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The levels of antioxidants and some trace
metals in Nigerians that are occupationally

exposed to chemicals

Abstract

The levels of total antioxidants, vitamin E and certain trace
metals (Mg, Fe, Zn, Mn, Cu, Cr, Cd, Pb and Se) were
determined in Nigerians who were occupationally exposed
to chemicals for a period ranging from 16 to 20 years
using colorimetric method and atomic absorption
spectrophotometer respectively. In the automobile
mechanics, the levels of chromium, cadmium and lead
were significantly higher when compared with controls.
In the motor painters, chromium and cadmium were
significantly higher when compared with controls. Levels
of manganese, copper, cadmium, lead and total
antioxidants were significantly higher in panel beaters
compared with controls. In the battery chargers, only total
antioxidants were significantly higher compared with
controls. The study shows that metal toxicity is imminent
in panel beaters, automobile mechanics and motor
painters and that the metals involved vary with
occupations. This raises the need for public awareness
about the hazards of different occupations in order to
enable these professionals take necessary precautionary
measures.
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INTRODUCTION

Trace metals are essential micronutrients that are very
important in the metabolic activities. Some trace metals are
used as metalloenzymes (e.g., Zn, Fe, Cu and Mn) for the
synthesis of hormones (e.g., iodine) and as modulators in
enzyme activities (e.g., Cr in insulin actions).") Cu, Zn and
Mn are important co-factors in the antioxidative activities of
superoxide dismutase.® Deficiencies of any of these
micronutrients have been associated with certain disease
conditions.® Low level of chromium or its under-utilization
has been linked with the causes of diabetes mellitus and
glucose intolerance, while low level of zinc causes neural tube
defect, anorexia and slow growth.) Copper deficiency is
attributed to anemia, low level of HDL cholesterol, while iron

deficiency is one of the causes of
anemia.®

Every trace metal is potentially toxic
when present in high concentrations.
This high level presence has been
associated with prolonged exposure to
the elemental sources in industries
and polluted environments.®” Such
high levels may cause displacement
of another trace metal. Some
transition metal ions (such as Cu**
and Fe®*) at toxic levels interact with
superoxide radical to produce highly
reactive and damaging hydroxylated
free radicals which lowers the
antioxidant status of an individual.®

Most Nigerians that are
occupationally exposed to chemicals
containing toxic metals are unaware
of their side effects. Moreover, high
levels of some of these metals may
deplete antioxidants in the blood.
Based on these two reasons, the
present study determines the
concentrations of certain metals (Mg,
Fe, Zn, Mn, Cu, Cr, Cd, Pb and Se) and
antioxidants (vitamin E and total
antioxidants) in Nigerians that have
been occupationally exposed to
chemicals containing toxic metals for
a long period (16-20 years).

MATERIALS AND METHODS

Participants

Twenty-one automobile mechanics, 11
automobile painters, 10 panel beaters
and 8 battery chargers who had been
on the profession for between 16 and
20 years were selected for this study.
They were experts in the chosen field,
having their workshops in Ibadan
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metropolis, Oyo state, Nigeria. Twenty (age- and sex-matched)
controls were recruited from members of staff/students of
University College Hospital, Ibadan, Oyo state, Nigeria.
Informed consent was obtained form each subject before
collecting blood samples. About 10 ml of blood was collected
from each of them into a sample bottle containing lithium
heparin. The plasma was separated into another clean
container before analysis.

Determination of plasma levels of trace metals
Plasma levels of these elements were determined with flame
atomic absorption spectrophotometer (AAS) using a direct
method as described by Kaneko.®” The method is based on
the principle that atoms of the element when aspirated into
AAS vaporized and absorbed light of the same wavelength as
that emitted by the element when in the excited state.

Determination of plasma level of total antioxidants
Total antioxidant was determined by a method of Koracevic
et all" A standardized solution of Fe-EDTA complex reacts
with hydrogen peroxide by a Fenton-type reaction, leading to
the formation of hydroxyl radicals. These reactive oxygen
species degrade benzoate, resulting in the release of
thiobarbituric acid reactive substance. The rate of inhibition
of color development is proportional to the concentration of
antioxidative activity.

Determination of plasma level of vitamin E

The level of vitamin FE was determined in the plasma level by
using the method of Baker and Frank,!"!! which is based on
the principle that vitamin E extracted in xylene is made to
react with alpha, alpha-dipyridyl. The product produces a
reddish color with ferric chloride, which was read at 520 nm.

RESULTS

Table 1 shows the mean levels of trace metals in different

occupational groups compared with the controls. The mean
levels of Mg, Fe, Zn and Se were not significantly raised in
motor mechanics, motor painters, panel beaters and battery
chargers compared with controls. The mean levels of Mn and
Cu were significantly raised in panel beaters compared with
controls. The mean levels of Cd were significantly higher in
mechanics, painters and panel beaters compared with
controls. There were also significantly raised mean levels of
Cr in mechanics and painters, while significantly high levels
of Pb were found in mechanics and panel beaters when
compared with the controls.

Table 2 shows the mean levels of ages (years), exposure
(years), vitamin E and total antioxidants in mechanics,
painters, panel beaters and battery chargers compared with
controls. The mean levels of total antioxidants were
significantly raised in panel beaters and battery chargers
when compared with controls. The mean years of exposure
and ages were similar in all the four occupationally exposed
groups.

DISCUSSION

The implication of toxic metals in some professionals led to
the quest to know the group/types of trace metals responsible
for toxicity in affected individuals. The period of exposure of
motor mechanics (17.5 = 1.6 years), painters (19.6 = 0.8
years), panel beaters (17.0 = 2.1 years) and battery chargers
(17.9 = 2.0 years) were long enough to produce toxic effects
in an individual.

In this study, levels of serum lead, chromium and cadmium
were significantly high in automobile mechanics, while there
were no significant changes in the levels of total antioxidants,
vitamin E and other metals when compared with controls.
Increased level of lead has been reported in the sera of
automobile mechanics and highway workers.!"? Employees

Table 1: Levels of trace metals in different occupationally exposed groups

N Mg Fe Zn Mn Cu Cr Cd Pb Se
(mg/L) (ng/di) (mg/L)  (ng/dl) (ng/di) (no/L) (ng/L) (ng/di) (ng/di)
Controls 30 47 1.7 69 =15 18=5 51 =18 61 =18 47 =19 52 +19 39+15 55 + 18
Mechanics 21 54+18 70=19 18+5 61+ 20 66 = 17 58 +20* 64 + 20* 50 £ 17* 63 =19
Painters " 5+18 69 = 14 204 59 + 15 70 =14 61 = 16* 64 = 15% 46 = 16 65 + 14
Panel-beaters 10 6=+3 75 + 33 21+8 68 x34* 76+ 26* 6127 69 = 32% 56 + 25% 67 = 26
Battery-chargers 8 5=*2 67 = 15 20+ 6 58 x15 68 = 15 59 = 15 64 = 16 44 + 18 63 = 13

*Significantly different from the controls (P-values less than 0.05)

Table 2: Levels of vitamin E, total antioxidants and years of exposure to chemicals in different occupationally exposed groups

n Ages (years) Exposure (years) Vitamin E (mg/dl) Total antioxidants (mmol/L)
Controls 30 32 +50 10.8 = 1.5 1.9+05
Mechanic 21 34+23 175 £ 1.6 101+ 1.1 22+06
Painters 1" 32+35 19.6 + 0.8 103+ 1.0 21+08
Panel-beaters 10 35+3.0 17.0 = 2.1 1M1.1+13 2.4 +04*
Battery-chargers 8 3210 17.9 = 2.0 10.8 = 1.8 24 = 0.7%

*Significantly different from the controls (P-values less than 0.05), n=Number of subjects
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working in automobile engine workshops were reported to
be affected by toxic chemicals like lead fumes, carbon dioxide
and benzene.!"® It was also reported that chromium, lead and
zinc are components of spare parts used in the vehicle
construction industry, which could contribute to the levels of
these metals in the sera of professionals having constant
contact with them.!" Flevated concentration of hair chromium
was reported in the tannery workers.!" High level of cadmium
in exposed individuals may interfere with cerebral pyruvate
metabolism!" and this may lead to thiamine deficiency,
emphysema and proteinuria in the occupationally exposed
individuals.

High levels of cadmium, lead, copper, manganese and total
antioxidants were observed in panel beaters. This is in
support of the reports of Abdul Wahab* that galvanized and
ungalvanized iron pipe products used in mechanical
industries and vehicle construction industry contain various
types of metals like chromium, lead, zinc, copper, manganese
and nickel; the fumes of these metals may be inhaled during
melting, ingested or absorbed (through the skin) when a panel
beater constantly uses the metals for repair. High level of
copper, observed in this study, has also been reported in active
pulmonary tuberculosis!'” as well as during pregnancy.!®
Copper, manganese and zinc potentiate the antioxidant
activities of superoxide dismutase,”® which may contribute
to high levels of total antioxidants observed in this study.
Significantly high levels of cadmium and chromium were seen
in motor painters selected for this study. Not too long ago,
high levels of serum lead in painters (using leaded paints)
and artists were reported.”! These lead-based paints have
been abolished to avoid lead toxicity™ and this may account
for the insignificant change in the level of lead observed in
this study.

Occupation exposure to chromium has been reported in
electroplating, steel making, leather tanning, photography,
dyeing and chemical manufacture operations."**) Cadmium
is a common pigment in organic-based paint and high levels
of cadmium and bismuth compounds were detected in glass
workers.?! Therefore, high levels of cadmium and chromium
observed in these subjects are in agreement with these
previous reports.

Similar levels of vitamin E and trace metals were found in
both controls and the battery chargers, but there were
significantly high levels of total antioxidants in these battery
chargers. Previous workers reported high level of lead in the
staff of battery assembly industry."” The mean plasma levels
of Pb in the battery chargers selected for this study were not
significantly higher than in controls. It may be due to the fact
that those battery chargers had no interaction with the lead
electrodes inside the battery. The mean levels of total
antioxidants were higher in occupationally exposed groups
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(especially battery chargers and panel beaters) compared
with the controls. Antioxidants may be classified on the basis
of their defense mechanism against free radicals® - viz.,
primary antioxidants (superoxide dismutase, glutathione
peroxidase, caeruloplasmin), secondary antioxidants (vitamin
E, vitamin C, beta-carotene, uric acid, bilirubin and albumin)
and tertiary antioxidants (DNA repair enzymes and
methionine sulfoxide reductase). Nutritionally essential
minerals (Cu, Zn, Fe, Mg and Se) are not antioxidants until
they are incorporated into the protective antioxidant
enzymes.?

The significantly high levels of total antioxidants observed in
this study might be a compensation for low vitamin E (another
antioxidant) or response to raised toxic metals (Pb and Cd).
Low levels of total antioxidants were reported in pulmonary
tuberculosis, cancer™ and pre-eclampsia.?!

Certain trace metals (e.g., cadmium, copper and iron) at high
plasma levels precipitate in muscles and viscera organs and
that leads to damage of these organs. Anemia, neurological
disorders, chronic renal failure, miscarriage, decreased
gestational age and low birth weights have been attributed to
lead toxicity.?™ Some trace metals at toxic levels interact with
superoxide radical to generate hydroxylated free radical that
lowers the total antioxidants, with a resultant low immunity.”!
Though the plasma concentrations of these trace metals in
the affected professionals were below the toxic levels at the
time this study was carried out, it may be speculated that
automobile mechanics and panel beaters have the propensity
to suffer from toxic effects of many other metals during
prolonged exposure.
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