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Executive Summary 

Sibanye-Stillwater (Sibanye) commissioned Kongiwe Environmental Pty (Ltd) (Kongiwe) to undertake a Soil 

Quality Assessment at their Kloof Gold Mine operations (Kloof) in Gauteng to ensure compliance with the 

conditions of their existing Water Use Licence (WUL).  This Soil Quality Monitoring Plan (SQMP) intends to 

determine if any further impacts occur in the soils medium, as a result of the authorised WUL activities 

discharge (viz. irrigation of any land with waste or water containing waste). 

Results 

Existing surveys indicate the surveyed area under irrigation with wastewater, totals 13.09 ha (of a total site size 

of 11.53 ha).  Four dominant soil forms were identified within the surveyed area (Avalon, Westleigh, Glenrosa 

and Hutton/ Clovelly).  The most dominant soil form at Kloof is Avalon.  The shallow and rocky Mispah/ Glenrosa 

soil forms are next most prevalent.  Westleigh and Clovelly/ Hutton soils make up the balance of site soils. 

The bulk densities of the soils sampled at the Kloof site range from 1.41 to 1.57 g/cm3.  Therefore, these soils 

are not compacted, which is favourable for optimum agricultural potential. 

The cation values returned follow expected trends for the geological setting.  No clear impact from the 

discharge waters are recorded.  Trends from 2019 to 2020, indicate a slight neutralising in pH, with an increase 

in cations.  Baseline acidic soils are expected in from the geological setting.  These soils are considered slightly 

acidic to neutral.  The EC which is a measure of the amount of soluble salts in the soil has values ranging from 

57.6 to 111.8 μS/cm.  Soils at the sampled points had EC levels below the 1,000 μS/cm threshold value.  The 

soils are considered non-saline. 

The Cation Exchange capacity (CEC) is the ability of soil to hold exchangeable cations and plays a vital role 

in soil nutrient availability.  The CEC of the soil samples ranges between 1.13 and 2.55 cmolc/kg, which is 

considered low.  A low CEC indicates a limited capacity to retain cations (absorption capacity).  The site 

potential to naturally buffer, any discharge water, is moderate to low. 

Chlorides, nitrates, phosphorous and sulphates of the Kloof samples are low and within the SSV1 thresholds.  

No soil contamination due to excessive salts has occurred. 

Selenium (Se), Mercury (Hg) and Uranium (U) returned results, Below Detectable Limits (BDL).  Chrome (Total, 

III and IV), cadmium (Cd), cobalt (Co), manganese (Mn), nickel (Ni), iron (Fe), aluminium (Al) and zinc (Zn) all 

recorded within the SSV1 compliance limits.  Lead (Pb), arsenic (As) and copper (Cu) all recorded above 

SSV1 levels, but below ALL SSV2 levels (including SSV2: Informal Residential). 

Analytically the impact of the above elevated content has the potential for the following impacts to 

vegetation (human health is not at risk)1. 

• Copper toxicity affects primarily the plant roots and, therefore, the general growth of the plants.  Toxic 

levels of copper rarely occur naturally in soils, therefore.  Basement geology may play a significant role in 

these elevated levels (i.e. mineralisation within the Witwatersrand conglomerates geology).  The control 

sample (KLF 3) shows equally elevated high copper levels (not irrigated by treated wastewater). 

• Lead toxicity Lead (Pb) is the second most toxic heavy metal after arsenic (As), which has no role in 

biological systems.  Pb toxicity causes a range of damages to plants from germination to yield formation; 

however, its toxicity is both time and concentration dependent.  Its exposure at higher rates disturbs the 

plant water and nutritional relations and causes oxidative damages to plants (Zulfiqar, Nov 2019).  

• Arsenic Toxicity Arsenic (As), a naturally occurring metalloid, is not essential for plant growth, but it can 

accumulate in plants to toxic levels. As a result, it can enter the food chain and pose health risk to humans.  

Generally, in plants, the chelation phenomenon detoxifies arsenite through complexation with the thiol-

rich peptide. 

 

1 It is important to note that these impacts are actionable AND urgent when they exceed SSV2 (which they do not at present). 
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Generally speaking, sampling results returned are in range of the background (control) sample.  Irrigation of 

land with wastewater, currently not showing any significant impacts on soil resources within the Kloof study 

area. 

Recommendations 

The following actions are recommended to reduce adverse effects on the soil resources at Kloof as a result 

of irrigating with water containing waste: 

• Continued monitoring of irrigation water quality and quantity to determine the rate of elemental 

laydown. 

• Proposed changed to the SQMP Monitoring Plan: 

An additional (single) wet and dry season analysis is recommended to ensure a complete 

comparative sample cycle.  These results will then be combined into a final analytical and trend 

report, to further advise the SQMP requirements, which may indicate a reduction in sampling 

frequency. 

The following Chemical Analysis of elements can be discontinued: 

o CEC analysis (the site is considered low to have a very low buffer capacity) 

o Cobalt (Co), Nickel (Ni), Zinc (Zn), Selenium (Se) 

The following Physical Characteristics tests can be discontinued: 

o Physical soil texture (clay-sand-silt) and bulk density analysis, 

o Pedological cartography/ mapping 

Assessment (and recommendations) of Land Potential can be discontinued:  

o Land Potential, Land-Use and/or Land Type mapping. 

o Recommendations to the maintenance or increase of any agricultural/ carrying-potential 

(e.g. liming, fertigation etc.). 

• In the event of extreme levels of pollutants, corrective measures should immediately be taken to avoid 

the spread of pollution to adjacent soils and water resources. 

Specialist Opinion 

The irrigation of wastewater at the Kloof golf course was found to pose only limited impact on soil resources.  

An increased concentration of metals and metaloids (Arsenic (As), Copper (Cu) and Lead(Pb)), may lead to 

phytotoxicity in the profile.  The buffer capacity of the site is considered low, and the effects of pollutants will 

present without a lag period.  Thus, the correlation between discharged wastewater composition and these 

receiving-body results, needs to be tested in the comparative wet-dry seasons. 

Minimal pollutants were found in soil profiles at Kloof Golf Course, but the cumulative influence of long-term 

irrigation requires monitoring. 

A reasoned reduction is parameters is provided, with a retained focus on critical toxic elements. 

This (reduced) trend analysis is required to better understand if any potential future or potential significant risks 

are posed by continued wastewater irrigation. 

The ongoing and responsible discharge of wastewater and its analysis is recommended. 
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1 Background 

Sibanye-Stillwater (Sibanye) commissioned Kongiwe Environmental Pty (Ltd) (Kongiwe) to undertake a Soil 

Quality Assessment at their Kloof Gold Mine operations (Kloof) in Gauteng to ensure compliance with the 

conditions of their existing Water Use Licence (WUL).  This Soil Quality Monitoring Plan (SQMP) intends to 

determine if any further impacts occur in the soils medium, as a result of the authorised WUL activities 

discharge (viz. irrigation of any land with waste or water containing waste). 

1.1 Study Description 

Kloof Golf Course is located in the Westonaria Local Municipality, which falls under the West Rand 

District Municipality of Gauteng.  Kloof is situated approximately 10 km from the town of Westonaria 

and 20 km from Carltonville.  The property is situated on the farm Rietfontein 349, (erf 22/349, 47/349 

and 21/349). 

 

 

Figure 1-1: Regional Locality Plan 
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Figure 1-2: Surveyor General Locality Plan 

 

 

Figure 1-3: Site Plan 
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1.2 Legal Requirements 

The South African enviro-legal setting, requires consideration be given to the management of soil and 

land in the study area, and includes (but are not limited to): 

• Soils and Land Capability are protected under the National Environmental Management Act, 1998 

(Act No. 107 of 1998) (NEMA).  The NEMA requires that pollution and degradation of the 

environment be avoided, or, where it cannot be avoided be minimised and treated; and 

• The Conservation of Agricultural Resources Act, 1983 (Act No. 43 of 1983) (CARA) (National 

Department of Agriculture, now DAFF), requires the protection of land against soil erosion, the 

prevention of water logging and salinization of soils by means of suitable soil conservation works 

to be constructed and maintained. 

• Section 39 of the National Water Act, 1998 (Act No. 36 of 1998) (NWA) (Department of Water Affairs 

and Forestry, 2013). 

• Mineral and Petroleum Resources Development Act (50 of 1991), (National Department of Minerals 

and Energy), as part of its mandate to protect and conserve mineral resources, may incur 

conditions to the site (nothing recorded as part of the existing study area). 

• Subdivision of Agricultural Land Act (Act No. 70 of 1970), requires a permit, for any subdivisions, 

and potentially incurs conditions to the subdivision (nothing recorded as part of the existing study 

area). 

 

2 Scope of Work 

The following tasks were undertaken as part of the SQMP assessment: 

• It is the intention of these studies to provide a baseline assessment and comparison, of the existing soil 

quality for irrigated land in the Driefontein Gold Mine (Driefontein) and Kloof Gold Mine (Kloof) with 

wastewater.  This report reflects the results for the Kloof wastewater discharge at the Kloof Golf Course. 

• Additional to the above, the variable nature of chemical results, and changing conditions on site, will 

be assessed, to determine the viability of an annual SQMP assessment. 

 

3 Methodology 

A correctly phased methodology allows the robust and scientifically defensible assessment of the study area.  

The methodology used in the SQMP are: 

• Desktop Review 

A desktop review of the baseline data and findings related to the soil surveys and other relevant 

existing documentation.  Existing Geological (1:250,000 Geological Maps) and Land Type data 

(1:250,000 Land Type & Soil Maps, ARC) was used to obtain generalised soil patterns and terrain types 

for the project site. 

Rainfall, evaporation and runoff data obtained from the WR2012 study (WRC, 2015) and was 

evaluated.  The affecting and relevant climate conditions (MAR, MAE and MAP), was assessed for the 

site, and compared to the existing rainfall data, captured on site by Sibanye-Stillwater. 

The mine water, discharge volumes/ frequencies onto the site (effected by the WUL), are reviewed. 

Historic sampling and reporting was also used as a baseline, and for interpretation of trend analysis 

(Digby Wells Environmental, Oct 2019). 
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• Field Survey 

A field survey was undertaken on the 24 June 2020.  Six (6) sites were sampled, based on historic 

sampling positions.  Both shallow and deep samples acquired (totalling 11 samples for analysis), 

including a baseline control samples (KLF 3*).  

Any significant changes, or potentially impacting activities observed were recorded. 

Table 3-1: Sampling History and Locations 

Name 
Latitude 
(DD.dd) 

Longitude 
(DD.dd) 

Sampling Date 
Depth 
(mm) 

KLF SMA-1 -26.39000 27.59520 Oct 2019 300 

KLF SMA-1(d) -26.39000 27.59520 Jul 2020 800 

KLF SMA-1(s) -26.39000 27.59520 Jul 2020 300 

KLF SMA-2 -26.38857 27.59530 Oct 2019 300 

KLF SMA-2(d) -26.38857 27.59530 Jul 2020 900 

KLF SMA-2(s) -26.38857 27.59530 Jul 2020 600 

KLF SMA-3* -26.38711 27.59561 Oct 2019 300 

KLF SMA-3(s)* -26.38711 27.59561 Jul 2020 100 

KLF SMA-4 -26.38793 27.59756 Oct 2019 300 

KLF SMA-4(d) -26.38793 27.59756 Jul 2020 1,100 

KLF SMA-4(s) -26.38793 27.59756 Jul 2020 500 

KLF SMA-5 -26.39017 27.59749 Oct 2019 300 

KLF SMA-5(d) -26.39017 27.59749 Jul 2020 1,200 

KLF SMA-5(s) -26.39017 27.59749 Jul 2020 500 

KLF SMA-6 -26.39170 27.59646 Oct 2019 300 

KLF SMA-6(d) -26.39170 27.59646 Jul 2020 600 

KLF SMA-6(s) -26.39170 27.59646 Jul 2020 300 

 

• Soil Physical & Chemical Characteristics 

A catena driven transect was used to identify the pedological classification for the site.  A standard 

hand auger (100 mm or 40 mm as required).  Grab samples were taken at a shallow (B1/2 horizon) 

and deeper (subsoil) levels to determine the relative migration characteristics of the organic and 

inorganic elements. 

The identification and classification of the soil profiles will be carried out using The SA Taxonomic Soil 

Classification System (Mac Vicar et al, 2nd edition, 1991). 

In this way, standardised soil identification and communication is allowed by use of the names and 

numbers given to both Form and Family.  The procedure adopted when classifying the soil auger 

profiles will be as follows: 

i. Demarcate master horizons 

ii. Identify applicable diagnostic horizons by visually noting the physical properties such as: 

• Depth 

• Texture 

• Structure 

• Mottling 

• Visible pores 

 

• Concretions  

• Compaction 
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iii. Determine from i) and ii) the appropriate Soil Form  

iv. Establishing provisionally the most likely Soil Family (pending the outcome of the Laboratory 

tests) 

Sampling of representative areas of the differing Soil Forms is carried out and submitted for analysis.  

Factors that will be considered in the laboratory include: 

• Determination of the pH  

• Exchangeable bases 

• CEC (cation exchange capacity) 

coml. +/ kg 

• Texture (% clay) and 

• Nutrient status mg/ kg 

• Organic carbon content of topsoil 

• Heavy metals as identified in the brief. 

The methods employed in the determination of the above variables are:  

i. The Spectro Atomic Analyser for the determination of the basic elements 

ii. The titration method for the determination of Organic Carbon contents, and 

iii. The use of a density meter for the determination of the clay contents. 

Six sites were sampled, at both a shallow and deep level.  Sample collection points were selected on 

the previous sampling, to ensure quantitative comparisons were possible. 

 

• Final Reporting and Recommendations 

Final reporting will provide an analytical analysis of results, direct interpretation thereof, and will 

attempt to track trends from historical sampling undertaken on site. 
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4 Results 

4.1 Habitat Status 

Information related to the climate and soil chemical characteristics associated with the project area 

are discussed in below. 

o Climate Classification 

According to the Köppen-Geiger system classification2, Kloof lies in a temperate climate (C), 

with dry winters (w) and warm summers (b), resulting in a final classification of a Cwb region. 

o Rainfall and Runoff 

Higher rainfall and evaporation are observed from the month of October to March while lower 

events are observed from April to September.  The highest recorded average monthly rainfall 

for this quaternary is about 115 mm in January while the lowest average of 5 mm recorded in 

July. 

The potential MAE of 1,650 mm exceeds the MAP of 664 mm which implies the existence of 

distinct wet and dry seasons in the area. 

A MAR depth of 10 mm was calculated.  This runoff depth is approximately 2% of the MAP for 

the area.  On average, runoff depth during the wettest months are likely not to exceed 3 mm. 

o Land-Type 

According to (1:25,000 Land Type Plan, 1976), the study area is identified as land-type Fb5 

(shallow rocky soils).  This land-type is classified as low Class VI land capability (moderate 

grazing land). 

Typical associated soils to this land type are predominantly apedal shallow, sandy soils.  The 

soil forms observed on-site are characterised by (Digby Wells Environmental, Oct 2019): 

▪ Sandy Soils: red and yellow apedal (Hutton/ Clovelly), and transitional soils identified 

as yellow-brown apedal with mottling at base (Avalon) 

▪ Soft plinthic Soils: riparian soils (Westleigh); and  

▪ Lithostatic Soils: structured (B-horizon) and rocky soils (Glenrosa and Mispah) 

o Land Form 

The terrain is classified as a gently undulating and rolling land-form, with shallow valleys 

associated with minor streams.  The study area itself shows a relatively flat terrain.  Drainage on 

site is predominantly in a northerly direction.  There are no major drainage features on site. 

4.2 Soil Classification 

Existing surveys, indicate the surveyed area under irrigation with wastewater, totals 13.09 ha (of a total 

site size of 11.53 ha).  Four dominant soil forms were identified within the surveyed area (Avalon, 

Westleigh, Glenrosa and Hutton/ Clovelly).  The most dominant soil form at Kloof is Avalon3.  The shallow 

and rocky Mispah/ Glenrosa soil forms are next most prevalent.  Westleigh and Clovelly/ Hutton soils 

make up the balance of site soils. 

  

 

2 http://www.fao.org/nr/climpag/globgrids/KC_classification_en.asp  

3 Avalon, is classified as a Clovelly, with indications of mottling at base (transitional soil) 

http://www.fao.org/nr/climpag/globgrids/KC_classification_en.asp
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Table 4-1: Study Area 

Name 
Area 

(m2) 

Area 

(Hectares) 

Percentage 
(%) 

Non-impacted Area (non-irrigated) 85,328.22  8.53  34.7% 

Impacted Area (irrigated) 130,946.74 13.09  53.2% 

Non-impacted Area (Infrastructure/ Club House) 29,948.24 2.99  12.2% 

Full Site (Kloof Golf Course) 246,223.20 24.62 100.0% 

 

o The Avalon soil form consists of orthic topsoil, on a yellow-brown apedal B, over a soft plinthic 

B horizon.  Avalon soils are freely draining and chemically active.  Manganese and iron oxides 

accumulate under conditions of a fluctuating water table forming localised mottles or soft iron 

concretions of the soft plinthic B horizon. 

o The Clovelly/ Hutton soil form consists of an orthic A and red/yellow apedal B over unspecified 

material.  These soils are well drained, usually slightly acidic, and have a low cation exchange 

capacity (CEC) due mainly to high clay mineral composition (kaolinite, iron oxides) and 

sometimes low clay content. 

o The Westleigh soil form consists of an orthic A and soft plinthic B horizon.  Plinthic soils are 

characterized by the enrichment of iron oxides due to the fluctuation of the water table, which 

causes the mobilization of iron and subsequent reprecipitation as mottles and concretions. 

o The Mispah/ Glenrosa soil form consists of a shallow orthic A and a lithocutanic B (or rocky) 

horizon.  The lithocutanic (or rocky sub-base) structure limits the water infiltration to pore spaces 

between fragments of rock or saprolite. 

The average soil texture throughout the monitoring points, the dominant classification at the Kloof Golf 

Course is the sandy loam. 

 

4.3 Soil Physical Characteristics 

A low bulk density implies a favourable soil structure for root penetration as it is not compacted.  

Generally, soils with bulk densities greater than 1.6 g/cm3 are considered as compacted soils.  The bulk 

densities of the soils sampled at the Kloof site range from 1.41 to 1.57 g/cm3. 

Therefore, these soils are not compacted,  

which is favourable for optimum agricultural potential. 

 

4.4 Soil Chemical Characteristics 

Soil pH, EC and Organic Carbon levels are considered in normal range.  The cation values returned 

follow expected trends for the geological setting.  No clear impact from the discharge waters are 

recorded. 

Trends from 2019 to 2020, indicate a slight neutralising in pH, with an increase in cations.  An equivalent 

increase is seen in the baseline sample as well, so the error can be attributed to either sampling or 

laboratory differences.  Table 4-2, below graphically displays the various results returned. 
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Table 4-2: General Characteristics 

 

a) pH (neutral indicated) 

 

b) Electrical Conductivity (µs/cm) 

 

c) Organic Carbon (C%) 

 

d) Sodium (mg/kg) 

 

e) Calcium (mg/kg) 

 

f) Magnesium (mg/kg) 

 

4.4.1 Exposure Pathways 

The likely exposure pathways on site include: 

• Horizontal (shallow) migration of contaminants through subsoil into surface water resources 

(aquicludes), potentially affecting aquatic, terrestrial ecosystems and downstream water users 

(transmissivity rates will determine the risk and/or likelihood thereof); 

• Vertical migration of contaminants through the vadose zone into local and/or regional 

groundwater aquifers; and 

• Excess nutrient uptake by plants which may lead to plant toxicities. 
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4.4.2 Soil pH and Electrical Conductivity 

The soil pH is determined in the supernatant liquid of an aqueous suspension of soil after having 

allowed the sand fraction to settle out of suspension.  The soil pH has a direct influence on plant growth 

through the following: 

• Direct effect of the hydrogen ion concentration on nutrient uptake; 

• Mobilisation of toxic ions such as aluminium and manganese, which restrict plant growth; and 

• Indirectly through the effect on trace nutrient availability. 

The pH and EC were measured to determine the oxidation potential of the soils.  The soil pH ranges 

from 4.51 to 6.84.  Baseline acidic soils are expected in from the geological setting. 

These soils are considered slightly acidic to neutral 

 

The EC which is a measure of the amount of soluble salts in the soil has values ranging from 57.6 to 

111.8 μS/cm.  Soils at the sampled points had EC levels below the 1,000 μS/cm threshold value.   

The soils are considered non-saline 

 

4.4.3 Exchangeable Cations 

The levels of the basic cations Ca, Mg, K and Na are 

determined in soil samples through extraction with 

an ammonium acetate solution.  Collected soil 

samples the profile of Ca>Mg>K>Na concentrations 

(typical for most soil forms). 

The Cation Exchange capacity (CEC) is the ability of 

soil to hold exchangeable cations and plays a vital 

role in soil nutrient availability.  The CEC of the soil 

samples ranges between 1.13 and 2.55 cmolc/kg, 

which is considered low.  A low CEC indicates a 

limited capacity to retain cations (absorption 

capacity). 

The site potential to naturally buffer any discharge water, is moderate to low 

 

4.4.4 Anions 

Chlorides, nitrates, phosphorous and sulphates of the Kloof samples are low and within the SSV1 

thresholds (refer to Table 4-3, below) 

No soil contamination due to excessive salts has occurred 
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Table 4-3: Results of Anions (Salts) 

 

a) Chloride (mg/kg), SSV1 = 12.0 mg/kg 

 

b) Nitrate (mg/kg), SSV1 = 120.0 mg/kg 

 

c) Total Phosphorous (mg/kg), SSV1 = 35.0 mg/kg 
 

d) Sulphate (mg/kg), SSV1 = 46,000 mg/kg * 

NOTE: * Results not displaying, are 

below detectable limits (BDL) 

4.4.5 Heavy Metals and Metalloids 

The Framework for the Management of Contaminated Land (DEA, May 2010), provides guidance on 

salts as land contaminated with excessive levels of salt is also a major cause of deterioration of water 

quality.  The categories are listed below: 

SSV1 SSV2 

• All land Uses, Protective of Water Resource • Informal Residential Land Use 

• Standard Residential Land Use 

• Commercial/ Industrial Land Use 

Table 4-4 (below) summarises the concentrations of heavy metals over time and at each sample 

location (so well as varying depths).  These concentrations were screened against the Soil Screening 

Values (SSV1), appropriate for All Land Uses and Water Resource Protection4.  In summary: 

Below Detectable Limits: 
(BDL) 

Selenium (Se), Mercury (Hg) and Uranium (U) 

Below SSV1 levels: Chrome (Total, III and IV), cadmium (Cd), cobalt (Co), 

manganese (Mn), nickel (Ni), iron (Fe), aluminium (Al) and zinc (Zn) 

Below ALL SSV2 levels  
(including Informal Residential) 

Lead (Pb), arsenic (As) and copper (Cu) 

(exceed SSV1 levels) 

 

 

4 National Norms and Standards for Remediation of Contaminated Land and Soil Quality (DEA, May 2014) 
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Analytically the impact of the above elevated content has the potential for the following impacts to 

vegetation (human health is not at risk). 

• Copper toxicity affects primarily the plant roots and, therefore, the general growth of the plants.  Toxic 

levels of copper rarely occur naturally in soils.  Basement geology may play a significant role in these 

elevated levels (i.e. mineralisation within the Witwatersrand conglomerates geology).  The control sample 

(KLF 3) shows equally elevated high copper levels (not irrigated by treated wastewater). 

• Lead toxicity Lead (Pb) is the second most toxic heavy metal after arsenic (As), which has no role in 

biological systems.  Pb toxicity causes a range of damages to plants from germination to yield formation; 

however, its toxicity is both time and concentration dependent.  Its exposure at higher rates disturbs the 

plant water and nutritional relations and causes oxidative damages to plants (Zulfiqar, Nov 2019).  

• Arsenic Toxicity Arsenic (As), a naturally occurring metalloid, is not essential for plant growth, but it can 

accumulate in plants to toxic levels. As a result, it can enter the food chain and pose health risk to humans.  

Generally, in plants, the chelation phenomenon detoxifies arsenite through complexation with the thiol-

rich peptide. 

Concentrations of As, Cu, and Zn and, to a lesser extent, Pb and Cd  

were found to be positively correlated with phytotoxicity.5 

Table 4-4: Results of Metals and Metaloids 

 

a) Arsenic (mg/kg), SSV1 = 5.8 mg/kg* 

SSV2 = 23 mg/kg - Informal residential 

SSV2 = 48 mg/kg - Standard residential 

SSV2 = 150 mg/kg - Commercial/ industrial 

 

b) Copper (mg/kg), SSV1 = 16 mg/kg 

SSV2 = 1,100 mg/kg - Informal residential 

SSV2 = 2,300 mg/kg - Standard residential 

SSV2 = 19,000 mg/kg - Commercial/ industrial  

 

c) Total Chrome (mg/kg), SSV1 = 46,000 mg/kg 
 

d) Chrome III (mg/kg), SSV1 = 46,000 mg/kg * 

 

5 (Kapustka, Nov 1995) 
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e) Chrome VI (mg/kg), SSV1 = 6.5 mg/kg * 
 

f) Cadmium (mg/kg), SSV1 = 7.5 * 

 

g) Manganese (mg/kg), SSV1 = 740 mg/kg 
 

h) Cobalt (mg/kg), SSV1 = 300 mg/kg 

 

i) Aluminium (mg/kg), SSV1 = n/a 
 

j) Nickel (mg/kg), SSV1 = 91 mg/kg * 

 

k) Zinc (mg/kg), SSV1 = 240 mg/kg 
 

l) Iron (mg/kg), SSV1 n/a 
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m) Lead (mg/kg), SSV1 = 20 mg/kg * 

SSV2 = 110 mg/kg - Informal residential 

SSV2 = 230 mg/kg - Standard residential 

SSV2 = 1,900 mg/kg - Commercial/ industrial 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

n) Selenium (Se)  BDL 

o) Mercury (Hg) BDL 

p) Uranium (U) BDL 

NOTE: * Results not displaying, are 

below detectable limits (BDL) 
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5 Conclusions and Recommendations 

5.1 Conclusions 

The trend analysis of results between the August 2019 and July (2020), indicate a notable and 

progressive changes in results returned. 

• KLF 4, appears a chemical outlier, with the remainder of sites, reflecting favourably with the 

background results (KLF 3). 

• The levels returned for pH and Chrome (Total), Cadmium (limited), manganese and iron and 

salts in general, indicate a stabilising environment. 

• Sodium, Calcium, Magnesium, Arsenic, lead, cobalt, nickel and aluminium are increasing.  

Arsenic elevated returned values, after BDL results in 2019. 

• The Electrical Conductivity (EC) along with the metals Copper (Cu) and Zinc (Zn), are returning 

decreasing trends. 

CEC is considered low, with only limited buffer capacity, available for large quantity cation discharge.  

The pH levels are returning to neutral (from slightly acidic levels), and EC is considered moderate to 

low.  The organic carbon levels, returned are moderate to high, indicating a high-quality soil matrix.  

Collectively, this is a well-drained soil profile, with moderate agricultural potential. 

Elevated concentrations of arsenic (As), copper (Cu) and lead (Pb), in the profiles are found to be 

positively correlated with phytotoxicity.  These fluctuations need to be monitored, for any further 

significant impact. 

The variability of the recorded results over the last year, indicates an irregular data set.  Clear 

extrapolation is thus not possible.  This may be due to either a single or combination of: 

• Variations owing to the wet- dry-season conditions; 

• Changes to the irrigation water chemistry (over the last 12-month period); and/or 

• Variations in laboratory testing and/or sampling techniques/ depths etc. 

Although the heavy metals currently do not show contamination at the project site, the soil quality 

data obtained in this study should be used as background data which can be used to compare soil 

quality over the long term.  Furthermore, where no SSV1 values are available (i.e. Selenium (Se), 

Aluminium (Al) and iron (Fe)), the concentrations over the long-term should not deviate substantially 

from baseline conditions as this would indicate an impact on potential receptors such as groundwater, 

surface water and plants. 

Acidic pH conditions affect nutrient availability in the soil.  Aluminium (Al), Manganese (Mn) and Iron 

(Fe) are especially soluble under conditions of low pH.  The soils in the study area are believed to be 

(slightly) naturally acidic and not acidified by the irrigation with treated wastewater. 

The physical characteristics of the sampled soils in the study area were found to be favourable for 

optimum agricultural potential, with bulk densities below 1.6 g/cm3 across all sampled points, 

indicating non-compacted soils.  The soil pore spaces are also within the limits for optimum agricultural 

production. 

Irrigation of land with wastewater, are currently not showing any significant impacts on soil resources 

within the Kloof study area.  Negative cumulative effects in the long run may be possible. 
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5.2 Recommendations 

The following actions are recommended to reduce adverse effects on the soil resources at Kloof as a 

result of irrigating with water containing waste: 

• Continued monitoring of irrigation water quality and quantity to determine the rate of elemental 

laydown. 

• Proposed changed to the SQMP Monitoring Plan: 

An additional (single) wet and dry season analysis is recommended to ensure a complete 

comparative sample cycle.  These results will then be combined into a final analytical and trend 

report, to further advise the SQMP requirements, which may indicate a reduction in sampling 

frequency. 

The following Chemical Analysis of elements can be discontinued: 

▪ CEC analysis (the site is considered low to have a very low buffer capacity 

▪ Cobalt (Co), Nickel (Ni), Zinc (Zn), Selenium (Se) 

The following Physical Characteristics tests can be discontinued: 

▪ Physical soil texture (clay-sand-silt) and bulk density analysis, 

▪ Pedological cartography/ mapping 

Assessment (and recommendations) of Land Potential can be discontinued:  

▪ Land Potential, Land-Use and/or Land Type mapping. 

▪ Recommendations to the maintenance or increase of any agricultural/ carrying-

potential (e.g. liming, fertigation etc.). 

• In the event of extreme levels of pollutants, corrective measures should immediately be taken 

to avoid the spread of pollution to adjacent soils and water resources. 

 

5.3 Specialist Opinion 

The irrigation of wastewater at the Kloof golf course was found to pose only limited impact on soil 

resources.  An increased concentration of metals and metaloids (Arsenic, Copper and Lead), may 

lead to phytotoxicity in the profile.  The buffer capacity of the site is considered low, and the effects 

of pollutants will present without a lag period.  Thus, the correlation between discharged wastewater 

composition and these receiving-body results, needs to be tested in the comparative wet-dry seasons. 

Minimal pollutants were found in soil profiles at Kloof Golf Course, but the cumulative influence of long-

term irrigation requires monitoring. 

A reasoned reduction is parameters is provided, with a retained focus on critical toxic elements. 

This (reduced) trend analysis is required to better understand if any potential future or potential 

significant risks are posed by continued wastewater irrigation. 

The ongoing and responsible discharge of wastewater  

and its ongoing analysis is recommended. 
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Appendix A: Laboratory Analysis 

Sample Collection Date: 24/06/2020 

Laboratory: UIS-Sediba Laboratory (SANAS accredited) 
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Appendix B: Layout Plans 

A3, Landscape 


