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Water Sample Analysis of Zululand Anthracite Colliery's  

Mbucwane River Containment Dam 

1. Introduction 
 

A 500 ml water sample was taken from Zululand Anthracite Colliery's (ZAC) illegal containment dam 

(28° 8'26.30"S; 31°39'27.54"E) on the Mbucwane river near their operational Outcrop shaft and their 

abandoned unrehabilitated Western shaft on Tuesday 4th August 2020 at 15h30 (Figure 1). The 

Mbucwane river and containment dam flow into the Black Mfolozi river. The water sample was 

analysed by Talbot and Talbot, an accredited professional laboratory in Pietermaritzburg. Their test 

results are shown in Excel spreadsheet 2. Their results were further analysed by Dr Wilson in relation 

to toxic threshold values for Aquatic Ecosystems, Livestock Watering and Domestic Use (see Excel 

spreadsheet 1): 

1. Department of Water Affairs and Forestry, 1996. South African Water Quality Guidelines. Volume 
7: Aquatic Ecosystems. 

2. Department of Water Affairs and Forestry, 1996. South African Water Quality Guidelines (second 
edition). Volume 5: Agricultural Use: Livestock Watering. 

3. Department of Water Affairs and Forestry, 1996. South African Water Quality Guidelines (second 
edition). Volume 1: Domestic Use. 

 

2. Definitions 
 

The Target Water Quality Range (TWQR) applies to all three guidelines and is the range of 

concentrations within which no measurable adverse effects are expected on the health of aquatic 

ecosystems, livestock or humans and should therefore ensure their protection. These ranges assume 

life-long exposure (Excel spreadsheet 1). 

The Chronic Effect Value (CEV) applies to the South African Water Quality Guidelines for Aquatic 

Ecosystems. It is defined as that concentration of a constituent at which there is expected to be a 

significant probability of measurable chronic effects in the aquatic community. Such chronic effects 

can lead to the eventual death of individuals and disappearance of sensitive species from aquatic 

ecosystems. This can have considerable negative consequences for the health of aquatic ecosystems 

since all components of aquatic ecosystems are interdependent. It is important to note that even if 

the concentration of a constituent is always below the CEV, there is still a significant risk of chronic 

effects to a small percentage of the most sensitive organisms. If the CEV is exceeded, the chronic 

effects will be more widespread, and the likelihood of possible acute effects will increase with 

increasing concentration, frequency and duration of exceeding the CEV (Excel spreadsheet 1). 

The Acute Effect Value (AEV) applies to the South African Water Quality Guidelines for Aquatic 

Ecosystems. It is defined as that concentration of a constituent at which there is expected to be a 

significant probability of acute toxic effects in the aquatic community. If such acute effects persist for 

even a short while, or occur at too high a frequency, they can quickly cause the death and 

disappearance of sensitive species or communities from aquatic ecosystems. This can have 

considerable negative consequences for the health of aquatic ecosystems, even over a short period 

(Excel spreadsheet 1). 
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The Chronic Effect Range (CER) applies to the South African Water Quality Guidelines for Agricultural 

Use (Livestock Watering) and Domestic Use. It is defined as that concentration of a constituent at 

which there is expected to be a significant probability of chronic toxic effects (Excel spreadsheet 1).  

The Chronic and Acute Effect Range (CAER) applies to the South African Water Quality Guidelines for 

Agricultural Use (Livestock Watering) and Domestic Use. It is defined as that concentration or level of 

a constituent at which there is expected to be a significant probability of chronic and acute toxic 

effects (Excel spreadsheet 1). 

 

3. Aquatic Ecosystems 
 

Although this section focuses on aquatic ecosystems and their flora and fauna, wild indigenous 

terrestrial animals probably frequently drink from Zululand Anthracite Colliery’s containment dam on 

the Mbucwane river as it is the only permanent waterbody in the greater area, since the Mbucwane 

river spring was destroyed by probable coal mine blasting many years ago (Figure 1). Antelope such 

as Common Duiker (Sylvicapra grimmia) and Greater Kudu (Tragelaphus strepsiceros) and other 

mammals like Aardwolf (Proteles cristata), African Wild Cat (Felis sylvestris), Black-backed Jackal (Canis 

mesomelas), Caracal (Caracal caracal), Porcupine (Hystrix africaeaustralis), Slender Mongoose 

(Herpestes sanguineus), Striped Polecat (Ictonyx striatus) and Striped Weasel (Poecilogale albinucha) 

would be detrimentally affected by toxic water in the dam. 

Not only are the surface aquatic ecology, aquatic plants and animals and terrestrial fauna at risk of 

poisoning, but the ground water is also vulnerable to contamination.  

a. The Mbucwane River Spring Destroyed by Blasting  
 

A vital perennial spring in the upper reaches of the Mbucwane river ensured flow throughout the year 

before Zululand Anthracite Colliery’s blasting activities commenced (Figure 1). After blasting started, 

the spring stopped flowing according to community members. From a geo-hydrological perspective, 

destructive blasting can easily change drainage patterns, especially in the fractured sandstone and 

shale lithologies of the Vryheid Formation in the affected area. The community relied on the spring 

for their water needs, as did the aquatic, riparian and terrestrial ecology, which have been 

detrimentally affected. The aquatic ecology has been destroyed and the indigenous riparian plants 

and wild animals no longer have a perennial source of water.  

b. Water Sample Analysis 
 

Water sample analysis of Zululand Anthracite Colliery’s Mbucwane river containment dam reveals 

highly abnormal results in terms of the South African Water Quality Guidelines for Aquatic Ecosystems 

where aquatic flora and invertebrate and vertebrate fauna will be significantly and detrimentally 

affected by the high incidence of Chronic and Acute Effect Values (Excel spreadsheet 1). The results 

are consistent with coal mine contamination and show marked toxicity in terms of the guidelines.  

The water sample contained toxic concentrations of dissolved Aluminium (Al) and Arsenic (As), which 

equalled and exceeded their Chronic Effect Values (CEVs) respectively (Excel spreadsheet 1). Higher 

levels of toxicity were found for dissolved Cadmium (Cd), Copper (Cu), Mercury (Hg), Lead (Pb), 

Selenium (Se), Sulphate (SO4), Total Dissolved Solids (TDS) and Electrical Conductivity (EC), all of which 

exceeded their Acute Effect Values (AEVs; Excel spreadsheet 1). Extremely high concentrations of Lead 

were evident at 5.45 times the AEV for this constituent. Even higher concentrations of Sulphate (SO4) 
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were present at 12.4 times the AEV for this constituent. Electrical Conductivity greatly exceeded the 

AEV for this measurement.   

The Bicarbonate alkalinity (HCO3) concentration was high and near the upper limit of the Target Water 

Quality Range (TWQR; Excel spreadsheet 1). 

c. Toxic Effects of Constituent Chronic Effect Values & Acute Effect Values  
 

Dissolved Aluminium is toxic to a wide range of aquatic and terrestrial organisms and is found in acid 

mine drainage waters from coal mines. The serious deleterious neurological effects of Aluminium in 

mammals are well documented (DWAF 1996a). Dissolved Arsenic is toxic to aquatic plants and 

invertebrate and vertebrate fauna in terms of reduced growth and reproduction and is a known 

carcinogen. Arsenic also causes adverse behavioural changes in animals that affect their ability to 

survive and reproduce (DWAF 1996a).   

Dissolved Cadmium is highly toxic to aquatic plants and animals, including fish. Its deleterious 

physiological effects are often due to its replacement of Zinc in some enzymes, thereby impairing 

enzyme activity. Cadmium is known to inhibit bone repair mechanisms, and is teratogenic (causes 

malformed organisms), mutagenic (causes mutations) and carcinogenic (DWAF 1996a).  

Dissolved Copper is a micronutrient and an essential component of enzymes involved in redox 

reactions and is rapidly accumulated by plants and animals. However, it is toxic at low and high 

concentrations in water and is known to cause brain damage in mammals. It also detrimentally affects 

species richness and composition of invertebrate communities (DWAF 1996a).  

Dissolved Mercury and mercury-organic complexes are extremely toxic to aquatic organisms, and to 

all other organisms. Dissolved mercury is easily absorbed by aquatic organisms and is readily bio-

accumulated (accumulates in plant and animal tissues), which increases the risk of mercury toxicity to 

aquatic and terrestrial organisms in the food chain. The tendency of this heavy metal and its 

complexes to bio-accumulate in the food chain is of great concern in terms of poisoning the whole 

food chain. Mercury is severely poisonous to mammals due to its neuro- and renal toxicity (DWAF 

1996a).  

Dissolved Lead concentrations in aquatic ecosystems are generally low and hence the extremely high 

concentration of lead in the present study is highly abnormal and hazardous to most forms of life as 

it is accessible and toxic to aquatic organisms. It readily accumulates in living tissue and is bio-

accumulated by benthic bacteria, freshwater plants, invertebrates and fish. Lead that has been 

absorbed by vertebrate organisms is largely deposited in the bony skeleton and if stress results in 

decalcification or deossification, it may result in toxic effects. Lead’s deleterious effects on the 

mammalian nervous system are well established and result in diminished cerebral function. 

Metabolically, Lead interacts with iron and interferes with haemoglobin synthesis in mammals. It also 

affects membrane permeability by displacing calcium at functional sites and inhibits enzymes involved 

in energy metabolism. Spinal deformities result in fish after exposure to Lead, while low 

concentrations affect fish by causing the formation of a film of coagulated mucous over the gills and 

subsequently over the entire body. Resulting mortality is due to suffocation caused by the mucous 

layer (DWAF 1996a).  

Dissolved Selenium is toxic to aquatic and terrestrial organisms due to its replacement of Sulphur in 

biologically important substances. Observed toxic effects in fish include changes in feeding behaviour 

and equilibrium, pathological changes, deformities, haematological (blood) changes and death. 

Invertebrates are more sensitive than vertebrates, with toxic effects including immobilisation and 



4 
 

reduced survival and reproduction. Selenium ascends the aquatic food chain and accumulates in the 

livers of fish and mammals, consequently posing a threat to aquatic and terrestrial predators. 

Selenium undergoes biological methylation in sediments and the resulting Seleno-methionine is ten 

times more toxic than inorganic Selenium (DWAF 1996a). The sediments of the Zululand Anthracite 

Colliery Mbucwane river containment dam are likely to contain this highly toxic Seleno-methionine.  

Sulphate is a frequent and major contaminant in mine wastewater and component of acid mine 

drainage. In very high concentrations as found in the present study, it is toxic to plants and animals, 

especially invertebrate aquatic fauna, fish and mammals, including cattle (Davies 2002; Orem, 

Gilmour, Krabbenhoft & Aiken 2016; Wang, Dorman, Ingersoll, Hardesty, Brumbaugh, Hammer, Bauer 

& Mount 2016). Sulphate readily forms toxic Sulphides and causes the formation of extremely toxic 

and bio-accumulative Methyl-mercury (Orem et al. 2016). Sulphate interferes with fish developmental 

stages from the embryo to hatching (Wang et al. 2016).  

Total Dissolved Solids (TDS) is the measure of the quantity of all compounds dissolved in water, 

including inorganic salts, organic material and other dissolved matter. The mean salinity of the world’s 

rivers is approximately 120 mg/L and hence the very high TDS value of 1,358 mg/L for the present 

study is highly abnormal for a body of freshwater in a river and is consistent with coal mine 

contamination. Water with TDS concentrations greater than 1,000 mg/L is brackish or slightly saline 

(salinity is the total concentration of all dissolved salts in water). Freshwater plants and animals 

possess a wide range of physiological mechanisms and adaptations to maintain the necessary balance 

of water and dissolved ions in cells and tissues, but when the aquatic environment becomes brackish, 

the tolerance of these homeostatic mechanisms is exceeded and the organisms die. This is apart from 

the physiological effects on aquatic organisms exerted by individual ions. Changes in TDS can affect 

aquatic organisms at three levels, namely: Individual species; community structure; and microbial and 

ecological processes such as rates of metabolism and nutrient cycling. Increases in salinity have been 

shown to cause shifts in biotic communities, limit biodiversity, eliminate less-tolerant species and 

cause chronic or acute effects at specific life stages (DWAF 1996a; Weber-Scannell & Duffy 2007).  

Electrical Conductivity (EC) is the measure of the ability of water to conduct an electrical current. This 

ability is directly related to the concentration of ions in the water such as carbonate, bicarbonate, 

chloride, sulphate, nitrate, sodium, potassium, calcium and magnesium, all of which carry an electrical 

charge. These conductive ions come from dissolved salts and inorganic materials such as alkalis, 

chlorides, sulphides and carbonate compounds. The Total Dissolved Salts concentration is directly 

proportional to the Electrical Conductivity of water. Because Electrical Conductivity is much easier to 

measure than Total Dissolved Salts, it is routinely used as an estimate of the Total Dissolved Salts 

concentration. Total Dissolved Solids is closely related to Electrical Conductivity. The healthy range of 

Electrical Conductivity for fish and aquatic invertebrates is 15-50 mS/m, but the extremely high value 

of 204 mS/m obtained in the present study, is highly toxic. The deleterious biological effects of toxic 

levels of Electrical Conductivity are the same as for Total Dissolved Solids discussed above (DWAF 

1996a).  

4. Livestock Watering 
 

Cattle frequently drink from the Zululand Anthracite Colliery containment dam on the Mbucwane 

river. Goats, antelope such as Common Duiker (Sylvicapra grimmia) and Greater Kudu (Tragelaphus 

strepsiceros) and other mammals like Aardwolf (Proteles cristata), African Wild Cat (Felis sylvestris), 

Black-backed Jackal (Canis mesomelas), Caracal (Caracal caracal), Porcupine (Hystrix africaeaustralis), 

Slender Mongoose (Herpestes sanguineus), Striped Polecat (Ictonyx striatus) and Striped Weasel 
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(Poecilogale albinucha) probably drink there too as it is the only permanent waterbody in the greater 

area, since the Mbucwane river spring was destroyed by probable coal mine blasting many years ago 

(Figure 1).  

a. Water Sample Analysis 
 

The containment dam water sample contained toxic concentrations of dissolved Cadmium (Cd) and 

Selenium (Se) in the Chronic Effect Range (CER; Excel spreadsheet 1). Much higher levels of toxicity 

were found for dissolved Molybdenum (Mo) at 5.24 times the Chronic and Acute Effect Range value 

(CAER; Excel spreadsheet 1).  

b. Toxic Effects of Constituent Chronic Effect Range & Chronic & Acute Effect Range  
 

The high concentration of dissolved Cadmium found in the present study usually signifies 

contaminated mine water. Dissolved Cadmium is highly toxic to living organisms and its presence in 

the aquatic environment and livestock drinking water is of great concern because of bio-accumulation 

and extreme toxicity. Its rate of absorption is higher when ingested through water. It persists in animal 

tissue, causing delayed toxicity. It is retained in the liver and kidneys but may also be found in muscle 

tissue and milk. Cadmium’s deleterious physiological effects are often due to its replacement of Zinc 

in some enzymes, thereby impairing enzyme activity. It is known to inhibit bone repair mechanisms, 

and is teratogenic (causes malformed organisms), mutagenic (causes mutations) and carcinogenic. 

Toxic effects also include decreased milk production, scaly skin, anaemia, abortions, stillbirths, decline 

in immune responses, reduced feed intake, reduced growth, testicular degeneration, enlargement of 

joints, liver and kidney damage and increased mortality. Exposure of livestock to Cadmium during 

pregnancy results in adverse effects to maternal organs. Increases in serum Cadmium concentrations 

can lead to hypochroaemia (chronic anaemia), osteomalacia (bone matrix mineralisation failure 

resulting in bone softening) and lowered Zinc and Iron serum concentrations. Suckling and pregnant 

livestock are more at risk (DWAF 1996a; DWAF 1996b). 

At low concentrations, dissolved Selenium is an essential nutritional micro-element in animals and is 

an integral part of the enzyme glutathione peroxidase. Selenium is also bio-accumulated by certain 

plants. At high concentrations like those found in the present study, Selenium is toxic. Young animals 

are more susceptible to Selenium poisoning than adults. Chronic poisoning causes hair loss (from the 

mane and tail in horses, the tail in cattle and general hair loss in pigs), sloughing off of hooves, 

lameness, decrease in feed intake and resultant death from starvation. Acute poisoning results initially 

in locomotory and posture abnormalities and a loss of appetite, followed by difficult breathing, 

diarrhoea and signs of abdominal pain and bloat. Death occurs from respiratory failure (DWAF 1996b). 

Although dissolved Molybdenum is an essential micro-element for all living organisms, it is toxic at 

high concentrations like those found in the present study. Molybdenum plays a vital role in many 

enzymes, notably the flavoprotein enzyme, xanthine oxidase, as well as sulphite oxidase and aldehyde 

oxidase. Molybdenum enhances microbial activity in the rumen. Metabolically, it interacts with the 

dietary intake of Copper and Sulphur, both of which strongly influence its toxicity. High and very high 

Copper and Sulphate concentrations respectively are evident in the present study, enhancing the 

toxicity of the exceptionally high concentration of Molybdenum (Excel spreadsheet 1). Molybdenum 

may have direct effects on metabolic processes independent of changes in Copper metabolism. Toxic 

effects of Molybdenum include persistent diarrhoea, loss of appetite, reduced weight, anaemia, lack 

of co-ordination, infertility, bone malformation and depigmentation of hair. Calves and "cows-in-milk" 

are particularly vulnerable (DWAF 1996b). 



6 
 

5. Domestic Use 
 

Community members may use water from Zululand Anthracite Colliery’s illegal containment dam on 

the Mbucwane river for drinking. Furthermore, the nearby community relies on at least one standpipe 

for its water needs that is fed by a borehole. High levels of contamination in the dam would result in 

contaminated groundwater, in which case the borehole feeding the community standpipe is likely to 

be contaminated as well.   

a. Water Sample Analysis 
 

The concentration of dissolved Manganese (Mn) exceeded the Target Water Quality Range (TWQR) 

but was less than the Chronic Effect Range (CER; Excel spreadsheet 1). Toxic levels in the Chronic Effect 

Range were found for dissolved Cadmium (Cd), Lead (Pb), Selenium (Se), Total Dissolved Solids (TDS) 

and Electrical Conductivity (EC; Excel spreadsheet 1). Higher levels of toxicity were found for Sulphate 

(SO4) in the Chronic and Acute Effect Range (CAER; Excel spreadsheet 1). 

b. Toxic Effects of Constituent Chronic Effect Range & Chronic & Acute Effect Range  
 

Dissolved Manganese may have neurotoxic effects at high concentrations, and there is preliminary 

evidence of a causative link between Manganese ingestion and Parkinson's Disease (DWAF 1996c). 

Dissolved Cadmium is highly toxic to humans and its presence in the aquatic environment is of great 

concern because of bio-accumulation and extreme toxicity. At high concentrations like those in the 

present study, Cadmium is acutely toxic and can cause severe renal damage with renal failure. It also 

causes acute gastroenteritis which closely mimics the gastroenteritis caused by micro-organisms. 

Cadmium poisoning is very difficult to treat due to rapid and irreversible uptake by the kidneys. It 

persists in human tissue, causing delayed toxicity and is retained in the liver and kidneys, but may also 

be found in muscle tissue and milk. The half-life of Cadmium in the body is several decades, hence 

continued intake from contaminated water is extremely serious. Cadmium’s deleterious physiological 

effects are often due to its replacement of Zinc in some enzymes, thereby impairing enzyme activity. 

It is known to inhibit bone repair mechanisms, and is teratogenic (causes malformations), mutagenic 

(causes mutations) and carcinogenic (DWAF 1996a; DWAF 1996b; DWAF 1996c).   

Metabolically, dissolved Lead interacts with iron and interferes with haemoglobin synthesis. It also 

affects membrane permeability by displacing calcium at functional sites and inhibits enzymes involved 

in energy metabolism. Even at relatively low concentrations, i.e., much lower than in the present 

study, particularly with continuous exposure, Lead can cause neurological damage in foetuses and 

young children that can result in behavioural changes and impaired intelligence. In adults, neurological 

effects are less pronounced, and anaemia and lead colic (acute episodes of abdominal pain) result. 

Lead is largely deposited in the bony skeleton and if stress results in decalcification or deossification, 

toxic effects may ensue (DWAF 1996c).  

At low concentrations, dissolved Selenium is an essential nutritional micro-element in humans and is 

an integral part of the enzyme, glutathione peroxidase. Selenium is bio-accumulated by certain plants. 

At high concentrations like those found in the present study, Selenium is toxic to humans, and effects 

include liver damage and impairment of nail and hair growth (DWAF 1996c). 

Imbibing water with high Total Dissolved Solids (TDS) and related Electrical Conductivity (EC) over a 

long period causes electrolyte imbalances in the body and kidney damage. Toxic effects of high 

concentrations of dissolved salts also include laxative effects, adverse effects on cardiac patients and 
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hypertension sufferers and adverse effects on women with pregnancy associated toxaemia (DWAF 

1996c). 

Sulphate is toxic to humans in the very high concentrations evident in the present study and causes 

persistent diarrhoea, which can lead to dehydration and death (DWAF 1996c).  

6. Conclusion 
 

The water sample test results of Zululand Anthracite Colliery's illegal containment dam on the 

Mbucwane river are highly abnormal in terms of the South African Water Quality Guidelines for 

Aquatic Ecosystems, Agricultural Use (Livestock Watering) and Domestic Use. This is especially the 

case for aquatic ecosystems where aquatic flora and invertebrate and vertebrate fauna will be 

significantly and detrimentally affected by the high incidence of extremely toxic constituents which 

exceed the Chronic and Acute Effect Values. The results are consistent with coal mine contamination 

and show marked toxicity in terms of the three guidelines. 

With the high levels of toxicity evident in the containment dam, it is highly likely that the ground water 

is also severely contaminated, in which case the borehole feeding the nearby community standpipe is 

probably contaminated as well.   

Overall, the test results indicate that Zululand Anthracite Colliery’s (ZAC’s) illegal containment dam on 

the Mbucwane river near ZAC’s active Outcrop shaft and abandoned and unrehabilitated Western 

shaft, which flows into the Black Mfolozi river, is highly toxic for aquatic ecosystem, livestock and 

human health. This is a flagrant violation of environmental law involving at least three Acts of 

Parliament: The National Water Act, No. 36 of 1998, the Mineral and Petroleum Resources 

Development Act, No. 28 of 2002 and the National Environmental Management Act, No. 107 of 1998. 

It is not only Zululand Anthracite Colliery which is responsible for the toxic containment dam and 

serious contamination of the Mbucwane river and Black Mfolozi river, but also the organs of state 

which should be monitoring this mine, such as the Department of Mineral Resources (DMR), 

Department of Water and Sanitation (DWS) and Department of Environmental Affairs, Forestry and 

Fisheries (DEFF). These organs of state have failed dismally in their statutory responsibilities. It is also 

pertinent to emphasise that the DMR, DEFF and ZAC should explain, why six years after closure, the 

Western shaft and surrounding area remain largely unrehabilitated. This is another flagrant violation 

of environmental law involving at least two Acts of Parliament: The Mineral and Petroleum Resources 

Development Act, No. 28 of 2002 and the National Environmental Management Act, No. 107 of 1998.   
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