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Abstract: Groundwater use for domestic and agricultural purposes is every day in rural 

communities. However, groundwater quality in those communities is still being determined due to 

the lack of water quality monitoring programs. The purpose of this study was to evaluate 

groundwater quality in rural communities using physiochemical parameters. Eight communities 

using communal boreholes were selected. Water samples were analysed for temperature, pH, 

electrical conductivity, total dissolved solids (TDS), ammonia, nitrate, and nitrite as Nitrogen. The 

pH means ranged from 6.6 to 8.1, whereas high TDS levels of 1390 mg/L and 1470 mg/L were 

observed in two boreholes. Three boreholes had higher electrical conductivity. Two boreholes had 

elevated nitrate levels of 15 and 21.5 mg/L. The high nitrate level correlates with the pH, EC, and 

TDS values. Our results suggest that high nitrate levels measured in communities’ boreholes pose 

ill health to the community, especially children, infants, and elders. Prenatal exposure to high nitrate 

has been found to have acute health effects in infants. Therefore, there is a need for further 

longitudinal studies on health risks among vulnerable groups in these communities.  
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1. Introduction 

Groundwater is an essential source of drinking water for most rural communities with no proper 

water supply infrastructure.  In addition, these communities can use other water sources such as 

rivers, streams, lakes, and springs. The use of groundwater is being perceived as a safe source of 

drinking water in rural communities. Even though groundwater has good microbiological quality, 

most boreholes must be better maintained and monitored. For this reason, it may take longer to notice 

the decline in water quality. Several studies have reported groundwater contamination due to 

industrial, domestic, and agricultural wastewater being discharged into freshwater bodies (Sojobi et 

al., 2015; Chakraborti et al., 2016; Indelicato et al., 2017). This includes nitrate contamination due to 

synthetic and natural fertilisation, leaking septic systems and bacterial production (Fenech et al., 

2012). Nitrogen, in some forms of ammonia (NH4 and NH3) and Nitrogen oxide (NO2), can also be 

transformed by the biogeochemical process to nitrate (WHO, 2004). Nitrate contamination in 

drinking water poses significant human health risks, which include carcinogenic effects and blue 

baby syndrome, also known as methemoglobinemia (Stadler, 2012; Murgulet & Tick, 2009). 

A previous study reported a high concentration of fluoride levels in some areas in Limpopo 

province, South Africa (Ncube & Schutte, 2005), while recently Edokpayi et al. 2018 revealed a high 

concentration of heavy metals in borehole water in the same province. No data on water quality status 

is readily available in most rural areas, especially in communities that depend primarily on 

groundwater for domestic and agricultural purposes. Thus, the study aimed to assess the water 

quality in the communal boreholes area due to agricultural activities, which can contaminate the 

water and have human health risks.  
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2. Materials and Methods 

2.1 Study Sites and Design  

The study was conducted in one of the districts of Limpopo provinces, South Africa. The district 

consists of four central municipalities, whereby one of the municipalities was selected for this study 

as it has more active communal boreholes than the other. The total population in the area is up to 

516.031, according to StatsSA, 2011. Unemployment is at 36.7%, and there is a significant dependence 

on pensions and social grants. Eight communal boreholes (B1-B8) representing eight villages were 

selected for this study (Table 1). The study received ethical approval from the Faculty of Health 

Sciences, University of Pretoria (reference no. 115/2016). The district's area manager of the 

Department of Water and Sanitation gave verbal approval. 

2.2. Sample collection 

2.2.1. Water sampling, handling, and storage  

The collection of drinking water samples was done according to the standard sampling 

prescribed by the Department of Water and Sanitation (previously known as the Department of 

Water Affairs and Forestry), South Africa (DWAF, 2000). Samples were collected over four months 

(August (Winter), September (Spring) and October (spring) 2017), and March (Autumn) 2018 to allow 

the capturing of variability. In brief, water samples were collected at the point of use, using 500mL 

polypropylene bottles with screw caps as recommended by the participating laboratory. Taps were 

flushed for 2 minutes before the collection. During collection, bottles were filled to the maximum 

level to prevent air bubbles upon sealing. Samples collected were delivered to the laboratory within 

48 hours in an enclosed insulated carrier with ice packs to maintain a cool temperature. Some samples 

were collected next to the communal tanks (Figure 2). A total of 27 samples were collected. 

2.3. Sample analysis 

2.3.1. Physical properties 

Water temperature, conductivity, pH, and total dissolved solids analyses 

Standard methods were applied in measuring temperature (OC), conductivity (EC), total 

dissolved solids (TDS) and pH using HI 9811-5 portable pH/EC/TDS/OC meters from HANNA 

instruments. The instrument was calibrated for pH using pH 4, 7 and 9 buffer solutions. EC and TDS 

calibration were performed using HI 70031 (1413 µS/cm) and HI 70032 (1382 ppm, or mg/L) 

calibration solutions. The company issued a calibration certificate. 

2.3.2. Chemical properties 

Free and Saline Ammonium as N (Nitrogen), Nitrate and Nitrite as N analysis 

All samples collected were analysed by WATER LAB (Pty) Ltd laboratory in Pretoria. The South 

African National Accreditation System (SANAS) has accredited the laboratory to conduct all 

mentioned water quality parameters. The Nitrate as N, Nitrite as N and Free and Saline Ammonium 

as N were analysed using the ultraviolet (UV) spectrophotometer method (APHA, 2012) using a 

Discrete Analyser (Aquakem 250). The method has been previously described elsewhere (Khan et al. 

2013). The standards and blanks were used to maintain the reliability and reproducibility of the 

analyses. 

Inorganic chemicals 

Parameters were analysed using inductively coupled plasma optical emission spectrometry 

(ICP-OES) (Edokpayi et al. 2018). The instrument was standardised with nine standard solutions 

(multi-point linear fitting) for Copper (Cu), Manganese (Mn), Iron (Fe), Fluoride (F−), Chloride ( Cl−), 

Nitrate ( NO3−), Sulphate (SO4 2−), Zinc (Zn) and Lead (Pb). Analytical precision was checked by 
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frequently analysing the standards and the blanks. Multiple working solutions of 1, 5, 10 and 20 

units/ppm were prepared and used in calibrating each anion. 

2.4. Data analysis 

All data were entered into Microsoft excel sheet version 2016. Data were then exported onto 

Stata/IC 14.1 (Stata Corp, USA) for summary and descriptive analysis.  

3. Results  

3.1. Description of characteristics of physical properties among the boreholes. 

The summary of physio-chemical characteristics of borehole water is shown in Table 2. pH 

values range from slightly acidic to alkaline (6.6 to 8.1), which is within the recommended values, 

while total dissolved solids range from 205 -1470 mg/L. B3 and B6 have total dissolved solids of 1390 

and 1470 mg/L, respectively, which are above the standards of ≤ 1200 set in South Africa (SANS 241, 

2015). 

3.2. Nitrite, Nitrate and Ammonia as Nitrogen 

The mean concentrations of Nitrite were ≤ 0.05 mg/L for all the samples analyzed. Boreholes 

supplying drinking water to the villages (B7 and B8) had 21.5 and 15 mg/L of nitrate concentrations, 

respectively, which is above the South African standards of ≤ 11 mg/L (Table 3). Other boreholes 

have lower concentrations, ranging from 0.4 to 10.5 mg/L (Figure 3). The ammonia levels as nitrogen 

range from < 0.1 to 0.2 mg/L (Figure 4).  

3.3. Inorganic parameters 

Table 4 shows the mean concentrations of heavy metals. Samples were screened once-off in 

duplicates. Thus, communal boreholes 3, 6 and 8 had the highest chloride concentrations. 460, 396 

and 337 mg/L, respectively, above the recommended South African set standard of ≤ 300 mg/L. Other 

chemicals were within the recommended set standards of South Africa (see Table 4 for details). 

3.4.  Correlation analyses 

We used classifications for correlation as described by Adebayo et al. 2016 as follows: perfectly 

correlated (R2 = 1), very strongly correlated (±0.9 ≤ R2≤ 1), strongly correlated (±0.7 ≤ R2 < ±0.9), 

moderately correlated (±0.5 ≤ R2 < ±0.9), and poorly correlated (R2 < ±0.5). Correlation coefficient 

values for four (pH, EC, TDS, NH4, NO3) parameters are shown in Table 4. Electrical conductivity (R2 

= 0.67) was strongly correlated with total dissolved solids. The correlation between nitrate with pH, 

EC and TDS was moderate as R2 = 0.62, R2 = 0.51 and R2 = 0.50, respectively. 

4. Discussion 

Eight communities in the Northern region of South Africa, Limpopo, with communal boreholes 

were evaluated for drinking water quality. Physical properties (pH, temperature, electrical 

conductivity, and total dissolved solids (TDS)) were measured. We also quantified the levels of 

Nitrate, Nitrite and Ammonia as Nitrogen. The levels were also compared with standards set by South 

Africa for drinking water.  

In this study, two communal boreholes located at B8 and B7 had high levels of Nitrate at 15 and 

21.5 mg/L, respectively. According to SANS 241-1 of 2015, an amount above 11 mg/L may cause acute 

or chronic health problems in individuals. The water quality guide for domestic use in South Africa 

indicates that nitrate levels between 10-20 mg/L may cause infant methaemoglobinaemia, while levels 

above 20 mg/L cause mucous membrane irritation in adults (DWAF, 1996). The World Health 

Organization (WHO) reported that high nitrate levels risk human health due to increased 

methemoglobin levels and carcinogenic compounds (WHO, 2007). Penka et al., 2008 found a relative 
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risk of thyroid disorders for pregnant women exposed to high-nitrate levels with an odds ratio of 

5.294 (95% Cl: 1.003-27.939; P=0.0454). High exposure to nitrate is also associated with 

methemoglobinemia in infants (Khan et al., 2013; WHO, 1996). Exposure of pregnant women to high 

levels of nitrate through drinking water has been associated with congenital disabilities (Brender et 

al. 2013).  

Previous studies have suggested that possible causes of NO3- and NO2- contamination of 

boreholes include sewage disposal to the location, over-application of fertiliser, manure application, 

landfill leachate, wastewater leakage and municipality runoff (Aslam et al., 2018; Gu et al. 2017; Chen 

et al. 2016). Most of these rural communal boreholes are located either close to the downstream or 

soak away pits or landfills or dumping sites, according to Afangideh et al., 2011. In the other area of 

the Vhembe district, landfills are one of the significant threats to groundwater contamination (Fatta 

et al., 1999). The Makhado area is predominately agricultural, which includes ploughing and 

livestock farming. We suggest that the over-application of fertiliser or manure application may cause 

contamination. In addition to agricultural activities, animal dung (especially from cattle) may be the 

source of nitrates. 

Parameters such as Chloride, Sulphate, fluoride, Copper, Iron, Lead, Manganese and Zinc were 

also assessed. The presence of cations, anions, and heavy metals in drinking water has been found to 

pose risks to human health possibly. A study conducted in the Muledane area of the Vhembe district 

found that manganese, chromium, and iron were above recommended standard limit sets by DWAF, 

1996, for domestic use (Edokpayi et al., 2018). The study complements our findings on groundwater 

contamination levels in the district, and the presence of chemicals was suggested to pose potential 

human health risks, especially to adults and children using borehole water for consumption. 

The current study found high levels of electrical conductivity in three communal boreholes. The 

presence of high electrical conductivity indicates the presence of ions in the water. The presence of 

nitrate correlates with the pH, EC, and TDS in water. Therefore, it is essential to investigate the 

presence of such parameters in future studies. Besides chemical contamination, groundwater is not 

free of microorganisms as perceived. In the investigated area, high levels of faecal contamination 

have been previously found in groundwater sources (Bessong et al., 2009). Thus, posing a possibility 

of waterborne diseases within the communities. 

5. Conclusions and Recommendations 

The study presents the status of the communal boreholes in the Makhado area of the Vhembe 

district. The water quality still worries due to the high levels of nitrate in the groundwater, which 

poses a potential health risk to infants. Further assessment should be done to assess more possible 

sources of groundwater contamination in an area. There is a need to implement monitoring programs 

for all drinking water sources in the Vhembe district of South Africa in order to comply with the 

South Africa National Standards (SANS) set for drinking water. The installation of the new borehole 

system should be considered by finding a new place where water can be pumped from the ground 

because most borehole systems studied were old and poorly maintained. The conducting of health 

risk assessment is of importance in the study area. This is specifically for vulnerable groups (elders, 

pregnant women, and children under the age of 5 years) who rely on boreholes as a source of drinking 

water. This study provides evidence of the temporal trends and the level of groundwater 

contamination within an aquifer. Additionally, the study provides evidence to the groundwater 

management and water pollution prevention team in South Africa on the level of groundwater 

contamination.   
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