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Abstract 

Wastewater treatment using local available materials such as gravel and charcoal was investigated. The removal of TDS from roughing filters 
was evaluated for roughing filtration treatment system. Achieved results showed that roughing filters could be considered as a major pre-
treatment process for wastewater, since they efficiently separate fine solids particles over prolonged periods without addition of chemicals. A 
pilot plant was designed at delcoal. The wastewater used was from delcoal. The design and sizing of the pilot plant was guided by wegelin 
design criteria. Gravel was used as a control medium since it is one of the most commonly used roughing filter media and because it was used 
in developing these criteria. In order to improve the performance of roughing filters, this process has been modified by applying local available 
material such as charcoal as an alternative filter media. The pilot plant was monitored for a continuous 90 days from commissioning. The 
overall function of the filter in removing parameters such as TDS is accepted using charcoal as an alternative filter media. Achieved results in 
this study showed that roughing filters might be considered as an efficient pretreatment process for mine water.  It was also observed that in 
general performance, charcoal performed better than gravel. This observation could have resulted from the reason that charcoal has a slightly 
higher specific surface area and porosity respectively to enhance sedimentation and other filtration processes like adsorption, compared to 
gravel. 
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1. Introduction 

Water is essential to life on our planet [1]. This fundamental resource is of such importance because no living organism can 
survive without water, [2]. Therefore, there is a demand for clean, unpolluted water in substantial supply. As a result, a 
prerequisite of sustainable development, therefore, must be obtained, to ensure uncontaminated streams, rivers, lakes and 
oceans [3]. Increasingly, human activities threaten the water sources on which we all depend. Water supplies continue to 
dwindle because of resource depletion and pollution, whilst demand is rising fast because of population growth, 
industrialisation, mechanisation and urbanisation [4]. This situation is particularly acute in the more arid regions of the world 
where water scarcity, and associated increases in water pollution, limit social and economic development and are linked closely 
to the prevalence of poverty, hunger and disease [4]. Over 70% of the water used in both rural and urban areas in South Africa is 
surface water drawn from rivers, streams, lakes, ponds and springs [5]. Water and soil contamination caused by acid mine 
drainage (AMD) is a significant environmental problem in some parts of the world, particularly in densely populated developing 
countries where human habitats are usually in close proximity to mine sites [6]. Water draining from coal and base metal mines 
frequently contains sulfuric acid and heavy metals at high levels, which could contaminate streams and agricultural lands, when 
the mine water or mine water-affected stream water is used for irrigation purposes. Entry of mine-originated contaminants into 
agricultural soils and streams may also occur during heavy rainfall events that cause over-bank flooding. Elevated concentrations 
of heavy metals in the soils and streams, accompanied with acidic pH, are likely to enhance uptake of heavy metals by plants and 
man, which poses a high health risk to the people who consume the contaminated agricultural products. This scenario thus calls 
for efficient and effective treatment of water from such sources before use, to avoid instances of water–borne and water 
related diseases such as typhoid fever and cholera. One of the systems derived to treat this water is known as Roughing filters. 
 
Roughing filters can be considered as a major pretreatment process for mine water, since they efficiently separate fine solid 
particles over prolonged periods without addition of chemicals. Roughing filters are simple, efficient and cheap mine water pre-
treatment technology compared to the conventional system. This is in terms of technical labour requirement, daily operation, 
maintenance costs and treatment efficiency and effectiveness.   
 
Roughing filters are primarily used to separate fine solids from the water that are only partly or not retained at all by stilling 
basin or sedimentation tanks. Roughing filters mainly acts as physical filters and reduce the solid mass. However, the large filter 
surface area available for sedimentation and relatively small filtration rates also supports adsorption as well as chemical and 
biological processes. Therefore, besides solid matter separation, roughing filters also partly improve the bacteriological water 
quality and, to a minor extent, change some other water quality parameters such as colour or amount of dissolved organic 
matter [7]. Roughing filters are classified as deep-bed filters, whereby proper filter design promotes particle removal throughout 
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the depth of the filter bed, maximising the capacity of the filter to store removed solids. Particle removal efficiency in roughing 
filters is dependent on filter design, particulate, and water quality parameters [8].  

2. Methods 

In this study, horizontal roughing filters were selected as the pretreatment filters. Horizontal roughing filters perform better 
than other treatment filters, like Vertical roughing filters [8]. Horizontal roughing filters also have advantage of simplicity in 
design, cleaning, and operation.  
 
To conduct this study, a pilot plant was constructed at delcoal in Mpumalanga province of South Africa.  To enable a 
comparative study, two horizontal roughing filters were constructed. The design and sizing of the pilot plant was guided by the 
wegelin design criteria [9]. This study aimed at verifying these criteria based on gravel as a filter medium and other local 
available possible filter media, namely charcoal due to, it can serve as an alternative where gravel is not available. The filter 
medium was placed in different filters that consist of a chamber. The compartment was filled up of medium sizes of 15mm – 
5mm decreasing in size in the direction of flow. The filter bed was provided with under drain system, so that it will allow 
cleaning of the filters after a certain period. A constant filtration rate of 1m/h was used. 
 
Standard methods were adopted and analysis of the selected performance monitoring parameters. In this study, TDS was used 
as performance monitoring parameter. The filter inlet and outlet values of this parameter were monitored with the aim of 
analysing the removal efficiency of the roughing filters at the set field operating conditions. Monitoring was done on a daily 
basis due to development of excessive filter resistance and to prevent algal growth in the filter. 

2.1 Design Concept 

 The design period, projected population growth and per capita water demand all have considerable impact on the size of 
roughing filters [10]. Since filter efficiency increases with decreasing filter material, it is good to use the smallest possible filter 
material or even to omit the larger filter materials [9] and to install only one finest filter medium. However, the roughing 
filtration technology requires coarse filter materials as denoted by its name [9]. The finest filter material should not be more 
than 4 mm to ease hydraulic filter cleaning. Filter material, which is too coarse however, has smaller filter efficiency and would 
therefore require a longer filter length to achieve the same reduction [9]. Some preliminary design guidelines for horizontal 
roughing filters were shown in Table 1. 

Table 1: Shows the recommended guidelines for roughing filter design from researchers. 
Parameters Younger (1999) Galvis (1998) Wegelin (1996) Tarmar 

(2006) 
Evans (1999) 

Water source Mine water Drinking water Waste water Drinking 
water 

Drinking water 

Filtration rate 
(m/h) 

0.75 0.3-1.0 0.5-1.5 1.0 0.6 

Filter length (m) 66 2 50 5 3 
Gravel sizes (mm) 40-25 25-19 60-40 16-2 5-1 
Compartment (m) 3 3 3 3 2 

 
In this study, the filter design variables were based on previous research findings for mine water and drinking water treatments. 
Figure 1 shows the pilot plant scale units used in the research. 
 
3. Results and Discussion 

In order to monitor the quality of outlet water, parameter such as TDS is being compared between the inlet and outlet water. 
The removal of the mentioned parameter in the inlet and outlet are shown in figure 1.  The filter ripened as biofilm layers 
develop around the coarse media and this is an important process that improved the horizontal roughing filter’s ability to 
remove total dissolved solids. Ripening occurred between 4 to 5 weeks from Tables 1 and 2 respectively. In terms of individual 
performances, it was observed that in general charcoal performed better than gravel with 0.2%. This observation could have 
resulted from the reason that charcoal has a slightly higher specific surface area and porosity respectively to enhance the 
sedimentation and other filtration processes compared to gravel. It was also recorded that roughing filter was able to remove 
94% of TDS during winter and 97% during summer using charcoal and gravel respectively. 
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Figure 1: Pilot plant scale units used in the research. 

 

 
 
 
 
 

 
 

Figure 2: Concentration of TDS against days. 
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Table 2: Mean results for Total dissolved solids removal during winter. 

Days Inlet (Co) mg/ ℓ Gravel  (Ce)    mg/ ℓ Charcoal (Ce)  mg/ ℓ 
5 28.12 2.79 1.95 
8 26.98 1.66 1.70 
9 27.39 1.48 1.48 

11 29.25 1.47 1.65 
14 28.31 1.41 1.37 
15 28.16 2.01 2.04 
17 27.96 1.96 1.71 
21 28.00 1.86 1.92 
23 28.61 2.15 2.01 
24 27.33 1.72 1.90 
27 28.21 1.27 1.28 
29 28.41 1.20 1.18 
33 28.09 1.18 1.18 
35 27.98 1.17 1.15 
36 28.77 1.16 1.13 

Percentage removal  94.2% 94.4% 
 
 

 
 

Table 3: Mean results for Total dissolved solids removal during summer. 

 
 
From the achieved result, it was noted that roughing filters does not require chemical use, energy input and mechanical parts, 
when compared with conventional system, such as membrane coagulation reactor. This is quite demanding in chemical use, 
energy input and mechanical parts as well as skilled manpower that are often unavailable, especially in rural areas of developing 
countries such as Tanzania, South Africa and Sri Lanka. In terms of individual performances, it was observed that in general 
charcoal performed better than gravel. This observation could have resulted from the reason that charcoal has a slightly higher 
specific surface area and porosity respectively to enhance sedimentation and other filtration processes such as adsorption 
compared to gravel. In terms of the general performance of the HRF, the following observations were made based on figure 1 
that the roughing filter can be used as a pre-treatment method for wastewater treatment. 
 

Days Inlet (Co) mg/ ℓ Gravel (Ce)  mg/ ℓ Charcoal (Ce) mg/ ℓ 
39 28.08 1.19 1.13 
42 27.88 1.08 1.05 
44 28.98 1.05 1.05 
46 28.08 1.02 1.06 
51 27.09 0.95 0.95 
53 28.65 0.93 0.93 
55 28.78 0.95 0.90 
58 29.03 0.92 0.92 
61 28.67 0.89 0.88 
63 28.98 0.88 0.86 
64 28.67 0.89 0.83 
67 28.68 0.84 0.85 
70 28.79 0.79 0.79 
71 29.04 0.80 0.82 
73 28.83 0.82 0.78 
80 28.76 0.78 0.76 
81 28.94 0.75 0.74 
83 28.83 0.73 0.68 
85 29.08 0.74 0.69 
87 28.76 0.72 0.68 
89 28.78 0.71 0.67 
90 27.97 0.71 0.65 

Percentage removal  97% 97% 
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4. Conclusion 

It was indicated that roughing filter can perform under wegelin design criteria. It was shown that charcoal performs better than 
gravel in general removal efficiency with regards to the parameter that was put to test. Moreover, it could serve as an 
alternative where gravel is not available. Achieved result in the study shows that roughing filtration may be considered as an 
efficient pretreatment process in mine water treatment. The water recovered from this process can be reused in the mine. Due 
to time constraints, the durability test of the alternative filter material charcoal was not prioritised to be within the scope of this 
study. However, within the operating ranges and the study period, the media remained stable. It is recommended that further 
studies must be carried out to investigate the longevity, stability and possible rejuvenation of the material given that they are 
agricultural by-products stabilised by carbonation. Furthermore, lowering the filtration rate to 0.75m/h is suggested for gaining 
removal efficiencies in the filters.  
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