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Abstract: Artisanal miners (AM) and farmers who use water from abandoned mines for irrigation (FA) are occupationally 
exposed to heavy metals. Understanding their antioxidant-responses to such stressors warrants investigation. The oxidative 
stress levels and antioxidant-responses in 45 test subjects (AM, 30; FA, 15) and 15 control subjects who live far away from any 
mine (CS) were investigated. Blood concentrations of malondialdehyde (MDA) and reduced glutathione (GSH) and the 
activities of glutathione peroxidase (GPx), glutathione s-transferase (GST) and catalase (CAT) of the 60 subjects were 
determined/assayed using standard methods. Appropriate statistical tests were used to analyze the data. MDA concentrations 
were significantly higher (P < 0.05) in the AM and FA groups relative to the CS/control group. GSH concentrations, GPx and 
CAT activities were statistically similar (P > 0.05) in all groups. However, GST activity (µmol/min/ml) was significantly 
reduced in the AM (8.8 ± 1.0) and FA (8.7 ± 0.5) groups compared to the CS group (10.4 ± 2.3). The inability of subjects 
occupationally exposed to heavy metals to increase the activity of their antioxidant enzymes and the concentration of GSH 
may be responsible for the heightened lipid peroxidation found in them. 
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1. Introduction 

Heavy metals are regarded as environmental pollutants due 
to their bio-toxicity and persistence in the environment. 
Anthropogenic activities such as mining and industrial 
processes for the extraction of mineral resources and their 
subsequent use for industrial, and economic development has 
led to an increase disturbance of the biogeochemical cycles 
of these heavy metals [1, 2]. The long history of mining in 

the Plateau State has led to the existence of large man-made 
ponds containing heavy metal-contaminated water [3]. This 
water usually accumulates during the rainy season and lasts 
throughout the dry season, thereby becoming a veritable 
source of water for agricultural purposes. Though 
commercial miners have abandoned many of the mines, 
artisanal miners still make a living out of the abandoned 
mines, in ways that expose them to heavy metals and the 
attendant consequences. Indeed incidences such as occurred 
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in the Galena mines in Zamfara State in 2010, leading to the 
death of scores of children [4] are still sore points in our 
collective memory. Residents of areas close to the mines 
typically grow vegetables using water from the ponds for 
irrigation, usually without the use of personal protective 
equipment such as gloves, masks, protective clothing and 
boots, etc.[5] These people, though not involved in direct 
mining, are exposed to risks as they come in contact with the 
heavy metals in the pond waters. Some of these heavy metals 
have biological as trace elements. However, the biotoxic 
effects of many of them in humans are of great concern. 
When ingested, they form stable biotoxic compounds, 
thereby mutilating their structures and hindering bioreactions 
of their functions. 

The effect of these toxic metals on human health is 
currently an area of interest due to the ubiquity and mode of 
exposure. [6] 

In general, bio-toxicity of metal ions to mammalians 
systems is due to biochemical reactions of the ions with 
cellular proteins, membrane system and enzymes. While 
antioxidant enzymes and compounds on the other hand, 
through intricate redox chemistry, typically protect the body 
against oxidative stress from metabolic activities or from 
xenobiotics [6, 7]. However, beyond a certain threshold, 
antioxidant enzymes and compounds may be overwhelmed, 

resulting in the oxidation of the major macromolecules – 
proteins, lipids, and nucleic acids [8]. This nonetheless opens 
vistas of opportunities for intervention in those facing 
oxidative stressors, using exogenous antioxidants. 

Given that heavy metal toxicity results in (among others) 
heightened oxidative stress, this study set out to determine 
the oxidative stress markers and antioxidant-responses of 
individuals exposed occupationally to heavy metals (artisanal 
miners and farmers using water from abandoned mines for 
irrigation), and compare same to those of subjects who are 
not so-exposed (individuals living far away from the mines). 

2. Methods 

2.1. Study Area 

Due to her history of mining, Barkin-Ladi Local 
Government Area (LGA) of Plateau State Nigeria was chosen 
as the site for the study. Figures 1 and 2 show the map of 
Nigeria with Plateau State, and some pictures of the mining 
sites and miners at work, respectively. Eight (8) locations in 
Barkin-Ladi LGA were chosen for this study because of the 
presence of adjoining residential settlements as well as ponds 
serving the residents as a source of water for agricultural 
purposes. 

 

Figure 1. Map of Nigeria showing Plateau State and Barkin-Ladi Local Government Area. 
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Figure 2. A collage of pictures from a typical artisanal mining site in Barkin-Ladi LGA. 

2.2. Study Population 

The study population was made up of a total of 60 
participants comprising of three groups, viz: artisanal miners 
(AM) (n=30), farmers who use water from mining ponds for 
irrigation (FA) (n=15), and control subjects who live far 
away from the mines (CS) (n=15). The CS group were 
mostly staff of Plateau State University and had never been 
involved in mining activities. Only subjects who gave 
informed verbal consent were recruited for the study. They 
were offered free health and nutrition education as a reward 
for their participation. 

2.3. Sample/Data Collection 

Self-reported age (at last birthday), bio-demographic data, 
occupation, and smoking status were recorded per subject. 
Blood samples were collected from the antecubital vein of 
overnight-fasted subjects, into cryotubes containing EDTA. 
The samples were stored in ice and transported to the 
laboratory where they were stored at -20°C until analyzed. 

2.4. Determination of Serum Oxidative Stress Markers 

The degree of lipid peroxidation in blood was determined 
using malondialdehyde (MDA) as a proxy for thiobarbituric 
acid reactive species (TBARS), following a method 
described by Varshney and Kale [9]. The serum 
concentrations of reduced glutathione (GSH), and the 
activities of glutathione-s-transferase (GST), glutathione 
peroxidase (GPx) and catalase (CAT) in serum, were 
determined by the methods [10-13], respectively. 

Ethical clearance was sought and obtained from Plateau 
State Human Research Ethics Committee with reference 
number NHREC/05/01/2010b following which informed 

consent in writing was obtained from all the participants 
prior to the commencement of the study. 

2.5. Statistical Analysis 

The data obtained were subjected to descriptive statistical 
analysis and then inferential statistical analysis. The 
descriptive data are presented as means and standard 
deviations. The one-way ANOVA test was used to compare 
differences between means. Statistical analyses were carried 
out using the SAS system, version 9.4 (SAS Institute, Cary 
USA). 

3. Results and Discussion 

As much as 47% of subjects in the FA group were females, 
while 33% and 13% of those in the CS and AM groups, 
respectively, were males. There was no statistically 
significant difference (P > 0.05) between the mean ages of 
the subjects in the three groups (AM, 28 ± 10 yrs; FA, 27 ± 
15 yrs; CS, 24 ± 3 yrs). None of the subjects in the CS and 
FA groups smoked, while 37% of the AM smoked (and had 
been smoking for at least a year). The fact that the AM group 
were largely males and the lower rates of smoking among 
females in Nigeria may explain the fact that smokers were 
not present in the FA and CS groups. 

The products of oxidative stress measured using MDA, a 
by-product of lipid peroxidation [7], indicate that members of 
the AM and FA groups faced significant oxidative stress. The 
MDA concentrations of the AM and FA groups were 
significantly higher (P < 0.05) than that of the CS group. 
MDA concentrations are known to be increased in heavy 
metal-exposed subjects compared to controls [14, 15]. 
Clearly, the additional exposure of the artisanal miners (AM) 



 American Journal of Biomedical and Life Sciences 2019; 7(6): 184-189 187 
 

and farmers who use polluted water in irrigation (FA), may 
be responsible for their higher levels of oxidative stress. 
Implicit in the observations is a likely overwhelming of the 
antioxidant defence system of the individuals. Indeed the 
results of the antioxidant enzymes and compound studied are 
telling (Figure 3). 

 

Figure 3. Malondialdehyde concentrations of subjects exposed to heavy 

metals occupationally or through consumption of vegetables. 

CS, FA, and AM represent subjects living far away from 
mining sites, farmers who use heavy metal-contaminated 
water for irrigation, and artisanal miners, respectively. In 
addition to occupational exposure (FA and AM), all subjects 
were exposed to heavy metals possibly through the 
consumption of vegetables grown with heavy metal-
contaminated water. 

The serum GST activity was significantly (P < 0.05) 
higher in the CS group compared to the other groups [10.4 ± 
2.3 µmol/min/l Vs 8.7 ± 0.5 µmol/min/l (FA) and 8.8 ± 1.0 
µmol/min/l (AM)]. That is, those occupationally exposed to 
heavy metals had reduced GST activity. The other 
antioxidant enzymes and compound were statistically similar 
(P > 0.05) between the groups. Therefore, whereas the AM 
and FA groups were exposed to heavy metals, they either had 
comparable or lower activities antioxidant enzymes and the 
antioxidant compound GSH (Figure 4). 

Glutathione metabolism is one of the major and important 
anti-oxidant systems in the body with two key enzymes: 
(selenium-dependent) glutathione peroxidase (GPx, EC1.11.1.19) 
and (selenium-independent) glutathione-s-transferase (GST, 
EC2.5.1.18). Both enzymes act in association with GSH to 
convert hydrogen peroxide (H2O2) to water [16]. The finding 
that there were no significant differences in GSH and the 
antioxidant enzyme activities studied (and indeed the increased 
GST activity in CS the group) may be responsible for the higher 
MDA concentrations in the AM and FA groups. Clearly, the 
inability of the AM and FA groups to counter the oxidative 
onslaught they faced (as would have been the case if they had 
higher antioxidant responses) resulted in higher oxidative 
damage, evidenced in higher MDA values. 

Individuals occupationally exposed to heavy metals may 
require antioxidant supplementation to cope with the oxidative 
stress they daily face. Regular intake of antioxidants (even as 
supplements) is recommended to supplement the endogenous 
antioxidants of workers occupationally exposed to heavy 
metal-induced oxidative stress. 

 

Figure 4. Antioxidant enzymes and compound of subjects exposed to heavy metals occupationally or through consumption of vegetables. 



188  Okonkwo Francis Obiora et al.:  Increased Oxidative Stress Markers in Subjects Occupationally Exposed to Heavy Metals  
May Be Due to Poor Antioxidant Responses to Stressors 

 
GPx, GST, GSH, and CAT stand for glutathione 

peroxidase, glutathione s-transferase, reduced glutathione 
and catalyze, respectively. CS, FA, and AM represent 
subjects living far away from mining sites, farmers who use 
heavy metal-contaminated water for irrigation, and artisanal 
miners, respectively. In addition to occupational exposure 
(FA and AM), all subjects were exposed to heavy metals 
possibly through the consumption of vegetables grown with 
heavy metal-contaminated water. Antioxidants were 
measured in the blood of 60 over-night fasted subjects (AM, 
30; CS, 15; FA, 15). 

4. Conclusion 

The elevated levels of oxidative stress markers confirm a 
potential role of oxidative stress in the molecular mechanism 
of the disease and aging amount the sample population. 
Occupational exposure to heavy metals resulted in increased 
oxidative stress in artisanal miners and farmers who use 
heavy metal-contaminated water for irrigation, probably from 
the inability of the individuals to increase their antioxidant 
responses in the face of oxidative onslaughts. Consumption 
of farm product from these irrigation sites and prolonged 
exposure to and/or accumulation of these bio-toxic agents 
could be the most powerful candidates. Exogenous 
supplementation with antioxidants is recommended in (heavy 
metal) occupationally exposed populations. 
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