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Abstract 
The driving force behind this research is the disposal of contaminated water in municipal drains by 
abattoirs in the meat production sector in South Africa, while the Country’s Water crisis remains 

unabated. The Government cannot allow contamination of the little available water. This paper is an 

attempt to determine an effective management of waste water generated by abattoirs, taking data from a 

typical abattoir located at Ekurhuleni, East of Johannesburg. The abattoir slaughters about a Hundred and 
twenty (120) cattle per day and produces about 60m3 of waste water to the effluent plant. Its treatment 

facilities uses mechanical processes for the treatment of the Beef waste water. This research adopts a 

method whereby the waste water sample is collected, and taken to a standard laboratory for analysis. 
Laboratory reagents are then introduced to the partially treated water. Flocculation tests were conducted 

to aid the sedimentation of the undesired substance. The waste water treatment plant at the current status 

has been found to reduce the Chemical Oxygen demand (COD) from 7000-6000ppm, Conductivity from 
7.5 - 5.5 mS/cm, Total suspended solids (TSS) from 700-650ppm, Nitrates from 720-600 ppm, and 

Phosphates from 600-400ppm.  Some of the reagents used include but not limited to aluminium chlorate, 

ferriflocc, ferric chloride and Polymers. The results show that quality of the mechanically treated water 

can be improved by reducing the COD by 39%, TSS by 58%, Phosphates and nitrates by an average of 
40% apiece.  
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1. Introduction

South Africa is a semi-desert with only 40% annual rain fall amounting to an average of 450mm per annum, hence 

South Africa is a water scarce country compared to the world whose average rainfall is 860mm. The Global 

warming environmental and climate adversities are worsening the Water crisis in the Country. The estimated annual 

volume of water in South Africa is averaged to 50 billion m3, of which 10 billion m3 of that water originates from 

Lesotho. About 15% percent of available Water is used by the industry. This implies that up to 7.5 billion m3 is 
channeled to satisfy Industrial needs. About 25% is used by the domestic sector while the remaining 60% percent 

finds usage in agricultural activities. The use of treated Water for irrigation, pollution of rivers with chemicals 

(fertilizers) constitute further reduction in usable Water.  

Water plays inalienable role in the sustenance of plants and animals and by virtue of its fundamental 

composition, can be termed fugitive in nature. Though water is very easily contaminated by dissolving many solutes 

into itself, it can better be described as a flux rather than a stock. When managed effectively, water can be a 

renewable resource [1]. Poor quality water is not good for either human or industrial use as it can threaten life. 
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Generally, poor quality water can be regarded as waste water which vary from season to season and from regions to 

regions, depending on the particular human activity resulting in the Water being declared as waste [2]. The causes of 

poor quality water are numerous. In particular, waste water arising from abattoirs has been characterised and 

investigated by a number of researchers [3-5]. The authors enumerate the major contaminants of clean water that 

havs been used for various degrees of meat processing. Abattoir waste water treatment Facilities in the Meat 

production industry of Ekurhuleni in South Africa is the main focus of this study. It is intended to find solutions that 

would enable the implementation of the necessary corrective majors to the ebbing standards of the waste water 

generated in the abattoir. The contaminants witnessed in the abattoir include but not limited to carcasses, blood, 

solid waste, animal urine e.t.c. Aniebo et al [3] maintains that blood from a representative cow contaminates water 
in much the same way as the combined contamination of average 50 people. When waste water from the abattoir is 

discharged into drains untreated or partially treated. It further contaminates both surface water and groundwater. The 

surface water is directly used as a means of clean water source in some villages where access to treated pipe born 

water is limited.  

The dissolved and settled fats, carcase, proteins and the blood penetrate the soil and leach into the 

groundwater. Over time, the contaminated water can endanger the society and the ecosystem at large. The South 

Africa water shortage continues to linger due to numerous challenges that strain steady treated water generation and 

availability. Part of the reasons is the twin demands of industrialization and urbanization. There is overarching need 

for economic growth to contain the threats of unemployment and dwindling quality of life. At the same time, 

industrialization in the urban areas is essentially important to alleviate poverty. The duo places strong demands on 

water use and directly increases the quantity of waste water generated in the Country. There is another opinion that 
the evolution of new industries which ultimately result in migration of people from rural areas to Cities can place 

further pressure on water sources to the extent 50% of the entire World population will be endangered in terms of 

access to water in the next decade [6]. South Africa government requires that every company operating within its 

territory must maintain standards expected of waste water before sending the waste water to drains [7]. Most of the 

policies provided by the standards can be found in the National water act of 2015 [7]. The standards can be achieved 

by conducting total water management of the water used by companies, industries and other sectors capable of 

generating waste water. This implies that waste water ought to be treated to an environmentally acceptable quality 

before discharging into a Municipal drains. 

Treatment of polluted water is a serious concern of government and significant resources are normally 

channelled to the effort. The reason is to forestall outbreak of diseases among other disastrous consequences. Studies 

bordering on waste water treatment abound in literatures, even though, some laboured more on the reduction or 

removal of specific contaminants [8-9]. It is noteworthy that surface water, mainly due to mixing with age long 
waste water, are mainly composed of physical and or chemical contaminants in varying degrees [10].  Therefore, 

surface water when used directly for man’s activities can be a source of disease, though it may be thought to be 

clean in appearance. In view of this, treatment facilities and processes must be instituted at the source of waste 

Water to remove all possible contaminants capable of posing detrimental consequences to plants and animal in 

particular, and the entire ecosystem in general. This should be done prior to sending the waste water into rivers, 

streams, lakes etc. While this study does not boast of providing the whole treatment processes needed to sanitise the 

whole waste water generated in South Africa, nor analyse the whole contaminants, an attempt is made to investigate 

the standard of waste water generated at the abattoir located in Ekurhuleni, with a view to providing management 

template for the sector. 

2. Instruments and Methods

The instruments employed in the work are itemised in this section. 

1. PH meter
This is an instrument used to measure a degree of alkalinity and Acidity.  The make and Model used was; PC 700,

Eutech instruments. It has a PH range between zero and fourteen (0-14). It has two Probes; one is for measuring PH

and the other one is for conductivity. The mode of the instrument can be changed into either PH or Conductivity or

TDS (Total Dissolved Solids)

2. Flocculation Tester
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Flocc tester of model and make; JLT6 Velp Scientifica was used in this research. It is a six item inventory, it stir six 

samples at a time, with a variable speed ranging from zero to 300 rpm (revolutions per minute). Generally a Flocc 

tester is an instrument that is used to test the activity of Chemical flocculation and coagulation of different 

flocculants and coagulants interacting with water in a water sample. A flocc tester has lights that shine into a sample 

so that a researcher would visually witness the formation of very small floccs forming in the water sample. It also 

has impellers (blades) with variable speed whose main function is to stir the water sample at variable speed as per 

the flocculent requirements. 

 

3. Turbidity Meter 
The model used is 2100P Turbidity meter, Manufactured by Hatch. This is in an instrument that is used to measure 

clarity of water. It uses the principles of refraction of light ray. Different clarities and colours of water have different 

refracted angles and wavelengths. The instrument interprets the combination in Nephelometric turbidity units 

(NTU). Turbidity is inversely proportional to water clarity. When turbidity value becomes higher it means that water 

is dirtier.  

 

4. COD Reactor 
A DRB 200 HACH COD Reactor was used. This is a Heating instruments that is used to heat COD reagents in order 

to digest substances responsible for COD in a water sample. The Digestion takes place at 1500 Celsius. It has slots of 

certain diameters and depths that fit certain test tubes as per different manufacturer’s specifications.    

 

5. Magnetic Stirrer 
This is an instrument used to stir solutions. A Labcon Magnetic stirrer was used for this Project. This magnetic 

stirrer is more than 22years old but is still working properly. It has a speed control knop that range from 0-8 speed. It 

also has a heating element. The temperature control knop also has variable temperatures.  

 
 

6. Spectrophotometer 

HACH DR 3900 Spectrophotometer was used. This is an instrument that measure concentration of substances in 

water by an intensity of output light rays resulting from colour change of solution. It provides data over a range of 

visible wavelengths and allows the absorbance of a solution at a particular frequency of visible light. It is 

accompanied by small reagents sachets that result colour change of solution as they react with different substances 

that are being tested in the water sample. 

 

 

3. Methodology 
 

Probability sampling is conducted in an effluent waste water treatment plant of an abattoirs. The Facilities are 

located at Ekurhuleni; East of Johannesburg. The probability sampling was in a form of systematic sampling where, 

5Lt samples of both influent and effluent waste water were manually sampled every thirty minutes for two hours to 

obtain 20Lt composite Samples.  This was done to ensure that distinct subpopulation with more representative 
samples of the overall populations of both the inlet and outlet of the waste water was taken from the effluent plant. 

The collected samples were taken to the Laboratory for Experimental tests and analysis. The Experimental work at 

the Laboratory was implemented by stirring both the influent and the effluent sample so that the suspended solids 

could evenly be dispersed. PH, Conductivity, and total dissolved solids of both samples were taken by immersing 

probes of a PH, and a conductivity meter to read respectively the PH, conductivity and Total dissolved solids (TSS). 

The effluent sample was then poured into six Glass beakers of 500 ml Volume each. The six beakers were all placed 

in a Flocculation tester. One of the six effluent samples was a reference sample. A single sample of the influent was 

also poured into a beaker and placed aside for comparison. Coagulants and flocculents solutions of part per thousand 

(1ppt) concentration were prepared. 0.5 ml of Aluminium Chlorohydrate was added into a 500ml beaker. The beaker 

was then filled with water to the 500ml mark to make up a 1 ppt sample. The 1ppt sample was stirred using a 

magnetic stirrer until completely mixed.  

 

3.1 Ferric chloride, Ferriflocc and Poly amide Polymer 
The same procedure described in section 3 was repeated for Ferric chloride, Ferriflocc, and the Poly amide Polymer.  

The 1 ppt sample of aluminium Chlorohydrate was dosed into the 500ml effluent water sample in the Flocc tester. 
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This was dosed at different concentrations, Every 0.5 ml of the 1ppt solution make up a 1ppm (part per million) of 

concentraion when added into the 500ml waste water sample. Varying concentrations were continually dosed until 

floccs were formed in the water samples. Floccs were produced at different concentrations of the Aluminium 

Chlorohydrate. Flocculents were later each added after the floccs had been formed in order to grow the floccs bigger 

so that they could settle at the bottom of the beaker. Clearer water remains at the top while the entire dirt settles at 

the bottom of the beaker. The seven water samples; influent, untreated effluent, and the five samples treated at 

different concentrations, were all diluted into the ratio of 1:10.  A 10ml pipet was used to draw a 10ml treated 

sample, and the 10ml drawn sample was added into a 100ml volumetric flask. Demineralised water was added to the 

10ml treated water sample to fill to the 100ml mark of the volumetric flask to dilute the sample into the ratio 1:10. 
The same dilution procedure was repeated to the other samples; the influent, the untreated effluent, and the treated 

effluent.  

 

 

 

3.2  Nitrate Test 
The test for nitrates was started by filling a 10ml glass sample vial, a nitrate reagent reagent; nitraver 5 Powder; a 

cadmium, Gentisic acid based product, was added into the 10ml sample vial. The vial was closed and shook 

vigorously till all the nitraver 5 powder was dissolved. A three minutes reaction took place between the nitrates 
concentrated water and the reagent. A colour change to yellowish brown was observed in the sample vial. The vial 

was then inserted into a sample slot in the DR3900 Spectrophotometer. A nitrate program was selected in the 

Spectrophotometer, another sample vial was filled with 10ml of the same diluted water sample but no reagent was 

added on the second sample vial. This was used as a blank to zero the photometer. After the photometer had been 

zeroed, the sample with nitraver 5 reagent was then inserted in the photometer and was run. The Spectrophotometer 

gave a reading of nitrate concentration in milligrams per Litre (mg/L or ppm). This reading was multiplied by ten 

due to the dilution factor of 1:10. The same was repeated for all the other samples.  

 

3.3  Phosphates 
The test for Phosphates was also conducted according to the above procedure. A 10ml sample vial was filled with 

the 1:10 ratio diluted water sample. Phosphate reagent; Phosphover 4 Powder this is a Potassium Molybdate, 

Potassium pyrophosphate based product; it was added to the sample vial with diluted water sample. The sample 

turned blue, and a four minute chemical reaction was allowed to take place to completion. An unreacted dilute 

solution was added in a separate sample vial to be used as a Blank to zero the Spectrophotometer. A phosphate 

program was then selected. The blank was inserted in the sample slot of the Spectrophotometer, the instrument was 

zeroed and the blank sample was taken out of the slot. The blue water sample with Phosphate reagent in the 10ml 

sample vial was, then inserted in the sample slot of the Spectrophotometer. Phosphate concentration was read in 

ppms. The reading that came was multiplied by 10 to accommodate the dilution factor.  

 

3.4  Total Suspended Solids 
A DR 3900 Spectrophotometer was used to analyse the Total suspended solids. A sample of deionised water was 

added in a 10ml Vial and inserted in a sample slot of the Photometer. A Total suspended solids program was 

selected. The deionised water was used to zero the instrument. A sample of the effluent waste water was then added 

in the 10ml sample vial and inserted in the Photometer. The instrument was then run; it gave the reading in 

milligrams per litres. The same procedure was repeated for the other samples.  A sample was diluted into a 1:10 

ratio by diluting 10ml of the sample in a 100ml Volumetric Flask. Deionised water was added to fill the flask. A 2ml 

Pipette was used to draw a 2ml Sample from the dilute sample. The 2 ml sample was added in a High range COD 

reagent, It is a Sulphuric based product that is being purchased in specialised test tubes. The same was repeated for 

the other samples.  The tubes were tightly closed and vigorously shook. 2ml deionised water was also added in a 
separate test tube to be used as a Blank. The test tubes were inserted in the slots of a COD heater. The Samples were 

digested for two hours by heating at 1500C. The digested samples were then allowed to cool down to an ambient 

temperature. The Blank sample was then inserted in a slot of the DR3900 Photometer. The COD High range 

program was selected, and the instrument was zeroed using the blank sample test tube. The water samples were read 

and the COD readings were multiplied by ten to accommodate the dilution factor.   
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4. Results and Discussion  
 The Three Coagulants; Aluminium Chloro hydrate, Ferric Chloride and Ferriflocc that were used as sources of 

flocculation in the abattoir waste water treatment experiment reacted differently from one another. A Poly amide 

polymer was later used. Ferriflocc were used in the treatment of the abattoir waste water while the interaction 
presented in Table 1 were observed between the abattoir waste water samples. Table 2 presents the various 

components of the raw effluent sample while what obtains in a treated sample is shown in Table 3.  

 

Table 1: Effluent interactions with different reagents 

Ferri 

Flocc  

(ppm) 

Poly 

Amide 

Polymer 

PH Turbidity 

(NTU) 

Phosphates 

(ppm) 

Nitrates 

(ppm) 

COD 

(ppm) 

TSS 

(ppm) 

0 40 6.89 668 372.45 111.2 2934 971 

20 40 6.89 554.8 355.7 92.78 2644.6 811.2 

40 40 6.89 442.6 339.4 74.36 2355.2 651.4 

60 40 6.89 330.4 323.1 55.94 2065.8 491.6 

80 40 6.89 218.2 306.8 37.52 1776.4 331.8 

100 40 6.89 106 290.5 19.1 1487 172 

120 40 6.89 58.7 222.88 17.3 1276 130 

140 40 6.89 55.9 178.94 14.1 1189 200 

160 40 6.89 44.3 172.48 13.1 1118 145 

180 40 6.89 55 140.08 15.1 1053 286 

200 40 6.89 59 141.6 16.3 1074 294 

220 40 6.89 62.4 140.9 19 1122 301 

 

Table 2. Raw Efluent constituents 

Ferri Flocc  (ppm) Raw 

6611 40 

PH 6.89 

Turbidity (NTU) 1100 

Phosphates (ppm) 419.27 

Nitrates (ppm) 116.2 

COD (ppm) 4268 

TSS (ppm) 1119 

 

Table 3. Constituents composition in treated Effluent 

Ferric 

Chloride 

(ppm) 

COD 

(ppm) 

Phosphates 

(ppm) 

Nitrates 

(ppm) 

3246 

TSS 

(ppm) 

Turbidity 

(NTU) 

0 1907 364 112.9 538 300 

20 1767 330.658 92.4 463 246.84 

40 1627 297.316 75.6 388 193.68 

60 1487 263.974 55.1 313 140.52 

80 1347 230.632 32.6 238 87.36 

100 1207 197.29 29.8 164 34.2 

120 1067 188.71 25.1 93 29.7 

140 1070 167.8 20.8 89 35.7 

160 1089 132.66 13.5 154 35.6 

180 1115 117.13 11.3 155 35.8 

200 1192 115.24 11.5 157 36 

220 1228 114.23 10.8 158 36.4 

240 1312 114.68 11.6 160 36.9 

 

 

The usage of glass Beakers in the sedimentation of suspended solids was the simulation of sedimentation unit of 

operation in the plant. At the end of this research the optimisation methodology may either require a correction, 

replacement or addition of the unit of operation.   
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Ferriflocc; the mixture of ferric chloride and Poly Amide, did not show any visible floccs during the experimental 

tests but the effects of the Ferriflocc were observed when a constant concentration of Flocculent was added in all 

five samples. Then the sample Clarity was increasing with the increasing concentration of the coagulant. The clarity 

increased until at 180 ppm, then it started decreasing and the water was becoming more Hazy, then the dosing of 

ferriflocc was stoped as the water became hazier. The floccs that formed were however slow to settle. Coagulants 

with Floccs that are slow to settle, are not good to be used as sedimentation aids especially at high flow rate systems, 

they rather require very huge settling tanks. They are ideally good reagents for Dissolved air flotation (DAF) 

reactors. DAF reactors would make every sediment in the reactor to float on the water surface by attaching all the 

solid waste to air bubbles.  The tests were repeated to confirm the coefficient of confidence  
Ferric chloride as a coagulant did produce some floccs that grew bigger as the flocculent was added, but the floccs 

were also slow to settle they took about 3.5 minute to settle at the bottom of a 500ml Beaker. Ferric Chloride can 

also be good to be used in a DAF reactor. It would not be efficient to be used in a settling tank   

Aluminium Chloro hydrate with poly amide as a flocculent produced large floccs that settled completely in 50 

seconds. The combination was the best sedimentation aid. These are Ideal Floccs to be used in a clarifier since they 

settle very well. 

The three coagulants did remove suspended solids, that was witnessed by the sediments that settled at the bottom of 

the beakers 

 

 
Figure: 2     Graphical illustration of TSS v/s Coagulant concentration 

 

Turbidity is directly proportional to suspended solids. The lesser the suspended solids the lesser the turbidity. There 
is a direct relationship between the two, even their removal from water take the same Trend. It can be proven 

graphically, Turbidity Graphs look similar to TSS graphs. Compare The analysis of the Turbidity was then 

conducted on turbidity meter to confirm the visual observation that was observed. The Turbidity meter readings also 

confirmed the same. The lowest turbidity of 50 NTU was observed at 180ppm of ferriflocc and 40ppm of poly 

amide polymer. The following graphical illustration will show the same as discussed. 

 

 
 

Figure 3:       Graphical illustration of turbidity v/s coagulant concentration 
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Ferriflocc do remove the suspended solids and the other undesired substances in the waste water. It is of vital 

importance to remove as much suspended solids as possible because 55% of effluent waste water is composed of 

suspended solids [10]. Once Ferriflocc become an excess reagent in the water then I start becoming a pollutant 

rather than a treatment reagent. This can be witnessed by the concentration of the COD versus the concentration of 

the coagulant. The COD was also lowest at 180ppm o the Ferriflocc is dark brown in colour 

    

 
Figure 4. Graphical illustration of COD v/s coagulant concentration 

 

The COD curves take the same trend, COD decrease with increasing concentration of coagulants. The COD reach a 
point where the chemical coagulant is not required anymore, if extra coagulant/ flocculent is being dosed then the 

COD concentration start going up. This because when the coagulant exceed the saturation point it become an excess 

reagent and will start becoming a pollutant rather than a treatment reagent.  

 

Phosphates cause eutrophication, which is the abnormal growth of algae. This algae will compete for oxygen against 

aquatic life.  This in turn has a harmful effect on aquatic life, resulting in a reduction in biodiversity [8]. Phosphates 

are removed by precipitation reaction. It take place in a form of exchange reaction where the phosphates react with 

the metal in coagulant forming metal phosphate, be it aluminium or Iron.  

 

 Al2(SO4)314H2O + 2PO4 3-         2AlPO4 + 3SO4 2- + 14H2O    

 

Ferrifloc reduced Phosphates by 62.16%, in actual facts they were reduced by 66.39% when considering the raw 
sample. The effluent plant that is being optimised, received raw water at the phosphates level of 419.27mg/L and 

could produce an effluent of 372.45mg/L. this was an 11.16% removal of phosphates. The laboratory test proved 

that ferriflocc can reduce phosphates from 372.45mg/L to 140.9mg/L which make it to be 62.16% efficient if 

considering the effluent and 66.39% when considering the raw sample (influent)   

Aluminium Chloro hydrate removed the Phosphates by 64.15% when only considering the effluent sample but in 

actual facts the, the Phosphates were removed by 74.80% if considering the influent sample which came the 

concentration of 508.02mg/L. The ferric Chloride removed the Phosphates by 68.61% when considering the effluent 

sample but in actual facts by 79.74%. The plant could remove the Phosphates by 35.46% and application of 

chemicals could add 44.28% efficiency on the facilities making it 79.74% Efficient. The Phosphates Graphs are 

having similar shapes to the suspended solids Graphs and the turbidity. This proves that the phosphate precipitate 

and settle down in a form of suspended solids. There is an interrelation ship between the three parameters [8].        
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Figure 5     Graphical representation of Phosphates v/s coagulant 

 

Nitrates are also one of the substances responsible for growing algae in rivers and lakes. This result in eutrophication 

which does not support aquatic life. Nitrates can also cause Methemeglobinemia a disease that can cause death to 

infants. It can be removed by de-Nitrification from water. Many researchers such as Zang, Su and Puls came with 

different perspectives of  de-Nitrification reaction. The  following is the chemical reaction of zero valent Iron and 

Nitrate. 

Fe0 + 2NO3
- + 6H2O  N2 + 5Fe2+ +12OH- 

4Fe0 + NO3
- + 7H2O  NH4

+ + 4Fe2+ +10OH- 
The Nitrates Curve resembles more the suspended solids curve. They all look similar. The ferriflocc removed 

Nitrates by 88.83%. The Aluminium Chloro hydrate removed the Nitrates by 71.60 and the ferric chloride removed 

he nitrates by 90.78%. 

 

 
Figure 6:     Graphical representation of Phosphates v/s coagulant 

 

 

Conclusion 
The study seem successful since the Chemical reagents applied  in the Project proves to be appropriate in the Quality 

improvement of the abattoir waste water treatment    A methodology to optimize the waste water treatment plant of 

the abattoir at Ekurhuleni east of Johannesburg can be invented to correct the current status quo. The researcher 

recommends that a clarifier be installed in order for the abattoir waste water treatment plant to practice 

sedimentation activities in the plant to further improve the waste water Quality.  
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