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ABSTRACT

Dairy farms in central South Africa depend mostly on groundwater for domestic needs and dairy activities. Groundwater 
samples were collected from 37 dairy farms during 2009 and 2013. Sixteen water quality parameters were tested and 
compared to the standard. Four parameters in 2009 and six in 2013 exhibited 100% compliance with the standard. Nitrate, 
Escherichia coli and total coliforms showed relatively low compliance across farms and years. Almost all farms were non-
compliant for hardness in both sampling years. T-tests revealed significant changes from 2009 to 2013 for pH (t = 2.580; 
p = 0.006), hardness (t = 2.197; p = 0.016) and potassium (K) (t = 1.699; p = 0.0468). For hardness, approximately 45% of 
the farms in 2009, and 57% in 2013, posed a health risk to sensitive consumers. More than 50% of the farms in both years 
demonstrated levels of nitrates that could pose a health risk, particularly for babies. High levels of coliforms and E. coli were 
found, indicating a health risk for clinical infections in consumers. The number of farms presenting 3 or more parameters 
with a health risk more than doubled from 13.5% in 2009 to 27.0% in 2013.

Keywords: Water quality, groundwater, E. coli, coliforms, nitrate, hardness, dairy farms

INTRODUCTION

Dairy farming is the fourth largest agricultural industry in South 
Africa, representing 6% of the gross value of overall agricultural 
production (Mkhabela et al., 2010). The dairy industry is also 
a major contributor to the South African economy through 
employment, with about 60 000 farm workers employed by more 
than 4 000 milk producers (DAFF, 2012). The total number of 
milk producers, as recorded in January 2008, was 3 665, of which 
919 were situated in the Free State Province (Mkhabela et al., 
2010). The number of milk producers in the Free Sate decreased 
from 919 in 2008 to 498 in 2013 (Milk SA, 2013).

Dairy enterprises utilise water for all steps of the dairy 
industry, including cleaning, sanitisation, heating, cooling and 
floor washing. Dairy farm effluent, which refers to manure and 
urine deposited throughout the milking process, is diluted 
while washing the milking shed floor (Williamson et al., 1998; 
Hooda et al., 2000). Animal waste in dairy effluent is a major 
source of pollution through nutrient enrichment of streams and 
groundwater which may, in turn, have a significant impact on 
the environment (Wilcock et al., 1999; Ali et al., 2006; Atalay et 
al., 2008; Kay et al., 2008; Van der Schans et al., 2009).

The harmful effects of agricultural activities on ground-
water (Gillingham and Thorrold, 2000; Dahiya et al., 2007; 
Monaghan et al., 2009) are becoming more and more of a 
concern worldwide (Mohammad and Kaluarachchi, 2004). In 
South Africa, most dairy effluent is discharged onto pastures 
and land (Strydom et al., 1993) and has been shown to pol-
lute groundwater (Tredoux et al., 2000). Therefore, disposal 
practices for dairy effluent and manure in dairy enterprises are 

currently undergoing critical revision to reduce their impact on 
groundwater quality (Goss and Richards, 2008).

Most dairy farms in the Free State utilise groundwater as a 
human drinking water source and for all dairy activities. Farm 
groundwater is rarely treated in South Africa. Therefore, if farm 
effluent and manure is disposed of in an inappropriate manner, 
faecally derived pathogens and nitrates may be introduced into 
groundwater which, in turn, may pose a risk to human health 
when the water is used as drinking water and in dairy activi-
ties (Harter et al., 2002; Oliver et al., 2009). Faecal contamina-
tion of groundwater has been linked to outbreaks of various 
water-borne infections (Krolik et al., 2013). Nitrates have been 
implicated in methaemoglobinaemia and also a number of 
inconclusive health outcomes (Fewtrell, 2004). Acquired meth-
aemoglobinaemia is primarily an issue for infants less than 6 
months old (Manassaram et al., 2010).

In South Africa, the quality of water used on dairy farms 
must meet minimum standards in order to comply with the 
conditions set out in Regulation 961 (RSA, 2012). Water used 
in a commercial dairy must comply with the South African 
National Standard 241 (SANS, 2011) for drinking water. 
Because the groundwater on dairy farms in South Africa is 
rarely monitored, this study was undertaken to assess compli-
ance of groundwater to the SANS 241 (SANS, 2011) drinking 
water standard on dairy farms in the central Free State.

METHODS

Groundwater samples were collected from the point of use 
on 37 dairy farms located in the districts of Motheo, Xhariep 
and Lejweleputswa in the central Free State, South Africa. 
Water samples were collected during 2009, and repeated in 
2013. Sixteen groundwater quality parameters were analysed, 
namely: electrical conductivity (EC), pH, total hardness, 
chloride (Cl), sulphate (SO4), phosphate (PO4), nitrate (NO3), 
fluoride (F), calcium (Ca), magnesium (Mg), sodium (Na), 
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potassium (K), heterotrophic plate count (HPC), total coli-
forms and Escherichia coli. Total dissolved solids (TDS) were 
estimated by multiplying EC by the factor of 6.5 (WRC, 1998). 
Standard sampling and analytical procedures were followed for 
the physical and chemical parameters, as prescribed by SANS 
241 (SANS, 2011) and the Department of Water Affairs (DWAF, 
2006). 

For the microbiological analyses, the instructions of the 
manufacturers of Petrifilm® and Colilert®-18 were followed. 
Prior to sampling, a tap was first f lamed and thereafter left 
to run freely for at least 2 minutes. Electrical conductiv-
ity and pH were measured in situ using a MARTINI MI 
806 pH/EC/temperature portable meter. For the chemical 
parameters, water was collected in 500 mℓ bottles while, 
for the microbial analysis, sterile 100 mℓ bottles were used. 
All samples were placed in an ice box and transported to 
the laboratory where they were stored in a refrigerator at a 
temperature of 4°C until analysis was completed. Chemical 
analyses were conducted by the Institute of Groundwater 
Studies in Bloemfontein. Water samples for microbiologi-
cal analysis were processed in the microbiology laboratory 
of Mangaung Metropolitan Municipality in Bloemfontein. 
T-tests were performed on the different water quality param-
eters to ascertain if significant differences existed between 
the 2 sampling years.

RESULTS

Of the 16 water quality parameters that were measured, 4 
parameters in 2009 and 6 in 2013 exhibited 100% compli-
ance with the standard (Table 1). Three parameters, namely 
nitrate, E. coli and total coliforms, showed relatively low 
compliance across the farms and years. Approximately one-
third of the farms were non-compliant for E. coli and more 
than 50% for total coliforms in both sampling years. For 
hardness, almost all the farms were non-compliant in both 
sampling years. T-tests were performed to ascertain if there 
were any changes in the quality of the drinking water from 
2009 to 2013. Only three of the parameters demonstrated 
significant change from 2009 to 2013, namely pH (t = 2.580; 
p = 0.006), hardness (t = 2.197; p = 0.016) and K (t = 1.699;  
p = 0.0468).

Health and economic implications

Hard water generally poses no health risk for consumers; how-
ever, water that is very hard or extremely hard could result in 
chronic health effects in sensitive groups, such as the aged and 
immune-compromised (WRC, 1998). In this study, approximately 
45% of the farms in 2009 and 57% in 2013 demonstrated water 
that poses a risk for these sensitive consumer groups (Fig. 1a). 

Hard water used for domestic purposes results in scale 
deposition, particularly in heating appliances, and also requires 
an increased use of soap (Rubenowitz-Lundin and Hiscock, 
2013). The groundwater on many farms tested as hard or very 
hard, while the water on a few farms tested as extremely hard 
(Fig. 1a). Because water is used in all dairy cleaning operations, 
these levels of hard water could add an additional cost to the 
running of a dairy by reducing the life span of equipment and 
increasing the amount of soap used. 

High levels of nitrate in drinking water are of concern for 
babies, particularly as groundwater is the only source of drink-
ing water on all the farms studied (WRC, 1998). More than 
50% of the farms studied, in both years, demonstrated levels 
of nitrates that could pose a health risk (Fig. 1b). Of particular 
concern were the few farms with levels of nitrates exceeding 40 
mg/ℓ which pose an acute risk for babies. Furthermore, nitrate 
poisoning of livestock could result in animal losses (Tredoux 
et al., 2000). Other adverse health effects in animals include 
increased incidence of stillborn calves and abortion, lower milk 
production and reduced weight gain (Tredoux et al., 2004).

The high levels of coliforms found in the groundwater on 
many of the farms are of concern, particularly for sensitive 
groups. Counts of 10–100/mℓ could result in clinical infections, 
and counts of 100–1 000/mℓ could cause infections even with 
once-off consumption (WRC, 1998). Counts of >1 000/mℓ in the 
groundwater on 18.9% of the farms in 2009, and 5.6% in 2013, 
pose serious health risks for all users (WRC, 1998) (Fig. 2a).

Escherichia coli, on the other hand, poses a health risk to 
consumers at much lower levels, particularly to sensitive groups 
(WRC, 1998). Clinical infections are common, even with once-
off consumption, at counts of >10–100/mℓ and serious health 
effects are common in all users at counts of >100/mℓ (Fig. 2b). 
These risks are equally prevalent when untreated, polluted 
groundwater is used for food preparation (WRC, 1998).

Figure 1
Distribution of measurements for (a) total hardness, and (b) nitrate (arrow indicates the limit of the South African National Standard)
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TABLE 1
Summary statistics of the water quality parameters measured in 2009 and 2013

Parameters
(Standard limit)

Minimum Maximum Median Mean (SD) % 
Compliance

2009 2013 2009 2013 2009 2013 2009 2013 2009 2013

EC (170 mS/m) 54.00 44.50 231.00 282.00 79.40 83.30 97.83 (47.23) 95.45 (46.69) 89.19 97.30

TDS (1 200 mg/ℓ) 351.00 289.25 1 501.50 1 833.00 516.10 541.45 635.89 (307.01) 620.40 (303.45) 89.19 89.19

pH (5–9.7) 7.12 7.04 8.34 8.09 7.70 7.51 7.66 (0.32) 7.49 (0.25) 100.00 100.00

Total hardness 
(100 mg/ℓ) 3.59 42.90 471.00 1 544.77 294.00 315.28 280.52 (102.73) 379.68 (254.73) 8.11 2.70

Chloride (Cl) 
(300 mg/ℓ) 12.00 19.83 462.00 474.10 47.00 55.20 89.81 (112.33) 87.19 (94.88) 91.89 97.26

Sulphate (SO4) 
(500 mg/ℓ) 15.00 14.60 194.00 266.19 42.00 42.81 55.19 (45.95) 58.92 (50.57) 94.59 100.00

Phosphate (PO4) 
(0.1 mg/ℓ) 0.10 <1.00 5.46 <0.10 0.25 <0.10 1.75 (2.47) <0.32 (0.39) 94.59 100.00

Nitrate (NO3) 
(11 mg/ℓ) 0.39 0.65 68.00 79.18 10.61 12.50 13.70 (15.03) 14.66 (14.99) 56.76 40.54

Fluoride (F) 
(1.5 mg/ℓ) 0.13 0.08 1.43 0.96 0.37 0.35 0.42 (0.25) 0.38 (0.19) 100.00 100.00

Calcium (Ca) 
(150 mg/ℓ) 38.40 10.70 406.00 295.71 73.90 67.47 104.96 (90.72) 80.53 (48.94) 86.49 94.59

Magnesium (Mg) 
(70 mg/ℓ) 11.10 3.94 152.00 196.46 33.80 35.35 45.66 (34.61) 43.50 (33.08) 89.19 97.30

Sodium (Na) 
(200 mg/ℓ) 15.70 21.23 142.00 162.91 55.40 59.92 60.28 (31.51) 66.22 (32.77) 100.00 100.00

Potassium (K) 
(50 mg/ℓ) 0.33 0.19 158.00 10.65 4.17 4.01 13.91 (33.35) 4.55 (3.03) 100.00 100.00

HPC 
(1000 counts/100 mℓ) 0.00 5.00 2 7000.00 32 000.00 1 080.00 91.50 1 286.30 (4 

630.20)
1 515.80  

(5 798.55) 81.1 91.9

Total coliforms 
(<10 counts/100 mℓ) 0.00 0.00 2 419.00 2 419.20 42.00 11.60 506.50 (875.50) 258.30 (581.66) 40.5 45.9

E. coli (not detected 
in 100 mℓ) 0.00 0.00 2 419.00 45.00 0.00 0.00 84.50 (399.13) 3.90 (59.46) 70.3 59.5

EC = electrical conductivity; HPC = heterotrophic plate count; TDS = total dissolved solids; SD = standard deviation

Figure 2
Distribution of measurements for (a) total coliforms, and (b) E. coli (arrow indicates the limit of the South African standard)
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The 4 parameters (hardness, nitrate, coliforms and E. coli) 
were used to ascertain the health risk exposure of consumers 
of groundwater on the farms. It was found that the number of 
farms presenting with 3 or 4 of the parameters at a level of risk, 
more than doubled from 13.5% in 2009 to 27.0% 2013.

DISCUSSION AND CONCLUSIONS

The region in which this study was undertaken is known 
for its hard water, caused mainly by the natural geology 
of the region. Nitrate enrichment of water can be attrib-
uted mostly to animal waste and run-off from the dairies 
(Wilcock et al., 1999). On some of the farms the nitrate 
levels were exceptionally high, up to 7 times greater than 
the South African specified health limit of 11 mg/ℓ (SABS, 
2011), which is more stringent than the 50 mg/ℓ specified for 
nitrates by the World Health Organisation (WHO, 2011). On 
2 farms in 2009 and on 1 farm in 2013, the nitrate measure-
ment exceeded toxic levels of >50 mg/ℓ (Spalding and Exner, 
1993). A groundwater study conducted in the rural areas 
of South Africa indicated that increasing nitrate levels in 
groundwater are hazardous to bottle-fed infants as well as to 
livestock (Tredoux et al., 2000). 

A further concern is the high levels of coliforms and 
E. coli that were detected in the water used for domestic 
purposes and dairy activities. The number of total coliform 
and E. coli found in the drinking water suggests that poor 
sanitation conditions and practices are potential reasons for 
the high presence of microbiological contaminants (Gwimbi, 
2011). Although most coliforms do not cause disease, they 
are indicators of the presence of other disease-causing 
organisms (Wu et al., 2011). At the high levels found in this 
study, coliforms could pose a health threat even with once-
off consumption (WRC, 1998). At more than 55% of the 
farms, E. coli contamination of drinking water fell into the 
categories of intermediate to very high risk, according to 
the WHO (1997). The E. coli presence indicates faecal con-
tamination and, therefore, poses a health threat to humans 
and animals residing on the farms (Pell, 1997). Immune-
compromised patients, suffering from HIV/AIDS, are par-
ticularly vulnerable. 

Factors contributing to the contamination of milk 
include contact with animals and personnel engaged in milk 
processing, unhygienic milking equipment, poor quality 
water used in the dairy, and poor herd health (Altalhi and 
Hassan, 2009). Although the process of pasteurisation is 
responsible for improving safety and lengthening the shelf 
life of dairy products, it does not eliminate all microorgan-
isms and their enzymes, spores and toxins. The thermal 
destruction process is logarithmic and eliminates bacteria at 
a rate that is proportional to the number of bacteria present 
in raw milk (Le Jeune and Rajala-Schultz, 2009). In instances 
where the bacterial count is high in raw milk, pasteurisation 
will not be able to kill all bacteria within the short period 
of time of its application (Lund et al., 2002). Milk buyers in 
South Africa apply a sliding scale for good quality milk and 
a penalty system for milk with low bacteriological quality, 
when determining the value of the raw milk (Clover, 2013). 
Furthermore, the high bacterial content in the water could 
compromise the quality of dairy products and other farming 
produce (Jones, 1999). This study strongly suggests a revi-
sion of waste water management strategies on dairy farms in 
the Free State.
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