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Abstract 
 

The thesis reports the investigation of various distillery processes and wastewater 

streams.  The aim was to evaluate the processes and thereafter design interventions for 

improved wastewater treatment at the respective distilleries. 

 

An integrated environmental approach was adopted based on the principle that prevention 

of pollution is the preferred option and end-of-pipe treatment the least favoured option.  As 

such, feed material to the processes was studied to determine whether some of the 

components that are not required in the distillation process could in fact be removed prior 

to entering the system.   The results indicate that organic constituents such as phenol and 

tartaric acid could be removed using physico-chemical and biological treatment methods. 

 

The treatment of effluent was studied using an Upflow Anaerobic Sludge Blanket (UASB) 

set-up to determine the reduction in Chemical Oxygen Demand (COD) in the wastewater. 

Thereafter the UASB treated effluent was exposed to aeration for further treatment. 

 

Summary of conclusions 

• Pretreatment of wine feed material with calcium hydroxide is effective in removal of 

98% tartaric acid, 30% COD and a total phenol content of 57%. 

• Bio-augmentation results showed that the soil inoculum was the most effective 

treatment method with reductions of 61% COD at a temperature of 30°C, tartaric 

acid removal of 98% at the same temperature and 25% reduction in total phenol at 

26°C. 

• UASB was effective with soil inoculum and removed approximately 90% of COD 

although operational problems were experienced and hindered the operation of the 

plant. 

• Aeration of UASB effluent further reduced the COD by a further 60% with a total 

COD reduction of 96% after both UASB and aeration treatment. 

• Effective reduction of total phosphorus by 70% and the total phenol content by 80% 

was achieved by UASB treatment followed by aeration.  
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Opsomming 
 

Die skripsie plaas die ondersoek van verskillende distilleringsprosesse en 

afvalwaterstrome ter skrif.  Die doel hiervan was om die prosesse te evalueer en daarna 

oplossings te ontwerp wat verbeterde afvalwaterbehandeling by die betrokke distilleerders 

tot gevolg sal hê. 

 

‘n Geïntegreerde omgewingsbenadering, wat gebaseer is op die beginsel dat voorkoming 

van besoedeling voorkeur geniet bo “end-of pipe” behandeling, is gevolg.  Die toevoer van 

materiaal tot die prosesse is dus ondersoek om vas te stel of sommige van hierdie 

komponente wat nie benodig word vir die distilleringsproses nie verwyder kan word 

voordat dit die sisteem betree.  Die resultate dui aan dat organiese komponente soos 

fenolsuur en wynsteensuur verwyder kan word deur gebruik te maak van fisies-chemiese 

en biologiese behandelingsmetodes. 

 

Die behandeling van afvalwater is ook ondersoek deur gebruik te maak van ‘n “Upflow 

Anaerobic Sludge Blanket (UASB)” stelsel om die vermindering in die Chemiese 

Suurstofbehoefte (COD)” in afvalwater te ondersoek.  Die UASB behandelde afvalwater is 

daarna blootgestel aan suurstofbehandeling vir verdere behandeling.   

 

Opsomming van resultate 

• Voorafbehandeling van wyntoevoermateriaal met kalsiumhidroksied het 98% 

wynsteensuur, 30% COD en totale fenol inhou met 57%” verminder. 

• Bio-augmentasie het aangetoon dat grond as bron vir mikro-organismes die mees 

effektiewe behandelingsmetode met verminderings van 61% van die COD teen ‘n 

temperatuur van 30°C, wynsteensuur vermindering van 98% teen dieselfde 

temperatuur en 25 % vermindering in totale fenolsuur teen 26°C was. 

• “UASB” was effektief met  grond as bron vir mikro-organismes en het ongeveer  

90% van die COD verminder alhoewel operasionele probleme ondervind is wat die 

die werking van die stelsel nadelig affekteer het. 

• Suurstofbehandeling van die “UASB” afvalwater het die COD met ‘n verdere 60% 

verminder en gelei tot ‘n totale COD vermindering van 96% na beide “UASB” en 

suurstofbehandeling. 
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• Effektiewe vermindering van die totale fosfor inhoud met 70% en die totale fenol 

inhoud met 80% is bereik na beide “UASB” behandeling en suurstofbehandeling.  
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CHAPTER 1: INTRODUCTION 

 

 
1.1 BACKGROUND AND SCOPE OF WORK 

This chapter aims to motivate the study for the characterisation and the treatment of 

wastewater from distillery processes.  The study focuses on the application of integrated 

environmental management (IEM) approach that incorporates sound environmental 

principles such as internalisation of externalities, sustainable development, waste 

management hierarchy and Best Practicable Environmental Option (BPEO) as well as 

meeting legislative requirements. The objectives of this study will be illustrated and the 

framework of the thesis is presented in Figure 1.1. Distillery audits were conducted of 

various distillery processes to ascertain the status quo at the various plants. A review of 

the applicable legislation assisted in the determination of cleaner production options for the 

management of the distillery waste streams.  Based on the evaluation of process 

information and wastewater treatment techniques, a strategy was assessed for the way 

forward and included the physico-chemical pre-treatment of the wastewater, the 

application of bio-augmentation techniques and biological treatment, such as UASB.  

Figure 1.1 outlines the framework of the thesis. 

 

1.2 LEGISLATIVE REQUIREMENTS 
There is a vast body of national and international laws, regulations, policies and guidelines 

dealing with waste and wastewater management.  To outline all this legislation would 

certainly far exceed the scope of this review.  It is therefore imperative to note that only 

applicable legislation has been included in this section.  

 

1.2.1 Environment Conservation Act (Act 73 of 1989) 
In terms of the Regulations of the Environment Conversation Act (Act 73 of 1989) (ECA), 

Section 21(1) and (2) identify the activities which may have a substantial detrimental effect 

on the environment. Waste and wastewater treatment and disposal, as indicated in 

Section 21(2)(i), could have a detrimental effect on the environment.  

 

Section 22 provides for the prohibition on undertaking of identified activities having 

substantial detrimental effects on the environment. Authorisation shall be issued to 
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undertake such activities only after consideration of reports concerning the impact of the 

proposed activity and of alternative proposed activities on the environment by the Minister 

or competent authority designated by the Minister. The Minister or authority may refuse or 

grant the authorisation for the proposed activity or an alternative proposed activity.  

 

Section 26 provides for regulations regarding environmental impact reports (EIRs). The 

Minster or authority may make regulations with regard to any activity identified in terms of 

section 21(1) concerning the scope, content, drafting, evaluation of EIRs and the effect of 

the activity in question and of the alternative proposed alternative activities on the 

environment. The procedure to be followed in the course of and after the performance of 

the activity in question or the alternative activities in order to substantiate the estimations 

of the environmental impact report and to provide for preventative or additional actions if 

deemed necessary or desirable by the Minister or authority is provided for in section 26 as 

well. 

 

As such the technical viability and environmental sustainability of the construction and 

operation of any treatment and disposal of wastewater need to be assessed in terms of the 

Environmental Impact Assessment process prior to being implemented.  The legal context 

of such activities therefore has to be carefully considered during the planning and design 

phases.  During the evaluation of wastewater treatment options, relevant wastewater 

treatment techniques had to be evaluated to ensure that compliance with this act is 

achieved. 

 
1.2.2 National Environmental Management Act (Act 107 of 1998) 
Section 2(1) states a range of environmental principles that are to be adopted by all 

organs of state when taking decisions that significantly affect the environment. The 

interests of the people are given attention when environmental management occurs. 

Section 2(2) indicates that environmental management must place people and their needs 

at the forefront of its concern, and serve their physical, psychological, developmental, 

cultural and social interests equitably. Among the key aspects to be addressed in any 

development should be social, environmental and economical sustainability.  

 

It also states that environmental management must be integrated and must take into 

consideration the effects of decisions on all aspects of the environment and all people in 
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the environment by pursuing the selection of the best practicable environmental option.  In 

view of this, the approach adopted by the researchers in this study ensured compliance 

with these principles through: 

• Identifying potential options for treatment of wastewater. 

• Evaluation of options for treatment of distillery wastewater. 

• Determination of the viability of these options 

 

A number of environmental principles are applicable to the treatment and disposal of 

distillery wastewater. These include the following: 

• Environmental management must be integrated, acknowledging that all 

elements of the environment are linked and interrelated, and taking into account 

the effects of decisions on all aspects of the environment and all people; 

• Environmental justice must be pursued so that adverse environmental impacts 

shall not be distributed in such a manner as to unfairly discriminate against any 

person, particularly vulnerable and disadvantaged persons; 

• Equitable access to environmental resources, benefits and services to meet 

basic human needs and to ensure that human well-being must be pursued; 

• The social, economic and environmental impacts of activities, including 

disadvantages and benefits, must be considered, assessed and evaluated and 

decisions must be appropriate in light of these considerations; 

 

As such the planning of the research and consideration of technologies carefully 

incorporated these aspects during the evaluation. 

 

Chapter 5 of NEMA outlines the principles of Integrated Environmental Management 

(IEM). The IEM procedure provides a framework for the integrating of environmental 

issues into the planning, design, decision-making and implementation of plans and 

development proposals. The main principles include: 

• Informed decision-making; 

• A broad meaning of the term “environment” (i.e. ecological, social, economic and 

physical); 

• Due consideration of alternative options; 

• An attempt to mitigate negative impacts and enhance the positive impacts of 

proposals; 
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• An attempt to ensure that the social costs of development proposals are 

outweighed by the social benefits; 

• Compliance with these principles during all stages of the planning, implementation 

and decommissioning of proposals; and 

The objectives of the study outline alternative options for the management and treatment 

of distillery wastewater. This is to ensure that the requirements in terms of NEMA are 

considered and that the integration of various options could be considered during decision 

making for the distillery industries. 

 

1.2.3 National Water Act (Act 36 of 1998) 
The National Water Act (Act 36 of 1998) (NWA) ensures that water resources are 

protected, used, developed, controlled and conserved in ways that take into account 

sustainable environmental practices.  

 

Section 19 of NWA deals with landowners and users involved in any activity or process 

which causes or is likely to cause pollution of water resources. Such landowners and users 

are obliged to take all reasonable measures to prevent any such pollution for occurring, 

continuing or recurring. These include measures to comply with any prescribed waste 

standards or management practice. 

 

Section 21 defines the water use as the taking and storing water, activities which reduce 

stream flow, waste discharges and disposals, controlled activities (activities which impact 

detrimentally on a water resource), altering a watercourse, removing water found 

underground for certain purposes and recreation. In terms of water used by a wastewater 

treatment plant, the water use is defined in Section 21(f) and (g) as discharging waste or 

water containing waste into a water resources through a pipe, canal, sewer, sea outfall or 

other conduit; and disposing of waste in a manner which may detrimentally impact on a 

water resource.  

 

Section 22 provides for the permissible water use. A person may only use water without a 

licence if that water use is permissible under Schedule 1. Schedule 1(f) provides for a 

person discharging waste or water containing waste into a canal, sea outfall or other 

conduit controlled by another person authorised to undertake the purification, treatment or 

disposal of waste or water containing waste.  
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In the case of the distilleries, the waste or water containing waste will be treated, however 

compliance with water quality standards needs to be achieved according to the General 

Authorisations as per Regulation 3 of the NWA. 

 
1.2.4 Conservation of Agricultural Resources Act (Act 43 of 1983) (CARA)  
CARA focuses on maintaining the production potential of land by combating and 

preventing erosion and the weakening or destruction of water resources. Management of 

soil in the wine and agricultural areas need to be carried out in compliance with legislation.  

The protection of vegetation and combating of weeds and invader plants as well as the 

regulation of the flow of runoff, irrigation, erosion and mineralisation is also enforced by 

this Act.   

 

1.3 MOTIVATION FOR STUDY 
With the enactment of the National Water Act (36 of 1998) and the National Environmental 

Management Act (107 of 1998) environmental regulations became increasingly stringent.  

This resulted in immense pressure being exerted on various sectors to comply with this 

legislation.  The wine and distillery industries were no exception as they were faced with 

the challenge of excessive use of resources such as water, energy and chemicals 

amongst others. As a result, the demand for the management of wastewater quality and 

quantity increased tremendously.  

 

Conventional solutions to wastewater problems have almost always focussed on the end-

of-pipe treatment.  While it is the most preferred option in the distillery industry, it is not 

very cost effective and fails to address adequately the root causes of wastewater 

generated.  This investigation involves developing a fundamental understanding of the 

mechanism and dynamics of the distillery process and management systems and 

consequently treating the effects.   

Various methods are employed for the treatment of distillery wastewater. The most widely 

used is anaerobic digestion (Bezuidenhout, R., SFW, personal communication), and 

although effective, alternative measures of waste minimisation need to be investigated to 

ensure effective wastewater treatment of distillery wastewater instead of only focusing on 

end-of-pipe technologies.  Current legislation compels organisations to consider alternative 

technologies that should take into consideration the best practice principles such as Best 
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Practicable Environmental Options (BPEO) as prescribed by environmental regulations 

and tools such as Design for Environment (DfE). The latter principle is normally applied 

during the implementation of Environmental Management Systems.  

 

The research conducted therefore focussed on the application of waste minimisation 

techniques and how a combination of different treatment technologies could be considered 

for the treatment of distillery wastewater.  Through this it is proposed that pressures on our 

valuable resources such as soil and water could be alleviated. 

 

1.4 RESEARCH OBJECTIVES 
Based on the legal requirements for the treatment and disposal of distillery wastewater the 

primary objectives set out for this project were: 

i. To ascertain water usage and species determination by the generation of material 

and water balances and determine where savings can be made. 

ii. To establish points of interventions based on the material and water flow analysis. 

iii. To assess by physico-chemical treatment of distillery feed material, a viable 

alternative for upstream treatment of distillery process water. 

iv. Investigate batch testing for bio-augmentation process application for the distillery 

wastewater streams.  

v. Investigate the feasibility of integrating anaerobic digestion and aerobic biological 

techniques as an alternative treatment option for distillery wastewater. 

 
1.5 THESIS STRUCTURE 
Distillery audits in parallel with a literature review resulted in the generation of sufficient 

information to formulate a strategic approach for the assessment of waste minimisation 

techniques for application in the distillery industry.  The strategy adopted therefore 

focussed on the following aspects: 

1. Physical treatment of feed material and effluent 

2. Application of bio-augmentation techniques 

3. Anaerobic and aerobic biological treatment  

A number of recommendations were hereafter formulated for future study and 

consideration. 

 

The thesis framework is depicted in Figure 1.1
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Figure 1.1: Thesis framework for this study
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CHAPTER 2: LITERATURE REVIEW: DISTILLATION PROCESSES 
 

 

Continuous and batch distillation processes are carried out at different distilleries thus 

exerting varying degrees of wastewater quality and quantity. The type of feed material 

utilised also determines the degree of pollution resulting in putrescible quality of 

wastewater. Wastewater treatment is carried out at certain distilleries, though not all 

wastewater streams are adequately treated.  The large quantities of the wastewater 

streams generated further complicate wastewater handling and treatment as they are 

characterised by variable flow rates and concentration matrices.   This chapter focuses on 

reviewing fundamental understanding of the various processes in distillation of wine 

related feed material.  It is based on the audits and literature generated as part of a larger 

research project conducted by Lorenzen, et al., (2000) during the development of an 

integrated management plan for the handling, treatment and purification of effluents in the 

wine, spirit and grape industries.  

 
2.1 THE CHARACTERISATION OF DISTILLERY PROCESSES. 
The separations involving liquid in the chemical process industries (CPI) are dominated by 

distillation, with no mass-separating agent required except energy.  This energy is 

normally obtained from an inexpensive source (Nalven, 1997). In the wine based 

distillation processes, a steam generation plant provides the energy and consequently 

larger volumes of water are generated contributing to the final pollution profile of the 

wastewater. 

 

Two distillation methods are employed in the wine related distillery operations, namely 

column (continuous) distillation and batch distillation. The column distillation is used for the 

production of neutral spirits and whiskey while the pot kettle (batch) distillation is employed 

in producing brandy and gin.  

 

2.1.1 Continuous Distillation  
The production of neutral spirits and whiskey are carried out using column (continuous) 

distillation.  The feed material for the former is distilling wine fed to the top of the wine 

column (Goliath, 1996).  Grain distillation involves the feed of wort, which is produced 

during the mashing and fermentation of maize, as a feed material for whiskey. 
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(i) Neutral spirit production 

Figure 2.1 outlines the column distillation process typically used for distilling wine. The 

wine column and the first rectifier are operated in series.  The heads from the wine column 

is directly fed into the bottom of the first rectifier.  The preheater is used to preheat the 

distilling wine from approximately 25 °C to 70°C.  The preheated steam is then fed to wine 

column (Goliath, 1996). 

 

Open steam distillation is the process by which the live steam is in direct contact with the 

distilling system in either a batch or continuous process (Schweitzer, 1988).  Open steam 

at approximately 220kPa (abs) is injected directly into the bottom of the column. The 

bottoms of the wine column, which mainly consists of water, is commonly known as spent 

wine. The spent wine is the hot waste stream whose energy could be recovered. Ethanol 

is removed from the first rectifier as a side stream, creating a maximum concentration of 

esters, aldehydes, sulphur dioxide (SO2,), methanol and methyl esters in the column 

heads. 

 

Fusel oil and lighter oil fractions are fed into the impurities column for further separation. 

Crude ethanol from the first rectifier is fed into the column to remove impurities.  The 

ethanol is diluted in the impurities column to 10 - 12 %.  This removes the alcohol n-

propanol from the mixture and results in increasing the alcohol concentration increases 

considerably. Less volatile components in the column move upward with the vapour 

stream through the zone experiencing a sharp alcohol gradient.   The volatile components 

on the first plate condense and move downwards onto the dilution plate and volatilise 

again.  The accumulated (distilled) components are then extracted from this zone by 

removal of a fraction. The diluted alcohol at the bottom of the column is stripped from all 

volatile compounds except methanol and fed onto the spirits column though there are a 

few exceptions to this rule (Goliath, 1996).  

 

Large percentages of ethanol need to be removed from fractions generated by the 

previous columns.  This takes place in the impurities column.  Surplus alcohol is withdrawn 

and fed as heads back into the wine column.  The high concentration of fusel oil 

accumulates in this zone, and is fed to the fusel oil separator.  The oil separates as the 

upper phases and moves counter-current through the water, which enhances the 

extraction of ethanol from the oil as shown outlined in Figure 2.1 below (Goliath, 1996).
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Figure 2.1: Neutral Spirit Production
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Figure 2.2: Whiskey Spirit Production 
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(ii)  Whiskey production 

Barley is the raw material (feed material) for beer and of Scottish and Irish whiskey 

distilling (Jackson, 1985).  The palate of the whiskey begins with the water used.  The 

water can be hard or soft, peaty or crystal clear.  Water used in the distillation requires little 

or no treatment other than filtration prior to the process.  The basic steps of distillation 

during whiskey production are malting, mashing or cooking, fermentation, distillation, and 

maturation and blending (Jackson, 1985) as schematically presented in Figure 2.2. 

 

Malting 

Malting is the treatment of a cereal grain, to ensure that more soluble starches contained 

in the seed are converted into sugars and then alcohol.  The malting process stimulates 

enzyme activity within the grain.  The dampened grain is allowed to partially germinate.  

Drying and slight heating terminates the seed germination and is carried out over a hot air 

kiln.  The kilning also offers other merits such as the flavour and colour of the 

enhancement of malt.  This is very common for corn as a feed material.  The starch then 

absorbs water and now gelatinises.  Continuous heating of the processes as well as batch 

feeding is done in some distilleries.  The application of open steam to the column is 

preferred by some as this invariably prevents over heating or scorching of the grain.  This 

method is however less effective in the extraction of the fermentable sugars as it may 

leave some undesirable flavour compounds, depending on the type of cereal used as feed 

material e.g., with corn, barley is added to activate enzyme activity (Jackson, 1985). 

 

Mashing 

The process of mashing completes the conversion of starch into the fermentable sugars.  

Malt whisky does not involve a heating process rather it requires a mashing process.  The 

milled malt is mixed with warm water and fed into a vessel in which it is allowed to rest.  

This allows the conversion to take place naturally.  This happens in a mash-tun consisting 

of mechanical rakes to homogenise the mash.  The mash-tun has a slotted false bottom, 

which is opened to drain off the liquid known as wort.  The wort is recycled three or four 

times (Jackson, 1985). 
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Distillation 

In the modern production column distillation is favoured and comprises of perforated 

plates.  The distillation system is made up of the following: a distilling column divided into a 

stripping section and a rectifying section, copper filters, a fusel oil separator, a stainless 

steel condenser, a cooler and two pre-heaters. A detailed diagram can be seen in Figure 

2.2 of this chapter.  The wort is pumped from the charger tank through two pre-heaters to 

the top of the stripping section.  Steam is introduced at the bottom and ascends to the top 

through the perforated plates.  As the wort moves down, it boils as the rising vapour heats 

it.  By the time it reaches the bottom of the column all the alcohol has vaporised and the 

residual liquid comprises water and solids.  Effluent exiting the base of the column is used 

to pre-heat the wort initially.  The second pre-heater uses steam to warm the wort.  In the 

following paragraph the functioning of significant components of the distillation column are 

described. 

 

(i) Stripping column 

The stripping column removes water and solids from the wort.  The plates in the column 

are designed to enhance the removal of solids from the wort.  The plates in the top section 

of the stripping column are made of copper to efficiently remove sulphur compounds from 

the spirit.  The vapour that exits the top of the stripper passes through a copper filter, 

which also provides additional contact with the copper (Fenwick, 2000). 

 

(ii) Rectifying section 

Vapours enter the bottom of the rectifying section of the column. This section of the 

column is used to remove impurities such as fusel oil and increases the strength of the 

product.  Fusel oil, contains ethanol, is drawn from the middle of the column and feints are 

removed from the reflux. The vapour exiting the top of the column enters the condenser.  A 

portion of the condensed vapour is sent to the feints tank and the rest is returned to the 

column as reflux.  The spirit is removed from the top of the column.  It flows through the 

cooler before flowing to the product tank (Fenwick, 2000). 

 

(iii) Fusel Oil Separator 

The fusel oil taken off from the steam is transferred to the separator. Water is also fed to 

the separator.  The oil will separate from the water-ethanol-oil mixture and rise to the top of 
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the separator.  The oil is regularly removed from the separator to the fusel oil tank. The 

water-ethanol mixture is fed back to the column (Fenwick, 2000). 

 

(iv) Maturation 

Maturation takes place in oak barrels, and the duration of this process is a function of the 

type and quality of the final product desired.  Oxidation of some components in the 

whiskey takes place during ageing; extraction of flavours from the wood is another.  

Vanillin (Bourbons) and tannins are said to come from oak (Jackson, 1985). 

 

2.1.2 Batch Distillation 
The pot still is the simplest and oldest form of distillation and consists of: 

The pot: where rebate wine (good quality wine for brandy) is heated. 

The head: conducting the vapours to the condensers. 

The receiver: where the alcohol is collected. 

 

The distillation involves a double distillation.  Rebate wine with a 10% a/v is added to a 

pre-heater where heating occurs up to a maximum temperature of 60°C.  This is 

transferred to a pot-kettle, manufactured using copper, which is heated by indirect steam 

to a temperature of 130 °C.  Overhead vapours are collected in a condenser for cooling.  A 

distillate of approximately 30 % a/v is the product of the first distillation process.  The first 

distillation takes approximately 8 hours and successive processed batches are stored until 

all the wine has been distilled.  The second distillation follows with a final alcohol 

concentration of 70 % and requires 12 hours (Stephen Robertson and Kirsten, 1993).  

 
Figure 2.3 illustrates the batch distillation process for gin. The gin distillation system 

consists of 4 copper gin pots and 3 condensers.  Each gin pot contains a heating coil and 

utilises steam to provide the energy needed for the process.  The feed material for gin 

distillation is juniper berries. The juniper spices are prepared prior to the distillation 

process.  Feints, cane and water are loaded into the pots containing the bags of juniper 

berries.  As the pot is heated, vapour is produced which exits from the top of the pot and is 

cooled in the condenser. The condensate that comes generated from the condensers 

flows into the spirit safe.  Inside the spirit safe is a hydrometer for measuring the strength 

of the distillate.  The juniper effluent is drained out of the bases of the gin pots (Fenwick, 

2000). 
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Figure 2.3: Schematic diagram of Gin distillation process, one type of batch distillation process 

 

2.2 WASTEWATER TREATMENT TECHNOLOGIES 
The purpose of any treatment system is to improve the quality of wastewater in order to 

minimise its impact on the ecosystem. Various factors influence the choice of method used 

for treating wastewater.  The volume and type of wastewater are the most significant 

factors as well as the final use of the treated effluent. Presently methods that are 

employed in the distillery industries includes: activated sludge systems, aerated lagoons, 

trickling filters, rotating biological discs, anaerobic processes and chemical treatment 

processes (Laubscher et al., 2000). 
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2.2.1   Land Disposal 
The three main treatment methods include irrigation, infiltration-percolation and controlled 

runoff.  Irrigation is the most widespread system (Degremont, 1991).  Water is supplied 

through ditches or sprayed.  One of the main environmental concerns is the groundwater 

level and this should be deeper than 1m.  The soil must be permeable and drainage is 

recommended. Clayey soils have a low permeability and are therefore ideal for use in 

lining wastewater dam in that they allow for ground water protection, but are not ideal for 

application of wastewater (Degremont, 1991). 

 

In the past, land application was often regarded as a cheap option for disposal of 

wastewater. Adequate environmental safeguards, monitoring costs and application of large 

pollution loads may make irrigation and land application of wastes more expensive with 

more stringent legislation. Where the terrain and soil type is suitable, intermittent irrigation 

has provided a practical and natural method of disposing of winery waste. The only 

requirement is that there should be enough land available, so that each plot can rest for at 

least a week while another plot is irrigated. Such a method is suitable for wineries not 

situated in densely populated areas. If the acreage is rotated, solids separated and care is 

taken to prevent ponding, odours should not be objectionable.  There are certain limits for 

irrigation and these are displayed in Table 2.1. 

Table 2.1: General Authorisation in terms of the National Water Act 36 of 1998 (NWA, 2003) 

 SUBSTANCE/PARAMETER Irrigate up to  500 

m3/day 

Irrigate up to 50 

m3/day 

Electrical Conductivity < 200 mS/m < 200 mS/m 

Chemical Oxygen Demand (mg/L) 400 mg/L* 5000 mg/L 

pH 6,0 - 9,0 6,0 - 9,0 

Faecal Coliforms (per 100 ml) 100 000 100 000 

Sodium Adsorption Ratio (SAR) < 5 < 5 

* after removal of algae 

 

Advantages of using land irrigation as a treatment option include the opportunity for recovery 

of resources, maintenance of soil structure; fertility by recycling of organic matter and reduced 

costs compared with conventional or advanced treatment methods (Bowmer et al, 1991). 
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Problems associated with land application of distillery based effluent is that the high 

potassium content (0.8% of total dissolved solids) applied to soil over an extended period of 

time may affect the sodium absorption ratio (SAR), which is important in controlling and 

maintaining soil permeability properly. This may lead to the acidification of soil and affect the 

microbial population significantly.  Uncontrolled irrigation results in odours and putrefaction 

and at this stage these negative impacts are not easily controllable.   

 

2.2.2   Aerated Lagoons 
High-sugar and winery and distillery wastes have proven amenable to biological treatment 

(Senior, 1995). Aerated lagoons have long retention times, require very little supervision 

(maintenance), and can be easily constructed. However, they require sufficient land area 

to accommodate the lagoons. Aerated lagoon systems for treating distillery related wastes 

have the advantage of storage and equalisation, which prevent rapid changes in pH from 

suppressing the biological growth. Shock loading also cannot easily upset aerobic lagoons 

although the effluent load should remain within design limits, and overloading and toxic 

materials can be avoided. In areas where land is available, aerated lagoons constitute one 

of the least expensive biological treatment techniques (Senior, 1995). 

 

2.2.3   Constructed Wetlands 
The reed bed systems were developed in Europe with varying success as a final means of 

polishing semi-treated winery type effluents. Wetlands are inundated land areas with water 

depths of less than 0.6 m; they support the growth of emergent plants such as cattail, 

bulrushes, reeds and sedges.  The vegetation allows for the attachment of bacterial films, 

aids filtration and adsorption of wastewater constituents, helps in transferring oxygen into 

the water column, and controls the growth of algae. 

 

Wetland systems have the following advantages cover the conventional treatment options 

which includes: low operating costs, low energy requirements, low maintenance 

requirements, can be easily established and operated by unskilled personnel, are robust, 

able to withstand a wide range of operating conditions, are environmentally acceptable 

and offer considerable potential for conservation of wildlife (Stephen Robertson and 

Kirsten, 1993).   
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Constructed wetlands are amongst the most biologically active terrestrial ecosystems. 

High biological activity enhances wastewater treatment and constructed wetlands may be 

considered as “natural bioreactors”.  The chemical and microbiological oxidation-reduction 

reactions occur within the matrix of the wetland and thus the system is considered to have 

low financial implications.  Since winery related wastewater might contain up to 500 times 

the organic load compared to municipal water, the design parameters have to be adjusted 

significantly for the treatment of these wastes to be done adequately (Shepherd, 1998) 

 

Wetland systems reduce organics, nitrogen and phosphates to fairly low levels and are 

also effective in removing bacteria and pathogens.  

 

2.2.4   Rotating Biological Contactors 
The rotating biological contractors RBC are easy to operate and are well suited for small 

flows, a typical characteristic of many wineries (Toffelmire, 1972). The discs, mounted on a 

shaft, are rotated on a horizontal axis slowly in and out of the wastewater to provide 

aeration. Microbial slimes build up on the discs, forming a biofilm, which are placed on 

stages to provide adequate growth area and time for wastewater oxidation (Toffelmire, 

1972).  

 

An evaluation of the RBC by McCarty, (1972) indicates that the rotation of the discs array 

was not fundamental to process efficiency and the anaerobic baffled digester was 

consequently developed. In addition, the short bearings and mechanical drive units require 

frequent maintenance, although improved designs have resolved many of the earlier 

problems. The treatment of high-strength wastewater by RBC's is, therefore, feasible and 

practical in terms of both plant-size and economy, but they appear somewhat sensitive to 

shocks loads, pH changes and changes in temperature, although the discs generally have 

covers or shelters to prevent freezing (Toffelmire, 1972). 

 

A typical RBC system comprises of three separate unit processes which can either be 

combined in a single package tank or into individual modular tanks. The units processes 

are: 
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1. Primary Zone 

A two stage septic tank where raw sewage enters and gross solids settle. The large 

volume of this zone ensures that the settled solids are retained for a long period, 

allowing anaerobic digestion to take place. 

2. Biozone  

This is where the biological treatment process takes place. Sewage enters the bio zone 

from the primary zone. A multitude of discs attached to a shaft form a rotor assembly 

which is partially submerged in the trough to create an environment for an active 

Biomass. The rotor is slowly turned to bring the Biofilm into alternate contact with the 

wastewater and atmospheric oxygen. 

3. Clarification Zone 

In this zone settlement of the mixed liquor and excess Biomass admixture takes place 

(http://www.copa.co.uk). 

 

2.2.5   Bio-augmentation 
Bio-augmentation is the application of indigenous or wild type or genetically modified 

organisms to polluted hazardous waste sites or bioreactors in order to accelerate the 

removal of undesired compounds. In spite of several successes of small-scale bio-

augmentation in activated sludge and other waste treating bioreactors and the low cost, 

the addition of specialised strains to activated sludge is to enhance the removal of 

pollutants present in the influent although not widely applied. This is because bio-

augmentation of activated sludge is less predictable and controllable than the direct 

physical or chemical destruction of pollution (Van Limbergen, et al., 1998). 

 

Natural bacterial strains can be used, but the construction of new genetically modified 

organisms with a potential for enhancing the breakdown of organic compounds or 

specialised in the degradation of different chemical compounds have proven to be more 

promising. Bio-augmentation with plasmid-enclosed metabolic pathways could therefore 

be an alternative to the inoculation of strains with chromosomal pathways, because the 

plasmids could be more easily exchanged between the bacterial species of the sludge and 

thus provide the microbial communities with the essential genes, thereby improving bio-

augmentation (Van Limbergen, et al., 1998). 
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2.2.6   Activated Sludge Process 
The activated sludge process was developed in 1914 by Ardern and Lockett and was so 

named because it involved the production of an activated mass of microorganisms capable 

of stabilising a waste aerobically. The activated sludge process is the most widely used 

biological treatment process for both domestic and industrial wastewaters.  It differs from 

aerated lagoons in that it involves sludge recycling and shorter retention times (Toffelmire, 

1972). Conventional activated sludge treatment employing 6 - 8 hours of aeration and 

continuous sludge recycle on high-sugar, winery and a domestic waste has been fairly 

successful when the major portion of the wastewater was domestic sewage (Toffelmire, 

1972). However, when a high proportion of winery waste was involved, conventional 

aeration times and loading rates resulted in poor treatment. (Toffelmire, 1972). 

 

The activated sludge process refers to a continuous or semi-continuous (fill-and -draw) 

aerobic method for biological wastewater treatment, involving the oxidation and nitrification 

of carbonaceous matter.  The process relies on a dense microbial population mixed in 

suspension with the wastewater under aerobic conditions.  In the presence of adequate 

nutrients and oxygen, a high rate of microbial growth and respiration is achieved.  This 

results in the utilization of organic matter present, which is converted into end products 

such as carbon dioxide (CO2), nitrates (NO3
-), sulphates (SO4

2-) and phosphates (PO4
3-), 

and/or the biosynthesis of more microorganisms.  Activated sludge treatment removes 

from the wastewater the biodegradable organism as well as the unsettleable suspended 

solids and other constituent, which can be adsorbed on, or entrapped by, the activated 

sludge floc (Muyima et al, 1997). 

 

In a conventional activated process, which is not designed or operated to achieve the 

biological removal of excess phosphate, the bacteria use phosphate only in quantities that 

satisfy their basic metabolic requirements. Because of the usual nutrient imbalance in 

sewage, only a limited quantity of the feed phosphate is removed in such plants (Pitman, 

1984). 

 

The activated sludge system has the advantage of being compact and mostly with low 

initial cost than other treatment systems. However it has disadvantages including: foam 

production, precipitation of iron and carbohydrates, highly sensitive to shock and variable 
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loadings, a condition very common in wine production, the high influent Biological Oxygen 

Demand (BOD) and sugar content necessitates extended treatment periods and may 

result in sludge bulking and thus very close operational control and pH adjustment is 

required (Toffelmire, 1972). 

 

Five stages are to be considered for the activated sludge process. 

(i) Anaerobic zone 

The anaerobic zone is considered to be a stage where both dissolved oxygen and oxidised 

nitrogen (nitrate or nitrite) are absent.  In this zone, sludge from the clarifier flows jointly 

with the influent wastewater. The anaerobic zone is essential for the removal of 

phosphate, as the bacteria in the activated sludge passing through this zone are 

preconditioned to take up excess phosphate under aerobic conditions.  With the release of 

a certain quantity of phosphate from the biomass in the solution indicates that the bacteria 

have been suitably conditioned (Pitman, 1984).  In addition, the optimal anaerobic 

conditions and an influent wastewater having retention time of one about one hour is of 

extreme importance.   

 

The presence of nitrates in the anaerobic zone has been reported as a handicap to the 

phosphate removal potential of the activated sludge system. The correlation between the 

removal of phosphate and denitrification seems to be related to the competition between 

Acinebacter and denitrifying organisms for substrate. In the presence of nitrate, the redox 

potential is too high to produce lower fatty acids for the release of phosphate.  The 

availability of lower fatty acids under these circumstances seemed to be too low for the 

release of phosphate.  The use of unsettled influent and the presence of sludge from the 

sludge treatment in the primary clarifiers, probably producing lower fatty acids has a 

positive effect on the phosphate removal (Mulder and Rensink, 1987).  The influent nitrate 

levels should be low to ensure that nitrates returned with the underflow from the final 

clarifier do not negatively affect the performance of the initial oxygen-limiting zone, and 

also to achieve the release of phosphate.  The degree of nitrate feedback that can be 

tolerated depends on the strength of the sewage feed to the anaerobic zone and in 

particular the readily biodegradable COD concentration (Pitman, 1984).   

 

It has been proven that in the anaerobic zone the microorganisms normally living in soil 

and water and that are capable of fermentation (species Aeromonas, Citrobacter, 
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Klebsiella, Pasteurella, Proteus and Serratia) accumulate and produce organic compounds 

such as lactic acid, succinic acid, proprionic acid, butyric acid, acetic acid and ethanol 

during fermentation.  These organic acids serve as electron donor and acceptor, but 

cannot be utilized under anaerobic zones.  Therefore, it appears that, the anaerobic zone 

provides substances for the proliferation of aerobic phosphate-accumulating bacteria 

(Fuchs and Chen, 1975, Buchan, 1984). 

 

(ii) Primary anoxic zone 

In the context of activated sludge systems the anoxic zone refers to the presence of 

nitrates and the absence of dissolved oxygen (Buchan, 1984; Pitman 1984, Streichan et 

al., 1990). This is the main denitrification reactor in the process.  Anaerobic zone effluent is 

fed into the reactor and mixed liquor from the aerobic zone.  The mixed liquor recycling 

rate from the aerobic zone to the anoxic zone is variable and can be controlled.  Soluble 

and colloidal biodegradable matter is readily removed in the primary anoxic zone.  In 

addition phosphate could be released during the anoxic zone, which is substrate 

dependent and was postulated that the dosage of the substrate concentrations of the 

soluble readily biodegradable carbon substrate determines this release (Gerber et al., 

1986). 

 

(iii) Primary aerobic zone 

This zone mainly oxidizes organic material in the sewage, specifically oxidizing ammonia 

to nitrite and then nitrate. It provides an environment in which the biomass can take up all 

the phosphate released in the anaerobic zone as well as the phosphate that enters the 

feed material.  Chemoautotrophs are responsible for the oxidation; ammonia is oxidised to 

nitrite by Nitrosomonas, Nitrosospira and Nitrosolobus spp. whereas nitrite is oxidized to 

nitrate by Nitrobacter, Nitrosospira and Nitrococcus spp. (Buchan, 1984). 

 

The uptake of phosphate is complete at the end of the aerobic zone evidenced by small 

traces in the wastewater.  The aeration rate seems to be the principal operational 

determinant of phosphate removal efficiency.  It is therefore adequate to promote rapid 

uptake of released plus feed phosphate, to ensure the oxidation of carbon compounds and 

ammonia and to suppress the growth of filamentous microorganisms that produce poorly 

settling sludges (Pitman, 1984).   
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Wentzel et al., (1985) indicated that the excessive uptake of phosphate in the aerobic 

stage was associated directly with the degree of phosphate release during the previous 

anaerobic phase as more phosphate release leads to more phosphate uptake. 

Enhanced removal of phosphate is also dependant on the presence of the readily 

biodegradable compounds especially volatile fatty acids (VFA’s). Fermentative bacteria 

from organic compounds in the effluent produce the VFA’s.  VFA’s are removed in the 

anaerobic phase and polymerized at the expense of energy obtained from the breakdown 

of polyphosphate.  There is a linear relationship between phosphate release and uptake 

(Wentzel et al., 1985).  Efficient uptake of phosphate requires high concentrations of 

fermentable substrates or VFA’s in the influent anaerobic zone.   

 

(iv) Secondary anoxic zone 

Further denitrification takes place in this zone.  The main function of the secondary anoxic 

zone is to remove excess nitrates that remained in the wastewater after treatment in the 

primary anoxic zone.  The rate of the process is relatively slow and therefore small 

amounts of nitrates are removed.  The retention time is also low because of low COD. 

 

(v) Secondary aerobic zone and clarifier 

The mixed liquor continues its voyage from the secondary anoxic zone to the secondary 

aerobic zone.   The aerobic zone assists in the increase of dissolved oxygen to a level of 

between 2 - 4 mg/L mixed liquor before it enters the clarifier (Barnard, 1976). The mixed 

liquor must be aerated for at least one hour before it enters the clarifier.  Excess aeration 

should be avoided as it will encourage the conversion of organically bound nitrogen to 

nitrate and also cause the slow aerobic release of phosphate from the solid (Pitman, 

1984). 

 

This zone prevents aerobic conditions to arise in the clarifier and also prevents phosphate 

release before clarification.  Residual ammonia in the mixed liquor will continue to be 

nitrified and if phosphate has not been completely removed in the previous zone it will 

continue to be removed in this zone (Buchan, 1984). 

 

The clarifier produces a clear effluent free of suspended solids, and thickened sludge for 

recycling to the inlet of the process. 
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2.2.7   Anaerobic Degradation 
Anaerobic digestion is a biological process with methane and carbon dioxide as the most 

significant end products.  The process purifies wastewater with minimal formation of 

excessive biomass. Up to 95% of the organic load in a waste stream can be converted to 

biogas (methane and carbon dioxide) and the rest is utilised for cell growth and 

maintenance. A discussion of the how the anaerobic degradation process developed 

follows in (i) to (iv) below. 

 

(i) Evolution of the Upflow Anaerobic Sludge Blanket (UASB) process 

Anaerobic digestion is one of the oldest means of wastewater treatment.  The primary use 

of anaerobic digestion is the stabilisation of suspended organic matter. Microbial 

methanogenesis is a natural process occurring in most anaerobic environments and is 

responsible for the overall degradation of organic compounds into biogas. 

 

In 1860, M. Mouras carried out the first significant application of anaerobic digestion for the 

removal of putrescible suspended solids from domestic wastewater.  “Mouras’ Automatic 

Scavenger” built in 1881 was an airtight chamber, essentially septic tanks; in which 

suspended organic matter was liquefied by anaerobic bacterial action (Callander, et al., 

1983).  Other studies for the liquefaction of wastewater solids in the absence of air were 

also conducted.  As the effluent in septic tanks was often dark and offensive, and 

contained undigested suspended material, new designs were invented allowing the 

digested solids to be separated from the wastewater and reside longer in the digestion 

chambers. The Travis tank was the first design and was later improved by Imhoff. Since 

1914 the Imhoff tanks have been widely used throughout the United States.  To overcome 

limitations of size and construction of the Imhoff tank, sedimentation and digestion 

chambers were separated. By 1927 the digestion tank could be heated and this improved 

the efficiency over that of the Imhoff tank. Several progressive phases were encountered 

beyond these initial applications of septic tanks.  The digesters could be heated but were 

difficult to allow mechanical mixing.  This retarded the efficiency of the process through the 

formation of a thick scum layer and the settling of sludge solids, which ultimately reduced 

their effective capacity. In order to overcome some of the problems various mixing devices 

were introduced to improve the efficiency.  The resulting operating mode of the digester 

therefore improved to an equivalent level of a continuous stirred tank reactor, or chemostat 

(Callander et al., 1983).  
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In 1950, the anaerobic digestion process was applied to various food processing 

wastewaters such as the sugar and fruit industries.  These were mostly soluble, low 

strength wastes, however they were produced in such volumes that the retention time 

used for sewage sludge was unacceptable.  Improved performance of the reactors was 

essential   An increase in bacterial activity was essential, and consequently by selecting 

the optimal digester operating conditions and also ensuring an adequate supply of all 

known essential nutrients the efficiency of the system could be maintained (McCarty, 

1972, Callander et al., 1983).  

 

(ii) Anaerobic contact process (ACP) 

Anaerobic contact process was the first method to increase digester biomass levels and 

this system operated as a combination of a conventional and mixed digester passing 

effluent to a settling tank in which flocculated digester biomass (together with undigested 

solids) settle out. The major problem of an ACP is the separation and concentration of 

biomass flocs prior to their return to the digester. This problem was solved through various 

design modifications and led to the development of a clarigester (Callander et al., 1983).   

 

(iii) Clarigester 

The Dorr-Oliver reverse flow clarigester is a variation of ACP having with a settling 

compartment located above the digester.  Unlike ACP, the digester is not mixed 

mechanically or by gas recycle.  Raw wastewater enters at the base of the digester via a 

number of inlets located at the perimeter and a rotating feed pipe, and flows upwards 

through a dense bed of flocculated bacteria.  On entering the settling compartment, flocs 

are collected and return to the digester by gravity, or, by mechanical rate settler under 

certain conditions.  This was the first up-flow anaerobic floc blanket. Like ACP, the main 

limitation was floc retention. 

 

(iv) Upflow anaerobic sludge blanket (UASB) 

UASB is the technique used in this study and therefore will be given considerable 

treatment in the following paragraphs.  

 

In 1972, the Up-flow Anaerobic Sludge Blanket (UASB) process was developed.  It was a 

move towards a more stable and efficient process.  The UASB embodies improvements to 
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the clarigester design, and resembles the up-flow anaerobic floc blanket processes used 

for the removal of suspended solids from potable water.  The design concept of the UASB 

is based on the upward movement of soluble organic feeds through a blanket of bio-solids 

consisting primarily of microorganisms (Britz et al., 1999).  

 

UASB depends on the development within the reactor of a highly settleable biomass, 

either as floc or as dense granules ranging from 1 – 5 mm in size.  This is controlled 

through a careful initial start-up procedure in which undesirable low-density seed sludge 

components are allowed to wash out of the system as the active biomass settling ability is 

retained.  A dense bed of granular sludge develops at the bottom of the reactor exceeding 

60 g total solids per litre (g TS/L) while flocculent biomass extends above this thinning out 

at about 10 g TS/L.  Rising gas maintains biomass granules and flocs in a more or less 

fluidised state, and the resulting turbulence aids in detaching gas bubbles from flocs in the 

upper part of the digester by creating a quiescent region in which entrained flocs can 

separate from the liquid before it leaves the digester via a number of weirs (Callander et 

al., 1983).   

 

From 1974 – 1977, three UASB pilot-plants with working volumes of 6, 30 and 200 m3 

were constructed in the Netherlands.  These studies showed that the process was able to 

handle chemical oxygen demand (COD) loads of 15 – 40 kg COD.m3.d-1 at 3 – 8 h 

retention times.  In 1978 a full-scale UASB reactor with a working column of 800 m3 was 

constructed for the treatment of beet sugar wastewater (Lettinga et al., 1980).  An 88% 

reduction in COD was achieved under organic loading of 16.25 kg COD.m3.d-1.  Various 

UASB have been installed since then and wastewater from various sources have been 

effectively treated (Lin & Yan, 1991). 

 

(a) The Biochemistry of the Anaerobic Digestion Process 
Several anaerobic digestion processes outlined above consisting mainly of four steps viz: 

solubilisation, acidogenesis, acetogenesis and methanogenesis.  

 

Solubilisation 

Stage 1: During this stage complex long chain macromolecules such as carbohydrates 

and proteins are first hydrolysed by enzymes to form soluble amino acids and sugars.  The 
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amino acids and sugars are then degraded by the acidogenic bacteria into volatile fatty 

acids. 

 

The products from stage 1 (sugars, fatty acids and amino acids) are ingested by the 

acidogenic organisms and fermented intracellularly into short chain fatty acids (SCFA) 

(e.g. acetic, propionic and butyric acids), carbon dioxide and hydrogen gas (Laubscher, 

2000; Sam-Soon et al., 1989).  

 

Acidogenesis 

Stage 2. The biochemical pathways by which the substrate is fermented and the nature of 

the end product (i.e. the type of SCFA produced) depends primarily on the substrate type 

and hydrogen partial pressure (pH2). The hydrogen partial pressure will determine the 

biochemical pathway at this stage.  Under low pH2, fatty acids are converted to acetic acid 

due to the spontaneous oxidation of NADH to NAD+ occurs.  

 

Fatty acids are usually fermented via ß-oxidation either to acetic acid and hydrogen under 

low pH2 or, to butyric and proprionic acids under high pH2, (as shown in Figure 2.4). 

Sugars are usually fermented via the Embden-Meyerhof pathway to SCFA (acetate, 

propionate and butyrate), hydrogen and carbon dioxide. Cohen et al, (1984) showed that 

during fermentation of glucose, the products generated consisted of acetate, propionate, 

butyrate, hydrogen and carbon dioxide, and represents 96 % of the soluble products.  The 

relative fractions of the various SCFA, however, are dependent on the pH2 of the medium.  

At low pH2, glucose is fermented to acetic acid, butyric acid, hydrogen and carbon dioxide 

while on the other hand at high pH2, glucose is fermented to acetic acid, propionic acid, 

butyric acid, hydrogen and carbon dioxide (Sam-Soon et al., 1989). 

 

Acetogenesis 

Stage 3; under high pH2 the oxidation is not spontaneous and intermediate butyric and 

proprionic molecules are produced.  These in turn are converted into acetic acid, provided 

the hydrogen partial pressure is low. The substrate molecules for methanogenesis are 

then produced (Sam-Soon et al., 1989). 

 

Methanogenesis 
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Stage 4; this phase is known as methanogenesis as methane is produced.  For a 

carbohydrate type substrate the two main sources for methane production are: (i) 

Hydrogen oxidation and (ii) Acetate cleavage.  Methane can also be formed from formic 

acid, methanol and methylamines by specific groups of methanogens.  The methanogens 

can be classified into three groups according to their energy source:   

 

(i)  Hydrogenotrophs (H2-utilizing methanogens):  these methanogens utilize hydrogen as 

their only source of energy. Examples of mesophilic hydrogenotrophs are 

Methanbrevibacter spp and Methanobacterium spp. 

 

(ii)  Acetoclastic methanogens:  These methanogens utilize acetate as their only source of 

energy; an example of mesophilic acetoclastic methanogen is Methanothrix spp. 

 

(iii) Hydrogen/acetate utilizing methanogens:  These methanogens utilize both acetate and 

hydrogen as their energy source and a good example is Methanosarcina spp (Sam-Soon 

et al., 1989). 

 

Figure 2.4: Four stages of anaerobic methane fermentation process (Sam-Soon, et al., 1989). 
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(b) The UASB System Layout 

System layout and requirements 

The UASB design concept is based on the upward movement of soluble organic feeds 

through a blanket of bio-solids consisting primarily of microorganisms (Britz et al, 1999).  

Lin and Yang, (1991) described the UASB process as consisting of four main components 

listed below and shown in Figure 2.5:  

1. Sludge bed 

2. Sludge blanket 

3. Gas-solids separator (GSS) 

4. Settlement compartment   

 

The sludge bed is located at the bottom of the reactor with the sludge blanket located 

above the sludge bed. The latter is a suspension of sludge particles mixed with gases 

produced in the process. The sludge bed is responsible for 80 – 90 % of the degradation 

of the wastewater and occupies 30 % of the reactor volume.  The remaining 70 % of the 

reactor therefore consists of the sludge blanket.  Untreated wastewater enters the bottom 

of the reactor and is degraded both at the sludge bed and sludge blanket (Britz et al, 

1999). 

Influent Distribution

1

15

Numbered sampling ports

Liquid outlet

Gas collection come

Internal Settler

Collar to deflect
 rising bubbles

 

Figure 2.5: Schematic diagram of UASB process 

 



   30

Advantages of the UASB process 

Anaerobic digestion using UASB has potential application for many wastewaters from 

different sources.  In the UASB all the benefits over aerobic systems are retained, e.g. 

energy production, low excess sludge production, low volume requirements, etc.  In 

addition, the UASB system offers many other advantages over conventional anaerobic 

systems such as: 

• Loading rates up to several times greater than those of a completely mixed 

anaerobic system; implying that smaller reactor volumes are required; 

• High nitrogen removal; in fact the UASB system is only anaerobic system that can 

remove significant concentrations of nitrogen;  

• No artificial agitation of the mixed liquor is required; as this is an expensive and 

difficult operation in completely mixed anaerobic systems; 

• No separate gravity sedimentation tanks are required (Laubscher, 2000). 

 

Disadvantages of the UASB process 

UASB, has been widely applied in various food processing industries such as the sugar 

and alcohol industry, however, problems are encountered based on the type of wastewater 

being treated.  With the production of whiskey, the high solids content result in numerous 

problems of efficiency and maintenance. 

• The initial start –up process is complex and source seed sludge is required. 

• The development of granular sludge is mandatory and this is not achieved with all 

types of wastewaters. 

• The system requires good management of a sludge bed. 

• A good design of the gas/liquid separation is required. 

• The system is not ideal for high concentrations of suspended solids (pre-treatment 

required). 

• Good engineering flow is required. 

• Shock loading or toxic material may cause loss of sludge bed. 

• Design of the up-flow velocity is limited to the size and settling velocities of the 

pellets (Laubscher, 2000).  

During this study source seed sludge was obtained from an existing plant and the 

conditions mimicked to obtain the same environment for the treatment of the wastewater 

from the distillation process.  The suspended solids in the wastewater were also monitored 
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to ensure that excess solids do not interfere with the process.  Should this be excessive, 

the wastewater was filtered prior to application (Laubscher, 2000). 

 
2.3 WASTEWATER COMPONENT ANALYSIS  
To comprehend the impact of wastewater on the environment and illustrate the importance 

of treatment of wastewater, a fundamental understanding of the wastewater parameters is 

required. 
 
Chemical Oxygen Demand (COD) is a measure of the total organic content in terms of 

oxygen by oxidising all biodegradable and non-biodegradable organic materials with a 

strong oxidising agent such as potassium dichromate.  Effluents from wineries and 

distilleries are carbon-rich and on reaching water resources such as a lake or pond organic 

matter is being decomposed, utilising the available dissolved oxygen.  This leads to the 

deprivation of the habitat available oxygen and eventually causes eutrophication.  General 

authorisations in terms of the National Water Act (Act 36 of 1998) stipulate that for 

irrigation of up to 50m3 per day, the COD should not exceed 5000 mg/L.  Should this not 

be complied with, a water licence is to be applied for and this will be discussed in section 

3.5 (Hayward et al., 2001).   

 

Dissolved Organic Carbon (DOC) refers to the total soluble carbon in an aqueous 

sample.  The test is based on the principle that an aqueous sample is injected into a 

combustion tube and heated to 950 °C in a constant flow carrier gas.  Any soluble organic 

matter is oxidised to carbon dioxide and water where both products are swept to an 

infrared analyser and condenser respectively.  The amount of carbon dioxide measured is 

proportional to the initial sample concentration.  The sample analysed for DOC is filtered 

and inorganic carbon is removed by acidification of the sample prior to analyses (Holmes, 

1996b). 

 

pH is a measure of the amount of acids in the wastewater.  Distillery wastewater is 

characteristically acidic ranging from 3.5 – 4.0.  The general authorisations require that pH 

fall in the range between 6 and 9 for wastewater and for it to be acceptable for irrigational 

purposes (Holmes, 1996a) 

 

Total Dissolved Solids (TDS) is a measure of the amount of dissolved solids both 

organic and inorganic in the wastewater.  This includes the total amount of non-volatile 
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soluble material such as salts, higher organic acids and humic matter.  Sugars are the 

major component of the TDS in distillery wastewater (Holmes, 1996a) 

 
Total Suspended Solids (TSS) is the portion of the solids which are not dissolved and 

included both organic and inorganic components such as filter aids and grape pips and 

skins.  Inorganic solids are not degradable and increase the amount of sludge to be 

disposed after treatment (Hayward et al., 2001). 

 

Conductivity, Cations and Sodium Absorption Ratio (SAR) 
Conductivity is a measure of the ability of water to conduct electrical current and is directly 

related to the charged particles in water.  It is used as an indicator of the quantity of salts 

dissolved in water.  The major cations in distillery related wastewater are the water-soluble 

ions such as sodium (Na+) and Potassium (K+), and alkali-earth metals such as Calcium 

(Ca2+) and Magnesium (Mg2+). K+ is the main cation in wine musts and precipitates as 

potassium bitartrate. 

 

The Sodium Absorption Ratio (SAR) is a calculated value that indicating the relative 

concentration of sodium to that of calcium and magnesium in a solution. Irrigation with 

water of high SAR (typically more than 4) can result in root adsorption of toxic levels of 

sodium (Holmes, 1996b).  

 

Nitrogen Compounds originate from proteins and amino acids in grape juice, wine and 

lees. Nitrogen as ammonia (NH3) is mostly reduced from of nitrogen and a product of 

organic decomposition.  High concentrations of ammonia in the form of ammonium 

hydroxide are toxic to plant and animal life.  Nitrogen as nitrates promotes excessive 

aquatic growth and leads to inferior habitat integrity.  Total Kjeldahl Nitrogen (TKN) is 

organically bound nitrogen and is a combination of ammonia and organic nitrogen (also 

see Figure 3.9 where organic nitrogen refers to the TKN measured value excluding 

ammonia concentration) (Hayward et al., 2001). 

 

Phosphates are used in fertilisers and therefore reach water resources both surface and 

groundwater through runoff from agricultural land.  Excessive phosphates in combination 

with nitrogen lead to eutrophication, which is the growth of unwanted algae in water 
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bodies.  Inorganic phosphate (orthophosphates) is the water-soluble form of phosphates 

and is readily used by microorganisms (Hayward et al., 2001). 

 
Biological Oxygen Demand (BOD) signifies the concentration of biodegradable organics 

principally composed of proteins, lipids and carbohydrates.  The application of untreated 

winery wastewater onto land may deplete the soil of oxygen and lead to septic conditions.  

Prolonged oxygen depletion (anaerobic conditions) reduces the soil micro-population that 

breaks down the organic matter, thus causing odour problems and contamination of 

ground and surface waters (Levay, 1999).  The soil structure thus also plays an important 

role and should be investigated.  However, this study will only concern the wastewater 

production. 
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CHAPTER 3: DISTILLERY AUDITS 

 
3.1 INTRODUCTION 
The Waste Management Hierarchy shown in Figure 3.1 below indicates the importance of 

waste minimisation as a primary objective, followed by recycling, treatment and as a last 

priority disposal of waste or wastewater. The principle is widely applied by organs of state 

in establishing strategies, which are internationally accepted to enhance integrated 

environmental and waste management. 
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Figure 3.1:  Steps in the Waste Hierarchy (DANCED, et al., 1999) 

The management of wastewater streams can be done effectively if sufficient information 

exists detailing the mechanisms of generation and dynamics of the components and its 

chemical properties.  Once an organisation has determined the sources, types and 

quantities of wastewater streams being produced from their processes, a systematic 

approach can be developed for managing each wastewater stream. One of the tools to 

achieve this is called the Best Practicable Environmental Option (BPEO). BPEO is a 

means of considering the relative merits of different waste management options within a 

given context. The decision maker evaluating the BPEO must consider a number of 

factors. These must be weighed against each other, according to the circumstances 
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prevailing in that particular organisation. Local environmental, social and economic factors 

will be some of the influencing factors as well as the legislative provisions.  Therefore 

finding the root cause of the waste generation allows a holistic pollution prevention 

strategy to be devised in a company and avoid or considerably reduce the dependency of 

costly waste management approaches such as waste treatment and disposal (DANCED et 

al., 1999).   

 
3.2 WATER SUPPLY, QUANTITY AND QUALITY 
A process flow diagram forms the foundation of all material and energy balances.  

Recording raw material usage, water and chemical usage, waste stream flow rates and 

compositions are the cornerstones of a water-audit.     

 

In order to collect and evaluate information and data, the process engineering of the 

distillation process was studied by generating the water and material balances for the 

different processes. To collect data and information a questionnaire was developed and 

sent to different distilleries.  This together with interviews held with key staff enabled 

baseline information to be established on different process inputs and outputs.   The 

wastewater quality and quantity information was collated and the results studied to 

determine possible interventions through treatment and disposal.  This section will outline 

the audit information, in order to monitor and measure the effectiveness of treatment 

methods.  A sampling protocol was designed and will be discussed to outline the 

importance of sampling accuracy and effectiveness. Samples were analysed during the 

different operational phases over a two-year period.  

 

3.2.1   Sampling Philosophy 
The first important step towards devising a sampling programme is the establishment of 

exercise objectives.  The principal objective during sample collection is to provide accurate 

information on the wastewater flow patterns and quantity and quality in order to be able to 

ascertain/determine the possible effects of the waste discharges on the environment.  

Wastewater treatment and disposal can be evaluated and improvements made through 

responsible handling and discharging to the environment.  Secondly, the main sources of 

pollution load in the distillery wastewater streams are determined so as to develop 

guidelines on how to reduce their impact on the generated wastewater. Planning of the 

sampling procedure should be an integral part of the water-audit. 
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The following definitions (ISO 6107-2) serve to define the concepts of the sampling 

protocol: 

 

 Sampler:  A device used to obtain a sample of water, either discretely or 

continuously, for the purpose of evaluation of various defined characteristics. 

 Sampling:  The process of removing a body of water, intended to be representative, 

for the purpose of evaluation of various defined characteristics. 

 Composite sample:  Two or more samples or sub-samples mixed together in 

appropriate known proportions (either discretely or continuously), from which the 

average result of a desired characteristic may be obtained. The proportions are 

usually based on time or flow measurements. 

 Periodic samples:  Discontinuous sampling. 

 Grab sample (also snapshot or spot sample):  A discrete sample taken randomly 

(with regard to time and/or location) from a body of water (ISO 6107-2, 1997). 

 

The following procedure was adopted for the sampling of distillery wastewater: 

i. Three different distillery plants were audited, one for distilling wine feed material for 

the production of neutral spirits, and another for grain feed material for the 

production of whiskey and a last one for neutral spirits and brandy production. 

ii. Samples were drawn from the wine column 1 stream, effluent stream and fusel oil 

separator stream using stainless steel sample cutters.  These stainless steel sample 

cutters (samplers) were allowed to cool down.  Wine column 1 samples were at a 

temperature of 100ºC, fusel oil at about 88ºC, effluent samples cooled down 

considerably and it was about 50ºC at the dam.  For brandy distillation samples were 

taken from the final effluent.  

iii. Samples were collected using clean glass bottles of one litre each.  The samples 

were immediately chilled and analysed within 24 hours.   The samples were kept at 

temperatures between 2 – 5ºC. 

iv. Samples were clearly labelled and identifiable for analysis.  

v. Sampling was carried out over a six-week period. 

vi. At least 1L of wastewater was collected in sterile containers, and preserved at a 

temperature between 2 – 5ºC. 

vii. Sampling bottles were used once to prevent contamination. 
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viii. Wastewater was not sampled during periods of very low flow, or under conditions of 

excessive dilution by stormwater. 

ix. Where possible and affordable, processes were sampled during 2000 and 2001 

during vintage seasons. 

x. Samples were analysed in duplicate and throughout average values are reported. 

 

Due to the organic content of the samples, analyses were done preferably within 24 hours 

after taking the sample.  Hence, cooler boxes or portable refrigerators were used for 

storing of samples.  Sampling bottles were filled to 1 cm from the top, to prevent oxidation 

due to oxygen contact in the bottles. 

The sampling objectives of distilleries were as follows:  

 Provide information on water quality. 

 Provide details on main sources of contamination (pollution loading) owing to 

distillery process and unit operations. 

 Provide records of water and wastewater quality for future considerations and for 

authorities, such as the Department of Water Affairs and Forestry (DWAF). 

 Generate data for the design of treatment systems to facilitate the application of 

techniques to ensure an integrated approach to wastewater management is 

considered. 

 
3.2.2   Water Supply and Quality 
Three distilleries were audited, although only two distilleries were investigated for their 

incoming water as the third distillery was only considered during the final stages of the 

investigation.  The two distilleries were therefore sampled for their incoming municipal 

supply or river supply.  The incoming water quality is as outlined in Table 3.1 below.  

Samples were taken over a six-week period and analysed in duplicate. Only average 

values are reported.  Although different incoming water supplies were used, the water 

quality was very similar in composition and Table 3.1 below gives a comparison of the 

water quality from the two sources. 

 

According to the South African water quality guidelines for industrial use, Volume 3 

(Holmes, 1996a) distillation is categorised as a Category 1 industrial process as it uses 

water for steam generation and phase separation. It is therefore imperative that, domestic 

water quality standards are adhered to.  



   38

 

Table 3.1:  Incoming water quality at the distilleries 

Parameter River Municipal SABS 241 DWAF, 

1998 
(Domestic use) 

pH 6.26 7.13 6.00  – 9.00 6.00 – 9.00 

Conductivity 

(mS/m) 

17.00 45.00 70.00 < 70 

Turbidity 

(NTU) 

7.14 1.30  -  <0.1 

SS (mg/L) 92.00 90.00  -  0 – 3 * 

TDS (mg/L) 179.00 205.00  -  < 450 

Ca (mg/L) 4.73 4.32  -  0 - 10 

K (mg/L) 4.08 7.90  -  <25 

Mg (mg/L) 2.26 3.45 70.00 <30 

Na (mg/L) 21.33 34.00 400.00 <100 
* Target water quality range as per DWAF, 1996 

 

Most of the results were in accordance with prescribed guidelines for domestic use 

(Department of Water Affairs and Forestry, 1998).  The following observations were made 

upon the analysis of the incoming water: 

 Calcium levels were sufficiently low (average values of 4.32 & 4.73 mg/L recorded),  
 The pH of the water averaged at 6.26 (Standard Deviation (SD) = 0.27) for river 

water supply & 7.13 (SD = 0.15) for municipal supply 
 Conductivity of 17.00 mS/m (SD = 4.00) & 45.00 mS/m (SD = 14.04).   
 Sodium levels were sufficiently low at 21.33 mg/L (SD = 2.18) & 34.00 mg/L (SD = 

7.51)  
 Turbidity levels were higher than the recommended levels at 1.30 NTU (SD = 1.11) - 

7.14  NTU (SD = 0.44) 
 Suspended solid values were very high at 90.00 mg/L (SD = 15.59) & 92.00 mg/L 

(SD = 20.65) 
Figure 3.2 below shows the pH of the incoming water sources and these were well within 

the limits for domestic water quality standards.  
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Figure 3.2: pH of incoming water at the distilleries 

 
Sodium 
Sodium levels in the incoming water were approximately four to ten fold higher than the 

other measured ions, however these values were acceptable for domestic water supply in 

accordance to the DWAF guidelines. This is also significantly below the levels indicated in 

the water supply guidelines compiled by SABS 241 (see Figure 3.3).  

 

 

 

 

 
 
 
 
 
 
 
 

Figure 3.3: Sodium concentrations of incoming water at distilleries 
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Calcium  
Calcium is an alkaline earth metal, which reacts with water to form calcium hydroxide 

(slakes lime).  At elevated concentrations, calcium can cause scaling (together with 

magnesium) in distribution systems and appliances.  At a concentration of 4 mg/L (see 

Figure 3.4), calcium does not pose significant negative effects for domestic use. The 

quality of the water in terms of calcium is therefore acceptable (Department of Water 

Affairs and Forestry, 1998).  

 
 
 

 
 
 
 
 

 

 

 

Figure 3.4: Calcium concentrations of incoming water at distilleries 

 
Magnesium 

Magnesium in unpolluted fresh water normally has a concentration of less than 10 mg/L. 

However for hard groundwater, the magnesium concentration may rise to several hundred 

units. In levels less than 30 mg/L, magnesium is said to have no effects on health, 

however, at higher concentrations 70 – 100 mg/L it may cause scaling of equipment 

together with calcium.  The usual method for reducing magnesium concentration in water 

is lime softening followed by re-carbonation (Department of Water Affairs and Forestry, 

1998).  The magnesium levels in the water samples are noticeably low (see Figure 3.5) 

and this is acceptable in terms of the current domestic water use guidelines (Department 

of Water Affairs and Forestry, 1998). 
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Figure 3.5: Magnesium concentrations of incoming water at distilleries 

Turbidity 
Turbidity is defined scientifically as the light scattering ability of water and a measure of the 

cloudiness or muddiness of water.  Excessive turbidity can cause problems during water 

purification, flocculation and filtration processes as well as disinfection.  Filtration is one of 

the main techniques used to reduce turbidity.  The levels measured in the river water were 

relatively high (see Figure 3.6). River water with high turbidity is sand filtered prior to being 

used in the distillation process.  The turbidity measured in both the incoming water sources 

exceeded the prescribed water quality standard as is indicated in Table 3.1 (Department of 

Water Affairs and Forestry, 1998). 

 

 

 

 

 

 

 

 
 
 
 

Figure 3.6: Turbidity values of incoming water at distilleries 
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Suspended Solids 
The target water quality range for suspended solids for Category 1 industrial processes is 

0 – 3 mg/L (Department of Water Affairs and Forestry, 1996).  At this target water quality 

range damage to equipment and structures would not take place, particularly in the event 

of fouling, no interferences with the processes is said to occur and the product quality will 

not be affected (see Figure 3.7 below). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7: Suspended solids content of incoming water at distilleries 

 
Total Dissolved Solids (TDS) 
TDS is a measure of the quantity of various inorganic salts dissolved in water.  The TDS 

concentration is proportional to Electrical conductivity (EC) of water. High levels of TDS 

can indirectly interfere with the proper functioning of certain industrial processes such as 

separating processes.  The higher the TDS, the greater the potential for precipitation of 

salts, which results in the inefficient and improper operation of the process.  The 

recommended levels of TDS for Category 1 processes is between 0 – 100 mg/L.  The TDS 

levels measured in river water were less than those obtained from the municipal water 

supply (see Figure 3.8). Although the legislative standards prescribed for domestic use 

recommends a limit of < 450 mg/L, at this limit damage through corrosion, scaling and 

fouling of plant equipment leading to a moderate interference with the process operations 
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Figure 3.8: TDS content of incoming water at distilleries 

From these observations, it may be concluded that the water supply to the distilleries is of 

moderate acceptable quality.  The turbidity is an important variable and it is recommended 

that sand filtration be carried out prior to the use of water from both sources.  This should 

also reduce the high total dissolved solids content in the water. 

 
3.2.3   Water Quantities 
An investigation was conducted aimed in measuring the utilisation of water for distillation 

processes.  The experiment targeted both column and batch distillation.  Two distilleries 

were studied, Distillery A (neutral spirits production) and Distillery B (whiskey and gin 

spirits production).  A comparison of material flow and water balances can be seen in 

Figure 3.9, Figure 3.10 and Figure 3.11 respectively and outline process inputs and 

outputs. 
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Figure 3.9: Water and material balance for a typical column distilleries process (Distillery A). 
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Figure 3.10: Continuous distillation  (whiskey) material and water balance at distillery B (per hour utilisation) 
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Figure 3.11: Batch distillation (gin) water and material balance at distillery B (per batch distillation)
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Figure 3.9 presents the inputs and outputs for neutral spirit production. A production rate of 

200 000L in 24 hours (equal to 20 000 Laa/d – (litres absolute alcohol)) is achieved.  

Effluent volumes of approximately 230 m3/day (approximately 10 m3/h) are released from 

the process and approximately 20 % (46 m3) of the daily volume is irrigated. The rest of 

the effluent stream is either treated by means of primary treatment  (pH adjustment with 

lime and disposal of sludge) or disposed to the municipal wastewater treatment facility for 

treatment.   

 

Figure 3.10 outlines the whiskey distillation material and water balance, which utilises wort 

as feed material.  Boiler usage for the process is approximately 1200 m3/month 

(approximately 6m3/h).  The effluent stream monthly average is approximately 500 

m3/month (2.5 m3/h); the grain column normally produces 5000 laa/day. 

 

Figure 3.11 outlines the gin distillation inputs and outputs. Water usage per batch for gin 

distillation amounts to approximately 4800 L.  Process water for cleaning of the pots 

depends on the volume of water remaining in the pot. Equal volume of water is added for 

cleaning. 

 

From material flow and water balances it was observed that the quantity of water required 

for the various different distillation processes varies depending on the product.  Reduction 

in water use by installation of flow meters, awareness being created among workers 

regarding water use, maximum possible condensation return during distillation are factors 

that contribute to more efficient water utilisation.  The characterisation of wastewater 

allows in identifying suitable treatment options that best suit the effluent contaminants.  

 
3.3 DISTILLERY WASTEWATER CHARACTERISATION 
The different distillation processes generated wastewaters that differ considerably from 

each other due to the different raw materials used in distillation.  The feed material of one 

of the continuous distillation processes as discussed previously is mostly inferior quality 

wine for the production of neutral spirits.  Three streams of liquid wastes are produced 

during the stripping phase (wine column one) namely, wastewater, fusel oil and other by- 

products (Figure 3.12).  The recovery of alcohol takes place during the by-product 

recovery phase.  Fusel oil is a fraction of the final wastewater stream and in some 

distilleries is used as a fuel source for the batch distillation processes (Fenwick, 2000). 
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Wastewater treatment is carried out by larger distilleries whereas smaller distilleries adjust 

the pH and discharge the wastewater to the effluent collection dam.  The effluent of these 

smaller distilleries is mostly irrigated or discharged to a water source. 

 

Figure 3.12: Characterisation of distilling wine effluent waste stream 

 

The feed material for neutral spirit production consists of a combination of white and red 

wine. The specifications for neutral spirit production are presented in Table 3.2: 

Table 3.2: Distilling wine specification for the production of Neutral Spirits (Distillery A) 

Parameter Specification 

Total alcohol 7.5 % minimum (alcohol/volume) 

Lees content 5 % maximum 
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Total SO2 80 – 200 ppm 
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KEY
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SS - Suspended Solids
Q - Quantity/ Rate
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Based on the product specifications shown in Table 3.2 a pricing strategy has been 

developed and the feed material that cannot meet these targets are sold at low prices. 

 

The distilling wine is also composed of at least 90 % water and approximately 1 % higher 

alcohols such as esters, fatty acids and aldehydes.  Distillery wastewater characteristics 

are directly dependent on the source of feed material.  Table 3.3 outlines the wine 

wastewater characteristics for a distilling wine distillation process. 

 

Table 3.3: Average wine wastewater characteristics (after pre-treatment) 

Parameter Range (mg/L unless specified) 

pH ( ratio) 3.50 – 4.00 

Conductivity (mS/m) 400 – 700 

COD  35,667 – 42,183 

DOC  10,387 – 12,471 

TDS  10,184 – 16,123 

SS (filtered)  2,095 – 2,512 

TKN  560 – 834 

NH3   80.30 – 120.00 

Na 7.07 – 9.07 

Ca 21.46 – 31.75 

K 378.63 – 1106.00 

P 177.98 – 215.00 

Sugars 450.00 – 1066.00 

Ethanol 0.44 – 0.97 

SO4 169.62 – 396.00 

 
Fusel oil, one of the wastewater streams can be utilized as an energy source for batch 

distillation processes (as part of a pre-heater). Typical composition of this stream is shown 

in Table 3.4 below. 
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Table 3.4: Fusel Oil Characterisation 

Parameter Range (mg/L unless specified) 

pH 3.74 – 4.21 

Conductivity (mS/m) 22.67 – 28.00 

COD  750 – 1,108 

DOC  21 – 188 

TDS  234 – 255 

SS (filtered)  5.70– 8.83 

TKN  1.87 – 2.50 

NH3   0.20 – 1.59 

Na 1.70 – 13.66 

Ca 21.46 – 31.75 

K 1.16 – 4.51 

P 0.61 – 1.15 

Sugars 0.00 – 83.3 

Ethanol 2.00 – 7.15 

SO4 26.01 – 40.01 

 
3.4 OTHER COMPONENTS OF DISTILLERY WASTEWATER 
Wine distillery wastewater has a high organic load, which includes various phenolic 

compounds, mainly gallic acid, p-coumaric acid and gentisic acid.  Phenolic acids such as 

catechins and other flavonoids have an important role in wine quality; they contribute to 

the sensory attributes and the colour chemistry of red wine during ageing process 

(Ribereau, et al., 1999). 

 

Flavonoid derivatives contribute to the polyphenol content of the wine and hence distillery 

processes, depending on the contact time during fermentation of the wine.  Fermentation 

on the skins and seeds liberates higher concentrations of phenols in the wine.  Red wine 

therefore has a much higher total phenol content than the white wine, being rich in 

flavonoids and anthocyanins, the pigment in the wine.  The distillery wastewater stream is 

red in colour (Ribereau, et al., 1999).   
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Prior to ageing the red wine may contain 3,000 – 6,000 ppm total phenols, which on 

stabilisation of the wine results in a concentration of 2,000 ppm total phenols.  Major non-

flavonoid phenols in grape juice made without the necessary contact with the skins and 

seeds include the cinnamic derivatives. These include cutaric acid, caftaric acid among 

others. The removal of these compounds in the waste stream could potentially alleviate 

pressures at end-of-pipe treatment (Ribereau, et al., 1999). 

 
3.5 NATIONAL WATER ACT 36 OF 1998 COMPLIANCE 
Currently, the wastewater from the distilleries is either treated and released to the 

municipal sewer or used for irrigation.  The National Water Act (NWA, 2003), Regulation 2 

defines clear direction as to engagement in a controlled activity such as irrigation of 

wastewater or water containing waste.  

Paragraph 2.7. (1) States that the irrigation may take place of up to 500 m3 of 

biodegradable industrial wastewater on any given day, provided the; 

 Electrical conductivity (EC) does not exceed 200 (mS/m). 

 pH is not less than 6 or more than 9 pH units. 

 Chemical Oxygen Demand (COD) does not exceed 400 mg/L after removal of algae. 

 Faecal coliforms do not exceed 100 000 per 100 ml. 

 Sodium Adsorption Ratio (SAR) does not exceed 5 for biodegradable industrial 

wastewater. 

 

Paragraph 2.7. (2) States that the irrigation up to 50 m3 of biodegradable industrial 

wastewater may take place on any given day, provided the- 

 Electrical conductivity  (EC) does not exceed 200 mS/m. 

 pH is not less than 6 or more than 9 pH units. 

 Chemical Oxygen Demand (COD) does not exceed 5 000 mg/L after removal of 

algae. 

 Faecal coliforms do not exceed 100 000 per 100 ml. 

 Sodium Adsorption Ratio (SAR) does not exceed 5 for biodegradable industrial 

wastewater. 

 

Irrigation of more than 10 m3 of wastewater on any given day requires the registration of 

the water use (subparagraph 2.8).  Wastewater irrigation is only permitted if the irrigation 

takes place- 
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 Above the 100 year flood line, or alternatively, more than 100 m from the edge of a 

water resource or a borehole which is utilised for drinking water or stock watering; 

and 

 On land that does not overlie a Major Aquifer (identification of a Major Aquifer will be 

provided by the Department, upon written request). 

 

The registered user must ensure the establishment of monitoring programmes to monitor 

the quantity and quality of the wastewater to be irrigated prior to commencement of 

irrigation, as follows (subparagraph 2.10. (1)): 

 The quantity must be measured and the total recorded weekly; and 

 The quality must be monitored monthly as at the last day of each month by grab 

sampling, at the point at which the wastewater enters the irrigation system for all 

parameters listed in subparagraph 2.7. (1). 

 

In paragraph 2.11. (1) It is stated that the registered user must follow acceptable 

construction, maintenance and operational practices to ensure the consistent, effective 

and safe performance of the wastewater irrigation system, including the prevention of- 

i. Water logging of the soil and pooling of wastewater on the surface of the soil; 

ii. Nuisance conditions such as flies or mosquitoes, odour or secondary pollution; 

iii. Waste, or wastewater, entering any surface water resource; 

iv. The unreasonable chemical or physical deterioration of, or any other damage to, the 

soil of the irrigation site; and 

v. The unauthorised use of the wastewater by members of the public. 

 

All reasonable measures must be taken for storage of the wastewater used for irrigation 

when irrigation cannot be undertaken (paragraph 2.11. (2)).  Suspended solids must be 

removed from any wastewater, and the resulting sludge disposed of according to the 

requirements of any relevant law or regulation (paragraph 2.11. (3)). 

 

Storm water may be discharged if it does not contain waste or wastewater emanating from 

industrial activities, into a water resource (subparagraph 3.7. (2)).  Table 3.5 defines the 

general limits and special limits applicable to the discharge of wastewater into a water 

source.  
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Table 3.5: Wastewater limit values applicable to discharge of wastewater into a water resource (NWA, 
2003) 

* 

*After removal of algae 

 

3.6 METHODOLOGY 
 
The wastewater was sampled over a six-week period during vintage season, once a week, 

with samples taken every four hours. Wastewater was thereafter characterised by 

analysing various chemical parameters such as pH, conductivity, and metal concentration, 

COD, TSS and TDS.   

 

Section 3.2.1 outlines the sampling procedure followed for the sampling process.   

 

Parameter General Limit Special Limit 

Faecal Coliforms [per 100 ml] 1 000 0 

Chemical Oxygen Demand 
[mg/L] 

75* 30* 

pH 5.5-9.5 5.5-7.5 

Ammonia] as Nitrogen [mg/L] 3 2 

Nitrate/Nitrite as Nitrogen 
[mg/L] 

15 1.5 

Chlorine as Free Chlorine 
[mg/L] 

0.25 0 

Suspended Solids [mg/L] 25 10 

Electrical Conductivity 
[mS/m] 

70 mS/m above intake 

to a maximum of 150 

mS/m 

50 mS/m above 

background 

receiving water, to a 

maximum of 100 

mS/m 

Ortho-Phosphate as 
phosphorous [mg/L] 

10 1 (median) and 2.5 

(maximum) 

Soap, oil or grease [mg/L] 2.5 0 

Dissolved Iron [mg/L] 0.3 0.3 
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The legislative limits indicated on the graphs that follow refer to irrigation standards as per 

the General Authorisations outlined in table 2.1 of the thesis for irrigation of wastewater up 

to a maximum volume of 50m3/d. 

 

3.7 RESULTS AND DISCUSSION 
3.7.1 Distillery A Audit - Neutral Spirits effluent Column 1 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 3.13: Distillery A - COD Comparison for 2000 -2001 audits of column 1 effluent 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.14: Distillery A - pH comparison for 2000 -2001 audits of column 1 effluent stream 
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Figure 3.15: Distillery A -Conductivity comparison for 2000 - 2001 audits of column 1 effluent stream 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.16: Distillery A - Metal Concentration comparison for 2000 -2001audits of column 1 effluent 
stream 
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Figure 3.17: Distillery A - Potassium comparison for 2000 -2001 audits of column 1 effluent stream 

 
3.7.2 Distillery B Audit – Grain effluent Column 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.18: Distillery B COD comparison for 2000 -2001 audits of grain process of column 1 effluent 
stream 
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Figure 3.19: Distillery B pH comparison for 2000 -2001 audits of grain process of column 1 effluent 

stream 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.20: Distillery B Conductivity comparison for 2000 -2001 audits of grain process of column 1 
effluent stream 
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Figure 3.21: Distillery B Metal concentration comparisons for 2000-2001audits of grain process of 
column 1 effluent stream 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.22: Distillery B  - Potassium comparison for 2000 – 2001 audits of grain process of column 1 

effluent stream 
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3.7.3 Distillery C Audit – Brandy effluent 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.23: Distillery C - COD concentrations of brandy effluent stream for 2001 audits 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.24: Distillery C – pH values for brandy effluent stream for 2001 audits 
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Figure 3.25: Distillery C – Conductivity values for brandy effluent stream for 2001 audits  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.26: Distillery C – Metal concentrations for brandy effluent stream metal concentrations for 
2001 audits 
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Figure 3.27: Distillery C – Potassium concentration for brandy effluent stream for 2001 audits 
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Figure 3.28: Distillery C - Column 1 effluent stream COD concentrations for 2001 audits 
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Figure 3.29: Distillery C – pH values for column 1 effluent stream for 2001 audits 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.30: Distillery C Conductivity values for column 1 effluent stream for 2001 audits 
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Figure 3.31: Distillery C Metal concentrations for column 1 effluent steam for 2001 audits 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.32: Distillery C – Potassium concentrations for column 1 effluent stream for 2001 audits  
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3.8 SUMMARY 
Effluent stream quality/characterisation for the respective processes are outlined in 

Figures 3.13 – 3.32.  The various parameters were compared to the irrigation 

requirements as outlined in section 3.5 where in this case, up to 50 m3 of wastewater per 

day was used as the benchmark.  Distilleries are allowed to irrigate up to a maximum of 

20% of the treated effluent should the volumes generated exceed the legal limit for 

irrigation.  A maximum of 5000 mg/L COD concentration is permissible according to these 

regulations.  All the effluent streams considered from distilleries having different feedstock 

material did not comply with this legislative requirement.   

 
Distillery A 
The feed material for the neutral spirits process which results in the column 1 effluent 

stream has a COD concentration ranging between 180 000 – 250 000 mg/L.  

Approximately 20 % of the feed material COD ends up in the final effluent.   

 

pH values for this effluent stream varies between 3.70 – 4.00 pH levels.  The required pH 

value for irrigation should range between 6.00 – 9.00 pH units.  pH correction would 

therefore be required to improve the quality of the wastewater stream. This is normally 

achieved through lime dosing (Sales, et al., 1987). 

 

As defined in section 2.3 of this thesis conductivity is the measure of the ability of water to 

conduct electrical current and is directly related to the charged particles in the water.  It is 

used as a tool to indicate the quantity of salts dissolved in water.  The major cations in 

distillery related wastewaters are the water-soluble ions such as sodium (Na+) and 

Potassium (K+), and cations such as Calcium (Ca2+) and Magnesium (Mg2+). K+ is the main 

cation in wine musts and precipitates as potassium bitartrate.  Distillery A water quality 

analysis showed a higher conductivity than the recommended limit for irrigation.  The 

conductivity values ranged from between 400 – 560 mS/m though the legal limit legislative 

is 200 mS/m.  This is indicative of high quantities of salts in the wastewater and Figures 

3.16 and 3.17 illustrate the measured high conductivity values of the effluent. 

 

Figure 3.16 shows metal concentrations for neutral spirit effluent produced.  Sodium 

concentrations are the lowest (below 10 mg/L) with magnesium (60 - 90 mg/L) and calcium 
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(40 – 75 mg/L) concentrations for the 2001 showing higher values.  This is mainly due to 

higher concentrations found in the feed material.  These cations influence the EC of 

wastewater. 

 
Table 3.6: SAR values for Distillery A - Column 1 Effluent 

Week no 2000 Audit 2001Audit 

1 0.89 1.85 

2 0.89 2.08 

3 0.96 2.11 

4 0.85 2.12 

5 0.81 2.09 

6 0.86 2.11 

 

The Sodium Absorption Ratio (SAR) is a calculated value indicating the relative 

concentration of sodium to that of calcium and magnesium in solution. Irrigation with water 

of high SAR (typically more than 4) can result in root adsorption of toxic levels of sodium.  

Table 3.5 indicates that the SAR values for the column 1 effluent are in fact within the 

recommended limits and will not lead to the adsorption of toxic levels of sodium.  Sodium 

values as indicated in Figure 3.16 are much lower than the other metallic ions measured. 

 

Based on the above discussions it is imperative that the principles of the waste hierarchy 

are explored.  Chapter 4 will therefore discuss interventions to reduce the contaminants 

that enter the process streams and hence alleviate pressures at end-of-pipe treatment.  

 
Potassium levels ranged from 24 – > 1,600 mg/L.  This is mainly due to the variation in 

potassium levels in the feed material.  Reduction of potassium levels will assist in reducing 

the EC of wastewater. 

 
Distillery B 
The feed material for the grain spirits process which results in the column 1 effluent stream 

has a COD concentration ranging between 30,000 – 85,000 mg/L.  This is the principle 

criterion to be considered for treatment of wastewater.   
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pH values for this effluent stream vary between 3.8 – 4.0.  The required pH value for 

irrigation should range between 6 -9 pH units.  pH correction would therefore be required 

to improve the quality of the wastewater stream. This is normally achieved through lime 

dosing. 

 

Distillery B (grain effluent) water quality analysis showed a higher conductivity than the 

recommended limit for irrigation (300 – 400 mS/m though the legislative limit is 200 mS/m).  

This is indicative of high quantities of salts in the wastewater.  Figurs 3.20 illustrates the 

measured high conductivity values of the effluent.  Potassium (4 – 461 mg/L) and 

magnesium (55 – 90 mg/L) are particularly excessive as shown in Figures 3.21 and 3.22 

respectively.   

 

Distillery C 
The feed material for the brandy spirits process stream has a COD concentration ranging 

between 45,000 – 70,000 mg/L (see Figure 3.23).  This is mainly due to the type of feed 

material that is being used.  The feed material is rebate wine which is specific for brandy 

spirit production.    

 

pH values for this effluent stream range between 3.00 – 4.00.  The required pH value for 

irrigation should range between 6 -9 pH units.  pH correction would therefore be required 

to improve the quality of the wastewater stream. This is normally achieved through lime 

dosing. 

 

Distillery C water quality analysis showed a higher conductivity than the recommended 

limit for irrigation.  The conductivity values ranged from between 450 – 700 mS/m though 

the limit legislative is 200 mS/m (Figure 3.25) and it is the highest for the three different 

distillery process streams.  This is indicative of high quantities of salts in the wastewater 

and Figures 3.26 illustrates the measured metal concentrations and these are markedly 

lower than the grain and neutral spirits levels.  Potassium levels (ranging between 1,300 – 

1,600 mg/L) were considerably higher than the grain and neutral spirits wastewaters and 

could be the reason for the excessive conductivity values of the effluent.  

 

Column 1 effluent for Distillery C shows a higher conductivity (up to 700 mS/m as indicated 

in Figure 3.30) than Distillery A (approximately 600 mS/m as per Figure 3.15) although the 
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difference is only slight.  Metal concentrations such as magnesium (55 – 65 mg/L), calcium 

(72 -84 mg/L) as shown in Figure 3.31 are considerably lower than Distillery A levels.  

Sodium levels (50 – 95 mg/L) are, however, much higher and this may be because of the 

incoming water quality or feed material utilised. 

 

It can be concluded that all three distilleries display excessive organic loading (composed 

of simple organic acids, sugars and alcohols) with high conductivity (moderately saline, 

with proportionally high concentrations of sodium) and very acidic wastewater quality 

(Levay 1999).  The composition of the feed material mainly determines the quality of 

wastewater and the alcohol content and a typical neutral spirit  material balance as shown 

in Figure 3.12  indicates that at about approximately 10% .a/v the COD is approximately 

180,000 mg/L.   
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CHAPTER 4: EVALUATION OF PRETREATMENT OF FEED MATERIAL AND 
EFFLUENT 

 

 
4.1 INTRODUCTION 
Immense global focus on environmental responsibility by various sectors is steering them 

in the direction of developing and implementing environmentally sustainable approaches to 

managing of all aspects of their business.  Furthermore, a change in statutory 

requirements in South Africa over the past five years has reinforced the urgency of 

sustainable environmental management.  One of the principles underwritten by the 

Environmental Policy for South Africa is that of pollution prevention. For the industries to 

generate effective management strategies, it is necessary to characterise their waste and 

evaluate environmental performance. This will make it possible to manage their 

environmental impacts adequately. The wastewater management strategic approach for 

the distillery industries is schematically outlined in the Figure 4.1 below 

(http://www.epa.nsw.gov.au). 

Problem Definition 

 

Wastewater Characterisation 

 

Identification of significant constituents 

 

Reduction of contaminants at source 

 

 

Recover and re-use of valuable/saleable products 

 

 

Final Treatment or disposal 
 

Figure 4.1: A Waste Management Strategic Approach (http://www.epa.nsw.gov.au) 
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The above strategy, like the United States Environmental Protection Agency’s (EPA) 

management priority hierarchy, emphasises that source reduction is the most desirable 

technique and waste disposal the least (http://www.epa.nsw.gov.au.)  

 

4.2 PRETREATMENT OF FEED MATERIAL – DISTILLING WINE 
Chemical pre-treatment of wine feed material was conducted with calcium hydroxide 

followed by centrifugation at a speed of 1000 X g for 5 minutes and filtered through 1 μm 

filters.  The method was adopted by Sales et al., (1987) to measure the reduction of COD 

in wastewater after a series of treatment methods.  They also found that, treatment by 

precipitation; coagulation and adsorption do not achieve more than 25 % reduction in 

soluble organic content of treated waste, which explicitly indicated the need for microbial 

treatment.   

 

Coagulation and flocculation generally refer to the process by which metal salts such as 

sulphates, are added to wastewaters in order to destabilize colloidal material, thereby 

inducing the aggregation of small particles with resultant floc formation.  The coagulation 

process consists of three stages:  

 

(i) Coagulant formation (if pre-hydrolysed coagulants are not used), 

(ii) Particle destabilisation, and 

(iii) Particle aggregation. 

 

Four methods of colloid destabilisation exist: 

(i) Compression of the diffuse layer:  highly charged polymeric ions and 

precipitated metal ions are produced depending on the coagulant dose and pH. 

(ii) Adsorption to produce charge neutralisation: occurs at lower pH values normally 

4.5 –6.5 and is also dependent on the dose of coagulant used. 

(iii) Enmeshment in a precipitate: normally occurs at pH > 6.5 at higher quantity of 

coagulant and leads to voluminous flocs which can be readily separated. 

(iv) Adsorption to permit inter-particle bridging: flocs formed by coagulation can be 

built up into larger aggregates through polymer bridging and the process is also 

known as aggregation.  Chains of polymers can attach to nearby particles (Jiang 

and Graham, 1997). 
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Coagulant formation and particle destabilisation are initiated by rapid mixing where 

coagulants are added, hydrolysed and dispersed through the medium as the first stage.  

Flocculation is defined by the mechanically or hydraulically induced inter-particle collisions 

aggregating particles and thus facilitating their separation (Jiang and Graham, 1997).  The 

process effectiveness is determined by the coagulating agent, the coagulant dose, the 

solution pH and ionic strength, as well as the concentration and nature of the organic 

compounds (Randtke, 1988).   

 

The formation of aggregates by hydrolysing metal salts particularly iron and aluminium, are 

widely used in wastewater treatment.  In aqueous solutions, the metal (M) ion hydrates 

and is hydrolysed to form monomeric and polymeric species:  MOH2+, M (OH)2
+, M2(OH) 

2
4+, M (OH)4

5+, M (OH)3
0 (s) and M (OH)4

- (Dentel and Gosset, 1988).   
+−+ +=+ yHyOHMOyHxM yx

x
)3(

2
3 )(    4.1 

The resultant metal hydroxide polymers have a large surface area, an amorphous 

structure and a positive charge (Randtke, 1988).  Their hydrophobic nature causes them to 

adsorb onto organic anionic particle surfaces and become insoluble (Dentel and Gosset, 

1988).  Calcium, Iron and aluminium tend to form insoluble complexes with polar 

molecules and oxygen containing functional groups such as hydroxyl or carboxyl groups 

(Stumm and Morgan, 1962).  These groups provide a local negative charge, which reacts 

with the cations.  Charge neutralisation leads to colloid destabilisation, and subsequently, 

precipitation of metal cations and organic anions occur.  Dissolved organic compounds are 

removed primarily by adsorption onto hydroxide surfaces (Stephenson and Duff, 1996). 

 

The Effect of pH  

Chemical coagulation is highly pH dependent process. pH influences the polymeric metal 

species formed when metal coagulants are dissolved in water (Stumm and Morgan, 1962).  

Randtke (1988) summarised the influence of pH on chemical coagulation as a balance of 

two competitive forces: 

(i) Between hydrogen ions and metal hydrolysis products for organic ligands. 

(ii) Between hydroxide ions and organic anions for metal hydrolysis products.  

 

When pH is too low, the organic ligands favour the protons to the metal hydrolysis 

products, resulting in poor removal of ions since some of the organic acids are not 

precipitated.  Conversely, at a higher pH, the hydroxide ions compete with organic 
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compounds for metal adsorption sites and the precipitation of metal hydroxides occurs by 

co-precipitation.  Under alkaline conditions, the coagulating species becomes less 

positively charged, thus their attraction to anionic organic compounds are diminished 

(Ching et al. 1994).  Therefore, little aggregation occurs at high pH (Stephenson and Duff, 

1996).  

 

Phenolic compounds are responsible for the observed differences between red and white 

wines, especially the colour and flavour of red wine. Phenolic acids are colourless in a 

diluted alcohol solution, but they may turn yellow due to oxidation. The phenolic molecules 

come from various parts of grape parts and are extracted during wine making. Their 

structure varies greatly as wine ages in the barrel and bottles according to the chemical 

and physical conditions  (Zoecklein, et al, 1995). Grapes and wine contains benzoic and 

cinnamic acids. Seven benzoic acids have been identified and several cinnamic acids. 

They have been identified in small quantities in the free form, but are mainly esterified 

particularly using tartaric acid.  In white wines, vinyl phenols, with an odor reminiscent of 

gouache paint, are accompanied by vinyl gaiacols. It has been established that these 

compounds results from the breakdown of p-coumaric acid and ferulic acid 

(Chatonnet,1995). 

 

Tartaric acid is one of the most prevalent acids in unripe grapes and must.  Tartaric acid 

(H2T) and its salts, potassium bitratrate (KHT) and calcium tartrate (CaT) are important to 

chemical stability in wine making process. In grapes and wines, tartaric acid is found in its 

ionized forms: bitartrate and tartrate depending on pH levels (Figure 4.2). The ratios of 

H2T/ HT ¯/ T = can vary greatly and thus influence the potential for precipitation of insoluble 

salts (Zoecklein, et al, 1995).  
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 Tartaric acid   Bitartrate ion   Tartrate ion 

  (H2T )     (HT ¯ )      (T = ) 

  COOH   COO¯ + H+          COO¯ + H+ 

 

        HCOH pKa=2.98          HCOH pKa=4.34   HCOH    

         HCOH             HCOH               HCOH 

 

 

COOH   COOH       COO¯ + H+ 

Figure 4.2: Tartaric acids and its ionized forms (Zoecklein, et. al., 1995) 

 

From the solubility constant in Figure 4.2 above the ionisation of tartrate at pH 2.98 

releases a bitartrate ion and forms of tartrate ion at pH 4.34.  pH therefore plays an 

important role in chemical pre-treatment (Zoecklein, et al., 1995). 

 

The study therefore outlines the pre-treatment of neutral spirit production feed material 

resulting in the reduction of the concentration of certain contaminants in the process in 

order to mitigate the high concentration of organic pollutants in the final wastewater 

leading to cost benefits. In addition, recovery of valuable products from the feed material 

can be achieved (Zoecklein, et al., 1995). 

 
4.2.1 Methodology  
(i) Wastewater Characterisation 
During column distillation, wastewater is generated from the first column, namely wine 

column 1.  The wastewater was sampled over a six-week period during vintage season, 

once a week, with samples taken every four hours. This took place over two vintage 

seasons.  Wastewater was thereafter characterised by analysing various chemical 

parameters such as pH, conductivity, and metal concentration, COD, TSS and TDS.  Their 

average values were calculated and then a mass balance was generated as illustrated as 

Figure 3.12 in section 3.3.   
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(ii) Lime pre-treatment 

Calcium hydroxide at 1, 2, 3 and 4 % (m/v) concentrations were added to measuring 

cylinders containing wine feed material.  Mixing was carried out with a glass rod to a 

solution and it was left to precipitate over a period of 24 hours at ambient temperature 

(18°C). The samples were centrifuged at a speed of 1000 X g for 5 minutes and filtered 

through 1 μm filters.  The method was adopted by Sales, et al., (1987) to measure 

reduction of COD in wastewater after various treatment methods.   A control sample 

containing only wine was also left for 24 hours at ambient temperature. The supernatants 

were analysed for chemical oxygen demand (COD) by the closed chemical digestion using 

the closed reflux, colorimetric method.  A Thermoreactor TR300 was used for the digestion 

of the samples and NOVA 60 spectrophotometer to determine COD concentrations.  
 

 

Figure 4.3: Phenol and tartrate precipitation by adding 2 and 3 % of calcium hydroxide 

 

The 1, 2 ,3 and 4% m/v concentrations of the experiment were conducted in duplicate, to 

verify the experimental result, and it was thereafter evaluated for COD, tartaric acid, total 

phenol as mg/L gallic acid equivalent.   

Organic acids were eluted from an ion exchange resin, AMBERLITE IRA 958 CI that is a 

strong base Chloride resin. The samples were prepared by volumetrically transferring 2.00 

mL of the feed material amd 0.2 mL of concentrated ammonium hydroxide.  The sample 

was kept closed in the vial and placed on the ion exchange resin. 
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Preparation of the ion exchange column was done by slurrying 3g of AMBERLITE IRA 958 

CI in a 6 mL deionised water.  The column was not allowed to dry out.  The sample was 

added to the column and allowed to drain through.  The sugars were washed off the 

column with 9 mL of deonised water and collected in a 10 mL volumetric flask.  Hereafter 2 

mL of the 0.1N sulphuric acid was added and enough deionized water to elute 10 mL of 

acid (Zoecklein, et al., 1995).  The sample was then filtered through a 0.45 μm syringe 

filter.  The sample was now ready for HPLC analysis. 

 

 HPLC is a technique widely used for chemical separations and specifically utilises the fact 

that certain compounds have different migration rates given a particular column and 

mobile phase. Thus, the chromatographer can separate compounds from each other using 

HPLC. The instrument used in this case was a Thermo Separations Products instrument, 

with a cationic column, PL HiPlex H column supplied by Polymer laboratories, which 

specifically targeted organic acid compounds such as tartaric acid. The Thermo 

Separations Products Instrument that was used required a cationic a PL HiPlex–H column 

specifically for organic acid separations.  The method was specific for the following 

conditions, flow rate of 1 mL/min, temperature of 55°C. The mobile phase used was 0.01N 

sulphuric acid.    

 

The Folin Ciocalteu method outlined by Zoecklein, 1995, was carried out for the 

determination of total phenol as mg/L gallic acid equivalent.  Total phenol in the form of 

Gallic acid equivalents was determined. Phenol components were extracted with equal 

volumes of ethyl acetate; the solvent was evaporated on a rotary evaporator and 

redissovled in 60:40 methanol and water. According to the Folin Ciolteau method the total 

phenol content was determined.  The absorbance was measured at 725 nm against a 

distilled water and reagent blank.  A standard curve was generated to determine the gallic 

acid concentration (Garcia´Garcia´ et al, 1997). 

 
4.2.2 Results and Discussion 
(i) Pretreatment of feed material through chemical precipitation 

COD Removal  

Duplicate samples were analysed for the determination of COD concentrations after 

adding 2 and 3 % calcium hydroxide solution.  
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Figure 4.4:  COD after 2 and 3 % calcium hydroxide precipitation 

 

The percentage reduction of COD after adding 2 and 3 % calcium hydroxide solution was 

25 and 32 %, respectively.  Only 2 and 3% m/v concentrations indicated considerable 

reduction in COD, total phenol and tartaric acid. This reduction implies that the feed 

material used for distillation COD concentration can be reduced by this amount, which 

ultimately alleviates the COD loading in the final wastewater produced.  Sales, et al., 

(1987) also reported reduction of 25 %, however, indicated this percentage as a maximum.  

As a pre-treatment method, this does assist in reducing the contaminant load that enters 

the distillation process.  It should however be noted that the quality of the distillate needs 

to be monitored continuously to ensure it is not compromised.  It will be recommended that 

future studies investigate the output of distillation following pre-treatment to determine the 

implication of this approach.  

 

The samples observed showed a complete removal of the colour at 3% calcium hydroxide 

addition.  The colour consists of anthocyanins. In grapes the components are the 

anthocyanidin monoglucoside, i.e. an anthocyanidin molecule linked to a sugar molecule, 

which affords greater stability (Rankine, 1989).  

 

103000

77000

71000

104000

78000

72000

0

20000

40000

60000

80000

100000

120000

0% 2% 3%

Calcium hydroxide concentration

C
O

D
 (m

g/
l)



   76

Phenol Reduction 

Figure 4.5 graphically depicts three repetitive tests of a 3 % calcium hydroxide addition to 

reduce phenol components in samples A, Band C which was triplicate samples. It is 

thought that the effective removal of phenol at a concentration of 3 % was mainly due to 

the availability of ions in solution for precipitation and that an optimal pH level was 

achieved (greater than 7). The samples indicated reduction in total phenol of between 56 – 

58 %( SD = 1.15). 

Figure.4.5: Phenol reduction after 3 % calcium hydroxide precipitation 

 

Tartaric acid Reduction 

The strategy offers the recovery of valuable products or saleable products from the feed 

material. Tartrate recovery is therefore one of the processes which can add value to the 

process. Several factors influence the rate of precipitation of tartrate namely; nucleation or 

the number of tiny nuclei on which the crystals form and grow, temperature as well as rate 

of diffusion of soluble tartrate as it contacts the growing crystals. Calcium tartrate 

precipitation is favoured when calcium is in excess in the solution (Rankine, 1989). 
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The experiments were carried out at ambient temperature, ranging between 18 °C to 21°C 

to examine the effect of temperature on tartrate recovery.   

 

Figure 4.6 indicates that a 98 % removal of tartaric acid from the feed material was 

obtained with a 3 % addition of calcium hydroxide while slightly over 80 % removal was 

obtained with a 2 % addition of calcium hydroxide. By-products, tartrate crystals, can be 

recovered from the precipitate, which in this case can provide an extra stream of revenue 

to the distilleries.  

Figure 4.6: Percentage removal of tartaric acid from wine 

 
4.2.3 Summary 
From the foregoing discussions it has been shown that significant reductions in COD 

(approximately 30 %), total phenol concentration (average of 57 %) and tartaric acid 

concentrations (recovery of 98 %) were achieved using calcium hydroxide pre-treatment 

method.  Consequently the proposed strategy enhanced significant reduction of organic 

matter pollutants in the feed material stream.  The effectiveness of treating the final 

wastewater stream needs to be investigated as the potential for reducing the alcohol 

content during the distillation process can potentially be reduced.   
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Tartrates can be recovered from the feed material and generate additional benefits. This 

can lead to a viable economic option for the industries as this process of recovery is 

already implemented in some sectors. 

 

Phenol removal from the feed material has the advantage of reducing fouling of the 

column plates. In return improving their performance.  
 
4.3 BIO-AUGMENTATION PRETREATMENT OF EFFLUENT 

 
The experiments were performed on a laboratory scale as batch reactors. Inocula used 

were patents namely Pitking and FSR101 supplied by a consultant in the wine industry 

field.  Further investigations involved the use of soil from a wastewater collection dam as 

inocula. Different variables such as temperature and microorganisms used were 

introduced to evaluate the performance of the systems using the different inocula. In all the 

experiments performed the control, which was applied at the same conditions as the 

experiment but without any organisms (inocula) was used. The synthetic effluent was a 

dilution of 1:10, and nutrients were added to represent the composition of the distillery 

effluent outlined in Table 4.1 below. The different parameters that were monitored were; 

COD (mg/L), pH, total phenol (mg/L Gallic acid) and tartaric acid and the experimental 

methods have been presented in sections 4.3.1-4.3.3. 
 

Table 4.1: Composition of distillery effluent obtained during 2001 audits 

Parameters 
 

Range Concentration 
(mg.L) 

pH 3.25-4.00  

Conductivity 40.00-500.00 

COD 30,000 – 50,000 

TSS 8.00-10000.00 

Ca 13.76-27.67 

Na 44.00-93.00 

K 14.00-600.00 

Mg 14.00-73.00 

TKN 180.00-300.00 
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4.3.1 Pitking and FSR Experiments 

• Two types of effluent were evaluated on the one hand synthetic effluent made up 

through diluting red wine in 1:10 ratio (to obtain a COD of approximately 15 000 

mg/L) and other hand by adding ammonia as a nitrogen source to obtain a final 

TKN concentration of 300 mg/L.  The phosphate concentration did not need to be 

adjusted as this was at a concentration of 150 mg/L. Normal effluent was collected 

from a cellar and used without any alterations. 

• 1-litre batch reactors were used for both the effluent types. 

• The recommended dosage of the biomass was used being 45g/20L.  The dosage 

was repeated daily. 

• Samples were taken daily and analysed as above. 

• The experiment was conducted under anoxic conditions by simply conducting the 

experiment without any oxygen supply.  

• (a) At 25 °C  

• (b) By agitation with a magnetic stirrer  

• (c) Retention time was 5 days. 

The experimental set-up was repeated using FSR 101 as an inoculum. 

 

4.3.2 Soil Experiments 
(a) Anoxic experiment 

• Synthetic effluent was prepared by diluting wine 1:5 with normal tap water to obtain 

a COD of approximately 30,000 mg/L. 

• A 500 mg / L urea was to obtain a final total kjeldahl nitrogen concentration of 

approximately 280 mg/L. 

• Water bath at a temperature of 47oC was set up. 

• 1,800 mL of synthetic effluent were added in each reactor. (One set-up serving as a 

control experiment). 

• Sample of 1L was taken in each case for analysis. 

• 20ml of soil was added in each reactor and aerated at 2L/minute 

• A sample was taken daily for the 8-day experimental period. 

• Analyse COD, pH, conductivity and TDS. 

It must be noted that due to number of samples generated and that the testing of certain 

parameters were outsourced it was not possible to analyse all the samples for all the 

parameters. 
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 (b) Platform shakers and magnetic stirrers experiment 

• The experiment as outlined in (a) was conducted using platform shakers. 

 

(c) Aeration experiment 

• The experiment as outlined in (a) was conducted using an air feed rate of 2l/min 

and was allowed to run for 10 days. 

 

4.3.3 Results and discussion 
(i) Pitking 

Anoxic Experiment  

The results show that there was no reduction in COD or degradation at all and are hence 

not displayed . The COD was high for both synthetic effluent and normal effluent.   The 

system showed variable and erratic measurements. 

Agitation Experiment  

There was a reduction in COD, where the controlled experiment achieved 16.8% while 

uncontrolled experiment yielded 33%. The pH of the control experiment at the start was 

8.54 and dropped to 6.31 but the uncontrolled experiment ranged between 5.37-4.81. 

Temperature Experiment:  The pH of the controlled experiment increased from 4.83-7.44 

and the experiment from 4.84-5.31. No reduction in COD.  

 

(ii)  FSR 101 

Anoxic Experiment 

No COD reduction was detected for the synthetic effluent and the pH values were high 

(9.57 - 9.03). There was a slight reduction in COD for the normal effluent. The controlled 

experiment showed a reduction of 28.9% and the uncontrolled experiment 46%. pH 

increased for the uncontrolled experiment from 4.94 - 6.66. 

Temperature Experiment  

The overall COD reduction of the experiment was 42% and the average of the 3 

experiments was 28.5 %. 

Agitation Experiment  

The overall percentage reduction in COD for the controlled experiment was higher at 72% 

and the uncontrolled experiment yielded 59%. The pH for the uncontrolled experiment 

increased from 5.81 - 8.11. 
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(iii) Soil  

Aeration Experiment 4 

No COD reduction. The high temperature of the system results in concentration of the 

effluent.  Optimisation of the system can alleviate this, but this is beyond the scope of this 

investigation. 

 

Platform shakers and magnetic stirrer  

The 30 0C was the best suitable temperature for COD reduction; the overall reduction in 

COD for the experiment was 49.13% and the control 7.06%. The results are shown in 

table 4.2 - 4.7.Reduction in COD was calculated by difference in daily parameters 

measured. 

Table 4.2: Control data of biological treatment with soil as inoculum at T 26°C 

   CONTROL   

Time 

(days) 

COD ( 

mg/L) 

pH TKN (mg/L) Daily % COD 

reduction 

Overall reduction 

0 31,850 3.50 349 0 - 

1 29,750 3.56  - 6.59 - 

3 29,100   - 2.18 - 

6 21,300 3.92  - 26.8 66.87 

 

Table 4.3: Experimental data for biological treatment with soil as inoculum at T 26°C 

   EXPERIMENT   

Time 

(days) 

COD ( 

mg/L) 

pH TKN (mg/L) Daily % COD 

reduction 

Overall reduction

0 31,850 3.50 349.00 - - 

1 29,800 3.86  - 6.43 - 

3 25,800   - 13.42 - 

6 19,700 5.63  - 23.64 - 

8 17,100   - 13.19 - 

10 15,600 4.16 22.00 8.77 51.00 
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Table 4.4: Control data of biological treatment with soil as inoculum at T 30°C 

   CONTROL   

Time 

(days) 

COD ( 

mg/L) 

pH TKN (mg/L) Daily % COD 

reduction 

Overall 

reduction 

0 31,850 3.50 349.00 - - 

1 31,850 3.60  - - - 

3 30,100   - 5.49 - 

6 25,450 4.58  - 15.44 - 

8 20,450   - 19.65 - 

10 17,600 4.39 126.00 13.93 44.70 

Table 4.5: Experimental data for biological treatment with soil as inoculum at T 30°C 

   EXPERIMENT   

Time 

(days) 

COD ( 

mg/L) 

pH TKN (mg/L) Daily % COD 

reduction 

Overall 

reduction 

0 31,850 3.50 349 - - 

1 30,300 3.94  - 4.86 - 

3 26,600   - 12.21 - 

6 21,250 5.26  - 20.11 - 

8 15,650   - 26.35 - 

10 11,750 4.45 41 24.92 63.10 

Table 4.6: Control data of biological treatment with soil as inoculum at T 37°C 

   CONTROL   

Time 

(days) 

COD ( 

mg/L) 

pH TKN (mg/L) Daily % COD 

reduction 

Overall 

reduction 

0 31,850 3.50 349.00 - - 

1 32,900 3.61  - - - 

3 29,950   - 8.96 - 

6 29,600 3.69  - 1.16 - 

8 29,700   - - - 

10 29,600 3.65 335.00 0.33 7.06 
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Table 4.7: Experimental data for biological treatment with soil as inoculum at T 37° C 

   EXPERIMENT   

Time 

(days) 

COD ( 

mg/L) 

pH TKN (mg/L) Daily % COD 

reduction 

Overall 

reduction 

0 31,850 3.50 349.00 - - 

1 29,750 3.97  - 6.59 - 

3 25,550   - 14.11 - 

6 24,450 4.21  - 4.3 - 

8 20,850   - 14.72 - 

10 16,200 4.46 41.00 22.30 49.13 

 
For TKN determination samples were taken at the start of the experiment and at the end 

due to testing limitations.  Duplicate samples were analysed by digestion method. 

 

4.3.3. A. Results obtained using soil as inoculum 

  

Figure 4.7: COD degradation at various temperatures 

The bar graph shown in Figure 4.7 clearly illustrates that the highest effective removal of 

COD is at 30°C (61.2%) and 26°C (47.65%).  However, different control samples were 

used for these experiments resulting in a SD of 304. 
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Figure 4.8: Phenol reduction during biodegradation 

Figure 4.8 illustrates the reduction of total phenol monitored through measuring gallic acid 

(mg/L) during the biodegradation process.  At temperatures 26 and 30, removal of total 

phenol was observed to be from 220 to 165 and 215 to 190 respectively.  The effluent 

appearance for these two experiments showed no colour change, that is they remained 

red.  Very little removal of total phenol was achieved at 37 °C. The reason for this could be 

that the temperature was not suited for the activity of those particular microorganisms. 

Figure 4.9: Tartaric acid removal at various temperatures 

Figure 4.9 shows the removal of tartaric acid expressed as a percentage from the 

synthetic effluent.  Considerable tartaric acid reduction was achieved with results 

indicating that 61, 98 and 86 % reduction for the respective temperatures 26, 30 and 37 
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°C.  The pH of each of the solutions also increased from the initial pH of 3.5 to 4.16, 4.56 

and 4.46 in the case of 26, 30 and 37°C temperatures. This is clearly an indication of 

considerable acid removal from the final effluent. 
 

4.4 SUMMARY 
 
The main objective of the investigation was to evaluate bio-augumentation as a pre-

treatment method for distillery effluent purification. No conclusive evidence can be found 

for the viability of the bio-augmentation organisms at laboratory scale, or in isolation as the 

experiments did not indicate viability during the investigation and hence have not been 

considered during this report..  

 

Soil as an inoculum was investigated and with this the most effective reduction of COD 

was found to be at 30°C where approximately 61 % reduction in COD was achieved.  At 

temperatures of 26 °C and 37 °C reductions of 48 % and 46 % were achieved in turn. 

 

Phenolic removal was most effective at a temperature of 26 ° C with approximately 

25.00% removal of phenol as gallic acid.  At 30°C ad 37°C respectively reductions of 11.63 

% and 3.00 % were attained.   

 

Tartaric acid reduction was considerable at a temperature of 30 °C with 98% reduction in 

tartaric acid.  At 37 °C a reduction of approximately 85 % was achieved and at 26°C 

approximately 61%.  

 

The results indicate possibilities for devising integrated treatment methods specifically 

targeting problematic contaminants.  
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CHAPTER 5:  ANAEROBIC DIGESTION AND AEROBIC TREATMENT 

 

 
5.1 INTRODUCTION 
The objectives of this study were first to reproduce the laboratory scale UASB previously 

developed for the treatment of wine distillery wastewater (Sam-Soon, et al, 1989), 

secondly to operate a UASB system and successfully reduce the COD loading in the 

wastewater and thirdly to measure the removal of phenolics by treating the UASB treated 

effluent using an activated sludge process.  The experimental set-up used has been 

developed at the University of Cape Town (Wentzel, et. al., 1985).   

 

To meet these objectives soil sampled from a wine distillery dam was used as the sludge 

to enable endogenous organisms to multiply.   Wine distillery wastewater was used as 

influent, but was not pretreated.  Gas production was not measured during this 

investigation, as it was no gas meter.   

 
5.2 WASTEWATER TREATMENT 

Wastewater produced from various distillation processes has very high strength of organic 

material (COD) and are generally acidic.  Some distilleries treat the wastewater on site, 

before discharging via a sewer to the local municipal works for further treatment.  The 

treatment normally consists of physical pre-treatment step followed by a biological stage 

incorporating anaerobic treatment in a UASB system. 

 

5.2.1 Feed Material and Wastewater Characteristics 
Chapter 3 discussed in detail the characteristics of different distillery wastewater streams.  

The feed material that was utilised for this process was distilling wine and underwent a 

continuous distillation process. Section 3.3 outlined the material balance for such a 

process.  Typical distilling wine feed material and effluent characteristics are given in Table 

5.1. with standard deviation values in brackets.  
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Table 5.1: Average wine feed material and effluent characteristics 

Parameter Distilling wine feed material Distilling Wine Effluent 

pH 3.80 (0.02) 3.67 (0.08) 

Conductivity (mS/m) 455 (31.81) 531(115.18) 

TDS (mg/L) 11,286 (568) 11,303 (223.44) 

TSS (mg/L) 3347.00 (106) 20760 (801.50) 

Organic Nitrogen (mg/L) 606.33 (32.76) 29.00(0) 

Ammonia (mg/L) 93.80 93.54) 80.30 (9.4) 

COD (mg/L) 180,000 (21213) 39,467 (6869.45) 

Potassium 

 K+ (mg/L) 

905.24 (209) 979.03 (62.95) 

Magnesium  

Mg2+ (mg/L) 

14.13 (4.40) 46.21 (16.41) 

Phosphorus P (mg/L) 174.31(5.16) 177.98 (56.55) 

 
The wastewater streams are hot and normally leave the distilling house with temperatures 

ranging between 80 – 90°C.  The wastewater streams have variable concentrations of 

organic material (COD) and suspended solids with low pH. 

 
5.3 ANAEROBIC TREATMENT 
5.3.1 Experimental Set-up 
The laboratory-scale UASB used in this study was identical to the reactor used by Sam-

Soon, et al., (1989) for the investigating pelletisation in the upflow anaerobic sludge bed 

(UASB) reactor.  The schematic presentation of the laboratory-scale UASB reactor as a 

transparent Perspex cylinder is provided in Figure 5.1.  
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Figure 5.1: Schematic diagram of UASB reactor showing sampling ports 

 

The inside diameter of the reactor is 100 mm and a height of 1200 mm, giving an effective 

reactor volume of 9.0 litres.  The bottom of the reactor is flat with four inlet ports evenly 

spread around the circumference discharging in a horizontal direction. At the top of the 

reactor is the gas/liquid/solid separator.  Gas collection is by means of a hollow inverted 

cone. The rising gas bubbles are deflected into the cone by a collar around the inside wall 

of the reactor below the cone.  The gas passes from the cone, along the gas line, through 

a conical flask, which served as the liquid trap to prevent carry over of a liquid in the gas 

line. 

Effluent discharge is via an annular space between the gas collection cone and the reactor 

(volume approximately 500 mL).  Clarified effluent flows over a launder (v-shaped weirs) to 

the collection vessel while solids, which settle out, fall back to the reactor under the force 

of gravity.  Fifteen sampling ports are evenly spaced along the length of the reactor.  

Temperature in the reactor was maintained at 35°C (±1°C) by a thermostat. 

 
5.3.2 Analytical Methods 
The following parameters were measured to assess the reactor performance: 

o COD (filtered and unfiltered influent and effluent) 

o pH in settler 

o Influent flow rate 

o TSS in feed 
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COD and TSS were measured in accordance with Standard Methods (APHA, 1992). The 

pH of the settler was measured with a portable Hanna pH meter.  Considerable problems 

were experienced with the gas flow meter. The aim of the study was to determine the 

combined effect of UASB and aerobic treatment and hence the gas released was not 

measured for this study and was not a priority for the research.  

 

5.3.3 Start-up 
The laboratory-scale reactor was inoculated with 3L of soil sludge taken from the wine 

effluent dam at one of the distilleries.  The soil was used without alterations because it 

contained microorganisms that were assumed to be suitable for the anaerobic degradation 

of the effluent.  The soil sample was taken from approximately 100 mm from the surface 

as it is assumed that the soil is anaerobic and hence specific for methanogenesis.  The 

initial start-up did not take off that well as a very high loading rate was used and the 

organisms were not acclimatised to the environment.  After two weeks the, experiment 

was aborted and restarted at a lower COD influent concentration. The influent was diluted 

1:4 to achieve a COD of approximately 6,100 mg/L.  The reactor was heated and the 

temperature controlled at 35°C.  

 
5.3.4 Systems Operation and Feeding Regime 
The feeding regime was as follows: 

Table 5.2: Details of feeding regime 

Feeding 
periods 

COD in 
(unfiltered) 

Flow 
rate 

(L/day)

Loading rate 
Kg COD/ 
m3s-vol/d 

Comments 

1-14 13700 2 9.13 Aborted as no COD 

reduction 

1-14 6100 2 4.06 Feedstock at 1:4 

dilution 

15-21 9200 2 6.13 Feedstock at 1:2 

dilution 

21-33 11400 2 7.6 Feedstock at 1:1.5 

dilution 

 



   90

Influent flow rate at the start of the study was 2l/day and was kept constant for the entire 

investigation (see Table 5.2).  The start-up effluent COD concentration was initially too 

high and later reduced to 6100 mg/L giving a loading rate of 4.06KgCOD/m3 sludge 

volume/day. The loading rate was thereafter increased by keeping the feeding rate 

constant at 2L/day and increasing the feed concentration, eventually to a maximum of 

±11400 mg/L COD by the end of the 33 day investigation. The loading rate was increased 

up to 7.6-kgCOD/m3 sludge bed volume/ d from day 21 -33.. 

 
5.3.5 Results 
(i) System performance 

Figure 5.2 shows the loading rate versus time for unfiltered COD analysis.  In order to 

have a balanced reference, organic loadings were calculated in terms of mass of substrate 

COD fed per day per sludge bed volume (kg COD/m3sludge volume/day).   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2: Loading rate for UASB 

 
The initial loading rate was approximately 4 kg COD/m3s-vol/d with an influent flow rate 

of 2l/d and increased to approximately 6 kg COD/m3s-vol/d by day 15.  From day 15 

the loading rate was increased to approximately 6 kgCOD/m3s-vol/d and from day 22 it 

was taken up to 7.6 kgCOD/m3s-vol/d.  The start-up influent COD was approximately 

6,000mg/L.  The COD removal efficiency was monitored to manage the loading rate of 

the system.  
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Figure 5.3 illustrates a comparison of pH and COD of the UASB system.  COD 

reduction was calculated from the unfiltered influent and effluent COD.  It is apparent 

from figure 5.3 that the system shows slight signs of failure (where gaps in the graph 

are observed) when the loading rate was increased too rapidly.  To rectify this the pH 

was controlled close to 7.5 and the loading rate was slightly dropped during these 

periods to allow the system to recover.  The aim was to achieve a loading rate of 8-

kgCOD/m3sludge volume/day. 
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Figure 5.3: pH and COD of UASB system 

 

Region 1 shows the performance of the system up to day 10. COD removal increased to 

approximately 50 %.  Region 2 shows the performance up to day 18 where the system 

COD removal was approximately 68 %. The influent COD was hereafter reduced and the 

system recovered after approximately 2 weeks.  The pH of the system was increased 

approximately 7 by adding sodium hydroxide when a drop in ph was observed on day 9.  

COD reduction was still observed during this period and the system started to improve 

after approximately 3 days.  Region 4 shows effective removal of COD of approximately 88 

% after the 2 weeks of recovery. 
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5.3.6 Discussion 

A maximum COD removal of 88 % was obtained. The reason for this lower reduction rate 

in COD can be attribute to a number of reasons, namely: 

• The sludge bed consisted of soil from a distillery treatment dam and was not 

specific for the UASB system.  It was assumed that due to the anaerobic nature of 

the soil, resulting in methogenic activity, the organisms in the soil would be suitable 

for UASB. 

• The system was only operated over a 33 day period and hence the time to stabilise 

the system was inadequate. To allow for more accurate experimental data it is 

recommended that a study be implemented to investigate the viability of the soil as 

an inoculum for UASB use. 

• The system can therefore not be classified as stable as only 6 days of operation 

resulted in COD reduction measure between 78 – 88%.  This need further 

investigation. 

 
 
5.4 AEROBIC BIOLOGICAL TREATMENT 
 
5.4.1 Introduction 

Aerobic treatment is based on the suspended growth process.  It relies on the dense 

growth of microorganisms in the reactor where air is continuously supplied to allow for the 

carbonaceous oxidation of flocculant slurry of microorganisms. This removes organic 

matter from the surrounding wastewater and prior to discharge the microorganisms are 

removed.  The biomass needs to settle effectively and this has been a problem with 

aerobic treatment and distillery wastewater. 

 
5.4.2 Experimental Procedure 
Batch experiments were set up for the aerobic biological treatment of the treated effluent 

from the UASB system.  COD values ranging between 400 – 1,200 mg/L as obtained 

during UASB. Averages for some of the parameters monitored are displayed below.  

• Characteristics of UASB effluent for Aerobic Biological Treatment (ABT). 

– pH >7.0l 

– TKN 366 mg/L 

– Total P – 75 mg/L 
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• ABT system requirements and the batch experimental set-up as per the bio-

augmentation experiments. 

– Acid dosing – 300 mM HCl 

– Temperature maintained at 30 °C 

– Soil as inoculum 

– Dissolved Oxygen at  a flow rate of 2 mg O/l 

 

The temperature most effective in removal of organic matter from the effluent was 30 °C 

as found in section 4.3 and therefore this set-up was mimicked for this experiment.  

According to McCarty, (1975), the phosphorus requirement for an aerobic system should 

be equal to one fifth of the nitrogen requirement and this was ensured during the 

experiment. Phosphorus is directly involved in the biosynthetic process whereas nitrogen 

is involved in the energy transfer system microorganisms. 

 

5.4.2 Results and Discussion 
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Figure 5.4: Total phosphorus and COD of aerobic treated effluent 
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Gallic acid reduction 
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Figure 5.5: Gallic acid reduction of aerobic and anaerobic samples over 72 hours 

 
Samples from the 8th March to 10th March were analysed for gallic acid reduction.  

 

The biomass of the system is the active agent of biological wastewater treatment 

responsible for carbonaceous material oxidation and nutrient removal. 

 

Sludge bulking and pH control were major problems.  Acid dosing was introduced and this 

stabilised the pH.  The pH increased to 8.2 on average and was mainly due to the removal 

of phosphorus from the system.  The system performance can be improved and therefore 

future studies should investigate this. 

 

COD levels were reduced to 400 mg/L while phosphorus levels of below 20 mg/L were 

achieved.  

 

Gallic acid reduction was also evident from a concentration of 150 mg/L to 20 mg/L.  It can 

therefore be concluded that aeration does in fact assist in phenolic reduction in the 

effluent.  
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CHAPTER 6: CONCLUSION 

 

 
In summary, this chapter serves to highlight the conclusions drawn from this study on the 

basis of the results and discussions presented in Chapters 2 - 5.      

 

6.1 CONCLUSIONS  
 
Conclusions drawn from the Auditing Procedure 
 

It can be concluded that all three distilleries display excessive organic loading (composed 

of simple organic acids, sugars and alcohols) with high conductivity (moderately saline, 

with proportionally high concentrations of sodium) and very acidic wastewater quality 

(Levay 1999).  The composition of the feed material mainly determines the quality of 

wastewater and the alcohol content and a typical neutral spirit  material balance as shown 

in Figure 3.12  indicates that at about approximately 10% .a/v the COD is approximately 

180,000 mg/L.   

 
Conclusions drawn from the pre-treatment experiments 
 

With reference to investigation of calcium hydroxide precipitation, the following conclusions 

were drawn: 

 

 As pre-treatment approximately 30 % of the COD can be reduced and this can result 

in significant savings in the treatment process and lead to recovery of valuable and 

saleable products.  

 Turbidity and suspended solids removal were achieved due to the high molecular 

weight of their imparting compounds. 

 Colour compounds are negatively charged, and therefore readily neutralised by 

cationic calcium. The precipitation of phenol with calcium hydroxide therefore 

resulted in effective removal of phenol, which could lead to significant savings in 

cleaning of process equipment.  

 Alcohol content can also be reduced and this is a negative aspect for the distillery. 

Conclusions drawn from Bio-augmentation  
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 Pitking and FSR101 were not as effective as soil as an inoculum for aerobic 

biological treatment of wasterwater.  

 Significant removal of phenol and tartrates was achieved during the experiments 

using soil as an inoculum.  

 

Conclusions drawn from UASB and aerobic treatment 

• A maximum COD removal of 88 % was obtained. The reason for this lower 

reduction rate in COD can be attribute to a number of reasons, namely.   

• The system was only operated over a 33-day period and hence the time to stabilise 

could not be achieved properly during this time. Extending the program would have 

been advantageous. 

• No physical pre-treatment of effluent was carried out and hence particulate matter 

could have resulted in reduced efficiency of the system. 
 
6.2 RECOMMENDATIONS 

• Combination of bioaugumentation and wetlands treatment system on a pilot plant 

scale for the use of soil as an inoculum. 

• Optimisation of the batch reactor with monitoring of growth kinetics at 30 oC. 

• Identification of microorganism in the effluent using soil as an inoculum compared to 

conventional sludge. 

• Up-flow anaerobic sludge blanket (UASB) over a longer period of time followed by 

the activated sludge process with various pre-treatment experiments to remove 

contaminants. 

• Investigation into the soil organisms from distillery treatment dam to determine the 

viability for use for UASB. 
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