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ABSTRACT

Obesity is a rapidly growing problem in South Africa, with 70% of women reported as being obese. 
Studies have reported that high levels of trace metals may impair the production of reproductive 
hormones, which may, in turn, interfere with normal oocyte development in females. This study 
investigated the concentrations of trace metals in blood samples of obese individuals living around a 
mining industry and examined the overall effect on reproductive hormones of these obese females. A 
mixed-method research approach consisting of qualitative and quantitative (cross-sectional descriptive 
survey) was used in the study. Only females with BMI ≥ 30 were allowed to participate in the study. 
Blood samples were collected in two 5 mL tubes from each of the participants. Concentrations of trace 
metals in the blood samples were determined by the use of ICP-MS. Hormonal level measurement 
was also carried out. The results showed that the trace metal concentrations in the blood samples of 
participants were in the order Mn > Cr > Co > As > Pb > Cd. The mean concentrations of Mn, Cr, Co 
and As were above the WHO standards.  The hormonal analysis showed that there was a positive 
correlation between estradiol and progesterone levels with Mn concentration. Cr and As concentrations 
showed a negative correlation between estradiol and progesterone levels. Also, a negative correlation 
was established between estradiol levels with Pb and Cd concentrations. The study showed that 
exposure to trace metals as pollutants may have an impact on the general and reproductive health of 
obese females living around mining activities.

INTRODUCTION

Trace metals occur naturally in the environment and form 
essential components of humans, plants and animals. How-
ever, increasing levels of these metals in the environment 
can adversely affect the environment and living organisms 
(Jarup 2003). Various sources of these elements include soil 
erosion, natural weathering of the earth’s crust, mining, in-
dustrial effluents, urban runoff, sewage discharge geogenic, 
agricultural, pharmaceutical, domestic effluents, vehicular 
emissions and atmospheric depositions among others (Wang 
et al. 2005, Wang et al. 2010, Morais et al. 2012). 

Mining activities in South Africa have been implicated 
as one of the major contributors of trace metals in the en-
vironment (Lion et al. 2012, Olowoyo et al. 2013). It has 
been reported that these mining activities may increase 
the concentration of trace metals in soil and plants around 
its vicinity if unchecked or uncontrolled (Koz et al. 2012, 
Olowoyo et al. 2013). 

Trace metals enter the surroundings by natural means 
and through human activities. These pollutants may then 

find their way into the human body through occupational 
exposure which includes mining dust, inhalation of dust, 
direct ingestion of soil and water, dermal contact of contam-
inated soil and water, and consumption of vegetables grown 
in agricultural land situated near mining activities (Olowoyo 
& Lion 2016). The most commonly found trace metals in 
wastewater include As, Cd, Cr, Cu, Pb, Ni, and Zn, all of 
which cause risks for human health and the environment 
(Lambert et al. 2000). 

Various studies have been conducted to evaluate human 
health risks due to trace metal exposure through various ex-
posure pathways, especially soil and food chain (MacIntosh 
et al. 1996, Albering et al. 1999, Hough et al. 2004, Baastrup 
et al. 2008, Mari et al. 2009, Man et al. 2010). Although 
these metals have crucial biological functions in living cells, 
often their chemical coordination and oxidation-reduction 
properties have given them an additional benefit so that 
they can escape control mechanisms such as homeostasis, 
transport, compartmentalization and binding to required 
cell constituents (Monisha et al. 2014). These metals bind 
with protein sites which are not made for them by displac-
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ing original metals from their natural binding sites causing 
malfunctioning of cells and ultimately toxicity. Research 
has also revealed that oxidative deterioration of biological 
macromolecules is primarily due to binding of trace metals 
to the DNA and nuclear proteins (Flora et al. 2008). Metals 
sometimes act as a pseudo element of the body while at cer-
tain times they may even interfere with metabolic processes 
(Monisha et al. 2014). 

It was recently reported that trace metals such as, Cd, 
Zn, Pb, Ni, and Hg may exhibit endocrine-disrupting activity 
(Georgescu et al. 2011). Divalent metals, including Pb and 
Hg, can initiate the estrogen receptor by interacting with ami-
no acids at the receptor binding site (Zhang et al. 2008), and 
both metals exert estrogenic changes in experimental models 
(Choe et al. 2003). Stoica et al. (2000), also reported that 
Cd may obstruct the hormone-binding domain of the estro-
gen receptor-α, thereby affecting subsequent transcriptional 
processes (Guével et al. 2000). A study by Georgescu et al. 
(2011), also revealed that the Zn atom from the Zn fingers of 
the estrogen receptor can be replaced by several trace metal 
molecules such as Co, Cu, Cd, and Ni, which then interferes 
with hormonal functions.

Denier et al. (2009), reported that Zn, Cu and Cd were 
able to potentiate the estradiol-induced response in a dose-de-
pendent manner, thus indicating that Zn can act as a potential 
endocrine disrupter by modulating the estrogenic activity of 
endogenous hormones (xenoestrogen).

The World Health Organization (2015), reported that 
more than 10 % of females are severely affected by infer-
tility. The reproductive health of females of childbearing 
age is currently a major worldwide public health problem. 
According to Mendola et al. (2007) and Bloom et al. (2011), 
environmental factors, such as exposure to trace metals, can 
cause reproductive dysfunction in females and affect their 
reproductive hormones. Toxic metals may induce hormonal 
changes affecting the menstrual cycle, ovulation, and female 
fertility (Sengupta 2015). Furthermore, hormones have been 
reported to have an affinity for trace metals. It has been 
reported that trace metals tend to bind to hormones at the 
receptors site and cause hormonal dysfunction (Georgescu 
et al. 2011). Metals, such as Pb, Cd, and As, are reproduc-
tive toxicants widely distributed in the environment (CDC 
2005). Several epidemiological studies on menstruation 
have indicated that metals affect hormone levels (Mednola 
et al. 2007, Gallagher 2009, Krieg 2007, Nagata 2005, Guo 
2011). Furthermore, Pb and Cd have been identified in hu-
man follicular fluid (Paksy 2001, Al Saleh 2007, Langley 
2014) and As was shown to cause dose-related increases in 
ovarian tumours (Tokar 2011). Chang et al. (2006), indicated 
that females with blood Pb levels higher than 25 μg/L had 

a 3-fold increased risk of infertility compared with females 
whose blood Pb levels were less than 25 μg/L.

This study addresses the devastating effect of trace met-
als in blood and the relationship on reproductive hormones 
(estradiol and progesterone) of obese females exposed to 
mining activities. This is due to the recent report that showed 
that 70% of females in South Africa have been reported 
as either overweight or obese. According to the survey 
conducted by the South African Medical Research Council 
(SAMRC), Statistics South Africa and the Department of 
Health (2015), females are more prone to extra weight/
pounds than their male counterparts (De Ridder & Coetzee 
2015). More devastating report for obese females is the fact 
that trace metals have recently been linked to health issues 
associated with obesity. Furthermore, significant relation-
ships between metallic elements (including blood Zn, Cu, 
Mn, and Hg) with obesity, and a positive relationship with 
body mass index (BMI), low-density lipoprotein cholesterol 
(LDL - C), triglyceride, total cholesterol, and homeostatic 
model assessment of insulin resistant (HOMA - IR) has 
been demonstrated in the literature (Feldman et al. 2015, 
Fan et al. 2017). 

However, studies relating to trace metals and their role on 
the reproductive hormones such as estradiol and progesterone 
especially in obese females exposed to mining activities have 
not been done in South Africa, to the best of our knowledge. 
Even though it has been highlighted that 70% of females are 
classified as either obese or overweight. Literature also indi-
cates that increasing interest should also be directed towards 
interactions between different elements (Blazewicz et al. 
2013) as a means of understanding the role of trace metals 
exposure to human health which includes reproduction.

The toxicity of trace metals disrupts the body’s natural 
ability to balance blood sugar and metabolize cholesterol 
(Feldman et al. 2015). Obesity has also been associated 
with pregnancy complications and plays a role in increasing 
fertility problems, e.g. gestational diabetes, pre-eclampsia, 
sleep apnoea (Tasneem et al. 2008). It has also been reported 
that trace metals may impair the production of reproductive 
hormones, which may, in turn, interfere with normal oocyte 
development (Najeba & Mohamad 2013). Their toxicity im-
pairs the production of estradiol and progesterone. Moreover, 
trace metals play a role in increasing fertility problems and 
affect the hypothalamic-pituitary-ovarian axis (Tasneem et 
al. 2008). 

Toxicity by one trace element may cause a deficiency or 
disturb the bioavailability of another element (Cepeda-Lopez 
et al. 2011). High tissue copper aggravates obesity and tends 
to raise tissue sodium levels while lowering tissue potassium 
levels, subsequently resulting in water retention (Demer-
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dash 2015, Fan et al. 2017). Higher prevalence of Iron (Fe) 
deficiency has been reported in obese children and females 
than in males (Ferrari et al. 2011). Hence the objective of the 
study was to investigate the concentrations of trace metals 
in blood samples of obese females living around a mining 
industry and to examine the overall effect on reproductive 
hormones of obese females.

MATERIALS AND METHODS

Study Design

A mixed research approach consisting of a qualitative and 
quantitative cross-sectional descriptive survey was carried 
out. For the analysis of blood samples collected, ICP-MS 
was used to determine the concentrations of trace metals in 
the blood of the obese individuals used in the study.

Study Setting 

The study was carried out in a mining area situated in Brits/
North West, South Africa [25°44¢46¢ S; 28°11¢17¢ E]. An 
initial visit to the area showed 82 housing units. It was 
assumed from the study that each housing unit had either a 
young female or adult member living in them. According to 
the report provided by De Ridder & Coetzee (2015), 70% of 
women in South Africa are reported to be obese, hence it is 
envisaged to have about 57 obese females from the mining 
area who may qualify to participate in the study. However, 
a total of 40 obese females (aged 16-45 years) participated 
in the study. 

Sample/Study Population

Female teenagers (³ 18 years) and adults aged 18-45 years 
with BMI ³ 30 were identified and participated in the study. A 
written informed consent form was distributed to participants. 
Due to the sensitivity of the study, the identity of participants 
was protected. No unique identifier was used and the study 
was conducted with only willing participants. 

Blood samples were collected from each female partici-
pant. Blood was drawn by vein puncture by a certified pro-
fessional from participants under contamination controlled 
conditions. Blood samples were collected in two 5 mL BD 
Vacutainer sterile glass tubes certified for trace metals anal-
ysis and hormonal assay. An amount of 143 USP units of 
sodium heparin was put in each tube (only for trace metal 
analysis) as an anticoagulant. Tubes were enclosed with a 
royal blue coloured Hemogard enclosure then taken to Na-
tional Institute for Occupational Health (NIOH) accredited 
lab for trace metal analysis. For hormonal determination, 
test tubes with a yellow coloured Hemogard closure were 
used. The samples were then taken to Dr. George Mukhari 
Academic Hospital National Health Laboratory Services 
(DGMAH NHLS) for analysis. All blood samples were 
stored at ambient temperatures until analysed for trace met-
als and hormonal levels (estradiol and progesterone) within 
twelve hours

Individuals with BMI ³ 30 but taking mineral supple-
ments and those diagnosed with diabetes were excluded 
from the study. Females on hormone replacement therapy 

Table 1: Characteristics of obese female participants living around a mining area in Brits (n = 40).

Variables Study population

Age (years)

18-35
36-45

67.5%
32.5%

BMI (kg/m2)

 = 30
 >30 <35
>35

57.5%
17.5%
25%

Metals [μg/L;  xα± SD (Range)]

Mn 
Cr 
Co 
As 
Cd 

12.97 ± 6.04 (6.79 - 33.99)
3.70 ± 4.11 (0.41 - 19.01)
2.19 ± 4.43 (0.20 - 18.8) 
0.84 ± 0.41 (0.27 - 2.20)
0.20 ± 0.20 (0.02 - 1.10)

Pb [μg/dL;  xα± SD (Range)] 0.67 ± 0.34 (0.50 - 1.84)

Hormones

Estradiol [pmol/L; xα± SD (Range)] 724.95 ± 2393.24 (37 - 15040.00) 

Progesterone [nmol/L;  xα± SD (Range)] 6.79 ± 17.46 (0.3 - 93.50)
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and those using contraceptives were also excluded from the 
study as this may affect the hormone balance. 

RESULTS AND DISCUSSION

Table 1 shows the results of trace metal analysis and hormo-
nal levels from blood samples collected from obese females 
living around a mining area in Brits. From the results, the 
mean concentrations of Mn, Cr, Co, As and Pb were higher 
than the permissible limit for human exposure (WHO 2000). 
However, the mean concentration of Cd was lower than the 
permissible limit. 

The mean concentrations of estradiol and progesterone 
were within the acceptable hormonal range. However, pro-
gesterone level was lower than £15.90 nmol/L while estradiol 
was higher than 275 pmol/L which are levels indicating 
anovulation levels (Gaskins et al. 2009). A significant and 
strong positive correlation existed between the blood estra-
diol levels and progesterone levels (r=0.88; p < 0.01), which 
shows that both hormones influence the increase or decrease 
of each other. The correlation was also determined among 
the levels of Mn, Cr, Co, As, Pb Cd and the reproductive 
hormones (estradiol and progesterone) in the blood of obese 
females living around a mining area (Table 3). 

The concentration of Mn was higher than all the metals 
with a range of 6.79-33.99 μg/L, a mean of 12.97 μg/L and a 
standard deviation of 6.04 in obese females. The results also 
showed that there was a positive correlation between estradiol 
(r=0.08; p>0.05) and progesterone (r=0.12; p>0.05) levels 
with Mn concentration. The results showed that an increase 

in Mn concentrations increases progesterone and estradiol 
levels. Manganese was also positively correlated with Co 
(r=0.40; p<0.01), where a significant increase in one metal 
increased the other.

The high levels of Mn recorded in the participants’ blood 
may be due to mining activities since the mine is situated 
opposite to the informal settlements, industrial activities in 
the area, vehicular emissions (from the main road next to 
the informal settlement) and fuel combustion (used for heat 
in winter and food preparation). The concentration of Mn 
in this study is similar to those reported by Fan et al. (2017) 
with a range 3.21-58.86 μg/L and mean 10.69 μg/L in obese 
individuals aged 6-19 years, in the United States, which 
demonstrated a significant relationship between metallic 
elements (including blood Zn, Cu, Mn, and Hg) with obesity, 
and a positive relationship with BMI, low-density lipoprotein 
cholesterol (LDL-C), triglyceride, total cholesterol, and ho-
meostatic model assessment of insulin-resistant (HOMA-IR). 
Their findings showed that the relationship between obesity 
and metallic elements could be different in obese populations 
with elevated BMI or changes in other obesity biochemical 
parameters when compared to populations with lower BMI. 
The findings of this study also correlate with the findings of 
Stasys (2007) and Najeba & Mohamad (2013) which showed 
that high levels of Mn may affect female health and further 
impact fertility and fecundity (Gallagher et al. 2010).

The concentration of Cr ranged between 0.41-19.01 
μg/L, a mean of 3.70 μg/L and a standard deviation of 4.11 
in obese females. The results showed that there was a weak 
and negative correlation between Cr concentration with es-

Table 2: WHO standards/ permissible limits for human exposure to trace metals (μg/L).

Trace Metals Mn Cr Co As Cd *Pb

Levels 12.60 0.23 0.30 1.00 1.12 0.08

* (μg/dL)

Table 3: Correlations between trace metals and reproductive hormones in the blood of obese females living around a mining area in Brits (n = 40).

Variables Mn Cr Co As Pb Cd Estradiol Progesterone

Mn 1 0.143 0.404** 0.088 0.027 0.007 0.078 0.122

Cr 0.143 1 -0.074 0.053 0.032 0.332* -0.138 -0.152

Co 0.404** -0.074 1 -0.053 0.187 -0.156 0.043 -0.012

As 0.088 0.053 -0.053 1 -0.069 0.128 -0.045 -0.064

Pb 0.027 0.032 0.187 -0.069 1 0.178 -0.114 -0.038

Cd 0.007 0.332* -0.156 0.128 0.178 1 -0.054 0.014

Estradiol 0.078 -0.138 0.043 -0.045 -0.114 -0.054 1 0.878**

Progesterone 0.122 -0.152 -0.012 -0.064 -0.038 0.014 0.878** 1

* (p< 0.05), ** (p< 0.01)
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tradiol (r= -0.14; p>0.05) and progesterone (r= -0.15; p>0.05) 
levels. This means that higher Cr concentrations above the 
permissible limit lower the progesterone and estradiol levels 
(Table 3). The high levels of Cr in the blood of participants 
may be as a result of emissions from a chromium mine next 
to the informal settlement and several industries such granite 
cutting and tire manufacturing industries located within a 3 
km radius from the informal settlement. Other sources of Cr 
may be due to the combustion of fossil fuels and cigarette 
smoking. Since the participants were not active smokers, the 
high levels of Cr in their blood may be as a result of smoke 
emission from the mine next to the residential area as well 
as the result of passive smoking as reported by Paakko et al. 
(1989) and Bernhard et al. (2015). Their findings show that 
concentrations of about 4.3 mg/kg (dry weight) are found in 
smokers compared to 1.3 mg/kg in non-smokers, increasing 
with age and smoking time.

According to Martin & Griswold (2009) and Tangahu 
et al. (2011), chromium is known as a carcinogen, which 
causes skin cancer, lung cancer and inflammation of the 
blood vesicles. High levels of Cr reported in a study by 
Ajayi et al. (2012), showed Cr levels of 45.16±1.16 μg/dL 
may disturb the production of reproductive hormones and 
interfere with normal oocyte development. Furthermore, it 
has been reported to cause spontaneous abortions and result 
in low birth weight (Bonde et al. 1992, Hjollund et al. 1995, 
Hertz-Picciotto 2000, Ajayi et al. 2012). Since decreasing 
progesterone levels were reported with high concentrations 
of Cr, we can deduce that our findings agree with those found 
in the literature (Hertz-Picciotto 2000, Ajayi et al. 2012), 
that spontaneous abortion can occur as a result of high Cr 
concentrations and low progesterone levels in the blood.

Cobalt concentrations in the blood of obese females 
ranged between 0.20-18.84 μg/L, with a mean of 2.19 μg/L 
and a standard deviation of 4.43 μg/L. The results showed 
that there was no correlation between Co concentrations 
with estradiol (r=0.04; p>0.05) and progesterone (r= -0.01; 
p>0.05) levels (Table 3). The results of this study show 
that high Co concentrations do not affect the levels of both 
hormones (estradiol and progesterone). However, in another 
study carried out by Philippe (1975), Co radiation at high 
doses has been shown to elicit pro-found decrements in re-
productive ability in animal species. The study further shows 
that single doses of >100rad of Co radiation cause decreased 
fertility in exposed female mice. Their findings further show 
that continuous exposure of female mice to an average daily 
dose 8–16 rad/day causes a decreased number of offspring 
per litter and decreased reproductive performance, with 
100% sterility occurring at 32 weeks of exposure at 8 rad/
day. Pedigo & Vernon (1993), reported that cobalt dichloride 

(400 ppm in drinking water for 10 weeks) increases pre-im-
plantation losses of pregnant female rats. 

Sources of high levels of Co recoded from the participants 
may be as a result of the consumption of alcoholic beverages 
(beer) which participants were observed to highly indulge 
in.  Other problems associated with high Co apart from the 
mining activities is the consumption of large quantities of al-
coholic beverages (beer) which may contain foam stabilizers 
such as cobalt sulphate (CoSO4) or cobalt chloride (CoCl2). 
Reports show that individuals who consume a lot of beer 
with CoSO4 have suffered from cardiomyopathy which is 
the weakening of the heart (Alexander 1972, Bonenfant et al. 
1969, Morin & Daniel, 1967). Alcohol and heart conditions 
may have fatal consequences on obese individuals, especial-
ly when coupled with trace metal exposure from different 
sources of pollutants. Other sources contributing to high Co 
levels in the blood of participants include occupational expo-
sure (cobalt-containing alloys and salts) and environmental 
contamination due to industrial activities in Brits. Cobalt has 
also been reported to be carcinogenic in humans. Exposure 
to Co may initiate an inflammatory process that infiltrates 
the T- lymphocytes (immune-mediated cells) and increase 
the body’s hypersensitivity response. There are no studies 
on the reproductive or developmental effects of Co exposure 
in humans, to the best of our knowledge, however, studies 
have reported on stunted growth and decreased survival of 
newborn puppies [Agency for Toxic Substances and Disease 
Registry (ATSDR) 1992, California Environmental protec-
tion Agency (CalEPA) 1997)]. 

The mean concentration of As in the blood of obese fe-
male participants were below the permissible limit of 1.00 
μg/L. The mean concentration was 0.84 ± 0.41 μg/L with a 
range of 0.27-2.20 μg/L (Table 1). However, 29.3% of the 
participants recorded, had As value higher than 1.00 μg/L. 
The results from Table 3 shows that there was a weak negative 
correlation between As and hormonal levels progesterone (r= 
-0.06; p>0.05) but there was no correlation with estradiol (r= 
-0.04; p>0.05). This shows that as the concentrations of As 
increases, there was a decrease in the levels of progesterone 
but no effect on estradiol levels. 

Arsenic is carcinogenic, it causes cancer in soft organs, 
skin, lungs, liver and bladder (Martin & Griswold 2009, Tan-
gahu et al. 2011). Sources of As in the environment include 
mining or industrial activates as well as lifestyle activities 
such as cigarettes smoking. Literature shows that no similar 
studies have been done on the effects of As on obese females 
and reproductive hormones. However, a study by Akram et al. 
(2010), examined the adverse effects of As exposure on uter-
ine function and structure of female rats. The study findings 
show that there was a dose-dependent decrease observed in 
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mean uterine diameter, epithelial height, the thickness of the 
endometrium, myometrium, and in plasma levels of estradiol, 
progesterone, FSH and LH in all the treatment groups com-
pared to control at 100 and 200 ppm of sodium arsenite in 
drinking water. The study concluded that arsenic is a major 
threat to female reproductive health, acting as a reproductive 
toxicant and as an endocrine disruptor. The study further 
showed that As restricted the function and structure of the 
uterus, by altering the gonadotropins and steroid levels, not 
only at high dose concentration but also at low (50 ppm) 
levels, when the rats become mature.

The concentration of Pb was also higher than the per-
missible limit of 0.08 μg/dL value with a mean of 0.67 ± 
0.34 μg/dL and range of 0.50-1.86 μg/dL. A weak negative 
correlation existed between Pb concentration and levels of 
estradiol (r= -0.11; P>0.05) however no correlation was 
established between Pb concentration and progesterone (r= 
-0.04; p>0.05) levels. Therefore, higher levels of Pb above 
the permissible limit indicated a decrease in estradiol levels, 
while there was no effect on progesterone levels. Sources of 
Pb may be as a result of mining, paint, vehicular emissions 
and industrial activities.

When compared to the study by Ajayi et al. (2012), the 
mean concentration of lead was higher with a mean of 85.96 
± 1.09 μg/dL. However, their results showed that elevated 
serum levels of Pb may contribute to spontaneous abortion by 
lowering the progesterone levels. High levels of Pb have also 
been recorded in studies by Sekhar et al. (2009) and Patrick 
(2006), where it was reported that once Pb has been absorbed 
in the blood, it can decrease the number of red blood cells and 
lead to anaemia. According to Najeba & Mohamad (2013), 
Pb has also been detected in human follicular fluid (liquid 
composed primarily of hormones) which interferes with re-
production. In expectant females, prolonged exposure to high 
levels of Pb may lead to spontaneous abortions, premature 
delivery and low birth weights (UK Teratology Information 
Services 2010). This condition also has a direct effect of 
female fecundity especially when obesity is also a factor.

The lowest value of all the metals was recorded for Cd in 
the blood of obese female participants. Cd levels were below 
the permissible limit with a mean value of 0.20 ± 0.20 μg/L 
and a range of 0.02-1.10 μg/L. There was no correlation 
between Cd and progesterone (r=0.01) levels but a negative 
and weak correlation between Cd and estradiol (r= -0.05) 
levels was established. Correlations showed that as the con-
centrations of Cd increases, the level of progesterone were 
not affected, however, there was a decrease in the levels of 
estradiol. 

Detected Cd levels in the blood of participants maybe as 
a result of household items such as detergent, paint, vehicular 

emissions and mining activities near the residential area. In a 
study by Ajayi et al. (2012), the mean concentration of lead 
was higher than the permissible limit set by WHO (2000), 
with a mean of 45.8 ± 0.77 μg/L. Their findings showed 
that high serum levels of Cd may contribute to spontaneous 
abortion due to its effect on progesterone levels.

However, even though lower levels have been recorded 
for As and Cd (Table 2), close monitoring is required as these 
metals may bioaccumulate and affect human health. The re-
sults show that there was a positive correlation between Mn 
levels and Co levels in the blood (r=0.40; p< 0.01).  Blood Cr 
levels also showed a positive correlation with blood Cd levels 
(r=0.33; p < 0.05). This observation showed that an increase 
in one metal had an impact on the increase of another metal.

Generally, from the results, obese participants with 
progesterone levels of < 0.3 nmol/L recorded high con-
centrations of Cr, Co and Pb. Moreover, an obese female 
participant with a high level of estradiol (3462 pmol/L) also 
had the highest Mn (33.99 μg/L) concentration in the blood. 
Several studies have suggested a link between trace metal 
exposure and hormonal variations (Gallagher et al. 2010, 
Pollack et al. 2011). 

Furthermore, females with variations in reproductive 
hormone levels are considered at risk for cardiovascular dis-
eases (Rossouw et al. 2002) breast cancer and ovarian cancer 
(Brinton et al. 1988). This study agrees with the findings 
of Aksel et al. (1976) and Lutoslawska et al. (2006) which 
showed that hormonal alterations may increase anovulation, 
with effects on fertility. Especially if these alterations are as 
a result of high levels of trace metals found in the blood. Ac-
cording to Tasneem et al. (2008), the prevalence of infertility 
in industrialized countries has increased from 8% to 15% over 
the past 2 decades. Ultimately these toxic metals may result 
in complications including fertility, fecundity and nulliparity 
(Najeba & Mohamad 2013). The association between metal 
toxicity and hormonal variations in obese females could have 
dire consequences for female reproductive health, which may 
lead to infertility.

CONCLUSION

The study showed that exposure to trace metals as pollutants 
may have an impact on the general and reproductive health of 
obese females living around mining activities. From the re-
sults, it can be concluded that mining activity may pose a high 
potential risk to these obese females’ general health as well. 
However, the participants’ exposure to trace metals found in 
the blood from the mining area may be as a result of multi 
pathways. The findings of this study cannot be generalizable 
due to the limitation of a small sample size. Furthermore, 
mechanisms on the impact of trace metals on reproductive 
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health are yet to be understood. More detailed and in-depth 
mechanisms on trace metals and reproductive health relation-
ship are necessary for the future to examine whether adverse 
health outcomes occur, and provide decision-making support 
for pollution control in this metal-polluted area accordingly. 
Further research is underway with regards to understanding 
mechanisms on trace metals reproductive health of obese 
females exposed to mining activities.
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