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ABSTRACT
The availability of drinking water is fast becoming a major challenge in most of the developing
countries. Reliance on well and borehole water is thus on the increase without prior effort to
consider their safety for human consumption. The present study investigated the concentrations of
trace metals in water samples collected from borehole in a village surrounded by mining industries
with a view to determining the health implication of drinking water from these boreholes. The
study further examined the attitude and perception of villagers on the quality and the treatment of
the water before consumption. The study was conducted in a village surrounded by different mining
companies. Water samples were collected during the summer and winter seasons from randomly
selected boreholes in the village and structured questionnaires were administered in order to get
information on water treatment methods used by the villagers. The trace metal content of the
water was determined by Inductive Couple Plasma Mass Spectrophotometer (ICP-MS). The result
showed that there was no significant difference in the concentrations of trace metals obtained for
the two sampling periods (p< 0.05). Concentrations of trace metals such as Zn and Hg were above
the recommended limit set by World Health Organization (WHO) for trace metals in water. The
report from the questionnaire showed that 97% of those interviewed do not treat the water before
drinking and had no any prior knowledge of trace metals in water. The report from the
questionnaire further showed that 60% of those interviewed agreed that the water is available
during the summer period and may become scarce during the winter season; however the
respondents agreed that there is no need to get pipe borne water from any other source. The study
concluded that since the majority of the people rely on these boreholes for the supply of portable
water and taking into consideration the levels of Zn and Hg in some of the boreholes, it may be
necessary to monitor the levels of trace metals from these boreholes regularly.
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In South Africa, water is fast becoming a scarce natural resource due to
the prolonged absence of rain resulting in a drought condition. The Department
of Water Affairs in the country announced measures such as water tankering,
borehole drilling and rehabilitation, water conservation and demand
management, as means of alleviating the current water shortages experienced in
some households in the country (www.dwa.gov.za/drought, 2017). Adequate
supply of clean and portable water is a fundamental requirement for human
existence and the ecosystem in general (Chimphamba and Phiri, 2014).

In some part of Africa, studies have indicated different mechanisms used
by rural dwellers in coping with scarcity of water within their households and
also in order to reduce the impacts of climate variability on water footprint
(Adejuwon et al., 2007; Nyong and Kanaroglou, 2001). In Nigeria, for example as
reported by Gbadegesin and Olorunfemi (2011) some rural communities have
relied on indigenous conservation strategies of traditional water sources for
years which includes streams and rivers. The use of underground water
extraction such as boreholes, hand dug wells have also been used both in the
rural and urban areas where large scale water scheme or supply of portable
drinking water from government seems impossible over the years (Aizebeokhai,
2011). In South Africa the use of borehole for domestic water has also been
reported in literature (www.dwa.gov.za/drought, 2017). Nienie et al. (2017) also
reported on the use of water from streams, river and borehole in a rural area of
Kwilu province from the capital city of Democratic Republic of the Congo.

Borehole drilling is generally assumed as an excellent way to get access to
pure and natural underground water (Johannesburg water, 2016). However in
some instances, a number of water pollution in borehole water has been
reported. In Malawi, Pritchard et al. (2008) reported on fluoride concentration of
about 9mg/l in Kumkwawa village. Msonda et al. (2007) also reported on
chemical toxicity from some borehole water in Malawi adding that the pollutants
are also on the increase. The study of Botchway et al. (1996) also showed that
ninety percent of the water sampled in a village that relied on groundwater for
portable water had Mn levels above the detection limit while the concentrations
of Fe was higher than those recommended by the WHO. The studies of Bunnell
et al. (2007) and Finkelman et al. (1999) further reported that trace element
pollution is now of a great concern and there is a widespread of trace elements
occurring in water at concentration significantly higher than background levels.

From literature, it has been reported that mining activities may introduce
trace metals into the environment which may increase the concentrations of
these trace metals in soil and plants around its vicinity if unchecked and
uncontrolled (Koz et al. 2012; Olowoyo et al. 2013). The sources of these trace
metals in drinking water has reported by Abdulrahman et al. (2011) includes the
natural and anthropogenic sources. In South Africa, mining activities have been
implicated as one of the major sources which introduce trace metals into the
environment (Olowoyo et al. 2013; Lion et al., 2012). The current study was
carried out in a village surrounded by different mining companies and where
there is a great reliance on borehole water for human consumption. The study
also investigated the possible influence of these mining industries in releasing
trace metals as pollutant to the underground water. The study also sought to get
information on the perception and possible treatment options embarked upon by
the villagers before using the underground water.
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Methodology

The village (25.4037° S, 27.8487° E) situated north of Pretoria was chosen
because of the several mining industries (5) in the area and there are no potable
water supplies in these catchment areas, hence dependence on water sources
mainly from boreholes for domestic, irrigation and livestock activities. Before the
water sampling from the boreholes, the area has also witnessed a severe drought
due to lack of rain for a period of about nine months. Borehole water samples
were collected directly from the water pipe bringing out the water. The water
samples were collected in two — litre plastic bottles that were initially washed
with tap water and further rinsed with distilled water. Upon collection, the
water samples were immediately acidified with HNO3s in order to keep the
metals in the water samples thus preventing them from adhering to the walls of
the plastic bottles. The samplings were done just over a period of two seasons
(summer and winter). The samples were collected from 10 different boreholes
with a total of 20 samples for both seasons.

During the sampling in the summer period, questionnaires were
administered to households in order to establish their perception on the
importance of treating the water before drinking and establish if there are
methods they use in treating the water before drinking it. The questionnaires
also established their knowledge on trace metals in water, exposure and health
implications of drinking trace metals polluted water and whether there are prior
educations or awareness on safe water practices in the area.

The pH of the water samples were determined in the field using the pH
meter model 215 and the trace metal contents (V, Cr, Mn, Co, Ni, Cu, Zn, Sr, Pb,
U, Ti) of the water samples were done in an accredited laboratory using ICP —
MS. The analysis was done by digesting the water samples of 100 ml with 2ml
HNOs3 and 1 ml of HC1O4. The resulting solution was then analysed for trace
metals content using ICP —-MS. The digestion and analysis of the water
procedure followed the methods described by APHA (1989). Levels and presence
of Total coliform, Escherichia — coli and Firmicutes. streptococci were analyzed
using Membrane Filtration Technique (APHA 2005).

Results and Discussion

The pH of the water samples was all within the acceptable limit set for
drinking water by WHO. The water pH was between 6.85 + 0.01 — 7.23 + 0.02.
The water samples were very clear without any noticeable impurity and there
were no odour oozing out from the water.

The concentrations for all the trace metals except for Zn and Hg were all
within the acceptable limit for the respective trace metals. The concentrations of
Zn ranged from 2.06 + 0.36 — 521.3 + 2.35 ppb (Tables 1 and 2). The highest
concentration for the Zn was recorded during the winter period and the value
was above the recommended limit for Zn in drinking water as set by WHO.
Differences obtained for the value of Zn from the different borehole water
samples for the two seasons were significant (p> 0.05). Zinc is an important
element in the body because of its role as ionic signaling in large number of cells
and tissues (Nriagu 2007). However, higher concentrations of Zn in drinking
water may be detrimental to human health. The high concentrations of Zn
reported in some borehole water from this study may be due to corrosion pipes
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and some other materials used in pumping water from the boreholes. Similar
observation of pipe corrosion and subsequent increase in the concentrations of
Zn from pipes and other fittings were reported in the study of Gillies and
Paulins (1982) and Solomons (1988). The most common adverse effects
associated with long-term, excessive Zn intakes may include sideroblastic
anaemia, hypochromic microcytic anaemia, leukopenia, lymphadenopathy,
neutropenia, hypocupraemia and hypoferraemia (Nriagu, 2007). Patients often
recover to normal blood patterns after cessation of zinc intake with or without
copper supplementation.

Table 1: Concentrations of trace metals in ppb from borehole waters in April
2016

Trace Metals

Sites v Cr Mn Co Hg Cu In Sr Pb u Ti
1 10.08£0.02 | 3.56%0.12 | 1.04%0.01 | 0.14£0.02 | 0.27%0.03 | 2.94%0.12 | 73.75%2.32 | 129+2.36 0.02£0.00 | 0.21%0.02 | 17.2%1.01
2 15.05£1.03 | 1.63%£0.25 | 0.01%0.00 | 0.47%0.01 | 0.66%0.1 17.93£1.12 | 24641.25 227+5.44 0.63£0.02 | 1.24+0.05 | 18.6%2.01
3 13.46%0.32 | 2.01+0.31 | 0.1940.02 | 0.53%0.02 | 0.01 55.84+211 | 270.3£2.89 | 250.3%£8.11 | 2.72+0.06 | 0.51%0.05 | 17.99%0.68
4 1293211 | 2.6240.14 | 9.5320.01 | 0.41+0.05 | 0.86%0.16 | 14.97+0.21 | 50.61+2.25 | 259+2.36 0.56+0.02 | 0.50+0.08 | 18.67+2.11
5 13.07£1.05 | 2.0520.14 | ND 0.18+0.03 | 0.7710.46 | 2.52+0.02 2.06+2.36 160.642.59 | 0.01 0.24+0.03 | 22.05%1.02
6 15.03+£2.14 | 2.04+0.21 | 0.2520.02 | 0.24%0.05 | 0.01 3.7310.11 394.8+3.60 | 170.7+2.44 | 0.12+0.00 | 0.15%0.01 | 20.93%1.35
7 14.5610.68 | 1.56%0.11 | ND 0.32+0.02 | 0.14£0.04 | 2.62+0.12 43.82+3.54 | 142.5%£2.87 | 1.33£0.02 | 0.11#0.06 | 21.9+2.11
a8 17.82+0.32 | 1.33%£0.05 | ND 0.37+0.01 0.41+0.16 | 5.88+0.02 30.15%£3.25 | 256.5%6.24 | 0.01 0.71+£0.08 | 23.09%1.32
9 10.07+1.54 | 1.77£0.10 | ND 0.34+0.02 | 0.47+0.14 | 5.24%0.03 502.1+8.96 | 184.9£6.35 | 2.21+0.35 | 1.27+0.02 | 18.19%2.11
10 9.27+£2.11 1.42+0.09 | ND 0.27+0.05 0.01 2.71+0.05 81.84+7.82 | 127.849.11 | 0.18+0.06 | 0.30%0.03 | 20.16%1.29
Table 2: Concentrations of trace metals in ppb from borehole waters in July 2016
Trace Metals
Sites A" Cr Mn Co Hg Cu Zn Sr Pb u Ti
1 10.08£0.02 | 3.56%0.12 | 1.04%0.01 | 0.14£0.02 | 0.27%0.03 | 2.94%0.12 | 73.75%2.32 | 129+2.36 0.02£0.00 | 0.21%0.02 | 17.2%1.01
2 15.05£1.03 | 1.63%£0.25 | 0.01%0.00 | 0.47%0.01 | 0.66%0.1 17.93+1.12 | 24641.25 227+5.44 0.63£0.02 | 1.24+0.05 | 18.6%2.01
3 13.46%0.32 | 2.01+0.31 | 0.1940.02 | 0.53%0.02 | 0.01 55.84+211 | 270.3£2.89 | 250.3%£8.11 | 2.72+0.06 | 0.51%0.05 | 17.99%0.68
4 1293211 | 2.62+0.14 | 9.5320.01 | 0.41+0.05 | 0.86%0.16 | 14.97+0.21 | 50.61+2.25 | 259+2.36 0.56+0.02 | 0.50%0.08 | 18.67+2.11
5 13.07£1.05 | 2.0520.14 | ND 0.18+0.03 | 0.7710.46 | 2.52+0.02 2.06+2.36 160.642.59 | 0.01 0.24+0.03 | 22.05%1.02
6 15.03+£2.14 | 2.04+0.21 | 0.2520.02 | 0.24%0.05 | 0.01 3.7310.11 394.8+3.60 | 170.7+2.44 | 0.12+0.00 | 0.15%0.01 | 20.93%1.35
7 14.56x0.68 | 1.56%0.11 | ND 0.32£0.02 | 0.14+0.04 | 2.62%0.12 | 43.82%£3.54 | 142,5£2.87 | 1.33%£0.02 | 0.11+0.06 | 21.9%2.11
8 17.82+0.32 | 1.33120.05 | ND 0.37+0.01 | 0.41%0.16 | 5.88+0.02 30.15%£3.25 | 256.5%6.24 | 0.01 0.71+0.08 | 23.09+1.32
9 10.07+1.54 | 1.77+0.10 | ND 0.3410.02 | 0.4710.14 | 5.24%0.03 502.1+8.96 | 184,9£6.35 | 2.21+0.35 | 1.27+0.02 | 18.19+2.11
10 | 9.27+2.11 1.4210.09 | ND 0.27+0.05 | 0.01 2.71%0.05 81.84+7.82 | 127.849.11 | 0.18%0.06 | 0.30%0.03 | 20.16%1.29

The other element of major concern is Hg with concentrations below the

detection limit of 0.01 ppb from some of the borehole water. However,
concentration above the recommended limit was noticed from a borehole water
sample number 7 with a value of 1.05 £ 0.26 ppb (Tables 1 and 2). Other water
samples where Hg was detected ranged from 0.14+0.04— 1.05 + 0.26 ppb during
the two sampling periods. Concentrations of Hg were below the detection limit
from three borehole water during the summer sampling period while the highest
concentrations of 1.05 + 0.26 ppb was recorded during the winter period. The
acceptable limit for Hg in drinking water according to WHO should be 0.001
mg/l (WHO, 2004). A similar study conducted by Sallau et al. (2014) from 3
different sites in Northcentral part of Nigeria showed the values of Hg to be
above the recommended limit set by WHO. The researchers attributed the
source of Hg from the water samples to the fact that it was previously used by
artisanal miners for sluicing of ore for recovering of gold with the aid of liquid
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Hg metal. Also from the report of Nartey et al. (2011) there were variations in
the concentrations of Hg from the bore hole water samples. The variations
noticed from the study were attributed to the depth of the boreholes, soil type
and seasonal effect.

The concentration of Cu ranged from 0.25 + 0.12 — 55. 84 + 1.12 ppb, Sr
was in the range 127.8 £ 0.11 — 259 + 2.36 ppb, Ti ranged between 17.35 + 0.23 —
23.09 £ 1.32 ppb, V was in the range 9.27 + 0.02 — 17.82 = 0.32 ppb and Cr was
in the range 0.87 + 0.11 — 3.56 + 0.12 ppb (Tables 1 and 2). All the trace
elements were within the acceptable limit for human consumption. The
correlation coefficient calculated for the trace metals showed a strong positive
correlation for elements such as V and Ti, Co and Pb, Co and Zn, Co and Sr, Cu
and Sr, Cu and Pb, Zn and Pb and Sr and U for both seasons.

The questionnaire administered to the householder showed that between
97% - 99% of those interviewed neither treat water nor have any idea of the
impact of trace metals in water (Table 3) (Figures 1 — 4). “T do not treat the
water; have been using It Iike that for years, water has a natural way of
purifying itself’. The report of this study is in agreement with the findings of
Uboh et al. (2014) in a study conducted in Owerri, Nigeria where greater
numbers of respondents (48%) do not treat water before drinking or for any
other purpose. Previous study by Ubuoh (2012) did observe that rural dwellers
do not treat their drinking water because of ignorance of implications of
impurities. However, it may be necessary to have a single or multiple forms for
water treatment since the WHO report have suggested that unclean sources of
water have been responsible for diseases such as diarrhoea, cholera, guinea
worm, typhoid and intestinal worms which killed more than eight million people
throughout the world each year (WHO, 2011). Manyatsi and Tfwala (2012)
reported in a study from Swaziland that that one borehole out of a total of three
had total coliform count of 74 per 100 mL of water, a figure that was above the
acceptable limit of 10 counts per 100 mL of water. There was no any presence of
E. coli and F. streptococci from our present study.

Table 3: Response on attitude towards drinking water in percentages (%)

Questions Yes % No%
Is there an adequate supply of drinking water? 98.5 1.5
Is water from borehole available throughout the year? 60 40
Does the water from the borehole generally have a smell? 10.8 89.2
Does the water from the borehole generally have a taste? 47.7 52.3
Does the water from the borehole looks clear? 92.3 7.7
Have you complained about water in the past year? 4.6 95.4
Are you satisfied with the water you receive from the borehole? 75.4 24.6
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Heavy Metal knowledge

2%

= NO
W YES

Figure 1: Percentage of people interviewed with adequate knowledge of toxic
trace metals in water.

Treatment
B NO BEYES

3%

Figure 2: Percentage of those interviewed that have applied any form of
treatment on the water before drinking.
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PRIOR INFORMATION ON WATER

ENO
mYES

Figure 3: Percentage of people with prior information on water and its
associated diseases.

USE OF WATER FILTER

0%

ENO
B YES

Figure 4: Percentage of those interviewed that have used water filters for water

purification.

However, 90% of those interviewed pointed to the fact that government
and non-governmental agencies do visit the area occasionally to offer
information on safe water drinking and practices (Figure 1). The respondent
(50%) also pointed out that the water from borehole at times may have a taste
that has been associated with it for a long time. “Yes we know when we drink
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water from the borehole and the water supplied by the government, we have
been drinking it for years and we were never sick”. The other respondent
answered by saying “We do not need to use any water filter because the water is
clear and very clean’

The major challenge as pointed out by some of the respondents was the
unavailability of these boreholes water throughout the year especially during
the winter season. This may be as a result of the lack of rain which would have
substituted for some other domestic water uses during this period. The
respondents are not currently using any other form of water harvesting as at the
time of conducting this study. This could assist in reducing the enormous stress
that 1s placed on borehole water. Studies from other African studies have
pointed to rain harvesting and digging of wells as alternative to borehole water
for irrigation purposes (Aizebeokhai, 2011; Myantsi and Tfwala, 2012; Uboh,
2012). The satisfaction in terms of quality and supply was acceptable from a
larger percentage (75%).

Conclusion

The present study confirmed that people living in the community where
the study was conducted rely solely on boreholes for the supply of portable water
that is used for various activities. It was discovered that the levels of known
toxic trace metals were low except for Zn and Hg from some of the borehole
waters and this may partly be due to the metal pipes that are used for pumping
the water. One good thing about the water samples is that the parameters
examined falls below the acceptable limit as recommended by the WHO. £ — coli
and F. streptococci were not found in any of the water samples despite the fact
that most of the house hold still rely on pit toilets. Most of the respondents
agreed that they do not treat their water before drinking and the water is
associated with a particular smell. Also the high levels of Zn and Hg noted from
some water sources may necessitate a periodic examination of the water. It may
also be important to teach the people living around this area another form of
water harvesting in order not to put unnecessary stress on the only source of
water especially during the winter season. The government may also assist in
looking for other alternative sources of water during the winter season.
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