indi-
cated greater levels of some renal biomarkers in automobile workers com-
pared with the controls. In addition, blood urea levels were elevated above
normal range of values. These findings suggest that the occupationally ex-
posed automobile workers may be at risk of renal diseases. This calls for ur-
gent need for policy formulation that will prevent the vulnerable groups from
kidney damage.
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1. Introduction

An occupational disease is any chronic ailment that occurs as a result of work or
occupational activity. It is an aspect of occupational safety and health, typically
identified when the disease is more prevalent in a given group of workers com-
pared with the general population or with other groups of workers [1] [2]. The
assessment of occupational diseases therefore provides models for understand-
ing environmental diseases. For example kidney damage induced by heavy ex-
posure to identifiable toxins in few workers indicates what to expect among the
larger population exposed to low levels of such toxins dispersed in the larger en-
vironment [3]. For such a disease to be accurately diagnosed, its risk assessed
and the right therapy adopted, researchers have developed and utilized bio-
chemical markers to improve clinical outcomes. Creatinine, urea, uric acid and
electrolytes estimation have been identified as routine analyses which are useful
in assessment of normal functioning of kidneys [4].

It is common to find automobile workshops scattered all over major cities in
Nigeria and these workshops have been identified as major sources of environ-
mental pollution. Automobile workshop workers include those who are routine-
ly engaged in activities such as auto mechanics, spray painting, panel beating,
welding and battery recycling. It has been reported that these automobile work-
ers are regularly exposed to auto lubricants, petroleum products, exhaust fumes
and heavy metals such as lead, cadmium and chromium in their automobile
workshops [5] [6] [7]. These toxicants may gain entrance into the body through
inhalation, dermal contact and inadvertent ingestion and distributed throughout
the body with the systemic effect occurring beyond the site of contact. Such ex-
posures may pose great danger to the human body, particularly to organs asso-
ciated with handling wastes such as the kidneys.

There is limited information on the renal functions of workers (automobile
mechanics, automobile battery recyclers, and spray painters) occupationally ex-
posed to lead and other environmental pollutants in Nigeria and Africa. The
present study therefore was aimed at determining the possible effects of job ex-

posure on renal biomarkers among these groups of workers in Benin City, Nigeria.

2. Methods
2.1. Study Area

This study was conducted in the Metropolitan City of Benin, Edo State, Nigeria.
Historically, the residents are mainly civil servants and farmers, though appre-
ciable population also indulge in trading and artisanship. With the influx of va-

rieties of vehicles in early 2000, the number of people engaged in manual repairs
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and maintenance of vehicles as source of livelihood increased. This created dif-
ferent categories of automobile activities within the city and the automobile

workers are mostly illiterates with little or no formal education.

2.2. Study Design

A total of 158 apparently healthy males within the ages of 18 - 60 years partici-
pated in this study. The study population comprises 59 automobile mechanics,
18 battery recyclers, 21 spray painters (Table 1) selected from auto-mobile
workshops around Ugbowo, Uselu, Ekehuan, New Benin and University of Be-
nin, all within Benin metropolis. Fifty age-matched unexposed volunteers, who
were staff and students of University of Benin, served as controls. Exclusion cri-
teria included history of hypertension and kidney diseases (n = 10). The ethics
committee of Ministry of Health, Edo State, as well as heads of the various
automobile workshops approved this study. The personal consents of the par-
ticipants were sought after explaining the purpose of the research. A question-
naire was administered to every participant of this study for demographic in-

formation.

2.3. Sample Processing

Five millilitres of blood were collected from each participant and dispensed into
a plain container. The non anticoagulated blood was spun at 1500rpm for 10
minutes and the supernatant serum was separated immediately into separate
tubes. The serum was stored at —20°C for up to 2 weeks prior to the analysis.
Iron Selective Electrolytes (ISE 4000) by SFRI equipment (France) was used for
the analysis of electrolytes, while analysis of different biochemical parameters
was done using VIS-7220G spectrophotometer from Biotech Engineering Com-

pany Limited (UK) according to the procedure given in the kit protocol.

2.4. Electrolytes and Biochemical Analysis

Some electrolytes and biochemical parameters were measured to ascertain the
renal status of the automobile mechanics, automobile battery chargers, spray
painters and controls. These include Sodium, Potassium, Bicarbonate and Chlo-
ride, Urea, Creatinine and Uric acid. The Sodium, Potassium, Bicarbonate and

Chloride levels were estimated using Iron Selective Electrolytes (ISE 4000) by

Table 1. Study population.

Subject Number Percentage
Automobile mechanics 59 39.9
Battery recycler (battery chargers) 18 12.2
Spray painters 21 14.2
Control (Staff and students of University of Benin) 50 33.8
Total 148 100
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SFRI equipment (France) together with the commercially prepared reagents
from the manufacturer. Urea, creatinine and uric acid levels were estimated us-
ing reagent kits from Randox Diagnostic Company Limited, (UK) as described
by the manufacturer.

2.5. Data Analysis

Data was expressed as mean and standard deviation. Comparative analysis in-
volving two groups was done using independent sample t-test, while those in-
volving more than two groups were done using one-way analysis of variance
(ANOVA). T-statistics provided a measure of the probability that there is a sig-
nificant difference between the two groups, while the F-statistics indicated
strength of significant differences among three groups. Statistical significance
was set at p < 0.05. All statistics were done using IBM/SPSS software (version
20.0).

3. Results

Table 2 shows the mean levels of renal biomarkers of mechanics compared to
those of controls. Data indicated lack of significant differences in sodium be-
tween the mechanics and the controls. In contrast, the mechanics indicated sig-
nificantly greater chloride (p < 0.001), bicarbonate (p < 0.001), blood urea ni-
trogen (p < 0.01), creatinine (p < 0.05) and uric acid (p < 0.001) but lower potas-
sium (p < 0.05) compared to the controls.

Table 3 shows the mean levels of renal biomarkers of battery chargers com-
pared to those of controls. Data indicated lack of significant differences in so-
dium and potassium between the battery chargers and the controls. In contrast,
the battery chargers indicated significantly greater chloride (p < 0.001), bicar-
bonate (p < 0.01), blood urea (p < 0.05), creatinine (p < 0.01) and uric acid (p <
0.001) compared to the controls.

Table 4 shows the mean levels of renal biomarkers of spray painters com-
pared to those of controls. Data indicated lack of significant differences in so-
dium, potassium and creatinine between the spray painters and the controls. In
contrast, the spray painters indicated significantly greater chloride (p < 0.001),
bicarbonate (p < 0.01), blood urea (p < 0.05) and uric acid (p < 0.001) compared
to the controls.

Table 5 shows the mean levels of renal biomarkers compared among the three
automobile professional groups. Data indicated lack of significant differences in
sodium, potassium, chloride, bicarbonate, urea, creatinine and uric acid among

the three groups.

4. Discussion

Automobile mechanics, spray painters and battery chargers are exposed to re-
sidual used gasoline engine oils (UGEO), gasoline, gasoline-based paint spray,

jet fuel and mineral turpentine that accumulate on automobile parts, tools, work
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Table 2. Mean levels of renal biomarkers of mechanics compared to the controls.

Variables Controls (n = 50) Mechanics (n = 59) t-statistics p-value
Sodium (mmol/L) 136.50 + 2.21 137.74 + 4.43 -1.80 0.074
Potassium (mmol/L) 3.77 £0.19 3.64 +0.33 2.58 0.011
Chloride (mmol/L) 100.30 + 2.56 105.63 + 3.37 -9.15 0.000
Bicarbonate (mmol/L) 20.36 £2.70 23.88 +5.50 —4.12 0.000
Blood Urea Nitrogen (mg/dl) 20.18 +4.40 27.41 £ 14.85 -3.32 0.001
Creatinine (mg/dl) 0.82 £ 0.24 0.95 £ 0.35 -2.25 0.026
Uric Acid (mg/dl) 4.02 £ 0.67 5.89 +1.45 -8.33 0.000
Table 3. Mean levels of renal biomarkers of battery chargers compared to the controls.
Variables Controls (n = 50) Battery Chargers (n = 18) t-statistics p-value
Sodium (mmol/L) 136.50 + 2.21 137.0 + 3.86 —-0.66 0.509
Potassium (mmol/L) 3.77 £ 0.19 3.67 £ 0.34 1.46 0.148
Chloride (mmol/L) 100.30 + 2.56 105.44 + 3.22 -6.81 0.000
Bicarbonate (mmol/L) 20.36 +2.70 23.66 + 5.40 -3.34 0.001
Blood Urea Nitrogen (mg/dl) 20.18 £4.40 27.38 £21.79 -2.24 0.028
Creatinine (mg/dl) 0.82 £ 0.24 1.03 £ 0.26 -3.07 0.003
Uric Acid (mg/dl) 4.02 £ 0.67 5.87 +1.35 -7.53 0.000
Table 4. Mean levels of renal biomarkers of spray painters compared to the controls.
Variables Controls (n = 50) Spray Painters (n = 21) t-statistics p-value
Sodium (mmol/L) 136.50 + 2.21 137.76 + 4.75 -1.53 0.130
Potassium (mmol/L) 3.77 £0.19 3.71 £ 0.38 0.89 0.374
Chloride (mmol/L) 100.30 + 2.56 106.04 + 3.44 -7.76 0.000
Bicarbonate (mmol/L) 20.36 £ 2.70 23.95+6.19 -3.42 0.001
Blood Urea Nitrogen (mg/dl) 20.18 +4.40 24.71 £10.47 -2.58 0.012
Creatinine (mg/dl) 0.82 + 0.24 0.92 +£0.29 —-1.40 0.164
Uric Acid (mg/dl) 4.02 £ 0.67 5.80 + 1.22 -7.90 0.000
Table 5. Mean levels of renal biomarkers compared among the three automobile professional groups.
Variables Mechanics (n = 59) Battery Chargers (n = 18) Spray Painters (n =21)  F-statistics  p-value
Sodium (mmol/L) 137.74 + 4.43 137.0 £ 3.86 137.76 +4.75 0.21 0.809
Potassium (mmol/L) 3.64 £ 0.33 3.67 £ 0.34 3.71 £0.38 0.39 0.676
Chloride (mmol/L) 105.63 + 3.37 105.44 + 3.22 106.04 + 3.44 0.18 0.838
Bicarbonate (mmol/L) 23.88 £5.50 23.66 +5.40 23.95+6.19 0.01 0.986
Blood Urea Nitrogen (mg/dl) 27.41 +14.85 27.38 £21.79 24.71 £10.47 0.24 0.783
Creatinine (mg/dl) 0.95 + 0.35 1.03 £ 0.26 0.92 £ 0.29 0.63 0.535
Uric Acid (mg/dl) 5.89 £ 1.45 5.87 £ 1.35 5.80 £ 1.22 0.03 0.969
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benches, floors and equipment [8] [9]. The association between occupational
exposure to toxic chemicals, gout and renal function impairment is well-known
[10] [11] [12].

In this study, the levels of renal biomarkers were assayed in occupationally
exposed automobile mechanics, battery chargers and spray painters who are
persistently and chronically exposed to toxic metals. Results indicated that se-
rum uric acid, blood urea nitrogen, creatinine, and electrolytes such aschloride
and bicarbonate levels were elevated and higher in the exposed groups compared
with the controls. It is noteworthy that the automobile workers indicated values
which fell within the normal reference values for serum uric acid (3.4 - 7.0
mg/dl), creatinine (0.8 - 1.3 mg/dl), sodium (135 - 145 mmol/L), potassium (3.5
- 5.0 mmol/L), chloride (98 - 106 mmol/L) and bicarbonate (23 - 30 mmol/L).
However, mean blood urea nitrogen values were above the normal range of 8 -
21 mg/dl in all the automobile workers (mechanics, 27.41mg/dl; battery charg-
ers, 27.38 mg/dl; spray painters, 24.71 mg/dl).

Previous studies by Pinto de Almeida et al [13], Weaver et al [14] and Ah-
med et al [15] have reported higher serum uric acid levels in occupational-
ly-exposed subjects compared to controls. Endo, et al [16], Jung, ef al [17] and
Wang, et al [18] also found significantly higher mean serum urea levels in
occupationally-exposed subjects compared to controls. Patil et al [19] has also
reported significant increase in blood urea among battery manufacturing work-
ers. Increases in liver functional biomarkers were found in an occupational study
of metal-exposed paint workers [20]. Higher mean serum creatinine level has
been reported in occupationally exposed workers compared with unexposed
workers [21]. Similarly, Pergande, et al [22] reported that creatinine clearance
was significantly lower in toxic metals-exposed workers compared to controls.
We could not find previous studies reporting changes in electrolyte levels in
blood of occupationally exposed automobile workers.With regards to the present
findings, no previous study, to the best of our knowledge, has shown higher
chloride or bicarbonate levels in automobile workers compared with
non-automobile controls. However, a previous study [23] has shown lack of sig-
nificant differences in sodium and potassium levels in blood of selected indus-
trial workers in Ewekoro, Abeokuta, Ogun state Nigeria. This finding is similar
to results obtained in the present data for sodium in mechanics, battery recyclers
and automobile spray painters; and data for potassium in battery chargers and
spray painters, but contrasts with the lower potassium levels in the mechanic
group.

The mechanisms behind the higher mean serum uric acid, urea, creatinine,
chloride and bicarbonate levels in automobile workers in this study are not very
clear. However, previous studies have associated elevated levels of some of these
renal biomarkers with exposure to lead. For example, Dioka ef al, [24] reported
that occupational exposure of human subjects to lead in petrol increases the

concentrations of uric acid in the exposed subjects compared with unexposed
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subjects. Similarly, Hernandez Serrato et al /25] found that hyperuricemia was
associated with blood lead concentrations above 40 microg/dL. Wang et a/. [18]
reported significant increase in uric acid blood urea and serum creatinine levels
among lead battery workers with exposure to lead. Erhlich, et al [21] reported
elevated serum creatinine level in South African lead-exposed workers. Lead is
recognized as an environmental and occupational pollutant [26] [27] and auto-
mobile repair works involving battery lead-acid recycling, automobile radiator
repair, and auto-mechanic repair and welding have been identified as common
sources of lead exposure [15].

Blood-urea nitrogen, creatinine and uric acid could be considered as suitable
prognostic indicators of renal dysfunction in lead-exposed workers [18]. Uric
acid is the end-product of endogenous and dietary purine metabolism in hu-
mans. It is formed by the liver and mainly excreted by the kidneys. An elevation
of circulating serum uric acid is strongly associated with hypertension and renal
disease [28]. Urea is a waste product of metabolism that is excreted by the kid-
neys in urine. Reduced urea excretion and consequent rise in blood concentra-
tion is associated with kidney disease [29]. Creatinine is produced in muscle by
the non-enzymatic conversion of creatine and phosphocreatinine, synthesized
primarily in the liver from the methylation of guanidine aminoacetic acid and
removed from the blood chiefly by the kidneys, primarily by glomerular filtra-
tion, but also by proximal tubular secretion. An elevation in the serum
creatinine concentration usually reflects a reduction in the glomerular filtration
rate [30]. It is the most commonly used indicator of renal function [31]. The
present findings indicating elevated blood urea above normal range, and higher
creatinine and uric acid in the automobile workers therefore suggest that these
workers may be at risk of renal dysfunction.

The higher mean bicarbonate levels observed in all the automobile groups
may be a renal compensation which occurs to lessen the effect of hypoventila-
tion, which causes hypercapnia, and results in acid-base disorders such as respi-
ratory acidosis. Auto-mobile workers are regularly exposed to environmental
pollutants such as dust, used auto lubricants, petroleum products, exhaust fumes
and prone to long-term lead toxicity, which are associated with cardiovascular,
respiratory and urinary diseases [5] [8]. Respiratory acidosis may also result
from reduced efficiency of the kidneys to remove acids from the blood in
proximal renal tubular dysfunction due to high level of blood cadmium [32].The
higher chloride observed in all the auto-mobile workers compared with the con-
trols may be associated with exposure to cadmium. Elevated chloride level has
been shown to be a side effect of elevated blood cadmium levels [32]. Previous
studies [33] [34] have also reported greater blood cadmium levels in auto me-
chanics, spray painters, and battery recyclers. This is due to the fact that Cad-
mium is a common component of spray paint pigment (cadmium yellow),
welding fume and cadmium containing batteries [35] [36]. It is noteworthy to

state that though these auto-mobile workers had values of these electrolytes
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within normal range; the higher levels observed in their blood relative to the
controls may be indicative of gradual progression to associated kidney disorders.

This study further demonstrates that the higher blood levels of the renal bio-
markers observed in automobile workers relative to unexposed subjects may be
influenced by their occupational practices, lack of protection against workplace
toxic metals and environmental pollutants. As observed in this study, high de-
gree of exposure to toxic substances may be particularly due to the occupational
lifestyle of the workers which shows high level of primitiveness and near zero
safety practices. This was reflected from the information gathered from the par-
ticipants, only 2% of them use protective devices frequently, while 40% use occa-
sionally and 58% do not use. By observational assessment of the work place, it
was observed that all areas were semi-closed with no adequate ventilation, which
meant that workers especially the automotive spray painters’ exposure to sol-
vents may have exceeded the threshold limit value recommended for the mixture

by the American Conference of Governmental Industrial Hygienists (ACGIH).

5. Conclusion

In conclusion, the present study indicated elevated renal biomarkers among the
occupationally exposed automobile workers, which may put these workers at
high risk of renal impairment. There is therefore the need for government to
formulate policy to guide these groups of workers on ethics and rules guiding
workplace, the use of both face and hand protectors, and to work in a clean and

ventilated environment.
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