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DECLARATION OF INDEPENDENCE 

GCS (Pty) Ltd was appointed to conduct this waste assessment study and to act as the 

independent specialist. GCS objectively performed the work, even if this results in views and 

findings that are not favourable. GCS has the expertise in conducting the specialist 

investigation and does not have a conflict of interest in the undertaking of this study. This 

report presents the findings of the investigations which include the activities set out in the 

scope of work. 
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EXECUTIVE SUMMARY 

GCS Water and Environment (Pty) Ltd (GCS) was appointed by Kangra Coal (Pty) Ltd to 

undertake a waste classification assessment for the coal discard and coal slurry material that 

will be deposited at the proposed co-disposal facility at Maquasa East, near Driefontein, 

Mpumalanga Province. The project falls in quaternary catchment W51B of the Pongola to 

Mtamvuna Water Management Area (WMA) (DWS, 2016). 

In summary, the waste streams could be typified as follows (GNR 635, 2013):  

• ‘Kdiscard1’ (coal discard material)– Type 3 (Low Risk); and 

• ‘kSlurry1 (coal tailings/coal slurry material)- Type 3 (Low Risk). 

Hydrocarbon assessment was excluded from the current investigation at the request of the 

client (not expected to occur in the samples). 

None of the waste streams was flammable. Volatile particle sizes were very low. 

Acute toxicity hazard classification, Category 5 was assigned to both streams investigated. Si 

and Al were also considered for both the oral and inhalation routes due to known toxicity 

effects. 

Acute toxicity risk/hazard category results (please refer to Annexure B) based on the DEEEP 

protocols, were recorded as follows (Persoone, G, et. al., 2003): 

• ‘KDiscard1’ – Class I (No lethal/sub-lethal hazard) (Wt % 0)  

• ‘KSlurry1’ – Class II (Slight lethal/sub-lethal hazard) (Wt % 33). 

 
It should be noted that it is not expected that the ingredients as recorded in the XRF test will 

leach in the same form or at the same concentrations. For a summary of SANS 10234 

classification findings, please refer to Section 4. 

The proposed co-disposal facility will be lined with a Class C Barrier, hence environmental 

risk will be zero if the barrier is installed correctly. 
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1 INTRODUCTION 

GCS Water and Environment (Pty) Ltd (GCS) was appointed by Kangra Coal (Pty) Ltd to 

undertake a waste classification assessment for the coal discard and coal slurry material that 

will be deposited at the proposed co-disposal facility at Maquasa East, near Driefontein, 

Mpumalanga Province (refer to Figure 1-3). The project falls in quaternary catchment W51B 

of the Pongola to Mtamvuna Water Management Area (WMA) (DWS, 2016). 

 

1.1 Project background 

Kangra Coal is an existing coal mine located in Driefontein, near Piet Retief, in the Mkhondo 

Local Municipality within the Gert Sibande District Municipality. The Maquasa East (MQE) 

operations include the historical opencast and underground operations.  Kangra is proposing 

to construct a water treatment plant as well as a co-disposal facility at their Maquasa East 

operations.  The treatment plant will be used to treat water from the existing decant point as 

well as any surplus water within the mining operations.   

 
1.1.1 Water Treatment Plant: 

Decant is currently observed in the form of clear groundwater discharge emanating from the 

old underground workings at MQE close to the Heyshope Dam. This decant is observed at an 

elevation range of approx. 1303 to 1306 mamsl and is contained in an unlined contamination 

dam. This excess decant is currently pumped from the unlined dam back to the MQE PCDs. 

Based on available data from previous studies undertaken at the mine decant observed 

emanating from the old workings occurs at a rate ranging from 1 220 to 2 700 m³/d (average 

1 800 m³/d), depending on the rainfall season. 

Kangra intends to upgrade the current contamination dam with a correctly lined dam as 

approved by the Department of Water and Sanitation to prevent any seepages onto the 

Heyshope Dam. The decant will be pumped into the proposed wastewater treatment plant 

that will be situated close to the Maquasa East PCDs.  Construction and operation of the 

discussed infrastructure will trigger listed activities that will require authorisation.  

The master layout plan associated with the proposed water treatment plant and brine storage 

facilities proposed (and existing PCDs) is shown in Figure 1-1. 

It should also be noted that Kangra is investigating the possibility of storing brine on the 

discard dump/co-disposal that will come from the water treatment plant. This is one of the 

two options, with the other being dedicated brine evaporation ponds. GCS has not yet received 

confirmation as to which option Kangra are opting for, thus impacts relating to both are 

considered in this assessment. 
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Figure 1-1: Proposed WTP and possible brine evaporation pond 

 
1.1.2 Co-Disposal Facility 

The discard dump at MQE has an approved environmental authorisation and a water use 

license.   As a result of changing operational requirements, there is now a need for a co-

disposal facility at MQE, this co-disposal facility is not authorised.  

• The co-disposal facility will be located within the MQE operation on the remaining 

(RE) portion of the farm Rooikop 18 HT.  The co-disposal facility will accommodate 

discarded produced from the benefaction plant located at Maquasa East, which 

currently washes and processes coal from the surrounding Kangra Coal operations and 

will receive coal from future expansion areas. 

• This discard dump was originally designed as a three-compartment side hill-type dump 

with a footprint of approximately 65ha. The three-compartment layout allows for a 

modular implementation approach with the benefit of delaying capital expenditure. 

The implementation of this project will be done in two phases: 

•  Phase 1 will entail the use of the approved discard dump, and 

• Phases 2 and 3 will entail the use of a co-disposal facility that requires authorisations. 

In the phases, the plan is to build the full waste dump over 20 years. Phase 1 (7 years capacity), 

Phase 2 (7 years capacity), and Phase 3 (6 years capacity). GFK are undertaking detailed 

designs of the dump, as well as stormwater sizing. The facility will be lined with an 

impermeable barrier. The layout plan for the co-disposal facility is shown in Figure 1-2.  
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Figure 1-2: Proposed Co-Disposal Facility (Phase 1 already approved, Phase 2 & 3 will 

be co-disposal) 
 

1.2 Objectives 

The objective of this report is to provide the classification data for coal discard and coal slurry 

waste streams designated for co-disposal. The reason for this classification is for compliance 

to regulatory stipulations & standards, whereby it will be assessed and determined if the waste 

stream contains hazardous components of concern and whether there would be an associated 

risk to the surrounding environment (physical, health and/or environmental) according to the 

classification standards, SANS 10234 (2008). 

 

1.3 Scope of Work 

The classification was conducted per the following regulatory stipulations: 

• National Environmental Management: Waste Act, 2008 (Act No. 59 of 2008), 1 July 

2009. 

• National Environmental Management: Waste Amendment Act, 2014 (Act No.  26 of 

2014).  GG37714, 2 June 2014. 

• National Environmental Management: Waste Act, 2008 (Act No. 59 of 2008). Waste 

Classification and Management Regulations, GG36784, GNR 634, 23 August 2013. 



Kangra Coal Maquasa Co-Disposal & WTP 

22-0161_waste 17 November 2022 Page 4 

• National Environmental Management: Waste Act, 2008 (Act No. 59 of 2008).  National 

Norms and Standards for the Assessment of Waste for Landfill Disposal, GG36784, GNR 

635, 23 August 2013. 

• National Environmental Management: Waste Act, 2008 (Act No. 59 of 2008).  National 

• Norms and Standards for Disposal of Waste to Landfill, GG36784, GNR 636, 23 August 

2013. 

• GGN39020 GNR 632 of July 2015: NEMWA Regulations regarding the planning and 

management of residue stockpiles and residue deposits from a prospecting mining, 

exploration or production operation 

• South   African National Standard. SABS Standards Division. Globally Harmonized 

System of Classification and labelling of chemicals (GHS). SANS 10234 (2008). Edition 

1.1. 

Assessment analyses were performed in alignment with the stipulations found in the National 

Environmental Management: Waste Act, 2008 (Act No. 59 of 2008), GG. 36784, GNR 635 

National Norms & Standards for Assessment of Waste for Disposal to Landfill (2013) (Australian 

Standard Leaching Procedures (AS 4439.1 – 3, 1997 - 1999). 

Leachable variable concentrations will be determined from a distilled water leach (ratio 1:20) 

as per regulatory stipulations (GNR 635, 2013), to fit a mono-disposal scenario, as well as a 

TCLP leach (1:20), together with total concentrations (TC) as specified in these regulations.  

 

1.4 Limitations of this classification 

No organic (hydrocarbon) components were tested for in the current investigation, as waste 

streams were sampled directly from the plants. Hence, no hydrocarbon contamination is 

anticipated. 

Although Aquatico is an accredited facility it is not accredited for the waste analyses method. 

Certain components of the analysis package have been outsourced to laboratories with 

experience in executing the specified procedures according to legislative requirements (as far 

as possible) until a  laboratory is established which is accredited for the waste analyses method 

(stipulated in the Australian Standard Leaching Procedure) (AS 4439.1 – AS 4439.3). 

It should be noted that all findings and inferences made in this report are solely based on the 

limited data available from this investigation and thus it should be consolidated with other 

specialist investigations on the area (e.g.,  geohydrology reports, etc.)  where applicable, to 

take a holistic approach with regards to predictions based on the proposed scenario. 

In doing so adequate management and/or mitigative measures and procedures can be 

established and considered for implementation. Disposal requirements will be discussed in 

light of the GNR 636 (2013). 
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Figure 1-3: Site locality and drainage 
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2 WASTE CLASSIFICATION 

Two (2) samples were collected from Kangra Driefontien/Maquasa Operations, namely a coal 

slurry sample *Kslurry1” and a coal discard sample “Kdiscard1”. The samples will be co-

disposed at the proposed co-disposal facility. The samples were submitted to Aquatico 

Laboratories (SANAS Testing Laboratory T0685) for material analyses and SDS generation. 

 

2.1 Definitions 

Definitions were derived from the above-mentioned regulatory documents (see Section 1 of 

this report),  as well as those illustrated in the references. Some are quoted from the SANS 

10234  (2008) standards. If any further references are not given here, please refer to the 

standard. 

 
Residue Stockpiles & Residue Deposits 

According to (2)(b) of Annexure 1 (NEM: WAA, 2014) the definition of a “residue stockpile” is 

as follows: any  debris, discard, tailings, slimes, screening, slurry, waste rock, foundry sand, 

mineral processing plant waste, ash or any other product  derived from or incidental to a 

mining operation and  which is stockpiled, stored or accumulated within the mining area for 

potential re-use, or which is disposed of, by the holder of a mining right, mining permit or, 

production right  or  an   old  order   right,  including  historic  mines  and   dumps  created  

before  the implementation of this Act [and]: 

Residue Deposits: any residue stockpile remaining at the termination, cancellation or expiry 

of a prospecting right, mining right, mining permit, exploration right or production right. 

Residue deposits and residue stockpiles include: 

1. Wastes resulting  from  exploration,  mining,  quarrying,  and  physical  and  chemical 

treatment of minerals: 

a. Wastes from mineral excavation 

b. Wastes from physical and  chemical processing of metalliferous minerals 

c. Wastes from physical and chemical processing of non-metalliferous minerals 

d. Wastes from drilling muds and other drilling operations [wastes] 

 
Total  Concentrations (TC): “…the Total Concentration of a particular element or chemical 

substance in a waste, expressed as mg/Kg.” 

Leachable Concentrations (LC): “…the Leachable Concentration of a particular element or 

chemical substance in a waste, expressed as mg/l.” 
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Based on the above-mentioned definitions, the Total Concentrations (TC) are indicative of the 

total amount of any element or chemical substance (as listed in the regulations and/or  tested 

for) that  is present in the  waste stream, whereas the  Leachable Concentrations (LC) are 

indicative of the amount (in mg/l) of those particular elements/chemical substances, 

identified in the TC, that tends to leach from the  solid under  the conditions created during 

the test and the ratio of leaching fluid to solid 

 
Waste Classification: means establishing – 

1) Whether  a  waste  is  hazardous based  on  the  nature of  its  physical,  health  and 

environmental hazardous properties (hazard classes); and 

2) The degree or severity of hazard posed (hazard categories); 

• AMD (Acid Mine Drainage) – Occurs when sulphur-containing minerals (e.g. pyrite or 

iron-sulphide) in geological strata are exposed to oxygen and water to form acidic 

(pH<5) leaches laden with metals and sulphates. 

• Acute Toxicity – “Adverse effects occurring after oral or dermal administration of a 

single  dose of  a  substance, or  multiple  doses are given within  24h or  an  inhalation 

exposure of 4h.” 

• AP  (Acid  Potential) –  The potential of a  rock/soil sample to generate acid when 

leaching. 

• Carcinogen – “Chemical substance or a mixture of chemical substances which induce 

cancer or increase its incidence when inhaled, ingested or absorbed through  the skin.” 

• Chronic aquatic toxicity – “Potential or actual properties of a  substance to cause 

adverse effects to aquatic organisms during exposures that are determined about the 

life-cycle of the organism. “ 

• Class   II   Slight  Acute/Chronic  Environmental   Toxicity  Hazard  –  When the 

percentage effect observed in at least one toxicity test is markedly higher than in the 

control, but the effect levels are below 50% (TU is <1). 

• EC50   – “Concentration of a substance, in milligrams per litre of water,  that causes 

the maximum response to 50% of a population of Daphnia (water flea) and crustacea.” 

• Hazard Category – “Division of criteria within each hazard class,  for example, oral 

acute toxicity includes five hazard categories and flammable liquids include four 

hazard categories. These categories compare hazard severity within a hazard class 

and should not be taken  as a comparison of hazard categories more generally.” 

• Hazard class – “Nature of the physical, health or environmental hazard, for example, 

flammability, carcinogenicity or acute toxicity.” 
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• Hazard statement  –  “statement  assigned  to  a  hazard  class  and   category  that 

describes  the   nature  of  the   hazards  of  a  hazardous  product, including,  where 

appropriate, the degree of hazard.” 

• LC50 – “Concentration of a substance in the air or in water which causes the death of 

50% of a group of test organisms.” 

• LD50 – “Concentration of a substance, expressed in milligrams per  kilogram of body 

mass, which causes the  death of 50%  of a group  of test animals when  ingested, or 

exposed to the bare  skin, all at once.” 

• NP (Neutralisation Potential) – Describes the ability of rock (based on the amount of 

alkaline material) to neutralise acid leaches. 

• NNP (Nett Neutralisation Potential) – is the difference between the NP and the AP. 

• NPR (Neutralising Potential Ratio) – reflects the ratio of AP to NP. 

• Precautionary  statement   –   “Phrase   or   pictogram   (or   both)   that    describes 

recommended measures that  should  be  taken  into  account to minimise  or prevent 

adverse effects resulting from exposure to a hazardous product, or improper storage 

or handling of a hazardous product.” 

• XRF (X-Ray  Fluorescence) – Analytical technique used to determine the chemical 

composition of a sample by measuring the fluorescent x-ray emitted from a sample 

after being subjected to an x-ray source. 

 

2.2 Waste assessment screening criteria 

General Notices (GNR) 634, 635 & 636 were released in the Government Gazette (2013) and 

describe a classification system for waste. These guidelines stipulate the use of the Australian 

Standard Leaching Procedure (ASLP), to determine Total Concentrations (TC) and Leachable 

Concentrations (LC) for specified variables, both inorganic and organic, ultimately establishing 

suitability for landfill disposal in alignment with the objectives stated above. Test work was 

carried out by Aquatico Laboratories (Pty) Ltd. 

The leaches were performed at a 1:20 liquid/solid ratio as prescribed in the method referred 

to in the regulations, however, it should be noted that this ratio would not normally be 

expected to occur naturally in the environment and represents an absolute worst-case 

scenario, wherein leaching is attempted induced, to determine what concentration of any 

particular element, has potential for leaching/risk. 
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It is important to note that the leaching of any element from the solid phase can be influenced 

by various factors,  such as,  among others, particle size,  surface area, redox potential,  pH, 

biological influences, etc. These conditions are not always relevant in the natural environment 

and those that do occur in the natural environment from where a sample was collected are 

not all replicable in situ. 

In GNR  635,  three categories are specified for leaching, dependent on the aims of disposal. 

According to Section (5)(2)(a),  (b) & (c) these are: 

a) Waste to be  disposed of with, or waste that  contains, putrescible wastes: Use 0.1M 

acetic acid solution with altered pH 5.0 or pH 2.9 determined as per section 7.5(a-e) 

of AS 4439.3; 

b) Waste to  be  disposed  of  with  non-putrescible  waste: Use a  basic  0.1M  sodium 

tetraborate decahydrate solution of pH 9.2 ±0.1, as well as an acetic acid solution 

(with pH 5.0 or pH 2.9) determined as per section 7.5(a-e) of AS 4439.3; or 

c) Non-putrescible waste to be disposed of without any other wastes: Use reagent water. 

 
In the current scenario, the objective involves either mono-disposal (unto a discard dump)  or 

co-disposal (e.g.,  backfilling into an opencast pit) and therefore distilled water (reagent 

water) - and TCLP leaches were selected. 

Total Concentrations (TC) were determined by the use of microwave-assisted digestion where 

a dilution ratio of 100:1 is commonly used.  

 
2.2.1 Determining Waste Types 

GNR 635, Section 7(2) stipulates (refer to Figure 2-1). 

a) Wastes with  any  element  or chemical  substance concentration  above the LCT3 or 

TCT2 limits (LC>LCT3 or TC>TCT2) are Type 0 wastes; 

b) Wastes with any element or chemical substance concentration above the LCT2 but 

below or equal to the LCT3 limits, or above the TCT1 but below or equal to the TCT2 

limits (LCT2<LC≤LCT3 or TCT1<TC≤TCT2), are Type 1 Wastes; 

c) Wastes with any element or chemical substance concentration above the LCT1 but 

below or equal to the LCT2 limits and all concentrations below or equal to the  TCT1 

limits (LCT1<LC≤LCT2 and TC≤TCT1) are Type 2 Wastes; 

d) Wastes with any element or chemical substance concentration above the LCTO but 

below or equal to the LCT1 limits and all TC concentrations below or equal to the 

TCT1 limits (LCT0<LC≤LCT1 and TC≤TCT1) are Type 3 Wastes; or 



Kangra Coal Maquasa Co-Disposal & WTP 

22-0161_waste 17 November 2022 Page 10 

e) Wastes with all element and chemical substance concentration levels for metal ions 

and inorganic anions below or equal to the  LCT0  and  TCT0  limits (LC≤LCT0 and 

TC≤TCT0), and with all chemical substance concentration levels also below the 

following total concentration limits for organics and pesticides, are Type 4 Wastes. 

 

 

Figure 2-1: Waste classification based on GN R. 634 of 2013 Waste Standards 
 

2.3 Waste assessment laboratory results 

The paste pH levels detected in the waste streams were:  

- KSlurry1 – Paste pH 7.94 (neutral range pH 6.0 – 8.5); and 

• KDiscard1 - Paste pH 7.34 (neutral range pH 6.0 – 8.5). 

It is assumed for this report that the paste pH levels recorded would remain stable, with no 

significant fluctuations. 

Results for the TCT, LCT and LCT test for both samples are summarised in Table 2-1 to Table 

2-2. Hydrocarbons are not expected to be present in any one of the two waste streams, based 

on previous assessment results and were therefore excluded. 

Laboratory certificates are available in Appendix A. 
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Table 2-1: TCT & LCT (TLCP Leach), ‘KSlurry1’, October 2022 
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Table 2-2: TCT & LCT (TLCP Leach), ‘KDiscard1’, October 2022 
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2.4 Geochemical assessment results 

2.4.1 XRF Results 

XRF results for the waste streams are summarized in Table 2-3 and waste stream composition 

based on XRF is presented in Table 2-4. 

 
Table 2-3: XRF results for the representative samples collected in October 2022 

 
 

Table 2-4: Waste stream Compositions (XRF) 
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2.4.2 Waste assessment 

From the results obtained in the waste streams tested, the following summary of exceedances 

was identified: 

• In the ‘KSlurry1’ sample, the Ba, Cu, Pb and total F concentrations exceeded the TCT0 

limits and were all recorded below the TCT1 limits. None of these variables exceeded the 

TCLP leach; however, the Mn, Mo, TDS and SO4 variables exceeded the LCT0 limit (all of 

these variables were recorded below the LCT1 limits).  

• In the ‘KDiscard1’ sample, the As, Ba, Pb and total F concentrations exceeded the TCT0 

limits and were all recorded below the TCT1 limits. None of these variables exceeded the 

TCLP leach; however, the Mn, Mo and TDS variables exceeded the LCT0 limit (all of these 

variables were recorded below the LCT1 limits). 

 

2.5 Waste type determination (GNR 635, 2013) 

Section 7 of the GNR 635 (2013) stipulates waste type determination (refer to section 8.2 of 

this report). A summary of the different categories is illustrated in Table 2-5, below. 

 
Table 2-5: Waste Types for Landfill Disposal 

LC > LCT3; TC > TCT2 Type 0 

LCT2 < LC ≤ LCT3; TCT1 < TC ≤ TCT2 Type 1 

LCT1 < LC ≤ LCT2; TC ≤ TCT1 Type 2 

LCT0 < LC ≤ LCT1; TC ≤ TCT1 Type 3 

LC ≤ LCT0; TC ≤ TCT0 Type 4 

 
The regulation (GNR 635, 2013) also makes additional comments to classification criteria, such 

as: 

• If a particular substance in a waste stream is not listed with LCT and TCT threshold 

values and the stream has been classified as hazardous (SANS 10234 health and/or 

environmental conditions), the waste is considered to be a type 1 waste. 

• If the TC for a particular element/substance exceeds the TCT2 limit and its 

concentration cannot be reduced to below this limit, but the LC is below the LCT3 

limit, it is considered a type 1 waste. 

• Pre-listed wastes (Annexure 1 f GNR 636, 2013) are considered Type 1 wastes (unless 

assessed and determined otherwise). 

• Waste streams with all element/chemical metal ions and inorganic anion 

concentrations below or equal to the LCT0 limits are considered Type 3 wastes, 

irrespective of their total concentrations (if compliant with the listed criteria). 
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2.6 Pollution Barrier Requirements (GNR 636, 2013) 

Pollution barriers required for the waste type identified are listed in Table 2-6. 

 
Table 2-6: Pollution barrier requirements as per GNR 636 (2013) 

Waste Type Landfill Disposal Requirements 

Type 0 Waste 

The disposal of Type 0 waste in landfills is not allowed. 

The waste must be treated and re-assessed in terms of 

the Norms & Standards for the Assessment of Waste for 

Landfill Disposal 

Type 1 Waste 

Type 1 waste may only be disposed of at a Class A 

landfill designed per Section 3(1) and (2) of these Norms 

and Standards, or, subject to Section 3(4) of these Norms 

& Standards, may be disposed of at a landfill site 

designed per the requirements for a Hh/HH landfill as 

specified in the Minimum Requirements for Waste 

Disposal by Landfill (2nd Ed., DWAF, 1998). 

Type 2 Waste 

Type 2 waste may only be disposed of at a Class B 

landfill designed per Section 3(1) and (2) of these Norms 

& Standards, or, subject to section 3(4) of these Norms 

& Standards, may be disposed of at a landfill site 

designed per the requirements for a GLB+ landfill as 

specified in the Minimum Requirements for Waste 

Disposal by Landfill (2nd Ed., DWAF, 1998). 

Type 3 Waste 

Type 3 waste may only be disposed of at a Class C 

landfill designed per sections 3(1) and (2) of these Norms 

& Standards, or, subject to section 3(4) of these Norms 

& Standards, may be disposed of at a landfill site 

designed per the requirements for a GLB+ landfill as 

specified in the Minimum Requirements for Waste 

Disposal by Landfill (2nd Ed., DWAF, 1998). 

Type 4 Waste 

Type 4 waste may only be disposed of at a Class D 

landfill designed per sections 3(1) and (2) of these Norms 

& Standards, or, subject to section 3(4) of these Norms 

& Standards, may be disposed of at a landfill site 

designed per the requirements for a GLB- landfill as 

specified in the Minimum Requirements for Waste 

Disposal by Landfill (2nd Ed., DWAF, 1998). 
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Both waste streams in the current investigation could be classified as Type 3 wastes, posing 

low risk to the receiving environment. The waste requires a Class C barrier or equivalent for 

long-term disposal and temporary storage (refer to Figure 2-2). 

 

 
Figure 2-2: Class C Barrier 

 

3 SANS 10234 (2008) CLASSIFICATION – GHS 

The SANS 10234 (2008) standard contains the harmonised criteria for the classification of 

hazardous substances and mixtures (including waste), to ensure safe transport and use 

concerning potential physical health and environmental hazards. It provides valuable 

information and contains the harmonised elements of labelling and safety data sheets. Criteria 

and minimum requirements for the latter are also included. All definitions and abbreviations 

as per SANS 10234: 2008 apply.  

The two waste streams in question in this investigation were classified according to the 

hazardous characteristics and categories, as well as the severity of those hazardous 

components where/if relevant. Physical hazards were assessed as far as possible and available 

data will be presented in section 10.5.1 below, however, classification will be based mainly 

on chemical characteristics potentially leading to health and environmental risk. 

 

3.1 Physical Hazards 

The majority of physical analyses were not tested for or not applicable (N/A). Physical hazards 

include: 

Physical hazards include:  

1. 1Explosives (N/A)  

2. Flammable Gasses (N/A)  

3. Flammable Aerosols (N/A)  
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4. Oxidizing Gasses (N/A)  

5. Gasses under pressure (N/A)  

6. Flammable Liquids (N/A)  

7. Flammable Solids  

a. ‘KDiscard1’ – Negative at 30, 60 and 90 degrees Celsius - sample has no 

flammability).  

b. ‘KSlurry1’ – Negative at 30, 60 and 90 degrees Celsius - sample has no 

flammability).  

8. Self-reactive Substances & Mixtures (N/A)  

9. Pyrophoric Substances (N/A)  

10. Self-heating Substances & Mixtures (N/A)  

11. Substances & Mixtures that, on contact with water, emit flammable gasses (N/A)  

12. Oxidising Substances & Mixtures (N/A) 

13. Organic Peroxides (N/A) 

14. Corrosive to Metals (N/A) Density: 

a. ‘KDiscard1’ SG = 2.087 g/cm3 

b. ‘KSlurry1’ SG = 2.335 g/cm3 

 

3.2 Health Hazards 

For classification, the XRF analysis was conducted, to determine sample composition and will 

be used for Acute Toxicity Estimate (ATE) calculations on the inorganic sample fraction (refer 

to online references RTECS & ECHA CLP) where applicable. XRF is usually sufficient for mine 

mineral waste samples. 

 
3.2.1 Toxicity Categories & Exposure Routes 

There are five acute toxicity categories into which chemical substances can be allocated based 

on different exposure routes. The selected route of exposure for these waste streams is the 

oral route, although inhalation could potentially also be a route of concern. Acute toxicity via 

oral, dermal or inhalation routes, per the cut-off values provided in the SANS 10234 Standard, 

was investigated and included where sufficient data was obtained. Gases and vapours were 

not deemed applicable in this study and toxicological information is also very limited. Known 

LC50 values for inhalation routes were even more limited. As insufficient pharmacodynamic 

and pharmacokinetic data were readily available, provisions for 10.1.2.4.2.4 (SANS 10234) 

were implemented where necessary for unknown ingredients, based on wt%.  
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According to 10.1.2.4.1.1 (SANS 10234), ingredients falling into any of the GHS categories 

should be included, however, ingredients can be ignored if the oral test limit does not show 

acute toxicity at 2000 mg/Kg body weight (BW). The standard indicates that the classification 

of mixtures for acute toxicity is only needed for a single route of exposure, provided that the 

same route of exposure is followed for all the ingredients. The rat is the accepted test species 

for oral and inhalation routes.  

A conservative approach was implemented wherein the lowest ATE value for an element (i.e., 

ensuring the highest toxicity potential) was used, where database information contained more 

than one value for the same exposure route.  

Cut-off values/concentration limits for hazard classes according to the SANS 10234 (for 

inclusion in SDS – refer to Appendix B):  

• Elemental composition of ≥ 1.0% that contributes to acute toxicity, skin corrosion, skin 

irritation, serious damage to eyes, eye irritation, respiratory sensitisation, skin 

sensitisation, mutagenicity (Category 2), target organ systemic toxicity (with single or 

repeated exposure), or if it is hazardous to the aquatic environment.  

• Elemental composition of ≥ 0.1% that contributes to mutagenicity (Category 1), 

carcinogenicity or reproductive toxicity. 

 
3.2.2 A – Acute Toxicity 

According to the results, Fe, Si, Al, K, Ca and S (“ingredients”) recorded above the 1% cut-off 

value. These “ingredients” are not included as high-risk species in the waste assessment 

criteria (GNR 635, 2013), however, some toxicity data, albeit limited, are available for these 

elements. Furthermore, Fe, Si, Al, K, Ca, Mg, Ti, Na, Ba and S concentrations all exceeded 

the cut-off value of 0.1%. 

LOI refers to the fraction of components that escaped (i.e., volatile components) from the 

mixture when heated to a certain temperature and these are not taken into consideration. 

The additivity formula (see below) was applied (see SANS 10.1.2.4.1.2) to determine Acute. 

Toxicity Estimates (ATEs) for the mixture, based on concentrations of the relevant ingredients, 

as well as unknown fractions (dilution effects): 
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It should be noted that ATEs for individual elements could exert different effects when in 

molecular forms, however for this investigation it is expected that when leaching occurs, the 

elemental form will be of consequence.  

The calculated ATE values for the ‘Kdiscard1’, as well as the ‘Kslurry1’ streams, lead to 

classification as Category 5 waste, based on the oral exposure route. Dermal and inhalation 

routes were also considered (refer to Table 3-1 and Table 3-2).  
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Table 3-1: Classification for 1.00% cut-off value where stipulated effects may arise 

 

 
Table 3-2: Classification for 0.1% cut-off value where stipulated effects may arise 

 

 
Of the above-mentioned elements and available information, only Iron (Fe) contained an LD50 

concentration below 2000 mg/Kg for the oral exposure route. The remaining ingredients either 

exceeded this limit or no data/insufficient data, was available on the RTECS and alternative 

databases. Other main ingredients of concern (i.e., with known acute toxicity) concerning 

other exposure routes, were Silica (Si) and Aluminium (Al). Other ingredients deemed relevant 

to the classification, were also considered.  Data was not extrapolated between different test 

animals or exposure routes. 

 

3.3 Background Information 

3.3.1 A: Silica (Si) 

Like many other elements, Silica occurs in several minerals that are found naturally in the 

earth’s crust and trace amounts of silica are generally present in all soils. Si is present in 

various minerals, sedimentary, igneous and metamorphic rocks (e.g., Quartz, Biotite, 

Vermiculite Hornblende, Anorthoclase, etc.). Si is considered to be chemically unreactive and 

poorly water-soluble in the environment (EPA, 1991 & IARC, 1997). 
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Free Silica (SiO2) is generally found in two forms: crystalline and amorphous (the former 

presents a more serious health risk than its amorphous form). Under certain circumstances, 

the surface chemistry of Si may vary and amorphous Si may, for instance, contain crystalline 

Si (Williams, et. al., 2019). Understanding the type of silica that is present is imperative to 

understanding the associated health concerns. Crystalline Silica that is inhaled, could cause 

adverse health effects (e.g., Silicosis) with chronic repetitive exposure if these particles are 

of respirable size (<10 μm) and at high concentrations (i.e., exceeding those found naturally 

in the environment). Silicosis affects lung function and increases susceptibility to secondary 

infections such as tuberculosis. 

 
3.3.2 A: Aluminium (Al) 

Similarly, aluminium dust has been known to cause effects in the lungs when inhaled, such as 

granuloma, proteinosis of alveoli, pneumonia, etc. (CCOHS). It should be noted that according 

to the REACH dossiers and CLP notifications, some notifiers have indicated that impurities or 

additives present in a substance impacts the notified classification. 

 
3.3.3 B – Skin Corrosion & Skin Irritation 

The potential for skin corrosion and/or skin irritation is dependent on several factors even 

before testing is performed, such as substances that may become corrosive or irritant when 

coming into contact with water (e.g., when moistened by mucous membranes, etc.). 

According to the information database, all ingredients investigated during this study that 

exceed the 0.1% cut-off value have the potential to cause skin irritation (based on available 

information), although many of them are unlikely to cause such symptoms. In many instances’ 

irritation is caused by mechanical or frictional action due to particle size. It is furthermore 

important to note that such health effects are based on pure elemental ATE concentrations, 

however, they do not occur naturally in the soil in this form and although health effects are 

important to consider, they are considered relative. 

Information on potassium, sodium and calcium, in powder form, indicate the potential to be 

corrosive and cause burns, inflammation, blistering and damage to skin and eyes (harmonized 

classification and labelling - CLP00). Several of these elements (e.g., Mg, Na, Ca, etc.) possess 

physical properties, like spontaneous ignition when in contact with water or air, although as 

mentioned above, these properties are not expected in molecular form in the natural soil. 

Literature also stipulates that pH levels of an ingredient below 2 or above 11.5 indicate skin 

or eye corrosiveness unless proven otherwise by credible data. 

Paste pH levels on the solid samples and liquid phase also indicated neutral pH levels and 

therefore skin or eye irritation, other than that caused by particle size (through mechanical 

action) is not expected to occur with exposure to this material. Distilled water leach analysis 

also indicated neutral pH levels in leaches.  
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None of the waste streams tested was classified as irritative or corrosive to the skin, based on 

the assumption that pH levels will remain unchanged over time and that these streams will 

not be mixed with other waste streams, which could cause pH levels to change. 

 
3.3.4 C – Eye Irritation and Damage to Eyes 

As mentioned above, certain ingredients are known to potentially be eye irritants (especially 

at low-level dust with repeated exposure) in their granular form through mechanical action 

(e.g., Fe, S, etc.). This can especially be problematic when strong gusts of wind are common 

in the area. 

Each irritant or corrosive component is considered to contribute to the overall properties of 

the mixture in proportion to its potency and concentration, however, the exact form and 

concentration that the ingredient will be transferred in are unknown, making accurate 

classification difficult. Ca, K and Na, are known to have the potential for causing serious 

damage to the eyes (it is assumed that these effects could be irreversible). These elements 

are not expected in their pure elemental forms and they will not be classified as hazardous to 

the eyes. 

 
3.3.5 D – Skin and/or Respiratory Sensitisation 

A respiratory sensitizer is a substance that, when inhaled, causes hypersensitivity of the 

airways. Respiratory hypersensitivity is considered as alveolitis, asthma and rhinitis. A skin 

sensitizer is a substance that, when coming into contact with the skin, will cause an allergic 

response (SANS 10234). 

A substance shall respectively be considered a respiratory sensitizer or skin sensitizer 

(classified into Category 1) when there is human evidence or positive results from animal 

studies to confirm sensitivity (SANS 10234). Of the ingredients exceeding the 0.1% threshold 

in both waste stream mixtures, there is evidence of respiratory sensitisation with Si 

(respiratory irritation and stimulation) exposure. 

This is however dependent on particle size. The exposure risk of a particular mineral waste 

stream should also be compared to the content of the natural environment where the waste 

stream is found. The elements, Ca, Mg and Mn have also been known to cause respiratory 

irritation, whereas Na in the elemental form at high concentrations could destroy mucous 

membrane tissues in the upper respiratory tract. Neither of the waste streams tested is 

classified as skin or respiratory sensitizer. 

None of the waste streams tested is classified as skin or respiratory sensitizers. 
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3.3.6 E – Mutagenicity 

Mutagenicity refers to “…chemicals that cause mutations in the germ cells of humans and that 

can be transmitted to the progeny (SANS 10234).” These encompass heritable genetic 

alterations expressed at phenotypic levels and DNA modifications when known, for example, 

certain base pair changes and chromosomal translocations. Mutagens increase the incidence 

of mutations in populations of cells and/or organisms. 

Genotoxic agents are those substances that alter genetic material or segregate damages or 

interfere with DNA expression and replication and usually serve as indicators for mutagenicity.  

Of the ingredients (XRF test) exceeding the 0.1% threshold in either of the waste stream 

mixtures, there is no evidence of mutagenicity/genotoxicity. 

 

3.3.7 F – Carcinogenicity 

A carcinogen is a substance that induces cancer or increases the risk of contracting cancer 

through inhalation, skin absorption or ingestion. This classification is based on the inherent 

characteristics of substances and not on the level of risk that the use of the substance may 

present. Due to the presence of Si in the tested waste stream, it will be mentioned here 

(please also refer to Section 10.4.2.A.1 above). Crystalline silica has been classified as a 

human lung carcinogen. The waste streams currently under investigation contain natural, 

geological material with fine particles that could potentially be inhaled if airborne. 

Crystalline Silica that is inhaled, could cause adverse health effects (e.g., Silicosis) with 

chronic repetitive exposure if these particles are of respirable size (<10 μm) and at high 

concentrations (i.e., exceeding those found naturally in the environment). Silicosis affects 

lung function and increases susceptibility to secondary infections such as tuberculosis. Particle 

size distribution analyses in the current investigation indicated that 4.39 % (‘SOM Discard’) 

and 33.5 % (‘SOM Slurry’) of the particles in each sample were below 10 μm. It should 

furthermore be noted that the microscopic particle form/structure is not considered during 

such a test and therefore we must assume conservatively that all particles are homogeneously 

round and possess an aerodynamic diameter. In addition, XRF results obtained for Si are a 

reflection of total Si (a combination of crystalline and amorphous) and Si present in the sample 

is likely naturally occurring, further reducing the associated risk with inhalation.  

Dust containing Si, such as quartz dust has been classified as a Category 1A human carcinogen 

(Si content) by the International Agency for Research on Cancer (IARC). 
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Evidence also exists for Fe as an equivocal tumorigenic agent (RTECS), as well as for Mn, 

however, there is no confirmation on the latter (IARC, NTP or OSHA). 

 

3.3.8 G – Reproductive Toxicity 

Effects of reproductive toxicity include impairment of sexual function and fertility or 

developmental toxicity. “Adverse effects on sexual function and fertility include, but are not 

limited to, alterations to the female and male reproductive system, adverse effects on the 

onset of puberty, gamete production and transport, reproductive cycle normality, sexual 

behaviour, fertility, ability to give birth, pregnancy outcomes, premature ageing, or 

modifications in other functions that are dependent on the integrity of the reproductive 

systems. Adverse effects on, or via, lactation, are also included in reproductive toxicity (SANS 

10234).” “Developmental toxicity includes any effect which interferes with normal 

development of the offspring, either before or after birth and that results from exposure of 

either parent before conception, or exposure of the developing offspring during prenatal 

development, or postnatally, to the time of sexual maturation (SANS 10234).” It also refers to 

adverse effects induced during pregnancy, or as a result of exposure by the parents. Such 

effects can be shown during any season of the lifespan. Major effects include the death of the 

developing organism, altered growth and structural abnormalities and functional deficiency. 

Human evidence (ECHA) in a single study showed mental retardation in an infant due to 

exposure to high Al concentrations through the mother during pregnancy, however, results 

were inconclusive as no direct correlation between the Al and recorded condition was 

established. The two waste streams in question do not need to be classified in terms of 

reproductive toxicity. 
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3.3.9 H – Target Organ Systemic Toxicity – Single Exposure (SE) 

Three factors (based on reliable evidence) are important for classification into this category, 

based on a single exposure: 

• Consistent and identifiable toxic effects (in humans and animals); 

• Toxicologically significant changes that have affected the function or morphology of 

tissue or an organ (or both), or 

• Serious changes to the biochemistry or haematology of the organism that are relevant 

for human health. 

 

The primary source of evidence should be based on human data and should include significant 

changes in single organs or biological systems, as well as those changes involving several 

organs. Exposure to high elemental Fe, Ca and Mn concentrations has shown to be toxic only 

with prolonged exposure. Reliability and information based on human trials are uncertain. A 

human study in RTECS on elemental Fe exposure indicates an LD50 of 200 mg/Kg with toxic 

effects including hepatitis (hepatocellular necrosis). No Target Organ Systemic Toxicity is 

expected with a single exposure in either of the two waste streams in question. 

 

3.3.10 I – Target Organ Systemic Toxicity – Repeated Exposure (RE) 

The criteria for repeated exposure remain the same as for single exposure, except for effects 

noticed with repeated exposure and not only with a single exposure.  Si and Al were both 

detected and are often present in the dust (e.g., quartz or AlO dust). Quartz dust is known to 

cause specific target organ toxicity with repeated exposure (specifically in the lungs), due to 

high Al and Si levels and therefore samples are conservatively classified into  Category 1. 

Potential dust originating from these waste streams could have been altered in terms of 

natural characteristics during process activities and therefore a conservative approach should 

endure ensuring appropriate mitigative/management actions are taken to minimise risk with 

exposure. In-field stream characteristics could decrease this risk and this inference is based 

on a worst-case scenario. It should however be noted that the respective LD50 values for both 

variables exceed 2000 mg/Kg (oral exposure).  
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3.3.11 J - Hazardous to the Aquatic Environment 

that a highly toxic ingredient is present at less than 1%, where such an ingredient will be taken 

into consideration. Normally, the available XRF data will be used to determine potential acute 

toxicity based on the ingredients of the sample.  

Four basic elements to determine whether a substance or mixture is toxic to the aquatic 

environment (i.e., ecosystem; ranging from soil microflora to primates) are stipulated in the 

SANS 10234: 

➢ Acute aquatic toxicity 

➢ Bioaccumulation 

➢ Degradation (abiotic or biotic) for organic chemicals 

➢ Chronic aquatic toxicity 

 
Three trophic levels (indicator species) are identified in the standard for this determination, 

namely: 

➢ Fish – 96h (LC50) 

➢ Crustacea (e.g., Daphnia Magna) – 48h (EC50) 

➢ Algae – 72h or 96h (ErC50) 

 
Classification of an ingredient in terms of acute toxicity data is based on acute toxicity data 

only, whereas classification in terms of chronic toxicity uses a combination of acute toxicity 

data and environmental fate data (e.g., degradability and bioaccumulation data). It should be 

noted that available data is limited. 
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3.3.12 J (a) - Acute Aquatic Toxicity 

Toxicity values for each species are not available for each ingredient and therefore the highest 

toxicity (i.e., most sensitive species) where data was found, is normally implemented during 

classification as per stipulations in the standard.  

Table 3-3: Acute toxicity hazard categories – Aquatic Environment 

 
 

During the current investigation, the distilled water leach of each waste stream was submitted 

for definitive toxicity testing based on the three trophic levels specified in the standard (refer 

to Annexure A). Each risk category quantifies acute or chronic risk associated with each waste 

stream. Rankings (Classes I - V) are based on the highest toxicity unit (TU) found in the battery 

of tests. A weight % is also assigned to each stream. Higher values indicate a higher rate of 

toxicity within a specific class.  Risk/hazard category results based on the DEEEP protocols, 

were recorded as follows  (Persoone, G, et. al., 2003):  

• ‘KDiscard1’ – Class I (No lethal/sub-lethal hazard) (Wt % 0)  

•  ‘KSlurry1’ – Class II (Slight lethal/sub-lethal hazard) (Wt % 33)  

The slight lethal/sub-lethal effect recorded from the ‘KSlurry1’ sample was based on a 30%  

growth-inhibition effect (sub-lethal) observed on micro-algae (micro-algae are often used as 

an indicator of potential chronic toxicity), as well as a 16.67% mortality effect on the 

vertebrate trophic level (lethal) on the 10% dilution level. It should however be noted that no 

significant toxicity was observed in the 100% sample result. 

The pH and dissolved oxygen levels in both tested waste streams were within acceptable 

ranges for aquatic organisms will survive (these factors can be excluded as potential driving 

factors for toxicity). 

 
3.3.13 J (b) - Chronic Aquatic Toxicity 

“Classification of mixtures as a whole is not possible for chronic categories since both toxicity 

data and environmental fate data are needed, and there are no degradability and 

bioaccumulation data available for mixtures as a whole (SANS 10234). Micro-algae are often 

used as an indicator of chronic toxicity and in the current investing 
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4 CONCLUSIONS 

Neutral pH levels were recorded from both waste streams. In the current scenario, it was 

assumed that no major changes in pH levels would take place over time.  Of the two waste 

streams tested, both were categorised into the Type 3 (low risk) category  (GNR 635, 2013) 

requiring a Class C liner (pollution barrier).  

None of the waste streams was flammable. Volatile particle sizes were very low, reducing 

potential inhalation risks.  Calculated ATE values for both waste streams, lead to acute toxicity 

hazard classification as  Category 5, based on oral exposure routes (based on available data), 

despite Si and Al concentrations detected in both samples. Si and Al were also considered for 

both the oral and inhalation routes due to known toxicity effects (see below).   

Target Organ Systemic Toxicity – Repeated Exposure (RE): 

 

 

Carcinogenicity: 
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Acute toxicity risk/hazard category results (please refer to Annexure b) based on the DEEEP 

protocols, were recorded as follows (Persoone, G, et. al., 2003): - KDiscard1’ – Class I (No 

lethal/sub-lethal hazard) (Wt % 0) - ‘KSlurry1’ – Class II (Slight lethal/sub-lethal hazard) (Wt 

% 33) It should be noted that it is not expected that the ingredients as recorded in the XRF 

test will leach in the same form or at the same concentrations. A summary of the classification 

for both waste streams is presented in Table 4-1 and Table 4-2, below. 

All inferences made in the current investigation are based on the limited data available.  

Please refer to the National Environmental Management: Waste Act, 2008 (Act No. 59 of  2008) 

regulations to ensure alignment with all of its requirements. It remains the client’s 

responsibility to ensure implementation and compliance with any related/supplementary 

regulatory documents. 
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Table 4-1: GHS classification summary, ‘KDiscard1’ stream, October 2022 
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Table 4-2: GHS classification summary, ‘KSlurry1’ stream, October 2022 
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APPENDIX B: SAFETY DATA SHEETS 
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