
 

Abstract—This research study focuses on the brewing industry for 

it constitutes an important economic segment of any country in the 

world. The effluents from brewering processes such as fermentation 

and filtering contain high organics/biochemical oxygen demand 

(BOD). The study investigates the effect of pre-treatment on the 

performance of coagulants/flocculants used for the removal of organic 

matters [chemical oxygen demand (COD)] in the brewery effluents. 

Different types of flocculants and coagulants were used to assess their 

effectiveness in the treatment of different samples with various pH due 

to the type of pretreatment. The optimum dosages of the coagulants 

and flocculants were assessed. Their performance on the removal of 

COD was assessed individually and in combinations to find the best 

combination for the removal of the COD. The results showed that 

coagulants/flocculants performed well at pH 5 and optimum dosages 

were identified for the reduction of COD to acceptable level in all 

brewery effluents. 

 
Keywords— Carbon Oxygen demand, Coagulation and flocculation 

performance, Optimum dosage, pretreatment.  

I. INTRODUCTION 

The accessibility to usable fresh water is a worldwide 

concern because of both limited water resources and a steadily 

growing population. In manufacturing industries in many 

countries including South Africa, there are large volumes of 

polluting effluents discharged yearly into inland waterways 

[1-24]. This research study focuses on the brewing industry for 

it constitutes an important economic segment of any country in 

the world. The production of beer on a commercial scale 

requires much more water than just what is contained in the 

beer itself if one takes into account the water used for cooling 

and hygienic purposes [25]. 

The wastewater effluent and solid waste from beer 

production, is supposed to be disposed of or treated in the least 

costly and safest way. Numerous breweries worldwide are 

searching for means to cut down on water usage during the beer 

brewing process [26]. Some are also investigating ways to cost 
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effectively and safely treat the brewery wastewater for reuse. 

The large volumes of water used during beer brewing results in 

the brewery industry discharging large volumes of highly 

polluting effluents thus the disposal of untreated brewery 

wastewater into water bodies can constitute potential or severe 

pollution to the water bodies [27]. The aim of the investigation 

is to determine the effect of pre-treatment on the performance 

of flocculants during chemical oxygen demand (COD) 

removal. COD is a measure of the oxygen equivalent of the 

organic matter content of a sample that is susceptible to 

oxidation by a strong oxidant [28]. Brewery wastewater 

typically has a high chemical oxygen demand (COD) from all 

the organic components (sugars, soluble starch, ethanol, and 

volatile fatty acids), etc. The pH levels can range between 2 and 

12 and are influenced by the amount and type of chemicals used 

in cleaning and sanitizing [29,30]. Pre-treatment is meant to 

alter the physical, chemical, and/or biological properties of feed 

water, thus improving the performance of downstream 

processes. This study is meant to show if these pre-treatment 

process, limit or affect the performance of 

coagulants/flocculants during the removal of COD. If the 

performance of coagulants/flocculants is hindered it could 

result in the removal of COD being less effective increasing 

costs of the treatment of the brewery wastewater or making the 

waste water treatment plants less effective. 

  

Flocculation and coagulation 

Flocculation and Coagulation are very important procedures 

in wastewater treatment. A fundamental element of wastewater 

flocculation is the removal of suspended solids and most of the 

organic substances as much as possible. Coagulation is the 

process where the destabilization of a given suspension or 

solution is affected [31- 48]. That is, the function of coagulation 

is to overcome those factors which promote the stability of a 

given system. Flocculation is the process whereby destabilized 

particles, or particles formed as a result of destabilization, are 

induced to come together, make contact and thereby form 

large(r) agglomerates [31]. All the solid material in a fluid 

medium have some kind of property that is related with 

interfacial experiences. These interfacial experiences 

incorporate the impacts of the surface charge conveyed by 

particles and the level of solvation of the colloid surface layers. 

Stability with the colloids is the ability for the colloids to keep a 

dispersed state that is the ability for the individual colloids to 

remain separate entities [31]. With decreasing effective particle 

size, the effective surface area of the particle turns out to be 
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enormous for a given all particle mass. Subsequently, it 

becomes evident that for small mass particle, interfacial surface 

effects dominate with the lesser from gravitational impacts 

related with mass of the particle. Particles in the colloidal size 

range, with hydrodynamic impacts alone, settling times of as 

long as several years are required. Methods other than Gravity 

are used to destabilize the solution which is flocculation and 

coagulation [49]. 

II. EXPERIMENTAL STUDY 

    Investigation of the effect of pretreatment on the removal of 

COD from Brewery Wastewater was carried out using samples 

from the brewery; this was achieved through optimization of 

coagulants and flocculants dosages and types. 

A. Sample collection & characterization 

    Samples were collected using two, 25 liter containers which 

were then transported to the laboratory for analysis. Three sets 

of samples of different pH values had to be obtained. The 

samples include, normal brewery discharge at pH 7 - 8, 

discharge at (pH 4 - 6, discharge at pH 10 - 13. Experiments had 

to be carried out within 3 days to avoid change in the sample 

quality. The COD, hydrogen ion concentration, Turbidity and 

the zeta potential were measured as the characterization 

parameters considered. The turbidity of the Sample was 

measured four times with the average taken as the final value 

with a turbidometer. 

B. Flocculation and coagulation 

    The coagulants used in the study were ferric chloride and an 

organic coagulant mixture in aqueous solution (brewery 

coagulant). The flocculants were a cationic flocculant 

(Genesys’ genefloc, polyquaternary amine), an anionic 

flocculant (Senfloc 5210), a non-ionic flocculant (Senfloc 

5330) and a cationic acrylamide copolymer in aqueous 

dispersion (Himoloc TG823) obtained from the brewery. The 

procedures for the preparation of ferric chloride, Senfloc 5210, 

Senfloc 5330 and Genesys’ genefloc, polyquaternary amine 

solution were similar. A clean watch glass was tared on a scale 

with 1 g of each substance measured and dissolved in 1 L 

volumetric flasks making a 1000 ppm solution. For every 5 mL 

pipetted to the beaker, 10 ppm was made up in the 500 mL 

beaker. The Brewery Flocculent and the Coagulant were in 

dispensation. The solutions were made by measuring 1 mL of 

the substance and making it up to 1 L (1000 ppm solution). For 

every 5 mL pipetted to the beaker, 10 ppm was made up in the 

500 mL beaker. 

C. Jar test procedure 

    The jar test mixer was used to carry out the experiments. Six 

1 liter beakers were used to carry out the jar test for a single run. 

The Beakers used were filled up to 500 mL for all runs. The jar 

tests for the coagulants were done by adding the coagulant and 

mixing rapidly at 200 rpm for 2 minutes (rapid mixing) with the 

slow mixing at 40 rpm for 15 minutes. The jar tests involving 

both the coagulants and the flocculants were done by adding the 

coagulant and mixing at 200 rpm for 2 minutes and during the 

slow mixing, the flocculant was added at 40 rpm for 15 

minutes. The settling time for all mixtures was 1 hour. 

D. Coagulant Optimization 

    The first procedure in the experiment was to find the 

optimum dosage for the coagulant. The optimum dosage was 

determined by first taking a wide dosage range (run 1 and run 2) 

of 10 ppm, 20 ppm, 40 ppm, 80 ppm, 100 ppm and 120 ppm; 

then after the jar test, the turbidity of the solution was taken. By 

looking at the results of run 1 and run 2, dosages with high 

turbidity results were disregarded and a new dosage range 

determined (zoom). Results of the zoom were used to find the 

final dosage range. Final dosage values (final zoom) were 

determined from values obtained from zoom. The optimum 

dosage had the lowest value of turbidity in the zoom-in run. 

E. Flocculent optimization 

    After obtaining the optimum dosage range for the 

coagulants, the values of the optimum coagulant dosages were 

used to optimize the flocculants. The flocculents dosages range 

of 5 ppm, 10 ppm, 20 ppm, 30 ppm, 40 ppm and 50 ppm was 

utilized to determine the optimum flocculent dosage. This was 

carried out for all the flocculants with the different optimum 

dosage values of the coagulants. 

III. RESULTS 

A. Brewery Wastewater Characterization 

    The study focused of 3 different samples with different pH 

values. The characterization parameters measured for the 

samples were the COD, Turbidity, PH and the Zeta potential. 

Table 1 shows the results of the characterization of the samples. 

 
TABLE I_CHARACTERIZATION OF BREWERY WASTEWATER SAMPLES 

Sample 1 2 3 Units 

pH 5.12 7.86 12.84 - 

COD 10524.7 3493 2293.5 mg/l 

Zeta 

potential 
-3.32 -7.69 -19.25 mV 

Turbidity 1829 464.25 609.7 NTU 

 

    The Zeta potential of the sample was negative for all the 

samples due to the ionization of anionic functional groups of 

phosphate and carboxylic functional groups that give a net 

negative charge to Extracellular Polymeric Substances and 

microbial cells. The pH of the wastewater varies across 

samples. Sample 1 has a low pH because, when live fermenting 

sorghum of the beer at shops is unsold after a long time, the 

unsold products are sent back to the brewery for disposal which 

produces the low pH effluent with very high turbidity and COD 

values. Sample 2 is normal brewery effluent which is set to 

have a pH of 7, 8. It has a much lower COD and turbidity value 

because it is first filtered then disposed of. Sample 3 has a much 

higher pH because this it derives from the wash of CIP 

(cleaning in progress). The brewery cleans their machinery 

with basic cleaners (Sodium Hydroxide) which gives the 

effluent a very high pH and lower turbidity and COD values. 

 

Optimizing Coagulants-Ferric Chloride & Brewery 

coagulant 

    Table 2 shows the optimum coagulant dosage for the 

different samples after several jar test procedures. 

 

 
TABLE II-OPTIMUM COAGULANT DOSAGES 
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Coagulant Sample 1 Sample 2 Sample 3 Units 

Ferric 125 87.5 85 ppm 

Brewery 140 77.5 103 ppm 

 

Brewery Wastewater Optimum Flocculent Dosages 

    The optimization of flocculants was done using four 

flocculent with 3 different charges namely cationic flocculants 

(Genesys’ genefloc, polyquaternary amine), an anionic 

flocculent (Senfloc 5210), a non-ionic flocculants (Senfloc 

5330) and a cationic acrylamide copolymer in aqueous 

dispersion (Himoloc TG823). The Flocculent dosages were 

constant through the optimum coagulant dosage determination 

and it was done for all three samples with the two coagulants at 

their optimum dosages. The optimum flocculant dosages are 

shown in Table 5. 

 
COD Removal efficiency 

    After the determination of the optimum flocculent dosage, 

the samples were collected and the COD values of the samples 

were recorded. The COD efficiency was calculated using 

Equation 1. The higher the COD efficiency the better the 

performance. 

 
 

Effect of pH on the performance Coagulants 

    The effect of pH on the coagulants will be analyzed using the 

turbidity values measured. The quantity of suspended particles 

(expressed as turbidity) removed per quantity of coagulant used 

will be assessed to see if the pH affects the performance of 

coagulant. The results of the final zoom will be used for this 

analysis, as the values are around the optimum dosage. Table 3 

summarizes the performance at different pH values of the ferric 

chloride and Table 4 summarizes the performance of the 

brewery coagulant. 

 
TABLE III-PERFORMANCE ANALYSIS OF FERRIC CHLORIDE 

Sample 1 2 3 

pH 5.12 

 

7.86 12.84 

Turbidity 

removal per 

Dosage of 

Coagulant 

NTU/ppm 

14.08 

 

4.92 

 

5.51 

 

 
 

 

 
 

 

 
 

 

 

TABLE IV-PERFOMANCE OF BREWERY COAGULANT 

Sample 1 2 3 

pH 5.12 

 

7.86 12.84 

Turbidity 

removal per 

Dosage of 

Coagulant 

NTU/ppm 

12.98 

 

6.14 

 

5.91 

 

 

    The coagulants both performed very well in removing turbid 

material at a pH of 5. This could be attributed to the coagulants 

operating at their optimum pH range. The ferric chloride 

performed better than the brewery coagulant with sample 1. 

With Sample 2, the brewery coagulant performed better than 

the ferric chloride and Sample 3 had the brewery coagulant 

performing slightly better than the ferric chloride. There is a 

difference in the performance of the coagulant across the range 

of pH values with both coagulants performing very well in 

acidic conditions with performance generally decreasing for the 

brewery coagulant as the pH values increase. The ferric 

chloride has its lowest performance at the more neutral pH of 

sample 2. 

 

Effect of pH on the performance of the combined 

Flocculants and coagulants 

    The performance of the combination of the flocculants and 

coagulants is shown in Table 5. The COD removal efficiency is 

a measure of how much a part per million of coagulant removes 

COD from the sample. With sample 1, the ferric Chloride 

combination performed better than the brewery coagulant 

combination as the ferric chloride slightly removed more COD 

than the Brewery coagulant combinations. Ferric chloride 

combination outperforming the brewery coagulant 

combinations could be due to the fact that ferric chloride is at its 

optimum pH. The combination that removed the most COD 

was the combination of the ferric chloride and the non-ionic 

flocculant in Sample 1. With Sample 2, the best performing 

combination was the brewery coagulant and the cationic 

flocculant and with sample 3 the best performing combination 

was the brewery coagulant and the cationic flocculant. The pH 

of the samples affects the performance of the flocculant and 

coagulant combined, the best performance was recorded at the 

pH of Sample 1 (low pH) with the performance decreasing as 

the pH of the samples increased. 

IV. CONCLUSION 

    The amount of brewery effluent discharged from the brewery 

still constitutes a problem for both the municipality and the 

environment. Generally, the brewery wastewater effluents are a 

worldwide problem, and ways to recycle these brewery 

wastewaters will help reduce the concerns that are associated 

with the disposal of the brewery effluent to the environment 

and will reduce the amount of fresh water consumed in the 

brewery process. Wastewater purification/treatment before 

disposal is the method considered to help reduce environmental 

impacts of disposal by the brewery. This does not help in 

reduction of water consumption by the brewery but helps 

reduce the impact of brewery wastewater to the environment. 
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This is a solution considered to conform to the government’s 

legislation regarding discharge of brewery effluents. The 

results obtained in this study may assist on how to handle 

different brewery effluents at different pH values for the 

brewery effluents and also for breweries of same wastewater 

characteristics. The effect of the effluents pH on the 

performance of the coagulants was assessed considering the 

amount COD removed by a part per million of a coagulant.It 

was observed that the performance of coagulants reduces as the 

pH values increased. This is shown in Table 5 were the COD 

removal efficiency values decrease as the pH values increase. 

This is not clear in Table 3, where Sample 2 has the lowest 

removal efficiency. In Table 4, the trend of the performance 

decreasing as pH values increase could also be observed. For 

both evaluation, the ferric chloride performed the best at a pH 

of 5-6 most probably attributed by the Ferric Chloride operating 

at optimum pH conditions.  

 

 
Fig. 1-Recommended dosages for specific pH values 

 
 

 

TABLE V - OPTIMUM FLOCCULANT DOSAGES AND THE COD EFFICIENCY VALUES 

Coagualant Floculant Optimum 

flocculant 

Dosage 

Sample 1 

COD 

Removal 

Efficiency –

mg COD per 

ppm 

coagulant 

Optimum 

flocculant 

Dosage 

Sample 2 

COD 

Removal 

Efficiency 

-mg COD 

per ppm 

coagulant 

Optimum 

flocculant 

Dosage 

Sample 3 

COD 

Removal 

Efficiency 

-mg COD 

per ppm 

coagulant 

Ferric Anionic 5 38.12 10 27.80 30 14.69 

Ferric Cationic 40 36.36 40 27.75 20 11.08 

Ferric non-ionic 10 39.66 10 26.54 40 4.66 

Ferric Brewery 10 39.55 10 27.55 40 11.77 

Brewery Anionic 30 35.61 20 17.39 20 10.43 

Brewery Cationic 10 37.63 5 35.12 5 13.70 

Brewery non-ionic 50 37.43 5 28.97 50 10.78 

Brewery Brewery 10 37.48 5 29.15 40 10.40 
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