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1. Purpose and overview of the Olifants River Catchment 

 

1.1. Purpose of this report 
 
This report seeks to a) provide an overview of water quality of the Olifants River Catchment and b) to 
highlight the importance of the Wilge River in terms of water quality and flow management. It does this 
by providing evidence for the following argument. 
 
The Wilge River is still in relatively good condition when compared to adjacent catchments and 
downstream reaches of the heavily-impacted upper Olifants Catchment (Figure 1). For this reason it acts 
as a critical ‘buffer’ or safeguard for the upper catchment and the downstream reaches of the Olifants 
River into Loskop Dam. This dam is the main source of water for extensive commercial agricultural 
production. The dam also acts as a major disconnect in the integrity of the Olifants riverine system storing 
and releasing toxicants in low and high flows (see later). We highlight that given the role of the Wilge 
River as a safeguard in a degrading system through its assimilative capacity (Box 1), longterm and systemic 
risks must be considered. In line with the precautionary principle for environmental management, all 
measures should be taken to ensure that this capacity is maintained through the prevention and mitigation 
of any potential risks. Any understanding of risks need to adopt a systems view where the potential 
impacts on riverine integrity, human health and the economy are considered. Climate change projections 
indicate that impacts of increased temperatures on water availability (and hence assimilative capacity) 
are likely to further exacerbate the already highly vulnerable situation.  
 

Box 1 
The concept of assimilative capacity  

A key concept to assessing the role of the Wilge as a ‘safety-net’ is that 
of assimilative capacity. Assimilative capacity refers to the ability of a 
body of water to cleanse itself; its capacity to receive waste 
waters or toxic substances without deleterious effects and without 
damage to aquatic life or humans who consume the water. It is level 
to which water body or nature control the toxicity without effecting the 
aquatic life.  
https://en.wikipedia.org/wiki/Assimilative_capacity accessed 8/7/2016 

 
It must be noted that given the very limited time available to AWARD, this report provides a broad 
overview of the key issues we deem as critical for any assessment of the potential impacts and risks for 
water resources. Further details would require additional work on our behalf.   
 
 
 

1.2. Overview of the Olifants River Catchment 
 
The proposed site of the KiPower station lies in the upper Wilge sub-catchment which forms part of the 
Olifants River Catchment (ORC). This is the largest sub-catchment of the Limpopo River basin, which is 
shared by Botswana, Mozambique, South Africa and Zimbabwe. The ORC is approximately 85,000 km2 in 
extent, comprising portions of Mozambique (11,458 km2) and South Africa (73,542 km2). It is located 
between 21.5° and 26.5° S and 28.4° and 32.8° E. The areas contributed by the Olifants, Great Letaba 
and Shingwidzi catchments to the South African portion of the overall Olifants River catchment are 54,563 
km2, 13,669 km2 and 5,310 km2, respectively (Middleton and Bailey 2008, Ashton and Dabrowski 2011).  
It originates from a north-north-easterly direction of the Highveld region before flowing into Mozambique, 
where it joins the Limpopo River (Ashton and Dabrowski 2011). The most important tributaries of the ORC 
in South Africa in terms of flow contributions or economic importance are sumarised in Table 1(Ashton and 
Dabrowski 2011). 
 

https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Waste_water
https://en.wikipedia.org/wiki/Waste_water
https://en.wikipedia.org/wiki/Toxic_substance
https://en.wikipedia.org/wiki/Aquatic_life
https://en.wikipedia.org/wiki/Assimilative_capacity
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1.3. Mining, AMD and practices of liming in the upper 

ORC 
 
AWARD has developed a database of mines in the Olifants Catchment (AWARD internal report 2015). There 
are an estimated 680 mines including abandoned and extant mines (Figure 2). The upper catchment is 
heavily dominated by coal mining, which is the focus of the assessment by GroundWork and hence of this 
report.  

 

 
Figure 1 Map of the Upper Olifants River Catchment indicating the Wilge sub-catchment (B2) and the 

adjacent Olifants and Klein Olifants sub-catchments (B1) which together flow into the Olifants (B3) and 
Loskop Dam. The position of the Wilge relative to these sub-catchments together with its relatively good 
condition make it a critical buffer that mitigates extremely poor water quality inputs from B1 and B3. 
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Figure 2 Map of the Olifants River catchment indicating location of mines (extant and existing) as well as critical 
biodiversity areas.  

 
Whilst a detail description of AMD and attempted mitigatory practices are beyond the scope of this report 
(and have been reflected in other reports), this section provides a broad overview of the links between 
coal mining, AMD and the decline in ecosystem and human health. It is offered as a summary which may 
be useful when considering systemic risks posed human and ecosystem health as mediated by water (the 
focus of this report).  
 
Of concern are the associated impacts and risks from Acid Mine Drainage or AMD1 in particular which, as 
the name implies, acidifies receiving riverine reaches and can mobilise metals bound in the sediment 
These are then bio-available for uptake into the ecosystem, biota and by humans with pernicious impacts 
(Figure 2). Thus impacts on human health and well-being must be considered as part of the systemic risk. 
Indeed the full health costs, which are generally borne by the state (and tax payers) through treatment at 
clinics and hospitals, are costs that are ‘externalized’ in conventional economic analyses but which in fact 
represent real costs and hence associated risks.  
 
One of the attempts to mitigate this include liming where large amounts of calcium carbonate are applied 
around and to the discharge effluent. Whilst this might appear to offer a temporary solution, this is in turn 
associated with water quality pollution in the form of increased salinity which carries its own risk to 
environmental and human health. 

                                                 
 
1 AMD is formed when pyrite (iron sulphide) is exposed and reacts with the air and water. This is dependent on the 

pyrite surrounding the coal. In the upper Olifants there is a lot of evidence (e.g. sulphates and pH levels), that 
indicate the presence of Pyrite. The acid runoff can then further dissolve heavy metals such as: copper, lead, 
mercury. In the reaction the sulphide (S2) can become sulphates (SO4). Therefore, sulphates can be used as an 
indicator. 
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2. Overview of the overall water quality conditions in the 

Olifants Catchment 

 

2.1. Data sources 
A number of factors and studies point to the declining nature of water quality of the ORC. The upper 
catchment in particular has been the focus of considerable scientific studies and media attention in 
recent years (Ashton and Dabrowski 2011; Oberholster et al 2010; 2012). Thus, this summary draws on 
recent published as well as unpublished sources (mainly AWARD’s analysis) regarding the current 
status and water quality across the catchment.  
 
Most published works – and our own- on the water quality of Olifants River are based on the 
Department of Water Affairs & Sanitation (DWS) Resource Quality Services (RQS) water quality 
database. The water quality variables captured in this database include electrical conductivity (EC), 
total dissolved salts (TDS), pH, sodium, magnesium, calcium, potassium, fluoride, chloride, sulphate, 
phosphate, total alkalinity, ammonium, and nitrate and nitrite. No trace metal or organic analysis is 
performed as part of this routine monitoring (Heath et al. 2010). DWA (2011a) noted that salinization, 
eutrophication and acid mine drainage are among South African's major water quality issues, all of 
which occur in the ORC. We provide an overview of the water quality in the upper, middle and lower 
reaches of the ORC based on salinization, AMD, eutrophication, microbial pollution and toxicants and 
their impacts. 
 
Note that: 

 

 
Figure 3 Schematic representation, or causal loop diagram, of the links between AMD, water quality 

toxicity and environmental and human health (AWARD internal report 2016) 
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 Sulphate and pH are useful as indicators of mining-related impacts (AMD), Pyrite (iron 

sulphide), which, is often found in rocks surrounding coal deposits, when exposed to air 

and water during the mining process will react forming acidic runoff with high levels of 

sulphates. This acidic water can dissolve heavy metals such as: copper, lead, and mercury. 

Therefore, sulphates in conjunction with pH are good indicators of mining and potentially 

the presence of heavy metals.   

 phosphate is an indicator of sewage and farming-related impacts (eutrophication),  

 nitrate is indicative of both farming (eutrophication) and sewage-related impacts 

(microbial pollution), and  

 EC is a general indicator of salts and their related impacts, either from mining or farming 

or natural origins (salinization).  

  

2.2. Overall water quality 
 
The Olifants River is one of the most polluted rivers in Southern Africa, with the Loskop Dam acting as 
a repository for pollutants from the upper catchment (DWA 2011a). Over the years, demands for water 
for industry, mining, power generation, agriculture and domestic use have increased steadily, 
exceeding the rate of population growth, with concomitant and significant increases in the volume of 
poorly-treated effluents that are discharged to the river system and its tributaries, causing steady 
decline in water quality. The flow regime of many of the rivers and the main stem have also altered 
significantly over the past two to three decades (AWARD, internal report 2015). 
 
Furthermore, the ORC experiences variable rainfall patterns that result in periodic droughts 
interspersed with floods, and cyclonic events in the eastern portion in Mozambique (Christie and 
Hanlon 2001). Added to this natural variability, the dramatic decline in water quality in recent years 
has exacerbated the existing vulnerability of aquatic ecosystems and peoples’ livelihoods (Ashton et al. 
2008, Ashton and Dabrowski 2011).  
 
Ashton and Dabrowski (2011) reported that the discharge of treated, partly treated and untreated 
effluents from mines, industries and sewage treatment plants, combined with seepage of acid mine 
drainage (AMD) from several active and abandoned coal mines in the Olifants River’s upper reaches, 
contribute nutrients, salts, metal ions and microbial contaminants to the river system. They also note 
a steady increase in nutrient concentrations (indicating eutropihication of reservoirs), as well as 
concentrations of metals such as aluminum and iron which often exceed national water quality 
guidelines. According to Ashton and Dabrowski (2011), blooms of the toxic cyanobacterium Microcystis 
aeruginosa in Loskop are thought to be responsible for recent fish kills and human users of water from 
this reservoir also face risks to health. They further stated that the water quality situation in the 
lower Olifants River recently received considerable public attention when over 170 crocodiles were 
reported dead inside the KNP and the crocodile population in the upper reaches of the catchment has 
also declined.  
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2.2.1. Spatial profile of water quality parameters 

for the ORC 
 
 
This section compares water quality parameters from 31 sites across the ORC based on temporally 
aggregated water quality. As such, any information on temporal change in sites is not presented here, and 
this section assesses broad spatial variation only in the water quality parameters assessed. This roughly 
correspond to sites from the upper to lower reaches of the catchment. 
 

Sulphate 

Spatial trends in sulphate levels across the Olifants River catchment are presented in Figure 4. Results 
vary across the catchment from ideal to sites with extremely high levels of sulphate contamination of river 
waters. These sites, often in tributaries, are generally associated with mining, and here the majority of 
records are worse than tolerable. These sulphate ‘signatures’ are seen in the upper ORC and along the 
Selati River (lower Olifants). The tributaries corresponding to the results in Figure 4 have been colour-
coded in the map in Figure 5 for ease of interpretation.  
 
The upper ORC contains a number of coal mines (see Figure 2), and samples from this region typically 
have high sulphate loads, resulting in most samples being classified as tolerable or worse. Exceptions to 
this generality are the monitoring points at Middelkraal (B1H018) on the Olifants River and Middeldrift 
(B1H021) on the Steenkoolspruit. The catchments upstream of both contain some coal mining activity; 
however, the impacts of this largely seem to be contained. Overall, the sulphate load introduced to the 
upper Olifants River is substantial (see Figure 4). 
 
Sulphate levels along the main stem of the Olifants River decrease with distance downstream until the 
confluence with the Ga-Selati River. Input from tributaries along this length varies, but in general is not 
worse than acceptable, and can be ideal with extremely low sulphate levels2. The Ga-Selati River 
contributes a large load of sulphate to the lower Olifants River mainly from the Phalaborwa mining-
industrial complex, as upstream Ga-Selati water has very little sulphate. Sulphate input from the Ga-Selati 
River elevates sulphate loads in the Olifants River, and these elevated levels are maintained until the river 
passes the South Africa-Mozambique border. The relatively few data available from Mozambique indicate 
that sulphate levels decrease below Massingir Dam suggesting that the dam acts as a sink. 

  

                                                 
 
2 Examples of the latter include the Steelpoort River, the Blyde River, and the Klaserie River. Sulphate 
loads from the Moses River and Elands River are higher. These rivers have relatively high conductivities 
and consequent salt loads, and the elevated sulphate levels are largely a function of elevated salinity, 
rather than increased dominance of sulphate. These rivers are associated with extensive irrigated 
agriculture. 
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Figure 4 Box and whisker plots of sulphate levels at sites in the Olifants River Catchment. Boxes show the 
interquartile range, with medians indicated. Whiskers show levels within 1.5 times the interquartile range, and 
dots show outliers. The upper 2% of data are not plotted. Sites are roughly ordered along the axis by distance 
upstream, with those higher in the catchment to the left. Horizontal lines show upper limits of DWAS generic 
RQOs for South Africa (DWA 2011a). Colours correspond to rivers shown in Figure 5 

 
Figure 5 Map of the upper Olifants River Catchment. Tributaries are colour-coded to correspond to results for 

sulphate concentrations shown in Figure 4. 
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Electrical conductivity 

Spatial variation in electrical conductivity levels in rivers in the ORC are presented in Figure 6. Relatively 
few sites had median conductivities in the ideal range, and of these, none were on the Olifants River itself. 
Sites with ideal conductivities were on the Koffiespruit, the Wilge, Blyde and Klaserie Rivers, and 
upstream in the Steelpoort and Ga-Selati River catchments. 

 
Figure 6 Box and whisker plots of electrical conductivity levels at sites in the Olifants River catchment. Boxes show 
the interquartile range, with medians indicated. Whiskers show levels within 1.5 times the interquartile range, and 
dots show outliers. The upper 2% of data are not plotted. Sites are roughly ordered along the axis by distance 
upstream, with those higher in the catchment to the left. Horizontal lines show upper limits of DWAS generic RQOs 
for South Africa (DWA 2011a). 

The conductivity of the Olifants River increases after Loskop Dam until the river leaves South Africa. Along 
this stretch below Loskop, all sites are on the acceptable-to-tolerable boundary. Inputs from tributaries 
along this length vary considerable in salinity. Data from Mozambique indicate a further decrease in 
salinity. 
 
The central region of the catchment has fairly high conductivity, and inputs from the Moses and Elands 
Rivers are among the most saline of tributaries in this catchment. 
 
Only one site3 had median conductivity that was worse than tolerable, and this site was downstream on 
the Ga-Selati River at Loole/Foskor (B7H019). Sites in the upper catchment are located in an area with 
much mining, and in particular coal mining, activity, and all sites in that region have slightly to seriously 
elevated conductivities.  
 
 

  

                                                 
 
3 This correlates with the findings of several other parameters assessed in this analysis, and highlights the 
impact of the mining complex and settlements around Phalaborwa. Sites on the Olifants River downstream 
of the confluence with the Ga-Selati River have electrical conductivities in the acceptable-to-tolerable 
range and it seems likely that inflow from the Ga-Selati River maintains salinity levels in this region. 
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pH 

Spatial variation in pH from the ORC are presented in Figure 7. Sites for the most part are often within the 
ideal range for much of the time, with shifts from ideal to acceptable indicating areas of concern.  
 
The one notable exception, where serious acidification is present, is found at Zaaihoek (B1H004) on the 
Klipspruit (a tributary of the upper Olifants River). This small river drains Ferrobank to the west of 
Emalahleni and shows signs of acidification very early on4.  
 

 
Figure 7 Box and whisker plots of pH levels at sites in the Olifants River catchment. Boxes show the interquartile 
range, with medians indicated. Whiskers show levels within 1.5 times the interquartile range, and dots show outliers. 
Sites are roughly ordered along the axis by distance upstream, with those higher in the catchment to the left. 
Horizontal lines show upper limits of DWAS generic RQOs for South Africa (DWA 2011a). 

  

                                                 
 
4 The other trend in pH apparent in Figure 7 is the alkalinity of upper and occasionally lower pH values at a number of sites. Notable 

examples include Alverton (B4H011) in the lower Steelpoort River and Finale Liverpool (B7H009), the first site downstream of the 
confluence of the Steelpoort and Olifants Rivers, as well as Loole/Foskor (B7H019) in the lower Ga-Selati River, and Mamba/Kruger 
National Park (B7H015), the first site downstream of the confluence of the Ga-Selati and Olifants Rivers. The spatial arrangement of 
these sites suggests that input from tributaries is having an effect on water quality in the Olifants River (although this effect is not 
clear in the case of low pH water from the Klipspruit). The alkalinity of pH noted above decreases across sites in the Great Limpopo 
Transfrontier Park so that pH levels in lowest sites are often ideal. 
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Orthophosphate 

Orthophosphates are an important variable to consider in this report because of its role in bio-
accumulation. Eutrophication resulting from phosphate loading can result in explosive macrophyte and 
microphyte growth. This in combination of the presence of heavy metals, results in bio-accumulation.  
 
Spatial variation in orthophosphate levels in rivers in the ORC are presented in Figure 8. Perhaps the most 
striking pattern recorded there relates to the extremely high levels of orthophosphate at two sites, 
Middeldrift (B1H021) on the Steenkoolspruit in the upper catchment, and Loole/Foskor (B7H019) on the 
lower Ga-Selati River5, with the latter having the highest levels. Both of these sites are associated with 
mining impacts.  
 
The Steenkoolspruit is a tributary of the Olifants River in the far upper catchment, and, as its name 
suggests, drains an area containing a number of coal mines. It also has Kriel and Duvha coal-fired power 
stations, with a combined installed capacity of 6600 MW, and the town of Kriel.  
 

 
Figure 8 Box and whisker plots of orthophosphate levels at sites in the Olifants River catchment. Boxes show the 
interquartile range, with medians indicated. Whiskers show levels within 1.5 times the interquartile range, and dots 
show outliers. The upper 2% of data are not plotted. Sites are roughly ordered along the axis by distance upstream, 
with those higher in the catchment to the left. Horizontal lines show upper limits of DWAS generic RQOs for South 
Africa (DWA 2011a). 

No other sites in the upper catchment have orthophosphate levels that approach those at Middledrift, 
although some have relatively high orthophosphate levels compared to others in the region. For example, 
Middelkraal (B1H018), the uppermost site on the Olifants River, and Vaalkrantz (B1H020) on the 
Koringspruit, both have median phosphate levels that are only tolerable, and 75th percentiles that are not 
tolerable. Orthophosphate levels at Wolvekrans (B1H005) on the Olifants River downstream of the 
confluence with the Steenkoolspruit are much lower than those in the Steenkoolspruit itself, though levels 
(and peaks especially) are moderately high for the area.  
                                                 
 
5 Further north and downstream, the Ga-Selati River is a tributary of the Olifants River that joins the Olifants shortly before the river 

enters the Kruger National Park. The Ga-Selati River passes the copper and phosphate mining complex at Phalaborwa just before 
Loole/Foskor. sites on the Olifants River in the lower catchment downstream of the confluence with the Ga-Selati do have visibly 
elevated orthophosphate levels. Data from Mozambique suggest elevated orthophosphate, but too few data are available for well 
supported conclusions here 
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Other sites with elevated orthophosphate levels include Scherp Arabie (B3H021) low on the Elands River, 
below several settlements and irrigated agriculture, and Fleur de Lys (B7H004) on the Klaserie River, also 
downstream of settlements and some irrigated agriculture.  

 
 

2.3. Water quality of the upper Olifants  

2.3.1. Water quality of the Wilge and adjacent sub-

catchments  
 
In this section we examine water quality of the three sub-catchments that comprise the upper Olifants 
Catchment and whose tributaries comprise the Olifants mainstem into Loskop Dam (see Figure 1). Data 
from the downstream-most monitoring sites was used to derive a comparison of conditions between sub-
catchment (Figure 4). The downstream points in a catchment are most representative of cumulative 
impact of land- and water-use activities for the catchment as a whole. However it should be noted that 
this is not the case for the Olifants and Klein Olifants since both monitoring stations are some distance 
upstream of the catchment outlet. If we take into account that further downstream of the monitoring 
points, heavily polluted rivers such as the Klipspruit and Spookspruit discharge to the Olifants and Klein-
Olifants, it is highly likely that water quality would decline downstream (see Figures 4 and 5).   
 

 

Figure 9 Location of three monitoring stations in the Wilge, Olifants and Klein Olifants sub-catchments. Data from 
these stations is summarised in Table 2 and Figures 10 - 13 
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Results from our analysis of long-term trends for the Wilge, Olifants, Klein Olifants and Olifants River 
below Loskop Dam in sulphates, EC, pH and orthophosphates are shown in Figures 10, 11, 11 and 13  
respectively (modified from Griffin et al. 2013) and a summary is provided in Table 1 (although this must 
be read in conjunction with the figures). 
 
This demonstrates that, in general, the Wilge is in better condition in terms of water quality than the 
upper Olifants and Klein Olifants. In terms of sulphates, both of these rivers exhibit sulphate levels that 
frequently fall within the unacceptable range. The risks associated with such levels include: 

i. >250 mgl is potentially harmful to the ecology, primarily due to bacterial sulphate reduction, 
where sulphate is converted to hydrogen sulphide, a highly toxic gas. This impacts on aquatic 
communities 

o SO4
2- + 2CH2O = H2S + 2HCO3

- 
ii. Sulphates are indicative of mining, and potentially of the presence of Acid Mine Drainage (AMD). 

As previously described (Section 2.1), especially in the case of coal mining, pyrite reacts with 
water and air forming acid mine drainage and is generally characterised by low pH and high 
sulphates and metal concentrations (Bell et al. 2001). Acidic water (such as those entering the 
dam) can mobilise metals (such as: copper, lead, mercury) from the sediment and also convert 
sulphate to hydrogen sulphide, which is particularly toxic to aquatic life. This means that low 
rainfall or drought periods could result in potentially serious consequences with respect to water 
quality in the lower section of the Olifants River and in Loskop Dam (see Figure 3). 

 
These results, and the associated risks, point to the importance of the relatively good water quality inputs 
from the Wilge in mitigating the extremely poor water quality of both the Olifants and Klein Olifants 
Rivers.  However it is noted that the capacity of the Wilge to ‘buffer (i.e. the assimilative capacity) has 
already been compromised. In terms of the Wilge, sulphate loads at the downstream site have already 
been observed to exceed the proposed water quality planning limits during low flow conditions. This in 
combination with the increasing gamma trend shown for sulphates (see Annex 1) make for a system in 
steady decline, which, today could be potentially far worse than the data shows up until 2009.  
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Figure 10 Sulphate: Temporal trends in sulphates from four sites in the upper ORC: A) Wilge River; B) Upper Olifants; 

C) Klein Olifants and D) Loskop Dam. Horizontal lines represent ideal, acceptable and tolerable. Shaded red is 
unacceptable. 
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Figure 11 EC: Temporal trends in conductivity from four sites in the upper ORC: A) Wilge River; B) Upper Olifants; C) 

Klein Olifants and D) Loskop Dam. Horizontal lines represent ideal, acceptable and tolerable. Shaded red is 
unacceptable. 
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Figure 12 pH: Temporal trends in pH from four sites in the upper ORC: A) Wilge River; B) Upper Olifants; C) Klein 
Olifants and D) Loskop Dam. Horizontal lines represent ideal, acceptable and tolerable. Shaded red is unacceptable. 

pH  6.5-8 = ideal, 8-8.4 = acceptable, .>8.4 or <6.5 = unacceptable 
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Figure 13 Orthophosphates. Temporal trends in orthophosphates from four sites in the upper ORC: A) Wilge River; B) 
Upper Olifants; C) Klein Olifants and D) Loskop Dam. Horizontal lines represent ideal, acceptable and tolerable. 

Shaded red is unacceptable. 
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Table 1 Overview of water quality of the Wilge, Olifants and Klein Olifants Rivers. These three rivers have their 
confluence some 13 kms upstream of Loskop Dam.  

                                                 
 
[1] Throughout the monitored period, sulphate becomes more dominant so that at the end of monitoring, 
changes in sulphate are likely to be reflected in conductivity levels 

Items and water 
quality 

Wilge (B20) Olifants mainstem 
(B11) 

 

Klein Olifants 
(B12) 

Loskop (B32) 

Sampling sites  B2H015 Zusterstroom: Wilge 
River 

B1H005 Wolvekrans on the 
Olifants River 

B1H015 Downstream 
of Middelburg Dam on 
the Klein Olifants 
River 

B3H017 Downstream of 
Loskop Dam on the 
Olifants River 

Data record 1994 -  2009 (503 records) 1979 - present (989 
records) 

1983  - present (1285 
records) 

1993  - present day (989 
records) 

Land use Onverwacht: Agriculture, 
some coal mining particularly 
in the mid to upper 
catchment. Site of Kendal 
Power and Kusile Power 
stations (latter just upstream 
of this monitoring point). 
Zusterstroom: agricultural, 
mining, residential and 
nature conservation 

heavily dominated by coal 
mining 

agriculture, coal 
mining, power 

generation 

 
mining, power 

generation, agriculture, 
residential, and nature 

conservation 

WQ: general 
comments 

Water quality starting to 
show signs of land and 
water-use impacts. Sulphate 
loads exceed proposed 
water quality planning 
limits during low flow 
conditions  

Water quality show signs 
of land and water-use 
impacts. Sulphate loads 
followed an increasing 
trend, shift from ideal to 
unacceptable levels.  

Water quality show 
signs of land and 
water-use impacts. 
Sulphate loads 
exceed proposed 
water quality 
planning limits 

Water quality show signs 
of land and water-use 
impacts. However, better 
than expected. Suggests 
that the Wilge (good 
water quality) is having a 
buffering effect in 
conjunction with the dam 
acting as a sink for 
pollutants. 

Sulphate  Increasing sulphate 
levels and variation with 
time (p=0.234).  

 Spike in sulphate levels 
in early 2000s (median 
202 mg/ℓ in 2003) 

 Samples mainly ideal, 
although, if increasing 
trend is maintained, 
classification will change 
in near future 

 Been fairly stable 

(with seasonal 

variation) until the 

late 1990s, thereafter 

they increase 

(p=0.040). 

 Levels were ideal at 

start of monitoring, 

but by the end they 

had regressed to 

unacceptable. 

 Overall increase 

with time 

(p<0.001) 

 Notable temporal 

variation.  

 Trend seems to 

be reversing in 

recent samples, 

although levels 

remain high with 

majority 

unacceptable 

 Sulphate levels below 

Loskop Dam 

increased from start 

of monitored period 

until approximately 

2004, and stabilized 

thereafter (p<0.001). 

 Levels shifted from 

ideal to acceptable 

 Clear seasonal 

pattern 

EC  Conductivity levels[1] 
change from ideal to 
acceptable (p=0.016) 

 Changes in electrical 

conductivity with 

time closely mirror 

changes in sulphate. 

 Highly variable  

 Significant overall 

increase over time 

(p=0.012). 

 In general do not 

pass beyond the 

tolerable class. 

 Median levels 

shifted from 43 

mS/m before 

1985, to 84 mS/m 

after 2009 

(p<0.001) 

 Conductivity trend 

follows that of 

sulphate ( p<0.001) 

 Sulphate - dominant 

ion in water samples 

at this site 

 Shift from ideal to an 

acceptable class 

pH  Significant temporal and 
seasonal (p=0.004) 
variation 

 pH levels decrease from 

 Increase from 1985, 

peaking in 1995 

(p<0.001) 

 Remained elevated 

 Increased from 

the start of 

monitoring until 

+/- 1995 

 pH levels increased 

from the start of 

monitoring 

 Peak in the late 1990 
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2001 to 2003, a period 
that coincides with 
elevated sulphate levels 

until 2000 

 Decreased and 

stabilised post 2000 

( p<0.001) 

 Post 1995 

decreased from 

mostly ideal to 

largely 

acceptable. 

( p<0.001) 

Orthophosphate  Very variable 

 Generally increasing 
trend (p=0.174) - annual 
medians move from 
acceptable (1994) to 
tolerable class in 2008. 
Median levels 2009 -
  0.005 mg P/ℓ 

 Highly variable 

 In late 1980s, 

majority of samples = 

acceptable or ideal 

 Increased until 1995, 

and stabilized 

thereafter at a higher 

level (p<0.001) 

 After 2009, levels 

dropped again - 

median levels in the 

last few years = 0.005 

mg P/ℓ, between ideal 

and acceptable. 

 Extremely variable, 

major short term 

shifts in 

concentration. 

(p<0.001) 

 Move from 

acceptable (median 

0.009 mg P/ℓ before 

1985) to tolerable 

(median 0.018 mg 

P/ℓ  2006 to 

2008);thereafter  

ideal/acceptable 

(median 0.005 mg 

P/ℓ after 2009). 

 Increasing trend with 

time ( p=0.042) 

 At the end of the 

dataset, levels of 

orthophosphate are 

commonly below the 

detection limit 

 Showed a significant 

seasonal pattern 
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2.3.2. Water quality of Loskop Damp and potential 

implications for the middle and lower catchments 
 

South Africa’s revision of water law after 1994 was recognised for changes that geared legal and 

regulatory frameworks towards sustainable environmental and social outcomes (Godden 2005). Despite 

this focus on sustainable management, the quality of water in the country has been decreasing (CSIR 2010, 

DWA 2011a) and the challenges involved in management of water quality in the country recognised 

(Bohensky 2008, Quinn 2012). A number of tools, programmes and methodologies have been drafted and - 

in some cases implemented - to deal with the water management challenges faced by the country. In this 

regard the National Water Act (Act No. 36 of 1998) specifies that the following must be developed for 

water management areas: 

 Setting the Reserve (completed in the Olifants in 2004) 

 Classifying significant water resources (completed in the Olifants in 2012) 

 Setting the Resource Quality Objectives (RQOs) (completed in the Olifants in 2015) 

This section examines how Loskop Dam and the water it releases fare against the Resource Water Quality 

Objectives, as specified for the dam in the “Resource Quality Objectives and Numerical Limits Report of 

2015 (Box 2). The DWS Water Management System (WMS) was used to acquire data for the three 

monitoring gauges (B3R002, B3R002.1, B3R002.3) that represent water quality in Loskop dam (Figure 14). 

The resource water quality objectives are split into four groupings namely: Toxicants, System Variables, 

Salts and Nutrients. 

This section also introduces some data on heavy metals where we are able to compare results to 
benchmarks or RQOs. However, although Loskop has aset of RQOs for heavy metals, these however, do not 
cover all the metals (e.g. arsenic) that one would associate with upstream activities. Metals are important 
to consider because the dam acts as a sink for metals and is a site of the cumulative impacts of upstream 
land-uses.  
 
Elevated levels of metals in the dam have led to bioaccumulation of metals in dam biota (Oberholster et 
al. 2012). A 2011 survey concluded that biota in the dam are periodically exposed to a number of stressors 
including elevated ammonia, aluminium, iron and manganese and possibly hydrogen sulphide levels, as 
well as low dissolved oxygen, and that the dam was shifting towards a permanently eutrophic state 
(Dabrowski et al. 2013). In addition to the analysis below against the RQOs (which are often less stringent), 
the following are noteworthy: 

- Griffin et al. (2014) found that sulphate and electrical conductivity levels increased with time, 
and temporal pH shifts were also detected. Aluminium levels frequently exceeded the chronic 
effect value, though levels in excess of the acute effect level were isolated.  

- Iron levels accord with those reported by Dabrowski et al. (2013), though none exceeded the 
chronic effect level.  

- Manganese levels near the dam wall likewise accord with the range of data reported by Dabrowski 
et al. (2013), and, with a few exceptions, these were below the chronic effect value.  

- Several other potential toxins were recorded in the impoundment or the outflow water.  
o Copper levels frequently exceeded the acute effect value;  
o lead levels were found to exceed the acute effect level by up to three times (when the 

detection limit of the test was low enough); 
o likewise mercury levels were found to exceed the acute effect level by up to 18 times 

when the detection limit of the test was low enough; 
o molybdenum levels regularly exceeded the acute effect level by a small margin, and 

commonly exceeded the chronic effect value, and  
o zinc levels regularly exceeded the acute effect limit, often by large margins particularly in 

older samples, and nearly always exceeded the chronic effect value. 



 
 
 
 
 

 
 
 

 | 24 
 

 

 
Figure 14 Upper Olifants River Catchment, highlighting the Wilge River, mining and proposed location of the KiPower 
Plant. 

 

Box 2 

Resource Quality Objectives for Loskop Dam 

Nutrients 

“The dam must be maintained in a mesotrophic state to avoid cyanobacterial blooms and the 

associated algal toxins.”   

Table a:  

Numerical limits that should not be exceeded for nutrients as specified in RQOs for Loskop Dam 

Indicator/Measure Numerical Limit Units 

PO4-P 0.025 mg/L 

TIN 1 mg/L N 

Chl-a: phytoplankton 20 ug/L 

Salts 

“Salt concentrations must be maintained at levels where they allow for a sustainable ecosystem in 

the dam and downstream and do not compromise users” 

Table b: 
Numerical limits that should not be exceeded for salts as specified in RQOs for Loskop Dam 

Inidcator/ Measure Numerical 
Limit 

Units 



 
 
 
 
 

 
 
 

 | 25 
 

Sulphates 200 mg/L 

EC 85 mS/m 

 

Toxins 

“Toxicity of metals (not all of which are covered) must be maintained at concentrations that 

would not pose a threat to human or ecosystem health. The dam must be maintained in a 

mesotrophic state to avoid cyanobacterial blooms and the associated algal toxins.” 

 

Table c: 

Numerical limits that should not be exceeded for toxins as specified in RQOs for Loskop Dam 

 

Indicator/Measure 
Numerical 
Limit 

Units 

F 2.5 mg/L 

Al 0.105 mg/L 

Cd hard 3 ug/L 

Cr(VI) 121 ug/L 

Cu hard 6 ug/L 

Hg (mercury) 0.97 ug/L 

Mn 0.99 mg/L 

Pb hard 9.5 ug/L 

Se 0.022 mg/L 

Zn 25.2 ug/L 

Chlorine 3.1 
ug/L free 
Cl 

Chl-a: 
phytoplankton 

20 ug/L 

 

 

 

Summarised results for water quality vs RQOs 

Gaining a true reflection of the current state of the Loskop Dam is challenging, especially when trying to 

compare potential toxicants observed against the RQOs specified. The main reason is that data are sparse 

and not routinely measured as is more common with variables such as orthophosphates or sulphates, and 

in some cases there are no data available.  

However, the available data clearly highlight a number of issues with meeting the RQOs.  Variables of 

concern include: PO4-P, TIN, Al, Cd hard, Cu hard, Hg, Pb hard and Zn (see highlighted in red Table 2). 

These toxicants (emanating from upstream activities such as coal mining) and nutrients (associated with 

WWTWs and agriculture) pose a serious risk to all direct and downstream water users (including the 

environment) relying on Loskop Dam. Nutrients may shift the dam to a eutrophic state, resulting in 

excessive macrophyte and microphyte growth, These macrophytes and microphytes in turn, can take up a 

significant amount of water quality constituents found in the water body, some of which are above the 

required standard (i.e. toxic) e.g. Lead (Pb). Other organisms (e.g. macroinvertebrates) then feed on the 

macrophytes and so the process of bioaccumulation begins. As has been previously described, fish within 

the Loskop Dam have been found to contain high concentrations of particular heavy metals and display 

signs of declining health such as in external and internal lesions.  
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Table 2 Break down of water quality samples in relation to the Resource Quality Objectives (RQOs) listed above. 
Results representative for 3 datasets (merged for this analysis) from monitoring points (B3R002, B3R002.1, and 

B3R002.3) located in and just downstream of Loskop. (AWARD Internal Report 2017) 

Variable  Monitoring gauges  
B3R002, B3R002.1, B3R002.3 

    No of valid samples No. samples > RQO limit % Samples > 
RQO 

Non-valid 
samples 

 
 

Nutrients 

PO4-P 1002 106 10.58 5 

TIN 519 13 2.50 0 

Chl-a: phytoplankton no data no data no data no data 

 
System 

variables 

Sulphates 1038 0 0 0 

Electrical Conductivity 1067 0 0 0 

 
 
 
 
 
 
 
 

Toxins 

F 985 0 0   

Al 145 2 1.40 11 

Cd hard 94 20 21.28 66 

Cr(VI) no data no data no data no data 

Cu hard 116 50 43.10 48 

Hg 4 4 100 110 

Mn 164 0 0 0 

Pb hard 106 13 12.26 56 

Se 0 0 0 0 

Zn 165 30 18.18 0 

Chlorine no data no data no data no data 
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3. Potential impacts of climate change on water resources 

 

3.1. Climate projections for Elias Motsoaledi Local 

Municipality 
 

Whilst a detailed analysis of climate change on water resources of the upper Olifants is beyond the scope 

of this report, initial findings from climate change projects are presented here as part of the bigger, 

systemic picture. This is because climate change will almost undoubtedly impact on the catchment’s 

water resources and hence needs to be considered as a significant risk when assessing the potential 

impacts of KiPower. 

AWARD is currently assessing the potential impacts of climate change for the entire Olifants Catchment 

using downscaled data and climate analysis provided by the Climate System Analysis Group (CSAG) from 

the University of Cape Town (UCT). The analyses is undertaken at the scale of local municipalities. Of our 

currently available analyses, the following summary pertains to the Elias Motsoaledi Local Municipality 

(Figure 16) which overlaps with the Loskop Dam area (an area of focus for this assessment). These results 

are indicative but should not be construed to be representative of the other areas in the Olifants 

Catchment because of high heterogeneity in the catchment’s climate system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In terms of temperature, all models projected an increase in the average daily maximum with the number 

of hot days increasing (Table 3).  In terms of rainfall, most models projected no change in total rainfall 

although there is a greater degree of uncertainty in this regard. The implications of increased 

temperature are a decrease in water resource availability mainly due to increased evaporation. The 

impacts on water bodies such as dams is significant (AWARD internal report, Mallory 2014). This clearly has 

implications for the role of the Wilge since decreased flows will render greater vulnerabilities in terms of 

reduced assimilative capacity (see Box 1). Some models also suggest that whilst rainfall may not change, 

this will be delivered in shorter, more intense rainfall events (i.e. thunderstorms) with greater risk of 

Figure 15 Elias Motsoaledi Local Muncipality Boundary 
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flooding. This has implications for runoff from bodies such as tailings dams. In addition while the quantity 

and drought cycles (meteorological drought) of rainfall might remain unchanged, with increasing 

temperatures resulting in greater evaporation hydrological droughts may become more frequent.  

 

Table 3 Summary of climate change projections for Elias Motsoaledi LM 

Variable Summary of projections 

Temperature: 

 

 Average daily maximum temperature. All models projected increases: 0.7°C - 2.0°C (good 

case scenario) and 1°C - 2.3°C (bad case scenario) by 2040.  

 These projected increases are uniform across seasons under both scenarios.  

 The number of hot days (temperature > 35°C). All models projected increases: 5.5 to 19 

more days (good case scenario) and 8 to 30 more days (bad case scenario) by 2040. 

RAINFALL: 

 

 Annual rainfall amount. Most models projected no change in although there is uncertainty.  

 Season total rainfall. Projected not to change by most models, although there is some 

uncertainty.  

 Number of days with heavy rain (over 20mm/day). Most models projected no change. 

 Number of rain days. Most models projected no change. 
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4. Considerations of buffering role of the Wilge River within 

the upper Olifants River Catchment and wider 

 

4.1. Potential systemic risks: ecosystems and human 

well-being  
 
This section provides a broad overview of some of the major risks associated with poor water quality for 
consideration. This is important because the use of a systemic view of declining water quality clearly 
reveals impacts on biotic and human health (either directly or through impacts on potable water and food) 
with concomitant economic impacts. As noted these are generally not considered in conventional 
approaches. Our work with various stakeholder groups has repetitively showed these links and 
relationships and more recent work with civil society groups have pointed to the true costs being felt by 
the most vulnerable.  
 
Numerous studies have pointed to impacts on ecosystem integrity, and biotic and human-health. For 
example: 

- As noted above- Ashton and Dabrowski (2011) reported that the discharge of treated, partly 
treated and untreated effluents from mines, industries and sewage treatment plants, combined 
with seepage of acid mine drainage (AMD) from several active and abandoned coal mines in the 
Olifants River’s upper reaches, contribute nutrients, salts, metal ions and microbial contaminants 
to the river system.  

- Mining activities and associated impacts are often aggregated to include acid mine drainage from 
abandoned mines and intentional mine water release from current mining activities (Dabrowski 
and de Klerk 2013). They reported that abandoned mining areas, concentrated within the 
Klipspruit, Kromdraaispruit, Saalboomspruit and Spookspruit catchments, are the most important 
sources of metals in the upper Olifants system. The effect of abandoned mining on the Klipspruit 
River and its influence on the Olifants River is that metal concentrations consistently and greatly 
exceeded guideline values. This is an indication that acid mine drainage has a significant impact 
on the Olifants River. Also, the influence of abandoned mines in the Klipspruit results in 
significantly higher dissolved metal loads to the Olifants system when load calculations were 
carried out (Dabrowski and de Klerk 2013).  

- Routine monitoring showed that the Klipspruit is acidic and transports high concentrations of 
dissolved metals, which results in low pH and increase concentrations of aluminium, iron, 
manganese and zinc, all of which are significantly higher than their respective acute effect value 
guideline values. Importantly however, authors point out that further downstream, these 
concentrations are significantly reduced possibly due to dilution by "cleaner" water in the Wilge 
River, as well as the gradual precipitation of metals out of solution as the acidic water mixes with 
the alkaline water of the Olifants River (Short et al. 1990, Kimball et al. 2002, Dabrowski and de 
Klerk 2013).  

o Under anoxic conditions brought about by eutrophication, metals are thought to be 
generally immobile due to the formation of metal sulphide precipitates, confining them to 
the sediments (Harrington et al. 1998, Dabrowski and de Klerk 2013).  

o Conversely, acidic conditions can also mobilise metals from the sediments (Calmano et al. 
1993). Thus, the high pH associated with algal blooms in Loskop Dam and the absorption of 
metals by phytoplankton may also result in the mobilisation of metals and their 
incorporation into the food chain.  

- Therefore, the influence of the Klipspruit on the mobilisation of metals and other toxic 
compounds in Loskop Dam should not be underestimated (Dabrowski and de Klerk 2013). 

- Although some researchers found that dissolved metal levels in the dam were low, studies on fish 
from the dam found that bioaccumulation of metals in fish was taking place. Although the fish 
were apparently healthy, their flesh contained antimony, lead and chromium at levels that posed 
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a threat to regular consumers of fish from the dam. Heavy metals contained in sediments have not 
been frequently analysed, and remain a big gap in the understanding of complex water systems. 

- A recent study on health-related impacts of water use for drinking and crop production in a 
number of villages in the lower Olifants pointed to very high levels of various constituents in 
riverine waters (Wright et al. 2015). They noted that these pose a significant risk to human 
health- risk that extend as far as Mozambique below Massingir Dam.  

 

4.2. The Wilge’s role in mitigating systemic water 

quality issues  
From the above analyses and discussion it is clear that the Wilge plays a critical role in terms of water 

quality of the upper Olifants River Catchment. In this way it can be argued that it acts as a buffer or 

safeguard in a highly degraded system dominated by extremely poor water quality of the Olifants and 

Klein Olifants rivers. These rivers regularly exhibit sulphate levels that are classed as unacceptable 

according to national standards and sulphate loads regularly exceed the proposed water quality planning 

limits. Its buffering role is rendered through its assimilative capacity, although global approaches to water 

quality note that ‘dilution should not be the solution to pollution.’ Rather mitigating pollution, such as 

that associated with mining, ash pits and runoff should be achieved through judicious, precautionary and 

proactive management.  

Despite its important role, evidence also suggests that the Wilge is an increasingly vulnerable system 

where the assimilative capacity has already been compromised. Even though water quality is still 

relatively good, sulphate loads at the downstream site have exceeded the proposed water quality planning 

limits during low flow conditions. This, in combination with the increasing trends in sulphates (see Annex 1) 

make for a system in steady decline, Sulphates are directly implicated in risks to ecological integrity and 

indirectly, where acidic water (AMD; such as those entering the dam) can mobilise metals (such as copper, 

lead, mercury) from the sediment and also convert sulphate to hydrogen sulphide, which is particularly 

toxic to aquatic life 

All three rivers confluence just before the Loskop Dam, an important source of water for the extensive 

commercial agriculture of the Loskop irrigation scheme where farmers have regularly raised concerns 

about the impacts of declining water quality (especially for their Global Gap status). Monitoring in Loskop 

reveals a number of concerns with regard to toxicants (emanating from upstream activities such as coal 

mining) (see Section 2.3.2 and Table 2) all of which pose risks to ecosystem integrity and the health of 

humans and aquatic biota. Health-related risks are of particular concern and it is possible that in the 

future the state may be held culpable if it can be shown that such risks were insufficiently considered. For 

example, mercury levels were found to exceed the acute effect level by up to 18 times. Methylmercury 

concentrates in fish, then birds and mammals. Mercury toxicity impacts on the central and peripheral 

nervous system.  

Once a systemic view of the Wilge River is adopted it is clear that risks to this river reach far wider than 

just the sub-catchment itself.  

The Loskop Dam acts as a sink for toxicants which are periodically released downstream after flood events. 

Indeed a number of studies point to toxicant challenges downstream of Loskop and whilst determining the 

exact source of heavy metals is a complex task, it is far better to adopt a precautionary approach that 

attempting to find mitigatory measures to complex socio-economic and environmental problems after the 

fact. 

Finally it must be noted that climate change projections for the Loskop Dam area highlight significant 

impacts on water resources which will become increasing vulnerable. The availability of water resource 
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will decline (through a reduction in flows, water quality and reduced storage), resulting in decreased 

assimilative capacity of the Wilge and the Olifants River in general. This vulnerability is likely to be 

further exacerbated by increased floods and droughts.  

 

4.3. Conclusions 
 
Human health and welfare, food security, industrial development and the ecosystem on which they 
depend are all at risk, unless the resources are managed more effectively than they have been in the past. 
Undoubtedly the Wilge plays an important, if not fragile, role in maintaining water quality in the upper 

Olifants Catchment for the benefit of many users both within the catchment and downstream. However, 
the Wilge River is in decline and its ability to buffer against future shocks and stresses is becoming 
increasingly threatened. The well-being of people at present and future demands immediate and 
effective action and precautionary measures in considerations of any new developments. 
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Annex 1: Water quality from three monitoring points in the 

Wilge River 

Table 4 Overview of water quality from three sites in the Wilge River sub-catchment 

                                                 
 
6 Throughout the monitored period, sulphate becomes more dominant so that at the end of monitoring, 
changes in sulphate are likely to be reflected in conductivity levels 

 Wilge (B20):  B2H007 
Waaikraal 

Wilge  B2H014 Onverwacht Wilge  B2H015 Zusterstroom 
 

Sampling 
sites  

B2H007 Waaikraal: Koffiespruit 
River 

B2H014 Onverwacht: Wilge River 
just upstream of confluence with 
Bronkhorstspruit River 

B2H015 Zusterstroom: Wilge 
River 

data record 1985 –present (916 records) 1991- present (616 records) 1994 -  2009 (503 records) 

Land use Dominated by agriculture (at 
times intensive) and some 
residential usein the far upper 
catchment 

Dominated by agriculture, some coal 
mining particularly in the mid to upper 
catchment.  
Kendal Power Station is located in the 
catchment and Kusile Power Station is 
under construction upstream of this 
monitoring point 

As before plus further 
agricultural, mining, residential 
and nature conservation uses 

WQ: general 
comments 

Good for most parameters and 
with little trend to change over 
time 

Site with reasonable water quality but 
with some evidence of modification to 
water quality 

Water quality starting to show 
signs of land and water-use 
impacts. Sulphate loads have 
already been observed to exceed 
the proposed water quality 
planning limits during low flow 
conditions  

Orthophospha
te 

 Very variable (no 
discernible trend) 

 tolerable or better 

 Median levels -  
0.013 mg P/ℓ 

 Very variable 

 slight trend to increasing levels 
with median levels increasing from 
0.013 mg P/ℓ before 1993 to 
0.019 mg P/ℓ (2005 - 2007). 
Thereafter reduced levels (median 
of 0.005 mg P/ℓ after 2009) 

 Shift from a mostly acceptable to a 
tolerable level to acceptable over 
this period 

 Very variable 

 Generally increasing trend 
annual medians move from 
acceptable (1994) to high in 
the tolerable class in 2008. 
Median levels 2009 -  
0.005 mg P/ℓ 

Sulphate  low 

 all samples classed as ideal 

 With few exceptions = ideal. 

 Temporal variation apparent, most 
notably as two peaks in the late 
1990s and late 2000s. The cause is 
unknown, although inspection of 
calcium levels suggests that they 
may have been caused by the 
release of excess treated acid 
mine effluent 

 Increasing sulphate levels 
and variation with time.  

 Spike in sulphate levels in 
the early 2000s (median 
202 mg/ℓ in 2003) 

 Samples mainly ideal, 
although, if increasing trend 
is maintained, this 
classification will change in 
the near future 

EC  largely ideal.  

 slight trend to decrease  

 Significant seasonal 
component (p<0.001). 

 Largely ideal. However, during 
peaks a significant number of 
samples = classed as acceptable 
(follows sulphate) 

 Conductivity levels6 change 
from ideal to acceptable  

pH  Shifts from ideal (1985) to 
acceptable at best in late 
1990s, 

 decreases again until 
samples are either ideal or 
acceptable 

 7.9 median post 2005 

 Significant temporal trend, with 
levels increasing from the start of 
sampling to peak at around 2000, 
then decreasing and either partially 
stabilizing or starting to increase 
again after 2008 

 show significant temporal 
and seasonal (p=0.004) 
variation 

 pH levels decrease from 
2001 to 2003, a period that 
coincides with elevated 
sulphate levels 
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Annex 2: Detailed narrative of water quality of the upper 

reaches 

Mining impact 
Acid mine drainage is generally characterised by low pH and high salt and metal concentrations (Bell et al. 
2001). Therefore, it is required that before release, mine water from existing mines be treated such that 
near-neutral water with low metal concentrations is released (Mey and Van Niekerk 2009). In a study by 
Ashton and Dabrowski (2011), they found that the sulphate concentrations at the upper reaches at sites 
around the river source were consistently low and no values approached the chronic effect value (CEV) 
limit of 400 mg/ℓ. However, sulphate concentrations increased markedly immediately downstream the 
source, with approximately 12% of the values exceeding the CEV limits, which indicate possible association 
with increased mining activities. The sulphate concentrations in Lake Witbank were lower and less 
variable than the values the inflow concentrations to the lake. Immediately downstream of Lake Witbank, 
the sulphate concentrations were very similar to those recorded from the lake and reflect the influence of 
water released from the lake. The median sulphate concentration in Lake Loskop was lower than that 
recorded downstream of Witbank Dam. At a site immediate downstream of Lake Loskop, the median 
sulphate concentration and the range of values recorded were very similar to those recorded for Lake 
Loskop and reflect the influence of water discharged from the lake. 
 
Mining activities and associated impacts are often aggregated to include acid mine drainage from 
abandoned mines and intentional mine water release from current mining activities (Dabrowski and de 
Klerk 2013). Dabrowski and de Klerk (2013) reported that abandoned mining areas, concentrated within 
the Klipspruit, Kromdraaispruit, Saalboomspruit and Spookspruit catchments, are the most important 
sources of metals in the upper Olifants system. The effect of abandoned mining on the Klipspruit River and 
its influence on the Olifants River is that metal concentrations consistently and greatly exceeded guideline 
values. This is an indication that acid mine drainage has a significant impact on the Olifants River. Also, 
the influence of abandoned mines in the Klipspruit results in significantly higher dissolved metal loads to 
the Olifants system when load calculations were carried out (Dabrowski and de Klerk 2013). Routine 
monitoring showed that the Klipspruit is acidic and transports high concentrations of dissolved metals, 
which results in low pH and increase concentrations of aluminium, iron, manganese and zinc, all of which 
are significantly higher than their respective acute effect value guideline values. However, further 
downstream, these concentrations are significantly reduced possibly due to dilution by "cleaner" water in 
the Wilge River, as well as the gradual precipitation of metals out of solution as the acidic water mixes 
with the alkaline water of the Olifants River (Short et al. 1990, Kimball et al. 2002, Dabrowski and de 
Klerk 2013). Under anoxic conditions brought about by eutrophication, metals are thought to be generally 
immobile due to the formation of metal sulphide precipitates, confining them to the sediments 
(Harrington et al. 1998, Dabrowski and de Klerk 2013). Conversely, acidic conditions can also mobilise 
metals from the sediments (Calmano et al. 1993). Thus, the high pH associated with algal blooms in 
Loskop Dam and the absorption of metals by phytoplankton may also result in the mobilisation of metals 
and their incorporation into the food chain. Therefore, the influence of the Klipspruit on the mobilisation 
of metals and other toxic compounds in Loskop Dam should not be underestimated (Dabrowski and de 
Klerk 2013). 
 
Although other rivers join the Olifants River prior to its entry into Loskop Dam (i.e., the Wilge River and 
other small streams), it is possible that the flow of the Olifants River may not be sufficient to neutralise 
the water coming from the Klipspruit, creating a net acidic flow. This net acidic flow originating from acid 
mine drainage is potentially worsened by incoming low pH and high metal concentrations during low flow 
conditions, resulting in reduced dilution capacity (Tutu et al. 2008). Acidic water entering the dam can 
mobilise metals from the sediment and also convert sulphate to hydrogen sulfide, which is particularly 
toxic to aquatic life. This means that low rainfall or drought periods could result in potentially serious 
consequences with respect to water quality in the lower section of the Olifants River and in Loskop Dam. 
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Salinization 
Ashton and Dabrowski (2011) investigated water quality of the Olifants River by studying DWA’s routine 
monitoring water quality data from 11 sites and 4 reservoirs along the entire length of the catchment. 
They reported low TDS concentrations at sites near the source of the Olifants River but Site located 
immediately upstream of Lake Witbank, had somewhat higher TDS concentrations, with at least 5% of all 
values exceeding the chronic effect value. This was attributed to probable seepage of effluent from 
domestic sources and from active and abandoned mining properties. The TDS concentrations in Lake 
Witbank were lower and less variable than those recorded for the inflow to the lake, while downstream of 
Lake Witbank had slightly higher TDS values. The TDS concentrations in Lake Loskop were lower and less 
variable than those downstream of Lake Witbank, while the sites located downstream of Lake Loskop 
showed a progressive increase in median TDS concentrations and greater variability. Dabrowski and de 
Klerk (2013) noted a trend in the relative composition of major ions that make up the bulk of TDS 
concentrations. This is particularly noticeable with regard to the anions, with carbonate showing a general 
decrease in concentration and composition from upstream to downstream and sulphate showing a general 
increase from upstream to downstream. Dabrowski and de Klerk (2013) pointed out that some places 
located relatively high up in the catchment but is downstream of significant agricultural activity have TDS 
concentrations that are similar to those recorded at sites located further downstream in the Olifants River. 
They further ascertained that routinely measured TDS concentrations at sites upstream of Witbank Dam 
indicate a progressive increase in TDS from upstream to downstream. Their conclusion, among others, was 
that changes in land use activities have a progressive and increasing impact on upper catchment of the 
Olifants River. In particular, the increased mining activity was implicated as the most likely cause of 
increased sulphate concentrations, which emanate from the exposure of pyrite to oxygen and water 
(Bullock and Bell 1997). Furthermore, TDS concentrations are notably lower downstream of Witbank Dam 
and remain relatively constant after the Dam, comparable to those measured before the Dam, indicating 
that the dam acts as a sink. However, the relative concentration of sulphate increases along these sites in 
comparison to other ions, which has been attributed to mining activities along this reach of the catchment. 
In fact, Van Zyl et al. (2001) estimated that excess mine water in the upper Olifants catchment amounted 
to 4.6% of the total water usage (volume-wise), but contributed 78.4% of the total sulphate load. 

 

Nutrients 
Ashton and Dabrowski (2011) reported that orthophosphate concentrations recorded for the upper reaches 
tend to decline slightly downstream of Lake Loskop but then increase again at the inflow to Lake Flag 
Boshielo. In the upper reaches of the catchment, the primary sources of orthophosphate to the river 
system are likely to be runoff from cultivated lands and intensive livestock rearing areas, as well as 
discharges of treated, partly treated and untreated domestic effluent and urban runoff. In a separate 
study, Dabrowski and de Klerk (2013) reported that orthophosphate and ammonia limits of analytical 
detection (0.1 mg/ℓ) were considerably higher than values provided as a guide of trophic status. It must 
be noted that excessive algal growth, brought about by nutrient enrichment, results in utilisation of 
available dissolved carbon dioxide, which reduces the carbonic acid content of the water, thus increasing 
pH levels. Also excessive algal growth may be due to hyper-saturated dissolved oxygen concentrations as a 
result of high oxygen production by photosynthesising algae (Mainstone and Parr 2002, Hilton et al. 2006). 
Excessive algal growth conditions exist at a number of sites in the Olifants River, including one located a 
short distance downstream of the Riverview sewage works in Witbank and shows very high concentrations 
of orthophosphate and nitrogen, which are commonly associated with sewage input (Jarvie et al. 2006).  
 
Average in-stream orthophosphate concentrations at this site exceeded the current effluent standard for 
WWTWs in South Africa (i.e. 1 mg/ℓ). Also, the average ammonia concentrations of 6.8 mg/ℓ significantly 
exceeded the acute effect value guideline of 0.1 mg/ℓ. These results indicate that the Riverview WWTW is 
not operating to an acceptable standard and is releasing unacceptably high concentrations of nutrients 
into the Olifants River. This is most likely not an isolated problem as the majority of WWTWs in the upper 
Olifants catchment scoring very poorly in the annual Green Drop report (DWA 2011b). This pattern of 
deteriorating water quality in the upper catchment of the Olifants River is in agreement with the analyses 
of De Villiers and Thiart (2007), who showed that nutrient concentrations are generally increasing in large 
catchments across South Africa. Loskop Dam is hypereutrophic (Oberholster et al. 2010), having excessive 
nutrient concentrations such as nitrogen and phosphorous and resulting high productivity. Together with 
the Witbank Dam, they acts as a sink for nutrients, as demonstrated by the reduced loads downstream of 
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Witbank Dam. The high concentration of WWTWs located in the catchment is most likely an important 
source of major nutrients (orthophosphates and nitrogen). 

 

Toxicants 
Dabrowski and de Klerk (2013) analysed the metals in the upper reaches of the Olifants River catchment. 
They found antimony, chromium, lead and selenium to either always below detection limits or were well 
below relevant water quality guidelines. Additionally, they reported that arsenic and cadmium were 
always detected below the target water quality range (TWQR). They also showed that 90th percentile 
aluminium concentrations exceeded the chronic effect value level (for pH levels greater than 6.5), whilst 
significantly exceeded the acute effect value guideline (for pH levels less than 6.5) more than 25% of the 
time in some study sites. The chronic effect valued copper guideline (for hard water, between 120 and 
180 mg CaCO3/ℓ) was frequently exceeded at all study sites (at least 25% of the time), with some sites 
even exceeding the acute effect value guideline.  
 
Iron concentrations were found to be lower in most instances than that measured at the most upstream 
site included in the study. For manganese, measured values for most study sites were within the target 
water quality range, while the 90th percentile of zinc concentrations for most sites exceeded the acute 
effect value. Some sites in the upper reaches have a relative ionic composition of high carbonate and low 
sulphate concentrations, which is typical of a sites unimpacted by mining activity. Thus, the 
comparatively high metal concentrations in these sites could be said to either reflect natural background 
concentrations derived from the surrounding geology or originate from sources such as agriculture or 
atmospheric deposition rather than mining. Aluminium and copper are common elements in rocks and 
minerals of the earth’s crust and do occur naturally in most surface waters (DWAF 1996) as a result of 
weathering.  
 
The solubility of aluminium is strongly pH dependent and aluminium may be mobilised to the aquatic 
environment under acidic (pH < 6) or alkaline (pH > 8) conditions (Gensemer and Playle 2010). The pH 
levels recorded at most site in the upper catchment were frequently above 8 (Dabrowski and de Klerk 
2013). The analytical methods have also been implicated as another possible explanation for the high 
metal concentrations. Dabrowski and de Klerk (2013) opined that although the abundance of dissolved 
elements is commonly quantified by filtering water through 0.45 μm filter paper, it is possible for fine 
particles and colloids smaller than 0.45 μm (which interact strongly with metals) to pass through the filter 
and thus be incorporated and interpreted as part of the dissolved fraction (Hill and Aplin 2001).  
 
Other potential sources of metals at sites high up in the catchment may be from atmospheric deposition. 
For example, combustion of coal is one of the most important sources of atmospheric vanadium in the 
combustion of coal (WHO 2000), and the fact that the upper Olifants catchment is the major centre for 
coal-fired electricity production in the country could suggest that atmospheric deposition may contribute 
to impaired water quality in the catchment.  
 
In a separate study, Dabrowski and de Klerk (2013) found that metal concentrations including aluminium, 
copper, iron, manganese, nickel, vanadium and zinc at the upper reaches were either comparable to or 
higher than concentrations of these metals measured at downstream sites. They attributed this 
observation to dilution of metals in increasing volumes of water further downstream. They suggested that 
measurement of loads would provide a more accurate picture of whether metal input is in fact increasing 
further downstream. They suggested that these metals should be considered as potential priority 
pollutants in routine monitoring programmes given the intensity of mining in the catchment and the fact 
that these elements are commonly associated as pollutants from such mining activities (Bell et al. 2001). 

 

Acid mine drainage, sulphate, salinity and water quality 
The upper Olifants River catchment has a great deal of coal mining and associated electricity generation, 
and impacts in this area have been commented on by other authors (Hohls et al. 2002, DWAF 2004, Heath 
et al. 2010, Ashton and Dabrowski 2011, amongst many others). In the survey of water quality presented 
here, only one of the selected sites displayed the classic signature of acid mine drainage with abnormally 
low pH values and high levels of sulphate. This site was Zaaihoek (B1H004) on the Klipspruit, a stream 
whose condition has been remarked on before (e.g. Hill 1997, Hohls et al. 2002, McCarthy 2011, Dabrowski 
and De Klerk 2013). 
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However, Zaaihoek is not the only site that is associated with or downstream of coal mines and yet such 
severe acidification is not noted elsewhere. However, high, and often increasing levels of salinity, are 
common in sites in this region, as are high levels of sulphate, which also commonly show an increasing 
trend with time and are among the dominant anions. 
 
Griffin et al. (in press) report that calcium levels at non-acidified upper catchment sites increased 
together with sulphate levels until they were also beyond tolerable (after DWA 2011a), and speculated 
that this was the result of using liming to treat acid drainage (e.g. see Maree et al. 2004). Together with 
sulphate, elevated calcium levels would contribute to increased salinity levels. While calcium itself is not 
particularly toxic and may even mitigate against the impacts of certain metals (DWAF 1996a, Wood et al. 
2006, Grosnell and Brix 2009), the effects of calcium include the production of scale on pipes and 
interference in a number of processes (DWAF 1996a, b) and as such are undesirable for a number of users. 
On the other hand, increasing the ratio of calcium to sodium in irrigation water decreases clay soil 
dispersion and improves soil structure (e.g. Halliwell et al. 2001). With regard to the use of such water for 
irrigation, the improvement in this ratio must be balanced against the elevated salt load and its potential 
impact on soils and crops (see Annandale et al. 2002 for an example). 
 
In the absence of pH changes, changes in salinity and the ionic balance in surface water associated with 
coal mine impacts will impact on ecosystem health (Ashton and Dabrowski 2011, Dabrowski et al. 2013). 
There is a great deal more that can be said about acid mine drainage and its impact on the upper Olifants 
River catchment (e.g. see Hobbs et al. 2008, Ashton and Dabrowski 2011, Dabrowski and De Klerk 2013, 
Dabrowski et al. 2013). Although only one acidified stream was found in this survey, the impact of acid 
mine drainage on ground and surface water is extensive (e.g. see Expert Team of the Inter-Ministerial 
Committee under the Coordination of the Council for Geoscience 2010, McCarthy 2011). 

 

Loskop irrigation scheme 
The Loskop Dam supplies water to the Loskop Irrigation Board, which distributes water to an area of 
irrigated agriculture below the dam around Groblersdal and Marble Hall. Flag Boshielo Dam lies 
downstream of the irrigated region. Water feeding into this area shows the contamination typical of the 
upstream Olifants River. 
 
Loskop Dam traps much of the phosphate entering the dam. This has the effect of decreasing levels 
downstream of the dam, while accumulating phosphate in the dam, which in turn is blamed for shifting 
the dam to a near-eutrophic state. However, high sulphate and salt loads pass through the dam, and levels 
of both are increasing with time, decreasing the suitability of the water for many uses, including irrigation. 
Finally, the dam has been found to accumulate certain potentially toxic metals, though the fate of most is 
not known. High levels of several potentially toxic metals, including mercury and lead, have been 
recorded in dam water. 
 
Irrigation in the region below Loskop Dam was found to be associated with secondary salinization of water 
in the Olifants and lower Elands and Moses Rivers. This impact was expressed in two ways. The first is the 
increasing amount of various inorganic salts in solution, which makes the water less suitable for a number 
of users, including irrigators. The second is the increased dominance of sodium in the ionic complement of 
the water. The use of water with greater amounts of sodium for irrigation can lead to increased soil 
sodicity and a breakdown in soil structure and fertility. This stretch has also been considered a risk owing 
to the use of agricultural biocides in the region, and recent research has found that these compounds are 
present and are accumulated in the river biota, although levels were not always high. 
 
Flag Boshielo Dam, downstream of this region, has low nutrient levels and a consequent low risk of 
eutrophication and algal bloom formation. This is in contrast to Loskop Dam upstream. Although some 
researchers found that metal levels in the dam were low, studies on fish from the dam found that 
bioaccumulation of metals in fish was taking place. Although the fish were apparently healthy, their flesh 
contained antimony, lead and chromium at levels that posed a threat to regular consumers of fish from 
the dam. 

 




