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Abstract 
This project investigates the use of industrial by-

products and natural media in drinking water filtration. 

Two novel configurations were investigated under 

constant and intermittent loading regimes to remove 

problematic contaminants in drinking water at 

laboratory-scale.  

 

1. Introduction 
The purification of water is becoming more and more 

complex with advances in technology, leading to the 

discovery of emerging contaminants and excessive stress 

on water bodies[1]. The developing world is constantly 

struggling to achieve basic water purification. There is 

potential to address both issues by modifying current 

treatment processes to achieve safe, efficient and cost-

effective water purification. This study aims to 

investigate the potential of using a novel filtration 

system, in place of the current sand filtration process, 

using industrial by-products and natural media to treat 

water.  
 

2. Materials and Methods 
The initial stage of this project involved classification of 

a large spectrum of alternative media in a bench-scale 

test. The adsorption capacity of each media was assessed 

using mathematical models called isotherms. It was 

decided to use sand, zeolite, Bayer residue, fly ash and 

granular activated carbon (GAC).  

Once the best media had been chosen, the novel 

configurations were designed (Fig.1). The configuration 

was based on the adsorption properties of each media, to 

ensure that every contaminant would be adsorbed by at 

least one of the media present.  

 
Figure 1: Novel filter configurations 

The filter columns were constructed in the laboratory and 

were loaded with water containing 6 mg L-1 total organic 

carbon (TOC), 1.5 mg L-1 aluminium, 6 mg L-1 

ammonium and 20 mg L-1 nitrate. The contaminants were 

chosen to simulate conditions in both the developing 

world and the developed world, where many of the 

emerging contaminants are derived from disinfection by-

products (DBP). This occurs when the disinfectant reacts 

with the remaining TOC in the filtered water.   

 

3. Results and Discussion 
The column experiment was carried out for a duration of 

90 days. Evidence of clogging in both novel 

configurations determined the completion of the 

experiment. The performance of the filters was assessed 

in terms of percentage removal (Table 1). The results 

were then compared with a control unit – an unstratifed 

sand filter, constructed as per EPA guidelines[2]. 

 
Table 1: Average percentage removal rates for all filter 
configuration and loading regimes for 90 day duration. 

Constantly 

loaded 

Control Config 1 Config 2 

TOC 16.7 34.9 71.5 

Aluminium 93.6 93.5 97.6 

Ammonium 56.5 75.9 88.5 

Nitrate -28.9 -28.1 12 

Intermittently 

loaded 

   

TOC 24.3 34.4 63.3 

Aluminium 94 94.7 96.4 

Ammonium 60.2 84.7 84.7 

Nitrate -30.6 -44.3 -16.3 

 

4. Conclusion 
The performance results of this study indicate that 

Configuration 2 was most effective, particularly in terms 

of TOC removal, which is most relevant in terms of DBP 

occurrence. However, clogging did occur, thus a 

redesign of configuration is necessary before pilot-scale 

stage construction begins. 
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