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ABSTRACT 

In Ghana, more than 70% of the industries discharge their effluents into receiving water 

bodies untreated or partially treated. In view of this development, an assessment of the 

performance of Cargill Cocoa’s two-stage aerobic Rotating Biological Contactor (RBC) 

for the secondary treatment of its process wastewater was performed. The study 

examined the effects of the disc rotational speed and the hydraulic retention time (HRT) 

on the performance of the RBC. Results from the study revealed that the influent 

wastewater to the RBC was of high strength with a mean COD/BOD5 ratio of 5:1.  

Changing of the disc rotational speeds of the RBC from 2rpm to 6rpm resulted in 

maximum COD removal of 69% at 4rpm. The maximum TSS removal achieved was 

40% at 4rpm disc speed. The results of varying the HRT from 6hrs to 24hrs at the 

optimum disc speed of 4rpm resulted in a maximum COD removal of 27% at 12hrs 

HRT. This was same for the BOD5 removal. The maximum TSS removal of 80% was 

achieved at 12hrs HRT. The results from the study showed that none of the RBC disc 

speeds and HRT’s was able to attenuate defined parameters to the approved Ghana EPA 

guidelines. The study concluded that a tertiary treatment step be introduced to the 

wastewater treatment scheme if the Ghana EPA effluent guidelines for discharge is to be 

met. It was recommended that further studies be carried out on the optimum organic 

loading rate at which the RBC should be operated.  
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CHAPTER 1: INTRODUCTION 

1.1 Background 

The main goal of wastewater treatment plants is primarily to remove pollutants from the 

wastewater streams so that the treated effluent is safe to be discharged without danger to 

human health or damage to the natural environment.  

 

Standard wastewater treatment entails a combination of physical, chemical and 

biological processes and operations to remove contaminants (inorganic and organic) 

from the wastewater. In the treatment of wastewater, the suspended solids are removed 

by physical treatment, such as screening, grit removal, floatation and sedimentation. The 

dissolved solids are physically, chemically and/or biologically treated.  

 

In Ghana, more than 70% of the industries discharge their effluents into receiving water 

bodies untreated or partially treated (Hodgson, 1998). Over the years, the Environmental 

Protection Agency of Ghana (EPA) has instituted measures and guidelines to curb the 

discharge of untreated wastewater into water bodies. In the light of this, some industries 

do well to treat their process wastewater to some extent. However, in most cases these 

do not meet the recommended standards as stipulated by the EPA guidelines.   

 

The case study for this research, Cargill Cocoa processing Company has been operating 

in Ghana since 2008. It primarily processes 65000 tons/year of cocoa into high quality 

cocoa liquor, butter and powder. Process wastewater produced in this facility is 
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collected from several pits and treated by an on-site effluent treatment plant with a two-

stage Rotating Biological Contactor following primary treatment. 

 

A Rotating biological contactor (RBC) is an attached growth biological treatment 

process used in the treatment of wastewater after primary treatment. The RBC process 

involves allowing the wastewater to come into contact with a biological medium that 

metabolically remove pollutants in the wastewater. The process is operated as either 

aerobic or anaerobic (Najafpour et al., 2006). 

 

The first RBC system was used in the early 1900’s and consisted of a cylinder with 

wooden slats. The availability of polystyrene marked the beginning of commercial 

application of RBC’s with the first full-scale system being installed in Germany in 1958. 

After enjoying substantial popularity in the 1970’s, it lost favor in the 1980’s as 

problems of early designs became evident. Following redesign, RBC’s have become an 

important biofilm process and is an option for new design (Rittmann & McCarty, 2001).  

 

An RBC consist of closely spaced, high-density polyethylene (HDPE) disks in series 

with a diameter of 12 ft. (3.6m) mounted horizontally on a rotating shaft. The discs are 

typically 40% submerged beneath the water.  As the shaft rotates, the biological growths 

on the discs pass through the wastewater and sorb organic materials in addition to losing 

excess growths, which slough off (Reynolds & Richards, 1996). 
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The benefits of implementing an RBC system in a wastewater treatment plant (WWTP) 

compared to other systems include, cost-effectiveness due to low energy costs, its 

simplicity, ability to handle shock loads, wide operational flow range, low head loss, and 

the units can be setup in multiple stages to achieve a high degree of nitrification [and or 

denitrification] (Reynolds & Richards, 2001; Tchobanoglous et al, 2003).  

 

At Cargill, the on-site treatment plant, however, is not performing as desired with values 

of COD, BOD and TSS from previous studies not meeting the EPA-guidelines for 

discharge by the food and beverage industry into water bodies. 

 

In this research, the performance of the two-staged RBC used in the secondary treatment 

of the Cocoa Processing Wastewater was assessed based on the effects of the disc 

rotational speed and the hydraulic retention time when the influent flow rate is kept 

constant.  

1.2 Problem Statement 

The polluting load and effects of industrial wastewater to the water environment has 

been well documented over the last century. Huge amounts of industrial wastewater are 

being discharged into water bodies untreated or partially treated. 

 

According to Hodgson (1998), about 70% of industries discharge their effluents into 

receiving water bodies untreated or partially treated.  Thus polluting the surface waters 

and rendering them difficult to treat for potable and industrial purposes.  
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In the case of Cargill, even though the process wastewater undergoes both primary and 

secondary treatments, past studies have proven that, the effluent parameters do not meet 

the recommended standards acceptable by the EPA for discharge into open water bodies. 

It is in this light that the study aims at assessing the performance of a two stage RBC for 

treating process wastewater emanating from the Cargill cocoa processing plant 

following primary treatment.  

 

1.3 Research Questions  

The disc rotational speed and hydraulic retention time are key in the operation of the 

RBC and the study will help us to understand and make recommendations to improve on 

its operation. Bearing this in mind, the study sought to answer these questions: 

 What are the characteristics of the wastewater from the Cargill Cocoa processing 

plant? 

 What are the contaminant removal efficiencies for different disc rotational speeds 

when the influent flow rate is kept constant? 

 What are the contaminant removal efficiencies for different hydraulic retention times 

at the optimum disc rotational speed when the influent flow rate is kept constant? 

 

1.4 Research Aim and Objectives 

1.4.1 Goal of Research 

The goal of the study was to assess and propose improvements on the performance of a 

two stage aerobic RBC in a Cocoa processing waste water treatment system. 
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1.4.2 Research Objectives  

The objectives of the research were: 

 To characterize the wastewater generated by the cocoa processing units that serve as 

influent to the WWTP. 

 To assess the effects of different disc rotational speeds on the bacteriological and 

physico-chemical contaminant removal at a fixed influent flow rate. 

 To assess the effects of different hydraulic retention times (HRT) on bacteriological 

and physico-chemical contaminant removal a fixed influent flow rate. 

 

1.5 Justification 

In assessing the performance of the 2 stage RBC for treating wastewater from the 

Cargill Cocoa Processing Plant, the findings are expected to impact on the operation of 

future RBC’s by: 

 Providing data on the influent characteristics of cocoa processing wastewater. 

 Providing preliminary data on the RBC’s efficiency for different disc rotational 

speeds. 

 Providing preliminary data on the RBC’s efficiency for different hydraulic retention 

times. 

 Providing data for protocols to improve the system. 

 

In the end, future models of the RBC are expected to be optimized for contaminant 

removal. Also by ensuring effluent discharge that meets standards, receiving water 

bodies will be less contaminated, making such water bodies suitable for other useful 
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purposes and ensuring the sustenance of aquatic ecosystems and protection of the 

environment. 

 

1.6 Scope of Study 

In this study an RBC used for the secondary treatment of Cocoa Processing wastewater 

at Cargill was assessed. This was based on the effects of the disc rotational speed and 

the hydraulic retention time on the effluent quality.  

 

The study involved field work comprising sampling of waste water from the Waste 

Water Treatment Plant at Cargill, Ghana and laboratory analysis conducted at the 

Environmental Quality laboratories of the Water Research Institute, Accra, Ghana.  

Analysis of the wastewater samples were restricted to physico-chemical and 

bacteriological parameters (Temperature, TDS, TSS, pH, TP, Nitrates, Ammonia, COD, 

BOD and Conductivity). 

 

1.7 Limitations of the Study  

The main limitation to this study was: 

 Time Constraint: A proper evaluation of the performance of the RBC will have 

required at least six months sampling, experimental and monitoring purposes, 

however, due to time constraint, this was done within a four month period, i.e., 

January to April, 2015.   

 The maximum disc rotational speed used in the assessment of the performance of the 

RBC was 6rpm as this was the maximum the speed drive could sustain. It would 
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have been interesting to work with disc rotational speeds up to 11rpm as has been 

done in other studies with the RBC.   

 The maximum HRT used in the assessment of the performance of the RBC was 

24hrs. This limitation was due to the inadequate storage capacity to store incoming 

wastewater from the plant beyond 24hrs. Higher HRT’s of up to 48hrs will have 

been important times to carry out the study. 

1.8 Ethical Considerations  

In this research, the integrity of any primary or secondary data was validated.  A 

confidentiality code was signed with Cargill in order not to divulge any information 

gathered to third parties other than for this research work. The thesis contains no 

material previously published by another person, except where due acknowledgement 

has been made. 

 

1.9 Organisation of the Study 

The thesis is written in five chapters. The first chapter provides a background to the 

problem. The research questions, objectives, justification and scope of the study are all 

discussed in this chapter.  

Chapter two presents review of pertinent literature related to the topic. Methodological 

frameworks used in collecting and analyzing the data are discussed in Chapter three. 

Chapter four presents the results of the study and a thorough discussion and evaluation 

of the findings. Chapter five concludes the dissertation and presents recommendations 

based on the findings of the research.  
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CHAPTER 2: LITERATURE REVIEW 

2.1 Theory of Wastewater 

Wastewater is any water whose quality has been adversely affected by human activities. 

Wastewater is a mixture of liquid or water-carried wastes that are removed from 

residences and institutions, as well as commercial and industrial establishments (Amoah, 

2008).  

2.1.1 Municipal Wastewater  

Municipal wastewater is any wastewater emanating from households, industries, 

commercial centres, and hospitals. In recent years, high population growth rate coupled 

with improvement in societal lifestyle and standards of living has resulted in a surge in 

the demand for goods and services i.e., high rate of consumption of water in the 

municipal sector. The result is an increase in the quantities of wastewater generation and 

discharged. 

2.1.2 Storm Water  

Storm water is run-off precipitation that finds its way across surfaces into receiving 

waters. Urban storm run-off is collected and transported in storm or combined sewers. 

The composition of storm water reflects the composition of precipitation and the 

surfaces with which it is in contact (Environment Canada, 2006). 

2.1.3 Domestic Wastewater  

This consists of liquid waste that flow from washrooms, toilets, kitchens, car washing 

and other household activities. Domestic wastewater usually consists of grey water 

which is liquid wastes from kitchens, bathrooms, laundries etc., and may also contain 
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black water which is wastewater consisting of faecal matter and urine and including 

some flush water. 

2.2 Industrial Wastewater  

 This comprises wastewater from industrial processes and containing high levels of 

heavy metals, organic and inorganic constituents. The wastewater from industries varies 

greatly in both the quantity and pollution potential with each sector producing its own 

particular combination of pollutants. This makes it difficult to assign any fixed values to 

the individual components. Industrial wastewater treatment must therefore be tailored 

for the particular type of effluent emanating from the plant. 

The constituents of industrial wastewater may be suspended, colloidal and dissolved 

(mineral and organic) solids. Industrial wastewaters are either highly acidic or alkaline. 

Depending on the level of treatment it has undergone, it may be discharged into the 

sewer system, to the municipal system or directly to surface or ground waters. Table 2.1 

shows some common contaminants present industrial wastewaters and the Industries 

from which they emanate. 

Table 2.1 Contaminants present in industrial effluents  

Substance Present In Waste Water From: 

Acetic acid Acetate rayon, beet root manufacture 

Acid Chem. Manufacture, mines, textiles manufacture 

Alkalis Cotton and straw kiering , wool scouring 

Ammonia Gas and coke and chemical manufacture 

Arsenic Sheep dipping 
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Cadmium Plating 

Chromium Plating ,chrome tanning, alum anodizing 

Citric acid Soft drink and citrus fruit processing 

Copper Copper plating, copper pickling 

Cyanides Gas manufacture, plating, metal cleaning 

Fats, oil, grease Wool scouring, laundries, textile industry 

Fluorides Scrubbing of flue gases, glass etching 

Formaldehyde Synthetic resins and penicillin manufacture 

Free Chlorine Laundries, paper mills, textile bleaching 

Hydrocarbons Petrochemical and rubber factories 

Mercaptans mills Oil refining, pulps 

Nickels Plating 

Nitro compounds Explosives and chemical works 

 Organic acids Distilleries and fermentation plants 

Phenols Gas and coke manufacture, chem. Plants 

Starch  Food processing, textile industries 

Sugars Dairies, breweries, sweet industries 

Sulfides Textile industries, tanners, gas manufacture. 

Sulfites Pulp processing, viscose film manufacture 

Tannic acids Tanning, saw mill 

Tartaric acids Dyeing wine, leather, chem. Manufacture  

Zinc Galvanizing zinc plating, rubber process 

 Adopted from Bond & Straub, 1974 
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2.3 Industrial Wastewater Quality Characteristics  

Wastewater emanating from any industry can be defined by its physico-chemical and 

biological characteristics (UN-ESCWA, 2003).  

2.3.1 Physical Parameters  

The physical parameters of wastewater include temperature, turbidity, color, suspended 

solids, total dissolved solids, settleable solids and total chemical solids, etc. These 

characteristics are used to determine the reuse potential of wastewater and the most 

suitable treatment option required before discharge (Okoh, 2010).  

 

 Temperature  

Wastewater temperature is vital as it affects the rate of both the chemical and biological 

treatment. If temperatures are high, the solubility of the chemicals for treatment 

increases and microbial action is more effective. However if temperatures are low, 

microbial activity is slow and more chemicals will be required (Drinan & Whiting, 

2001).  Wastewater temperature also affects receiving waters. Wastewater temperatures, 

as high as 30 to 35°C have been reported for countries in Africa and Middle East 

(Tchobanoglous, et al., 2003). Oxygen transfer rates which are essential in most aerobic 

systems are affected by temperature. Cold waters contain more oxygen and vice versa.  

 

According to Middlebrooks et al., (1988) high temperature is good for removing 

wastewater constituents like nitrogen through volatilization. Temperature is measured 

using a thermometer or a temperature probe. Effluent wastewater temperatures should 

be less than 3
0
C above the ambient temperature before discharging them into the 
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environment as stipulated in the Ghana Environmental Protection Agency (EPA) 

discharge criterion. 

 

 Turbidity  

Turbidity is an expression of the optical property of water/wastewater that causes light 

to be scattered and absorbed rather than transmitted in straight lines through the sample. 

Turbidity is caused by suspended and colloidal particulate matter such as clay, silt, 

finely divided organic and inorganic matter, plankton and other microscopic organisms. 

It is measured in NTU (Nephlometric turbidity units) using a turbidity meter, however 

different readings can be obtained using different kinds of meters (Slaats et al., 2003; 

APHA/AWWA, 2012). High levels of turbidity can protect microorganisms from the 

effects of disinfection, stimulate the growth of bacteria and exert a high chlorine demand 

(WHO, 1985). The Ghana EPA effluent discharge criterion for Turbidity is 75 NTU. 

 

 Color  

The color of water is the result of the different wavelengths that is not absorbed by the 

water itself or the result of particulate and dissolved substances present (Chapman and 

Kimstach, 1992). The color of the wastewater is an indication that it contains 

contaminants of different materials and in varying concentrations. Some of these 

materials are chemical in nature. These are mostly industrial effluents discharged from 

factories. In such cases, the metallic ions present in these effluents impart different 

colors and in different hues depending on their strength and polluting potential (Runion, 

2010).  
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The other types of effluents in wastewater that impart color to it are organic in nature. 

These can be peat materials, different types of weeds, and humus. Wastewater colour 

determination is usually divided between True Colour and Apparent Colour. The 

wastewater colour that is obtained after the suspended particles have been filtered is 

called True Color. Apparent Colour emanates from substances in solution and 

suspended matter without filtration and centrifugation. This is applicable to nearly all 

samples of potable water and not applicable to most highly coloured industrial 

wastewater (APHA /AWWA, 2012). The Ghana EPA effluent discharge criterion for 

color is 200 TCU. 

 

 Total Suspended Solids (TSS) 

TSS refers to all suspended particulate matter in the wastewater column. Suspended 

solids are retained by a filter of 2.0 µm (or smaller) pore size under specific conditions 

(APHA/AWWA, 2012). High TSS is indicative of poor water quality (Shaw, 2000). 

Suspended solids may be either organic or inorganic materials of various sizes and 

density. TSS can also be categorized into settleable and non-settleable components. 

Total suspended solids test results are used routinely to assess the performance of 

conventional treatment processes for reuse purposes (Tchobanoglous et al., 2003). The 

Ghana EPA effluent discharge criterion for TSS is 50mg/l. 
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 Total Dissolved Solids (TDS)  

TDS refers to the quantity of inorganic salts, organic matter and other dissolved 

materials in water. TDS measures ions such as dissolved chloride, sulphate, phosphate, 

carbonate, bicarbonate, sodium, calcium, magnesium and potassium. Their significance 

is usually observed in most mining wastewaters. In the water industry TDS are 

contaminants commonly used as indicators of salinity. The Ghana EPA effluent 

discharge criterion for TDS is 1000mg/l. 

 

2.3.2 Chemical Characteristics  

Wastewater chemical characteristics may either be organic or inorganic. The organic 

chemical characteristics are biochemical oxygen demand (BOD), chemical oxygen 

demand (COD), total organic carbon (TOC), and total oxygen demand (TOD). The 

inorganic chemical parameters are pH, conductivity, acidity and alkalinity. 

 

 pH  

pH is a measure of the concentration of hydrogen ions in a solution. It is the negative 

logarithm of hydrogen-ion (H+) concentration (Pankraz, 2000). The pH scale ranges 

from 0 to 14 with 7 considered to be neutral. Substances with pH of less than 7 have 

increase hydrogen- ion concentration and are acidic while substances with pH greater 

than 7 are basic and show less hydrogen- ion concentration. All micro-organisms have 

an optimum pH at which they grow best; a minimum pH which is the most acid range in 

which they will not grow and a maximum pH which is the most alkaline range that 

enhances their growth. Observations from past studies mention that the critical 
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concentration range suitable for the existence of most biological life is from 6 to 9 

(Tchobanoglous et al., 2003). Levels of pH greater than 9 are effective in pathogen 

removal (Pearson et al., 1992, Curtis, 1990). pH is measured using a portable pH meter. 

 

 Conductivity  

Conductivity is the ability of water to conduct electricity. This is dependent on the ionic 

strength of the water sample. The determination of electrical conductivity provides a 

rapid and convenient way of estimating the concentrations of dissolved ions or 

estimating the amount of total dissolved salts (TDS). The Ghana EPA effluent discharge 

criterion for Conductivity is 1500µs/cm. 

 

 Biochemical Oxygen Demand (BOD)  

BOD measures the oxygen consumed by microorganisms as they decompose organic 

matter and includes any chemical oxidation of inorganic compounds. BOD reduces the 

amount of dissolved oxygen in any water body by continuously exerting more dissolved 

oxygen on it. Aerobic industrial wastewater treatment systems therefore require a certain 

minimum supply of dissolved oxygen if they are to carry out their core functions of 

stabilizing the organic matter present in the wastewater.   

 

Effluents high in BOD can deplete oxygen in receiving waters. The BOD5 test measures 

the amount of oxygen consumed in 5 days at 20
0
C. By measuring the initial 

concentration of a sample and the concentration after five days of incubation at 20°C, 
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the BOD5 can be determined (Greenberg et al., 1992). The Ghana EPA effluent 

discharge criterion for BOD5 is 50mg/l. 

 

 Chemical Oxygen Demand(COD)  

COD is a rapid measure of the biodegradable and non-biodegradable organic matter in 

wastewaters. COD is a measure of the oxygen equivalent of the inorganic and organic 

materials in wastewater that can be oxidized chemically using dichromate in acid 

solution. The ratio COD/BOD5 gives an indication about the biodegradability of the 

wastewater and the treatment process to be employed (Braile & Cavalcanti, 1979). A 

low COD/BOD5 ratio less than 3.0 signifies a high biodegradable fraction in the 

wastewater and a good indication for the adoption of biological treatment. A 

COD/BOD5 ratio between 3.0 and 4.0 signifies that the non-biodegradable fraction is 

high and further studies need to be carried out to verify the feasibility of using biological 

treatment. A COD/BOD5 ratio greater than 4.0 signifies that the non-biodegradable 

fraction is high and a possible indication for the adoption of other methods of treatment 

other than biological treatment. The Ghana EPA effluent discharge criterion for COD is 

250mg/l. 

 

 Ammonia-Nitrogen, Nitrate-Nitrogen and Nitrite-Nitrogen  

Nitrogen may be one or a combination of nitrates (NO3), nitrites (NO2), ammonia (NH3), 

and organically bound nitrogen in most wastewaters. All these forms of nitrogen as well 

as nitrogen gas (N2) are components of the nitrogen cycle and are biochemically inter-

convertible (American Public Health Association, 1989). Total nitrogen TN is the sum 
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of the nitrates, ammonia, nitrites and organically bound nitrogen. The total nitrogen 

concentration in municipal wastewaters ranges from 15 to over 50 mg/L, on average 

(Reed and Brown, 1995).  

 

Sewage is the main source of nitrates in wastewaters. In excess amount, nitrate leads to 

eutrophication in freshwaters (Horne, 1995). Excessive nitrate causes eutrophication in 

water bodies. Ammonia, nitrite, nitrate and organic nitrogen concentrations are 

determined by the colorimetric method (Tchobanoglous et al., 2003). The Ghana EPA 

effluent discharge criterion for Ammonia and Nitrates is 1mg/l and 50mg/l respectively. 

There is no discharge criterion value for Nitrites. 

 

 Phosphorus  

Phosphorus is usually present as phosphates (PO4
3-

) in wastewaters. Phosphorus in 

wastewater is orthophosphate ion, polyphosphates or condensed phosphates and organic 

phosphorus compounds (Mahmut and Ayhan, 2003). Organic phosphorus originates 

from body and food waste and is converted into orthophosphates after undergoing 

decomposition. Polyphosphates are the main constituent in synthetic detergents. 

According to Clark, et al., (1997) and Sedlak, (1991) the concentration of phosphorus in 

secondary effluents are usually within the range of 3-7 mg/L. High phosphorus 

concentrations cause eutrophication in receiving waters. Other sources of phosphorus 

aside human waste include animal wastes, industrial waste, soil erosion and fertilizers. 

The Ghana EPA effluent discharge criterion for Phosphate-P is 2mg/l. 
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 Trace Metals  

Heavy metals are the group of metals that have density greater than 4 g/cm
3
. Heavy 

metals include: arsenic, cadmium, chromium, copper, lead, mercury, zinc, nickel, 

molybdenum, and manganese (FAO, 1992). The presence of excesses of heavy metals in 

wastewaters imparts toxicity which halts or slows the biological treatment process.  

 

2.3.3 Biological Characteristics  

Total Coliforms, Faecal Coliforms, and specific pathogens, and viruses are the 

biological characteristics of significance in most wastewaters. These parameters are 

however not found in industrial wastewaters unless by pollution from domestic and 

other municipal wastewaters. 

 

2.4 Treatment of Wastewater  

The main objective of any wastewater treatment scheme is to remove as many of the 

wastes (contaminants) from the water as possible so that the treated effluent will have 

few, if any, detrimental effects when it is returned to the environment. In achieving this 

objective, individual wastewater treatment procedures are combined into a variety of 

systems. These systems are classified as primary, secondary, and tertiary waste-water 

treatment.  

 

The primary wastewater treatment involves the removal of gross particles and objects, 

sand, grit, scum, and suspended solids. Secondary treatment utilizes biological processes 

to remove organic matter and tertiary treatment removes nutrients such as nitrogen and 
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phosphorus compounds, pathogenic microorganisms and chemical removal by carbon 

adsorption.  

 

2.5 Wastewater Management Procedures 

Among the wastewater management procedures that are adopted prior to the secondary 

treatment of wastewaters include equalization and neutralization of the waste stream.  

 

2.5.1 Equalization 

Equalization can be either to equalize flow or the wastewater constituents. Flow 

equalization refers to changing the variations in rate of flow throughout the processing 

and clean-up cycles to a more steady flow rate that is nearly equal to the average flow 

rate for that period. Constituent equalization refers to the concentration of the target 

pollutants in the waste stream. The 24-hour concentrations of individual constituents in a 

given industrial waste stream vary over a wide range during the day due to different shift 

activities.  Waste water treatment systems do not function well when the constituents 

and flows are significantly different from the designed operational parameters. 

Equalization can be either online or offline, as diagrammed in Figure 2.1.  
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Figure 2.1 : Online and offline flow equalization 

 

2.5.2 Neutralization (pH Correction) 

Microorganisms used in the stabilization of organic matter in wastewater live and thrive 

and thrive in pH ranges between 6.5 and 8.5. Some wastewater treatment methods rely 

on the pH for them to function properly. These include chemical coagulation, activated 

carbon adsorption, ion exchange, chemical oxidation, and the release of gases such as 

hydrogen sulfide and ammonia. Industrial waste discharge permits require that the pH be 

within the values of 6.5 and 8.5. pH control is therefore essential in industrial 

wastewater treatment. pH control can be done manually or automatically by adding lime 

or acid based on the influent wastewater flow and characteristics. pH is measured with a 

pH probe or meter and can be online or offline. 
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2.6 Methods for Treating Industrial Wastewater 

There are three methods by which industrial wastewater can be treated i.e., chemical, 

physical and biological methods. The chemical methods employ chemicals and chemical 

reactions to remove the contaminants in the wastewater stream. Examples include 

chemical precipitation, chemical oxidation or reduction etc.  

 

Physical treatment methods achieve their purpose by removing the contaminants from 

the wastewater stream without changing their chemical structure. Examples include 

sedimentation, flotation, filtering, stripping, ion exchange, adsorption etc.  

 

Figure 2.2 shows the various biological methods used in the treatment of wastewater. 

Biological treatment methods are natural and employ living organisms using organic, or 

in some instances, inorganic substances for food. The chemical and physical 

characteristics of the contaminants in the wastewater stream are completely changed into 

other organic or inorganic substances. Amongst all the wastewater treatment methods, 

biological treatment is considered as the most economical. Each wastewater will 

however have to be characterized and the best treatment option from all the available 

options chosen. 
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Figure 2.2: Biological Wastewater Treatment Methods 
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2.7  Development of the RBC Concept  

RBC’s have been used in wastewater treatment since the early 1900’s. The first full-

scale RBC system was installed in Germany in 1958 with the advent of polystyrene. The 

use of biofilms spawned the development of other technologies like the trickling filter, 

intermittent filter, contact bed systems, and the suspended growth process; biofilm 

systems that have dominated the technology of wastewater treatment for several decades 

(Henze et al., 2008 and Alleman, 1982). 

Aerobic RBC systems are efficient due to their short hydraulic retention time (HRT), 

high biomass concentration, high specific surface area, low energy consumption, 

operational simplicity, insensitivity to toxic substrate, less accumulation of sloughed 

bio-film and partial stir. The option to use an RBC system for wastewater treatment 

should always be validated by information from pilot plants and field installations.  

 

Research has it that an RBC’s efficiency is influenced by the loading rate, disc rotational 

speed, hydraulic retention time, staging, temperature and disc submergence.  

 

Di Palma & Verdone (2008) carried out lab-scale experiments on an RBC using 

synthetic waste water to assess the influence of disc rotational speeds on oxygen transfer 

rate. Five different disk rotational speeds were tested, in the typical RBC operating 

range (Gupta and Gupta, 1999; Israni et al., 2002; Hiras et al., 2004). The influent 

hydraulic organic loadings were in the range of 5.4–35.2 g TOC/m
2
d. The results from 

the study concluded that an increase of disk rotational speed in the range between 3 and 

10 rpm resulted in a linear increase of the oxygen transfer rate.  
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In 1997, Surampalli & Bauman reported on the effects of supplemental aeration on the 

performance of an RBC system. The RBC’s performance was evaluated on the total 

organic loading applied and removed. Supplemental aeration improved significantly the 

soluble COD and NH3–N removal efficiencies and significantly higher organic loading 

rates could be treated.  

 

A study on the effect of step-feed on the performance of RBCs’ was reported by 

Janczukowicz and Klimiuk (1992) where the hydraulic loading rate (HLR) and organic 

loading rate (OLR) were maintained constant while varying the step-feed ratio. The 

authors established that higher COD removals and better DO values in the different 

stages were obtained with a step feed system.  

 

Ayoub and Saikaly in 2004 conducted a study on the effects of variable HLRs, OLRs, 

and influent substrate concentrations applied to a three-stage RBC system operating in a 

step-feed mode. The study concluded that variation in the HLR had insignificant effects 

on the overall COD and BOD but was more effective on NH3–N removals.  

 

The effect of recirculation on treatment efficiencies in RBCs was first reported by 

Guarino et al (1977). The study concluded that there was a significant reduction in BOD 

and ammonia concentrations upon the introduction of recirculation. This was confirmed 

by Ito and Matsuo (1980), Kharajian et al. (1984), Rusten (1984), and Klees and 

Silverstein (1992).  
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Najafpour et al. in 2002 studied the effects of organic loading on the performance of 

RBC’s using Palm Oil Mill Effluents (POME). After 5 days, 91% BOD removal was 

achieved in a batch experiment. 88% removal of COD was obtained with 55 h HRT. The 

bench scale RBC successfully treated the POME under high organic loading.  

 

Teixeira and Oliveira (2001) studied the effect of disc submergence on an RBC’s 

performance on denitrification. Two RBCs, one with completely submersed disks 

(100% submergence) and the other with partially submersed disks (64.5%), were 

operated under the same conditions. The results from the study showed that the RBC 

with the 100% submerged biofilm was more efficient but had a longer delay in start-up.  

 

Najafpour et al., (2006) evaluated the performance of a three-stage aerobic RBC reactor 

in food canning wastewater treatment. The COD removal efficiency increased from 74.9 

to 87.5% as the disc submergence was increased from 31 to 36%. An increase in the disc 

rotational speed from 3 to 11 rpm resulted in an increase in the COD removal efficiency 

from 62.7 to 93.7%, respectively. The stage COD removal efficiency decreased 

gradually with an increase in the number of stages indicating that the single stage reactor 

may be sufficient in practical application. 
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2.8 National Effluent Quality Guidelines  

Table 2.2 shows the guideline values for the discharge of effluent wastewater into 

receiving water bodies by the Environmental Protection Agency (EPA) of Ghana 

(2000). Generally, the guidelines values of developed countries are very stringent 

because of the advanced technology adopted for wastewater treatment and the possible 

enforcement by the responsible agents. However, for the case of most developing 

countries including Ghana, Hodgson, (1998) explained that, the economy makes it quite 

difficult to use high level technologies to treat its domestic and industrial wastewater, 

hence the less stringent the guideline values adopted.  

Table 2.2: EPA guideline values for the discharge of effluents into receiving water 

bodies 

PARAMETER SI UNIT EPA GUIDELINE VALUE 

pH pH Units 6-9 

Temperature 
0
C < 3

0
C above ambient 

Color TCU 200 

Turbidity NTU 75 

Conductivity uS/cm 1500 

TSS mg/l 50 
Total Dissolved Solids mg/l 1000 

Total Phosphorus mg/l 2 

COD mg/l 250 

BOD5 mg/l 50 

Nitrate mg/l 50 

Nitrite mg/l - 

Ammonia as N mg/l 1 
Total Coliforms MPN/100ml 400 
E. Coli MPN/100ml 0 

Alkalinity as CaCO3 mg/l 150 

SOURCE: Ghana EPA 2000 
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CHAPTER 3: RESEARCH METHODOLOGY 

3.1 Study Site Description 

The study was conducted on an RBC used for the secondary treatment of cocoa 

processing wastewater subsequent to primary treatment from the Cargill Cocoa 

Processing Plant in Tema. Cargill’s core business in Ghana is the processing of high 

quality cocoa liquor, butter and powder from cocoa beans. The current nominal plant 

capacity is 220tons cocoa beans/day. The plant on the average uses 250m
3 

of water/day 

for the cocoa processing and sanitary activities. The amount of process water generated 

is on the average 36m
3
/day. 

 

The process wastewater produced in the plant emanates from the washing and cleaning 

of the cocoa beans, spills of cocoa powder, butter and liquor on the plant floor and 

general cleaning and washing of equipment and tools used in the plant. The process 

wastewater produced in the plant is collected from several pits and treated by an on-site 

effluent treatment plant (ETP) as shown in figures 3.1.  

 

Figure 3.1: General wastewater treatment scheme 
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Two operational parameters of the RBC, i.e., the effects of changes in the disc rotational 

speed and the hydraulic retention times were studied. Wastewater serving as influent and 

effluent from the RBC was sampled each day for the required changes in the operational 

parameters. Analysis of the influents and effluents were conducted in the Water 

Research Institute, CSRI laboratories in Accra. The samples taken were analysed for 

physcio-chemical properties including temperature, pH, conductivity, turbidity, colour, 

BOD5, COD, TSS, TDS, nitrate, nitrite, ammonia and phosphorus. 

 

3.1.2 The Unit Processes of the ETP 

The existing ETP consists of:  

 Various collection pits 

 Floatation tank for grease removal 

 Mixing tank with dosing of Al2(SO4)3  for coagulation and pH correction by caustic 

dosing  

 Intermediate clarifier 

 Biological treatment with an RBC 

 Lamella plate settler 

The effluent from the ETP is discharged into a communal pit, together with the sanitary 

waste, and flows into an off-site septic tank.  
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A. Waste water collection: Process waste water from the various sites is collected via 

several waste water pits 1, 2, and 3 and converges in pit no. 4. 

B. Floatation Tank: Effluent in the pit no. 4 is pumped to the floatation tank. The 

blower beneath the floatation tank blows the waste water for grease, fat and organic 

matter to suspend on surface of the water to be skimmed onto the drying bed. 

C. Mixing Tank: From the floatation tank, the effluent goes to the mixing tank. As it 

leaves the floatation tank to the mixing tank, Aluminium Sulphate is added. The effluent 

is then mixed well before it goes into the primary settler. Caustic Soda is also added in 

the mixing tank depending on the pH level of the effluent. 

D. Primary Settler: In the primary settler the suspended solids are settled under 

quiescent conditions by chemical addition and by gravity. Aluminium sulphate being a 

coagulant helps in coagulation and flocculation of the waste water in the sedimentation 

tank. The coagulant has a positive charge and is added to neutralize the negative charges 

of the suspended solids. The neutrally charged suspended particles stick together and 

form microflocs. These microflocs attract more suspended particles to become visible 

suspended particles. It then settles in the sedimentation tank. The sludge is pumped out 

onto the drying bed, where the liquid may be evaporated or drained into the soil. 

E. RBC: The RBC has three compartments. Partially clarified water containing fine 

suspended solids flow into the RBC through the first compartment. Disc in this area with 

a variable speed drive rotates and allows oxygen to be absorbed into the biofilm as 

naturally occurring bacteria attached to the discs. The bacteria present in the biofilm use 

nutrients in the effluent as a food source. The process is repeated in the second 



30 

 

compartment before it gets to the final compartment. Any solids remaining are settled 

over in the final compartment and the resulting effluent is then discharged to the 

environment. The settled solids are also returned to the floatation tank to be treated. 

3.2 Experimental Setup Description 

Figure 3.2 shows the experimental setup that was adopted during the study period. 

Sampling was done daily starting from January to April 2014. The entire sampling 

process was done at a constant influent flow rate of 36m
3
/day. The temperature of the 

wastewater was measured in-situ at all times for all samples. All samples were 

immediately transported after sampling and analysis of the influents and effluents were 

conducted in the Water Research Institute, CSIR laboratories in Accra. 

  

 

Figure 3.2: ETP – Process flow diagram showing sampling points (SP) 
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In order to characterize the influent waste water to the ETP, samples were taken from pit 

4 (Sample Point 1(SP 1)) thrice daily at 2 hour intervals for a period of 15 days. 

Composite samples resulting from the daily sampling were taken to the laboratory for 

analysis. For the characterization of the influent to the RBC, samples were taken from 

the effluent channel of the primary settler (Sample Point 2 (SP 2)) thrice daily at two 

hour intervals to form a composite sample. The two influent characterizations i.e., 

Influent to the ETP and Influent to the RBC would give a fair assessment of the 

performance of the primary treatment processes. 

 

The RBC disc speed was controlled by a variable speed drive. The drive system 

consisted of an electric motor and a regulator to control the speed of the discs to the 

desired disc rotational speeds. The RBC was operated at four disk rotational speeds (2, 

4, 5 and 6 rpm). Each disc rotational speed experiment was carried out three times and 

the average value was used in the analysis. A day was left out idle without sampling 

anytime the disc rotational speed was changed to allow the microorganisms in the 

biofilm to adapt to the new conditions.  

The optimum disc rotational speed for maximum contaminant removal from the 

experiments was then applied to various hydraulic retention times (24hrs, 16hrs, 12hrs 

and 6hrs). Triplicates of each experiment were carried out with a day left idle for 

microorganism adaptation to the new conditions between different HRT’s. Effluent for 

each experiment from the entire treatment process was sampled at sample point 3 (SP 3). 

The combination of experiment 1 and 2 resulted in the optimum disc rotational speed 

and HRT for operation of the RBC.  
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3.3 Procedures for Laboratory Analysis 

All analyses were performed in accordance with the Standard Methods for the 

Examination of Water and Wastewater 22nd ed. (APHA, 2012). A summary of the 

sampling and analytical schedules used and the parameters measured in the influent and 

effluent is shown in table 3.1. A summary of the materials, reagents and analytical 

methods used is also shown in table 3.2. 

Table 3.1: Sampling and analytical schedules 

Parameter SP1 SP2 Disc Rotational Speed 

(rpm) 

Hydraulic Retention 

time (Hours) 

   2 4 5 6 24 16 12 6 

pH (pH Units) 15x3 24x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 

Temperature (
0
C) 15x3 24x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 

Conductivity (µS/cm) 15x3 24x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 

Turbidity (NTU) 15x3 24x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 

Colour (Hz) 15x3 24x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 

TSS (mg/l) 15x3 24x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 

BOD5 (mg/l) 15x3 24x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 

COD (mg/l) 15x3 24x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 

NH3-N (mg/l) 15x3 24x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 

NO3
—

N (mg/l) 15x3 24x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 

PO
3-

4 – P (mg/l) 15x3 24x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 3x3 
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15x3 refers to 15 sampling times and triplicate analysis considered. Table 3.5 presents a 

summary of all relevant materials, reagents and analytical methods used in this research 

to measure contaminant load levels 

Table 3.2: Summary of materials, reagents and analytical methods 

s/n Parameter Methods and Equipment Chemical Reagent 

1 Temp, pH & 

Conductivity 

Direct onsite reading (PC 300 

waterproof handheld digital meter) 

N/A 

2 Turbidity HACH Model - 2100P Turbidity meter N/A 

3 Color BDH Lovibond Nesslerizer, colour 

disk, matched Nessler tubes 50 ml, tall 

form 

N/A 

4 TSS Gravimetric (Filtration -evaporation) N/A 

5 NH4-N, NO3
--N Spectrophotometric (DR/2400 

Spectrophotometer) 

Ammonia Salicylate 

Powder Pillow, 

Ammonia Cyanurate  

Powder Pillow, 

NitraVer5 Nitrate 

Reagent Powder Pillow 

6 TP Spectrophotometric  

(DR/2400 Spectrophotometer)  

PhosVer 3 Phosphate 

Powder  

7 BOD5 Winkler’s titration method  H2SO4, AgSO4, FeCl2,  

KOH, HgSO4, KHP, etc 

8 COD Winkler’s titration method  H2SO4, AgSO4, FeCl2,  

KOH, HgSO4, KHP, etc 
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3.4 Data Quality Assuarance and Ethical Considerations  

The experiments were performed in triplicate and the average determined to ensure 

representative and reliable results. Standard methods and procedures by APHA, (2012) 

for the Examination of water and wastewater were followed for all analyses. For quality 

assurance purpose, sampling bottles were washed thoroughly with detergent, clean tap 

water, rinsed with non-ionized water and finally sterilized prior to usage. The samples 

were analyzed immediately upon collection for most cases. However, in the event that 

the samples could not be analyzed promptly, the samples were appropriately preserved.  

 

 

 

 

 

 

 

 

 

 



35 

 

CHAPTER 4: RESULTS AND DISCUSSION 

4.1 Characterization of Influent Wastewater 

4.1.1 Characteristics of Influent Wastewater to the ETP 

The results of the analysis on the influent to the ETP are tabulated in Table 4.1. These 

values represent the average of fifteen composite samples taken over the entire 

experimental period of 15days. The last column in the table represents the recommended 

acceptable Ghana-EPA discharge guideline values. As is clearly seen, the influent 

concentrations far exceeded the standards hence the need for treatment.  

Parameter Unit Mean 

Values at 

ETP 

Influent 

Mean Values at 

RBC Influent 

Ghana EPA 

Guideline  

pH pH Units 5.24 5.2 6-9 

Temperature 
0
C 30.9 27.5 <3

0
C above 

ambient 

Conductivity µS/cm  5473 5766 1500 

Turbidity NTU 563 240 75 

Color TCU 558 200 200 

TSS mg/l 310 187 50 

BOD5 mg/l 1326 1233 50 

COD mg/l 6405 6143 250 

Nitrate mg/l 0.19 0.3 50 

Ammonia  mg/l 52.2 11.3 1 

TP mg/l 2.54 2.1 2 

Table 4.1: Influent Characteristics of the cocoa processing wastewater  
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The mean BOD5 and COD influent concentrations from the study were 1326 mg/l and 

6405 mg/l respectively. The COD/BOD5 ratio for the influent wastewater was calculated 

and found to be 4.8:1. According to Samudro and Mangkoedihardjo (2010), the ratio of 

COD/BOD5 is a useful tool in selecting a treatment system and environmental 

monitoring strategies of receiving environment. The ratio COD/BOD5 gives an 

indication of the biodegradability of the wastewater and the treatment process to be 

employed (Braile & Cavalcanti, 1979). A low COD/BOD5 ratio less than 3.0 signifies a 

high biodegradable fraction in the wastewater and a good indication for the adoption of 

biological treatment. A COD/BOD5 ratio between 3.0 and 4.0 signifies that the non-

biodegradable fraction is high and further studies need to be carried out to verify the 

feasibility of using biological treatment. A COD/BOD5 ratio greater than 4.0 signifies 

that the non-biodegradable fraction is high and a possible indication for the adoption of 

other methods of treatment other than biological treatment The high COD/BOD5 ratio 

therefore signifies a higher than normal content of non-biodegradable or slowly 

biodegradable matter in the influent signifying a high strength industrial wastewater.  

 

The results obtained from the sampling process showed that the average pH of the 

wastewater i.e., influent to the ETP was 5.24 and an average temperature of 30.9 
0
C.  pH 

is extremely important in biological wastewater treatment, because the microorganisms 

remain sufficiently active only within a narrow range, generally between pH 6.5 and 8. 

Outside this range, pH can retard or completely stop biological activity. Nitrification 

reactions are especially pH-sensitive. Biological activity declines to near zero at a pH 



37 

 

below 6.0 in un-acclimated systems. The pH correction step prior to the RBC should 

therefore be carefully monitored.  

The average concentrations of Nitrates and Phosphates in the influent to the ETP was 

generally low, i.e., 2.54mg/l and 0.2mg/l respectively in all instances throughout the 

entire sampling period. The average concentration of Ammonia in the influent was 

however 52.2mg/l. The average influent TSS concentration was 310mg/l.  

 

4.1.2 Characteristics of Influent Wastewater to the RBC 

The results of influent analysis to the RBC are tabulated in Table 4.1. These values 

represent the average of fifteen composite samples taken over the entire experimental 

period. The last column in the table represents the recommended acceptable Ghana-EPA 

guideline values for discharge quality. As is clearly seen, the influent concentrations for 

most of the parameters far exceeded the standards hence the need for treatment. 

The mean influent BOD5 and COD concentrations to the RBC were 1233 mg/l and 6143 

mg/l respectively. The COD/BOD5 ratio for the influent wastewater to the RBC was 

calculated and found to be 5.1. The high COD/BOD5 ratio (greater than 4.0) implies that 

the inert (non-biodegradable) fraction is high. The high inert fraction signifies that 

biological treatment is not the best possible method for the treatment of the cocoa 

processing wastewater. 

The results obtained from the sampling process showed that the average pH of the 

influent wastewater to the RBC as 5.2 and an average temperature of 27.5 
0
C. The pH of 
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the influent waste water to the RBC showed very little variation from the influent 

wastewater to the ETP from the discussions in the previous section.  

The average concentration of total Phosphorus in the influent to the RBC was 2.1mg/l. 

The percentage Phosphorus removal recorded in the analytical results between the two 

units i.e., the ETP and the RBC was 17.3%. This reduction could be attributed to the 

probable precipitation of Phosphorus during the coagulation process in the primary 

settler. The average concentration of Ammonia in the influent wastewater to the RBC 

was 11.3mg/l showing a marked reduction of 78% from the influent of the ETP to the 

RBC. The average influent nitrate concentration to the RBC was 0.3mg/l. This shows a 

percentage increment of 33% between the influent ETP nitrate concentration and that of 

the RBC influent. This could be explained by the conversion of the influent ammonia to 

nitrates in the unit processes prior to the RBC. 

The average influent TSS concentration to the RBC was 187mg/l. This signifies a 40% 

reduction in the influent TSS concentration from the ETP to the RBC. This is to be 

expected due to the flocculation-coagulation process that settles out some of the solids 

prior to the RBC unit. The changes in the colour and turbidity values from the influent 

ETP to the RBC showed significant reductions of 64% and 57% respectively. These 

reductions could also be attributed probably to the coagulation activity prior to the RBC. 
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4.2 Performance of the RBC at Varying Disc Rotational Speeds  

The RBC unit was operated at a constant influent flow rate of 1.5m
3
/h and at four disc 

rotational speeds, i.e., 2, 4, 5 and 6rpm. These ranges of disc rotational speeds were 

chosen based on the typical ranges for the operation of an RBC from literature and with 

the constraint that the maximum speed for which the drive unit could operate was 6rpm. 

The physico-chemical parameters of significance that were analyzed in this discussion 

were limited to COD, BOD5 and TSS.  

 

4.2.1 COD  

Figure 4.1 shows a plot of the influent and effluent COD concentrations against the RBC 

disc rotational speed. The Ghana EPA guideline value has also been incorporated. 

 

Figure 4.1: Graph of COD concentration against disc rotational speed 
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The influent COD concentrations to the RBC during the experimental period ranged 

from a peak value of 7786mg/l at 5rpm to a minimum of 5652mg/l at 4rpm. The effluent 

COD concentrations varied from 1741mg/l to 6846mg/l with an increase in the disc 

rotational speed from 2rpm to 6rpm. The effluent COD concentrations were far above 

the Ghana EPA guideline value of 250mg/l at all the disc rotational speeds at which the 

experiments were carried out.  

 

Figure 4.2 shows a graph of the COD removal efficiency against the disc rotational 

speeds.  

 

Figure 4.2: Graph of % COD removal against disc rotational speed  
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An increase in an RBC’s disk rotational speed in the range between 3 and 11 rpm 

resulted in a linear increase in the oxygen transfer rate into the biofilm with a 

corresponding in the COD removal efficiency (Di Palma et al., (2003)). The COD 

removal efficiency increased significantly from 10% at 2rpm disc rotational speed to 

69% at 4rpm. This was subsequently followed by a reduction in the COD removal to 

34% and 5% as the disc rotational speed was increased from 5rpm to 6rpm. The peak 

performance during the study was thus achieved at RBC disc rotational speed of 4rpm. 

 

4.2.2 BOD5 

Figure 4.3 shows a plot of the influent and effluent BOD5 concentrations against the disc 

rotational speeds. The Ghana EPA guideline value has also been incorporated.  

 

Figure 4.3: Graph of BOD5 concentration against disc rotational speed 
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The influent BOD5 concentrations to the RBC during the experimental period ranged 

from a peak value of 3796mg/l at 6rpm to minimum of 1213mg/l at 4rpm. The effluent 

BOD5 concentrations varied from 472mg/l to 2126mg/l as the disc rotational speed was 

increased from 2rpm to 6rpm. The effluent BOD5 concentrations were far above the 

Ghana EPA guideline value of 50mg/l at all the disc rotational speeds at which the 

experiments were carried out.  

 

Figure 4.4 shows a graph of the BOD5 removal efficiency against the disc rotational 

speeds.  

 

Figure 4.4: Graph of % BOD5 removal against disc rotational speed 
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There was a sharp rise in BOD5 removal efficiency from 34% at 2rpm disc rotational 

speed to 61% at 4rpm.  The BOD5 removal efficiency reduced markedly at the higher 

disc rotational speeds of 5rpm and 6rpm.  Di Palma and Verdone (2008), in their study 

on the effects of disc rotational speed of an RBC on oxygen transfer rate concluded that 

increasing the disc rotational speed resulted in an increase in the BOD5 removal 

efficiency when the influent OLR is kept constant. In this study however, the influent 

organic loading rate was varied hence the deviation from the increase in BOD5 removal 

efficiency as the disc rotational speed is increased beyond 4rpm.   

 

4.2.3 TSS 

Figure 4.5 is a plot of the influent and effluent TSS concentrations against the disc 

rotational speeds. The Ghana EPA guideline value has also been incorporated.  

 

Figure 4.5: Graph of TSS concentration against disc rotational speed 
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The influent TSS concentrations to the RBC during the experimental period ranged from 

a peak value of 196mg/l at 4rpm to a low of 79 mg/l at 2rpm. The effluent TSS 

concentrations varied from 66mg/l to 180mg/l as disc rotational speed was increased 

from 2rpm to 6rpm. The effluent TSS concentrations were above the Ghana EPA 

guideline value of 50mg/l at all the disc rotational speeds at which the experiments were 

carried out.  

 

Figure 4.6 shows a graph of the TSS removal efficiency against the disc rotational 

speeds.  

 

Figure 4.6: Graph of % TSS removal against disc rotational speed 
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There was a marked increment in TSS removal efficiency from 16% at 2rpm disc 

rotational speed to 40% at 4rpm.  The TSS removal efficiency reduced markedly at the 

higher disc rotational speeds of 5rpm and 6rpm due to detached particles from the 

biofilm although sedimentation was provided.  According to the USEPA a functional 

wastewater treatment plant should be able to remove about 85% of TSS from the 

influent to the effluent of the entire treatment chain. This does not hold for the Cargill 

ETP since the cumulative TSS removal efficiency is 72%. The entire coagulation-

flocculation step prior to the RBC will also need to be optimized if the TSS discharge 

criterion is to be met. A simple sand filtration unit is however, recommended as tertiary 

treatment if any reuse of the effluent is to be realized.  

 

4.3 Performance of the RBC at Varying Hydraulic Retention Times 

The influent flow rate was kept at a constant rate of 1.5m
3
/h and at four HRT’s i.e., 

24hours, 16hours, 12hours and 6hours. 24hours was chosen as the maximum HRT for 

the studies due to the inadequate wastewater storage capacity at the ETP beyond this 

maximum. At each HRT, the reactor was run for four days. An optimum disc rotational 

speed of 4rpm was used for the entire experiment. The physico-chemical parameters of 

significance that were analyzed in this discussion were limited to COD, BOD5 and TSS.  

 

4.3.1 COD  

Figure 4.7 is a plot of the COD concentrations for the influent and effluent against HRT. 

The Ghana EPA guideline value for discharge of effluents into receiving water bodies 

has also been incorporated.  
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Figure 4.7: Graph of COD  concentration against HRT 

The influent COD concentrations to the RBC during the experimental period ranged 

from a peak value of 10200mg/l at 6hrs HRT to a minimum value of 5792mg/l at 12hrs 

HRT. The effluent COD concentrations varied from 9200mg/l to 4242mg/l as HRT was 

increased from 6hrs to 24hrs. The effluent COD concentrations were far above the 

Ghana EPA guideline value of 250mg/l at all the HRT’s at which the experiments were 

carried out.  

 

Figure 4.8 shows a graph of the COD removal efficiency against HRT. The percentage 

COD removal varied from 4% to 27% as the HRT was increased from 6hrs to 24hrs.The 

maximum percentage COD removal of 27% was attained at 12hrs HRT. The COD 

percentage removal was low as a result of the high variability in the influent wastewater 

composition to the RBC.  
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Figure 4.8: Graph of % COD Removal against HRT 

4.3.2 BOD5  

Figure 4.9 is a plot of the BOD5 concentrations for the influent and effluent against 

HRT. The Ghana EPA guideline value for discharge of effluents into receiving water 

bodies has also been incorporated.  The influent BOD5 concentrations to the RBC during 

the experimental period ranged from a peak value of 4356mg/l at 6hrs HRT to a 

minimum value of 3018mg/l at 12hrs HRT. The effluent COD concentrations varied 

from 4152mg/l to 2664mg/l as HRT was increased from 6hrs to 24hrs. The effluent 

BOD5 concentrations were far above the Ghana EPA guideline value of 250mg/l at all 

the HRT’s at which the experiments were carried out. 
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Figure 4.9: Graph of BOD5 concentration against HRT 

Figure 4.10 shows a graph of the BOD5 removal efficiency against HRT. The BOD5 

removal efficiency varied from 4% to 27% as the HRT was also varied from 6hrs to 

24hrs. The maximum percentage BOD5 removal of 27% was attained at 12hrs HRT. The 

trend of BOD5 removal was similar to that of the COD removal. 
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Figure 4.10: Graph of % BOD5 Removal against HRT 

4.3.3 TSS  

Figure 4.11 is a plot of the BOD5 for the influent and effluent concentrations against 

HRT. The Ghana EPA guideline value has also been incorporated. The influent TSS 

concentrations to the RBC during the experimental period ranged from a peak value of 

143mg/l at 16hrs HRT to a minimum of 98 mg/l at 12hrs and 24hrs respectively. The 

effluent TSS concentrations varied from 20mg/l to 86mg/l as HRT was increased from 

6hrs to 24hrs. At 12hrs HRT, the effluent TSS concentration was 20mg/l which was 

below the Ghana EPA guideline value of 50mg/l.  The effluent TSS concentrations did 

not however meet the guideline criteria for all the other HRT’s at which the experiments 

were carried out. 
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Figure 4.11: Graph of TSS concentration against HRT 

Figure 4.12 shows a graph of the TSS removal efficiency against the HRT’s. The TSS 

removal efficiency varied from 16% to 80% as the HRT was increased from 6hrs to 

24hrs.  The maximum TSS removal efficiency of 80% was attained at 12hrs HRT.   

Figure 4.12: Graph of % TSS Removal against HRT 
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 

5.1  Conclusions 

The study on the performance of the RBC for treating the cocoa processing wastewater 

was  done over a four month period in order to determine the adequacy and efficiency of 

the system based on two of the operating parameters i.e., disc rotational speed and HRT. 

From the analysis of data, the RBC did not obtain a successful result based on the 

studies conducted.  

 

The influent wastewater to the RBC was found to be of high strength (mean values of 

COD 6143 mg/l and BOD5 1333mg/l with COD/BOD5 ratio of 4.6:1). The high 

COD/BOD5 ratio (greater than 3.5 or 4.0) gives an indication of a higher content of non-

biodegradable or slowly biodegradable matter in the influent wastewater thereby 

signifying that physical-chemical treatment would be the ideal treatment option. There 

was a high variability in the influent COD, BOD5 and TSS concentrations during the 

entire study period. This high variation invariably might have affected the performance 

of the RBC because of the possible initial shock loadings. Considering the RBC being a 

natural system, the microbes may need some lag time for recovery and adaptation for it 

to be able to function effectively in substrate removal. The unsteady state condition 

under which the RBC was operated could have possibly resulted in the low removal 

efficiency.  

The pH of the influent to the RBC was always acidic i.e., below 6. pH is extremely 

important in biological wastewater treatment, because the microorganisms remain 

sufficiently active only within a narrow range, generally between pH 6.5 and 8. Outside 
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this range, pH can inhibit or completely stop biological activity. Nitrification reactions 

are especially pH-sensitive. Biological activity declines to near zero at a pH below 6.0 in 

un-acclimated systems. The pH correction step prior to the RBC was not optimized and 

should therefore be improved.  

The optimum disc rotational speed at which the RBC could be operated based on the 

data obtained and within the limitations of the study was 4rpm. At the optimum disc 

rotational speed of 4rpm, the COD, BOD5 and TSS removal efficiencies of 69%, 61% 

and 40% respectively were consistently and significantly higher than for all the other 

speeds at which the study was undertaken. The effluent COD, BOD5 and TSS 

concentrations obtained at the 4rpm disc rotational speeds were however, consistently 

higher than the Ghana EPA guideline values for effluent discharge into surface water 

bodies at the optimum disc rotational speed.  

 

The optimum HRT at which the RBC operated was found to be 12hours. At the 

optimum HRT, the COD, BOD5 and TSS removal efficiencies of 27%, 27% and 80% 

respectively were consistently and significantly higher than all the other HRT’s at which 

the study was undertaken. With the exception of the effluent TSS, the effluent COD and 

BOD5 were however, consistently higher than the Ghana EPA guideline values for 

effluent discharge into surface water bodies at the optimum HRT of 12hours.  
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5.2  Recommendations 

 Considering the variable nature of the influent wastewater to the ETP and as a 

consequence the RBC, an equalization/buffer tank should be introduced upstream of 

the primary unit processes. This will serve the multi-purpose of storage of 

wastewater from different shift activities, dilution of the wastewater and equalizing 

the flow and constituents. This will ensure that wastewater of constant flow and a 

fairly constant constituent characteristic is fed to the RBC. Also some of the 

suspended solids can be settled in the buffer even before the primary unit processes, 

thereby reducing the desludging frequency and hence improving the effluent from 

the primary settler to the RBC. 

 The coagulation-flocculation step prior to the RBC influent should be improved. 

Considering the fact that the influent wastewater is always acidic i.e., pH always 

below 6, the caustic dosing to correct the pH should be done before the coagulant is 

added. The reason being that Alum works in a narrow pH range close to neutral i.e., 

6.5 to 8. Also the amount of coagulant to be dosed should be determined based on 

the wastewater flow rate or as determined each week by a jar test. 

 Effluent from the RBC should be recycled to the mixing tank where coagulation and 

flocculation occurs in order to optimize the retention time. Further studies should be 

done on the exact amount of continuous effluent recycle required. 

 Periodic maintenance of the ETP components as a whole as well as the RBC should 

be improved. During the study, periodic breakdowns of the RBC drive unit coupled 

with a slow reaction time to repair and rectifying the breakdowns led to the loss and 

washout of some of the biofilm on the RBC.  
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 If any reuse option is to be realized for the effluent from the RBC, a tertiary 

treatment step will need to be incorporated to the entire treatment system. This may 

be in the form of sand filtration or planted wetlands.  

 Further studies should be conducted after implementing the above recommendations 

on the optimum organic loading rate at which the RBC should be operated. 

 Considering the high COD/BOD5 ratio of the influent wastewater, studies should be 

conducted on the use of physical-chemical treatment options for the cocoa 

processing wastewater. 
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APPENDIX 

Appendix I: The dimensions of the ETP unit processes 

Parameter Length Width Depth Diameter Volume 

M M m M m
3
 

Pit No. 4 1.5 1.5 2  4.5 

Floatation Tank    2 5.9 

Mixing Tank 1.8 1.8 1.25  4.1 

Inlet Settler 5.5 0.35 0.3  0.6 

Settler 6 5.5 2.5  83 

RBC 8.4 2.3 2.3  44.4 

Lamella Settler     2.15 

 

ii) RBC Specification 

Parameter Unit Value 

Disc Number - 125 

Disc Diameter m 2 

Disc Surface m
2
 5.28 

Total Surface  m
2
 780 

Total Effective Volume m
3
 4.15 

Disc Submergence depth % 40 

 

iii) Lamella Settler specification 

Parameter Unit Value 

Total Surface m
2
 12.3 

Total effective volume m
3
 2.2 
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Appendix II: Results from sampling procedure 

i) Characterization of influent to ETP 

Parameter Units 

Week 

1 

Week 

2 

Week 

3 Mean Standard Deviation Variance 

Temperature 
0
C 31.2 31.7 29.8 30.9 0.804 0.646667 

pH pH units 5.27 5.09 5.35 5.24 0.109 0.011822 

CONDUCTIVITY µS/cm 7470 3370 5580 5473.3 1675.52 2807356 

TURBIDITY NTU 1006 463 222 563.67 327.89 107509.6 

COLOUR HZ 250 300 1125 558.33 401.21 160972.2 

TSS mg/l 189 224 519 310.67 148.01 21905.56 

BOD5 mg/l 322 2633 1025 1326.67 967.28 935621.6 

COD mg/l 1858 5595 11762 6405 4083.66 16676253 

NH3-N mg/l 127 11 18.6 52.2 52.98 2807.147 

PO
3-

4-P mg/l 0.996 3.13 3.48 2.54 1.10 1.20519 

NO3
-
-N mg/l 0.208 0.199 0.198 0.202 0.004 2.02E-05 
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ii) Results for disc rotational speed experiment 

DISC 

SPEED 

SAMPLE 

ID TEMPERATURE 

pH 

CONDU-

CTIVITY 

TURB-

IDITY 

COL-

OUR TSS BOD5 COD NH3 PO4
3-

 NO3
-
 

2rpm 

UNITS 
0
C pH 

units 

µS/cm NTU HZ mg/l mg/l mg/l mg/l mg/l mg/l 
IF 1 27.5 5.10 3710 42 125 85 3200 5333 12.7 2.1 0.3 
EF 1 27.4 5.12 3390 8 75 65 2120 4200 9.8 1.07 0.5 
IF 2 26.8 5.20 3800 147 200 79 2800 7446 9.76 1.9 0.1 
EF 2 26.7 5.24 4490 130 50 60 1800 6225 7.42 0.259 0.2 
IF 3 26.3 4.92 4600 450 625 74 3600 5100 13.2 2.1 0.1 
EF 3 26.8 5.10 5370 191 300 69 2400 4950 10.3 1.07 0.3 

4rpm 

IF 1 28.1 5.30 2940 388 50 196 920 5590 24 4.42 0.184 
EF 1 27.4 5.12 2190 187 50 106 319 1910 12.7 0.53 0.3 
IF 2 27.5 5.20 4580 450 500 270 1220 5890 6.94 3.09 0.173 
EF 2 26.7 5.18 3410 191 75 150 804 1550 3.43 0.72 0.225 
IF 3 27.4 5.3 4600 207 225 116 1500 5500 14.6 0.625 0.085 
EF 3 26.8 5.10 3700 60 75 97 293 1750 9.48 0.197 0.154 

5rpm 

IF 1 27.7 5.15 3710 625 500 250 4218 7631 10.9 0.589 0.07 
EF 1 27.4 5.12 3390 300 120 230 2622 4148 9.48 0.544 0.253 
IF 2 27.1 5.20 3800 355 500 180 4290 7200 12.9 0.359 1.46 
EF 2 26.7 4.97 4490 66 75 160 2469 5585 8.11 0.205 2.23 
IF 3 26.3 5.5 4600 182 550 150 3600 8525 11.7 4.87 0.05 
EF 3 26.1 5.10 5370 175 250 140 2290 7462 8.27 0.608 0.707 

6rpm 

IF 1 27.5 4.99 3710 311 100 180 4290 7952 6.45 1.18 0.05 
EF 1 28.1 4.97 3390 149 75 175 3240 7450 6.13 1.1 0.069 
IF 2 27.3 5.20 3800 193 150 185 4224 7432 12.6 2.93 0.035 
EF 2 26.7 5.19 4490 90 75 180 4212 6850 12.3 0.268 0.054 
IF 3 26.9 5.17 4600 273 200 190 2874 6450 11.4 0.581 0.001 
EF 3 

 

 

 

 

26.8 5.10 5370 89 50 185 1849 6250 8.5 0.149 0.174 
IF – Influent       EF – Effluent 
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iii) Results for HRT experiment 

HRT 

(hrs) 

SAMPLE 

ID 
TEMPERATURE 

pH 
CONDU-

CTIVITY 

TURB-

IDITY 

COL-

OUR 
TSS BOD5 COD NH3 PO4

3-
 NO3

-
 

6 

UNITS 
0
C pH 

units 

µS/cm NTU HZ mg/l mg/l mg/l mg/l mg/l mg/l 
IF 1 28.1 5.12 3720 44 135 111 4550 10250 13.43 2.1 0.3 
EF 1 26.7 5.12 3350 10 85 87 4200 9250 8.5 1.07 0.5 
IF 2 26.8 5.24 3700 134 235 104 4356 10150 14.6 1.9 0.1 
EF 2 26.7 5.12 4450 125 65 86 4170 9200 9.48 0.259 0.2 
IF 3 26.9 4.92 4700 445 567 104 4150 10200 13.2 2.1 0.1 
EF 3 26.8 4.96 5270 187 225 84 4050 9150 10.3 1.07 0.3 

12 

IF 1 27.5 5.20 3040 376 75 100 3025 5690 18 4.42 0.184 
EF 1 27.8 5.12 2290 176 50 18 2800 4100 12.7 0.53 0.3 
IF 2 27.1 5.20 4480 451 525 98 3025 5890 7.8 3.09 0.173 
EF 2 25.7 5.18 3310 201 75 22 2800 4395 4.23 0.72 0.225 
IF 3 27.4 5.15 4550 207 325 95 2995 5650 10.3 0.625 0.085 
EF 3 26.8 5.15 3650 67 89 20 2825 4240 9.48 0.197 0.154 

16 

IF 1 27.5 5.18 3610 525 400 161 4218 7789 6.45 0.589 0.07 
EF 1 27.4 5.12 3250 287 125 68 3600 6475 6.13 0.544 0.253 
IF 2 27.8 5.20 3900 330 600 125 4290 7825 12.6 0.359 1.46 
EF 2 26.7 5.16 4590 70 125 80 3420 6477 12.3 0.205 2.23 
IF 3 26.2 5.23 4600 235 450 140 4250 7732 11.4 4.87 0.05 
EF 3 26.1 5.10 5270 175 236 70 3550 6457 8.5 0.608 0.707 

24 

IF 1 29.1 5.10 3665 311 126 98 3100 6200 24 1.18 0.05 
EF 1 28.5 4.97 3295 156 86 80 2650 6005 12.7 1.1 0.069 
IF 2 27.3 5.30 3724 215 145 100 3200 6280 6.94 2.93 0.035 
EF 2 26.7 5.19 4756 89 85 84 2662 6060 3.43 0.268 0.054 
IF 3 25.9 5.17 4560 315 235 95 2990 6450 14.6 0.581 0.001 
EF 3 26.8 5.10 5170 108 65 82 2650 6010 9.48 0.149 0.174 

IF – Influent       EF – Effluent 
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iv) Percentage COD, BOD5 and TSS removal for disc rotational speed 

experiment 

DISC ROTATIONAL 

SPEED (rpm) 

INFLUENT 

COD(mg/l) 

EFFLUENT COD 

(mg/l) 

% COD 

removed 

2 5784 5190 10 

4 5652 1741 69 

5 7786 5155 34 

6 7251 6846 5 

 

DISC ROTATIONAL 

SPEED (rpm) 

INFLUENT 

BOD5(mg/l) 

EFFLUENT 

BOD5 (mg/l) 

% BOD5 

removed 

2 3204 2126 34 

4 1213 472 61 

5 3788 2469 35 

6 3796 3100 18 

 

DISC ROTATIONAL 

SPEED (rpm) 

INFLUENT 

TSS(mg/l) 

EFFLUENT 

TSS(mg/l) 

% TSS 

removed 

2 79 66 16 

4 196 117 40 

5 194 177 10 

6 185 180 3 
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v) Percentage COD, BOD5 and TSS removal for HRT experiment 

HRT (Hrs) INFLUENT COD(mg/l) 

EFFLUENT COD 

(mg/l) 

% COD 

removed 

6 10200 9200 10 

12 5792 4242 27 

16 7782 6474 17 

24 6305 6025 4 

 

HRT (Hrs) 

INFLUENT 

BOD5(mg/l) 

EFFLUENT BOD5 

(mg/l) 

% BOD5 

removed 

6 4356 4152 10 

12 3018 2802 27 

16 4251 3450 17 

24 3090 2664 4 

 

HRT (Hrs) 

INFLUENT 

TSS(mg/l) 

EFFLUENT 

TSS(mg/l) % TSS removed 

6 106 86 19 

12 98 20 80 

16 143 71 50 

24 98 82 16 
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Appendix III: Procedure for laboratory analysis 

i) Temperature  

Temperature of the wastewater was measured in the field with a Hanna Instrument 

checktemp packet digital thermometer with stainless steel penetration probe. The cap of 

the probe was removed and the probe was rinsed with distilled water before dipping it in 

the sample to about 3cm to 4cm and reading allowed to stabilize. The temperature was 

then recorded. 

ii) pH  

Apparatus: A pH meter Suntex Model SP 701 and combination electrode (Type No. 

PHM-110-010Y) 

Principles of method  

The pH of the wastewater was measured with a pH meter and a combination electrode (a 

set of glass electrode and reference electrode). The electrode was first calibrated against 

pH buffer 7 and 4 or 9 to adjust the response of the glass electrode. The electrode was 

then immersed in the test solution where a change in potential (in mV), was set up 

between the glass electrode and the solution. Since the potential cannot be measured 

directly, the change in potential in the glass electrode compared with reference electrode 

(that is, at constant potential) was measured. The potential was converted into pH units 

by the tip of the glass electrode that was sensitive to pH changes.  

Procedure  

The electrode was connected to the pH meter and the system was calibrated using the 

pH buffers. The electrode was withdrawn and rinsed with deionised water. It was dipped 

in the sample, stirred and reading allowed to stabilize. 
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iii) Conductivity  

Apparatus  

Lovibond Conductivity meter senso direct con 200, Conductivity Cell (probe) Type 

PCM/141  

Principle  

At constant temperature, the electrical conductivity of a given water sample is a function 

of its concentration of ions. The probe is sensitive to the ionic charges 40 in the solution. 

A factor that controls the current carrying of the water sample helps the meter provide a 

direct reading of the conductivity of the test sample. 

 

iv) Turbidity  

Nephelometric Method  

Apparatus  

Turbidity meter with sample cell: HACH Model - 2100P Turbidity meter  

Principle  

It is based on a comparison of the intensity of light scattered by the sample under 

defined conditions with the intensity of light scattered by a standard reference 

suspension under the same conditions. The higher the intensity of scattered light the 

higher the turbidity.  

Procedure  

The sample was shaken vigorously and poured into the clean sample cell to at least 2/3 

full. Using the range knob an appropriate range was selected. When the red light was 
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shown, the next range is selected. The stable turbidity reading was recorded and the 

reading obtained for the turbidity of the sample in Nephelometric Turbidity Units (NTU) 

 

v) Colour 

Visual comparison method  

Apparatus  

BDH Lovibond Nesslerizer, colour disk, matched Nessler tubes 50 ml, tall form  

Principle  

Colour is determined by visual comparison of a sample with special glass colour disks, 

which have been calibrated.  

Procedure  

i) The Nessler tube was filled to the 50ml mark with the sample  

ii) The sample was placed in the right hand compartment of the Nesslerizer lighted 

cabinet  

iii) Nessler tube filled with distilled water was placed in the left hand compartment for 

reference  

iv) The colour disk was placed in the compartment  

v) The Nesslerizer light was switched on  

vi) The disk was rotated until a colour match was obtained  
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vii) The colour was read from the disk. Since turbidity was not removed, it was recorded 

as apparent colour.  

viii) When the colour exceeded 70 units, the sample was diluted and the colour was 

calculated as:  

Colour (TCU) = (A x 50)/B  

Where A = estimated colour of diluted sample  

B = ml of sample taken for dilution 

 

vi) Biochemical Oxygen Demand (BOD5)  

Dilution method  

Principle  

BOD determination is an empirical test in which standardized laboratory procedures are 

used to determine the relative oxygen requirements of wastewaters, polluted waters and 

effluents. The method consists of the determination of dissolved oxygen (DO) 

concentration before and after incubation at 20 °C for 5 days. The BOD is then 

calculated from the initial and final DO.  

Procedure  

1. Dilution water was prepared.  

2. A desired quantity of the sample was made up to about 1 litre with the dilution water. 

Careful mixing was done to avoid the formation of bubbles  

3. The mixed dilution was siphoned into two BOD (300 ml) bottles excluding air 

bubbles.  

4. One of the BOD bottle was corked and incubated for five days at 20 0C  
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5. To the other BOD bottle, 2 ml of Manganous sulphate (MnSO4), followed by 2 ml of 

alkaline-iodide azide were added and bottle corked carefully to exclude air bubbles  

6. The content was mixed thoroughly by shaken and inverting several times and the 

precipitate allowed settling at the bottom of the sample.  

7. After the precipitate had settled, 2ml concentrated sulphuric acid was added, corked 

and the bottle inverted several times to dissolve the precipitate, an intense yellow colour 

was obtained. 

8. 100mk of the solution was taken and titrayed with 0.0125M sodium thiosulphate to a 

pale yellow colour and 1ml starch was added as indicator. The titration was continued to 

the first disappearance of the blue colour. 

9. The above procedure was followed for the incubate samples at the end of the 5 days 

to determine the difference in DO for the computation of BOD5. 

Calculation for DO  

BOD5, mg/l = (D1 – D2)/P  

D1 = DO of diluted sample immediately after preparation, mg/l  

D2 = DO of diluted sample after 5 day incubation at 20 0C, mg/l  

P = Decimal volumetric fraction of sample used (l/dilution factor) 

vii) Chemical Oxygen Demand (COD)  

Closed tube reflux method  

Principle  

Most organic matter is oxidized by boiling a mixture of chromic and silver catalyst in 

strong sulphuric acid. The sample is refluxed in strongly acid solution with a known 

excess potassium dichromate. After digestion, the remaining unreduced potassium 
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dichromate is titrated with Ferrous Ammonium Sulphate (FAS) to determine the amount 

of dichromate consumed and the oxidizable matter is calculated in terms of oxygen 

equivalent.  

Procedure 

The digestion tubes and caps were washed with 4M sulphuric acid first to prevent 

contamination. 5ml of the sample or a diluted aliquot is transferred into a labeled culture 

tube and 3ml potassium dichromate solution (digestion solution) added. 7ml H2SO4 

reagent (silver sulphate in sulphuric acid) was added carefully to form an acid layer 

under the sample-digestion layer. The tube was tightly capped, shaken and inverted 

several times to mix completely. The tubes were placed in a digester at 1500C and 

reflux for two hours, and then cooled to room temperature. 

1-2 drops of ferroin indicator was added and titrated with standard FAS solution until 

the colour changes from blue-green to reddish brown or wine (endpoint). The procedure 

was repeated for a blank sample containing the reagents and a volume of deionised 

water equal to that of the sample.  

Calculation  

COD mg O2/l = (A-B) x M x8000/ V  

A = volume of FAS used for blank, ml  

B = volume of FAS used for sample, ml  

M = molarity of FAS  

V = volume of sample  

8000 = milliequivalent of oxygen x 1000 ml/l 

 



74 

 

viii) Total Suspended Solids (TSS)  

By Gravimetric method  

Principle  

A well-mixed sample is filtered through a weighed standard glass- fibre filter. The 

residue that is retained on the filter is dried to a constant weight at 105 0C. The increase 

in weight of the filter represents the total suspended solids.  

Procedure  

1. The weight of the glass filter and petri dish was first measured  

2. The filtration apparatus and filter were assembled and suction started  

3. 10 ml of deionised water was passed through the filter to seat it on the funnel  

4. The sample bottle was vigorously shaken and known volume (100 ml) of sample was 

rapidly transferred to the funnel.  

5. The filter was washed with 3 successive 10 ml volume of distilled water to allow 

complete drainage.  

6. The filter was removed and transferred into a weighing glass petri dish  

7. The dish and the filter were placed in the drying oven and dried for at least one hour 

at 105 
0
C.  

9. It was then cooled in a desiccator and weighed. The drying cycle was repeated until a 

constant weight was obtained. 

Calculation  

TSS (mg/l) = (A – B) x106/C  

A = weight of filter + dish + residue, g  

B = weight of filter + dish, g  
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C = volume of sample filtered, ml 

ix) Total Dissolved Solids (TDS)  

By Gravimetric Method  

Principle  

The sample is filtered and the filtrate evaporated on a water bath. The residue left after 

evaporation is dried to a constant weight in an oven at 105 0C. The increase in weight 

over that of the empty dish is the weight of the TDS.  

Procedure  

The procedure follows the steps enumerated for TSS. However instead of residue on 

filter, rather the filtrate left after the filtration was evaporated on a water bath. The 

residue obtained was dried to a constant weight at 1050C in an oven.  

Calculation  

TSS (mg/l) = (A – B) x106/C  

A = weight of dish + dried residue, g  

B = weight of dish, g  

C = volume of sample filtered, ml 

x) Nitrate- Nitrogen (NO3-N)  

By hydrazine Reduction method  

Principle  

Nitrate is reduced to nitrite with hydrazine sulphate. The nitrite ion originally present, 

plus reduced nitrate ion is determined by diazotization with sulphanilamide and coupling 

with N-(1-naphthly-)–ethylenediamine dihydrochloride to form a highly coloured azo 

dye which is measured with a spectrophotometer.  
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Apparatus  

6705 UV/VIS Spectrophotometer Jen Way  

Procedure  

Standard nitrate solutions of known concentrations ranging from 0.1 mg/l to 1.0 mg/l 

were prepared and absorbance read on a spectrophotometer for a calibration curve after 

treating them as a sample. A graph of concentration against absorbance was plotted 

using microsoft excel. 10 ml of the sample to be measured was pipette into a test tube 

and 1.0 ml of 0.3M NaOH added and mixed gently. The reducing mixture of 1.0 ml 

concentration was then added and mixed gently. A blank solution using deionised water 

was prepared in the same way as the sample. The samples were heated at 60 oC for 10 

minutes in a water bath, cooled to room temperature and 1.0 ml colour developing 

reagent added. After shaking to mix, the absorbance at wavelength of 520 nm was read 

from the spectrophotometer using a 1cm light path cuvette. The absorbance of the blank 

solution was determined by switching the spectrophotometer to zero. The calibration 

graph was used to determine the concentration of nitrate–nitrogen in the unknown 

sample. 

xi) Phosphate (PO4-P)  

By stannous chloride method  

Molybdophosphoric acid is formed and reduced by stannous chloride to intensely 

coloured molybdenum blue. The absorbances of the molybdenum blue at a wavelength 

of 690 nm are proportional to the concentration of the phosphate in sample.  
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Procedure  

Standard phosphate solutions (KH2PO4) of known concentrations were prepared and 

absorbance read on the spectrophotometer for a calibration curve. 100 ml sample free of 

colour and turbidity was taken and 0.01 (1 drop) phenolphthalein indicators added. 

When the sample turned pink, strong acid solution (mixture of conc. H2SO4 and HNO3) 

was added dropwise to discharge the colour. A smaller volume of the sample was taken 

if more than 0.25 ml (5 drops) was required, and the sample was then diluted to 100 ml 

with de-ionised water and then a drop of phenolphthalein indicator was add. The pink 

colour was discharged with strong acid. With thorough mixing 4.0 ml ammonia 

molybdate reagent 1[(NH4)6MO7024.4H20)] was added and 0.5 ml (10 drops) stannous 

chloride reagent 1 (SnCl2.H2O) was also added with thorough mixing. A blank solution 

was prepared using de-ionised water. After 10 minutes, but before 12 minutes, the 

absorbance at a wavelength of 690 nm was measured on the spectrophotometer using 

1cm light path. The absorbance of the blank solution was determined by switching the 

spectrophotometer to zero. The calibration graph was used to determine the 

concentration of (PO4-P) in the unknown sample. 

xii) Ammonia-Nitrogen (NH4-N)  

By Direct Nesslerization  

The method is based on the calorimetric determination of nessler’s reagent. The yellow 

to brown colour produced by the Nessler–ammonia reaction absorbs strongly in the 

range of 400 to 425 nm when a 1 cm light path is used.  
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Procedure  

Standard ammonia solutions of known concentrations ranging from 0.2 mg/l to 1.0 mg/l 

were prepared and absorbance read on a spectrophotometer for a calibration curve. One 

to five millilitres (1- 5 ml) sample was pipette into 50 ml conical flask and diluted to the 

50 ml mark with ammonia free water. 2 drops of Rochelle salt (KNaC4H4O6.4H2O), was 

added to the diluted sample, carefully mixed and 2 ml of Nessler’s reagent added. A 

blank (50 ml ammonia-free water plus 5 drops of Rochelle salt and 2 ml nessler’s 

reagent) was prepared. Samples were allowed to stand for 10 minutes for colour 

development and absorbance determined on the spectrophotometer at a wavelength of 

410 nm using a 1 cm light path cuvette. The absorbance at zero on the 

spectrophotometer was read for the blank solution. The calibration curve was used to 

determine the concentration of ammonia-nitrogen in the unknown sample. 

xiii) Nitrite-Nitrogen (N02-N)  

Diazotization method  

Nitrite reacts in strongly acid medium with sulfanilamide. The resulting diazo 

compound is coupled with N- (1-naphthyl)-ethylenediamine dihydrochloride to form an 

intensely red-coloured azo-compound. The absorbance of the dye is proportional to the 

concentration of the nitrite present.  

Procedure  

Fifty millilitres (50 ml) of the wastewater sample or 10 ml diluted to 50 ml was placed 

in a Nessler tube. This was set aside and a series of standard nitrite solutions in 50ml 

Nessler tubes ranging from 0.01 to 0.20 ml were prepared. A blank solution was also 

prepared. Two milliliters (2 ml) of the buffer-colour reagent was added to samples, 
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mixed well and allowed colour to develop for at least 15 minutes. The absorbance was 

measured at 540 nm. The absorbance at 540 nm was measured for the blank in the 

spectrophotometer when switched to zero. The nitrite concentration was read from the 

calibration curve. When the sample taken was less than 50 ml (diluted samples), the 

concentration was calculated as follows; NO2-N in mg/l = (mg/l from standard curve x 

50)/ ml of sample. 
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Appendix IV: Some pictures of the ETP and RBC during the sampling process 

 

Plate 1: Floatation tank 

 

Plate 2: Mixing tank with stirrer 
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Plate 3: Primary Settler with effluent weir 

 

Plate 4: Two stage aerobic RBC 
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Plate 5: RBC with lamella settler 

 

Plate 6: RBC with biofilm on disc 
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Plate 7: Sampling point for influent to RBC 

 

 

Plate 8: Sampling point for influent to RBC 


