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Executive summary 
 

The perception is that pollution related to gold mine tailings impoundments (mine dumps) may pose risk to the surrounding communities. It is 

known that these tailings impoundments are major generators of windblown dust, which may travel long distances because of its small size.  It is 

therefore imperative to establish the hazardous nature of these pollutants (gaseous or solid dust particles), assess exposure level of the 

communities to these pollutants, identify health effects and finally establish a cause-effect relationship in order to confirm or negate this 

perception. The application of health risk assessment paradigm will therefore scientifically investigate a cause-effect relationship, if any, between 

exposure of nearby communities to gold mine tailings dust and adverse health effects experienced by these communities. 

 

Hazardous nature of solid dust particles may be determined by their physicochemical properties and their toxicity.  Exposure assessment may be 

determined through the determination of ambient concentration as well as through personal sampling methodologies. In addition, the 

determination of internal dose may be essential to assess the level of actual exposure. Cross-sectional epidemiological study of the affected 

population may determine the health effects observed in this population. Finally, the exposure-effect relationship between the levels of dust in the 

exposed population and the prevalence of known health effects associated with exposure to dust will then help confirm the risk associated with 

such exposure. To achieve these, a risk assessment paradigm will be implemented following internationally accepted procedures. 

 

This report addresses the activities pertaining to Year 1 of the project which included the following: 1) Identify mine disposal facilities (dumps) to 

test the proposed hypothesis; 2) Determine the number of samples to be collected to provide statistically significant results; 3) Collect samples of 

mine tailings dust; 4) Purchase instrument for internal dose determination; 5) Determine pollutants associated with these samples; 6) Commence 

assessment of physicochemical properties and toxicity of collected dust; 7) Assess seasonal variations and spatial distribution of ambient air 

particulate matter and gaseous pollutants. Preliminary results show the potential impact of tailings particles on surrounding communities and a 

potential to exhibit toxic properties.   
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Abstract 
 

The perception is that wastes emitted from gold mine dumps may contribute to environmental pollution and pose risk to surrounding communities. 

A risk assessment paradigm will be implemented in order to establish the risk of tailings exposure. This report addresses the enabling outputs for 

Year 1 which includes identification of target gold mine dumps using meteorological data and the commencement of physicochemical and 

toxicological characterisation of collected bulk dust. Six target gold mine dumps were identified based on high population densities and long term 

meteorological data. Bulk dust and PM10 samples were collected from representative sites at each gold mine dump. Size fractionation and 

aerodynamic diameter determination of bulk dust indicated the presence of a large fraction of particles in the respirable- and nano-range which, 

compared to micro-sized particles, is known to lodge deeper in the respiratory system and translocate to other organs once inhaled. Brunauer-

Emmet-Teller (BET) analysis of bulk dust (< 20 µm fraction) showed the presence of mesoporous material with low surface areas and pore 

volumes, probably indicative of pore blockage by other material or pollutants, which in turn may influence toxicity. In general, bulk dust particles 

showed uniform dispersion and lack of agglomeration in culture media thereby ensuring optimal contact between particles and cells. Electron spin 

resonance (ESR) spectroscopy measurements of bulk dust (< 20 µm fraction) showed high surface activities of particles in their ability to produce 

free radicals. During two sampling periods at the Durban Roodepoort Deep (DRD) gold mine dump in September 2010, it was observed that the 

daily value of PM1-10 dust was extremely high and even exceeded the daily limit value 71% of the time. Wind sector analysis confirmed that 

particles emitted from the DRD gold mine dump were the dominant source of dust measured during dust storm episodes. In conclusion, these 

preliminary results show the potential impact of tailings particles on surrounding communities and a potential to exhibit toxic properties. However 

these results will be verified through further analysis which will continue throughout Year 2.  
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Introduction 
 

A. Environmental pollution 

The mining industry is often criticised for their inadequate waste disposal attempts which constitutes a significant portion of air, soil and water 

pollution (Moreno et al., 2010). The crushed, sand-like by-product refuse material, known as tailings, is generated during extraction and milling (or 

grinding) procedures of ground ore during the mining process (Moreno et al., 2010; Saunders et al., 2009). These tailings are generally dumped 

into low-lying areas or lakes and streams near the mining site and are transported to surrounding communities by air as dust particles or 

particulate matter (PM) or by soil and/or water contamination (Moreno et al., 2010). 

The potential of environmental pollution is dependent on the metal/element content, mineralogy and physicochemical characteristics of 

tailings material (Armienta et al., 2003). Generally, tailings material from copper, lead, zinc and gold mining contain a complex mixture of 

environmentally hazardous chemicals, some of which include heavy metals and trace elements e.g. arsenic, cadmium, copper, lead, zinc and 

selenium (Moreno et al., 2010; Bussieres et al., 2004). The elemental composition of tailings material largely depends on the geology of the mining 

site (de Andrade Lima et al., 2008; Moreno et al., 2010) as well as the mining procedure. For example, gold mine tailings, which are a source of 

arsenic releases into the environment (Saunders et al., 2009), may also contain large amounts of mercury (de Andrade Lima et al., 2008), since it 

generally involves crushing and spreading of gold-bearing rock over liquid mercury to remove the gold. The mercury is then evaporated, leaving 

the gold. Some mercury is lost during this process and accumulates in tailings. A study by de Andrade Lima et al. (2008) showed that tailings 

sampled at several different points at the Serra da Santa Cruz artisanal gold mine site in the Brazilian North Eastern are predominantly composed 

of quartz (SiO2) and goethite. Scarce elements, such as titanium, zirconium, cerium, bismuth and lanthanum as well as constituents such as 

silicon, iron, aluminium and magnesium were also identified. In addition, a large amount of mercury was found in both fine and coarse particles. 

The tailings material also contained trace elements such as arsenic, nickel, copper, zinc, uranium, gold, silver, cadmium, molybdenum, lead, and 

tungsten which was characteristic of the rocks from the region where sampling took place. A study by Armienta et al. (2003) analysed the chemical 

and mineralogical composition of tailings samples obtained from 10 different areas on the walls of the El Fraile tailings area near the El Fraile 

town. The samples were grouped according to their physical characteristics (group 1 = white colour, group 2 = red-brown colour). The major 

mineral present in both groups was quartz. Group 1 contained the highest content of zinc, arsenic, iron and lead compared to group 2. Arsenic 

was the lowest in both groups compared to other elements yet, together with lead and zinc in Group 2, was above the international water drinking 

guidelines suggesting the potential toxicity to the environment.  
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B. Exposure to mine tailings material 

Environmental exposure to metals through water, food and inhalation remains a worldwide public health problem and may represent a risk for 

wildlife (Saunders et al., 2009) as well as for individuals living around mining areas, especially children, which are known to have higher 

susceptibility to acute and chronic effects of environmental hazards (Hu et al., 2007; Moreno et al., 2010), the elderly and people with existing 

health problems. A study by Moreno et al. (2010) showed that children living in the vicinity of mine tailings at the Taxco mining district in Mexico 

are exposed simultaneously to different toxic metals and had a high body burden of most evaluated metals. In addition, a number of epidemiologic 

studies have indicated that living near mining waste is a major risk factor for exposure to metals such as lead (Cook et al., 1993), cadmium, 

manganese and arsenic (Hu et al., 2007; Wright et al., 2006). Ya˜nez et al. (2003) found higher arsenic and lead levels in children living in areas 

surrounding a mining site in Villa de la Paz, Mexico, as compared to a control population. 

 

C. Toxicity and health effects of mine tailings material  

As previously mentioned, tailings may be transported by air as PM and may therefore subsequently adopt other characteristics unique to PM. For 

example, ambient PM typically consists of ions, organic compounds (PAHs, nitro-PAHs, quinines), biological materials, animal/plant debris 

(Valavanidis et al., 2008) and pyrogenic substances e.g. bacterial endotoxins (the lipopolysaccharide, LPS, component in many gram-negative 

bacteria cell membranes (Lane et al., 2004)), lipoteichoic acid from Gram-positive bacteria, peptidoglycan from bacterial cell walls, fungal spores 

and viral pathogens.  

In addition to mineralogical and elemental composition, properties such as size, shape, specific surface area and surface charge may also 

determine cellular toxicity of PM (Valavanidis et al., 2008). Particle size is one of the most important characteristics determining deposition 

patterns in the respiratory tract (Bakand and Hayes, 2010) and consequently the degree of toxicity. The aerodynamic diameter (a.d.) of airborne 

PM is between 0.005-100 µm. There are several definitions for fractions with particular sizes, though in general, coarse particles are larger than 1 

µm a.d., typically in the range of 2.5-10 µm (PM2.5 – PM10), fine particles smaller than 1 µm a.d. and ultrafine particles smaller than 0.1 µm a.d 

(PM0.1). The transport and deposition of particles in the respiratory system is directed by Bakand and Hayes (2010): 

i. impaction mechanisms in the nasopharyngeal region by particles between 5 and 30 µm  

ii. sedimentation mechanisms in the tracheobronchial region by particles between 1 and 5 µm  

iii. interception mechanisms in the alveolar region by particles < 1 µm (or ≤ 2.5 µm, Valavanidis et al., 2008)  

iv. diffusion mechanisms for particles < 0.5 µm (Bakand and Hayes, 2010).  
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Evidently, smaller particles are much more toxic since they can lodge deeper into the respiratory system (Bakand and Hayes, 2010). Particles 

larger than 10 µm are less toxic since it is less likely to enter the respiratory system. Ambient PM smaller than 10 µm, particularly PM2.5 and PM0.1 

(Valavanidis et al., 2008), has been linked to a range of serious respiratory and cardiovascular health problems. Exposure to ambient PM include 

premature mortality, aggravated asthma, acute respiratory symptoms, chronic bronchitis, decreased lung function, and increased risk of 

myocardial infarction (USEPA, 1996). Particle toxicity has also been shown to cause chronic obstructive pulmonary disease (COPD), lung fibrosis 

(van Berlo et al., 2009), respiratory infections, lung cancer (Valavanidis et al., 2008) and chronic cardiopulmonary disease (Baccarelli et al., 2008). 

In particular, the pyrogenic substance,  endotoxin, which is present in high concentrations in organic dusts (Rylander et al., 1985) and air pollution 

(Bonner et al., 1998), is known for causing inflammatory effects (Lane et al., 2004) and has been associated with lung diseases and exacerbation 

of asthma traits e.g. broncho-constriction, airway inflammation, and bronchial hyper-responsiveness (Rabinovitch et al., 2005). Once inhaled, 

endotoxins are bound by an LPS-binding protein that binds to the CD14 toll-like receptor. Initiation of signalling pathways leads to expression of 

pro-inflammatory cytokines and consequently lung inflammation, increases in epithelial permeability and activation of systemic inflammation 

(Tager et al., 2010).  

 

D. Mechanisms of particle toxicity 

The patho-physiological mechanism of particle toxicity leading to the conditions mentioned above largely involves inflammatory effects and 

induction of oxidative stress through the generation of reactive oxygen species (ROS). Inhaled particles reach the bronchi and alveoli and come 

into contact with alveolar macrophages (AMs), the key cells involved in inflammatory responses in the respiratory tract and clearance of bacteria 

or particles through phagocytosis. Activated AMs secrete a wide range of products including ROS, reactive nitrogen species (RNS), bioactive 

lipids, cytokines, chemokines, and proteases, which can contribute to lung toxicity. Among these products, ROS and cytokines such as tumor 

necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and macrophage inflammatory protein-2 (MIP-2), are important mediators of particle induced 

pulmonary inflammation and toxicity (van Berlo et al., 2009). ROS are also known to affect mitochondrial membrane potential and trigger a series 

of mitochondria-associated events including apoptosis (Zhou et al., 2008). The release of these inflammatory mediators and products is known to 

be driven by the induction of cellular oxidative stress and activation of redox-sensitive transcription factors such as nuclear factor-κB (NF-κB). NF-

κB is an important transcription factor and has been shown to participate in cell death and in inflammatory responses (Manna et al., 2005). 

Cytokines and chemokines trigger the inflammatory axis via recruitment and activation of inflammatory cells into the lung. ROS triggers signalling 

pathways involved in inflammatory mediator release and proliferation and in induction of oxidative damage to membrane constituents, intracellular 

proteins, and genomic DNA (van Berlo et al., 2009). The extent of ROS induced oxidative damage can be exacerbated by a decreased efficiency 
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of antioxidant defence mechanisms. Endogenous defences against ROS include antioxidant enzymes such as glutathione-S-transferase P1, 

glutathione peroxidase, catalase, and superoxide dismutase (Donkena et al., 2010). The potential toxicity of mine tailings particles may also 

involve ROS formation, oxidative damage and inflammation. These particles have been shown to mainly consist of arsenic and silica/quartz. The 

toxicity of arsenic compounds have been shown to involve oxidative stress through ROS formation (Dopp et al., 2010) and that of crystalline silica 

dusts to involve ROS formation which subsequently leads to NF-κB activation and production of TNFα and IL-1β in activated macrophages (van 

Berlo et al., 2009). 

 

E. Hypothesis 

The higher the exposure of communities closer to mine dumps tailings disposal facilities (dumps) to toxic dust, the higher is the incidence of 

respiratory diseases with known health effects associated with exposure to toxic mine dust.   

 

F. Aim 

A risk assessment paradigm will be implemented in order to establish the risk of tailings exposure. 

 

G. Motivation 

It is believed that wastes generated by mining procedures exhibit toxic potential based on their physicochemical characteristics. These wastes are 

generally not disposed of correctly. The perception is that these wastes may pose to be a major source of environmental pollution, putting 

surrounding communities at risk. Conducting this study will either confirm or disprove this premise.      

 

H. Objectives for Year 1 

1. Identify mine disposal facilities (dumps) to test the proposed hypothesis 

2. Determine the number of samples to be collected to provide statistically significant results 

3. Collect samples of mine tailings dust (environmental samples) 

4. Purchase instrument for internal dose determination and establish methodologies 

5. Determine pollutants associated with these samples 

6. Commence assessment of physicochemical properties and toxicity of collected dust 
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7. Assess seasonal variations and spatial distribution of ambient air particulate matter and gaseous pollutants 

 

I. Progress to date 

Progress to date includes: 

 Identification of mine disposal facilities (dumps), determination of representative sites from which dust samples are to be collected and 

determination of the number of samples to be collected to provide statistically significant results 

 Collection of bulk dust and environmental PM10 samples at identified sites 

 Acquisition of the instrument for internal dose determination  

 Analysis of the pollutants associated with collected dust 

 Commencement of physicochemical and toxicity characteristics of collected dust  

 Assessment of seasonal variations and spatial distribution/dispersion of ambient particulate matter  
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Materials and Methods 
A. Identify mine disposal facilities (dumps) to test the proposed hypothesis 

Visit to the identified sites  
Pre-existing knowledge of the Witwatersrand region assisted in identifying areas with historical dust storm episodes. Since the long term interest is 

on potential human health risk, it was necessary to prioritize areas with gold mine dumps surrounded by growing urbanization and high population 

densities for this study. 

 

Determine representative sites from which dust samples are to be collected 
Gold mine dumps 

Population density around gold mine dumps and meteorological data was considered during the identification of gold mine dumps.  

 

Sampling sites at gold mine dumps 
Bulk and ambient PM sampling 

The representative sites for bulk and ambient PM sampling was based on meteorological data and locations of surrounding communities. Bulk 

samples have been categorized into three groups:  

(1) Bulk samples, taken near edges of the top surfaces of gold mine dumps,  

(2) Spillage samples taken from areas visible of wind erosion spillage on the lee side of gold mine dumps and  

(3) Soil samples from downwind areas near schools in residential areas.  

 

Determine the number of samples to be collected to provide statistically significant results 
The exact number of bulk samples to be collected at each of the identified gold mine dumps is shown in Table 1. The number of samples to be 

collected was based on a number of factors including population density and meteorological data as discussed above. For example, a larger 

number of samples will be collected at areas most affected by higher wind speeds. In addition, the size of the gold mine dump was taken into 

account. Larger sites (e.g. ERPM in Table 1) would require a larger number of samples in order to ensure that a representative fraction is 
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collected. No statistical method was used to determine the number of samples however, the large number of representative samples to be 

collected will ensure the possibility of statistically significant results in subsequent analyses. Coordinates have been recorded for each sampling 

site to guide sampling teams.  

  

 

 

Table 1: Number of bulk, spillage and soil samples to be collected at each of the identified gold mine dumps 

Name of gold mine dump Bulk Spillage Contaminated 

soil 

TOTAL 

Durban Roodepoort Deep 5 3 2 10 

CRG Complex     

CRG 1 4 3 4 11 

CRG 2 2 2 2 6 

CRG 3 3 1 2 6 

ERPM 10 1 8 19 

ERGO 7 2 5 14 

Buffelsfontein 8 4 3 15 

Stilfontein 5 1 4 10 

TOTAL 44 17 30 91 

 

B. Collect samples of mine tailings dust (environmental samples) 

Collection of bulk dust 
Samples were collected approximately 10 cm below the surface using a shovel. Samples were stored in 5ℓ buckets. Where required a sieve was 

used to remove vegetation or rocks. For bulk and spillage samples, sub-samples were taken from at least three locations, at least 10 m apart. 

Sub-samples were bulked and mixed according to standard soil science procedures to ensure well-mixed portions. 
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Collection of environmental PM10 dust 
Respirable airborne dust may be collected using several methods. While routine monitoring of wind generated dust is the ASTM Dust fallout 

bucket method, this method does not monitor the respirable particles that constitute the primary health risk associated with dust. The Grimm® 

aerosol particle size counter simultaneously measures the size and concentration of airborne PM and has the ability to measure particle sizes up 

to 32 µm. The Grimm
®
 ambient monitor sampled concurrently with the MicroVol 1100

®
 which was used to collect filter samples for chemical 

analysis. The filters were conditioned in the laboratory and weighed before dispatch to the field for sampling. The MicroVol instrument was usually 

set to run and sample ambient particles according to laid down standards from midnight to midnight. Filters were collected after exposure, 

equilibrated in the laboratory and measured to get the mass sampled. 

 

C. Purchase instrument for internal dose determination and establish methodologies 

 

The CytoViva will be used as a simple, non-invasive method to assess the size, concentration and shape of particles in sputum of exposed 

individuals. A typical image showing particles in a cell is illustrated in Figure 1. The CytoViva has been acquired and will be further elaborated on 

in future reports as the use of this instrument will only commence in Year 2 of the project. 

 

                                                           

Figure 1: Image taken with the CytoViva instrument showing particles within an epithelial cell 
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D. Determine pollutants associated with these samples 

Determination of metal ions and radioactive components using Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS) 
ICP-MS is a popular analytical technique used to determine the elemental composition of samples and has gained general acceptance in many 

types of laboratories. Prior to performing ICP-MS analysis, samples were first treated with acid which disperses aggregated particles and desorbs 

surface-bound metals. Multi-acid digestion of dust samples was performed using 1 ml 40% hydrofluoric acid (HF) and nitric acid (HNO3) per 0.5 g 

of sample. Results of ICP-MS analysis are to be obtained in the very near future.   

 

E. Commence assessment of physicochemical properties and toxicity of collected dust 

Bulk dust samples were separated according to size, as only the fractions smaller than 20 µm are used for further physicochemical and 

toxicological analysis. To obtain the ≤ 20 µm particle fraction, bulk samples were dried at room temperature, quartered and sieved using the 

Retsch AS 200 Sieve Shaker and Retsch test sieves of different sizes (100 µm, 80 µm, 63 µm, 50 µm, 40 µm, 20 µm). Briefly, the sieves of 

different pore sizes were weighed and stacked together with the sieve of highest pore size on top and lowest pore size at the bottom. The sieves 

were loaded onto the shaker and dry dust was loaded onto the top sieve. The shaker was run at 80 Hz for 1 h to ensure separat ion of sample 

according to size. Initial optimization was performed to determine the optimal amplitude and time. After 1 h, the sieves (containing fraction of 

certain size) were weighed to determine mass of each collected fraction. 

 

Determine the size distribution and aerodynamic diameter of the collected dust using the TSI instrument 
Aerodynamic diameter is defined as the physical diameter of a unit density sphere that settles through the air with a velocity equal to that of the 

target particle. It determines the behaviour of airborne particles and allows the determination of: 1) If and where the particle will be deposited in the 

human respiratory tract. 2) How long the particle will remain airborne in the atmosphere or in an aerosol. 3) Whether the particle will penetrate a 

filter, cyclone, or other particle-removing device. 4) Whether the particle will enter a particle-sampling system. The Scanning Mobility Particle Sizer 

(SMPS; consisting of an Electrostatic Classifier, Model 3080 and Condensation Particle Counter, Model 3372) and Aerodynamic Particle Sizer 

(APS, Model 3321) were used for particle characterization. The TSI APS is capable of analyzing particle aerodynamic diameter in the range of 

approximately 0.5 – 20 μm while the SMPS is capable of classifying particle size from approximately 10 to 1000 nm. 
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Determine the surface area of collected dust using the Brunauer-Emmet-Teller (BET) methodology 
Surface area is a measure of the exposed surface of a particle and plays an important role in determining particle toxicity. The BET technique is 

the most popular model used to determine the surface area. At least 0.2 g of samples were degassed in N2 at 150 °C for 4 hours prior to analysis 

using a Micromeritics Flow Prep 060, sample degas system. The surface areas and pore size distributions were then obtained at -196 °C. The 

pore size distribution with specific surface areas of the samples, were determined via N2 adsorption/desorption according to the BET method using 

a Micromeritics Tristar, surface area and porosity analyzer. In order to confirm the accuracy of the results, 10 random sample analysis we 

repeated and the measurements were in good agreement.  

 

Determine the toxicity of the collected dust using variety of toxicity tests using in vitro cellular systems as 
well as their ability to produce oxidative stress and inflammatory markers on these cells. 
Dispersion studies 

Prior to conducting toxicological studies, it is essential to determine the dispersion state and degree of agglomeration (clumping) of particles in test 

solutions. Uniform dispersion and no agglomeration ensures optimal contact of particles with cells. Experiments were therefore conducted to 

ensure optimal interaction between particles and cells and images were taken with the Olympus CKX41 inverted light microscope to verify uniform 

dispersion and absence of agglomerates.      

 

Cytotoxicity studies 

The two assays chosen to assess cytotoxicity are the XTT assay (TOX 2 in vitro toxicology assay kit from Sigma) and the LDH assay (CytoTox-

ONE Homogeneous Membrane Integrity Assay Kit from Promega). These two assays have opposite assay principles and were chosen to reduce 

the potential for false negative results. The principles of these two assays are discussed further below: 

 

XTT assay 

The TOX 2 in vitro toxicology assay kit from Sigma provides a spectrophotometric method for estimating cell number based on the mitochondrial 

activity in living cells. The mitochondrial dehydrogenases of viable cells reduce the tetrazolium ring of XTT, yielding an orange formazan 

derivative. The absorbance of the resulting orange solution is measured spectrophotometrically. An increase or decrease in viable cells relative to 
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control cells, results in an accompanying change in the amount of formazan formed, indicating the degree of cytotoxicity. The ELX-800 microplate 

reader at NIOH was used for analysis. 

 

LDH assay 

The CytoTox-ONE™ Homogeneous Membrane Integrity Assay from Promega is a rapid, fluorescent measure of the release of lactate 

dehydrogenase (LDH) from cells with a damaged membrane. LDH is released into the culture medium. Generation of the fluorescent resorufin 

product is proportional to the amount of LDH. The amount of fluorescence produced is proportional to the number of lysed cells. The FLX 

fluorimeter at NIOH was used for analysis. 

     

Assess the ability of the collected dust to produce free radicals 
The ability of dust particles to generate free radicals in the presence and absence of cells is one of the main causes of oxidative stress. Electron 

spin resonance (ESR) spectroscopy is a widely acceptable and very sensitive method often used to measure the formation of short-lived 

(unstable) free radical compounds, such as superoxide and hydroxyl radicals at concentrations as low as 10
-10

 mol/l (Schiller et al., 2004). The 

principle of ESR spectroscopy is based on the interaction of electromagnetic radiation with the magnetism of electrons arising from their motion or 

spin. Spin traps are compounds that readily react with unstable free radicals to produce a stable free radical product (spin adduct) which may be 

identified by its ESR spectrum (Figure 2). The commonly used spin trap is 5, 5’-dimethyl-1- pyrroline-N-oxide (DMPO) and reacts with hydroxyl 

radicals to form a relatively stable adduct with readily identifiable ESR characteristics (Rosen and Klebanoff, 1979). Experiments were conducted 

using the Bruker EMX Spectrometer. All glassware was treated with 30% nitric acid and the DMPO was filtered through activated charcoal to 

prevent contamination of metals that may influence ESR results. The reaction was initiated by adding H2O2 to the samples. DMPO served as the 

spin trap. The reaction mixture was transferred to a flat cell for ESR measurement. Hyperfine splittings was measured at 0.1 Gauss from the 

magnetic field separation using tetraperoxochomate and 1, 1-diphenyl-2-picrylhydrazil as a reference standard. The Acquisit program was used for 

data acquisitions and analyses. The relative radical concentration was estimated by measuring the peak-to-peak height (mm) of the observed 

spectra. 
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Figure 2: Typical electron spin resonance (ESR) spectrum of activated carbon-filtered 5, 5’-dimethyl-1- pyrroline-N-oxide (DMPO) 
   

F. Assess seasonal variations and spatial distribution of ambient air particulate matter and gaseous pollutants 

Determine dispersion of material in the atmosphere and prevailing meteorology, in particular the wind field 
and atmospheric stability 
The Grimm

®
 aerosol particle size counter combined with weather data in a sector analysis was used to determine the dispersion of material in the 

atmosphere.  

Determine particulate matter (PM10) and (PM2.5) as well as gases emitted by diffusion from the bulk of the 
gold mine dump (radon and cyanide vapour). 
An output to commence in Year 2 

Determine the presence, seasonal variation and spatial distribution of gaseous pollutants (e.g. cyanide, 
radon gas) in ambient air as relevant determinants for chronic respiratory problems including emphysema, 
pneumonia, bronchitis asthma and respiratory tuberculosis, etc.  
An output to commence in Year 2 
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Results and Discussion 
 

Year 1 of this study involved the identification of gold mine dumps, collection of bulk and PM10 samples on and around each gold mine dump, 

physicochemical and toxicological characterisation and lastly spatial distribution/dispersion of ambient particulate matter.    

 

A. Identify mine disposal facilities (dumps) to test the proposed hypothesis 

Visit to the identified sites 
Reductions of buffer zones between communities and gold mine dumps  

Aerial views of all six identified gold mine dumps are shown in Figure 3. Close up images of some of the gold mine dumps, reveal that there are no 

effective buffers between communities and the dumps (Figure 4). The extent of impact on these communities depends on the frequency of dust 

storms. Wind speeds associated with dust generation occur with varying frequency related to the wind direction. Wider angles of wind direction 

which would carry dust from the gold mine dump to the community increase the potential impact. Thus, areas surrounded by or close to larger 

dumps have higher risks. 

 



24 
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Figure 3: Six identified gold mine dumps. A. DRD, Durban Roodepoort Deep site in Roodepoort; CGR, Crown Gold Recoveries Complex in 
Soweto; ERPM, East Rand Proprietary Mines in Boksburg; ERGO, East Rand Gold and Uranium in Springs. B. AGA 1 and 2, Anglo Gold Ashanti 
sites 1 and 2 in Orkney, Stilfontein  
 

B 
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Figure 4: DRD gold mine dump area showing surrounding communities located close to the dump 
 

In the DRD area, newer development on the western section of the gold mine dump (Tshepisong community) has reduced the buffer to about 

150 m (Figure 4). The impacts that associated dust storms would have on the wellbeing, livelihood and local economy of nearby residents are 

often ignored in these situations. Although not all the locations are residential, sufficient complex geometries exist that wind from multiple sectors 

will impact most residential environments. With over 200 dust sources in one city there is a complex and extensive modeling process required to 

fully establish all the interested and affected parties. 

 

Determine representative sites from which dust samples are to be collected 
Criteria for selection 
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Several factors are considered when proposing a sampling site. Population density around gold mine dumps is top on the scale of preference. 

Once this is considered, it is unscientific if meteorological data is ignored (discussed in detail below). Hence, the frequency of weather parameters 

such as wind speed and direction are crucial to determine the eventual site, with maximum potential to capture representative dust data.  

 

Meteorological data: Analysis of long term (10 years) wind data for Witwatersrand 

To decipher which sites are appropriate for the location of the Grimm ambient aerosol monitor, analysis of long term meteorological data was 

conducted. Wind analyses have been performed by dividing the region into 8 compass sectors (N, NE, E, SE, S, SW, W, NW) and the wind 

speeds into two wind speed bands. Wind directions have been labelled for convenience by the directions expected to experience dust impacts. 

Considering the CGR site, a worst case scenario is presented, with the closest areas affected by over 180 degrees of wind direction. Thus all wind 

directions are relevant at some locations but not all will impact at all locations. Wind conditions also vary depending on the prevailing climate 

conditions associated with specific weather e.g. passing cold fronts or high wind speed North winds (which impact areas South of gold mine 

dumps). 

 

For ease of display and consistency, the statistics on the weather data were based on the 10 year period from 2000 to 2009 which provided a 

continuous complete record. The records for OR Tambo International airport and Johannesburg Botanical Garden from April 1985 until June 2010 

were obtained from the South African Weather Service (SAWS), though not reported here. There is little difference in the results considering the 

extended record but it becomes difficult to display and not all periods have the same number of measurements making comparisons more 

complex. There are significant trends of difference between the airport and the Botanical garden meteorological data. This can be explained by the 

location of the Botanical garden in Emmarentia suburb falling in the wind shadow caused by the Melville Koppies. This topological feature 

decreases the wind speed and increases the rainfall on the North side of the ridge where data is collected compared with the South side of the 

ridge where the gold mine dumps are located. Due to this effect, the focus of analysis was on the airport data. This data provided better 

information for the east side of Johannesburg than for the west where the first sampling campaign was based. However, analyses of the first 

results show that this data is more relevant to the gold mine dumps on the west than any other weather data currently available.  

 

Analysis of the meteorological airport data reveals that there is significant variation between years (Table 2). On average 234 hours per year are 

above 8m/s with a standard deviation of 90 hours (35%). Similarly the average annual hours in the 6 to 8 m/s bracket was 915 hours with a 

standard deviation of 198 hours (21%). The average number of hours above 6 m/s during the 10 year period was 1149 (Table 2). To understand 
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the significance of these hours, a number of work days were calculated. Annual average work day exposure would be equivalent to 144 eight-hour 

shifts in high dust conditions per year. While there are a number of mitigating factors this is a significant potential exposure level. Occupational 

exposure in miners is generally associated with closed space conditions which would not be duplicated. Also this data is based on all wind 

directions and does not exclude high winds associated with heavy rains which would suppress dust. 

 

Table 2: Summary of high wind incidents 2000 to 2009, annually as well as from August to October 

10 years data August September October 

 Year >8 ms
-1

 >6 ms
-1

 >8 ms
-1

 >6 ms
-1

 >8 ms
-1

 >6 ms
-1

 >8 ms
-1

 >6 ms
-1

 

 2000 84 509 6 11 41 113 10 88 

 2001 175 662 28 72 51 121 22 78 

 2002 161 833 22 116 20 99 41 121 

 2003 252 997 50 100 36 161 70 146 

 2004 200 875 12 148 63 97 54 119 

 2005 284 1101 38 138 47 94 73 178 

 2006 307 1060 104 149 27 118 30 125 

 2007 321 1088 63 123 45 112 38 175 

 2008 218 979 25 75 53 149 55 157 

 2009 336 1052 28 68 38 92 50 132 

Total  2338 9156 376 1000 421 1156 443 1319 

Ave.  234 915 38 100 42 116 44 132 

Std dev  90 198 29 44 13 23 20 33 

Ave. Hr   1149  138  158  176 

Wdays   144  17  20  22 

 

It was observed that the months of August, September and October are the windiest months often associated with dust storm episodes. The 

weather data binned into 8 wind direction sectors: N, NE, E, SE, S, SW, W, NW, with emphasis on wind speeds >6 m/s and >8 m/s revealed 

interesting results (Table 3). Considering only the three months most associated with dust events, August, September and October, a pattern 

emerges, which signified the wind direction sector experiencing high winds. These months account for over 40% of the dusty periods. This season 

is associated with low and erratic rainfall which would not be effective in suppressing dust. One mitigating factor in reducing exposures is that few 

residential locations are surrounded by gold mine dumps so only some wind directions will be associated with a problem. There are distinct 
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patterns in the wind directions associated with high wind speeds in Johannesburg as quantified in Table 3, showing the annual frequency 

distribution for wind speeds >6 and >8 m s
-1

 respectively. Estimated counts of high wind speed incidents (hours) for August, September and 

October from 2000 to 2009 as well as for all months from 2000 to 2009 is shown in Figures 5 and 6, respectively. Figures 5 and 6 clearly show a 

bias in the higher wind speeds towards depositing dust to the south of the gold mine dumps with secondary peaks SE and SW respectively. 

 

Table 3: Summary of high wind incidents divided into 8 wind direction sectors. 

Wind direction Count > 8ms-1 Count > 6ms-1 Hours Days/work 

E 11 38 49 6 

N 19 55 74 9 

NE 37 93 130 16 

NW 14 38 52 7 

S 61 298 360 45 

SE 30 178 209 26 

SW 26 105 130 16 

W 36 110 146 18 
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Figure 5: Count of 10 year high wind speed incidents (hours) for August, September and October for 2000 to 2009 separated into wind direction 
sectors 
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Figure 6: Count of high wind speed incidents (hours) for all months for the period 2000 to 2009 separated into wind direction sectors 
 

B. Collect samples of mine tailings dust (environmental samples) 

Collect bulk dust from the identified sites 
Aerial views of sampling sites from the six gold mine dumps are shown in Appendix A. 

 

C. Commence assessment of physicochemical properties and toxicity of collected dust 

As this output indicates, analysis of the physicochemical and toxicological properties of collected bulk dust has commenced and is therefore still 

ongoing. Physicochemical and toxicological characterization of collected dust will continue throughout Year 2 together with characterization of 
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PM10 and respirable dusts. For the purpose of this report, results of only two gold mine dumps, DRD and CGR, will be reported. Table 4 shows the 

masses of fractions obtained after size fractionation with the AS 200 sieve shaker. The percentage of the < 20 µm fraction is shown in the last 

column. Percentages ranged from 0.5-4.8% indicating large variation between samples. This variation may be due to different rock types or the 

processes involved with the grinding or crushing of gold-containing ore. 

 

Table 4: Masses of fractions obtained after size fractionation with the AS 200 sieve shaker 

  
Quantity in gram (g) 

% (< 20 µm) 

Sample ID Total 100 µm  80 µm 63 µm 50 µm 40 µm  20 µm < 20 µm  

Durban Roodepoort Deep 

DRD MHSC 01 399.5 134.1 100.20 70.0 51.30 22.70 16.20 5 1.25 

DRD MHSC 02 1194.31 570 414 72.81 55 41.7 23.5 17.3 1.44 

DRD MHSC 03 399.54 150 103 60.09 32 27.45 25 2 0.50 

DRD MHSC 04 373.11 104.7 93.2 78 55.3 23.5 15.6 2.81 0.75 

DRD MHSC 05 495.25 209.4 141.31 67.5 41.32 18 14.32 3.4 0.68 

DRD MHSC 06 997.9 352.5 301.6 183.4 102.1 23 20.1 15.2 1.52 

DRD MHSC 07 480.5 222.5 81.3 62.1 55.7 39.9 15.2 3.8 0.79 

DRD MHSC 08 451.9 223 107.3 63.2 42.1 9.2 5.1 2.0 0.44 

DRD MHSC 09* 
         DRD MHSC 10 549.9 314.7 80.0 67.7 40.3 30.1 13 4.1 0.75 

DRD MHSC 11 157.49 80.09 30.0 21.7 12.3 9.8 2.1 1.5 0.95 

DRD MHSC 12 349.98 135.9 70.5 52.7 30.66 35.57 21.9 2.75 0.78 

DRD MHSC 13 249.92 108.06 33.8 32 27.41 21.65 15 12 4.80 

Crown Gold Recoveries 

CRG DK 001 600 250.4 170.61 55.67 37.93 33.99 29.4 22 3.66 

CRG DK 002 399.675 141.01 100 91.76 42.11 15.76 6.9 2.135 0.53 

CRG GMTS 001 763.2 780. 5 556 107 43.6 21.2 19.3 16.1 2.10 

CRG GMTS 003 498.23 250.92 86 61.3 55.71 22.46 15.96 5.88 1.18 

CRG GMTS 004 1405.8 521.1 332 250 165 85 42.4 10.3 0.73 
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CRG 011 319.7 118.2 73.1 31.6 20.7 29.6 31.6 14.9 4.66 

CRG 012 594.6 244.4 167 87.9 50.7 36.1 5.8 2.7 0.45 

CRG 013 522 246.9 101.3 57.8 34.1 40.7 19.9 21.3 4.08 

CRG 014 374.6 172.6 68.6 42.4 39.4 22.9 18 10.7 2.85 

CRG 015 529.3 344.6 65.8 57.8 30 15.5 8.6 7 1.32 

CRG 017 365.77 136.9 59.7 46.1 41.3 43.2 21.7 16.87 4.61 

CRG 020 528.4 160.8 148 20.3 93.3 46.4 50.8 8.8 1.66 

CRG 022 961.4 597.6 227.7 50.6 34.9 21.2 18.9 10.5 1.09 
* Could not be sieved due to texture of sampled material 

Determine the size distribution and aerodynamic diameter of the collected dust using the TSI instrument 
purchased by MHSC 
Aerodynamic diameter is determined by the actual particle size, density and an aerodynamic shape factor of the particles. The determination of 

this physicochemical property of separated dust samples indicated that they contained particles in the nano-range, not only in the PM10 region but 

also in the PM0.1 region. All samples showed similar distribution patterns although only one sample is illustrated (Figures 7 and 8).    
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Figure 7: A representative dust sample showing fractions of particles with aerodynamic diameters ranging from 1 nm to 10 000 nm. The histogram 
shown is combined data from a TSI APS and SMPS. It is evident that the diameter of a large portion of particles is smaller than 100 nm. 
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Figure 8: A representative dust sample showing fractions of particles with actual diameters ranging from 8 nm to 1500 nm 
 

These two figures confirm that the dust samples contain particles not only with different diameters but also with different shapes and densities. 

These parameters will then in turn, determine their ability not only to reach the alveolar regions of the lung but also the ability to translocate to 

organs other than the lung including the cardiovascular system. The mean aerodynamic diameter of particles in the micro-range ranges from 1.16 

- 2.2 µm while that in the nano-range is around 100 nm (Table 5), again confirming the presence of nano-particles. Of interest is the larger fraction 

of nano-particles compared to particles in the micro-range (nano-range: 8.93x10
4
-9.13x10

3
 vs. micro-range: 3.59x10

3
-1.04x10

3
).  

 

Table 5: Mean and median aerodynamic diameters of dust samples as determined with TSI Aerodynamic Particle Sizer (APS) and Scanning 
Mobility Particle Sizer (SMPS). Particle concentration is shown as number of particles per cubic centimetre (#/cm

3
) 

Sample ID 

SMPS APS 

Mean (nm) Median #/cm3 Mean (um) Median #/cm3 

Durban Roodepoort Deep 

DRD MHSC 01 92.2 73.7 5.11X104 1.52 1.02 2.35X103 
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DRD MHSC 02 82.8 58.9 9.13X103 2.2 1.69 1.04X103 

DRD MHSC 03 87.5 64.7 5.38X104 1.52 1.04 3.18X103 

DRD MHSC 04 96.3 76.8 1.95X104 1.41 0.912 2.06X103 

DRD MHSC 05 108.1 96.7 3.35X104 1.4 0.99 2.13X103 

DRD MHSC 06 100.9 77.2 5.82X104 1.58 1.19 2.63X103 

DRD MHSC 07 97.2 80.08 3.26X104 1.57 1.07 2.27X103 

DRD MHSC 08 89.6 70.4 4.21X104 1.16 0.909 3.20X103 

DRD MHSC 10 73.6 45.5 3.01X104 1.31 1.03 2.24X103 

Crown Gold Recoveries 

CGR DK 001 109.6 91.5 1.78X104 1.62 1.09 2X103 

CGR GMTS 
001 82.9 57.5 1.75X104 1.7 1.26 2.44X103 

CGR GMTS 
002 82.9 60.4 8.93X104 1.53 1.08 3.59X103 

CGR GMTS 
004 83.2 58.5 7.96X104 1.46 1.05 3.48X103 

CGR 015 99.6 77.2 1.68X104 1.25 0.978 1.94X103 
 

Determine the surface area of collected dust using the Brunauer-Emmet-Teller (BET) methodology 
Surface area measurements ranged from 0.05 m

2
/g to 13.2 m

2
/g (Table 6) showing large variation between samples. In general, surface area is 

dependent on pore volume as well as pore diameter. Pore volume (or degree of occupied pores) is directly proportional to the surface area (i.e. 

the less occupied pores on the surface, the higher the surface area) and ranged from a very low 0.00226 to a slightly higher 0.0518 cm
3
/g. These 

low pore volumes may indicate blockage of pores by materials or pollutants, which in turn can influence the toxicity of particles. The pore diameter 

on the other hand is inversely proportional to the surface area and ranged from 13.1 to 173.4 nm. With the exception of one sample (DRD MHSC 

12), all samples may be classified as mesoporous material which in general is characterised as material with pore diameters between 2 and 50 

nm. Taken together the BET results suggest a slight difference in morphology between the samples which in turn may result in differences in their 

toxic properties.    

  

Table 6: Brunauer-Emmet-Teller (BET) results of samples collected from the DRD and CGR gold mine dumps    
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Sample ID SA (m2/g) PV (cm3/g) Pd (nm) 

Durban Roodepoort Deep 

DRD MHSC 01 7.8 0.0256 13.1 

DRD MHSC 02 0.3 0.00349 44.0 

DRD MHSC 03 6.6 0.0221 13.4 

DRD MHSC 04 0.5 0.00302 23.3 

DRD MHSC 05 4.9 0.0228 18.7 

DRD MHSC 12 0.05 0.00226 173.4 

DRD MHSC 13 13.2 0.0518 15.8 

Crown Gold Recoveries 

CGR DK 001 2 0.0128 25.5 

CGR DK 002 1.6 0.0137 34.8 

CGR GMTS 001 1.8 0.0102 22.3 

CGR GMTS 003 1.4 0.00554 15.8 

CGR GMTS 004 1.4 0.00828 22.8 
a
Surface area; 

b
Pore volume; 

c
Pore diameter; DRD, Durban Roodepoort Deep; CGR, Crown Gold Recoveries 

 

Determine the toxicity of the collected dust using variety of toxicity tests using in vitro cellular systems as 
well as their ability to produce oxidative stress and inflammatory markers on these cells 
 

Dispersion studies 

It is known that ultrafine- (or nano-) particles suspended in biological solutions often suffer from effects such as particle agglomeration (clumping) 

and inadequate dispersion (Sager et al., 2007). Agglomerates have a greater diameter compared to the singlet particles which they are composed 

of, thereby decreasing the surface area available to make contact with cells. This may lead to an inaccurate estimation of the particle toxicity. In 

addition, due to the greater diameter of agglomerates, their deposition characteristics change, making it difficult to determine the actual delivered 

dose of particles to cells. Different dispersion stabilisers e.g. pulmonary surfactant, Tween, albumin, serum or phosphate buffered saline (PBS) is 
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routinely used to prevent agglomeration and improve dispersion quality of particles in solution (Bihari et al., 2008). Particles are generally also 

vortexed and sonicated to ensure uniform dispersion. Initial experiments were performed to identify the optimal conditions under which uniform 

dispersion is observed. Different concentrations of bovine serum albumin (BSA) as well as different vortex and sonication times were tested. 

Figure 9 illustrates the uniform dispersion and lack of agglomerates of a random dust sample under different dispersion conditions.   

 

 

Figure 9: Uniform dispersion of a representative dust sample with no agglomeration. Cell culture media, RPMI 1640, served as the dispersion 
media. A: No bovine serum albumin (BSA), no sonication. B: No BSA, no sonication, Phosphate buffered saline (PBS). C: 1.5 mg/µl BSA, no 
sonication. D: 1.5 mg/µl BSA, no sonication, PBS. E: No BSA, 10 min sonication. F: No BSA, 10 min sonication, PBS. G: 1.5 mg/µl BSA, 10 min 
sonication. H: 1.5 mg/µl BSA, 10 min sonication, PBS 
 

Cytotoxicity studies 

Prior to performing toxicity studies it is essential to perform validation studies as it has previously been observed that particles may interfere with 

conventional toxicity assays making data interpretation unreliable. Particles commonly known to interfere with assay systems include particles in 

the nano-range e.g. carbon nanotubes, silver particles and iron oxide as well as mesoporous silica-containing particles (Frohlich et al., 2010). As 

Frohlich et al. (2010) pointed out, some of these interferences may include: 1) disturbance in the conversion of dyes and salts used to detect living 

cells, 2) adsorption of dyes to particle surfaces as well as 3) interference of particles with detection systems e.g. absorbance and fluorescence 

signals. Particle properties like high adsorption capacity, hydrophobicity and surface charge may lead to interference. Initial validation experiments 
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with the inclusion of necessary controls were performed, based on the presence of nano particles (Figures 7 and 8) and mesoporous nature of 

collected dust samples (Table 6). Figures 10 and 11 show dose-dependent toxicity induced by crystalline silica after the necessary validation was 

performed, with higher doses inducing a higher degree of toxicity. The sensitivity of these two assays differ slightly in that the 200 µg/ml dose 

seems to decrease viability with almost 40% (compared to control cells) with the XTT assay while the LDH assay shows an increase in % 

cytotoxicity with only 10%. This discrepancy may be due to the different sensitivities of the assays.     

 

 

Figure 10: Toxicity observed in monocyte-macrophage-like U937 cells induced by Min-U-Sil 5 at doses of 25 µg/ml – 200 µg/ml, as measured with 
the TOX 2 in vitro toxicology assay kit. Untreated cells received culture media only. Hydrogen peroxide (H2O2) served as the positive control.  
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Figure 11: Toxicity observed in monocyte-macrophage-like U937 cells induced by Min-U-Sil 5 at doses of 25 µg/ml – 200 µg/ml, as measured with 
the CytoTox-ONE™ Homogeneous Membrane Integrity Assay. Untreated cells received culture media only. Hydrogen peroxide (H2O2) served as 
the positive control.  
 

Assess the ability of the collected dust to produce free radicals 
Prior to performing ESR analysis, it is essential that the optimum concentration of dust is determined. This is normally done using different dust 

concentrations and measuring the ESR signal at each concentration. The ESR intensity will increase as the dust concentration increases (i.e. 

exponential phase) until a maximum ESR intensity is reached (i.e. plateau phase). The optimal concentration lies in the exponential phase since 

this region provides the greatest sensitivity to detect changes. Figure 12 shows the determination of the optimal dust concentration using two 

random dust samples represented in blue and red. As can be seen from both concentration curves, the exponential phase lies between 0-200 

µg/ml and the plateau phase is only reached at 400-500 µg/ml. Based on these results, an optimal dust concentration of 100 µg/ml was selected.        
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Figure 12: Determination of the optimal concentration of dust to be used for ESR analysis. The two trendlines represent two random dust 
samples.  
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Figure 13: ESR analysis of samples collected from the DRD (blue) and CGR (red) gold mine dumps  
 

Figure 13 shows the ESR signal intensities obtained for DRD and CGR samples which is directly proportional to their ability to produce surface 

free radicals. Higher ROS activity was obtained for DRD MHSC 04 and 08 as well as CGR DK 001, CGR GMTS 002 and CGR GMTS 004. The 

ESR intensity values for the commercially available, Min-U-Sil 5 crystalline silica (US Silica, Berkeley WV USA), is also shown. Since Min-U-Sil 5 

is known to be the most toxic material it is generally used as a benchmark or point of reference against which the toxicity of the sample in question 

is compared. This gives a good indication as to the toxicity of the sample. All dust samples exhibited higher ESR intensities compared to Min-U-Sil 

5. These results are in good agreement with the results obtained by Vallyathan (1994) showing that coal mine dust samples have a higher ability 

to produce free radicals compared to Min-U-Sil 5. Based on the findings of our study and that of Vallyathan (1994) it is clear that Min-U-Sil does 

not exhibit its toxic effects through surface ROS formation but rather through other mechanisms such as lipid peroxidation (Vallyathan, 1994). 

Nevertheless, the results in Figure 13 show potential toxicity of dust samples through the formation of free radicals.      
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D. Assess seasonal variations and spatial distribution of ambient air particulate matter and gaseous pollutants 

Characterization of airborne particulate matter in receptor environment 

For purposes of further discussion, two separate storm episodes captured during the 2010 campaign at the DRD gold mine dump is reported. 

Since the Grimm
®
 aerosol particle sizer counter is able to measure particles up to 32 µm, the aerosol concentrations were divided into four 

fractions, PM0.12-0.45 (Nucleation mode), PM0.45-1.0 (Accumulation mode), PM1-10 (Coarse mode), and PM10-30 (Supra-PM10). The diurnal variability of 

ambient aerosol load is discussed in sequence, to illustrate how differences in the time series patterns for various size fractions are used to predict 

emission episodes and likely sources of pollutants.  

DRD gold mine dump, sampling period: 14 – 20 September 2010 

A storm episode typical of the Witwatersrand area was captured with the Grimm
®
 aerosol particle size counter. Daily averages during this week of 

sampling observed in the Coarse mode ranged between 76 and 2 160 µg m
-3 

(Table 7). The Department of Environmental Affairs daily limit value 

of 120 µg m
-3

 was violated 71% of the time during this sampling period, with worst case scenario occurring on the 17
th
 of September 2010. We can 

clearly fingerprint the dust storm episode for the elevated concentration observed by combining ambient aerosol data and processed weather data 

in a sector analysis. The daily size concentrations are reported in Figures 14a and b and typical images that portray the severity of the dust storms 

are illustrated in Figures 15a and b. The implication of dust storms on ambient air quality and exposed residents is evident in the elevated aerosol 

loading on a dust storm day as opposed to a normal day. 

Table 7: Daily averages of mass concentrations in the Nucleation, Accumulation, Coarse and Supra-PM10 modes for week 14-20 September 2010 

Concentration (µg m
-3

) 

Day Nucl. Mode (0.28-0.45) Accum. Mode (0.45-1.0) Coarse mode (1.0-10) Supra PM10 Mode (10-30) 

14 2.5 2.7 116 59 

15 3.4 2.4 174 156 

16 4.3 5.5 261 66 

17 5.9 5.8 2160 5041 

18 4.1 3.0 306 796 

19 3.4 1.7 76 95 

20 3.8 1.4 462 724 
 

A 
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Figure 14: Ambient aerosol measurements in the Nucleation, Accumulation, Coarse and Supra-PM10 modes for week 14-20 September 2010.  

a

B 
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Figure 15: Images showing a day with a storm episode (A) and a normal day with low wind speed (B) at the Durban Roodepoort Deep gold mine 
dump 
 

A critical look at 17 September 2010 between 06h00 and 18h00 confirmed that wind speed conditions during this pollution episode crossed the 

4.0 m s
-1

 threshold and even reached 8 ms
-1

 at certain periods during the day. Sector analysis confirmed that winds were blowing from the gold 

mine dump directions (Figure 16). It can therefore be concluded that the source material from gold mine dumps is the dominant source of dust 

measured during the storm episode. 

a b
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Figure 16: Ambient aerosol concentration data combined with wind data to determine pollutant sources during the period of 13-19 September 
2010 

DRD gold mine dump, Sampling period: 20 – 26 September 2010 

The daily averages of mass concentrations of different PM fractions were between 97 and 2 026 µg m
-3

 (Table 8). The aerosol concentration load 

was severe on the 21
st
 of September 2010, with a daily average of 2 026 µg m

-3
. Sector analysis confirmed wind speed conditions during this 

pollution episode exceeding 10 m s
-1

 and wind speeds coming from the gold mine dump (Figures 17 and 18), therefore confirming once again 

tailings material as the dominant source of ambient particulate matter sampled by the Grimm
®
 aerosol particle sizer counter. 

 

Table 8: Daily averages of mass concentrations in the Nucleation, Accumulation, Coarse and Supra-PM10 modes for week 20-27 September 2010 
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Concentration (µg m
-3

) 

Day Nucl. Mode (0.28-0.45) Accum. Mode (0.45-1.0) Coarse mode (1.0-10) Supra PM10 Mode (10-30) 

21 5.9 5.4 2026 4494 

22 1.9 2.5 196 109 

23 4.9 4.2 260 146 

24 6.7 3.2 97 87 

25 4.7 3.1 241 296 

26 4.0 2.5 292 428 

27 3.7 1.8 125 54 
 

 

 

a
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Figure 17: Ambient aerosol measurements in the Nucleation, Accumulation, Coarse and Supra-PM10 modes for week 20-27 September 2010 
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Figure 18: Ambient aerosol concentration data combined with wind data to determine pollutant sources during the period of 20-27 September 
2010 
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Conclusion 
In this report preliminary results are presented to highlight the work done in Year 1 of this project. Analysis of bulk dust indicated the presence of 

a large fraction of particles in the respirable- and nano-range which is known to be more toxic once inhaled. The < 20 µm fraction of bulk dust 

showed the presence of mesoporous material with low surface areas and blockage of surface pores. Despite low surface areas, the < 20 µm 

fraction of bulk dust showed high surface activities in their ability to produce free radicals. Sampling of ambient particulate matter at the Durban 

Roodepoort Deep (DRD) gold mine dump showed high daily values of PM1-10 dust and exceeded the daily limit value 71% of the time at one point. 

Lastly, wind data confirmed that particles emitted from the DRD gold mine dump were the dominant source of dust measured during dust storm 

episodes. These results suggest a potential impact of tailings particles on surrounding communities and a potential to exhibit toxic properties. 

Appendix A shows a summary of the results presented in this report for the DRD and CGR gold mine dumps. Studies scheduled for Year 2 will 

contribute to these results in order to allow a comprehensive correlation analysis between the physicochemical- and toxicological properties of 

dust emitted from gold mine dumps and the prevalence of disease in communities surrounding gold mine dumps.  
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