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Abstract—Water scarcity being a global challenge 

experienced strongly in South Africa, the treatment of 

wastewater for reuse is becoming top priority. The scarcity of 

water is exacerbated by pollution from industrial effluents. It is 

estimated that for the production of 1 L of beer approximately 

10 L of waste effluent is produced. As a result opaque beer 

brewing industries discharge large volumes of acidic and highly 

polluting effluents. To treat such effluents a combination of 

coagulation/flocculation and sand filter has been considered in 

this study. The sand filter was engineered using different types 

of activated carbons to enhance its performance. The results 

obtained showed that the presence of activated carbons in the 

filter bed significantly contribute to the reduction of turbidity 

and COD from the wastewater.  

 
Index Terms—Activated carbon, Brewery wastewater, 

Chemical oxygen demand (COD), Filtration  

 

I. INTRODUCTION 

Pollution of surface water by industrial effluents is a 

serious concern in South Africa where mining activities are 

reported to contribute to significant discharge of inorganic 

pollutants in the environment [1 – 10]. There is also an 

increasing amount of organic pollutants found in the surface 

water, which may derive from brewing processes that produce 

large volumes of wastewater disposed in the environment.  

Sorghum beer is produced from sorghum grits, sorghum 

malt, water and yeast, with water often referred to as the main 

ingredient as it is used in multiple stages of the brewing 

process. During malting, sorghum grains undergo steeping, 

germination and kilning. According to Steffen et al. [11] the 

malt undergoes milling and results in an effluent that has a low 

pH as well as a high concentration of organic compounds 

[12]. Mashing and filtering follow and the yeast is added to 

initiate fermentation. Cleaning of the process equipment 

contributes largely to the amount of effluent generated and is 

a major source of contaminants [13]. 
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Brewery wastewater is contaminated with an abundance of 

organic and inorganic chemical species. For the purpose of 

this study the pH level, COD content and turbidity of the 

effluent were measured and analysed in accordance with 

standard methods. Brewery effluent may range from pH 2 – 

10 with a suspended solids concentration of up to 2500 mg/L 

and COD levels reaching 6000 mg/l [14]. Oxygen in water is 

needed for bacterial activity to take place. The used oxygen is 

restored through aeration when the water is mixed [15]. 

Therefore, if the dissolved oxygen is used more rapidly than it 

can be replaced, a decrease in bacterial activity is observed 

and may lead to the death of bacteria as a whole.  

Turbidity is a result of dissolved or suspended substances 

such as microorganisms, organic and inorganic materials, 

algae etc. and as a result the water appears cloudy or murky.  

Apart from the aesthetic quality of the water decreasing with 

an excess of turbidity, aquatic life could also be under threat 

[16]. 

Therefore the effluent generated by such breweries requires 

certain treatment methods. Due to the high adsorption 

capability of activated carbon, it is often used to improve 

contaminant removal. The coagulation and flocculation 

processes are important components of wastewater treatment 

[17 – 21]. Due to the extreme pH and turbidity levels, Ferric 

Chloride will be used during the coagulation and flocculation 

stages of this study. 

Granular multimedia filter consists of silica sand, 

anthracite and activated carbon. Anthracite coal is a hard and 

brittle coal with an exceptionally high carbon content and 

very little volatile matter [22]. Anthracite can remove residual 

hardness salts and various other solids due to its ability to 

facilitate the adsorption and flocculation of colloidal particles 

onto its surface. Therefore, if used appropriately in a granular 

filter, anthracite can reduce effluent turbidity and suspended 

solids content. Granular activated carbon (GAC) is used as a 

filter media because of its known ability to adsorb organic 

compounds that are found in the wastewater. Due to the 

intermolecular attractions of the GAC and its highly porous 

structure, organic compounds can adhere to the surface of the 

granules because of the strong adsorption forces that occur 

[23]. 

The use of a multimedia granular filter is a cost effective 

way to lower a brewery’s impact on the environment. This 

paper aims to determine the effectiveness of COD removal 

from brewery wastewater using a sand filter engineered with 

activated carbon. 
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II. MATERIALS AND PROCEDURE  

A. Sampling and Preparation 

Wastewater was sampled at the discharge point of the water 

treatment plant of United National Breweries’ Tlokwe 

Brewery in Potchefstroom, South Africa. In order to ensure 

consistent and trustworthy results, all sampling were done 

after the cleaning process at 11:00 am during the week. The 

sampled wastewater was retrieved in 25 L plastic containers 

and moved to the filter test plant used during the study. The 

brewery effluent was allowed to settle 1-2 hours in a dark 

space before preparation commenced. Testing was done as 

soon as possible after the sampling to ensure the water 

remained unchanged. During this time the wastewater was 

monitored and analysed in accordance with standard methods 

and the parameters measured included pH, turbidity and 

chemical oxygen demand (COD).   

B. Coagulation & Flocculation 

Ferric Chloride was used as a coagulant because of its 

ability to work over a wide pH range (4-11). Also, due to the 

relatively low formula weight of ferric chloride, if compared 

to other flocculants such as alum, it should form a heavy floc. 

Therefore ferric chloride can promote settling [24].  

Using standard procedures, simple jar tests were 

conducted. 2.42 g Ferric chloride hexahydrate (5 mg Fe³⁺ / 

ml) were dissolved in 100 mL of distilled water to form the 

ferric chloride dilution that was used during coagulation.  

Well mixed wastewater (200 mL) was measured into one of 

six beakers in which various doses of Ferric Chloride solution 

were added at a later stage. Rapid mixing at 200 rpm was 

performed for 1 min 30 sec (±20sec), followed by slow 

mixing at 60 rpm for 15 min. Hereafter the effluent was 

allowed to settle for 40 min. The results obtained are recorded 

in Table 1. Dosages of 15-20 mL Ferric Chloride solution to 1 

L of wastewater resulted in optimum turbidity removal. The 

optimum dosage of 15 mL ferric chloride added to 1 L of 

wastewater was used in all experimentations.  

C. Granular multimedia filter 

Transparent PVC pipes were cut to have a height of 100 cm 

and an internal diameter of 9.3 cm. Sampling points were 

added to the filter at various heights.  

After coagulation and sedimentation, it was discharged 

from a funnel shaped container at an elevated height through a 

pipe. The elevation of the settling tanks allows the water to be 

passed through the filter at a high pressure. A make-shift 

showerhead at the top of the filter, allows for even water 

distribution and therefore minimising channelling in the 

media.    

The proposed granular multi-media filter consisted of 

layers of sand, anthracite and activated carbon and was 

connected to the settled water tanks in a laboratory scale water 

treatment plant (LSWTP). Media in the filter was arranged in 

accordance to media density: Anthracite is less dense than 

sand and thus a 25 cm layer of anthracite was placed on top of 

the sand in the column, the activated carbon was placed as a 

thin layer (10 cm) in the sand layer at approximately 30 cm 

from the bottom of the filter, and a combined column height of 

75 cm was achieved. 

Four different activated carbon samples were characterised 

and used respectively in the filters, the results were compared 

and analysed in order to establish the potential of the different 

activated carbons for COD and turbidity removal. 

D. Measurements 

Throughout experimentation the parameters that were 

measured included: Temperature, pH, Turbidity and COD. 

Measurements were taken after sampling at the source using 

pH combined electrode with integrated temperature probe 

and COD and Multiparameter Bench Photometer HI 83099 

(Hanna Instruments Inc., U.S.A.) respectively [25 – 29], after 

coagulation and flocculation as well as at the various 

sampling point of the filter and were used as indicators of the 

effectiveness of the various components and media used. 

It was expected that the levels of COD and turbidity of the 

water will decrease after passing the feed water through the 

filter. 

III. RESULTS & DISCUSSION 

Water treatment involves various processes and is 

necessary in order to comply with water quality standards. 

Traditional water treatment schemes involve coagulation, 

flocculation, and sedimentation, followed by filtration. 

Coagulation and flocculation is the process where suspended 

solids are aggregated to form larger flocs [30 – 34]. The force 

of gravity then allows these flocs to settle, resulting in clear 

water on top. Hereafter the water is passed through a filter 

comprised of media such as silica sand, completing the 

treatment process. In the case of drinking water production, 

additional treatment stages such as ozonation, chlorination 

and/or fluorination are necessary to ensure proper 

disinfection. This section addresses the results related to the 

performance of filters and filter media used. 

Filters were loaded with silica sand, anthracite and a layer 

of activated carbon. After settling of flocs, the clear water was 

separated from the sediment and added to the filters. The 

effect of four different activated carbon samples was analysed 

by loading each filter with a different activated carbon. A 

filter loaded only with anthracite and sand was used as a base 

to determine the effect of the addition of activated carbon in 

filters. The pH level, turbidity and COD of the water in the 

filters were determined in order to assess the performance of 

each filter. All filters were loaded at the same rate and the 

same amount of water was added to each filter. 

A. Turbidity 

Turbidity is widely used as a quality control measure for 

determining the efficiency of water treatment systems. An 

excess of suspended solids indicates high levels of bacteria, 

contaminants and pathogens, and could block light from 

reaching aquatic plants. Therefore water is treated to adhere 

to specific standards ensuring safe discharge. The 

effectiveness of filters can be assessed by measuring turbidity 

removal in the water. 

The sampled water had high turbidity levels of 2000 NTU 

before coagulation. The filters were run as a two part tests, 

firstly activated carbon one and two were compared, part 2 

was conducted accordingly using activated carbon three and 

four. Figure 1 to Figure  represent the turbidity values at each 

sampling point of the various filters. 
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Unwashed silica sand and anthracite were used during the test 

runs. As the flocculated water passes through the granular 

filter, the filter is rinsed, this explains why the turbidity level 

are lower after 48 hours compared to the samples taken at 24 

hours. The fine activated carbon granules provided additional 

surface area for particle adhesion. As a result lower filtrate 

turbidity is observed when any activated carbon is present. 

The lowest turbidity levels were observed with the addition of 

activated carbon 1 (AC1), followed by AC3, AC2 and AC4. 

The highest turbidity levels were observed in the control 

filters. 

B. pH 

Wastewater generated by a sorghum brewery has low pH 

values. This is mainly a result of the souring stage and the 

addition of sorghum malt. Sorghum beer is a live fermenting 

product and when the unsold beer is returned to the brewery 

and discharged, the effluent pH value drops. Sodium 

hydroxide is used at the brewery to maintain a pH level of 7. 

Due to this, all samples retrieved from the brewery had a pH 

value between 6 and 8. Coagulation lowered the pH of the 

wastewater to a value of approximately 5.5, thereafter the 

water is added to the filters. The pH levels of the water 

sampled from the various filters are shown in Fig. 5 to Fig. 8. 

 

Figure 1: (Filter test part 1) Turbidity results after 24h 

Figure 2: (Filter test part 1) Turbidity results after 48h 

Figure 3: (Filter test part 2) Turbidity results after 24h 

Figure 4: (Filter test part 2) Turbidity results after 48h 

Figure 5: (Filter test part 1) pH level results after 24h 

Figure 6: (Filter test part 1) pH level results after 48h 

Figure 7: (Filter test part 2) pH level results after 24h 
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The presence of activated carbon increases the pH level of the 

water. All figures show a relatively constant pH level for all 

sampling points in the filters that consist of only sand and 

anthracite. The introduction on activated carbon (at sampling 

point 3) increases the pH level of the water, there after the pH 

level stabilises again.   

The pH levels are lower after 48 hours when compared to 24 

hours, this is to be expected as the anthracite and activated 

carbon influences the pH value. More contact time between 

the water and anthracite (coal) results in sulphuric acid 

formation therefore lowering pH level. Most pH values, with 

the exception of the control filters are within an allowable 

range of 5.5 to 9.5. It can however be noted that additional 

sodium hydroxide might be needed to increase the pH level if 

pH values drop below 5.5. 

C. Chemical oxygen demand (COD) 

Breweries use the process of fermentation to convert glucose 

into alcohol. This brewing process is fundamental to the 

organic chemistry that gives beer its taste, colour and 

appearance. Brewery waste water contains large amounts of 

organic contaminants that increase the chemical oxygen 

demand of the water.   

Aerobic microorganisms consume dissolved oxygen in the 

wastewater. When the organic material content of the water is 

high, more dissolved oxygen is used by microorganisms [35]. 

As a result, the water may be deoxygenated and aerobic 

organisms could die.   

The measured COD of part one of the filter tests, after 24 

hours and 48 hours is illustrated in Figure 9 and Figure 10. 

Due to the fact that the water contains a high level of organic 

substances, some organic reactions may occur in the filters; 

this may therefore affect the consistency of results.   

 

 

Part two was conducted in the same manner as part one and 

the COD measurements are illustrated in Figure 11 and Figure 

12.  From the data in Figure 9 to Figure 12 it can be seen that 

the chemical oxygen demand of the water in filters containing 

activated carbon are lower than the control filters. A 

prominently lower COD value is achieved at sampling point 

three. This is to be expected as sampling point three is where 

the activated carbon is located. 

 

IV. CONCLUSION 

Brewery wastewater remains a concern in the industrial 

section. Large quantities of pollutants are produced and 

discharged, due to this fact proper treatment schemes need to 

be in place to ensure companies comply with government 

standards. This study created an experimental procedure to 

study the use of coagulation, flocculation, sedimentation and 

multimedia filtration for COD removal. From this paper it can 

Figure 9: (Filter test part 1) COD of water after 48h 

Figure 8: (Filter test part 2) pH results after 48h 

Figure 10: (Filter test part 1) COD of water after 48h 

Figure 11: (Filter test part 2) COD of water after 24h 

Figure 12: (Filter test part 2) COD of water after 48h 
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be seen that activated carbon could contribute greatly to the 

effectiveness of COD removal in an engineered sand filter 

system.   
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