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ABSTRACT 

Harmonics is an unwanted frequency signal that distorts supply waveforms of current and 

voltages thereby causing interference of connected systems. The impact of the harmonics 

produced by the asymmetrical drive connected to Communications circuits and Traction 

systems is presented. The drive was characterized into four distinct intervals of operations 

and explicit expressions of input current supply to the drive were obtained for the various 

intervals using the piece – wise linear (PWL) analysis approximation method. Fourier 

intergral analysis was carried out on the ac currents to derive the harmonics spectrum for 

the different firing angles of the drive. The composite spectrum demonstrates the range of 

frequency that has significant harmonics level that can interfere with the performance of 

communications systems and circuits. 
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INTRODUCTION 
Most equipment connected to an electricity distribution network usually may need controlled 

power conversion equipment which produces a non - sinusoidal line current due to the nonlinear 

load. With such loads as RLC, the switching action of the devices makes the system non- linear. 

Also, with the steadily increasing use of such equipment, line current harmonics have become a 

significant problem. Their adverse effects on the power system are well recognized. Harmonics 

are unwanted frequency components, which arise from the use of semi-conductor controllers. 

Modern industries and applications which include the steel plants, traction systems, industrial 

drives, furnaces etc generate voltage and current harmonics which have adverse effects on the 

supply lines and equipment connected to such lines. The harmonics generated according to 

Okoro [1] and Redl[2] result in distortion of line voltages, degradation of power factor of 

electrical equipment thereby increasing the reactive power consumption and also overall running 

cost of equipment. The overall effects are reduced efficiency, increased heating effect and lead to 

Poor Power Factor on the AC inputs of the industrial drives. Also, voltage distortion produces 

such effects as motor prematurely burning out due to overheating, increased losses and lower 

efficiency. 

 

It is to be noted that the presence of harmonics in the supply waveforms has other wide-ranging 

effects on the supply system. These include: 

 Communication system interference. 

 Degradation of equipment performance and effective life 

 Sudden equipment failure 

 Protective system mal-operation 

 Increased power transmission losses 

 Overheating in transformer, shunt capacitor, power cables, AC machines and switchgear 

leading to pre-mature ageing  
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Harmonics result in distortion of line voltages and currents, degradation of power factor of 

electrical equipment thereby increasing the reactive power consumption and also overall running 

cost of equipment 

The major concernin this work is the effects of harmonics on communication systems 

interference operating within a certain range of frequency [5]. To demonstrate this, a study of the 

singe phase AC – DC drive has been conducted [3 - 5] 

 

METHODS 

A complete characterization of the Single – Phase AC – DC drive carried out by Osunde [4–5] 

examines four different modes of operations of the drive presented in Fig. 1.Explicit expressions 

of the ac input current were obtained by analyzing the half cycle equivalent circuit of the drive of 

Fig.1for the different intervals [5] by assuming that the terminal condition of one interval are the 

initial condition of the next interval. 

 

Analytical Results  

Results of the analysis of the ac input current obtained in [3-5] is as stated; 

 

In the conduction interval,  

With initial condition 0i at 0t , the current in this interval is given by: 

   





















 


1

111 expsinsin



u

tKIao

(1) 

The conduction interval ( ) current flows in the path shown in Fig. 1 and the ac 

input current in this interval is; 

   (2) 

Next is the free wheeling interval   

The current expression is given as; 

(3) 

 At the end of the extinction interval,  

                       (4) 
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Fig. 1: Bridge Converter with half Cycle Equivalent Circuits showing path of current during 

different intervals 

 

(a) Forward Commutation Interval,    

(b) Thyristor Conduction Interval  

(c) Freewheeling Interval  

(d) Reverse Commutation Interval or Extinction Interval  

 

The equations of currents for the different intervals equations 1 - 4 put together give the total ac 

input current to the drive. 

 

Analysis of the Harmonics produced by the controller 

The harmonic spectrum of the motor input current is obtained from Fourier analysis of the 

explicit expressions for the armature current over a period of the waveform such that;  

 

(5) 

 

The coefficients  are obtained as 

 

                    (6)      

        (7)     T is the period. 

Where An and Bm are the harmonic components. Harmonic components as derived in [5] for the 

different interval of operation is; 
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 (9) 

 

The next section shows the harmonic spectrum obtained by simulating the harmonic components 

An and Bn of equations (8) and (9) respectively.  



9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

5 

 

Harmonic Spectrum results 
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Plot of Instantaneous Current Amplitude versus Harmonic Number for   = 10o

 
(a): Harmonics Spectrum of the controller at a Firing angle ‗α‘= 10
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Plot of Instantaneous Current Amplitude versus Harmonic Number for   = 20o

 
(b): Harmonics Spectrum of the controller at a Firing angle ‗α‘= 20
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 (c): Harmonics Spectrum of the controller at a Firing angle ‗α‘= 700
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(d): Harmonics Spectrum of the controller at a Firing angle ‗α‘= 90

0
 

 

Fig.2: (a-d): Harmonics Spectrum of the controller at different Firing angles 

 

 

 
Fig. 3: Variation of Harmonic Current with Firing Angle 

 

 

DISCUSSION OF RESULTS 

The variation of the harmonic spectrum of the input current with the harmonic number is 

displayed for increasing firing angles of the drive in Fig. 2. From this figure, it is obvious that the 

magnitude of the current harmonic content and hence the amount of distortion produced by the 

drive is high at the 3
rd

 and 5
th

 harmonics whereas, it is considerably reduced at a higher harmonic 

number. A similar deduction [6] can be interpreted from figure 3 where a very high harmonic 

content is present in the input supply current when the drive is operated between 120 to 170 

degrees at a frequency range of 150 – 650Hz. 

 

CONCLUSION 

The implication of this work is that, communication equipment and circuits operating within this 

range of frequencies (150Hz – 650Hz) will be adversely affected at such significant harmonic 
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levels resulting in distortions and interference of communication systems. Also, signalling in 

traction systems. can be affected by such a significant level of supply input current harmonics 
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ABSTRACT 
Equipment connected to an electricity distribution network usually needs some kind of 

power conditioning, typically rectification, which produces a non - sinusoidal line current 

due to the nonlinear input characteristics. With the steadily increasing use of such 

equipment, line current harmonics have become a significant problem. Harmonics are 

unwanted frequency components, which arise from the use of semi-conductor controllers. 

Modern industries and applications such as the steel plants, traction systems, industrial 

drives, furnace heating, Aluminum smelting etc generate voltage and current harmonics 

which have adverse effects on equipment designed for operation with sinusoidal 

waveforms. The harmonics generated results in distortion of line voltages, degradation of 

power factor of electrical equipment thereby increasing the reactive power consumption 

and also overall running cost of equipment. In this presentation, the single – phase AC – 

DC drive which produces a high input current harmonics and a low power factor is 

employed in the study. EAC provides control of the gating signals of the drive and a 

detailed mathematical analysis of the behavior factors – Harmonic factor (HF), 

Displacement (DF) and the Power factor of the drive. Simulation and laboratory 

experimentation demonstratesan improved power factor (PF) 

 

Keywords: Harmonics Power Factor (PF) Displacement Factor (DF) Harmonic Factor 

(HF) Drives 

 

 

INTRODUCTION 
There have been many reported problems associated with harmonics within an industrial plant 

[1-4] and a high input current harmonics  have been establish to exist in ac supply to drives [5-6] 

resulting to a low input power factor. It is to be noted that the presences of harmonics in the 

supply waveforms have a wide-ranging effects on the supply system. These include: 

Communication system interference. Degradation of equipment performance and effective life 

Sudden equipment failure\Protective system mal-operation\Increased power transmission losses 

Overheating in transformer, shunt capacitor, power cables, AC machines and switchgear leading 

to pre-mature ageing and poor power factor. Many research efforts aimed at improving poor 

power factor problem have been made in the past by various researchers [7-9] and a lot of study 

is still on going.  

In this work, the extinction angle (EAC) control technique aimed at improving the poor power 

factor of industrial drives is being investigated. The research gives a description of the circuit 

topology and a mathematical analysis of the control technique. Results of simulation and 

laboratory experiment shows an improved power factor close to unity. 

 

Circuit Topology 

The drive circuit and its associated waveforms of input currents and voltages is displayed in Figs. 

A and B. In the single- phase ac – dc drive shown in Fig. A, the thyristors T1 and T2 have being 

replaced by switches S1 and S2. The switching actions of S1 and S2 can be performed by gate 

turn-off thyristor (GTO‘s). The characteristics of GTO‘s are such that a GTO can be turned - on 

by applying a short – positive pulse to its gate as in the case of normal thyristors and can be 
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turned – off by applying a short negative pulse to its gate. The fundamental component ί1 of the 

supply current ‗ί‘ leads the supply voltage. 

 

 
Fig. A: Circuit layout 

 

METHODS 

Operation 

In an extinction angle control, switch S1 is turned on at 0t and turned off by forced 

commutation at ωt= β. Switch S2 is turned on at ωt = π and is turned off at ωt = (π + β). The 

output voltage is controlled by the extinction angle β. The waveforms for voltage and current 

through the switches are shown in Fig. B. 

 

Analysis 

The average output current is 
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Fig. B: Waveforms of current and voltages 
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Similarly, the instantaneous input current can be expressed in Fourier series 

as    
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where, 
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the instantaneous input current can now be written as: 
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Substituting equation (17) into equation (19), 
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The expression for the harmonic current factor is [10]: 
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Substituting equations (25) and (27) in equations (28), it becomes:                          
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The expression for the input current power factor is [10]: 
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Simulation 

The functional relationship between the behaviour factors and the output voltage is obtained by 

simulating equations; (4), (21), (29), and (32) using Matlab programming tool. The results of the 

simulations are displayed in Fig. C. Also, the relationship of the behaviour factors of the drive 

and the extinction angle is obtained by simulating equations (21), (29) and (32) using matlab 

programming tool. The results of this simulation are displayed in Fig.D. 

 

RESULTS 
Figure C, shows the simulation results of the relationship between the behaviour factors of the 

single – phase ac – dc drive with the output voltage for the EAC technique. 
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Fig. C: Relationship of behavior factors and output voltage for Extinction Angle PFC Control 

technique. 

 

Figure 4, shows the simulation results of the relationship between the behaviour factors of the 

single – phase ac – dc drive with the extinction angle for the EAC technique. 
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 (iii) (iv) 

Fig. D: Relationship of behavior factors and extinction angle for Extinction Angle PFC Control 

technique 

Fig.E: Relationship between the output voltage and exctinction angle for Extinction Angle PFC 

Control technique 

 

Experimental results 

The circuit was set up in the laboratory and the waveforms of input voltage and current was 

obtained as displayed in Fig. F. 

 

 
 

Fig. F: Results of laboratory experiments for Extinction Angle Control (EAC). 

 

DISCUSSIONS 

It should be made clear that the performance of the asymmetrical bridge converter with 

extinction control are similar to those with phase control (PAC) discussed in previous 
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presentation [6], except that the power factor is leading as displayed in Fig. F whereas, with the 

phase angle control (PAC) technique, the power factor is lagging. 

A critical look at the input waveforms of this technique reveals that the component of the input 

current leads the input voltage and the displacement factor and power factor is leading the supply 

voltage. This feature is required in some applications desirable to stimulate a capacitive load and 

to compensate for the line voltage drops. 

 

CONCLUSION 

The results reveal that as the extinction angle and the output voltage is increased, power factor is 

increased progressively. Also, the displacement factor is increased whereas, the harmonic factor 

is decreased. As expected of single – phase drives, it provides a variable output voltage for a 

varying power factor. This has been established in this work. 
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ABSTRACT 

This paper presents an electronic expert system platform to detect and diagnose existing 

and new cases of contagious diseases as they occur with minimal contact with the index 

patient(s) and healthcare personnel with a confidence level that can be used to initiate or 

suggest appropriate follow-up action(s).The aim is to use ICT tools for patient-diagnosis, 

raise a red flag in real-time and thus contain contagious cases which may degenerate into 

an epidemic by providing a way to analyze vague and ambiguous input data from visible 

and reported symptoms in patients.A re-useable expert system which makes use of fuzzy 

reasoning techniques and design methodology was used in this work. The expert system 

is premised on rule-based fuzzy logic which captures the ambiguity, imprecision and 

nuances involved in disease reporting and detection using the Mamdani 

model.Thesoftware developed for the fuzzy expert system, called SOSIC, presents its 

diagnosis with fuzzy values between 0 to 1 corresponding to its level of confidence for 

the fuzzy inputs. The current approach to e-diagnosis and detection of contagious 

diseases using our SOSIC software is not completely contactless, thus ongoing 

investigations are geared towards improving SOSIC to be contactless.The developed 

fuzzy expert systemsoftware provides a safe procedure with minimum contact between 

patients and healthcare personnel to address early detection and diagnosis issues that may 

help forestall chain-infection and epidemics. The developed fuzzy based expert system 

can be further extended to accommodate the detection of a wider array of symptoms as 

new cases arise; thus this paper fulfils an identified need in safe healthcare practice.  

 

Keywords: Disease Control, SOSIC Diagnosis, Preventing Diseases, Quarantining, 

Contagious Diseases. 

 

 

INTRODUCTION 

An average scenario of patients trying desperately to see a doctor especially in public hospitals 

and primary health care leaves much to be desired; experiences such as undue waste of time, 

frustration and delays, exploitation and lackadaisical attitude of some of the healthcare givers. In 

a developing country such as Nigeria, where there is consistent trade union and government 

disagreements over salaries, entitlements, working conditions and health care facilities, life 

threatening situations and conditions may further be compromised by these healthcare 

institutions. This is further complicated by the fact that diseases outbreaks usually have 

debilitating consequences, endangering even the healthcare givers‘ health and the populace if not 

detected, isolated and controlled. It is therefore a matter of urgency and necessity for a review of 

the health institution‘s modus operandi in tandem with recent developments and best practices 

available in other climes. 

This work advocates a way for healthcare givers to examine patients in emergencies with a view 

to minimizing contact with yet to be properly diagnosed patients that may be a host to contagious 

diseases such as Influenza (flu), Chickenpox andEbola among others. By minimal contact, nurses 

and other lower cadre healthcare givers who hitherto are the first to receive patients on arrivalin 

the emergency units of hospitals and clinics are allow to have a general idea of the case they are 
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dealing with at hand based on an expert system comparable to MYCINsuch that during the 

window period prior to when a patient finally sees the doctor, the patient who we can refer to as 

the index case has not infected the medical personnel or even other patients in the general patient 

out-ward unit. 

The disease prevention and isolation approach we have chosen for this expert system is to help 

protect everybody involved either directly or indirectly in the event of a disease outbreak by 

helping to contain the spread, kick start quarantine procedures where necessary and proffer initial 

solutions verifiable by trained medical personnel if necessaryand thus serve as an electronic form 

of first aid pending final diagnosis by trained personnel or serve as a referral to Emergency 

Diseases Hospitals (EDH) if available. This work allows healthcare personnel and even the 

patients-to-be-diagnose to respond to basic or simple questions from the software package we 

have developed and which is designed to be resident in the familiar personal computer and 

available in the general open ward for out-patients and administrable to patients positioned at 

about one metre away from healthcare personnel. We thus hope that by this structured 

information related approach, it will be able to help reduce the severity for spreading of 

contagious diseases bearing in mind that there is normally an ample amount of time wasted while 

waiting for the doctor or waiting in a queue. 

 

Related Work 

The use of computers to aid health care givers and patients have been available as far back as 

1970s with the design and deployment of MYCIN, a medical expert system for diagnosing 

ailment and based on rule base reasoning [1] that are premised on certainty factors of symptoms 

present in patients.CASNET was also designed to help medical personnel to detect ailments and 

diseases in patients by considering the most significant result of tests. It uses semantic network 

representation formalism, having nodes which representdisease states with attached weights to 

determine how they relate under some appropriately defined relationship.Due mainly to the 

dynamic nature of diseases occurrence [8], complexity in its spread and sensitive factors 

involved in treatment and isolation, coupled with the professional expertise needed for building, 

verifying and deploying tools for patient diagnostic purposes, much has not really been done in 

the scientific community for this specific area. This assertion can be observed in the recent 

(2014) outbreak of the Ebola ViralDisease (EVD) in West Africa were standard health 

procedures supported with ICT tools could have helped in preventing the death of the healthcare 

givers who probably due to the fact that EVD was not rampantand with symptoms similar to 

fever, malaria, flu, etc which are not contagious may have initiated very low alert levels in 

dealing with the case.An ICT supported healthcare system using expert system‘s artificial 

intelligence and capability to control and analyze huge data in real-time will provide the 

necessary large database that can contain all possibility of the symptoms of a disease including 

Emerging infectious diseases (EIDs) for which [5] puts the number to be increasing globally over 

the past 50 years with estimates of the proportion of EIDs that involve pathogens transmitted 

from animals to humans, or zoonoses, ranging from 60% to 75% of contagious diseases. 

Although the number according to [5] of ―Emerging zoonoses can become devastating if they 

become transmissible from person to person. For example, the complete genetic characterization 

of the pandemic (in) 1918 (of the) ―Spanish Flu‖ virus suggests it not only originated from an 

avian influenza virus, but that the pandemic virus was in fact an adapted avian influenza virus; 

these findings show that zoonotic agents can result in severe impacts with minimal genetic 

changes, in this case increased severity and facilitated human to human transmission, some of 

which are already present in the current circulating avian viruses.‖EBVs zoonotic agents include 

Bats, Monkeys, Apes and Duikers (African Antelopes).Vrhova et al in [5] further went on to 

point out that ―society would be better prepared to detect and prevent EIDs if we can get ―ahead 

of the curve‖: if we are able to identify risky situations before the first cluster of cases in humans 
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are identified in hospitals‖. The increasing use of ICT and its tools has witness an unprecedented 

growth in almost all areas including security and crime detection [9], in teaching and learning [6] 

and healthcare cannot be left behind. The role of approximate reasoning in a medical expert 

system which was developed by [7] and called EMERGE uses a rule-based expert system for the 

analysis of chest pain in an emergency room environment to provide rapid decision making by 

utilizing certainty factors to indicate the seriousness of the patients illness. The EMERGE 

according to developers however lacked the ability to record nuance (high distinction) and did 

not intuitively appear to follow the same processes as the human reasoning process.Though our 

intentis purely to serve as analternative to help advance diagnosis of diseases especially 

contagious ones in our healthcare system and to draw attention to this area of scientific support 

to the healthcare system we however state that the result of this work or the conclusion from the 

diagnostic software cannotserve as a substitute for the advice, diagnosis or treatment by a doctor 

or other trained health professionals. 

 

METHODS 

The diagnostic software designed is based on a mathematical model that allows application of 

rule-based fuzzy models to obtain a relationship between variablesthat interfere as signs and 

symptoms to collectively determine the state of a patient by representing these variable by means 

of if–then rules with vague or imprecise (ambiguous) predicates, such as: 

If body temperature is High then Malaria susceptivity is High. 

If body pressure is Low then Fever susceptivity is Low. 

If Weight Loss is High then Chronic Condition is High. 

This defines in a rather qualitative way the relationship between the patient‘s body temperature, 

pressure and weight and the disease causative mechanism. However, due to the fact that human 

reasoning and response to data entry or collation is based on heuristics and ambiguity such that 

temperature may be reported as high, slightly high or very high. Pressure could be reported as 

normal or abnormal and weight loss could be interpreted as high, slightly high or severe. Thus to 

make such model operational, the meaning of the term ‗high‘ or ‗low‘ must be defined more 

precisely. This is done by using fuzzy sets, i.e., sets where the membership is changing. The 

Mamdani model was chosen for this project over the Takagi–Sugeno Model due to the ability of 

the model to deal with linguistic fuzzy since the latter is more adapted for data driven 

identification. 

 

Mamdani Model 

In this model, the antecedent (if-part of the rule) and the consequent (then-part of the rule) are 

fuzzy propositions: 

Ri: If x is Aithen y is Bi; i= 1,2, … K    1. 

Here Aiand Biare the antecedent and consequent linguistic terms of patients‘ symptoms as present 

(such as ‗Normal‘, ‗Slightly large‘, ‗Very High‘ etc.), representedby fuzzy sets, and K is the 

number of rules in the model. 

  

Fuzzy inference systems (FIS) 

A FIS according to [10] ―is a way of mapping an input space to an output space using fuzzy 

logic. A FIStries to formalize the reasoning process of human language by means of fuzzy logic 

(that is, by building fuzzyIF-THEN rules).‖The Mamdani-type inference expects the output 

member ship functions to be fuzzy sets whose output, after the aggregation and defuzzification 

process is a single spike rather than a distributed fuzzy set. This output which is a 

singletonoutput membership function of the pre-defuzzified fuzzy set corresponds to the 

efficiency of the defuzzification process and the computation of the centroid of a two-

dimensional function. 
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This linguistic fuzzy model is useful for representing qualitative knowledge based on available 

or visible symptoms and belief that the respondent, that is either the patient or nurse is giving 

accurate report of the symptoms using uncertain and ambiguous linguistic variables or 

‗qualifying adjectives‘ which contain more information than ‗crisp‘ values of true or false, high 

or low, hot or cold as disease isolation depends more on the degree of causative elements in the 

patient‘s body. For example early stages of a disease will manifest fewer symptoms compared to 

later and final states with each stage having its own unique signatures. By using membership 

functions the degree or extent of viral, pathogenic, bacterial, etc involvement, their stage of 

development, population, etc present in the patient‘s immune system (the host) can be more 

understood. For example, a membership function mapping of body temperature and blood 

pressure is shown below. 

 

 

 

 

 

 

Figure 1.0 Membership Functionsof present state of patient‘s condition. 

 

Since the input–output data of the system under study are available the membership functions 

can beconstructed or adjusted automatically with the stringent rule that the qualitative 

relationshipgiven by the rules is usually expected to be valid for a range of conditions. 

 

Fuzzy Expected Interval, (FEI).To handle the fuzzy population distribution in the proposed 

inference system the equation below was used to obtain the upper and lower bounds in the 

computation of the Fuzzy Expected Interval, (FEI) from which a Fuzzy Expected value was 

computed. 

 

 

 

 

 

 

Software Implementation (SOSI Clinic) 

A screenshot of the GUI accepting patients‘ real-time symptoms which has been designed with 

the uncertainty of fuzziness and ambiguity or vagueness in responses of the patient under 

investigation or the resultant conclusions of the administering healthcare personnel such as the 

nurse on duty that is using the software is shown in figure 2.0 below.In using this tool, the user 
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will have to selectthe degree of presence of symptoms as visible on the patient or as reported by 

the patient under investigation. These actions fire the various membership functions in the fuzzy 

system by creating a membership function set and the software based on the selected inputs, uses 

its fuzzy inference system to obtain a unique value which depicts mathematically the stateof the 

patient. 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS AND DISCUSSION 

Figure 2.1 shows a screenshot of the window showing the results of the diagnosis bythe SOSIC 

expert system for which fictitious values have been previously inputted recall infigure 2.0 above. 

The hypothetical casesor inputs were used to diagnose a severe case of typhoid and 

quarantinement was not recommended since it was not directly contagious but due to the severity 

of the ailment, admission was recommended.  

 

 

 

 

 

 

Figure 2.1 shows results of diagnosis of a Typhoid case 

 

 

Figure 2.0 shows the SOSIC diagnostic console for inputting symptoms 
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However in figure 2.2 below a severe condition of EVD was detected and quarantinement was 

recommended for the patient. The Error in Judgment (EIJ) is further computed by the software to 

show the degree of her conviction and premise, an optional information that users or trained 

personnel can further use to validate the result of the diagnosis. The EIJ is based on the number 

and degree of symptoms fed into it by the patient or/and healthcare personnel. For example, 

while a patient with just internal and external bleedings may get a computation and diagnosis of 

EVD 0.8 may have a high EIJ or error function as high as 70% as the two symptoms are not 

enough to conclude such a critical judgment, however if other symptoms where inputted in her 

reasoning the EIJ will drop significantly. 

CONCLUSION 

We have presented a novel application of fuzzy sets and fuzzy logic in this work for 

transforming largely vague responses of patients and their symptoms directly into alert levels 

with verifiable level of confidence and error in judgment.  The results of the hypothetical cases 

used to validate this model with participants about one metre away from the administering staff 

produced very promising results and the general sense of the majority of the participants in the 

systems‘ evaluation was that the software was a worthwhile development effort. The SOSIC 

software as an Expert system has allowed the modeling of complex interacting biological 

systems in patients to produce a unique solution for a line of action by depending on heuristic 

and intuitive information readily available from ill patients in real-time.  We thus have been able 

to mitigate the window period of contagious disease spread as it makes its first appearance in the 

public domain through healthcare facilities by efficiently detecting and isolating the index case 

and by raising a red flag to curtail further spread. The importance of this tool cannot be 

overemphasized in a biological warfare where terrorist can take advantage of vulnerabilities in 

the system to create a biological mayhem and only a knowledge driven economy can survive 

such a war.  

 

RECOMMENDATIONS 

We recommend that appropriate authorities should collaborate and further develop this tool and 

adopt the outcome as a standard procedure for healthcare, this will definitely help nip in the bulb 

cases that would have hitherto claimed lives due to very low alert levels as history has continue 

to show that diseases take advantage of man's low alert levels to claim lives including the 

healthcares‘. We therefore recommend the use of ICT tools such as this for general patient 

diagnostic measure, as a standard proactive procedure irrespective of whether the patient will be 

admitted, referred or rejected. 
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ABSTRACT 

The activity of indigenous microbial system is a required tool to remediatean 

environment that has been contaminated by hydrocarbons. This work deals with the 

dynamic responseto crude oil contaminants of undefined microbial systems inthree 

selected communities of the Rivers State of Nigeria. The activities of indigenous 

(undefined) consortia were studied and compared using Respiratory technique.The soil 

samples were incubated with 2 % crude oil in mineral salt medium at 37 
o
C in three 

phases of two weeks in a shake flask at 150 rpm. At the end of the last phase, components 

of the crude oil degraded by the undefined consortia in the soils were identified with the 

gas chromatographic techniques. The results obtained showed that the consortia from the 

different soil samples exhibited different degrees of capacities to degrade the crude oil. 

On the whole, 50.00 to 85.70 % of hydrocarbon components of the crude oil were 

degraded thus making the areas potentially suitable for in-situ bioremediation. The study 

has shown that the obtained microbiological characteristics and activities of the soils are 

adequate for bioremediation technologies. 

 

Keywords: Microbial activities, Undefined Consortium, Crude oil, Bioremediation, Soil. 
 
 
INTRODUCTION 

Rivers State is one of the highly ranked oil-producing states of Niger-Delta of Nigeria, and a lot 

of petroleum production and activities have directly exposed this area to large or repeated spills 

or leaks frequently. The presence of hydrocarbon pollution in the environment poses a great 

hazard for aerial, terrestrial and aquatic life, and the impact of these pollutants is of great public 

concern due to the severe ecosystem imbalances caused by them (Whyte et al., 1997; Biccaet al., 

1999; Margesinet al., 2003). Regardless of the level of pollution, they are potentially dangerous 

to the microfauna and microflora, and have detrimental effects on the ecosystem (Amundet al., 

1987; Akpofureet al., 2001). As a result there are worldwide concerns about remediating and 

restoring environments of hydrocarbon pollution (Biccaet al., 1999). 

Microbial influenced remediation and restoration have been accepted as a promising tool to 

cleaning up hydrocarbon contaminated environments (soil, water, and estuaries). It has gained a 

wide application in combating the menace of hydrocarbon pollution to the environment which is 

usually encountered in the oil and gas industries. Apart from being environmentally friendly, 

because it does not introduce additional chemicals to the environment, bioremediation usually 

competes well on a cost basis, especially in biodegrading petroleum products and most solvents 

(Admassu and korus, 1996). Going by the success story of application of bioremediation in so 

many hydrocarbon contaminated places for instance in Prince William Sound in Alaska after the 

Exxon Oil spill in 1989 (Boopathy, 2000), the method can also be employed in cleaning the 

contaminated environments in Niger Delta area of Nigeria. 

Bioremediation systems or technologies are used in cleaning up environment such as soil, water 

and air contaminated with hydrocarbons. It is basically an application of biodegradation, which 

is a microbial driven process to clean up the environments contaminated with organic 

compounds (hydrocarbons). The effectiveness of these systems thrives on the ability to enrich 

mailto:oolanipekun@unilag.edu.ng
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and maintain microbial populations and activities within the target environment. This is achieved 

with two major inputs like operational conditions and the organic contaminants as illustrated in 

Figure 1. The operational conditions include the physical and chemical properties of the 

environment, which are the environmental variables that govern the soil (environment) microbial 

activities, populations and communities. Other factors include toxicity, bioavailability and 

degradation rate of the contaminants. Finally, the strategic methods of optimizing the system are 

also inputs in the bioremediation system. From the foregoing, it is important that the evaluation 

of the activity of the microbiota of the soil is vital for well-designed and implemented 

bioremediation efforts. Soil biological investigations, such as measurement of soil respiration, 

enzyme activities and microbial counts (depending on the desired information) can give 

information about the presence of viable microorganisms and on the impact of the effects of 

environmental stresses, such as hydrocarbon contamination on the metabolic activity and 

biogeochemical cycles taking place in soils (Margesinet al., 2000).  

 

Physicochemical                                                             

Properties 

 

 

Organic Compounds                                                                             Microbial Biomass   

 

 Metabolites/Mineralization 

products 

 

Figure 1: Bioremediation System. 

 

The engineering of bioremediation processes relies on information about the site and about the 

candidate microorganisms. This work aims at obtaining this basic information such as response 

of the microbial system which can enhance the bioremediation technologies involved in the 

Niger Delta, particularly Rivers State of Nigeria. The activities of pristine and contaminated sites 

will also be compared with a view to improving the developed bioremediation technologies. 

 

METHOD 
Sample Sites and Collection: The methods used in the works of Margesinet al. ( 2003), 

Uzoamakaet al. (2009) and Obire and Anyanwu (2009) were integrated and adopted in this work. 

This involvedsoil samples, both contaminated with crude oil and pristine (uncontaminated), 

serving as control were collected from surface soil (0-15 cm depth) from three communities (as 

sites) in River states. These communities are, Tai (Pete), Ebubu(Eleme) and Gokana and they are 

abbreviated as RTP, REE, and RGK respectively in this study (see Figure 2).The soil sample 

collections were made from 3-4 random points per sample sites and mixed to form a composite 

soil sample with a sterile scoop and transferred asceptically into sterile polyethene bags. 

 

MICROBIAL ACTIVITIES 
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Figure 2: Map of Nigeria (Niger Delta area) Showing Sample sites in River State 

 

Microbial Activties Analysis: Respirometric technique was used, since it allows an in depth 

analysis of the microbial population dynamics. (Margesinet al. 2003; Eze and Eze, 2010).The 

soil respiration was measured from incubation of 100g soil samples kept in hermetically sealed 

250 ml glass flask for 21days at room temperature (see Figure 3). To achieve this, 100 ml conical 

flask containing 50 ml of 0.50 moldm
-1

 of NaOH solution was used to capture the CO2 produced 

from the respiration. 

 

 
Figure 3: Set up for the respiratory study. 

 

The conductance of the NaOH solution was measured using Jensy Model 712 Conductance 

Instrument after each incubation time (1, 3, 5, 7, 13, 17 and 21 days). The microbial activity was 

monitored in triplicate for the released CO2 (Critter et al., 2004). The produced CO2 was 

calculated from the following equation. 

 

            m = VC                                                                                                           1.0 

 

Where λxis the conductivity value of the sample,λ2 is the conductivity value of Na2CO3, λ1 is the 

conductivity value of NaOH, V is the volume of the standard NaOH solution, C is its 

concentration in mol dm
-3

 and m is the estimated mass of absorbed CO2 in mg. 

 

Crude Oil Utilization-ability of the Un-defined Consortium in the Environment: The 

abilities of the un-defined consortium in the sampled soils were confirmed by inoculating 10 g of 

each sample in separate cotton plugged 250 ml Erlenmeyer flasks containing sterile liquid 
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minimal salt medium (whose composition was same as used in the estimation of hydrocarbon 

utilizing bacteria and fungi above). The liquid medium and crude oil were autoclaved separately 

at 121 
o
C at 1 atm. pressure for 15 min. sterile crude oil which served as source of carbon and 

energy was added at 1-2 %( v/v) to make up a final volume of 90 ml sterile liquid minimal salt 

medium.  Control flask containing the liquid medium and the 1-2 % crude oil but without soil 

sample was also prepared. The flasks were monitored and agitated in water bath shaker for a 

period of 14 days. This is the first enrichment. For second enrichment phase, 10 ml of aliquot of 

each soil sample was transferred to fresh 90 ml medium containing 1-2 % (v/v) crude oil and 

also monitored for 14 days in water bath shaker at 15 rpm. The same procedure was repeated for 

the third enrichment phase. These were to re- confirm the biodegradation abilities of the 

undefined consortium. At the end of each phase, microbial loads were determined by plating 

aliquots (0.1 ml) from 10
-3

and 10
-4

 dilutions of samples on PDA plates and 10
-5

, 10
-7 

and 10
-8

 

dilutions on NA plates. Hydrocarbon utilizing isolates were obtained from the last phase of 

enrichment using the method used by previous researchers (Nwachukwu, 2000; Omotayo et al., 

2012). The residual hydrocarbons present in the media after the last phase of enrichment were 

determined by GC/MS analysis (Omotayo et al., 2012; Malatova, 2005).  

 

RESULT AND DISCUSSION 

The respirometry technique has allowed an in-depth analysis of the microbial population 

dynamics, by comparing the activities of indigenous microbial population in both pristine 

(uncontaminated) and contaminated soils. The plots of accumulated carbon (IV) oxide 

production against time of incubation are shown in Figures 4- 6. The cumulative values obtained 

reflect the distinct behavior for the contaminated and uncontaminated soil samples.  

 

 
 

 

 

 

 

The results obtained as reflected in Figures 4 and 5 (representing Eleme and Gokana, 

communities in Rivers State respectively) showed that the activities of microbes in 

uncontaminated soils (actual) are higher than that of the contaminated (potential). This was 

similar to the observation reported by other researchers (Margesin et al., 2003). The results 

indicated that there was a decrease in the total heterotrophs in the contaminated soils apparently 

due to the toxic effects of the crude oil.Moreover, the indigenous microbial systems lack 

adequate abilities to mineralize the crude oil hydrocarbons. This is an indication that such 

Figure 5: Accumulated CO2 

production during 21 day incubation 

of soil samples from Gokana, Rivers 

State, RGK 

Figure 4: Accumulated CO2 production 

during 21 days                 incubation of 

soil samples from Eleme, Rivers State, 

REE 

Figure 6: Accumulated CO2 production 

during 21 days incubation of soil 

samples from Tai, Rivers State, RTP 
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environments would require enhancement (biostimulation or bioaugmentation) to be remediated 

or restored. 

The results plotted in Figure 6, depicting the microbial activities in Pete, Rivers State showed 

that the potential activity of the indigenous microbes was higher than that of the actual. Thus 

there is a strong positive response from the indigenous microbial population, indicating their 

biodegradative contributions. This suggests that the microbial activities of this sitewere not so 

impacted and interfered with by the crude oil pollution or the recovery of the site had improved 

by the time this study started.  

 

Table 1: Kinetic Parameters of Growth of the Undefined Consortium as function of CO2 

generation at the sites 

Location
Description of 

Soils used

Lag 

Time, 

(hr)

Specific 

Growth 

Rate(mg/l/hr)

Mean 

Generation 

Time(hr)

A 33.6 1.06 0.65

B 28.8 0.61 1.13

A 14.4 1.14 0.61

B 36 0.96 0.72

A 24 0.44 1.56

B 33.6 0.46 1.5

REE

RGK

RTP
 

Key: A-uncontaminated soil, B- contaminated soil, RTP-Tai (Pete), REE-Ebubu (Eleme) and RGK-

Gokana 

 

These observations are further strengthened by the kinetic parameters generated for the sites as a 

function of carbon (iv) oxide production (Table 1).  In the locations (REE and RGK), where the 

actual activities were greater than the potential activities, the specific growth rates were also 

higher while the mean generation times were lower. This is an indication that increase in 

activities was as result of increase in the growth rate. In other words, when activity was higher, 

less time would be required by the microbial population to double itself. 

Furthermore, this may imply that the biodegradability potential of hydrocarbons in soils of these 

sites was high, and that the soil could be successfully remediated by natural attenuation. In other 

words, not only were viable hydrocarbons utilizing microbes present but they were efficient in 

mineralizing the hydrocarbons. 

 

Biodegradability in the undefined Environments (Soils) 

The biodegradability of the total petroleum hydrocarbon, (TPH) of Nigerian crude Oil within the 

un-defined consortium of microbial population in the Niger Delta soils was qualitatively 

evaluated after the last phase of two-week enrichment technique using Gas Chromatography, 

GC. Table 2 shows the microbial load of the soil samples while Figures 6-11show the 

chromatograms of the residuum hydrocarbons after the enrichment period. 

It was observed that the biodegradation or utilization of the hydrocarbons in the crude oil by the 

un-defined consortium resulted in the growth of the microbial populations, as there were 

increases in the microbial load of both bacteria and fungi during the period of enrichment as 

shown in Table2.  

The results showed that all the soil samples harbored some population (consortium) of 

hydrocarbon degraders whose activities resulted in the biodegradation of hydrocarbons in the 

crude oil.Consequently, this could be the reason forthe disappearance of majority of the 
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components of petroleum hydrocarbons.  It is a strong implication that the indigenous 

consortium in the Niger Delta of Nigeria, though non-defined, could effectively biodegrade 

crude oil. This is in agreement with the result of previous work, which reported the degradation 

ability of indigenous microorganisms on component of petroleum hydrocarbons (Margesinet al., 

2003). Consequently, there is need to encourage the use of bioremediation in the region.  

 

 

Table 2: Indigenous Microbial Populations in Enrichment Medium  

Site 

Location

Site 

Description

Microbial 

Type
Phase I (cfu/g)

Phase II

(cfu/g)

Phase III

(cfu/g)

Bacteria 2.00 x 10
8

1.60 x 10
9

1.50 x 10
10

Fungi ND 0.43 x 10
6

6.25 x 10
6

Bacteria 7.2 x 10
8

3.18 x 10
9

6.00 x 10
10

Fungi 7.50 x 10
6

0.93 x 10
6 

1.05 x 10
7

Bacteria 2.35 x 10
8 

2.40 x 10
9

5.00 x 10
10

Fungi 1.35 x 10
6

3.30 x 10
6

5.75 x 10
6

Bacteria 7.18 x 10
8

7.00 x 10
9

2.00 x 10
10

Fungi 7.40 x 10
6

3.37 x 10
6

5.50 x 10
6

Bacteria 3.45 x 10
8

8.25 x 10
9

5.00 x 10
10

Fungi 3.65 x 10
6

2.70 x 10
6

1.25 x 10
7

Bacteria 5.93 x 10
8

1.20 x 10
9

5.50 x 10
10

Fungi 3.35 x 10
6

2.98 x 10
6

1,75 x 10
7

RTP

A

B

REE

A

B

RGK

A

B

 
Key: A-uncontaminated soil, B- contaminated soil, RTP-Tai (Pete), REE-Ebubu(Eleme) and RGK-

Gokana. 

 

The analysis of crude oil hydrocarbons by GC-MS is a tool to evaluate the biodegradation 

process and can play an important role in validating the CO2 evolution data as a tool for 

evaluating hydrocarbons degradability. 

In comparing the chromatographic properties of the sample from different locations, control 

flasks (not containing soil either crude oil contaminated or not) and the experimental flasks 

(containing soil either crude oil contaminated, A or not, B) shown in Figures6-11, some 

disappearances ofthe hydrocarbons could be related to abiotic factors such as weathering, 

dissolution, evaporation and others.A similar result was observed in some previouswork (Malik 

and Ahmed 2012) and these factors were known to have contributed to the disappearance and 

decrease of significant quantities of the aliphatic and aromatic hydrocarbons particularly the 

fractions with low molecular weights. 
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   Figure 6: chromatograms of crude oil in        Figure 7: GC chromatograms of crude oil in  
mineral salt medium with soil sample                       mineral salt medium with soil sample 
of REEA after the last phase enrichment.       of REEB after the last phase enrichment. 
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Figure 8: GC chromatograms of crude oil in          Figure 9: GC chromatograms of crude oil in 
mineral salt medium with soil sample                    mineral salt medium with soil sample 
of RTPA after the last phase enrichment.           of RTPB after the last phase enrichment. 
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Figure10: GC chromatograms of crude oil in                      Figure 11: GC chromatograms of crude oil in 
mineral salt medium with soil sample                                mineral salt medium with soil sample 
of RGKA after the last phase enrichment.                      of RGKB after the last phase enrichment. 
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Chromatographic characteristic of various soil samples showed removal or disappearance of 

different hydrocarbons. The degree of disappearance was found to be more in the location 

RGKA and RTPB, where 2, 6, 11- trimethyldodecaneand2, 6- dimethyl heptadecanerespectively 

were the only identified hydrocarbon peaks in chromatograms (Table 2). The 2, 6- dimethyl 

heptadecane was identified in every other locations except in RGKA while 2, 6, 11- 

trimethyldodecane was not only found in locations such as REEA, REEB, RGKB and RTPB. 

This could be explained that consortium of hydrocarbon utilizing microbes present in different 

locations have different capabilities. Hence, there is need of bioaugumentation with selected 

strains to degrade the recalcitrant molecules. 

 

The location REEB was found to have least biodegradation capability of 50 % when comparing 

its chromatographic properties with other locations. This could be attributed to depressed 

microbial activities and lower percentages of hydrocarbon utilisers observed for this location 

during the respiratory study and microbiological properties carried out on the site (Figure 3). 

Therefore, activities of the consortia as with the respiratory study validated the major observation 

in the disappearances of the hydrocarbons. It could be deduced that the disappearances of the 

hydrocarbons in the crude oil were actually proportional to the microbial activities. 

 
Table 3: Interpretation of the Gas Chromatograph Analysis Showing Residual Hydrocarbons 

(After the last two weeks of degradation in enrichment) 
CRUDE OIL CONTROL REEA REEB RGKA RGKB RTPA RTPB

2-methyl Naphthalene xxx

2, 6, 10- trimethyl Dodecane

2, 7- dimethyl Naphthalene xxx

1,7- dimethyl Naphthalene xxx

2, 3, 6- trimethyl Naphthalene xxx xxx xxx xxx

Tridecane

Heptadecane

2, 6- dimethyl heptadecane xxx xxx xxx xxx xxx xxx 

Hexadecane xxx

2, 6 ,11-trimethylDodecane xxx xxx xxx

Nonadecane

Heptacosane

Heneicosane

Dodecane xxx

Tricosane

Hexadecane xxx xxx xxx

Octadecane

5- butyl docosane

Hexacosane

Octacosane

% Biodegradation 62.5 50 87.5 75 75 87.5  
Key: xxx- indicates Presence, A-uncontaminated soil, B- contaminated soil, RTP-Tai (Pete), REE-Ebubu 

(Eleme) and RGK-Gokana 
 

CONCLUSION 

This study has really focused on the acquisition of knowledge of response of microbial system of 

some soils from Rivers State of Nigeria. It presented the biodegradation ability of the naturally 

present consortium of microorganisms in the samples.   

It has been established that with slight exception, application of bioremediation in this region is 

possible. 
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In sites such as REE and RGK were biodegradation of the crude oil hydrocarbon components are 

relatively lower in comparison to RTP, there is the need to bioaugument and biostimulate the 

process of remediation in order to restore the environment. 
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ABSTRACT: Numerical simulations of boundary layer play a significant role in the 

study andinterpretation of physical experiments for theoretical explanations of boundary 

layer disturbances. Crank-Nicolson differential method, which is widely favoured for 

finite-difference modelling ofboundary layer equations, is reviewed. The stability of 

thismethodis compared with other numerical approaches in order to establish the 

appropriate scheme for applications involving conjugate heat transfer between solid and 

fluid systems. Specific application to the analysis of cabin comfort in automobiles is 

anticipated. 

 

Keywords: Thermal, boundary layer, Velocity, Conjugate heat transfer, Crank-Nicolson 

method 

 

 

INTRODUCTION 

Generally, fluid is defined as any substance or matter in a readily distorted form such that it deforms 

continuously when subjected to a shear stress or an unbalanced external force no matter how small [5]. 

When real fluid motions are observed carefully, two basic types of motions are seen. The first is a smooth 

motion in which fluid elements or particles appear to slide over each other in layers or laminar. This 

motion of fluid is called laminar flow. The second distinct motion is characterized by a random or chaotic 

motion of individual particles, eddies of different sizes are observed. This motion is called turbulent flow 

[11].The influence of viscosity is dorminant in the boundary layer region, especially with increasing 

Reynolds number. When fluid is moving over a solid surface, there is a significant impact of viscosity 

(and thermal conductivity) within the velocity and thermal boundary layer, particularly represented ina 

conjugate heat transfer system of a solid (flat plate) and a fluid. Thus the flow past a surface is divided 

into two regions: a region far from the surface of the body in which the effects of such fluid properties as 

viscosity and thermal conductivity is negligible and a region close to the surface where these properties 

are not negligible. This thin layer of fluid in which the effects of viscosity and thermal conductivity are 

important is called a boundary layer [9]. If one is interested in fluid momentum, Boundary layer can be 

described as a region where fluid particles' local velocity,  is 99% of the free stream velocity of the 

ambient fluid,  [2]. Studies on boundary layer flows have significantly increased our understanding of 

effective velocity and temperature within the zone of the boundary layer. In view of its importance, 

boundary layer flow over a moving at surface with temperature dependent viscosity has been taken up in 

the present study. In many practical fields, there are significant temperature differences between the 

surface of the hot body and the free stream. These temperature differences cause density gradients in the 

fluid medium. This means that the boundary layer flow should not be confined to fluid with uniform 

viscosity. It is known that this physical property may change significantly with temperature. Conjugate 

heat transfer (CHT) is the process regarding the interaction between the heat conduction inside the solid 

body and the heat transfer in the surrounding fluid.  

 

Boundary layer flows form one of the most important pillars in modern computational fluid dynamics 

[10]. The fundamental governing equations of fluid dynamics are the cornerstone of computational fluid 

dynamics. These governing equations are the continuity equation:  [3], momentum equations: 

 and [1][13] 
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and finally, energy equations: [4]. They are the mathematical 

statements of the conservation laws of physics upon which all fluid dynamics is based. (The first 

law of thermodynamics) [8]. 

In recent years studies on boundary layer theory have been on the increase due to their wide 

range of applications in engineering and in industry such as in high speed flows (fighter 

aircrafts), in industrial flow e.g. conveyor belts [6][7].  Flows over moving at surfaces have 

found vast applications in high speed flows in nuclear reactors, pollutants emission in refineries, 

materials handling in industries [12]. Thus the results of boundary layer flow over moving at 

surface with temperature dependent viscosity will no doubt find its application in these and 

similar areas. Most importantly, this study will form the basis for further mathematical studies on 

such boundary layer flows. With this enormous significant increase in applications, it is 

imperative that this present study is undertaken. This study, will investigates boundary layer flow 

over moving flat surface with temperature dependent viscosity with the notion of solving the 

velocity and thermal boundary layer equation in laminar flow by discretizing the equation using 

the Finite-Volume Method and then does the simulation using Visual studio. 

 

METHODS 

2.1 Model Development 

We consider model formulation of steady, two-dimensional flow in the (x, y)-plane in Cartesian 

coordinates. Consider the fluid flow geometry for a boundary layer flow over a moving flat 

surface (Car headliner or roof in Fig. A) with temperature dependent viscosity fluid flowing over 

it (moist, water or air).  

 

Figure A: Schematic view of a car in motion.  

 

The boundary layer thickness, (x) is as shown below. 
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Figure B: Velocity and Thermal Boundary layer flow geometry with conjugate heat transfer on a moving 

car model. 

 
2.2 Governing Equation 

The governing boundary layer equations of the flow will be transformed to a dimensionless system of 

equations using a similarity variable (x,y). The resulting set of coupled non-linear ordinary differential 

equations will be solved numerically by applying shooting iteration technique with Crank-Nicolson 

approach.  

We consider the following conditions: 

 Steady flow 

 Two-dimensional flow 

 Laminar boundary layer flow 

 Viscous incompressible Newtonian fluid 

 Moving flat surface with variable plate velocity (Car headliner or roof), Up (x) and streaming free 

stream edge velocity Ue(x) parallel to the surface. 

 No suction and injection at the solid surface. This means that v(x; 0) = V (x; 1) = 0. 

 The temperature of the flat surface, Tw is assumed to be uniform. 

 Boundary layer flow over a moving flat surface with temperature dependent viscosity, the viscous 

term, , is temperature dependent hence it is now given by (T). 

Following Ling and Dybbs model [14] this temperature dependent dynamic viscosity is given by: 

(1) 

Two dimensional boundary layer equations for boundary layer flow over a moving at surface with 

temperature dependent viscosity are given by: 

 

             Continuity Equation                              (2)                                                           

   U  x-Momentum Equation                                     (3) 

 

                  0 = -   y-Momentum Equation                                           (4) 
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Energy equation                                               (5) 

Boundary conditions: 

1. at the wall: u(x; 0) = Up(x);  v(x; 0) = 0; T(x; 0) = Tw 
2. at the edge: as y ;      u(x; ) = Ue(x);     v(x; ) = 0;   T(x; ) = T  

Y-momentum equation analysis: Pressure across the boundary layer and edge are constant. 

 i.e           = 0       implies p = p(x).  

Therefore:  

                    (6) 

X-direction boundary layer equation becomes: 

 U      (7) 

We assume power law variations in Up(x) and Ue(x), i.e 

    Up(x) =       (8) 

Ue(x) =      (9) 

Where: 

And Uw   are constant reference velocities  

`Pressure gradient is given as: 

    n=                 (10) 

Where: 

  = (  + )  = B0 ;                  (11) 

 B0 =  +                     (12) 

Since both the fluid and the surface are moving. This means that we consider the boundary layer flow at a 

specific given local point. Therefore, we deal with local variables and in non-dimensional terms, we 

define the Reynolds number based on distance x along the wall, hence this local Reynolds number is 

given by: 

        (13) 
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2.3resolving the Velocity Boundary Layer Using Finite Volume Method 

 

   FLUID      CAR 

Figure C:  Discretization of the flowing fluid and overhead roof computational domain. 

Where: 

 Or  is the control Volume 

 Are the grid nodes (boundary nodes) 

 Are the finite volume computational nodes 

 

(a) 

 

(b) 

 

Figure 4: (a) momentum equation molecule and (b) continuity equation molecule 
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STEP 1. Discretizing Momentum Dimensionless Equation 

 

 

               1
st 

term                         2
nd

 term             3
rd

 term                    4
th
 term. 

1
ST

 Term:  

(14) 

2
ND

 Term:  

(15) 

  

3
RD

 Term:  

(16) 

 

4TH Term:  

   (17) 

NOTE: The following are very important: 

 The essence of averaging  at point m and m+1 is the essential characteristics of the Crank-

Nicolson method. 

 We discretized in order to linearize continuity and momentum equation. 

 Linear function  at m+1 are known 

 The only known value of transformated momentum equation is  
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 The known value of  allow us to solve for  in the transformed momentum equation, then 

we used the value of   gotten to evaluate the transformed continuity equation to get . 

 The crank-nicolson method is implicit because we solve for all the value of at all times. 

 Implicit methods are known to be very stable and it allows large step sizes in the direction with 

good accuracy. 

 

Putting the terms expression together, we have: 

(18) 

Equation 18 is called the finite volume momentum equation and it contains an unknown 

, ,  and  which has the form: 

(19) 

 

On comparing the coefficient : 

 

+  (20) 
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+  

Since at m+1(1/2) level (A, B and C),  are unknown and at point m+(1/2), are known then, it is 

possible to drop the  and (1/2)  notation. Therefore, we have: 

 (21) 

 

STEP 2.    Discretizing Continuity Dimensionless Equation 

 

 

                       1
st
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nd
 Term             3

rd
 Term               4
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1
ST

 Term:   

(22) 

2
ND

 Term:   

 

(23) 

 

3
RD

 Term:   

(24) 
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4
TH

 Term:  

(25) 

 

Substituting the finite difference equations in equation (23) to (26) into continuity equation, we have: 

(26) 

 

Everything variables are known in equation (26) except, . Collecting like terms, the 

equation above becomes; 

(27) 

For the purpose of simplification, four new variables are in introduced called the continuity 

equation coefficients, on comparing with 
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 We have; 

 

        (28) 

 

 

From the boundary condition equation  when ,  is related to  by the algebraic 

equation given as; 

 

(29) 

Matrix Laboratory (MATLAB) or VISUAL BASIC could be the mathematical programming that 

can be used to solve the boundary layer equation in order to obtain the horizontal and vertical 

velocity distribution. The calculation proceeds in so many manner until all the values for  and 

 have been obtained for the entire computational domain. Effects of various parameters of the 

flow such as velocity ratio and viscosity variation parameter will be investigated. Stability 

analysis will also be considered.Application of these studies include: high speed flows, pollutants 

emission, conveyor belts for materials handling, aerodynamics (airplanes, rockets, projectiles), 

hydrodynamics (ships, submarines, torpedoes), transportation (automobiles, trucks, cycles), wind 

engineering (buildings, bridges, water towers), and ocean engineering (buoys, breakwaters, 

cables) 

 

CONCLUSION AND DISCUSSION 

In this work, general overview of the project topic has been well understood at this half stage of 

the project which gave us a stepping approach finite volume method of velocity boundary layer 

solution using crank-nicolson approach in the methodology. We optimistic of a successful result 

at the final stage of approached methodology. The mathematical modeling relation has been well 

established. 
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ABSTRACT   

In this study, efforts were made to synthesize vinyl polymers   (Polystyrene, PS) using 

free radical solution polymerization. Four common solvents with dissimilar polarity; 

acetone, chloroform, benzene and toluene and two different initiators were finally 

selected after prior screening based on past experiences. The homo-polymerization was 

conducted in an ace round-bottom pressure flask of diameter 62 mm with thermo well 

which housed the thermometer. The reaction temperature was maintained at 120 
0
C using 

heater with temperature controller coupled with a magnetically driven stirrer. One 

hundred experimental runs of 8 different groups were carried out. Polymerization was 

conducted in the mass concentration of   0.1g for each initiator (Benzoyl Peroxide and its 

Blend). The key parameter considered is the volume ratio of Monomer to solvents under 

different types of solvents, initiators and reaction times. Initially, there was increase in 

conversion with solvent volume and time until at certain points where there was gradual 

decline in monomer conversion. Polymerization rate and monomer conversion were 

observed to be higher in polar solvents (acetone). Further presented in this study is the 

macromolecular architecture (molecular weight) and micro-structure of some of the 

solution polymerized monomer. A Kinetic model was also presented to predict the 

conversion with time profile of the polymerization process. Molecular weight determined 

were between acceptable ranges while the model presented though with considerable 

error margin but seems to respond just fairly at extremely low monomer conversion. 

Similar response was observed from earlier model reported in literature when tested with 

our experimental data. 

 

Keywords: Vinyl polymers, Free radical, Solution Polymerization, Homo-Polymerization, 

Polarity. 

 

 

INTRODUCTION 

The serious growing trends in demands of polymers have challenged the status of the present 

digital age as plastic age. In terms of needs, polystyrene (PS) remains one of the giant fulcrums 

in the polymer industry.  PS was first produced in 1930 by Dow and BASF in USA [1]. It is one 

of the most widely used thermoplastic in a variety of industrial applications such as packaging, 

consumer electronics, appliances and medical devices. After polyethylene, PS is among the 

widely produced polymer globally [1]. In 1996, world production capacity for styrene was near 

19.2 million metric tonnes per year.  Dow Chemical is the world's largest producer with a total 

capacity of 1.8 million metric tonnes in the USA, Canada, and Europe [2]. Asia is the overall 

leader in production and consumption of polystyrene, with 53% of total world production and 

47% of total consumption of polystyrene in 2010. North America and Western Europe follow 

distantly at about 17–19% of the total production and consumption each. Asian consumption of 

all types of polystyrene is forecast to increase at an average annual rate of slightly over 3% 

during 2010–2015. Demand for polystyrene is driven by China which is the largest electronics 

and the second largest packaging industry in the world [3]. In the last decades, polymers were 

not only used as industrial bulk materials but also attracted great attention in high technology 

fields, e.g. nanotechnology, optics and biomaterials [4]. Each usage requires different 

mailto:uthmanrash642@yahoo.com
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specifications for the polymers. Jones et al [5] in his report revealed the global trends in polymer 

production in the last six decades till recent time while the programme conducted by PERP 

program [6] specifically shows the PS end use consumption. Ring [7] report on PS similarly 

shows the PS production on selected country basis. The inference from the above trend is that to 

an industrialist, the most important reaction of styrene is reaction of styrene with itself. 

 The last three decades have witnessed already extensive investigation in the area of vinyl 

monomers homo-polymerization reaction engineering, most studies coming from both the Euro-

American and the Asian researchers within the research circle of Chemistry, Material, Chemical 

and Polymer Engineering. Still, a formidable challenge remains by virtue of a bias trend noticed 

as voluminous part of the previous studies focused primarily on reactor and catalyst design for 

the polymerization process, its catalytic kinetics including subsequent models development 

capable of describing the reaction behaviour. 

 

However, as an exemption from the above trend, the main production of PS is conducted by bulk 

and suspension free radical polymerization [8-10]. Malkin [11] used a series of alkyl 

methacrylates and styrene with a benzoyl peroxide initiator to study rheokinetics of polymer 

system. The research focused on the effects of initial concentration of initiator, reaction 

temperature, and time on the viscosity of the polymer system. Tefera [12] also investigated, both 

experimentally and theoretically, the free-radical suspension polymerization of styrene at 

different temperatures (i.e., 70 
0
C, 75 

0
C, and 80 

0
 C) and initiator concentrations (i.e., AIBN: 

0.15–0.45 wt.-% of styrene). Devonport [13] revisited the thermal initiation of styrene in the 

presence of TEMPO at 125 
0
C. They showed that low polydispersities and controlled molecular 

weights could be achieved under these conditions, although the degree of control was not as 

good as for unimolecular or bimolecular initiating systems. In recent years, [14] intensified 

research on styrene polymerization using supercritical CO2 as a green solvent. RasulJhan [15] 

2008 successfully investigated the performance of base catalysts (MgO, BaO, and CaO) on the 

degradation of polystyrene to styrene monomer where special focus was placed on mixing the 

catalyst with polystyrene particles in a reactor to increase the rate of degradation. Michael [16] 

1997 studied the effect of free radical propagation rate coefficients of both methyl methacrylate 

(MMA) and styrene using Pulsed-Laser polymerization. The data reported in their article 

strongly supports the existence of either a radical-solvent or radical-monomer complex 

participating in the propagation reaction by modifying the reactivity of the reactants. The 

statement of [17] on the right use of initiator serves as our impetus for this study. Our interest in 

this study is to further investigate the use of varieties of initiators and solvents in improving the 

conversion of styrene to PS, achieving polymers of desired molecular weight and to create a link 

between the solvent properties and the polymer formation at any point in time under varied 

conditions.  

 

METHODS 

 Stage (i) : Reagents and Apparatus  

The under listed were the reagents and apparatus used during the experimental stage. All 

the glass wares prior to   polymerization were inspected to ascertain that there was no 

trace of dirt or remnants of materials. Glass reactor was preferred to stainless steel in this 

study to actually view and monitor the reaction as it progresses and to further prevent 

radical reaction interference with the alloy wall (Fe, Cr, Ni, C) of the stainless steel 
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reacting vessel. A 100 ml Ace round-bottom pressure flask with thermo-well was used as 

the reactor and can withstand a maximum pressure of 60 psig at 120 
0
C .All the reagents 

used were of analytical grade , purchased from Sigma Aldrich in Germany and used as 

received except for styrene monomer which was de-stabilized.. 

            Apparatus: Heater with a magnetic stirrer, Ace round-bottom pressure flask with            

thermo-well, Petrish dish, Beakers, Separating funnel, Glass rod, Ubbelohde Viscometer, 

Measuring Cylinder, Stop watch, Water bath, Thermometer.  

 

           Reagents: Styrene (99%) inhibited by 10–15 ppm 4-tertbutylcatechol, Benzoyl Peroxide  

           (75%), Benzoyl peroxide blend with dicyclohexylphthalate (contains 0.5% water), 

Methanol (CH3OH) (99.8%), Sodium Sulphate (Na2SO4) (99%), Sodium Hydroxide 

(NaOH) (98%), Acetone (99.9%), Chloroform (CHCl3) (99%), Benzene (99%) and 

Toluene (99.8%). 

 

 Stage (ii) : De-stabilization of the styrene monomer 

        All the reagents were used as purchased without further purification except the styrene 

monomer which was de-stabilised. The removal was done as stated below following the 

report of [18]. The styrene monomer (100 ml) which contains a phenol (often 4-tert-

butylcatechol) as a polymerization inhibitor was added to 100 mL of 10% NaOH 

solution. The mixture was strongly agitated and was allowed to settle by gravity in a 

separating funnel. The bottom layer consisting of the inhibitor was carefully drained off. 

The styrene was dried over anhydrous Na2SO4. As the sodium sulphate binds with any 

water that is present, it clumped after some mnutes.   

 

 Stage (iii): Polymerization of styrene 
The reaction initiators include benzoyl peroxide and benzoyl peroxide blend with 

dicyclohexylphthalate while acetone, chloroform, benzene and toluene were the solvents 

used. Specific amount of each initiator and styrene monomer (constant throughout) were 

dissolved in desired and varying volume of solvent at different reaction times. The 

solution was manually charged   into the reactor. The reaction temperature was 

maintained at 120 
0
C (± 2) under agitation provided by a magnetic driven bar stirrer at a 

speed of about 500 rpm. The pressure equal to the vapour pressure of the reaction mixture 

was maintained. After 10 minutes interval reaction time, the reactor was opened up, 

cooled to collect the resulting polymer solution. 

 

 Stage (iv): Polymer precipitation and solvents removal / recovery 
The clear polymer solution was added to about 2-3 ml of methanol in a beaker with 

continuous stirring to precipitate the polymer. The top clear solvent was decanted while 

the bottom polymer samples were air-dried to remove excess solvent and dried for 2 

weeks at room conditions until a constant weight was reached. 

 

 Stage (i): Post polymerization analysis 
Monomer conversion into polymer and Polymerization rate were estimated. The 

synthesized PS were further subjected to solubility and density test in various solvents 

and molecular weight were also determined.  

 

 Monomer Conversion and Rate of Polymerization Estimation.  

Both the monomer conversion into polymer (x %) and rate of polymerization (Rp) were 

gravimetrically determined (Dried weigh method) 
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This is in form of the Mass concentration, it could also be in the form of Molar 

concentration 

 

 

 

    

 

We however gravimetrically calculated the polymerization rate (Rp) as 

 

 

Where = [( ) ]      (5)    [19]         

 

Polymer Molecular Weight Determination 

The molecular weight of the polymer sample was determined using solution viscosity method 

found in the book of Bello [21].Viscosities of concentrations of polymer solutions were 

measured with toluene as solvent at 30 
o
C using Ubbelohde glass viscometer. In viscosity 

method, the time taken for the polymer solution to flow through the capillary was compared with 

the time for a pure solvent. The flow time for the solvent is t0 and that of polymer solution is t, 

the relative viscosity  

  .                                                    (6)     

                                                                                                                                                             

The specific viscosity,                                      (7)                                                

The Solomon Gatesman Equation was used to determine the intrinsic viscosity 

[20]           (8)                                                                  

 Where C is the concentration of the sample. It is important to note that the intrinsic viscosity is 

not the   viscosity as such but the volume per unit mass that the polymer occupies in a solution.         

The Mark-Houwink-Sakurada Equation for viscosity of polyethylene and polystyrene found in 

the   review of Herman, 1985 was used to calculate the intrinsic viscosity molecular weight. 

       [21-22]      (9)                  

  K and a are constants which are dependent on the solvent, the type of the polymer and the 

temperature. 

Table 2.1:  Recommended Value of Mark-Houwink Constants For Polystyrene. [21] 

Solvent Temp. 
0
C K(ml/g)  x 10

-4
 a Molecular weight 
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Range  x 10
5
 

Toluene ------ 1.28 0.70 5.5-20.5 

Toluene ------ 0.55 0.80 1.1-3.4 

Toluene ------ 0.01 1.12 1.1-1.7 

Toluene 30 
0
C 3.7 0.62 2.0-18 

Butanone 40 
0
C 7.0 0.53 2.0-18 

 

 

Fig 2: Microstructure of Polystyrene                              

Kinetic Model Development for Monomer Conversion 

Considering the elementary steps shown below [24] i.e Initiation, Propagation and Termination 

steps, we have; 

Initiation:      

               

     

Chain Initiation: 

            M                                                                                                (11) 

   

Propagation: 

                                                                                                         (12) 

Termination by combination: 

                                                                                           (13) 

Termination by disproportionation: 

                                                                                                  (14) 

For the monomer conversion model, the following assumptions were made; 

i. Steady state approximation   for radical concentration. 

ii. Rate of initiation is equal to the rate of termination. 

Mass balance on the generated radicals gives 
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                                                                       (15) 

                                                                                                 (16) 

Finally, we have our model as shown below 

                                                                                    (17)       

RESULTS AND DISCUSSION 

Table 1 and 2 describe the estimation of the solution viscosity molecular weight of the PS. The 

estimation was carried out using the Mark Houwink Sakurada equation of the form η = 3.7 × 10
-4

 

× M
0.62

 [21-22] at 30 
0
C where η is the intrinsic viscosity and M is the solution viscosity 

molecular weight. Solomon Gatesman equation described in Eq.8 was employed against the 

cumbersome graphical method for the determination of the intrinsic viscosity. Baastiaan [19] and 

lengthy list of researchers have satisfactorily used the equation. All the samples exhibited 

molecular weight within acceptable range except for sample ISC12 synthesized using chloroform 

as solvent which recorded a value above the acceptable range. Other samples synthesized using 

same solvent recorded relatively high molecular weight compared to others. However, from the 

behavior of our plots as shown in Fig 3 and 4, we could not actually establish any serious trend 

between the type of initiator, solvent used and reaction time to the molecular weight of the PS 

samples. The observed trend is irregular or flunctuating .This result is in contrary to the 

observation of Devonport [13] who had previously shown that number average molecular 

weights increased in an almost linear fashion with conversion.  They revisited the thermal 

initiation of styrene in the presence of TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy ) at 125 
0
C 

after conflicting results were reported almost simultaneously by [25-27].  Amarjit [28] also 

observed at ambient temperature enzyme mediated styrene polymerization that molecular weight 

of styrene increases with reaction time. Hui and Hamielec [29], studied the variations of number-

average molecular weight with conversions at four temperatures (100, 140, 170, and 200 
0
C) and 

concluded that the molecular weights reduced throughout with the increase in conversion. Shi 

[30] also conducted similar study at four different temperatures (140, 160, 180, and 200 
0
C) and 

found that the number-average molecular weights did not vary significantly with conversions. 

The above are just few of the numerous inconsistency in molecular weight data with time or 

conversion.  We however inspite of the above statements strongly believe in our data  as report 

of [31] published on line in 2003 that  the molecular weight of polymer formed at lower 

temperature  increases proportionally with the reaction time .In the polymerization at 100 and 

140 
0
C , the molecular weight is independent of reaction time .Reports from researchers globally 

which seem conflicting is due to the complex nature and sensitivity of polymerization reaction 

even to slight variations in thermodynamic conditions.  Unlike simple molecules, polymers are 

not formed until appreciable  n-1 number of self reactions has taken place. 
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FIG 3: Molecular weight / Polymerization Rate (Rp) Reaction Time  using BPO 

Table 2.2    Molecular Weight Determination to =69 secs  , [P] (g/ml) = 0.13 ,  Initiator : BPO Blend 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Samples t(secs) 

  
η  

 
X 10

5
 

1SA11 87 0.261 1.261 1.851 9.25988 

1SA12 89 0.290 1.290 2.041 10.83979 

1SA13 88 0.275 1.275 1.948 10.05999 

1SA14 87 0.261 1.261 1.851 9.25988 

1SA15 88 0.275 1.275 1.948 10.05999 

2SA12 77 0.116 1.116 0.856 2.66814 

2SA13 82 0.188 1.188 1.364 5.66169 

2SA14 83 0.203 1.203 1.463 6.33218 

2SA15 79 0.145 1.145 1.062 3.77582 

2SA16 77 0.116 1.116 0.856 2.66814 

3SA13 76 0.101 1.101 0.752 2.16616 

3SA14 88 0.275 1.275 1.948 10.05999 

1SC12 103 0.493 1.493 3.300 23.54255 

1SC13 93 0.348 1.348 2.413 14.19704 

1SC14 89 0.290 1.290 2.041 10.83979 

1SC15 91 0.319 1.319 2.229 12.48749 

2SC13 92 0.333 1.333 2.331 13.42340 

2SC15 90 0.304 1.304 2.146 11.74900 

2SC16 91 0.319 1.319 2.229 12.48749 



9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

54 

 

Table 2.3    Molecular Weight Determination  to =69 secs  , [P] (g/ml) = 0.13 ,  Initiator : BPO 

Samples t 

(secs)   η   
x 10

5
 

1SA11 87 0.261 1.261 1.851 9.25988 

1SA12 95 0.377 1.377 2.595 15.96324 

1SA13 92 0.333 1.333 2.331 13.42340 

1SA14 89 0.290 1.290 2.041 10.83979 

1SA15 90 0.304 1.304 2.146 11.74900 

2SA12 88 0.275 1.275 1.948 10.05999 

2SA13 89 0.290 1.290 2.041 10.83979 

2SA14 87 0.261 1.261 1.851 9.25988 

2SA15 82 0.188 1.188 1.364 5.66169 

2SA16 78 0.130 1.130 0.960 3.20863 

3SA13 80 0.159 1.159 1.164 4.38402 

3SA15 79 0.145 1.145 1.062 3.77582 

1SC12 86 0.246 1.246 1.756 8.50959 

1SC13 89 0.290 1.290 2.041 10.83979 

1SC14 92 0.333 1.333 2.331 13.42340 

1SC15 95 0.377 1.377 2.595 15.96324 

2SC13 97 0.406 1.406 2.779 17.84361 

2SC15 82 0.188 1.188 1.364 5.66169 

2SC16 85 0.232 1.232 1.659 7.75466 

1SB13 80 0.159 1.159 1.164 4.38402 

1SB14 77 0.116 1.116 0.856 2.66814 

1SB15 75 0.087 1.087 0.647 1.69794 

 

 
Fig 4: Molecular weight / Polymerization Rate (Rp) Reaction Time using BPO Blend 

 

The production of polymers with end use properties is of significant importance to the polymer 

industry as its directly affects the physical, mechanical, optical and rheological properties of the 

final product [32]. Aside the molecular weight, the synthesized PS were further   subjected to 

both solubility and density test as shown in Table 3. As expected, the samples were readily 

soluble in non-polar solvents and the density falls between the expected ranges which are in line 
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with reports in literature. Solvation of the PS sample was observed with acetone. Further 

investigation reveals that a product called Napalm was formed when PS dissolves in acetone. 

This was however, accidentally discovered in our studies.   
 

Table 3:   Solubility and Density Test of Synthesized PS 

Solvents Density(g/cm
3
)
a,b

 Position of PS Solubility 

Acetone   0.791 Bottom Solvated to form Napalm 

H2O 1.000 Top Insoluble 

Toluene 0.869 Bottom Soluble 

Ethanol 0.789 Bottom Insoluble 

Benzene 0.879 Bottom Soluble 

Chloroform 1.496 Top Soluble 

A= [33]   , b = [34]    

 

From our previous control experiment, the styrene monomer and initiator are all needed for 

polymerization. However, Gao and Penlidis [35] surprisingly cited experimental data from Hui 

and Hamielec [29] which showed that monomer conversion for styrene thermal and self-

initiation reached 40% conversion after 5 hrs at 120 
o
C, and later 94% after 30 hrs. One 

advantage we identified from their work is the absence of initiator which on a credit side, 

reduces the production cost, we however considered it as sheer waste of time or just a mere 

academic exercise with no industrial value. BPO and its Blend, the two of which used in our 

studies gave convincing account of their roles as initiators where we experienced polymer build 

up as early as 10 minutes. Four solvents, on the basis of different polarity were investigated in 

the reaction to explore monomer, solvent, initiator and polymer compatibility. Fig 5 and Fig 6 

showed the same trend.The curves showed that conversion vary markedly with the kind of 

solvent used. We clearly experienced two stages here namely, the acceleration and stationary 

stage which were more pronounced in acetone and chloroform and also occurred at roughly 

equal time of 10 minutes and 20-50 minutes respectively for all the solvents used irrespective of 

the initiator. Fig 9 exhibited similar behavior but with low conversion. We attributed the low 

conversion observed here to reduce radical formation for more diluted reaction mixtures. Fig 7 

and Fig 8 introduced the decelerating stage into the profile in addition to the earlier trends. We 

further strongly believe that the decrease in concentration of the monomer with time was 

responsible for the decelerating stage. Fig 7 unexpectedly tends to resume to the earlier 

stationary stage. We attributed this to probably the gravimetric and most direct method used in 

our studies. The conversion of monomer to polymer was determined by direct stopping of the 

polymerization, isolating and weighing the resulting polymer. The   handling of the polymer 

during   precipitation, filtration and drying may lead to losses.  

 

In all, highest conversions were observed in acetone a polar solvent irrespective of the type of 

initiator used and solvents volume. Toluene recorded the least conversion in all cases. We 

however established a relationship between the solvent properties, conversion and 

polymerization rate as shown in Fig10. The higher the polarity index of the solvents, the higher 

both the conversion and the polymerization rate. Polymerization rates were calculated from the 

molar conversion of styrene with respect to polymerization time.  
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FIG 10: Polymerization Rate (Rp) /Conversion profile versus Polarity index (PI) using BPO 

 

Figure 11- 13 similarly exhibited almost similar profiles for the different reaction times. Initially, 

the conversion increased as the volume of the solvent increases but later decreased at higher 

volume of solvent. This change of behaviour was noted at about after 5 to 10 ml of solvent. The 

reduced conversion observed was believed to be due to the reduced efficiency of the styrene 

polymerization at certain points. We have attributed the reduced efficiency to; 

 Dilution of the initiator. 

 Chain transfer to solvent. 

 Reduced monomer concentration 

 

Eq. (18) presented our model for the prediction of monomer conversion. The predictive 

capability of the kinetic model were demonstrated by a direct comparison of model predictions 

with experimental measurements on monomer conversion. Fig 13-14 compares the profile of the 

two data .The model responded just very fairly at extremely low conversion with a minimum 

error of 12.36%. 
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Fig 11: Conversion versus Volume of Solvent at 30 Minutes Reaction Time 

 

 
Fig 12: Conversion versus Volume of Solvent at 40 Minutes Reaction Time 
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FIG 13: Experimental Data vs Model Data for high Conversion (Styrene: Acetone = 1:1) using BPO 

 

 
FIG 14: Experimental Data versus Model Data for low Conversion (Styrene: Toluene = 1:1) using 

BPO 

 

Fig 2 shows some defects in the micro-structures of some of the PS samples .Tiny spots were 

observed. We suspect that the spots are parts of the solvent effects. The PS samples still contain 

remnants of solvents after de-solventization. These were gradually removed by evaporation 

while drying with time thereby creating defects in form of spots within the PS structure.  

Fig 5-7 exhibited almost similar profile for different reaction times for all the four solvents used. 

In each case, highest conversions were observed in acetone a polar solvent irrespective of the 

type of initiator used and solvents volume. Toluene recorded the least conversion in all cases. As 

shown in Fig 10, the higher the polarity index of the solvents, the higher both the conversion and 

the polymerization rate. Figure 11- 12 similarly exhibited almost similar profiles for the different 

reaction times. Initially, the conversion increased as the volume of the solvent increases but later 

decreased at higher volume of solvent. This change of behaviour was noted at about after 5 to 10 

ml of solvent.  

Eq. (17) presented our model for the prediction of monomer conversion. Table 2-3 compares the 

experimental values with the model or predicted value. FIG 13-14 compares the profile of the 
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two data .The model responded just very fairly at extremely low conversion with a minimum 

error of 12.36 %. Our unsatisfactory response from the model prompted us to test the reliability 

of our data with similar model from Jiguang [36] as shown in eq (18).Their model as shown in 

FIG: 15 responded to our data   similarly at low conversion where we were able to have intercept 

of 1.074 as against 1.000 and a initial monomer concentration of 13.31 mol / l as against 8.612 

mol / l 

 

 
 

 

Where    

 
FIG 15: Graph of 1/1-x Vs Reaction time at low conversion for BPO 

 

CONCLUSION 

The polymerization technique adopted in this study is solution polymerization. Most free-radical 

polymerizations are highly exothermic, the introduction of  solvent  however allowed better 

temperature control through improved heat transfer, and also provided reduction in viscosity 

making  stirring  much easier. If excess heat is not adequately dissipated, the product temperature 

will rise with a subsequent rise in the rate of polymerization. At higher temperatures, runaway 

polymerization is possible. When that occurs, temperature can quickly exceed the boiling point 

of styrene monomer. Vapors may erupt violently from glass reactor vent or, excessive pressure 

can then be generated which may rupture the reactor. Such situation was not however 

experienced throughout which infer that we operated below or around the maximum pressure of 

60 psig at 120 
0
C which the glass reactor can withstand. 

 

 In this polymerization, rate of reaction is limited, since the reaction temperature is limited by the 

the decomposition temperature of the styrene monomer. The potential health implication on the 

continuous use of organic solvents and their environmental impact, which may increase the cost 
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through additional separation processes to recycle the solvent, is a major drawback. Another 

potential issue is contamination of the polymer if removal of the solvent is difficult. 

It is however clear from our results that the solvents are not actually spectators in the free radical 

reaction or just to provide an inert medium for heat dissipation but influence in a way the 

propagation step of the  reaction .The different conversions obtained from the solvents used is an 

indication  that their interaction in the reaction medium is felt. However, their choice should be 

strictly selective especially in terms of their relative inert roles, easy dissolution of the initiator 

used with a completely different boiling point compared to the solvents used during polymer 

precipitation.  

 

As earlier stated , industrially , PS is synthesized  using the bulk polymerization approach, 

similar high yield are obtained with purer products .To counter these advantages  using the 

solution polymerization, there is no heat build up and as a result the process safety which cannot 

be quantified in terms of cost is guaranteed. Since acetone gave high conversion and chloroform 

gave high, molecular weight of polymers .The blend of both acetone and chloroform in various 

proportions is recommended to have a high conversion of monomer to polymer and polymer of 

high molecular weight.  
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ABSTRACT 

In the recent world, the polymer composite is fast replacing many of convectional 

metal/material in our applications. This is possible because of the advantages polymers 

offer over conventional materials. However, the cost of manufacturing is a major factor 

militating against the indigenous production of Polymer composite wares. In this paper, 

an injection moulding machine for High Density Polyethene (HDPE) and wood fibre 

composite was designed. A mould was also designed bases on the properties of the 

selected composite. Also, working drawings and material selection were obtained.From 

design calculation; the diameter of the injection plunger is 53mm, number of teeth 

required for the plunger rackand spur gear are 33 and 40teeth respectively. Torque and 

power obtained from the electric motor are 0.00134Nm and0.13kw respectively. 

 

Keywords: Design, Polymer composites, Injectionmoulding machine, Plunger rack. 

 

 

INTRODUCTION 

In the recent world, the polymer composite is fast replacing many of convectional metal/material 

in our applications. This is possible because of the advantages polymers offer over conventional 

materials. However, the cost of manufacturing is a major factor militating against the indigenous 

production of Polymer composite wares., thus, developing an injection moulding machine that 

will produce composite polymer wares and products such ascups, buckets, and fan blades, among 

others, at a low cost is conceived. This will provide job opportunity and improve the exporting 

power of our country.Polymers are generally produced as powders, pellets, and liquids. In order 

to produce polymeric products with desired shapes, thermoplastics must be melted and cool to a 

final product shape whereas thermosets must undergo further polymerization to complete cross 

linking reactions to finally solidify into the designed shape. These operations are called 

processing. Many factors influence the processing operations. Those include viscosity, 

orientation of heterogeneous phases, rate of reactions, and volatile formation. Among these 

factors, the viscosity consideration is by far the most dominant factors in processing. Viscosity is 

strongly influenced by temperature, share rate, molecular weight and its distribution, molecular 

structure of the polymeric chains and heterogeneity of materials. Thus, the study of flow behavior 

of polymeric materials, which is called rheology, is very important in understanding the proper 

conditions for processing (Husua, 2010).  

 

The mould is probably the most important element of a molding machine. It is an arrangement, in 

one assembly, of one or a number of hollow cavities built to the shape of the desired product, 

with the purpose of producing large numbers of plastic parts. Thus the primary purpose of the 

injection mould is to determine the final shape of the molded part (shaping function). In addition 

to giving the final shape of the moulding, the mould performs several other tasks. It conducts the 

hot melt from the heating cylinder in the injection moulding machine and distributes the melt to 

the cavity (or cavities), vents the entrapped air or gas, cools the part until it is ejectable, and 

ejects the part without leaving marks or causing damage. The secondary tasks of a mould derived 

from these primary tasks include several mechanical functions such as accommodation of forces, 

transmission of motion, guidance and alignment of the mould components. The mould design, 

construction, the craftsmanship largely determine the quality of the part and it manufacturing 

mailto:tunjifemi@gmail.com
mailto:olatunjiobafemi@yahoo.com
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cost.  

Gon-Yop (2008) investigated the material properties of polyethylene and wood fibre composites. 

The plastic injection moulding industry has evolved over the years from producing combs and 

buttons to producing a vast array of products for many industries including automotive, medical, 

and aerospace and consumer products (Mohd, 2009). Kazuya et al. (2004) studied the 

development of composites for ecological purposes (Ecocomposites) using bamboo fibers and 

their basic mechanical properties. The steam explosion technique was applied to extract bamboo 

fibers from raw bamboo trees. The experimental results showed that the bamboo fibers (bundles) 

had a sufficient specific strength, which is equivalent to that of conventional glass fibers. They 

concluded that Bamboo fiber bundles have a potential ability to work as the reinforcement of 

polymer matrix. The tensile strength of the bamboo fiber bundle is as high as that of jute fiber 

(Kazuya et al., 2004). The objective of this paper is to design an injection moulding machine for 

Polymer composite and injection mould for a material that can be sourced locally. In this case, 

High Density Polyethylene with wood fibre was used as the filler. The research work involves 

design concept, operations and design analysis/calculations. These involve the design of injection 

plunger, motor selection, design of the handle, and the leverage on the handle of the machine. 

Also, assembly drawings of the machine, recommended materials and equipment for the 

construction of the designed machine were provided to assist investors that wanted to venture 

into construction of this machine. 

 

METHODS 

The composite used for the design of injection moulding machine is made of HDPE with 

woodfibre as the filler. This design is based on the result of material property obtained by Gon-

Yop (2008) in his Development of Foam Injection Molding Technology for Polymer Composite 

Materials. The material properties obtained are as follow: 

 

Table 1: The Material Properties of HDPE and Wood fibre foamed HDPE 

PROPERTIES HDPE 
WOOD FIBRED 

FOAMED HDPE 

DENSITY(g/cc) 0.95 0.88 

WARPAGES(MM) 4.5 0.37 

SHRINKAGE (%) 3.5 0.87 

YOUNG 

MODULUS(Mpa) 141.1 181.4 

TENSILE 

STRENGHT(Mpa) 4.898 5.059 

 

Description of the Machine 

The injection moulding machine for polymer composite is a piece of equipment containing 

majorly the injection unit and clamping unit. The injection unit consists of the plunger, driven by 

an electric motor. The plunger is enclosed inside a barrel made from nitride steel. An electric 

heater is mounted on a part of the barrel. Also, the clamping unit consists of the mould, the 

mould cavity, supporting platen, mould core, and injection pin. This design concept encompasses 

the maximum volume of the melt needed to fill the mould.This entails the plunger travel (l), 

diameter of the barrel (d), melt density (ρ) and melt mass (m); Design of barrel which includes 

diameter of the barrel and maximum piston travel; and Design for plunger. The design analysis 

involves: 

a)The injection unit comprises of the: 

1. Hopper, 

2. Barrel,  
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3. Heater bands, 

4. Nozzle, 

5. Injection plunger. 

b) The clamping unit consists of the: 

1. Mould,  

2. Platens, and  

3. Handle known as the locking device. 

c) The electrical panel comprises of: 

1. Temperature control,  

2. Contactors, 

3. Thermocouple,  

4. Heat resistance wire, and  

5 Knob (control button). 

 

Design Concept and Analysis 

Determination of volume of Hopper 
The volume of the circular hopper is given by; 

…………………………… (1) 

 
 

Design of injection plunger  

In the injection plunger design shown in Fig. 1.0, the volume of the melt (V) that the plunger can 

successfully pushed from the barrel can be determined by knowing the diameter of the plunger. 

Using Fig. 1.0, the diameter of the plunger can be determined from Eq. (1) as: 

                                        ………………. (2) 

The expression in Eq. (1) can be expressed in terms of diameter (d), 

 

…………………………………… (3) 

 

Also, volume (V) of the melt in the barrel can be obtained from Eq. (4), density of the melt, ρ 

Mass of the melt, m 

 

…………………………………………… (4) 

Therefore, 

 
This implies that, 

 
 

Therefore, the plunger diameter can be determined from Eq. (5) 

Taken   

Therefore, =0.053m 

d=53mm 
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Number of teeth required on the plunger rack 

The number of teeth required is determined from Eq. (6) 

 

…………………. (7) 

 

 
Taken circular pitch distance to be 6, 

The number of teeth on the plunger rack=  

 
 

Number of teeth required on spur gear (pinion) 
The number of teeth required on the spur gear is determined from Eq. (10), circular pitch distance 

Number of teeth required on spur gear, 

 

………………………………….. (8) 

 
 

Motor selection 

At the Injection rate of 110cm
3
/s, 

 
Where A is the Area of the plunger head 

At the speed of 1.21m/s 

The angular velocity can be determined using; 

………………………………………  (9) 

=  

(Khurmi and Gupta, 2003)…………..……………………… (10) 

 
Using G80 type electric motor=0.112N and =0.012m 

 

 
(Khurmi and Gupta, 2003) 

.5rpm  

 

Design of Handle 

In the design of the handle, the leverage on the handle ( ) of the machine can bedetermined 

from Eq. (11), 

   ………………………………… (11) 

 
 
Distance with which the handle, d moves the platen=200mm 
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Determination of the Cooling Time 

The cooling phase of the injection moulding process accounts for up to 75% of the overall cycle 

time. It therefore follows that a reduction in cooling time will in turn reduce the overall cycle 

time and hence, increases the throughput rate. Experimentally, cooling times are defined as the 

time taken for the pressure at the primary sensor to return to atmospheric, after the injection of a 

consecutive shot. The molten polymer cools and solidifies in the mould (Smith et al, 2008) .The 

cooling system design was primarily based on the experience of the designer but the development 

of new rapid prototyping process makes possible to manufacture very complex channel shapes 

what makes this empirical former method inadequate. So the design of the cooling system must 

be formulated as an optimization problem. 

The time required for the cooling the part produced in an injection moulding machine can be 

approximately obtained as follows: 

Cooling time,  

Assuming a part of thickness of 1mm, 

 (i. e 2.5 minutes) 

 

Clamping Force 

The clamping force is proportional to the projected area of the moulding and runner, and must be 

opposed by the clamping force. Although a proportion of the pressure produced by the injection 

cylinder is transmitted to the cavity, various losses occurring in the heating cylinder, nozzle and 

gate. Considering that force acts on the mould to open it can be calculated from the following 

expression:  

 
0.8 is the factor of safety. 

 

 
Area=  

 

 

 

 
 

Mould Design Consideration
 

Shrinkage is defined as the relative change in dimension between the length measuredon the 

mold when it is cold and the length of the molded object after it has been cooled.  

Shrinkage is defined mathematically as below; 

 
Shrinkage is a material property that shows the behavior of the material after the product is taken 

out of the mold and cooled. It shows the change in the dimensions of the product    compared 

with the mold cavity size. The lower level of Shrinkage and the higher level allow for HDPE and 

wood composite is 0.97% and 0.77% respectively. 

 

Design for Warpage 

Warpage is defined as a non-uniform change in internal stresses resulting distortion or warp of 

the material.Along with the shrinkage, warpage is one of the factors that change the dimensions 

of the final product. For applications that require higher dimensional precisions, warping 
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behavior of the material is an important factor. One of the main factors that control the warping 

behavior of the material has been found to be the mould temperature. The mould temperature of 

30 °C produces average warpage amount of 0.3133mm and 50°C produces average of 

0.4392mm. The increase of 20°C in the mould temperature increases the height by 40%. Another 

factor that affects the warpage behaviour is the injection speed. Increase in the injection speed 

increases the amount of warping. Injection rates of 70cm
3
/sec results the average of 0.2833mm of 

warping and 110 cm
3
/sec results 0.4692mm. 

 

Materials Selection  
Materials are selected based on designed and metallurgical properties of the materials such as 

machinability, formability, weld-ability that greatly influenced the construction methods and 

other joining methods. Other factors considered are cost of the materials and mechanical 

properties of the materials. The materials used in the construction of this machine are medium 

carbon steel used for injection plunger, nitride steel barrel and nozzle. Mild steel was used for 

hopper, supporting plates, tie bars, platen, mould, bolts, and main frame. Other materials used are 

thermocouples, limit switches, knobs (control button), bolts, and 4-core Flexible wires, heat 

resistance wires, and contactors, red and light green paints.  

 

 

 
Fig. 1.0: The Plan View of the Injection Moulding Machine for Polymer Composite. 
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CONCLUSION 

The injection moulding machine for HDPE and wood fibre composite was designed, the diameter 

of the injection plunger is 53mm; number of teeth required for the plunger rack and spur gear are 

33 and 40 teeth respectively, torque and power obtained from the electric motor are 0.00134Nm 

and 0.13kw respectively. The mould was also designed based on the properties of the selected 

polymer composite. This work was designed for the small-scale production of small articles. For 

the economic growth of any nation, indigenous technology must be embraced. The small-scale 

investors that are willing to explore the vast economic advantages of locally available composite 

materials should be encouraged to embrace this technology. 
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ABSTRACT 

Investors and building professionals would be more concerned if properties in areas 

susceptible to flooding reduce in value to a large extent since sustainability of value is the 

utmost goal of every investor.  This paper examined impact of flooding on land and 

buildings in Oniru and Lekki Phase 1 areas of Lagos, Nigeria. Population considered for 

the study is practicing firms of The Nigeria institution of Estate Surveyors and Valuers in 

Lagos State. A systematic random sampling technique was adopted in sample selection 

giving a sample size of 55 for the study, out of which 48 was retrieved representing 87% 

of the sample size. Data was analyzed using descriptive statistics, relative importance 

index and correlation. The study explored the degree of influence of flood occurrence on 

land and building value in the study locations. Empirical findings showed that there exist a 

significant relationship between flooding and land price but not with rental values of office 

and residential buildings. A key implication of the finding is that the effect of flooding on 

land value, traffic as well as psychological effect on occupiers is severe. Hence, a 

concerted effort by government in the construction of drainages and embankments for 

easy passage of excess water needs to be adopted to prevent loss of property values, man-

hour loss in traffic and advancement of good health. 

 

Keyword: Demand, Flood, Health, Lagos, Land value, Traffic 

 

 

INTRODUCTION 
 

Disaster is the resultant effect of actualized hazard. Han (2012) defined a hazard as an activated 

threat to life, health, property or ecosystems. It involves something that could potentially be 

harmful. It is a phenomenon that can cause damage to life and property and destroy the 

economic, social and cultural life of people (Stone, 2009). Therefore, when a dormant hazard 

comes to fruition, it will cause physical damage or destruction, loss of life or drastic change to 

the environment and result in an incident, accident emergency event or disaster. Omojola (2009) 

also defined hazard as the climate‐induced stresses on the city and are identified through 

observed trends and projections derived from global climate models (GCMs) and regional 

downscaling. He further stated that extreme events affected by climate change include heat 

waves, droughts, inland floods, accelerated sea level rise, and floods for coastal cities.  

According to Turnbull, Herbert and Mothorpe (nd) all real estate is subject to natural disaster 

which ranges from tornado, flooding, earthquake, landslide amongst others and the effect ranges 

from minor inconvenience to complete devastation. Furthermore, unlike many other natural 

disasters, the risk of flooding can be measured and it varies systematically across locations 

within a particular area. 

Flooding according to Odunuga, Oyebande and Omojola (2012) is a serious disaster in the world, 

which not only causes serious damage but disturbs normal life and working conditions. 

Moreover, several reports have shown that thousands of lives and property worth billions in 

monetary terms have been lost in various affected areas in Lagos, Nigeria (Emordi, 2012).  

Furthermore, according to World Health Organization (WHO) flooding accounts for 40% of all 

natural disasters worldwide. The main health impacts are deaths, injuries, waterborne disease and 

emotional trauma during the flood event itself, during the restoration process, or from knock-on 

effects brought about by damage to major infrastructure including displacement of populations. 

mailto:estherthontteh@yahoo.com
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However, on average, the higher the water depth and the greater the flow velocity of a flood, the 

greater the damage to property (Gayelord, 2008). 

Several studies have been conducted to assess relationship between flood and human health.  

However, its implication on land and building value has often been assumed without knowing 

the degree of variability in the study location. This study therefore focuses on impact of flood on 

land and buildings. 

Empirical studies conducted outside the study location have found that real estate properties 

situated in designated flood plains are valued less than comparable properties situated outside the 

floodplain; usually by 4–12% in Australia (Lambley and Cordery, 2013), 15–35% in UK 

(Lamond, 2008), average of 5.8% in North Carolina (Bin and Polasky, 2003) and 1.27–4.7%  in 

Japan (Fukozono and Ikeda, 2003).  However, in Nigeria a negative impact of flooding on land 

and property value has often been assumed without knowing the degree of variability and 

impact. This assumption, though yet to be fully tested in the study area is a fundamental research 

gap which this paper has aimed to fill with the following research questions: does flooding affect 

land and building values in the study areas and to what extent has flooding impacted land and 

building values in the selected areas? This is to enable real estate managers, financiers, 

government agencies, residents, communities, insurers and investors to be well informed in order 

to fashion out necessary policy actions, adjustment coping strategy to enhance investment as well 

as its rate of return and profitability. 

 

The overall purpose of this paper is to review the impact of flood disaster on the market value of 

land and buildings in selected locations in Victoria Island and Lekki Phase 1, Lagos, Nigeria 

while the specific objectives are as follows; to identify the general and specific effects of flood 

on land and building value in particular and to compare the magnitude of effects of flood disaster 

on land and property values in the selected areas. 

 

Floods can devastate a country and have a range of impacts; short and long term upon their 

victims. The selected areas include Water Corporation Road in Oniru, Victoria Island, Lagos 

popularly referred to as Victoria Island annex and Admiralty Way, in Lekki Phase 1 as they have 

a common geographical location. The areas were selected because they form an extension of the 

Central Business District (CBD) where development is yet to fully take place in terms of 

building construction, furthermore, it is a preferred location for expatriates, hence its 

international outlook as rents and sales price are sometimes quoted in US dollars. In addition, the 

area, being regarded as an international market was selected in order to assist international 

investors on the choice of location for investment purpose. The areas examined at Oniru are 

Water Corporation Road being a low-lying area adjacent to ocean and beach, hence, its 

susceptibility to seasonal and frequent flooding and Admiralty Way in Lekki Phase 1. which is 

adjacent to Oniru and not directly on flood plain area. 

 

The maintenance of property value is a key element in the sustainability of local communities 

(Bramley, Munro and Pawson, 2004). It is of importance not only to property owners and their 

agents, financiers and investors but also to local and national governments. If flooding leads to 

vacant and derelict property then local blight could ensue. A flood disaster can destroy decades 

of development gains in moments. People and buildings are often the most physically affected 

and needs more time to recover economically and psychologically (Lamond, 2008). The World 

Bank International Development Association (IDA) in its report of 2009 affirmed that impact of 

natural disasters in terms of fatalities and losses in economic growth is on the rise, and is more 

severe in developing countries. This situation will be exacerbated by the fact that natural 

disasters are expected to increase in frequency and severity due to climate change, increased 

urbanization and continued environmental degradation. Furthermore, a deep understanding of the 
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full impacts of flooding is necessary in order to guide investors and implement flood 

management policies in the best interests of all (Green, Vanderveen, Wierstra and 

Penningrowsell, 1994) as disasters pose an increasing threat to development efforts.  

 

LITERATURE REVIEW 

Flooding may result from increased volume of a body of water such as a river or lake that over 

flows or breaks levees which then result to some of the water escaping boundaries, in addition, it 

can also form where there is no stream as for example when abnormally heavy precipitation falls 

on flat terrain at such a rate that the soil cannot absorb the water or the water cannot run off as 

fast as it falls (Grima et al., 2011). Lakshmanan (2011) also added that flood is a state of high 

water level along a river channel or on the coast that leads to inundation of land which is not 

usually submerged. Against the belief that flooding will seemingly have a major adverse effect 

on real estate value, Kropp (2012) identifies the following as the most important value 

influencing factors of real estate: flooding or flood risk, demographic structure, neighborhood, 

traffic situation, business situation, social facilities, environment influences urban greening, legal 

situation, development status, contamination, types and degree of building and land use, 

protection of historical monuments, form and size of the property, topography, unemployment 

rate, cost of living, purchasing power, interest on capital and population development. 

Furthermore, Lamond (2008) concluded that measured impacts of flooding on property price are 

temporary in nature as they appear to be a reaction to flood events rather than to flood risk 

designation while the effect of flood status on property value is small relative to location, 

property size and type. 

There are several extant literature both locally and internationally on the impact of flooding on 

lives and buildings based on events and data such as Omojola (2009), Emodi (2008), Lamond 

(2008) amongst others. However research on the effect of flooding on the market value of real 

estate seems to be limited.  

 

Flood Risk Perception 

According to Meldrum (2011) there are often no discounts in property price in flood plain areas 

as flood risk is subjective in nature. However, increasing risk perceptions correspond to 

decreasing property values. Furthermore, the difference in values of properties inside or outside a 

flood plain area reflects the subjective flood risk assessments made by investors and occupiers. 

Yeo (nd) further reviewed the spatial and temporal effects of flood disclosure on property values 

in United States, Canada, New Zealand and Australia. He stated that disclosure of flood-liability 

whether by flooding or flood plain mapping should result in differentiation of market value 

between flood liable properties and those that are not. Furthermore, he stated that in Oregon, 

USA; in 1964 and 1971 flood had a depressing effect on land values particularly for water front 

land between 19% - 26%. However, it also affected lots that were apparently not flooded by 3% 

while the depressed effect lasted for 5-8 years; in llinois, USA between 1986 -1987, flood had a 

more pronounced effect on property values by 15% - 21% for both flooded and non flooded 

property. Here the depressed effect lasted for more than 2 years.  

In Ontario, Canada; in 1974 as a result of influence of flooding and flood disclosure at sites in 

Ontario province, assessments revealed no significant difference between flooded and non 

flooded areas either before or after major flood. In fact sales price were significantly higher after 

the flood. In addition rental value, sales price, assessed value and length of period for house sale 

in London between 1978 and 1989 found no significant difference between houses situated in 

and out of designated flood plain. In coromandel, New Zealand; in 1985 immediately after 

flooding, selling prices were significantly lower by 9% for all properties in the town including 

the non hazard areas for up to 4 years. Also in 1985 properties in Georges R. catchment in 

Australia fell by 25% and in 1991 properties in Parramatta R. catchment situated on highly flood 
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liable land fell by 11% but recovered within a year. As a result, kellens, Zaalberg, Newtens, 

Vanneuville and De Maeyer (nd) affirmed that the study of risk perception involves the 

examination of people awareness, emotions and behavior with regard to hazards. 
 

Flooding in Nigeria 

Flooding refers to the inundation of an area by unexpected rise of water by both dam failure or 

extreme rainfall duration and intensity in which life and properties in the affected area are under 

risk (Nyarko, 2002). There is no doubt that globally natural disasters are on the rise. Over the 

past two or three decades, the economic losses and the number of people who have been affected 

by natural disasters have increased more rapidly (UNEP, 2007). Globally, about 200 million 

people were affected by natural disasters in the 1990s with about USD 63 billion lost in terms of 

market value of damaged properties (World Disaster Report, 2002). Historical studies indicate 

that major floods in Nigeria date back to the 1933 incident which occurred in Ibadan. Thereafter, 

there were others in Ibadan in 1951, 1960, 1963, 1980, 1985 and 2011.  Ilorin, 1976; Lagos, 

1985 and 1988; Cross river and Akwa Ibom, 1989 (Emordi, 2012). In fact flooding has become a 

recurring phenomenon in most cities in Nigeria with the most recent occurrences in Lagos on the 

10
th

 and 11
th

 July, 2011 after about 12 hours of torrential rainfall which resulted into loss of 

lives, farmlands, household goods and landed properties. Flood disaster in Lagos is only an 

indication of the magnitude of flooding problem in Nigerian cities. Also on 29
th

 June, 2012, a 

portion of Murtala Muhammed International Airport Road by Mobil Filling Station was 

submerged, as were some areas in Mafoluku, Oshodi, Victoria Island, Ikoyi, Lagos Island and 

some other parts of Eti-Osa Local Government Area. Many residents could not get to their 

offices and business places as most areas in the state were heavily flooded. Many properties were 

swept away and some major roads in the state were blocked (Vanguard Newspaper, June 30
th

, 

2012).  

 

Causes of the Frequent Flood Situation in Lagos, Nigeria 

Human settlements may be affected by four types of flooding which includes localized flooding 

due to inadequate drainage; flooding from small streams whose catchment areas lie almost 

entirely within built-up areas; flooding from major rivers on whose banks the towns and cities 

are built; and coastal flooding from the sea or from a combination of high tides and high river 

flows from inland (Douglas et al., 2008). It is estimated that the required drainage channel to 

avert flooding is short by about 45%; and the existing ones are only about 30% maintained 

(Aderogba, 2011). Furthermore, causes of flooding in Lagos as affirmed by Aderogba (2011) 

includes the following: torrential rain, base water flow, spring water flow, filled/silted/dirty 

drainage channels, ocean/lagoon surge, illegal channelization of drains, constructions and 

reconstructions, blockage of canals, inadequate drainage channel, non-compliance with 

regulations, illegal structure on drainage channels, encroachment, negligence, collapsed 

bridges/culverts, farming along flood plains, and nature of terrain.  

 

METHODS 

This review is structured according to a series of questions that serve to demonstrate the spatial 

effects of flooding on land value. In this review, more attention is given to the assessed rather 

than perceived influences of flooding on land values in the study areas. The approach adopted 

includes document review, structured questionnaire and direct observation. For most qualitative 

studies, purposive sampling technique is used in which subjects are selected based on their 

relationship with the research question (Bryman, 2008). This study is no exception. Purposive 

sampling technique was used to select sample areas which include Lekki phase 1 and Victoria 

Island in Lagos, Nigeria.  Lagos is the smallest State in the Federation yet with a population of 

about 13.5 million people and currently rated as the second African country after Cairo as having 
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reached mega city status (Omirin, 2013). Furthermore, Victoria Island is surrounded entirely by 

water, bordered by the Atlantic Ocean on the South, the mouth of the Lagos Lagoon on the West, 

the Five Cowrie Creek to the north North, and Oniru Estate on the East.  

 

A quasi experimental approach was adopted in the study location for the purpose of assessing the 

variability of land and building values between areas susceptible to flooding because of their 

closeness to the ocean and beaches compared to other areas which are not. This is to facilitate the 

determination of the degree of variability of land and building values in the study area. The 

magnitude of the effect will be estimated from repeated sales and rental price, average mean, 

relative importance index and Pearson product –moment correlation. Correlation is a technique 

used to measure the degree of relationship between variables. It can be used descriptively to find 

the degree of relationship or inferentially to test hypothesis of significance. The populations 

considered for the study are the 318 practicing firms registered with The Nigerian Institution of 

Estate Surveyors and Valuers, Lagos State Branch. A systematic random sampling technique was 

adopted in the sample selection in which every 6
th

 firm on the registration list was selected for 

the study. This gives a total of 55 firms, representing the sample size for the study location.  

 

STUDY FINDINGS 

Physical Effect of Flooding 

Based on the rating provided by the respondents in table 1, the flood has higher impact on traffic 

than on any other areas observed in the study. The impact of flooding on traffic was found within 

the band of 4.5 and 5.0, and categorized as being very high. Following the impact on traffic, is 

the impact on buildings, with 4.13 and categorized the impact as high. Others in this same 

categorization are impact on on-going construction, 3.77, occupiers‘ health 3.32. The least effect 

was on open land, 3.29 and household item, 3.26. This implies that physical effect on traffic is 

high as it increases the number of waiting time at designated bus-stops, high traffic jam and slow 

movement of vehicles due to flooding of the roads. Impact on buildings was also rated high as it 

increases maintenance cost due to physical damage especially on façade of the building. This is 

followed by effect on on-going construction work on site as it increases labour and material cost 

as well as total construction time. Moreover, long term effects of flooding on psychological 

health may perhaps be even more important than illness or injury and at times emotional trauma 

may continue long after water has receded. Effect on open land was rated low with mean of 3.29 

as well as effect on household items with the lowest mean of 3.26. This could be as a result of 

flood measure put in place during construction, for instance, raising the foundation high to avoid 

risk of been flooded. 

 

Table 1: Physical Effect of Flooding 

  Std. Deviation Mean 

Effect of flood on traffic 0.771 4.54 

Effect of flood on buildings 0.841 4.13 

Effect of flood on on-going 

construction                       

 

0.729 

 

3.77 

Effect of flood on occupiers 

health                                             

0.911 3.32 

Effect of flood on open land                              

Effect of flood on household 

items 

0.973 

 

1.073 

3.29 

 

3.26 

Land and Buildings Values in the Study Area 

 

http://en.wikipedia.org/wiki/Lagos_Lagoon
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Figures A, B and C give and compare values of residential and office buildings in the two 

locations over a period of 2007-2013. 

The occurrence of flooding showed a reduced demand on land and building averagely between 

1-20%. 11-20% in Oniru while Lekki phase 1 only recorded between 1-10% reduction in respect 

of demand of land and building. Oniru further recorded high impact of flooding on market value 

than Lekki phase 1. 

 

 

 

 

 

 

 

 

 

 

 

It was further observed that effect of flooding on rental value of residential and office buildings 

in the study area was mild as rent remained constant over a period of time. This could be 

adduced to the custom of rent payment per annum and in advance in the study area as well as 

cravings for the study location by investors for building development. This was evident in the 

study where respondents rated location higher than flooding or flood risk in determining market  
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Effect of Flooding on Demand for Land and Building 

From the analysis, the effect of flooding on the rate of demand for land and building is rated 

averagely between 1-20%. This implies that the effect of flooding will reduce demand averagely 

by 1-20%.  In Oniru, 33.3% of the respondents rated the effect flooding will have on demand 

below 1 to 10% and 45.8% provided similar rating in Lekki Phase I. About 45.8% rated the 

effect on demand between 11 and 20% in Oniru and 22.9% considered a similar view for Lekki 

Phase I. On this rating, the effect between the two locations stood at ratio 2 to 1 with Oniru 

having ratio 2 over Lekki Phase I. A similar ratio is shared on effect that is above 30%. This 

implies that the occurrence of flooding has a more negative implication on demand for land and 

buildings in Oniru than Lekki Phase 1. 

 

Effect of Flooding on Market Value of Land and Building 

Oniru recorded high effect of flooding on reduction of market value for land and buildings. 

Approximately 30% of the total respondents indicated impact is above 30% reduction for both 

sales and rental value in Oniru and only 10.4% for Lekki phase I on similar view. For degree of 

impact between 11-20% and between 21-30%, Oniru equally recorded high number and 

percentage of respondents compared to Lekki phase I, emphasizing higher impact of flooding on 

sales and rental value reduction in Oniru. 

 

Correlation Analysis of Flooding Occurrence and Value of Landed Property in the Study 

Areas 

Relationship between occurrence of flooding and landed property value is examined with 

Pearson Product- Moment Correlation and the result is given on table 4. 

 

Table 4: Correlation Analysis of Flooding Occurrence and Value of Landed Property in the 

Study Areas 

 Water Corporation Road ONIRU  Admiralty Way LEKKI 

 Land 

Value/m
2
 

Residential 

Building 

(rent/m
2
) 

Office 

Building 

(rent/m
2
) 

 Land 

Value/m
2
 

Residential 

Building 

(rent/m
2
) 

Office 

Building 

(rent/m
2
) 

r -0.343
*
 -0.290 -0.053  -0.403

**
 -0.479

**
 0.004 

p-value  0.030 0.070 0.747  0.010 0.002 0.982 

Remark Relations

hip exists 

No 

Relationshi

p 

No 

Relationshi

p 

 Relationshi

p exists 

Relationshi

p exists 

No 

Relationshi

p 
 

From the result, the p-value indicates statistical significance of correlation coefficient between 

flooding and land value in Oniru; r =0.343, p < 0.05, implying a relationship between the two 

variables. Meanwhile, the p-value indicates statistical significance of correlation coefficient 

between flooding and land value in the two location, and residential building rental value in 

Lekki; r =0.403, p < 0.05 and r =0.479, p < 0.05, respectively. For each of these findings, a 

negative relationship exists, meaning that the less frequent is flooding the higher the value of 

landed property and vice versa. It therefore implies that while flooding is related to land value in 

Oniru, there is no such relationship for residential and office rental values in Oniru. We equally 

found no relationship between office rental value and flooding in Lekki Phase I.  

 

DISCUSSION OF FINDINGS AND CONCLUSION 

 Findings of this study have shown that impact of flooding on land price and rental value of   

properties appear to be a reaction to flood events rather than the perceived risk of flooding, 

damage to buildings and cost of remediation (repairs). Although about 75% of the respondents 
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acclaimed seriousness of flood occurrence in the study location, the depth has not exceeded 

between ground level and up to 1 meter deep. However, during incidence of flooding, water 

remained on land for 1 to 24 hours before receding. 

 

The study further showed the effect of flooding on traffic, buildings, on-going construction open 

land and household items with mean of 4.54, 4.13, 3.77, 3.32 and 3.26 respectively. The effect of 

flood on traffic was considered very high compared to the effect on building which was 

considered high. However with effect on open land, on-going construction and household items, 

respondents were indifferent. The occurrence of flooding showed a reduced demand on land and 

building averagely between 1-20%. 11-20% in Oniru while Lekki phase 1 only recorded between 

1-10% reduction in respect of demand of land and building. Oniru further recorded high impact 

of flooding on market value than Lekki phase 1. At Oniru, the degree of effect on the market 

value of land varies averagely between 5-25% discounts while in Lekki phase 1, below 1-10% 

discount. In fact some respondents ascribed no effect on market value of land in lekki. This 

emphasizes a higher degree of flood impact in Oniru than lekki Phase 1. 

 

 This further corroborates studies that flood risk results in discount in land value. For instance, 

Fukozono and Ikeda (2003) ascribed a discount of between 1.27 and 4.7% to land values in 

Japan, Bin and Polasky (2003) ascribed 5 and 8% discount in North Carolina, Lambley and 

Cordery affirmed between 4 and 12% discounts in Australia while Lamond (2008) ascribed a 

discount of between 15 and 35% to land values in the UK. 

 

 In testing for the relationship between occurrence of flooding and landed property values, the 

study establishes that a negative relationship exists between land in Oniru, Lekki Phase1 and 

residential buildings in Lekki which implies that less frequent flooding will result in higher 

property value and vice versa. However, there is no such effect on rental value of residential and 

office building in Oniru and office building in Lekki which implies that flooding has no 

implication in determining rental values of this class of buildings in the study location. This 

could be attributed to the other factors that affect property performance other than occurrence of 

flooding or flood risk as the result further showed that location is the major determinant of land 

and property values as it ranked first in the study location. This further affirms Meldrum (2011) 

and Lamond (2008) statement that flood risk is subjective in nature, hence often times there are 

no discount in property values in flood plain areas.  

 

 This study therefore concludes that the occurrence of flooding significantly affects the sales price 

of land in both Oniru and Lekki Phase1 than it does on rental values of office and residential 

buildings in the study location. Therefore, there is need to improve on the drainage systems to 

aid quick flow of excess water in less than an hour to reduce the physical impact on traffic and 

implementation of building code. Furthermore there is need to improve on the embankments on 

shore lines to reduce water waves and over flooding of land and buildings in the study location.  
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ABSTRACT 

Well-designed public park that encourages physical activity is a community asset that 

could potentially contribute to the health of local residents. Parks are potential venue for 

increasing physical activities and it is one of the most important predictors of physical 

activity. This paper investigated the influence of park features, condition, access, 

aesthetics, safety and policies on users‘ health in the study area. It addressed the health 

and wellness needs of people. It examined the influence of physical and environmental 

characteristics of parks in enhancing or limiting the opportunities people have to be 

active.  

Using System for Observing Play and Recreation in Communities (SOPARC) tool, data 

for the study was gathered through the use of questionnaires, checklist, oral interview and 

observation. A baseline data gathered from a 7day pre-survey of users was used. It 

included an average total of 368users from 8 different activities who were randomly 

selected from each activity. Available facilities and its conditions were documented, 

users‘ socio-economic characteristics were studied and distance of the park from users 

was examined. The association between access to park and physical activity was 

examined. Also, park‘s policies on usage, attitude to leisure, safety and security measures 

were studied. 

It was gathered from the survey that 63.1% of the respondents use the park for physical 

activity and 44.3% of the respondents live in less than 1km from the park. Findings 

revealed that distance reduces the frequency of patronage of the park by users. It was also 

reported that 67.2% of the respondents use the park because of its attractive and 

environmental features. 

Proximity to attractive park is associated with higher levels of thoughtful design that 

create increase walking. Attractive park with facilities that encourage active use by 

multiple users (e.g., walkers, sports participants, picnickers) enhances community health. 

 

Keywords: Park, Physical activity, Environmental features, Health 

 

 

INTRODUCTION 

Physical inactivity is widely recognized as a significant public health concern, and many 

attributes of the physical environment, including parks, influence the opportunities people have 

to be active (Kaczynski & Havitz, 2010). Urban public services and facilities, such as public parks 

and open spaces, are vital to the quality of life of city dwellers. Besenyi (2011) noted that parks 

are valuable community resources that can play an important role in the battle against rising rates 

of obesity and chronic disease in youth across the country. Better understanding the ways in 

which these settings are associated with physical activity among children can inform future 

research and environmental and policy changes that can promote the health and well-being of 

generations to come. It, therefore, becomes imperative that the provision of urban parks and open 

spaces is accompanied by a fundamental need for ensuring adequate access to such facilities.   

Contemporary provision of urban parks rests largely on professional assumptions about its 

significance in the lives of residents. Jacquelin, Carolyn & Melaine (2012) showed that the most 

highly valued parks are those which enhance the positive qualities of urban life: variety of 

opportunities and physical settings; sociability and cultural diversity. These improve the social 

mailto:olabodeorelaja@gmail.com
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aspects of life that enhance people‘s satisfaction, experiences and perceptions of the quality of 

their everyday environments (Mahdavinejad & Abedi, 2011). 

The negligence of adequate planning and development of urban parks affects cities from 

achieving maximum utilization of their social, economic and environmental sectors (Officha, 

Onwuemesi, Enete & Nzeamalu, 2013). Also, managerial problems in maintaining the few 

available urban parks have led to its gradual decay and loss. Inefficient use and loss of urban 

parks had invariably reduces its comfort, aesthetic view, relaxation, recreation, communal 

interaction and preservation of natural system (Officha, Onwuemesi & Akanwa, 2012). Hence, 

there is an existence of urban sprawl which is characterized by waste of prime agricultural land, 

lack of aesthetics and uneconomic pattern of development.  

Urban park is a promising means to satisfy current physical activity requirements of users. Its use 

can greatly be influenced by access, physical dimensions and perceptions of difference. Genuine 

consideration of users in the planning and management of urban parks establishes interest in 

relationships among the environment, exercise and health. Barriers to exploration and fuller 

engagement in physical activities (real or perceived) have impact on the environment and health 

(Ayamba and Rotherham, 2010). The impact can be measured psychologically, socio-culturally 

and economically. Against this background, this paper examined the influence of physical and 

environmental characteristics of parks in enhancing or limiting the opportunities people have to 

be active. It provides information on available recreational facilities for healthy living and also 

alerts the park managers on the need to ensure supply of users‘ needs in the study area. 

 

METHODS 
This descriptive study explored the potential for public parks and recreation centers as intervention sites 

for promoting physical activity, which enhances health among residents.  Investigation through 

checklist, informant interviews with relevant stakeholders and through a comprehensive survey 

of questionnaire administration were employed for the study. A baseline data gathered from a 

7day pre-survey of users was used. It included an average total of 368users from 8 different 

activities who were randomly selected from each activity. Available facilities and its conditions 

were documented, users‘ socio-economic characteristics were studied and distance of the park 

from users was examined. The association between access to park and physical activity was 

examined. Also, park‘s policies on usage, attitude to leisure, safety and security measures were 

studied. 

 

FINDINGS AND DISCUSSION 

Rowe park is a community recreational centre located at Alagomeji area of Yaba, Lagos for the 

purpose of relaxation (leisure), educational, health and economic. The centre is dominated by 

active type of recreational activities. This study identified various sporting activities that are 

actively engaged-in by users. These activities can be broadly classified into indoor and outdoor 

games. The indoor games include 6numbers table tennis court, 3numbers badminton court and 

the indoor hall is used for other sporting activities like boxing, judo and karate. Also, the outdoor 

activities include the basketball court, handball court, lawn tennis court and volleyball court (also 

used for abula games). Other recreational activities that take place within the study area are 

relaxation spots where users can get refreshed and cycling within available paved spaces in park. 

Rowe park has an administrative building, registration centre, offices, and a block of retail shops.  

Two car park spaces are available and functioning efficiently at both entrances to the park. It is 

well landscaped with trees for aesthetics.  

Findings on park policies showed that there is no restriction to use of available facilities, 

provided the prospective user is competent to play the game. There is safety and security 

measures being put in place to ensure the safety of those using the park as well as the facilities. 

Security services are provided by the Lagos State vigilante group, assisted by the police. The 
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availability of a standard clinic ensures quick response to any injured participants. The attitude to 

leisure can be rated high as there are so many people at different sporting facility which is 

efficiently and effectively put to use. 

Generally, the park is in good condition as the environment is characterized by the standard that 

is fit for organized sports competition; good drainage system for surface water run-off,  parking 

lots and the placement of the adjoining facilities and structures. Every point within the park is 

easily accessible and easy connected to different game centres. In terms of the beautification and 

design of the park, it is generally fair because the park lacks adequate landscaping and greenery 

both within and outside except for the trees planted along the parking lots.  

Findings showed that the park is mostly used during the weekend and holidays. Users during 

weekdays are mostly those preparing for sporting events. It was gathered from the survey that 

63.1% of the respondents use the park for physical activity while others use for relaxation. 44.3% 

of the respondents live in less than 1km from the park. This implies that over 50% of the users 

come from distance of more than 1km to the park. Findings revealed that distance reduces the 

frequency of patronage of the park by users as 21.8% of the respondents visit the park daily and 

56.7% of the respondents are occasional visitors. 61.4% of the respondents reported that they 

make use other parks in the city as Rowe park lacks sensorial elements that enhances 

psychological balance. Also, other respondents reported the use of other parks in the city because 

there is no track for athletes and pitch for footballers. It was also reported that 67.2% of the 

respondents use the park because of its safety and security measures, attractive and 

environmental features. 

 

LITERATURE REVIEW 

Recreational concept of open spaces describes open spaces as publicly accessible open spaces 

designed and built for human activity and enjoyment (Lynch, 1981). These include parks, 

neighbourhood playgrounds, community gardens, downtown plazas, streets and malls.   

Gehl (2007) described open space from users‘ point of view as being an arena that allows for 

different types of activities encompassing necessary, optional and social activities. Necessary 

activities are compulsory activities that take place independent on physical environment. This 

implies that the design and management of physical environment have an impact on the 

opportunities that arise for such social activities. 

 

Kaczynski & Havitz (2010) examined the relationship between proximal park features and 

residents physical activity in neighbourhood parks. The study was conducted in 1km radius 

around 33 municipal parks within the four neighbourhoods. The Environmental Assessment for 

Public Recreation Spaces (EAPRS) instrument was found to be a valuable tool for examining the 

park features that may be related to physical activity. Data from participants showed that having 

five facilities (unpaved trail, meadow, water area, basketball court, and soccer field) and six 

amenities (restroom, historical/educational feature, landscaping, bike rack, parking lot, and a 

roadway through the park) within a nearby park was significantly related to an increased 

likelihood of using neighbourhood parks for physical activity. One other nearby facility, a ball 

diamond, was related to significantly lower odds of engaging in at least some physical activity in 

neighbourhood parks. Parks with a variety of built and natural facilities and amenities can 

support a range of physical activity behaviours. 

 

Lee & Maheswaran (2011) reviewed the evidence of health benefits of urban green spaces. They 

gathered that there is weak evidence for the links between physical, mental health and well-

being, and urban green space but environmental factors such as the quality and accessibility of 

green space affects its use for physical activity. User determinants, such as age, gender, ethnicity 

and the perception of safety, are also important.  
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Tilt (2010) explored demographic, environmental factors and preferences for adults with children 

in the household in walking trips to parks within the city of Seattle, Washington and surrounding 

suburbs. Using postal survey, the study measured walking trip frequency, preferences for 

walking environments and demographic information. Association between variables were 

analysed using Analysis of Variance and Multiple Linear Regressions statistical tools while chi-

square and qualitative content analysis were used to understand preferences for walking 

environments. It was gathered from the survey that demographic and environmental factors 

influence walking trips, particularly perceived level of neighbourhood vegetation and individual 

preferences.  Adult respondents with children living at home walked most frequently to parks 

compared to other destinations. Owning a dog, living within close proximity to a variety of 

destinations, perceptions of ample neighbourhood vegetation, and preference for natural-looking 

environments were factors positively associated with these walking trips. 

 

Crawford et al (2007) examined the relations between neighbourhood and socio-economic status 

and features of public open spaces (POS) in Melbourne, Australia. Variability of public open 

spaces features identified within 800m radius of each participant‘s home was examined across 

quintiles of neighbourhood Socio-Economic Index for Areas (SEIFA). They gathered that POS 

in the highest socioeconomic neighbourhoods had more amenities (e.g. picnic tables and drink 

fountains) and were more likely to have trees that provided shade, a water feature (e.g. pond, 

creek), walking and cycling paths, lighting, signage regarding dog access and signage restricting 

other activities. There were no differences across neighbourhoods in the number of playgrounds 

or the number of recreation facilities (e.g. number of sports catered for on courts and ovals, the 

presence of other facilities such as athletics tracks, skateboarding facility and swimming pool). 

This study suggests that POS in high socioeconomic neighbourhoods possess more features that 

are likely to promote physical activity amongst children. 

Besenyi (2011) examined association of park proximity and park features with nearby youth 

achieving recommended levels of physical activity in Kansas City, Missouri. While detailed park 

characteristic information for all parks within 1 mile of the youth was obtained via observational 

audits,  binary logistic regression analyses were used to examine the relationship between each 

park proximity and park characteristic variable and the likelihood of youth meeting physical 

activity recommendations, while controlling individual and neighbourhood level covariates. It 

was gathered from the survey that all youth and female youth who had a park within one-half 

mile of home were more likely to achieve physical activity recommendations than those with no 

parks nearby. Likewise, all youth and male youth with three or more parks within 1 mile were 

significantly more likely to achieve physical activity recommendations than those with only 1 

park. Further, youth that had a park with a playground within one-half mile or a baseball field 

within 1 mile of their home were more likely to achieve physical activity recommendations.  

 

Concepts of Urban Public Park 

Urban public park is often appreciated for the recreational opportunities it provides. Recreation 

in urban open space includes active recreation (such as organized sports and individual exercise) 

or passive recreation, which may simply entail being in the open space. Time spent in an urban 

park for recreation offers a reprieve from the urban environment. For example, lack of 

community and public access to safe open and green space is a critical area of concern for urban 

residents in New England (USEPA, 2006). Urban park provides recreational areas for residents 

and also helps to enhance the beauty and environmental quality of neighbourhoods. Broad range 

of recreational sites equally broad brought with it range of environmental issues. Just as in any 

other land uses, the way parks are managed can have good or bad environmental impacts, from 
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pesticide runoff, siltation from overused hiking and logging trails, and destruction of habitat 

(USEPA, 2006).  

 
 

Nature encourages the use of outdoor spaces, increases social integration and interaction among 

neighbours (Coley et al., 1997). The presence of trees and grass in outdoors common spaces may 

promote the development of social ties (Kuo et al., 1998). They also found out that greenery 

helps people to relax and renew, reducing aggression. Natural environments can also be seen as a 

domain of active experience providing a sense of challenge, privacy and intimacy, aesthetic and 

historical continuity. Beside the social and psychological benefits mentioned above, the functions 

of urban nature can provide economic benefits for both municipalities and citizens. CABESpace 

(2009) gathered in London that a high-quality public environment has a significant impact on the 

economic life of urban centres, and is therefore an essential part of any successful regeneration 

strategy. Hence, the presence of good parks, squares, gardens and other public spaces become a 

vital business and marketing tool as it increases the attractiveness of the city and promote it as 

tourist destination, thus generating employment and revenues.  

Public recreation parks are multi-use, but recent advances in best practices have prompted many 

cities to move away from old-fashioned and biologically impoverished "urban savannah" 

designs, to mosaic environments, which allow full recreational use but maintain higher levels of 

biodiversity and hence deliver greater benefits to human well-being (Thwaites, Helleur & 

Simkins, 2005). A recent study in Sheffield, United Kingdom, found that the psychological 

benefits gained by visitors to urban green spaces increased with their biodiversity (Fuller, Irvine, 

Devine-Wright, Warren & Gaston, 2007), indicating that 'green' alone is not sufficient; the 

quality of that green is important in delivering the health benefits. In spite of the benefits of 

urban open space, some studies have identified crime and drug use problems in urban open 

spaces. 

 

Urban Parks in Lagos State 

Urban parks in Lagos State are inadequate and suffer neglect. Neglect of urban open space 

development in Lagos metropolis, which is characterized by clusters of many towns with 

indigenous core, is historical. This is because various conglomerates of cities and towns that 

make up the metropolis grew without a plan except for the European Quarters now known as 

Government Reservation Areas. Inadequacy of public recreation open spaces in Lagos State was 

a testimony to the little attention successive governments gave to this urban sector (Falade, 

1998).. A base line study of Oshodi/Isolo Local Government revealed the lack of public 

recreational facilities forcing the residents especially children and adolescents to convert any 

available space including unbuilt residential plots, streets and school sports ground for active 

leisure activities.  

So much lip service had been paid to the development of public park system since 1960 (Falade, 

1998). Less than 10% of the 72 hectares of open spaces identified for development by the 

Ministry Youths Sports and Social Development in 1986 remained by 2002 (Ashiyanbi, 

2002).Until recently, Rowe park and other recreation centers like Evans square - Ebute Metta, 

Onikan open space, Ajele playground and Orija lane playground Ikeja were in a state of total 

disrepair. In achieving this development, Lagos State government established Lagos State Parks 

and Gardens Agency (LASPARK) in accordance with the Lagos State Parks and Gardens vide 

law13, 2011. The agency is to implement the greening policy of the State government towards 

the restoration of the lost glory of old Lagos noted for her green ambience and also re-awaken 

the consciousness of the indigenes to the importance of green environment.  
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ABSTRACT 

Building maintenance management in institutions and organisations with sizeable 

building assets is a complex and multi-faceted process that involves planning, directing, 

controlling and organizing resources for the sustenance of the building‘s physical, 

functional and operational performance. The purpose of this research work is to propose 

ways of optimizing maintenance expenditure of institutional buildings in Nigeria. Based 

on review of literatures, factors impacting maintenance costs were categorized into four 

categories comprising of; building characteristics, political factors, technical and 

administrative factors respectively. A questionnaire survey of maintenance departments‘ 

staff of tertiary institutions in Lagos State was conducted and the data were analyzed 

using the statistical packages for social science (SPSS). The study reveals the 

predominant factors affecting maintenance costs of institution buildings to include; age, 

floor area and vertical spread of buildings, poor building designs, improper coordination 

of incorporated building services and deferred maintenance.  The study recommends a 

review of maintenance policies for institutional buildings with a view to equipping the 

maintenance organisations with competent hands and skilled personnel to handle 

maintenance activities of critical systems and services in institution buildings. 

 

Keywords: Costs, Maintenance, Factors, Institutional-Buildings, Strategy 

 

 

INTRODUCTION 

Maintenance of existing building stock is by no means a small responsibility for organizations 

and government institutions as significant expenditures are incurred annually on maintenance 

related activities.  Generally, the totality of maintenance cost is expected to comprise the cost of 

materials, labour, site overheads, equipment/plant cost, head office cost and profit. In most part 

of the world including Nigeria however, experience and historical data has shown that there are 

other costs for which provision should be made following the unprecedented development of 

maintenance need. It is not surprising that Chanter and Swallow (2007) posit that the cost of 

maintenance work is usually higher than the cost of new construction work. 

 

Maintenance cost is the total cost or budget set aside to keep, restore or improve a building. 

Maintenance cost differs in various places owning to some peculiarities such as building 

location, availability of resources, lack of funds, non-availability of building materials, 

inadequate transportation and many others.  Mbachu and Nkado (2004) express that high 

maintenance costs have negative implications on key stakeholders in particular, and the industry 

in general. To the client, high maintenance cost implies added costs over and above those 

initially agreed upon at the onset, resulting in less returns on investment. To the end user, the 

added maintenance costs are passed on as higher rental / lease costs or prices. To the consultants, 

it means inability to deliver value for money and could tarnish their reputation and result in loss 

of confidence reposed in them by clients. To the contractor, it implies loss of profit through 

penalties for noncompletion, and negative word of mouth that could jeopardize his/her chances 

of winning further jobs, if at fault.   

 

Hence this study will investigate the factors affecting maintenance cost of institutional buildings 

in Lagos state with a view to sensitizing maintenance managers and stakeholders in the 
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maintenance management of institution buildings on measures at optimizing maintenance 

expenditures. 

 

Statement of the Problem 

The wealth of many nations is determined by the level of their infrastructures while a nation‘s 

standard of living is also based on the quality of housing for the public in such a nation (El-

haram and Horner, 2002). Nigeria as a developing nation is struggling with infrastructural deficit 

due low budgetary provisions for new infrastructure by government and extremely challenging 

economic climate on the part of private investors who are constraint by stringent monetary 

policies. In spite of this, defects in both private and public sector facilities are highly visible; 

most public facilities are in a state of disrepair. Quest for effective maintenance management of 

physical assets in tertiary institutions are by no means the least of the challenges facing 

management and stakeholders in the education sector. This study therefore sets to investigate the 

factors that impact on the costs of maintenance of buildings in tertiary institutions in Nigeria. 

 

Aim of the Study 

The aim of the study is to assess factors that affect maintenance cost of buildings in tertiary 

institutions in Nigeria. 

 

Objectives of the Study 
(i)  To assess the operational state of institutional buildings in Lagos state. 

(ii)  To examine the factors affecting cost of maintenance of the institutional buildings in              

Lagos state. 

(iii)  To assess maintenance management strategies adopted in maintenance of   institutional 

building. 

 

Research Hypothesis 

 There is no significant difference in factors affecting maintenance cost of federal 

institution buildings and state institution buildings. 

 

LITERATURE REVIEW 

Effective building maintenance can contribute immensely to reducing the lifecycle cost (LCC) of 

a building through optimal maintenance execution at the operation and maintenance phase of a 

building‘s lifecycle. Moreover, the reduction of building maintenance cost can be achieved 

through deep understanding of building maintenance cost concepts. Al-arjani (2002) asserts that 

governments of developing countries all over the world commit considerable expenditure to 

maintenance and operations of buildings but according to chanter and swallows (2007), the 

backlog of repair and maintenance work are depriving these country‘s building stock from 

attaining minimum acceptable maintenance level consequently, the deterioration of these 

building stock are growing at an unacceptable rate.  

 

Francis, Yik and Lee. (2002) posit that building maintenance management is an operation that 

involves interaction or combination of technical, social, legal and fiscal determinants that govern 

and manage the use of buildings. For instant, the state of facilities in an academic institution may 

impact the quality of academic service delivery. In other words, the assets of tertiary institutions 

must be in optimum operable performing state at all times in order to deliver quality education. 

Institutions asset comprises funds, technology, human capital, equipment, plants and buildings. 

Although, human capital is institution‘s most significant resource, because tertiary educations are 

labour intensive, building is the most valuable asset of the institutions. Specifically, institutional 

buildings are procured to create a suitable, conducive, and adequate environment to support, 
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stimulate and encourage learning, teaching, innovations and researches (Olanrewaju, Khamidi 

and Idrus, 2010). The cost of maintaining buildings consumes a great portion of the limited 

resources available for running organisations and institutions. 

 

According to El-haram and horner (2002) and Ali (2009) factors that affect maintenance cost of 

buildings can be divided into four groups of variables comprising building characteristics, 

political factors, technical and administrative. 

 

Building characteristics parameters comprises; the building size, building age, function, height of 

building, type of structure, finishes, building materials and building components. Sonthya (2006) 

opine that building characteristics are different in terms of the building amenities provided in the 

building as well as facilities and services available. 

 

El-Haram and Horner (2002) identified technical and administrative factors which affects 

maintenance costs of buildings as poor workmanship and poor quality of spare parts and 

materials, poor maintenance management, budget constraints, failure to execute maintenance at 

the right time and poor budgetary control. The selection of the maintenance management team 

and staff is closely related to the maintenance factors that affect the housing maintenance cost. 

 

Besides, the factors that have been stated, there are other factors that affect the building 

maintenance cost such as third-party vandalism and poor or lack of training (El-Haram and 

Horner, 2002). These factors can impact building maintenance cost Due to the inflexibility of 

buildings, institutions, organisations and occupiers need to have clear strategies to manage, 

control and develop buildings profitably (Zulkarnain, Zawawi, Rahman, Mustafa, 2011).  

 

METHODS 

A structured questionnaire was designed and used as the principal instrument for obtaining data 

for this study. The questionnaires were targeted at maintenance resource persons in the 

maintenance departments of the surveyed tertiary institutions in Lagos State. Selection of 

respondents for this study was by simple random sampling method.  

 

A total of 80 questionnaires were administered to the targeted respondents, of the 80 

administered questionnaires a total of 50 questionnaires were retrieved and duly completed 

representing 63% response rate. The returned questionnaires were scrutinized for errors, 

omissions, completeness and inconsistencies and were found to be adequately completed and 

therefore suitable for analysis. The data collected was processed and analysed with the aid of 

Statistical Package for Social Sciences (SPSS). Frequency tables, bar charts and mean score were 

used for the descriptive statistic while the spearman‘s rank correlation and Chi-square were used 

to test the hypothetical statement formulated for this study. 

 

RESULTS  

Table 1 shows the demographic details of respondents; the table shows that more of the 

respondents were male with a percentage of 74% while the female respondents amount to 26%. 

This implies that greater number of the workforce of the maintenance department of the various 

institutions were men.  

 

The table further shows that majority of the respondents‘ are learned hence their ability to 

comprehend the questions articulated in the questionnaire and to respond accordingly. 
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The buildings in the various institutions are used for different purposes and are classified 

accordingly as shown in table 2. 48% of the respondents expressed that the buildings they 

manage in the institutions are essentially multi-purpose in nature while 18% of the respondents 

reported that the buildings within the scope of their operations as maintenance personnel are 

basically used for academic purposes. Such building comprises; auditoriums, lecture theatre 

halls, workshops among others. 

 

Table 3 shows the maintenance strategy adopted by the maintenance departments of the various 

institutions in addressing maintenance issues. Respondents were asked to assess the frequency at 

which the three articulated maintenance strategies are used in their maintenance operations using 

5 point likert scale of; Always, Often, Sometimes, Rarely, and Never in descending order of 5 to 

1 respectively. The analysis shows that corrective maintenance was the most frequently adopted 

strategy for maintenance works executed by the maintenance departments, which implies that 

most of the maintenance work done were undertaking after a failure or breakdown had been 

reported. Preventive maintenance ranks second inferring that on some occasions, maintenance 

work are carried out based on a routine schedule for maintenance activities. The table also shows 

that Conditioned-based maintenance is rarely used as a strategy for maintaining systems and 

equipment in the surveyed buildings. 

 

From the analysis, the age, size of buildings, vandalism by users, faulty design and poor 

incorporation of building services are the top five dominant factors that impact the costs of 

maintenance of tertiary institution buildings.  The impacts of these factors were rated high on 

maintenance costs. The result implies that as a building age, the costs of maintenance increases. 

Also, the frequency and volume of replacement of parts and spares in and old building is likely 

to be more than in new buildings as systems wear and tear due to use; pipe corrodes and joints 

leaks, roof leaks and paints fades while a number of defects grow with the building age.  

 

The result also shows that damage arising from poor handling of systems and services in the 

buildings by users contribute immensely to the increased cost of maintenance in tertiary 

institution buildings. Errors attributable to poor designs in the architecture, services and 

specifications of buildings at the pre-construction phase of a building are seen to impact the costs 

that are eventually incurred on maintenance throughout the life of a building. Furthermore, poor 

integration of building services ranked as the fifth factor that affects maintenance cost as 

embedded services without adequate provision for maintenance access would result in breaking 

of walls, floors and related surfaces before maintenance activities can be carried out on 

underneath services. 

 

Test of Research Hypothesis  

H0- There is no significant difference in the factors affecting maintenance cost of Federal 

owned and State owned tertiary institution buildings 

H1- There is significant difference in the factors affecting maintenance cost of Federal 

owned and State owned tertiary institution buildings 

 

The analysis of variance was used to test the formulated hypothesis and the results is as shown in 

table 5. At 5 percent, level of significance when P – value is <0.05, majority of the variables 

(factors) have significant difference between the data that is being compared or tested. Analysis 

of variance result in respect of testing the above perception of respondents‘ as regards factors 

affecting maintenance cost of institutional buildings indicated that the calculated F-value for 

vandalism by users (Fcal. =9.808) is higher than the tabulated F-value (Ftab=9.78) at a 5% level of 

significance, hence null hypothesis is to be accepted which infers that there is no significant 
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difference in the factors affecting maintenance cost of federal and state institutional buildings. 

Majority of the other factors identified are also accepted at 1% to 5% significance level with the 

exception of delay and failure in reporting maintenance problems, building services, poor 

budgetary control, and third party vandalism having the calculated F-value been less than the 

tabulated F-value, therefore, allowing for the alternative hypothesis been accepted that is H1.  

 

Conclusively from Table 5, the high ranked factors indicated an calculated F-value which is 

greater than the tabulated F-value; hence the results suggest that the null hypothesis be accepted 

inferring that there is no significant difference in the factors affecting maintenance cost of 

Federal owned and State owned  institutional buildings.  

 

DISCUSSION 

From the analysis, building age ranked top as the factor that affects tertiary institution buildings‘ 

maintenance cost. This justifies the position of Lateef (2008) that one of the essential factors that 

need to be measured in the allocation of maintenance budgets is the building age. This is 

probably due to the need of additional maintenance works to be carried out in older buildings. 

For example, major refurbishment and retrofitting of building equipment or elements need to be 

implemented when a building has reached its economic life span (Ali, 2009). Following the 

building age as a top ranked factor is the Building area or size, this factor determines the amount 

an organization or institution allocate towards maintenance activities. According to MCB UP Ltd 

(1987), building services and maintenance accounts are relatively high, covering 20-45% of the 

total building running costs, even at the lowest estimate. This statement is justified by the 

findings of this research work, whereby the poor integration of building services and faulty 

design ranked within the first five factors that affect building maintenance cost. Hence, the 

timely maintenance of building services is necessary to avert premature and frequent breakdown 

of building systems and service failure. Adequate attention should also be given to the scrutiny 

of building services design at the pre-construction stage of new buildings with a view to identify 

errors or poor design proposal at an early stage of the building life.  

 

Also, the type of building materials used for the construction of buildings was ranked as the sixth 

factor affecting maintenance cost of institutional buildings. According to Hanim (2008), the price 

of building materials has been on the increase because of the escalating cost of raw material and 

high operational costs incurred at the production of construction materials. Consequently, 

maintenance cost has increases significantly overtime especially when there is need for 

significant replacement or upgrade in the buildings arising from deteriorations or prolong 

defects. This finding aligns with the findings of Nor Haniza et al. (2007) and Cheung and Kyle 

(1996) that improper or poor material selection is one of the dominant factors affecting housing 

maintenance cost over the life of a facility or building component.  

 

Furthermore, this study reveals that failure to execute maintenance as at when due may result in 

an increased in the costs of such maintenance activity when the activity is eventually carried out. 

This concurs with the position of Narayan (2003), stating that failure or delay to execute 

maintenance tasks at the right time may cause further deteriorating impacts and further burden 

the overall cost of executing the repair or replacement work. This also agrees with the findings of 

Suttell (2006) that maintenance is not expensive when compared to what might need to be spent 

if the system is allowed to degrade and fail ultimately. 

 

CONCLUSION 

Building age, building size, vandalism, faulty designs, poorly integrated building services, 

substandard building materials, and failure to execute maintenance at the right time were seen to 
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high degree of influence as factors responsible for high cost of maintenance in institutional 

buildings, this study therefore recommends that annual audit of buildings in tertiary institution be 

consistently conducted by skilled maintenance personnel to afford the maintenance organizations 

the opportunity of tracking changes or otherwise in the performance of  building elements, 

systems, and services in the buildings as they age. The procedure for such an audit should be 

expressly defined and documented within the maintenance organization policy with a view to 

ensure that such audit fulfills the purpose for which it is conducted. Competent personnel should 

be resourced and included in the audit team so that all critical systems in the buildings can be 

properly examined in the course of the audit.  Also, routine maintenance and repair works should 

be timely to avoid further deterioration. Building designs should be critically reviewed at the 

preconstruction stage from maintenance perspective by experienced maintenance personnel with 

a view to achieving ease of maintenance at the operation and maintenance phase of the building.  
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APPENDIX 

Table 1: Demographic Details of Respondent 

Demographic Data Frequency Percentage 

Gender 

Female 13 26 

Male 37 74 

Total 50 100 

      

Academic Qualification 

OND 11 22 

HND/B.Sc./B.Tech 23 46 

M.Sc./M.Tech 12 24 

PhD 4 8 

Total 50 100 

 

Table 2:  Building Classification 

Building classification Frequency Percentage       

Administrative Block 7 14       

Academic Block 9 18       

Recreational Block 1 2       

Utility Block 9 18       

Multi-purpose 24 48       

Total 50 100       

 

Table 3: Maintenance Management Strategy Adopted by the Department 

Maintenance Management Strategy N Mean Rank 
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Corrective Maintenance 50 4.54 1 

Preventive Maintenance 50 2.96 2 

Condition-based Maintenance 50 2.30 3 

 

Table 4: Factors Affecting Maintenance Cost of Institutional Buildings 

Factors affecting maintenance cost N Std deviation Mean Rank 

Building age 50 0.639 4.40 1 

Building area or size 50 0.607 4.28 2 

Vandalism by users 50 0.536 4.28 2 

Faulty design 50 0.771 4.24 4 

Building services 50 0.591 4.24 4 

Building materials 50 0.872 4.12 6 

Deferred maintenance 50 0.746 4.12 6 

Poor maintenance tracking 50 0.807 4.04 8 

Budget constraint 50 0.845 4.02 9 

Poor quality of spare parts 50 0.892 4.02 9 

Low concern for future maintenance 50 0.869 3.98 11 

Lack of quality control 50 0.781 3.96 12 

Delay and failure in reporting 

maintenance problem 

50 0.778 3.92 13 

Poor workmanship 50 0.839 3.90 14 

Poor budgetary control 50 0.918 3.88 15 

Third party vandalism 50 0.800 3.82 16 

Poor or lack of training 50 0.847 3.76 17 

Non standardized 

components/materials 

50 0.967 3.62 18 

 

Table 5: Analysis of variance for research hypothesis 

Variables    Sum of 

Squares 

df Mean 

Square 

F Sig. Remark  

Vandalism by 

users 

Between Groups 11.579 3 3.86 9.808 0.000 Accept H0 

Within Groups 18.101 46 0.394       

Total 29.68 49         

Building area 

or size 

Between Groups 12.414 3 4.138 12.213 0.000 Accept H0 

Within Groups 15.586 46 0.339       

Total 28 49         

Delay and 

failure in 

reporting 

Between Groups 7.173 3 2.391 5.276 0.003 Accept H1 

Within Groups 20.847 46 0.453       

Total 28.02 49         

Building 

services 

Between Groups 8.683 3 2.894 7.724 0.000 Accept H1 

Within Groups 17.237 46 0.375       

Total 25.92 49         
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Variables    Sum of 

Squares 

df Mean 

Square 

F Sig. Remark  

Building 

materials 

Between Groups 8.296 3 2.765 4.646 0.006 Accept H0 

Within Groups 27.384 46 0.595       

Total 35.68 49         

Non 

standardized 

components/

materials 

Between Groups 5.434 3 1.811 2.377 0.082 Accept H0 

Within Groups 35.046 46 0.762       

Total 40.48 49         

Poor 

workmanship 

Between Groups 10.037 3 3.346 4.616 0.007 Accept H0 

Within Groups 33.343 46 0.725       

Total 43.38 49         

Poor quality 

of spare parts 

Between Groups 13.051 3 4.35 6.908 0.001 Accept H0 

Within Groups 28.969 46 0.63       

Total 42.02 49         

Poor 

maintenance 

tracking 

Between Groups 6.821 3 2.274 4.038 0.012 Accept H0 

Within Groups 25.899 46 0.563       

Total 32.72 49         

Budget 

constraint 

Between Groups 5.374 3 1.791 3.013 0.039 Accept H0 

Within Groups 27.346 46 0.594       

Total 32.72 49         

Deferred 

maintenance 

Between Groups 5.96 3 1.987 2.534 0.068 Accept H0 

Within Groups 36.06 46 0.784       

Total 42.02 49         

Poor 

budgetary 

control 

Between Groups 1.676 3 0.559 0.557 0.646 Accept H1 

Within Groups 46.104 46 1.002       

Total 47.78 49         

Faulty design Between Groups 14.951 3 4.984 5.325 0.003 Accept H0 

Within Groups 43.049 46 0.936       

Total 58 49         

              

Low concern 

to future 

maintenance  

Between Groups 10.443 3 3.481 4.199 0.010 

  Within Groups 38.137 46 0.829     Accept H0 

  Total 48.58 49         

Third party 

vandalism 

Between Groups 2.91 3 0.97 1.129 0.347 Accept H1 

Within Groups 39.51 46 0.859       

Total 42.42 49         

Poor or lack 

of training  

Between Groups 6.513 3 2.171 2.378 0.082 Accept H0 

Within Groups 41.987 46 0.913       

Total 48.5 49         
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THE IMPACT OF HOUSING QUALITY ON HEALTH IN LAGOS STATE, NIGERIA 
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ABSTRACT 

Housing constitute an important determinant of the health status and health expenditure 

of residents. Correlating housing quality indicated by the rent paid in two residential 

areas of urban Lagos Nigeria with health expenses incurred within these neighborhoods 

revealed that the quality of housing can affect health inversely. The study found that in 

Gowon Estate, an area with relatively better housing, better surface drainage, centralized 

sewage system and less occupancy ratios, health expenditures on common health 

problems were much lower compared to Makoko area where the housing and living 

conditions were much worse. Hence, improving living conditions through standard 

housing lessens predisposition to common ailments like malaria, typhoid, diarrhea and as 

well as provide an efficient option for reducing health expenses.  

 

Keyword: Housing, health, Environmental Valution,  

 

 

INTRODUCTION 

The influence of housing on the diverse areas of man‘s existence fittingly makes housing a basic 

human need. Housing as a complex concept is multidimensional and cannot be precisely defined. 

Moreover, issues in housing are dynamic evolving in different forms and magnitudes because all 

levels of the society: individuals, families, organisations and government are concerned about 

housing.  

The United Nations, in Article 25 of the Universal Declaration of Human Rights states that, 

―everyone has the right to a standard of living adequate for the health and well being of himself 

and of his family including food, clothing, housing and medical care‖.  

Human needs are neither independent of each other nor mutually exclusive but rather highly 

dependent; hence, housing cannot be described in isolation. Health, like housing, has been 

identified as a fundamental human right under the Universal Declaration of Human Right earlier 

stated. The World Health Organisation defined health as ―a state of complete physical, mental 

and social wellbeing and not merely the absence of disease or infirmity 

One area of concern which housing affects is health. Hence, how does housing affect health? 

Worldwide, housing disparity is a pronounced feature that reflects variation in cost, quality, 

rental value, location, environmental facilities, housing needs and demands. Houses make up the 

environment and when the necessary facilities are lacking, the environment becomes unsafe for 

human habitation. Irrespective of the shape, size and design, a standard house which intends to 

provide the basic need of shelter  should have water and other social services like electricity, 

sanitary and waste disposal facilities to mention but a few. The bulk of the housing stock in 

Nigeria is characterised by impoverished surroundings with few local amenities. These physical 

and social characteristics of housing are obvious determinants of good health.  

Housing and health are important socio-economic indicators of the wellbeing of a nation‘s 

population. In addition both sectors require huge capital sums to function efficiently. 

 

Significance of Study 

Rigorous effort towards health service improvement and housing delivery by the Government 

does not reflect any awareness of the relationship between housing and health. Over the years, 

health expenditure has been on the increase. There is no gain saying about the vital role living 

conditions play in the prevention and control of malaria. However considering the deteriorating 
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housing condition of Nigerians, spending huge sums will obviously not curb the malaria scourge 

if the present living conditions are ignored. Reasoning along this path reflects the depth of 

connection between housing and health within the context of the national economy. The study 

therefore aims to establish the link between housing and health and subsequently show that the 

provision of suitable housing can enhance healthy living. 

The costs and benefits of housing and health sector are most times assessed in economic terms. 

Assessing costs and benefits in quantitative terms precludes the intangible costs and benefits 

applicable to housing and health. For these reasons, environmental valuation techniques which 

take account of social values and have proved useful in related studies would be considered as a 

means of assessing the value of tangible and intangible impacts of poor housing quality on 

health. 

Furthermore, the influence of housing on health can be considered as a basis for improving the 

value of the housing sector. The health benefits derived from housing facilities and 

environmental condition can be used to assess the value of rent paid, value of investment in 

housing and the efficient use of resources as a whole.  Also, the health outcome of housing can 

help to improve the housing market through the regeneration of various avenues of funding.  

 

LITERATURE REVIEW  

Awareness of the health effects of housing is visibly low and the dearth of substantial research 

materials in this field have further contributed to the poor recognition of its relevance within the 

society. However, historical account lends credence to the conceptual relationship between 

housing and health and the attention it attracted back then which made it an issue of public 

debate. In recent years, advocating (on the basis of rational ideas) that housing affects health 

presents no sufficient proof to justify the public regulation of housing. It has been observed that 

if housing is poorly built, too crowded, located in unsafe areas or inadequately serviced with 

water and sanitation it can lead to increased incidence of sickness and death; conversely good 

housing can lead to better health and higher rate of labour participation (Mayo et al, 1993).  

Therefore, limited research evidence linking housing and health (Acevedo et al, 2004) has made 

the hypothetical reasoning that bad housing result in ill-health a subject of widespread criticism. 

For so many years, the World Health Organisation (WHO) has advocated the health benefits of 

housing and identified nine features of the housing environment that have, important direct and 

indirect effect on the health of the occupants. These include: the structure of the shelter, 

including the extent to which it protects the health of the occupants from the elements; provision 

of adequate water supplies; provision of proper sanitation  and waste disposal; the quality of 

housing sites; overcrowding which can lead to household accidents and increased transmission of 

airborne infections such as acute respiratory infections diseases, pneumonia and tuberculosis; the 

presence of indoor air pollution associated with fuels used for cooking and heating; food safety 

standards including adequate provision for storing food to protect it against spoilage and 

contamination; vectors and host of diseases associated with the domestic and peri-domestic 

environment; and the home as a workplace-where the use and storage of toxic and hazardous 

chemicals and unsafe equipment may present health hazards (WHO,1998). 

 

Housing and mental health 

Mental well-being involves an integration of social, cultural and individual realities (Bonnefoy et 

al, 2004). It signifies a stable state of the body, mind and soul and its deficiencies are manifested 

in the situation of stress, depression, anxiety, vandalism, insomnia, paranoid feeling and the like.  

Indoor exposure to toxic substances (e.g. heavy metal solvents) may lead to neuropsychiatry 

disorders. A survey by Bonnefoy et al (2004) concluded that people are significantly more 

depressed and more anxious when they live in a dwelling that does not offer sufficient protection 

against external aggressions, noise, vibrations, dampness ,moulds, droughts, colds in winter; 
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does not allow space to isolate oneself (overcrowding or poor architectural design) or to feel free 

in one‘s home; lack light and /or does not offer a nice view on the outside environment; does not 

facilitate socialization (absence of parks and garden) and is prone to vandalism 

 

Health effects of mouldy/damp houses 

Houses with excess moisture trapped within the building fabrics due to negligence during 

construction or poor maintenance like neglect of plumbing faults or lack of disposal facilitiesfor 

waste water encourages dampness within the building and subsequently leads to mould growth in 

and around the house. Damp and mouldy homes have been associated with allergic rhinitis, 

asthma, fatigue, diarrhoea, cough, wheezing, breathlessness, phlegm, meningococcal infection 

irritation of the throat and eyes Arthritis, depression and particularly respiratory infections (Shaw 

et al, 1999; Dunn et al, 2003; Bonnefoy et al, 2004). 

 

Internal and surrounding housing conditions and Health 

Overcrowding, either in terms of spatial arrangement of housing units or the number of persons 

occupying a dwelling unit have important bearing on health.  Burns, Scalds as well as infectious 

diseases like cholera, tuberculosis, and hepatitis e.t.c. are features of overcrowded housing. 

Overcrowding has been acknowledged as an indirect cause of childhood death, stomach cancers, 

respiratory problems and heart diseases (Environmental Epidemiology, 1999) 

 

Housing services/ utilities and health 

Facilities like safe and regular water supply, effective waste disposal services, adequate 

sanitation services and functional drainage doubtlessly promote good health.Typhoid, cholera, 

infective hepatitis, scabies etc. are water-borne diseases transmitted through faecal-oral routes 

and inadequate water supply while stagnant water aids the breeding of Schistosomiasis and 

malaria (Gilles & Brown,1997).   Poor housing features like scarcity and pollution of water, poor 

sanitation and lack of appropriate sewage disposal is a major cause of diarrhoea, (Esibike & 

Moses, 2004).  

 

Sick building syndrome (SBS) 

Defects in the building structure and internal environment can cause discomfort, unease or illness 

(Iyagba, 2005). Combustion pollutants carbon monoxide (CO), nitrogen dioxide (NO2) and 

sulphur dioxide (SO2); biological air pollutants (dander moulds, mites) volatile organic 

compounds (VOCs), emitted gases, solids and liquids, heavy metals, mechanical ventilation of 

building, inadequate illumination, noise, rat, cockroach infestations, sanitary conditions are all 

major contributors to SBS. Five key symptoms of SBS include: mucus membrane irritation that 

affects the eyes and throat; neuropsychiatry disturbances such as fatigue, headache, convulsion 

and dizziness; skin disorders such as itchiness, dryness and rashes; asthma –like symptoms such 

as tight chest and breathing difficulties and unpleasant odour and taste sensation (Iyagba, 2005). 

 

METHODS 

Housing and Health variables extracted from the questionnaires administered were analysed to 

determine the type and strength of relationships.Details of housing qualities and health outcomes 

of about 280 residents of various housing types ranging from tenement to duplex were obtained 

for analysis. Housing variables used in analysis included rent, house type (flat, bungalow etc), 

occupancy ratio, water supply (drinking and domestic activities), quantity and quality of lavatory 

services, waste disposal services. Health impacts were measured considering hospital charges for 

treatment of malaria, typhoid fever while cost of self-medication were considered in cases of 

ailments like cough, malaria, dysentery, catarrh, feverish feeling, and the frequency of the use of 

multi-vitamin supplements. The cost of maintaining good health was obtained using cost 
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incurred in buying water for domestic and drinking purposes, the cost incurred by residents who 

have no toilets at home and have to pay for such service and the cost of disposing refuse. 

The cost of illness method discussed in a 1998 World Bank environmental assessment source 

book involves the cost of treating illness resulting from environmental impacts or prospective 

projects in comparison with the cost of measures adopted to reduce or prevent such health 

problems (World Bank, 1998). In a similar vein, housing can be considered as a means of 

preventing or reducing housing related health problems. In this way the rent represents the cost 

of accommodation. The preventive /defensive expenditure method takes account of money spent 

on appropriate preventive/mitigating measures to prevent losses arising from environmental 

problems or to mitigate adverse environmental effect (Dharmanrantne & Strand, 1999).  

Prevailing hospital charges for the treatment of malaria and typhoid accounted for the cost of 

illness where hospital visits were acknowledged. For respondents who suffered from malaria but 

have no record of hospital visit the minimum cost of medication for treatment were used. Cost of 

treating catarrh, cough, dysentery, feverish feeling and rate of use of anti-malaria drugs were 

based on the cost of self-medication. Since most multivitamin contain 30 tablets with a 

recommendation of one tablet per dose the amount spent on multivitamin in a year was 

calculated according to frequency of use. The average amount spent on buying water for 

drinking and domestic use per capita per day was used. Commercial use of toilet and refuse 

disposal expenses were also accounted for. 

The rent paid by each respondent and the corresponding expenses incurred on health in the year 

was analysed by Product Moment Correlation to ascertain the strength of the relationship 

between the two variables.  

 

The study area  

Gowon Estate is a Federal Housing Authority (FHA) Residential Scheme situated at Egbeda. It is 

a medium density, well-planned residential neighbourhood with different types of prototype 

houses of standard accommodation which consist of bungalows, blocks of flats and duplexes 

with well ventilated, beautiful surroundings with central sewage system, good water supply and 

functional waste disposal system. 

Makoko, is a high density, poorly planned residential area that can be practically described as a 

slum. Refuse often litter the roads, constituting nuisance, creating offensive odour and polluting 

the environmental ambience. Majority of the houses here are tenement buildings, mainly 

bungalows and storey buildings of varying number of floors, with no adequate setbacks and 

airspaces. This area is also characterised with inadequate/total lack of basic facilities; non-

serviceable sanitary facilities, inadequate water supply, overfilled/seeping septic tanks, 

uninhabitable rooms and a very noisy environment.  

 

RESULTS 

Graphical analysis of rent and health expenditure 

The differences observed in housing and health are expressed in monetary terms as rent and 

health expenditure respectively. The distribution of rent in the two areas is presented in figures A 

and B, while that of health expenditure is presented in figures C and D.   

The rent distribution in Gowon Estate appears to be fairly symmetrical indicating a minimum 

rent of N150,000 and a  rental value as high as N400,000 per annum. This reveals a prevalence 

of varying pattern of rental values in the neighborhood. A 2/3 bedroom in a block of flat cost 

between N150,000-N200,000 per annum, the bungalows cost between N200,000- N300,000 per 

annum while a typical duplex goes for a minimum of N350,000 per annum. In Makoko, the most 

prevalent type of houses are tenement houses with rental value of between N8,000 – N18,000 per 

annum per room. More than 50% of the respondents paid the minimum rent of N10,000 per 
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annum while only few respondents pay rent of between N 10,000- N 20,000. The distribution of 

the rent is positively skewed with a clear modal rental value of N10,000 per annum. 

Health expenditures also differ significantly in the two areas as shown in figures C and D. 

The amount expended on health by individual respondents consisted of the cost of illness which 

included an aggregate of the cost of the number of times each respondent treated malaria and 

typhoid at the hospital, used anti-malaria drug , treateddiarrhoea, catarrh and cough. The cost of 

maintaining good health which include cost of multi-vitamins taken and the amount spent on 

buying water, toilet , and disposing refuse is added to the cost of health. All these annual costs 

made up the health expenditure of each respondent. 

Figure C shows that health expenditure in Gowon Estate were positively skewed with  a high 

percentage of the respondents spending below N10,000 and 80% of the respondents spending 

between N1000 and N3000 on health. On the other hand, figure D shows that the respondents in 

Makoko spent between N10,000 and more than N20,000 on health during the year . 

 

Analysis of housing and health variables using the cost of illness approach 

Under the Cost of Illness Approach, the observed housing and health variables are valued as rent 

and health expenditure respectively. The rent per annum represents the cost paid to enjoy the 

benefit of housing. Health expenditure represents the cost incurred on health due to housing 

deficiency during the year by the resident. The difference between them (rent and health 

expenditure) translates into a net benefit if there is a surplus and a loss if a negative answer 

results.  The rent and health expenses incurred are then correlated to see if a linear relationship 

exist between them and the significance of ‗r‘ value obtained is established to test the stated 

hypotheses 

 

 

Correlation of rent and health expenditure in Gowon estate and Makoko 

Hypotheses: 

H0: Housing quality (rent) has no effect health of residents  

H1: Housing quality (rent) can affect health of residents. 

For Gowon Estate, the Table 2 shows a correlation coefficient ‘r‘ of -0.316 at a significant level 

of 0.01 with a coefficient of determination of about 10%.This result indicates a negative/inverse 

but low degree of relationship between the cost of accommodation (rent) and health expenditure. 

Decision: Since the correlation coefficient is significant at 0.01 level the Ho (Null Hypotheses) 

is rejected. This implies that the cost of accommodation (rent) can affect health expenditure; the 

higher the rent, the lower the health expenses. The decision to reject Ho considering that the ‗r‘ 

value of -0.316 which indicates a weak correlation and significant at 0.01level shows that the 

observed relationship between cost of accommodation (rent) and health expenditure is not due to 

chance. This means that an increase in the rent produced a little reduction in health expenditure. 

Also the coefficient of determination ‗r
2
‘ of approximately 10% further confirms the decision 

taken because it shows that 10% of any variation in health expenditure is caused by a change in 

rent. Hence a factor effect of 10% on a variable cannot be discarded as irrelevant. 

With respect to the correlation of rent and health expenditure in Makoko as outlined in Table 2, a 

correlation coefficient of ‘r‘ -0.121 with no significant level at either 0.05 or 0.01 but with a 

coefficient of determination‗r
2
‘ of 1.5% was obtained. The ‘r‘ value obtained indicates that there 

is little or no correlation between cost of accommodation and health expenditure 

Decision: Since the ‗r‘ value assumes no significance at the conventional level of 0.05 and 0.01 

then Ho is rejected. This implies that housing quality (rent) can affect health expenditure.The 

decision to reject Ho stems from the fact that the correlation coefficient of -0.121 which indicates 

a negligible or zero relationship between cost of accommodation and health expenditure is not 

significant. Since the correlation coefficient is not significant it is NOT reliable and must have 
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occurred by chance. Hence, this means that a relationship must have existed between them in the 

study area; though negative as shown by the sign of the ‗r‘ value and this suggest that a nonlinear 

relationship could present a clearer explanation 

Comparing the ‗r‘ values of Gowon and Makoko which are -0.316 and -0.121 respectively it 

shows that the cost of accommodation in Gowon had a significant effect on health expenditure 

while in Makoko the ‗r‘ value indicating a negligible or zero effect of rent on health expenditure 

is not significant showing that this degree of relationship indicated may have occurred by 

chance. Thus the quality of housing in Makoko considering the rent has an effect on the health of 

the residents. This analysis suggests that a non-linear relationship between these variables will 

present a stronger affinity.  

 

DISCUSSION 

Collectively, the correlation results of both study areas show that the quality of housing can 

affect health inversely. This implies that as the quality of housing improves there is a little but 

significant reduction in health expenses. 

The varying health bills incurred by respondents who paid the same amount of rent may help to 

explain the weak relationship observed between the rent and health expenditure showing that the 

differences in housing quality will have a weak effect on health as shown by the correlation 

coefficient.  However it was observed that 77% of respondents in Gowon Estate who paid a 

minimum rent of N160, 000 per annum incurred health expenses within the range of N0 - N5,000 

while about  83% of those in Makoko who pay rent within the range of N 7,200 - N 50,000 per 

annum incurred health expenses ranging from N 10,000-N 20,000 in the year. This shows that 

the sharp disparity in the environmental condition between the two study areas explains the wide 

gap in the health expenses incurred and that the state of the environment dictates the health 

status. Furthermore it was observed that environmental condition is an underlying factor that 

determines the trend of health expenditure. For instance differences in housing quality presented 

little differences in health expenses.  

The health outcome of residents in Makoko irrespective of the type of house they lived in 

presented no significant difference. Hence if houses were exchanged between the study areas, 

then the new residents of Makoko would pay a slightly lower rent than the rent paid presently in 

Gowon Estate but would incur extremely higher health expenses. This may be a little lower than 

the present health expenses obtainable in Makoko due to the poor state of the environment even 

though the quality of each housing unit has improved. The change in quality would also result in 

higher rental value than the present rent obtainable in Makoko. It was also observed that majority 

of Makoko residents paid a minimum of 83% of their rent on health while about 70% of the 

health expense was spent on water which the rent was expected to cover. 

The wide gap in health expenditure between these two areas indicates that when housing with the 

basics amenities are situated in a well organised environment with standard and functional 

facilities, there is reduction in health problems. This shows that the influence housing quality has 

on the health of the inhabitants is complemented by the setting of the environment. Thus, a good 

house in a bad environment does not guarantee good health. 

 

SUMMARY OF FINDINGS 

In this study, the findings revealed that the condition of the residence and the environment 

around it affects the health of the residents. However the above assertion appears to be one sided 

with greater emphasis laid on the health impact of poor and substandard dwellings. This is 

because the health benefit of decent housing can be more readily assessed than the health 

outcome of residents of poor dwellings. Besides, even standard dwellings can also pose health 

threat through in-house activities, occupancy ratio, building materials, design and lack of 
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maintenance to mention but a few. Recently sophistication in housing has also been found to 

affect health. However the health features of poor housing are highly pronounced. 

Issues of tenure, absence of maintenance and regulations in the housing sector and affordability 

have also encouraged poor housing. The qualities of the houses in Makoko is at wide variance to 

those in Gowon Estate as are the rent charges paid. The study also reveals that the correlation of 

rent and health expenditure though linear is weak and indirect. The correlation result also 

showed that an upward review in rent would result in a little reduction in health expenditure. 

 

CONCLUSION AND RECOMMENDATIONS 

The link between housing and health cannot be described as a direct or straight forward 

relationship. Housing is neither a disease-causing organism nor a drug that cures ailment but can 

act as barrier or a catalyst of disease. A standard housing facility should include amongst other 

things water, sanitary facilities and sewage. The rent paid for accommodation is expected to 

cover the provision of these services. When these facilities are missing or unserviceable, their 

impact can be measured in health terms. The knowledge that better housing quality and 

environmental condition can effectively cut down health expenditure will help to improve 

housing quality. This will make housing policy not only effective but realistic, ensuring 

regulation of housing stock, encouraging maintenance and repairs of housing facilities and 

attracting more investment into housing. Thus, this type of study is capable of motivating policy 

makers to pay earnest attention to housing matters.  All these will enhance the value of real estate 

sector and therefore requires the attention of real estate professionals. 
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APPENDIX 

Table1: Housing Characteristics in Gowon Estate and Makoko areas of Lagos State, Nigeria 

Housing Quality 

&Condition 

Gowon Estate Makoko 

Frequency Percentage Frequency Percentage 

With WC toilet 108 100 41 37.96 

With pit toilet 0 0 44 40.74 

No toilet  0 0 23 21.30 

With water 95 87.96 5   4.63 

No water  13 12.04 103 95.37 

>2persons /room 12 11.11 88 81.48 

Very bad 0 0 15 13.89 

Bad 0 0 61 56.48 

Fair 25 23.15 18 16.67 

Good 56 51.85 0 0 

Very good 27 25 0 0 

Source: Field Survey 2006 

 

Table 2: Relationship between the Cost of Accommodation (Rent) and Health Expenditure. 
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Areas Variables N Mean Standard 

Deviation 

Correlation  

Coefficient(R) 

Significant 

Level 

Coefficient of 

Determination 

Gowon Rent 

Health 

108 

108 

284,305.56 

    

3,918.2870 

83,412.774 

  3,332.6987 

 

-0.316 

 

0.01 

 

0.0999(9.99%) 

Makoko Rent 

Health  

108 

108 

 18,794.44 

 16,614.907 

17,311.321 

14,413.365 

-0.121 0.01 0.01464(1.5%) 

http://www.euro.who.int/housing
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Fig.1: Distribution of Annual Rent Expenditure in Gowon Estate 
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Fig. 2: Distribution of Annual Rent Expenditure in Makoko 
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Fig. 3: Distribution of Health Expenditure in Gowon Estate 
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Fig 4: Distribution of Health Expenditure in Makoko 
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ABSTRACT 

Values submitted by estate surveyors and valuers depend to a great extent on its 

acceptability by the clients and other end users. However, this is dependent on the 

reliability of the figures contained in the valuation report.  This study was carried out to 

investigate the extent of the use of Information Technology (IT) for property valuation in 

Lagos metropolis with a view to reducing error associated with conventional methods of 

valuation. Methods involved the use of primary data obtained via structured 

questionnaire to elicit information from practising estate surveyors and valuers using 

simple random sampling technique cum secondary materials. SPSS statistical tool was 

used for the analysis. The study identified among other things the IT facilities available in 

the estate firms, factors responsible for the present level of IT usage and the scope of IT 

usage for property valuation. The study propounds a conceptual framework which should 

be mandatory for certification and accreditation of all estate firms by both the  Nigerian 

Institution of Estate Surveyors and Valuers (NIESV)andEstate Surveyors and Valuers 

Registration Board of Nigeria (ESVARBON). 

 

Keywords: Information Technology, Property Valuation, Lagos 

 

 

INTRODUCTION  

Property valuation is the act of determining the worth of rights and interests in landed properties. 

This exercise is carried out for various purposes which include mortgage, compensation, sale, 

purchase, etc.  It is also defined as the art and science of estimating the open market value or the 

prediction of the most likely selling price of interest in land (Abbott 2000, in Daly, Gronow, 

Jenkins & Plimmer, 2003). 

However, in recent times there has been growing concern on the challenges facing the profession 

of estate surveying and valuation. Prominent among these challenges is the issue of the 

determination of property values. This has generated so much debate among the various 

practitioners in the built environment, to the extent that other professionals have openly 

challenged property valuation being the exclusive responsibility of estate surveyors and valuers. 

For instance, while quantity surveyors have argued that they shouldcarry out cost method of 

valuation; engineers have gone further to open a faculty to undertake plant and assets valuation. 

Aluko (2004) noted that the Bureau of Public Enterprise (BPE) lent their support that quantity 

surveyors are better equipped to give assets value on specialised buildings in Nigeria. 

This should be a concern for the professionmore so, that Decree 24, of 1975 now CAP111 of the 

Laws of the Federation of Nigeria 1990 as amended,) exclusively empowers the estate surveyors 

and valuers to carry out property valuation. This is borne out of their response to changing trends 

which have affected the expectations of users of valuation report. Despite this, it appearsthat 

estate surveyors and valuers still remain docile. It is therefore imperative that with the 

sophistications and unassuming paradigm shift something critical must be done to make them 

relevant to carry out valuation exercise. This goes to show the need for standardisation of 

valuation by the professional bodies regulating valuation. While efforts are in place to 

mailto:obaidowu@yahoo.com
mailto:oidowu@unilag.edu.ng
mailto:gkbabs@yahoo.com
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incorporate valuation standards in Nigeria it is important to incorporate the place of IT, hence the 

need for this study to be able to appreciate the areas that will need to be addressed. 

Ukabam (2005) citing Bloom and Harrison (1978), Okoye (1985) and Odudu (1989) observed 

that the cost and investment method are associated with substantial error and that the methods 

are unrealistic and unreasonable. However, Aluko (1998) and Ogunba (2002) in Ukabam (2005) 

took a different position by recommending multiple regression analysis (MRA) for property 

valuation. What this implies is that with MRA as a modern valuation technique the errors will be 

minimised if not totally eliminated. Despite this assertion, it appears that there has not been any 

significant change as valuation methodology still remains as usual. This is because the issue of 

valuation challenges continue to feature in literature (Ajibola, Oloyede & Atere) 

 

Though, extant studies have been undertaken to address the myriads of problems confronting the 

traditional areas of estate profession only few directly address the issue of IT and property 

valuation. In fact, the literature is replete with issues that border on valuation inaccuracy, 

reliability, valuers behaviour (Babawale, 2011, Ayedun 2009) among others.   

Specifically, the empirical study seeks to explore the extent of adoption and use patterns of IT 

among estate surveyors and valuers in Lagos. It also identifies the types of IT facilities used for 

valuation and IT usage employed by estate surveyors and valuers, the type of IT/Valuation 

software used for property valuation and the factors responsible for the present level of IT 

compliance among estate surveyors in Lagos metropolis. 

 

LITERATURE REVIEW 

Value signifies ability to satisfy a need or want, it alsodenotes utility. Value concepts of 

properties depend on the purpose and the context of valuation. Hence, a property has different 

values for different purposesto different people at the same time (Ifediora, 2005, Opara, n.d) 

Generally, property values are multi-faceted depending on the purposes for which valuations are 

required. These various property values had earlier in the introductory section of this study been 

enumerated. The valuer‘s assignment is limited to the scope of their instruction which in most 

cases isthe determination of the open market value. This has been extensively discussed in past 

studies (IVSC 2003, Aluko, 2004).   

Surprisingly, studies have revealed that the discrepancies noted in values have been so 

significant that some clients doubted its usefulness.Some of the challenges of valuation arise 

from the client, the surveyor and his personal interest. Despite these, all advised values should be 

within an acceptable range. The differences are attributable to the rudimentary and traditional 

methods of valuation.  

 Valuation exercise begins with accepting instruction to physical inspection, actual valuation and 

ends with report writing.  All these stages are to be transparent.  At the stage of inspection, the 

physical attributes of the properties like the design; accommodation standard external and 

internal finishes and other factors as availability of substitutes, tastes and preferences as well as 

location of the property are taken into consideration. Often, clients‘ information 

isunreliable.Thus, further enquiry in form of physical inspection is necessary to authenticate 

information contained in the land survey, title document and plans. Presently, most of these 

activities are undertaken manually. 

Estate surveyors and valuers carry out physical inspection using facilities such as measuring 

tapes, note pads, calculators as well as rely on their memory.  Information obtained during 

inspection sometime gets missing en route the office.Record keeping in books, cabinets, shelves 

is not only outdated but occupy space. Such data areprone to loss due to fire, thefts, flooding, 

mutilation etc. Thus, they are only useful in the short term.This accounts for why valuations are 

fraught with errors.This is the reason the Nigerian Institution of Estate Surveyors and Valuers 

created a data bank using Information Technology (IT). 
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Lunt, Ekstrom, Gorka, Hislop, Kamali, Lawson, LeBlanc, Miller and Reichgelt (2008) noted that 

IT is an integrative discipline that pulls together data bases, human-computer interaction, 

networking, programming and website consultation. It is used to solve all types of computing 

and information problems regardless of their origin.  

Using IT facilities during physical inspection such as digital tapes and camera, IPAD, 

Blackberries and Tablets instead of manual tools will not only reduce inspection time but will 

also minimise error.They easily captureelectronically all physical attributes and accommodation 

details. IT is also useful for valuation exercise such as reconnaissance survey, site inspection, 

and market survey. Thus, IT facilitiesenhance accuracy.  

Valuation reports can be safely kept as soft copies for a longer period and are easily retrieved 

when needed. This has been made possible with the use of IT facilities such as flash, external 

drives and other hardware, internet facilities like clouds etc. Networking is facilitated among 

estate surveyors as information is easily shared unlike in the past. 

There are several processes that have been identified as essential in the determination of property 

values in different countries. These include the definition of the assignment, preliminary 

analysis, data selection and collection, land value estimate, application of valuation approaches, 

reconciliation of value indications and final value estimate and preparation of report of defined 

value (IVSC 2003, Babawale 2009). In all these, there have been challenges which resulted in 

unacceptable or contestable valuation results in Nigeria. 

Although this may seem to have worked in Europe e.g UK, France, Sweden, Netherlands, 

Portugal and Italy they appeared not to conform to the Nigerian environment given the level of 

controversies that have emerged as a result of valuations.  

 

In carrying out valuation exercise, the cost method, sales comparison approach and the income 

capitalisation approach are the conventional methods hitherto used by the estate surveyor and 

valuers in Nigeria (Abbott (2000) in Daly, Gronow, Jenkins &Plimmer 2003). These methods 

seem to work for identical properties. They are often amenable by subjective opinion and often 

ignore the effect of competition (Britton, Davies & Johnson, 1980, Ifediora 2005). These 

methods are fraught with errors due to their limitation in carrying out more complex valuation.  

With the advent of IT, it has been observed in literature that there are many advanced and 

statistically available valuation methods which can be used to carry out more complex valuation. 

These include multiple regression technique, Hedonic pricing model and spatial methods, Spatial 

Analysis method (SAM), Artificial Neural Methods, Fuzzy logic(FL),Rough Set Method 

(RSM),Autoregressive Integrated Moving Average method (ARIMA), Monte Carlo Simulation 

technique.Dyna, Argus, Circle and Cougar, PM Fox i.e. Micro property and Valuation Package, 

Automatic Valuation Model, 360 Value, Caprate Caculator and Narrative Complete. These 

techniques and methods have the capacity to tackle variability due to local regions and 

preferences, and solving mathematical equations (Bulut, Allahverdi, kahramanl and Yalpir,2011, 

Wardman, Bristow & Arsenio , 2005; Kauka 2007, Sirmans, Sirmans & Benjamin 1989; 

Ibrahim, Cheng & Eng, 2005). Thesemethods have proved to be consistent, accurate and 

transparent in North America, Europe, USA, UK, Australia and South East Asia. Valentine 

(1999) and Fabozzi (1998) in Ibrahim et al. (2005) observed that the accuracy associated with 

AVM is within the range of 6-12% while costs savings are in the region of 20-75 % of traditional 

valuation. 

Succinctly put, to successfully carry out valuation using IT there is a need for the estate surveyor 

to be specially skilful and knowledgeable. However, this is lacking among the estate surveyors 

and valuers (Oloyede et al. 2011). What this implies is that he has to seek the service of experts 

to undertake valuation. 
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METHODS 

The population of Lagos is estimated at 9,014,534 (2006, National Population census) while a 

parallel census conducted at the same time by Lagos state put the figure at 17,552,942.   Lagos 

state is divided into twenty local government areas occupying actual area of 3577.28 sq metres. 

The population is projected to reach 23,305,971 by 2015 at an annual growth rate of 3.2%.  

However, this study is limited to Lagos metropolis. Lagos state is said to be the smallest in land 

size among the 36 states in Nigeria.  Babawale (2011) described Lagos as the hub of Nigeria‘s 

commercial and industrial activities while Ayedun (2009) reiterated the fact that the city is the 

most important commercial city in Nigeria which provides a sufficiently vibrant economy base 

capable of providing a rigorous and robust study as well as its being the largest city in Africa.  

NIESV Directory (2009) showed that most Estate Surveyors and Valuers in Nigeria are found in 

Lagos metropolis. 267(46%) of estate firms are based in Lagos metropolis with sixteen (16) out 

of the twenty (20) Local Government Council Areas in Lagos state falling within the metropolis 

(Ajibola, Oloyede and Atere,  2011). Using Lagos for this study is considered appropriate 

particularly that almost half the estate surveyors and valuers in Nigeria are based in the city. 

Thus, the outcome of the study will be a true representative of the entire country.   

Simple random sampling technique was adopted to gather data from the practising estate 

surveyors and valuers across the Lagos metropolis. The sample frame is the directory of 

registered estate surveyors and valuers consisting of 415 members. This is dependent on the 

formulae contained in Otte (2006) adopted fromAyedun (2009). 

 

However, in Nigeria, as seen in the conceptual frame work below we are proposing the 

mandatory use of IT for all practising estate firms. 

 

INSERT FIG (A) 

The above picture presents the model which depicts the applicability of Information Technology 

to property valuation. In the model IT influences physical inspection when carrying out activities 

like reconnaissance survey, actual measurement of properties, data capture- video/picture. The 

outcome of this affects property value. In the same manner its accuracy or quality influences 

actual valuation. Some of the modern valuation methods in vogue cannot be used without IT 

e.g.fuzzy logic, 360 Value, Multiple Regression Analysis Automated Valuation Method etc. 

Consequently, good report writing which is the summary of all inspection and actual valuation is 

dependent on IT. These translate to the property values. Moreover, the challenges of valuation 

influence property values negatively. To overcome this IT will be useful to consequently turn the 

challenges to impact positively on the property values. 

Some inhibiting factors of IT usage include high procurement costs, ignorance, poverty, lack IT 

skills, qualified personnel and network infrastructure, security and trust factors, uncertainty of 

payment methods and legal framework. (OECD 2004) 

 

 RESULTS 

Information Technology Usage 

Up to 85.7% of the study sample size claimed to use IT in their respective offices, while just 

14.3% decline such claim. It implies that, on a general note, large number of estate firms used IT 

for office work.  

 

INSERT FIG (B) 

The study is expanded to cover the type of IT available in the estate firms. The findings as 

reported in Table1 show twelve different types of IT facilities available for usage. From the 

Table1, desktops, printers, digital camera and internet with 90.2, 96.3, 89 and 93.9 

percentrespectively, are the common IT facilities available across the industry. A total of 54, 
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approximately 68 percent claimed to have website, implying that up to 32 percent of the estate 

firms in the study location operate without a company website. More shocking, is the scanty 

figure of those who used extranet; 9 cases representing only 12.5 percent of all the respondents. 

 

INSERT TABLE 1 

The study obtains the scope of IT usage in valuation practice by examining areas where the 

technology has been deployed. The findings which are reported in Table 2 below noted four 

valuation areas with considerable level of IT deployment. The first, as indicated by 87.5 percent 

of the respondents is in the preparation of valuation brief/proposal, the second area is production 

of drawing, with 86.3 percent. On a much higher response are preparation of valuation report 

with 93.1 percent and data storage with 86.3 percent. Conversely, the use of IT in many other 

areas is limited and these include physical inspection (30.6 percent), actual valuation practice 

(33.8 percent) and holding meeting (38.9 percent). 

 

INSERT TABLE 2 

Factors limiting deployment of IT Facilities 

 

INSERT FIG (C) 

Examining the frequency in response, the indicated factors are higher, thus most of the 

factors are impactful 

 

SPECIFIC IT FACILITIES IN USE 

Table 3 gives the outcome of the IT facilities available and in use among Estate Surveyors. The 

IT facilities in use examined are thirteen in number as indicated and ranked in the table below. 

The findings primarily show that Dyna model, Cougar, Circle, Narrative complete and Pm fox 

with score little above 1, are rarely used. 

 

INSERT TABLE 3 

 

CONCLUSIONS AND RECOMMENDATIONS 

Theempirical study was an examination of the use of IT for property valuation in Lagos, Nigeria. 

The result revealed that most Nigerian valuers are conversant with IT usage with a considerable 

number having IT facilities within their organisation and 68% claimed to have installed website 

although scanty figure used extranet. Furthermore, Most of these firms claimed to have IT 

experts in their organisation while 30.9% did not. Interestingly, this has not affected valuation 

results and performancesin the study areas. However, it appears the expertise the valuers claimed 

to have in their organisations have been applied in  the area of administration e.g obtaining brief, 

preparation of proposal, valuation reports preparation or datastorage. It is recommended that a 

study be conducted in future to ascertain the depth in terms of figures of IT facilities to 

valuation.Although, they all claimed to usevarious categories ofIT software. Spread sheet ranked 

first in terms of usage while others as contained in table 3 above, rarely feature. 

Findings also revealed that Estate Surveyors‘ firms in Lagos are automated.  However, It is 

suggested that these firms should effectively use IT facilities to improve valuations in their 

respective organisationsboth in Lagos and across Nigeria. For instance, awareness of valuation 

software or modern valuation techniques are not sufficient it must be seen in the quality of 

valuation and the output of Estate Surveyors and Valuers. Several studies still emphasise the 

existence of inaccuracies in valuations in Nigeria. This seems to be a paradox giving the result of 

the study. May be, there is need for time to determine the effect of the outcome on the 

organisational performance. Obviously, due to the paradigm shift errors associated with 

conventional methods will be minimised among the Lagos valuers. To achieve these, efforts 
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should be directed to optimally use the various IT facilities for property valuation. IT usage for 

property valuation will unearth the latent benefits that have hitherto eluded the Nigerian valuers. 

It is further recommended that the Nigerian Institution of Estate Surveyors and Valuers (NIESV) 

and Estate Surveyors and Valuers Registration Board of Nigeria (ESVARBON) should 

establisha faculty for IT as well as introduce continuous accreditation of estate firms with a view 

to standardising their practice. Also, IT usage and compliance must form part of the requirements 

for recertification of all estate firms. Also the professional bodies should begin to accredit estate 

firms while using the frameworkpropounded in the study. 

Notwithstanding the above, the use of IT is beset with some problems emanating from the estate 

surveyors and valuers themselves and their personnel, the Government and the society at large. 

To overcome this, there is a need for concerted efforts of the Government, the professional 

bodies on IT training and the practitioners themselves in terms of improving the power supply 

and enactment of enabling legislation on Information technology. 
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Author’s Conceptual Framework 

 

Table 1: Type of IT Facilities Available in the Organization 

 Engaged in  Not engaged in 

Freq. %  Freq. % 

Desktops 74 90.2  8 9.8 

Laptops 69 85.2  12 14.8 

Modems for staff 53 65.4  28 34.6 

Printers 79 96.3  3 3.7 

External disk, cds etc 53 68.8  24 31.2 

Internet 77 93.9  5 6.1 

Extranet 9 12.5  63 87.5 

Mobile phones 69 84.1  13 15.9 

Company own website 54 67.5  26 32.5 

Latest operating systems 39 50  39 50 

Anti-virus 69 84.1  13 15.9 

Digital camera 73 89  9 11 

Source: Field Survey,2013 
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Table 2: Area of Valuation where IT is used 

 Engaged in  Not engage in 

Freq. %  Freq. % 

Preparation of valuation brief/proposal 63 87.5  9 12.5 

 

Obtaining valuation brief 46 63.0  27 37.0 

Digital measuring tape for physical inspection 22 30.6  50 69.4 

Production of drawing e.g. use of autocad 63 86.3  10 13.7 

Consultation with clients 48 65.8  25 34.2 

Carrying out actual valuation i.e. use of valuation 

software 

24 33.8  47 66.2 

Preparation of valuation report 67 93.1  5 6.9 

Submission of valuation report 37 52.1  34 47.9 

Making & receiving payment 45 61.6  28 38.4 

Data storage 63 86.3  10 13.7 

Holding meeting e.g. conference meetings via mobile 

phones use of tapes to record proceedings in 

meetingsmp4 

28 38.9  44 61.1 
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Source: Field Survey, 2013 

Table 3: IT facilities in Use 

  N Mean Ranking 

Spreadsheet 81 1.79 1 

Investment analyst 81 1.22 2 

Enterprise software 81 1.19 3 

Argus valuation model 81 1.16 4 

AVM model 81 1.15 5 

360 value 81 1.14 6 

Caprate calculator 81 1.11 7 

Sage management software 81 1.11 7 

Pm fox 81 1.06 9 

Narrative complete 81 1.06 9 

Circle  81 1.05 11 

Cougar 81 1.02 12 

Dyna model  81 1.02 12 

Source: Field Survey,2013 
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ABSTRACT 

Checking safety and security are critical issues in achieving sustainable standards of 

living globally.  This paper examines the effectiveness of using electronic security system 

in both residential houses and banks with focus on Lekki Peninsular as the study area. 

The research aim is to examine the effectiveness of electronic security system in reducing 

criminal activities in residential areas and banks. The objectives were: to examine the 

socio-economic characteristics of the respondents, examine the existing security structure 

of the study area; assess the criminal activities in the study area and also examine the 

level of awareness on the use of CCTV in the study area. The research adopts descriptive 

statistic and participant observation methods to measure the effectiveness of electronic 

security device in the study area. The sample frame for the study is a total of two 

thousand (2000) households and eight (8) banks in Lekki Peninsula. Sample size of 10% 

was adopted from the sample frame, with Two hundred (200) questionnaire administered 

in housing area, 2 questionnaire administered in each of the eight (8) banks to make a 

total of two hundred and sixteen (216) questionnaires. The study reveals that CCTV is a 

very essential tool for apprehending criminals in banks, while the same could not be 

categorically stated with residential houses. The study reveals that both residential houses 

and banks have suffered adverse security issues, anti-social menace and the installation of 

CCTV cameral would improve the situation drastically. This study represents a major 

advancement in knowledge of CCTV in urban planning and achieving sustainable 

development. Appropriate recommendations were made for government agencies and co-

operate entities to curb crime and insecurity in the area. 

 

Keywords: Banks, Checking safety, Residential houses and Security, 

 

 

INTRODUCTION 

Safety and security is a global phenomenon that has increased drastically in Nigeria over time. In 

recent times the crime rate in Nigeria and Lagos Metropolis has risen to the level of unanimous 

outcry of the public and private individuals for urgent solution. The issue of cybercrime, 

economic fraud, theft and robbery are increasing by the day. Government has adopted various 

security policies (National Defense Policy 2006, ECOWAS Conflict Prevention Framework and 

Human Right Act among others) to secure the lives and properties of its citizens, but none of 

these policies has actually yielded positive results (Ecoma. 2011). Human abduction, armed 

robbery, terrorism, bomb attacks and lots more have been the order of the day in the country. In 

the light of this, the governments and private individuals have come up with the introduction of 

computer –based closed circuit to television (CCTV) cameras in public places to monitor and 

record images of what is taking place in specific locations. Many developed countries have used 

CCTV to reduce the crime rate in their respective countries. Besides CCTV is relatively not new 

in Nigeria, but it still not clear how effective it is in detecting or reducing crime in Nigeria 

(Salau, and Lawanson, 2010). 

The CCTV is a potent and intelligent security management system which can take footage of 

activities and crime as it is being committed. It is a system that has been practiced in the United 

mailto:afarinmade@unilag.edu.ng
mailto:soyinkaoluwole@gmail.com
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Kingdom for as long as eighteen century (Aldridge, 1994). It is a system that has made the job of 

the police easy and court disputes settled in record time. In contrast to broadcast TV, a CCTV 

security camera doesn‘t transmit the signal openly. The foremost quality of CCTV is that it is 

employed for surveillance, and thus CCTV security cameras are presumably positioned in 

crowded places or places where security service is a must, such as; airports, banks, ATMs, 

casinos, etc. A CCTV camera is placed in extraordinary corner of a location or activity station 

for protection of their customers and services. CCTV cameras are not just restricted to watching 

airports and banks, they are additionally installed in environments that are comfortable for 

individuals, or with the aim to record a process that is observed and controlled from a control 

room (Bennet, and Gelsthorpe, 1996).  

 

However, CCTV being one of the effective information technologies for private, local and 

national security gave respondents good indicators in supporting the usage of CCTV in provision 

implementation and achieving safety and security. Closed circuit television (CCTV) plays a 

significant role in protecting the public and assisting the police in the investigation of crime. 

Considering the function and the increase need of promoting safety and security in Nigerian 

cities and Lagos Metropolis, this paper examines the effectiveness of CCTV in respect to crime 

reduction and disorder in the residential neighborhood of Lekki and some banks in its environs. 

Consequently, community perceptions were sought to know the effectiveness and acceptability 

of the tool in houses and public places (Bennet, and Gelsthorpe .1996).   

 

LITERATURE REVIEW 

Farrington (1997), Security is the situation that exists as a result of the protection measures put in 

place for the protection of personnel, information and property against hostile persons, influences 

and actions. Security can also be defined as any measure taken with a view to protecting 

anything of interest to an individual, organization or government.  

 

The threats to Nigeria security according to Ekblom (1992), epitomize the virtually unstoppable 

rural-urban drift, the fierce competition for the control of State power (especially at the federal 

level), the manipulation of ethnic and religious identities and sensibilities as a major factor in 

safety and security issues. The clamor for resource centres, conference control and convocation 

of a sovereign National conference (SNC) is also seen as indicators of the failure of growth and 

development of security. The list of criminal act is endless with: assassinations, kidnapping, 

arson, armed robbery, vandalization, ritual acts, financial crimes, fraudulent acts, impersonation, 

economic sabotage, political brigandage in the general society, prostitution and women 

trafficking, drug abuse, cultism, examination malpractices, bullying, raping and assault amongst 

youths and students.  

 

The overwhelming success of CCTV coverage in parts of Europe has prompted most African 

cities to look seriously at adopting their own public video surveillance systems. Considering the 

developed cities where CCTV cameras have been properly employed, the universal experiences 

are dramatic reduction in crime and victimization (Brown, 1995). 

 

Literatures from: Clarke & Felson 1993, Brown 1995, Chainey 1999, Burrows (2009), Cook & 

Campbell 2000 and other arguments for and against in the use of CCTV in public and private 

places in the researches reviewed only emphasize the important off CCTV as the source of crime 

reduction and the wiliness of the people to give their privacy to achieve maximum security. The 

following concepts were also identified for the determination of effectiveness and further 

strategy in promoting it sustainability: 
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Crime Prevention Concept 

Crime prevention concept is a term describing techniques used for reducing victimization as well 

as deterring crime and criminals. It is a strategy applied specifically to efforts made by 

government to reduce crime, enforce the law, and maintain criminal justice. Obviously, crime 

prevention is including any initiative or policy which reduces or eliminates the aggregate level of 

victimization or the risk of individual criminal participation. It includes government and 

community based programmes to reduce the incidents of risk factors correlated with criminal 

participation, the rate of victimization as well as efforts to reduce perception and fear of crime 

(Deismann 2003). 

 

CCTV System and Security Concept 

Ditton and Short (2009), present CCTV system and security concept as a valuable management 

and security tool for maintaining safety and security. The concept presents the installation of a 

CCTV system as part of a series of security recommendations generally intended to prevent or 

detect crime. CCTV can be very effective in maintaining security; video evidence can help with 

security enquiries or investigations and assist in securing criminal convictions. The visual 

recording of incidents, for evidential or investigative purposes, has many benefits and with a 

competitive customer given market is no longer cost prohibitive. CCTV systems will vary in size 

and complexity depending on their purpose and the defined security operational requirements. 

However, the basic purpose of any system will be to observe a scene and the activities that occur 

within it. The observation may be: 

i) Covert - the camera is concealed. 

ii) Discreet - the presence of the camera will be known to some people, but its appearance 

will not automatically suggest its purpose.  

iii) Overt - the appearance of the camera will be designed to clearly indicate its function and 

maximize the deterrent effect. For crime prevention, overt CCTV systems are usually 

more suitable whereas discreet or covert systems are more appropriate for crime detection 

and prosecution.  

The concept presents the different forms and strategies of using the CCTV for the process of 

achieving safety and security in the neighborhood. The concept presents the strategy as covert, 

discreet and overt approach in observation and checking of security. 

 

Study Area 

The Lekki Sub-Region comprises of a naturally formed peninsula on the Atlantic Ocean East of 

Lagos City and on Lagos Lagoon. The peninsula is approximately 70 to 80 km long, stretching 

from Victoria Island in the west to Refuge Island in the east, with an average width of 10 km. 

The Lekki Sub-Region includes several Estates, farmlands, areas allocated for a Free Trade Zone 

(FTZ), an airport, and a sea port. The proposed land use master plan for the Lekki Sub-region 

envisages the Lekki Peninsula as a Blue-Green Environment City. 

Lekki neighborhood is one of the highbrow residential neighborhoods in Lagos metropolis. The 

neighborhood is fast becoming a beehive of activities as commercial and light industrial 

activities are springing up there. Residential buildings are fast being converted to other land uses. 

Also, people from other areas of Lagos and Nigeria are buying properties in this area which is 

making the population rise. Lekki is experiencing urbanization and these phenomenon 

accompanied with its challenges are the increased crime rate. As a consequence of the rapid 

urbanization in Lekki, criminals see the neighborhood as a veritable location to perpetrate 

heinous crime such as burglary, bank robbery, car snatching, kidnapping, rape, even murder, to 

mention a few. Despite several attempts to curb crime in the neighborhood by Nigerian police 

and private guards, it has remained unabated. Some crimes are committed by residents who take 

advantage of the security lapses of another, such kind of crime can hardly be detected except 
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there is a ―fixed eye‖ watching around 24 hours and seven days a week, hence the Close Circuit 

Television (CCTV) is required in this location.  

 

METHODS 

Both primary and secondary sources of information were used in this study. Primary data was 

obtained through a number of processes: At first stage, a pre-survey of the study area was carried 

out with the aid of secondary data obtained from the neighborhood management authority to take 

account of existing area where the CCTV camera is installed, the population characteristics and 

land use. The second stage was visiting the field (Lekki Peninsula neighborhood) and checking 

what is on ground as against the secondary data. The third step was the use of structured 

questionnaire to obtain information from the population. Sample of two hundred housing units 

were drawn from the sampling frame representing 10% of all the residential buildings in the area. 

Sixteen questionnaires were administered in eight banks in the study area. In all, 216 

questionnaires were administered to both households and banks in Lekki Peninsula. A sample of 

random sampling method was adopted in which only house owners were administered 

questionnaire. The questions were fixed to value their perception of the purpose, capabilities and 

public concern in respect of CCTV implementation. The questionnaires were analyzed using 

simple descriptive statistics. 

 

DISCUSSION  

The findings and discussion of this research will be directed towards the most relevant data and 

findings of this study and recommendations will be made accordingly so as to achieve the aim of 

this research. 

 

Socio-Economic Characteristics:  

The summary of socio-economic characteristic of the study area reveals 52% are female while 

48% are male. The age range of reveals that with 51.6% are 30-40 years, 30.56% are 41-50years 

while 17.8%. are above 50 . More than half of the respondents were self-employed (50.56%), 

lastly the table deduced that most of the respondents (40%) were graduates with only B.Sc. and 

those with MSc., PhD., HND, and WAEC qualifications are 21.11%, 18.33%, 14.44% and 6% 

respectively. 
 

Table 1: Socio-Economic Characteristic of Respondents 
Variables Freq. % Variables Freq. % 

Gender Male  48% Age 30-40years  51.6% 

Female  52% 41-50years  30.56% 

Missing  0 Above 50  17.8% 

Total 216 100% Total 216 100% 

Variables Freq. % Variables Freq. % 

Educational 

Level 

WAEC  6% Occupation Self-employed  50.56% 

OND/HND  14.4% Civil servant  20.55% 

B.Sc.  40% Retired  10.55% 

M.Sc.  21.11% Others  13.34% 

PhD  18.33% Missing  0 

Total 216 100% Total 216 100 

Source: Authors Field Work 2012. 

 

The table and the analysis of the data collected reflects that the study area is a settlement of  

average standard of living with educated and a more active age group with a settlement of 

rapidly increasing economic features that can induce or attract crime and insecurity. 
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CCTV: Level of Awareness, Its Purpose, Effectiveness and Efficiency 

Level of Awareness: When provided with a list of possible locations, almost all respondents 

reported seeing CCTV in a number of other places. However there was a marked difference in 

the awareness of CCTV in these different locations such as; Shops, Car Parks, City Street, 

Housing Estates and Banks. Banks were quoted most frequently with 97% being aware of CCTV 

in their location while City streets was the 2nd highest with a frequency of 34% claiming to have 

seen CCTV on city streets, followed by shops with 17% claiming to have seen CCTV in shops. 

Housing estates and car parks had the lowest frequency with both 7% claiming to have seen 

CCTV in houses and car parks.  
 

Table 2: CCTV Level of Awareness 
Variables Freq. % Variables Freq. % 

Bank 

Awareness 

Yes  97% Housing 

Awareness 

Yes  14% 

No  3% No  45% 

Don‘t Know 0 0 Don‘t Know  41% 

Total 16 100% Total 216 100% 

Source: Authors Field Work 2012. 

 

Its Purpose: When asked about the purpose of CCTV, some of the respondents (67%) see 

CCTV as a safe tool (17.1%), (15.7%) see it as a spy tool CCTV while 15.2% regard it as tool 

for scaring people from committing crime. 15.1% consider CCTV as a tool to stop trouble from 

breaking out, (14.8%) regard it as a tool for crime apprehension while in the opinion of (13.4%) 

of the respondents it is for public checkup and the rest ( 8.3%) were of the opinion that it is for 

crime reduction.  

 
 Purpose of CCTV Installation  

Variables Freq. % 

Its purpose CCTV as a safe tool 37 17.1% 

CCTV as a Spy tool 34 15.7 

CCTV as tool for scaring people from crime 33 15.2 

CCTV as tool for stopping trouble  32.7 15.1 

CCTV as tool for crime apprehension 32 14.8 

CCTV as tool of public check up 29 13.4 

CCTV as tool for crime reduction 18 8.3 

Total 216 100% 

Source: Authors Field Work 2012. 

 

Effectiveness: The summary of respondents perceptions of CCTV in a general survey with 

regard to its effectiveness as a safe tool, crime detection and crime prevention in the study area 

shows that; majority of the respondents (54.4%) believed that CCTV has been very effective in 

crime reduction, 24.4% rated it as fairly effective while 9.4% rated it as not effective. The rest 

11.6% were indifferent. 

 
Table 4: CCTV; Effectiveness   

Variables Freq. % 

Its purpose Effective in crime reduction  54.4% 

Fairly effective  24.4% 

Not effective  9.4% 

Don‘t Know  11.6% 

Total 216 100% 

 Source: Authors Field Work 2012. 

 

The research further gathered data on who should be allowed to make decisions about installing 

CCTV. The data analysis indicates that individual households and estate management should 
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make the most decision on installing CCTV while the Federal Government, the police and the 

local government should be the least in making decisions regarding the installation of CCTV. 

Majority of the respondents also preferred the CCTV that has picture TV taped on video in their 

choice of CCTV cameras. They were of the opinion that the CCTV should be watched by the 

bank manager. The bank manager should watch the CCTV tapes for the banks while the local 

neighborhood watch groups and estate management should watch the CCTV tapes for the 

houses, in order to enhance security. 

 

RECOMMENDATIONS   

Network Availability:  The success of an IP-CCTV system depends on the network to guarantee 

timely, fast and affordable delivery of high volume, robust and accurate images. The capture of 

evidential quality images depends on this. To this end, the capacity of our local area networks 

will have to increase and fast LANs running at 1 Gigabit per second and above will be required. 

This increase in capacity greatly reduces the threat of LANs being swamped by CCTV image 

traffic. Further the bandwidth requirements for CCTV images are decreasing. This is partly 

through improvements in compression technologies and partly because installers and system 

managers are making better use of controls that exist to segment and prioritizes CCTV traffic to 

reduce its impact on traffic levels. The implementation of traffic management techniques will be 

more widely spread as IP knowledge and experience grows in the installer industry. However 

this needs to be balanced by measures that protect the evidential integrity of the recorded image. 

The advent of wireless LANs (54Mbps) and (11Mbps) provides a cable free method of 

connecting devices over IP. Wireless LANs are becoming common place across industry and 

commerce are starting to be deployed for the purpose of CCTV communications.  

 

IP and the Future of CCTV (Recommend CCTV Model for the Government and Cooperate 

Entities)  

This is a Local Area Network that interconnects computers in a limited area such as a home, 

school, computer library, or office building using network. They are usually higher data-transfer 

rates.. Although IP is growing steadily, it hasn‘t yet transformed the industry. CCTV is still 

dominated by the traditional analogue devices and transmission, and even when, for instance, 

DVRs overtake VCRs in annual sales, it will still be some time before IP dominates the scene. 

The key to understanding the future of IP in CCTV is to recognize its essentially evolutionary 

nature and its growth will be determined as much by the evolution of the technology as by the 

eagerness of the industry to embrace it. Above all the CCTV industry is price driven and it is 

increasing affordability that will eventually determine the success of IP-CCTV.  

 

Responsibility to Ensure CCTV System Is Maintained and Operational:  The operator‘s 
standard operating procedures should detail a schedule for the checking of recording equipment 

to ensure the equipment is in good working order. A library of tapes, compact discs should be 

maintained, sufficient for the operator‘s operating purposes. 

 

Past Investments: Existing CCTV installations have invested heavily in analogue systems and 

cabling networks. There is no cost justification at present for the wholesale replacement of 

existing analogue infrastructures in the vast majority of instances. Instead the industry will see 

the growth of hybrid networks that link analogue systems to IP networks via codec devices (that 

convert analogue streams to IP) to facilitate a link between the old and new worlds. Hybrid 

networks offer the functional benefits of IP without requiring high capital investments. IP-CCTV 

adoption will therefore take place in stages. Initially many analogue CCTV systems will 

interface with digital video recorders that allow the transmission of images on demand or on 

alarm over an existing IP network. New IP-CCTV installs or very major upgrades in existing IP- 



9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

123 

 

rich environments will piggyback on existing LANs. However ultimately we will see the 

wholesale replacement of analogue local networks on upgrade replaced with LAN 

communications.  

 

Control Rooms: Personnel assigned to monitoring and operating CCTV systems from a control 

room must not utilize the systems in an inappropriate manner. If evidence is provided that an 

individual or individuals are using the system inappropriately, the operator should take 

appropriate measures to eliminate or minimize the risk of reoccurrence. The CCTV system 

should only be operated within applicable law and only for which it was established. These 

purposes include:  

i. Assisting in the protection of residents, visitors, workers and passengers  

ii. Providing a level of security for staff with face to face public contact.  

iii. Monitoring passenger and driver behaviors within the streets.  

iv. Deterring vandalism, property incidents, assaults, robbery and other criminal or anti-

social behavior.  

v. Providing enhanced security of assets, including vehicles and equipment. 

 

Contact with Police: The operator‘s standard operation procedures should also detail a protocol 

covering the release of images to the law enforcement agencies. The release of images should be 

supported by adequate documentation detailing the reasons for the release.  

 

System Integration: Finally, demand for IP is being partly driven by end users who desire to 

integrate all security applications; CCTV, Access Control, and Fire into a single system running 

over the same network and under the same management. The benefits that IP 

long term cost advantages of being part of the huge IT industry. All apply equally to other 

technologies. The decision to bring these diverse applications together on the IP network is 

straightforward common sense, especially where a company‘s LAN and WAN already carry 

other communications traffic, voice telephony as well as data.  
 

CONCLUSION  

The growth of IP-CCTV adoption depends upon a succession of technological evolutions 

creating a strong business proposition in its favor. The industry faces a tremendous educational 

challenge to ensure that the installers have the knowledge and skillsets required to meet users‟ 

needs. And without doubt the nature of the installer community itself is changing as system 

integrators and others, already well-established in the IT industry, spot the commercial 

opportunities opening up before them. The technical challenges that remain formidable are 

network availability which is essential to ensure the image is recorded and the quality of the 

camera and recording system that needs to be of an evidential quality. 

Currently CCTV has a broadly positive perception from members of the general public. Levels 

of concern are not high. CCTV is assumed to be fairly effective in crime control. However public 

acceptance is based on limited and partly inaccurate knowledge of the functions and capabilities 

of CCTV in public places. There may need to be guidelines that will make possible an informed 

public acceptance of CCTV through fuller consultation and the provision of information. There 

is also a need to encourage operational procedures that will maximize the effectiveness of CCTV 

and minimize any threat to civil liberties which may arise from either sloppy practices or the 

deliberate misuse of such systems. As systems become more complex and become capable of 

achieving more, it is vitally important that all those involved are trained to meet the challenges 

ahead. Government agencies, The Police, Security organizations and all those involved in the 
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criminal justice system, need to be brought up to date with the technical changes and the new 

opportunities that are generated so as to prepare the ground 

 

It is easy with hindsight, to state that the effectiveness of CCTV will be compromised if: the 

wrong cameras are fitted, if they do not work well and are placed in wrong locations. The most 

in-appropriate use of its purpose is when its management is weak, if the operators are not trained 

or (and) not familiar with the layout of the area and if the police are not supportive among others. 

All these must be addressed by the government and all the stakeholders to promote the use of 

CCTV so as to maximize the benefits derived from it.  
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  ABSTRACT 

The study was conducted to investigate the roles of project management on building 

projects in Lagos, Nigeria. The objectives of the study are to determine the project 

management factors responsible for project abandonment, effects of poor project 

management on construction projects and the ways of reducing project abandonments in 

Lagos state. The study made use of 66 questionnaires out of the 80 that were 

administered on project managers within Lagos metropolis. The project managers of 

selected public and private abandoned projects were used for the study and the results of 

the study were analyzed with SPSS software using percentages and mean scores. The 

results of the study show that 15 project management factors lead to project 

abandonments to a high extent while another 15 lead to project abandonments to an 

average extent. The effects of poor project management on construction project 

abandonments and stakeholders include conflicts, loss of economic value and reduced 

standard of living. Project abandonment could be reduced by adequate planning, use of 

competent professionals and standard project management procedure. The conclusion of 

the study is that poor project management is key to construction project abandonments 

and to prevent project abandonment, the study recommends that project managers must 

engage in adequate planning, cost control and resource management. 

 

Keywords: Abandonment, Building project, Lagos, Project manager, Project 

management  

 

 

INTRODUCTION 

The influence of project management on building project abandonment in Nigeria cannot be 

underestimated as it has grave consequences on the stakeholders (clients, consultants, contractors 

and users) and the nation at large. The menace of missed project objectives such as schedule and 

cost target overrun with distressing regularity and backlog of projects waiting to be tackled have 

largely characterized the Nigerian construction industry. These occur as a result of many 

unidentified factors (including poor project management) which eventually lead to building 

projects being abandoned. Unless the factors influencing project abandonments in Nigeria are 

identified, the statistics of failed projects will likely continue to be on the increase. 

 

While project management was described to involve an array of carefully planned, interrelated 

and organized effort directed towards the accomplishment of project objectives (Young, 2006), 

Project abandonment was explained as the decision of management, for whatever reason to 

temporarily or permanently discontinue a project under development or currently in operation 

(Ewusi-Mensah & Przasnyski, 1991). Henachor (2012) explained that abandonment is an act of 

giving up on something completely, with no certain intention of when to resume. It was noted in 

Olusegun and Michael (2011) that there are about four thousand (4000) uncompleted or 

abandoned projects which belong to the Federal Government of Nigeria with an estimated cost of 

over N300 billion which will also take thirty (30) years to complete at the current execution 

capacity of the government. 

mailto:Oluwaseundosumu97@gmail.com
mailto:eoakinsiku@yahoo.com
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Many factors have been traced to abandonment of construction projects. Yeo (2002) discovered 

that hostile company culture, political pressure, improper reporting structure, influences, vested 

interest and inappropriate level of management commitment are the organizational and 

managerial causes of project abandonment. Ewusi-mensah and przasnyski (1991) highlighted 

staffing, managerial and communication aspect of project management as the causes of project 

abandonment. Keider (1984), in his study concluded that although some projects are abandoned 

as a result of technology or design problems, the main reason behind project abandonment is a 

lack of understanding of the influence of project management on construction projects thereby 

leading to project abandonment. Other causes of project abandonment include – lack of social 

analysis of a project, project imposition, improper financial analysis, under bidding of project 

and lack of technical analysis (Henachor, 2012). Aluko (2012) asserted that contractors‘ 

bankruptcy, variation of project scope and incompetent project managers are responsible for 

project abandonment in Nigeria. 

 

Abandonment of construction projects as a result of these factors has had devastating effects on 

both the projects and its stakeholders. Olusegun and Michael (2011) declared that project 

abandonment leads to the disappointment of the populace, low standard of living, wastage of 

resources, reduction in employment opportunities, decrease in economic activities, decrease in 

revenue accruing to government, difficulties in attracting foreign loans and increase in final cost 

of the project. Carrero, Malvarez, Navas and Tejada (2009) described the impacts of an 

abandoned project as both socio-economic and environmental. Henachor (2012) opines that 

project abandonment has its effect on individual, community and the government. 

 

Since project abandonment has been attributed to poor project management (Al-Ahmed, Al-

fagih, khanfar, Alsamara, Abulal Abu-Salam, 2009), it is important to work towards preventing 

its occurrence by identifying the project management factors responsible forproject 

abandonment, the effects of project abandonment in the construction industry and the strategies 

that can be used to avoid project abandonment. Against this background therefore, the study 

intends to investigate the project management factors responsible for project abandonment, 

determine the effects of poor project management on construction projects and examine ways of 

preventing project abandonments caused by poor project management. 

 

From the literature used for this study, it can be observed that there are many factors that are 

responsible for abandonment of construction projects and project management related factors are 

on all the lists. Therefore, if the project management related factors could be eliminated, project 

abandonment related factors could be eliminated; project abandonment will be reduced to a 

bearable minimum. El-Eman and Koru (2008) claimed that project abandonments are not always 

bad as they can lead to substantial learning and produce artifacts that are applicable to future 

projects. This notion was supported by Ewusi-Mensah and Przarnyski (1991) when it was stated 

that project abandonment in itself may be a good and acceptable management practice because it 

may prevent further investment of scarce organization resources in a non-productive venture. On 

the other hand however, El-Elam and Koru (2008) stated that project abandonment was corporate 

resources and is often difficult to deal with because it requires special management skills and 

critical business decisions. 

 

Various effects have been highlighted by authors as a result of poor project management and 

abandonment of project. Carrero, Malvarez, Navas and Tejada (2009) established that project 

abandonments have both socio-economic and environmental impacts.  

The effects identified by Olusegun and Michael (2011) are disappointed of the populace, reduced 

standard of living, wastage/under utilization of resources, reduction of employment 
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opportunities, decrease in tempo of economic activities, decrease in revenue accruing to 

government and difficulties in attracting foreign loans. Henachor (2012) noted that the effects of 

poor project management are felt by the individuals, community and government. 

Many of the authors that worked on the factors and effects of project management and 

abandonment of projects actually suggested solution to the problems. This is evident in the 

works of Lemon, Liebowitz, Burn and Hackney (2002) when they suggested that project 

abandonments can be cured by extension of project schedule, better project management 

procedures, addition of more people, increased funding, increasing pressure on suppliers, 

reduced scope of project, request for outside help, better development methods, changed 

technology and performing some other functions. 

 

The solutions of Olusegun and Michael (2011) are adequate planning inception, making fund 

available, engage competent construction professional, production of economic designs, project 

scope should not be varied, prompt payment to contractor, partnering, risk appointment, risk 

review, clear communications, root cause analysis, maintaining morale and right culture and 

keeping register of uncertainty, government should reduce inflation, previously started jobs 

should not be abandoned for new idea and strong financial based contractors should be 

employed. Henachor (2012) took a multi-dimensional approach by suggesting social analysis, 

institutional analysis, financial analysis, economic analysis and technical analysis to solve the 

problem of project abandonment. 

 

In addition, Boehm (2001) suggested that project abandonment can be avoided by conducting 

user satisfaction and needs survey, holding internal technology fairs, ensuring sustained user 

involvement in product definition, project reviews and studying clearing that unanticipated 

changes might make it advisable to terminate or redirect the project. 

 

METHODS 

This study is both survey and descriptive in nature and involves the assessment of selected 

abandoned projects through the use of structured questionnaire and interview for data collection. 

Since construction projects fall into different categories such as building, civil and heavy 

engineering amongst others, the study focuses on building (residential, industrial, institutional 

and recreational) projects within the Lagos metropolis. Any construction related professional 

such as Architect, Builder, Estate Surveyor and Valuer, Quantity Surveyor or Engineer would 

make a good project manager provided there is requisite knowledge, experience of the industry 

and ability to lead and co-ordinate (Odusami, Omirin & Iyagba, 2003). Hence, the population of 

this study consists of abandoned projects (public & private) that are carried out by construction 

related project managers. 

 

The sample for this study consists of public and private abandoned building projects within 

Lagos metropolis. The projects used for the study were selected through convenience sampling 

(Non-probabilistic) technique. The construction project managers that worked on the selected 

public and private abandoned building projects within Ikeja local government area are the 

subjects for this study. 

 

Project management experts were interviewed in order to shed more light on the subject of the 

study. The project managers have a minimum of fifteen years work experience and have been 

engaged on an array of building projects which include residential, institutional, recreational and 

religious buildings. The academic background of the professionals involved in the interview is 

basically M.Sc but some of them still hold Bachelor‘s degree. The responses of the interviewees 

were tape recorded and replayed after the interviews have been completed to extract important 
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comments that are useable for results and analysis. Tape recorder was used to prevent the 

interviewer from asking the interviewees to retake some statements, thereby disturbing the flow 

of information within the interview session. 

 

Furthermore, the questionnaire for the study was initially administered on ten respondents in 

order to discover the weaknesses in it and make necessary corrections, additions and subtractions 

that are noted by respondents. However, the responses from the pilot study (10 respondents) was 

combined with those from the main respondents (51 respondents) during data analysis because 

the corrections made to the questionnaire were in the area of creating open ends for contributions 

from respondents rather than the contents of the questionnaire and correcting some spelling 

errors. Furthermore, the respondents for the pilot study were part of the sample for the study. The 

main statistical method employed for this study is the mean item score.  

 

The project management factors that are responsible for abandonment of building projects are 

depicted in table 2. These factors which include lack of good project planning (4.35), inadequate 

cost control (4.30), poor resource management (4.15), wrong estimation (4.15), improper 

financial analysis (3.97), construction not following specifications (3.88), poor communication 

among project participants (3.76), improper documentation (3.73), improper definition of roles 

and responsibilities (3.65), poor risk management (3.53), misunderstanding of user requirements 

(3.47), lack of clear project goals and value (3.45), differences between management and client 

(3.45) and lack of commitment to project (3.45) are responsible for project abandonment to a 

high extent. 

 

Also, insufficient management (3.42), lack of effective project management technique (3.42), 

lack of contingency plans (3.39), faulty designs (3.39), assignment of resources to a higher 

priority project (3.38), inadequate task definition (3.36), lack of  management judgement (3.30), 

lack of training and over dependence on consultants (3.30), mis-used project management 

technique (3.27), over scheduling of experts (3.24), lack of user involvement (3.14), incomplete 

requirements (3.14), technology illiteracy (3.08), number of organizations involved in project 

(2.91) and lack of IT management (2.86) lead to project abandonment only to an average extent. 

Table 3 indicates the extent of the effects of building projects abandonment on construction 

projects and stakeholders in Nigeria. To that extent, wastage/underutilization of resources (3.85), 

conflicts (3.65), loss of economic value (3.62), visual effects (3.52) and marginalization of 

population (3.50) are the effects of poor project management that are experienced in Nigeria to a 

high extent.  

 

Furthermore, reduced standard of living (3.41), pollution (3.39), decreased biodiversity (3.39), 

erosion (3.29), unemployment (3.29), landscape modification (3.17), disappointment of the 

populace (3.14) and difficulty in attracting loans (3.02) are effects of building projects 

abandonment that are experienced to an average extent in Nigeria. 

 

Table 4 reveals the various ways that were suggested by respondents for preventing the 

occurrence of building projects abandonment in Nigeria. Thus, adequate planning at inception 

(4.58) and engaging competent construction professional (4.48) are very highly agreed to by the 

respondents as ways of reducing construction project abandonment in Nigeria. Also, standard 

project management procedure (4.29), clear communications (4.15), good development 

technique (4.06), increased funding (4.00), employment of strong financial base contractors 

(3.98), production of economic designs (3.97), economic and financial analysis (3.94), risk 

apportionment (3.91) and unvaried project scope were highly agreed to as ways of reducing 

abandonment of building projects in the Nigerian construction industry. 
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In addition, change of technology (3.88), risk review (3.82), root cause analysis (3.79), keep 

register of uncertainties (3.76), ensure sustained user involvement (3.76), conduct user 

satisfaction and  need survey (3.73), maintaining good morale and right culture (3.71), extension 

of project schedule (3.68), previously started jobs should not be abandoned for new ideas (3.64), 

government should reduce inflation (3.52) and increasing pressure on suppliers (3.50) were 

highly agreed to by the respondents as ways of preventing project abandonment. 

 

The effects of building projects abandonment from the interview conducted are basically:  

(1) capital loss, (2) material waste, (3) promotion of illegal activities, (4) adverse effects on the 

community, (5) aesthetics, (6)decrease in the tempo of economic activities and the proffered 

solutions in addition to the existing ones are (1) inculcation of operational, strategic, personal, 

technological, marketing and environmental strategies to prevent financial predicament, (2) 

mandatory use of duly registered professionals and project management professionals, (3) 

constant training of organizations‘ staff involved in capital projects and (4) compulsory adoption 

of Building Information Modeling (BIM) for construction projects, (5) fairness, (6) 

accountability on the part of constructor, (7) honesty and integrity, (8) transparency, (9) 

establishment of National bank for the construction industry so that lending rates can be 

affordable. 

 

DISCUSSION OF FINDINGS 

Many factors could lead to abandonment of building projects but the ones that are related to 

project management have been highlighted and rated in the order of their importance by the 

respondents of this study. The respondents believe that to a high extent, lack of good project 

planning, inadequate cost control, poor resource management, wrong estimation, improper 

financial analysis, construction not following specifications, poor communication among project 

participants, improper documentation, improper definition of roles and responsibilities, poor risk 

management, misunderstanding of user requirements, lack of clear project goals and value, 

differences between management and client and lack of commitment to project are responsible 

for abandonment of building projects in Nigeria. These factors are consistent with literatures in 

the area of lack of good project planning (Akindoyeni, 1989; Olusequn & Michaal, 2011; 

Alfaadel, et al, ND; Lemon, et al, 2002), inadequate cost control, wrong estimation and improper 

documentation (Olusegun & Michael, 2011; McManus & Wood-Harper, 2007). 

 

The study of Olusegun and Michael (2011) is also consistent with the findings of this study in 

the area of incompetent project manager and unqualified/experienced consultants while the poor 

management mentioned by Zairu and Rahinah (ND) is equally in consonance with the findings 

of this study. The results of Ewusi-Musah and Przasnyski (1991), Munns and Bjeirmi (1996), 

Liebowitz and Hackney (2002), El-Eman and Koru are in agreement with this study in the area 

of unsupportive top management, managerial and communication aspect of project management, 

wrong person as project manager and senior management not sufficiently involved in 

construction process. The mention of poor stakeholder‘s communication, poor competencies, 

poor risk management, lack of management support (McManus & Wood-Harper, 2007; Boehm, 

2001), lack of clear project goal and value (Alfaadel, et al, ND), misunderstanding of user 

requirement and improper definition of roles and responsibilities (Schmidt, et al, 2001) are also 

findings that are consistent with the finding of this study. 

 

However, the findings of Boehm (2001), Alfaadel, et al (ND), Schmidt, et al (2001), Lemon, et 

al (2002), El-Eman and Koru (2008) in the  area of lack of user involvement, lack of IT 

management, technology illiteracy, complete and stable requirements, lack of training and 

critical quality problems with software as factors that can highly lead to project abandonment are 
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not very consistent with the findings of this study because they are rated only to an average  

extent as factors that can lead to project abandonment. Factors bothering on information 

technology, software and users‘ consent may not be of much weight in the Nigerian construction 

sector because most project managers appear to have ICT training and the lack of sufficient 

housing facilities may leave users with a few choices on the decency of accommodation even if 

they are not pleased with them.  

 

Concerning the effects of project abandonment on construction projects and stakeholders, the 

findings of this study are very consistent with that of Carrero, et al (2009) in the area of 

wastage/underutilization of resources, conflicts, loss of economic value, visual impacts and 

marginalization of population as having high effect on project abandonments in Nigeria. Other 

effects such as reduced standard of living, pollution, erosion, unemployment and disappointment 

of the populace only have average effect on construction project abandonment in Nigeria. 

 

Thus, according to this study, just as lack of planning is the most rated factor responsible for 

construction project abandonment, adequate planning at inception and engagement of competent 

construction professionals are rated highest as the ways of preventing construction project 

abandonment in Nigeria. In addition, standard project management procedure, clear 

communications, good development technique, increased funding, economic designs, risk 

management, user satisfaction survey and so on were also rated high as solutions to construction 

project abandonment in  Nigeria. However, at the bottom of the list of solutions to construction 

project abandonment in Nigeria are partnering, holding internal technology fairs, requesting for 

external assistance, adding more people to projects and reducing scope of projects. 

 

CONCLUSION  

The study concludes that apart from the non or poor execution of project managers roles, project 

management factors such as poor planning, inadequate cost control, poor resource management, 

wrong estimation, improper documentation and poor communication can also lead to 

construction project abandonment. 

 

Based on this conclusion, the study recommends that project abandonment should be prevented 

by planning at inception, cost control, resource management, wrong estimation, financial 

analysis, constructing according to specifications, competent project manager, communications, 

proper documentation, risk management, understanding user requirement, clear project goal and 

value and commitment to project. 

 

REFERENCES 

Akindoyeni A. (1989). The management of abandoned project. Journal of the Nigerian Institute 

of Building, 1 (2) 22-31 

Al-Ahmad, W., Alfagih, K., Khanfar, K. Alsamara, K., Abuleil, S. and Abu-Salem, H. (2009) A 

taxonomy of an IT project failure: Root causes. International Management Review, 5 (1) 93-

99 

Alfaadel, F., Alawairdhi, M. and Al-Zyoud, M. (ND) Success and failure of IT projects: A study 

in Saudi Arabia. Recent Researches in Applied Computers and Computational Science, 77-

82 

Aluko, O. (2012) Impact of poverty on housing condition in Nigeria: A case study of Mushin 

Local Government Area of Lagos State. Journal of African Studies and Development, 4 (3) 

81-89 

Boehm, B. (2001) Project termination doesn‘t equal project failure. Software management, 94-96 



9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

132 

 

Carrero, R., Malvarez, G., Navas, F. and Tejada, M. (2009). Negative impacts of abandoned 

urbanization projects in the Spanish coast and its regulation in the law. Journal of Coastal 

Research, special issue 56 

El-Eman, K. and Koru, A.G. (2008) A relicated survey of IT software project failures. IEEE 

software, 84-90 

Ewusi-Mensah, K. and Przasnyski, Z.H. (1991) On information system project abandonment: An 

exploratory study of organizational practices. MIS Quarterly, 67-86 

Henachor, M.E. (2012) Community development project abandonment in Nigeria: causes and 

effects. Journal of Education and Practice, 3 (6) 33-36 

Kappleman, L.A., McKeeman, R. and Zhang, L. (2006) Early warning signs of IT project failure: 

the dominant dozen. Information Systems Management, 31-36 

Keider, S.P. (1984) Why systems development projects fail. Information Systems Management, 1 

(3) 33-38 

Lemon, W.F., Liebowitz, J., Burn, J. and Hackney, R. (2002) Information system project failure: 

a comparative study of two countries. Global Information Management, 10 (2) 28-39 

McManus, J and Wood-Harper, T. (2007). Understanding the sources of information systems 

project failure. Management Services, 38-43 

Munns, A.K. and Bjeirmi, B.F. (1996) The role of project management in achieving project 

success. International Journal of Project Management, 14 (2) 81-87 

Odusami, K. T., Iyagba, R. O. and Omirin, M. M. (2003). The relationship between project 

leadership, team composition and project performance in Nigeria. International Journal of 

Project Management, 21 (7), 519-527. 

Olusegun, A.E. and Michael, A.O. (2011). Abandonment of construction projects in Nigeria: 

causes and Effects. Journal of Emerging Trends in Economics and Management Sciences, 2 

(2) 142-145 

Schmidt, R., Lyytinen, K., Keil, M. and Cule, P. (2001) Identifying software project risks: an 

international delphi study. Management Information Systems, 17 (4) 5-36 

Yeo, K.T. (2002) Critical failure factors in information system projects. International Journal of 

Project Management, 20, 241-246 

Young, S. (2006) Using POMDPs for dialog management. IEEE/ACL workshop on spoken 

language technology 

Zairu, M. and Rahinah, I. (2008). Abandoned housing projects in Malaysia: proposal for 

promoting the BTS concept for Malaysian housing development. Obtained on 12
th

 June, 

2013 from www.academia.edu 
 

 

 

http://www.academia.edu/


9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

133 

 

APPENDIX 
 

Table 1: Project management factors responsible for abandonment of building projects 

Project management related factors  Mean Extent of effect Rank 

Lack of good project planning 4.35 High extent 1 

Inadequate cost control 4.30 High extent 2 

Poor resource management  4.15 High extent 3 

Wrong estimation 4.15 High extent 4 

Improper financial analysis 3.97 High extent 5 

Construction not following specifications 3.88 High extent 6 

Incompetent project manager 3.88 High extent 7 

Poor communication among project participants 3.76 High extent 8 

Improper documentation 3.73 High extent 9 

Improper definition of roles and responsibilities 3.65 High extent 10 

Poor risk management  3.53 High extent 11 

Misunderstanding of user requirement 3.47 High extent 12 

Lack of clear project goals and value 3.45 High extent 13 

Differences between management  and client 3.45 High extent 14 

Lack of commitment to project 3.45 High extent 15 
5 = Very High Extent (VHE), 4 = High Extent (HE), 3 = Average Extent (AE), 2 = Low Extent (LE), 1 = Very Low Extent (VLE) 

 

Table 2: Effects of project management on construction project 

Effects  Mean  Extent of effect Rank  

Wastage/underutilization of resources 3.85 High extent 1 

Conflicts 3.65 High extent 2 

Loss of economic value 3.62 High extent 3 

Visual effects 3.52 High extent 4 

Marginalization of population 3.50 High extent 5 

Reduced standard of living 3.41 Average extent 6 

Pollution 3.39 Average extent 7 

Decreased biodiversity 3.39 Average extent 8 

Erosion 3.29 Average extent 9 

Unemployment 3.29 Average extent 10 
5 = Very High Extent (VHE), 4 = High Extent (HE), 3 = Average Extent (AE), 2 = Low Extent (LE), 1 = Very Low Extent (VLE) 

 

Table 3: Ways of preventing project abandonments 

Solutions Mean  Level of agreement Rank  

Adequate planning at inception 4.58 Very high agreement 1 

Engage competent construction professional 4.48 Very high agreement 2 

Standard project management procedure 4.29 high agreement 3 

Clear communications 4.15 high agreement 4 

Good development technique 4.06 high agreement 5 

Increased funding 4.00 high agreement 6 

Strong financial base contractors should be employed 3.98 high agreement 7 

Production of economic designs 3.97 high agreement 8 

Social, institutional, financial, economic and 

technical analysis 

3.94 high agreement 9 

Risk apportionment 3.91 high agreement 10 
5 = Very Highly agreed (VHA), 4 = Highly agreed (HA), 3 = Averagely agreed (AA), 2 = Low agreement (LA), 1 = Very Low agreement (VLA) 
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ABSTRACT 

The study is a cross sectional descriptive survey that examined the availability of water 

and toilet sanitation facilities in public primary schools within Lagos state, Nigeria. The 

study covered thirteen local government areas (LGAs) out of the twenty LGAs in the 

state.  Objectives of the study were: to ascertain the sources of portable water available in 

the schools, to determine accessibility and uses of water in the schools, to ascertain 

availability, types and condition of toilet facilities in the schools, to assess the 

arrangement made in the schools for regular hand washing hygiene by the pupils, and 

finally, to discover water and toilet sanitation challenges which may be threatening the 

learning environment of the schools. Multi – stage randomly sampling technique was 

used to select 261 schools out of 751 primary schools in the LGAs for the survey. Results 

of the study reveal that 83.0%of the schools have water supplies within the premises, 

while 15.3% of the schools neither have water source nor storage tanks. Over half of the 

schools 58.5% rely on borehole water source, many of the schools in this categorydo not 

haveancillarywater treatment plant to go with the borehole.  Drinking and hand washing 

waterbuckets arelacking in 34.1% and 27.5% schools respectively. In addition, the local 

government education management authorities need to liaise with the state government in 

the provision of toilets in schools where none presently exists. Also there is the need for 

both tiers of government to partner in repair and maintenance of toilets in primary school, 

provide soap and bacteria sanitizers as a means of raising health standards in learning 

environments in primary schools in the state. 

 

Keywords:  Healthy learning environment, Water, Sanitation, Primary Schools, and 

Lagos.  

 

 

INTRODUCTION 

Interplay of cohesive force seems to exist between water, toilet sanitation, and healthy learning 

environment in schools. On one hand, availability of water strongly correlates with health and 

general sanitation condition (UNICEF, 2007; USAID, 2008; Brown, Caimaross, & Ensink, 

2013). While on the other hand, healthy learning environment in schools may be difficult to 

achieve without adequate provision for water and toilet sanitation facilities. UNICEF (2007) 

reported that adequate provision of water and sanitation facilities in schools have positive impact 

on child health as it provides safer environment and reduces outbreak of diseases.Lack of 

abundance of water supply in schools makes it difficult for good hygiene and sanitation practices 

to be observed (Olukanni, 2013;& Ukpanukpong et al, 2014). 

 

Healthy learning environment is a sub set of school environment, and school environment 

includes:  the classrooms, libraries, technical workshops, laboratories, teachers‘ quality, school 

management, teaching methods, peers, in addition to water, sanitation and waste handling 

facilities.  Existing studies have shown that the above listed variables are capable of affecting 

students‘ academic achievement (Ajayi, 2001; Oluchukwu, 2000) cited in Omotere (2013). 

Healthy, safe, and orderly learning environment significantly relate to students‘ academic 

mailto:anyakoramike@yahoo.com
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performance (Glassman, 1994; Marsden, 2005, and Williams, Persaud, & Turner, 2008) cited in 

Omotere (2013).  

 

The study is aware of different aspects of sanitation such as collection, treatment and disposal of 

wastes, but those are not covered in this investigation.  Use of toilet as a healthy means of getting 

rid of human excreta is the sanitation aspect focused upon in this study.  

Sanitation in schools is very important particularly in the context of recent outbreak of Ebola 

Viral Disease (EVD) in many countries including Nigeria.  The implication of the relationship 

between water availability and sanitation for primary schools in Lagos state is that addressing 

water problems will help improve sanitation and promote healthy learning environment. Brown, 

Caimaross, & Ensink, (2013, p.1) argued that ―water, sanitation, and hygiene measures remain 

critically important to global public health, especially among children in low income countries, 

who are at greatest risk from enteric infections………..‖.  Ofovwe and Ofili (2007) identified 

Nigeria among the developing countries with high infant mortality rate due to poor sanitation.  

All the issues discussed above and the useful findings documented in previous studies as 

highlighted above strongly indicate the need for intensive academic evaluation of water and 

toilet sanitation infrastructures in schools generally particularly the public primary schools. The 

study is topical and timely as findings will contribute to government efforts to stem down the 

outbreak of EVD and other infectious diseases among school children and members of the 

society in general 

.   

Aim and Objectives of the Study 

The study aims toassess availability of water and sanitation resources of primary schools in 

Lagos state in order to gather vital information which will be useful in the planning and 

strengthening of healthy learning environment in Lagos state.    

Objectives of the study include: to ascertain the sources of portable water available in the 

schools, to determine accessibility and uses of water in the schools, to ascertain availability, 

types and condition of toilet facilities in the schools, to examine the arrangement made in the 

schools for regular hand washing hygiene by the pupils, and finally, to discover water and toilet 

sanitation challenges which may be threatening the learning environment of the schools. 

 

Conceptual Framework of the Study 

Conceptual model was developed to guide the logic of this study. The issues involved in 

achieving healthy learning environment in primary schools consist of two major closely 

interrelated components namely: (1) Availability of water, and (2) Toilet infrastructures.  The 

conceptual framework of this study is weaved around water and toilet sanitation main variables 

while each of them is measured using five distinct sub variables as illustrated in fig.1 below. 
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Fig. 1 Conceptual Framework of the Systemic Interplay of Availability of Water in School premises, Source/Type, 

Distance, Condition and Functionality of Water and Toilet Infrastructures and  School Sanitation condition in the 

formation of  Healthy Learning Environment in Primary Schools.  

Source: Authors, 2014. 

 

In Figure1: The conceptual framework perceives the learning environment of a school as a mini 

ecosystem in which the interactions between human beings (pupils, teachers and other staff), 

water and toilet infrastructures come together to inform the sanitation practice. While the nature 

of sanitation practice under the prevailing water and toilet sub variables determine general 

sanitation condition in the school premises. The quality of the sanitation condition finally 

becomes classified as healthy or unhealthy learning environment.  Basically, the process 

observed in the conceptual framework appears to follow known argument that regular supply of 

water and availability of toilet promote sanitation and curtail diseases (UNICEF, 2007; USAID, 

2008; Aremu, 2012; and Olukanni, 2013).  

 

METHODS 

The study employed cross-sectional survey method in which structured questionnaire instrument 

was used to elicit water and sanitation information from head teachers of primary schools in 

Lagos state. 

 

Instrument Design and Data collection  

The first section of the data collection instrument was designed to capture respondents‘ variables, 

such as:  gender; age; position/ rank; highest educational qualification, and tribe.     

The next section elicited data on water availability within school premises,an average child‘s 

trekking time to water source and back to classroom was used as a proxy for distance;   

accessibility was measured in terms of availability of water at each of the water usage points 

The last segment contained questions designed to gather information on toilet sanitation issues 

such as: toilet availability; type of toilet; toilet distance was measured using an average child‘s 

trekking time to toilet area and back to classroom as a proxy. Data on availability of hand 

washing water buckets, soap for washing hands around the toilet area and working conditions of 

the toilets were collected for conditions and functionality investigation.  

 

Sampling Procedure and Sampling Size  

The questionnaire was administered to two hundred and sixty one (261) head teachers of primary 

schools in Lagos state. The teachers were drawn from seven hundred and fifty one (751) primary 

schools in thirteen (13) local government areas out of the twenty local government areas in the 

state.  
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 Sample size for the study was determined using the formular, n =   N 

                                                                                                       1+ (N) x (e
2
) 

Where; 

N = 751, e = .05 (significance level), therefore, n = 261. 

Sampling distribution ratio of 0 .3475 was applied in determining the number of schools to be 

drawn from each of the thirteen local government areas was calculated from the above equation. 

Selection of the local governments and schools were based on random sampling technique using 

blind lucky dip approach.   

Detail of the actual number of schools surveyed in each of the local government areas is given in 

the Sample Size Distribution (Insert) Table 1 below. 

 

Two hundred and sixty one (261) copies of questionnaire set were distributed one to head teacher 

or the assistant in each of the two hundred and sixty one (261) primary schools pooled in the 

sample size.  Two hundred and fifty seven of them were retrieved out of which two hundred and 

twenty nine (229) copies representing 87.8% response rate were used for analysis. The remaining 

twenty eight (28) copies were unusable and rejected for various reasons e.g. incomplete response 

to mutilation.   

 

The Study Area. 

Lagos State is a coastline land mass with southern boundary lying along 180 kilometer distance 

on Atlantic shorelines in the south western part of Nigeria.  It shares northern and eastern 

boundaries with Ogun State. While Republic of Benin lies on the western side boundary with 

Lagos state. Lagos became the capital of Nigeria in 1914, it continued to play this administrative 

function until December 12, 1991 when it lost the position to Abuja Federal Capital Territory. 

 
Source: Adopted from Fasona & Omojola (2004) 

Fig.2: Showing Map of Lagos state with Local Government Areas from which Sample schools were 

drawn.   

 

Lagos State is the second most populous state; with a population figure of 9,013,5341 

representing 6.44% of Nigeria‘s total population and a gender distribution of 51.9% males and 

48.1% females. The metropolitan Lagos area (which covers 37% of the Lagos land mass) hosts 

about 85% of the population, resulting in an average population density of 20,000 persons per sq 
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km. Population growth is estimated at about 275,000 persons per annum (Roland Igbinoba Real 

Foundation for Housing and Urban Development, 2009). 

 

RESULTS (Insert Tables 2, 3, 4, & 5) 

 

DISCUSSION 
Table 2 above shows that the respondents of this study comprised of 229 head teachers. Each of 

the respondents attended to the same questionnaire on availability, condition and use of water 

and toilet infrastructures in the schools respectively.  The respondents‘ characteristics were 

investigated as means of providing a background to the data used in the study. More females of 

189 (82.5%) participated in the study than the other sex.  Analysis of the age group showed that a 

higher percentage (89.9%) of the respondents is in the age bracket of 41 – 60 years. But 122 

(52.7%) of the respondents are in the category of assistant head teacher, head teacher, and 

educational supervisor; while 90 (39.5 %) are in the rank of assistant/deputy/director of schools. 

Bachelors of education degree is the highest educational possessed by 157 (68.6%) the 

respondents, other are National Certificate of Education (NCE) 49 (21.4%) and Masters Degree 

16 (7.0%) respectively.  

 

On water availability and accessibility within school premises, Table 3 above reveals that 190 

(83.0%) respondents have water supply in school. Another group of respondents 35 (15.3%) do 

not have water in the school. However, water in the schools could come from any of the 

following sources: shallow well, water tankers, borehole, and public water mains or a 

combination of them. Borehole is biggest 134 (58.5%), source of water in the schools. It was 

observed that in most schools water treatment plant for borehole water is either lacking or broken 

down. As such water from borehole is pumped straight into the storage tanks for circulation to 

various water use points. Most boreholes in Lagos state are shallow and contained contaminated 

water. Drinking contaminated water from shallow borehole portends a lot of health risks 

(Adeyemi, 2011). Nonetheless some pupils still drink the untreated borehole water. Others bring 

drinking water from home or buy water in sachet called ―pure water‖ in local parlance. Only 21 

(9.2%) of the schools depend on public water mains. However, 25 (10.9%) of the schools have 

more than one source of water supply. Generally, water is within easy reach in schools, in 209 

(91.3%) schools trekking time at a child‘s walking pace to and from water source from the 

classrooms and offices is between 1 and 4mins. Water is accessible at the water tap stand in 133 

(68.1%), and not always accessible for 26 (11.4%), while it was not available at the tap stand in 

58 (25.3%) of the schools. Not having water in some of the schools could be complicate control 

of EVD and other infectious diseases. Larson, and Aiello (2001) revealed that more than 35 new 

infections have been identified among Asian, African and Latin American children as a result of 

poor hygiene. In 122 (53.2%) schools water is also accessible for use in washing hand buckets, 

and in 39 (17.0%) it is not always available, whereas it is not available in 63 (27.5%) of the 

schools. According to 104 (45.4%) respondents, water is accessible in the drinking water buckets 

and not always available in 37 (16.2%). Another group of 78 (34.1%) respondents reported that 

water was not available in drinking water buckets in their schools. Water was also reported in 

182 (79.5%) to be accessible in toilets, however, it is not always available in 18 (7.9%) while it 

is entirely not available in 24 (10.5%) of the schools. According to Moe, and Rheingans (2006) 

water is necessary for hygiene.  The study of the opinion that lack of adequate supply of water 

renders good hygiene practices difficult in primary schools.   

 

Results on toilet sanitation condition in on Table 5 above shows that majority of the 

respondents 214 (93.4%) have toilets in their schools, while 12 (5.2%) do not have toilets in 

their schools. Toilet is an important facility which supports enjoyment of buildings such as 
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school buildings. UNICEF (2011) strongly proposed availability and adequacy of toilet 

facilities in schools in terms of numbers and condition. The global standard campaigned by 

UNICEF is one toilet compartment for every 25 girls, and one toilet compartment for every 50 

boys.  Among the schools surveyed, 207 (90.4%) respondents confirmed the availability of 

water cistern type toilet, while pit type of toilet exists in 11 (4.8%) of the schools.  According to 

213 (93.0%) respondents, toilets are within4mins of an average child‘s trekking time to toilet 

area and back to classroom. In 151 (65.9%) schools, hand washing buckets were available in 

toilet areas for the pupils‘ used after defecation, however the same facility was lacking 69 

(30.1%). Table 5 clearly shows that soap was not available for hand washing in majority of the 

schools 120 (52.4%), nonetheless 97 (42.4%) respondents claimed that washing hand soap 

existing in their schools. National School Health Policy (2006) (NSHP) categorically aims at 

helping children at school to achieve the maximum health possible to obtain full benefit from 

their education, but lack of washing hand soap in schools is counterproductive to the laudable 

objective of NSHP. Handwashing with soap is the single most effective and inexpensive way to 

prevent diarrheal and other contagious diseases (Global Handwashing Day – Wikipedia).   

Dataon sanitation and functional condition finally shows that 184 (80.3%) are clean and 

working well, while 13 (5.7%) are not working, locked up although the toilet rooms are clean. 

Toilets in another 10 (4.4%) schools are dirty and not working.  

 

CONCLUSION AND RECOMMENDATION 

On the basis of existing data, the study showed that the state of water and toilet sanitation 

infrastructures within primary school premises in Lagos state varied considerably in terms of 

availability, accessibility, type, condition and functionality. The result of the study 

revealed15.3% of the schools have no water source of storage tanks. Schools in this category 

source water from water pushcart vendors, a practice both risky and uneconomical. The affected 

schools could be connected to city water mains where possible or be provided with borehole, 

water treatment plant and storage facilities. Among the 58.5% of the schools that use borehole 

water source, it is important for basic water treatment system to be installed in schools where 

none exists, while those in state of disrepair should be repaired and put into use.  

 

Drinking, and hand washing water are lacking in 34.1% and 27.5% respectively. In instances, 

lack of drinking and hand washing water arose due to lack buckets, it is recommended is such 

instance that schools management authority should arrange a central system of bucket allocation 

to schools. In addition, the local government education management authorities need to liaise 

with the state government in the provision of toilets in schools where none presently exists. Also 

there is the need for both tiers of government to partner in repair and maintenance of toilets in 

primary school as a means of raising health standards in learning environments in primary 

schools in the state.    
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Table 1: Sample Size Distribution of the Schools Surveyed in 13 Local Governments in 

Lagos State.  

S/N Local 

Government 

Number of Primary 

Schools 

Sample 

Drawn 

Sample 

Ratio 

   

1. Kosofe 52 18 34.6%    

2. Surulere 69 24 34.6%    

3. Agege 68 23 34.6%    

4. Oshodi/Isolo 61 21 34.6%    

5. Apapa 26 9 34.6%    

6. Ikeja 35 12 34.6%    

7. Shomolu/Bariga 54 19 34.6%    

8. Ajeromi 

Ifelodun 

76 26 34.6%    

9. Badagry 54 20 34.6%    

10. Ikorodu 71 25 34.6%    

11. Mushin 90 32 34.6%    

12 Mainland 58 20 34.6%    

13 Lagos Island 37 13 34.6%    

Total 751 261     

Source: Authors’ Field Survey, 2014. 
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Table 2: Distribution of Respondents by gender, age, rank/position, highest educational 

qualification, and tribe (n=229) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors‘ Field Survey, 2014. 

 

 

 

 

 

 

Characteristics Frequency count  Percentage 

Gender   

Female 189 82.5% 

Male 36 15.7% 

Missing 4 1.7% 

Total 225 100% 

Age group (years) Frequency count Percentage 

20-30 2 .9% 

31-40 15 6.6% 

41-50 42 18.3 % 

51-60 164 71.6% 

61 and above 2 .9% 

Total 225 98.3% 

Missing System 4 1.7% 

Total 229 100% 

Rank / status Frequency count  Percentage 

Asst. Head Teacher 47 20.5% 

Head Teacher 71 31% 

Edu. Supervisor 4 1.7% 

Asst/Deputy/Director 

of Edu. 

90 39.3% 

Total 212 92.6% 

Missing system 17 7.4% 

Total 229 100% 

Educational 

qualification 

Frequency count  Percentage 

NCE 49 21.4% 

B.Ed. 157 68.6% 

MA / M.Ed. 16 7.0% 

Total 222 96.9% 

Missing System 7 3.1% 

Total 229 100.0% 

Tribe / state of origin Frequency count  Percentage 

Yoruba 155 67.7% 

Ibo 38 16.6% 

Edo / Delta 13 5.7% 

Others 3 1.3% 

Total 209 91.3% 

Missing System 20 8.7% 

Total 229 100.0% 
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Table 3: Distribution of Respondents by availability accessibility, sources, and time of 

walking to water point from the classroom (n=229) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors‘ Field Survey, 2014. 

 

Variables Frequency count  Percentage 

Water Accessibility   

No 35 15.3%  

Yes 190 83.0%  

Total 225 98.3%  

Missing System 4 1.7% 

Total 229 100% 

Source/s of water  Frequency count Percentage 

Shallow Well 11 4.8% 

Water Tankers 9 3.9% 

Borehole 134 58.5% 

Public water mains 21 9.2% 

A combination of 

sources 
25 10.9% 

Total 200 87.3% 

Missing System 29 12.7% 

Total 229 100.0% 

Trekking time to 

water point 

Frequency count  Percentage 

0 - 2min trekking. 169 73.8% 

3-4mins trekking 40 17.5% 

Above 4mins 

trekking 
9 3.9% 

Total 218 95.2% 

Missing System 11 4.8% 

Total 229 100.0% 
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Table 4: Distribution of Respondents by availability of water for use at: water tap stands, 

washing hand buckets, drinking water buckets, and toilets (n=229) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors‘ Field Survey, 2014. 

 

Variables Frequency count  Percentage 

Water tap stands   

Not Available 58 25.3% 

Not Always 

Available 
26 11.4% 

Available 95 41.5% 

Always Available 38 16.6% 

Total 217 94.8% 

System 12 5.2% 

Total 229 100.0% 

Washing hand 

buckets 

Frequency count Percentage 

Not Available 63 27.5% 

Not Always 

Available 
39 17.0% 

Available 83 36.2% 

Always Available 39 17.0% 

Total 224 97.8% 

System 5 2.2% 

Total 229 100.0% 

Drinking water 

buckets 

Frequency count  Percentage 

Not Available 78 34.1% 

Not Always 

Available 
37 16.2% 

Available 71 31.0% 

Always Available 33 14.4% 

Total 219 95.6% 

System 10 4.4% 

Total 229 100.0% 

Water in toilets  Frequency count  Percentage 

Not Available 24 10.5 

Not Always 

Available 
18 7.9 

Available 111 48.5 

Always Available 71 31.0 

Total 224 97.8 

System 5 2.2 

Total 229 100.0 
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Table 5: Distribution of Respondents by availability of toilets, type, trekking time to toilets,  

availability of hand washing buckets/basin around the toilet, availability of soap for hand 

washing after use of toilets, and toilet condition (n=229). 

Source: Authors‘ Field Survey, 2014. 

Variables Frequency count  Percentage 

Availability of toilets   

No 12 5.2% 

Yes 214 93.4% 

Total 226 98.7% 

System 3 1.3% 

Total 229 100.0% 

Type of toilets Frequency count Percentage 

Pit 11 4.8% 

Water Cistern 207 90.4% 

Total 218 95.2% 

System 11 4.8% 

Total 229 100.0%  

Trekking time to toilets Frequency count  Percentage 

0-2mins trekking                               195 85.1% 

3-4mins trekking 18 7.9% 

above 4mins trekking 3 1.3% 

Total 216 94.3% 

Missing System 13 5.7% 

Total 229 100.0% 
   

Availability of Hand washing buckets near toilets  Frequency count  Percentage 

No 69 30.1% 

Yes 151 65.9% 

Total 220 96.1% 

Missing System 9 3.9% 

Total 229 100.0% 

Availability of soap for hand washing after use of toilets Frequency count  Percentage 

No 120 52.4% 

Yes 97 42.4% 

Total 217 94.8% 

System 12 5.2% 

Total 229 100.0% 

Sanitation and functional condition of the toilets Frequency count  Percentage 

Dirty and Not Working 10 4.4% 

Dirty but Working 9 3.9% 

Clean, not Working and Locked up 13 5.7% 

Clean and Working 184 80.3% 

Total 216 94.3% 

System 13 5.7% 

Total 229 100.0% 
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ABSTRACT 

When living organisms are exposed to acute concentrations of toxicants, survival may be 

a function of a combination of genetic, behavioural, biochemical, physiological and 

sometimes structural adjustments. Relative susceptibility to toxicants is therefore 

dependent on an organism's survival strategy either innate or acquired. We conducted an 

assessment of the biochemical responses induced in aquatic animals; Poecilia reticulate, 

Paleamonetes africanus and Clarias gariepinus exposed to acute concentrations of a 

petrol additives in a 96 hrs bioassay.  C. gariepinus was found to be most susceptible to 

the additive, having the lowest 96 hrs LC50 and surviving individuals of this species 

equally had the highest levels of lipid peroxidation damage.  Although no definite 

interspecies trend could be inferred from the activities of the anti oxidative stress 

enzymes, there was evidence of inhibition of catalase, superoxide dismutase and 

glutathione-s-transferase relative to the control individuals in all three species. Some 

responses showed significant dose dependent relationships. Overall, the biochemical 

responses observed in surviving animals showed evidence of relationships with 

concentrations of exposure, their use for comparing interspecies responses however, must 

be we caution.  

 

Keywords: Acute toxicity, Tolerance, Oxidative stress, Pollution 

 

 

INTRODUCTION 

Organisms when faced with contaminated environments would naturally modulate their 

metabolic resources and available energy to enhance their survival (Calow 1991). Biochemical 

responses of organisms by way of the activities of anti-oxidative stress enzymes and levels of 

lipid peroxidation damage are currently commonly employed in determining and organisms' 

stress status and survival mechanisms (Timbrell 2000). Oxidative stress results from the 

activities of reactive oxygen species (ROS) which includes free radicals and highly reactive 

forms of oxygen such as hydrogen peroxide, superoxide anion radical, singlet oxygen, hydroxyl 

radical, nitric oxide and peroxynitrate (Collins 2009) which are  actual components or 

breakdown products of diverse toxicants. Although biological systems are naturally equipped 

with enzymes and other mechanisms to respond to and neutralize the attack of ROS, occasionally 

such balance are toppled when the onslaught becomes overwhelming for the enzymes to manage 

(Azqueta et al. 2009). This results in the phenomenon commonly referred to as oxidative stress. 

Such stress may been linked with the onset of mutations, cancer (Azqueta et al. 2009) or death in 

acutely toxic systems. 

Therefore this study, using  aquatic animals (Poecilia reticulate, Paleamonetes africanus and 

Clarias gariepinus) exposed to acute concentrations of a petrol additive, was designed to 

investigate the biochemical responses elicited in animals which survive  in acutely toxic systems 

as a way of justifying their relative tolerance and therefore survival. 

 

METHODS 

Test animals (Source and Collection): Catfishes (Clarias gariepinus) (1.2 ± 0.2cm) were 

obtained from a local fish farm. Guppies (Poecilia reticulate) (2.2 ± 0.5 cm) were collected using 

scooping  nets from ponds in the University of Lagos campus while the brackish water shrimps  
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(Paleamonetes africanus) (1.41 ± 0.38 cm) were collected using  sweep nets from the University 

of Lagos bank of the Lagos lagoon, a relatively unpolluted section. The animals were collected 

into 10 L plastic cans with perforated lids, three-quarters filled with their habitat water and 

transported to the laboratory within 1 hour of collection under airy conditions to minimize stress. 

Laboratory animal cultures, acclimatization and selection of test animals for bioassays: The 

animals were kept in holding tanks(46cm x 30cm x 40cm) containing their respective habitat 

water  for 5-6 days to allow them acclimatize to laboratory conditions (28 ± 20℃, R.H 70 ± 2%) 

before using them in bioassays. They were fed with finely ground Coppens
 ®

 feed during 

acclimatization. Only animal batches with less than 5% mortality were selected for bioassay. 

Petroleum additive used was one which was undergoing pre-approval testing by the Department 

of Petroleum Resources (DPR), Nigeria. These are routine tests conducted on newly imported 

products for use in automobiles or the oil industry in Nigeria. 

Acute toxicity assay: After a preliminary range finding experiment, bioassay concentrations were 

selected as follows: 

Clarias gariepinus: 0.07, 0.085, 0.1, 0.15, 0.30 ml/L 

Poecilia reticulate:  0.6, 0.62, 0.64, 0.68 and 0.70 ml/L 

Paleamonetes africanus: 1.0,1.25,1.5,1.75 and 1.85 ml/L 

 

Test concentrations were used to make up their habitat water into 1 L per bioassay tank (17 x16 

x14 cm). A total of 20 animals per concentration, kept in duplicates of 10 each in clean glass 

tanks were used for the bioassay. Mortality assessments were carried out after 24, 48, 72 and 96 

hrs of exposure. An animal was taken to be dead if it failed to move gentle upon prodding with a 

stainless steel rod within 1-2 min. 

Toxicological dose-response data involving quantal response (mortality) were analysed using 

probit analysis (Finney 1971).  The indices of toxicity used were as follows: 

LC5 lethal concentration that will bring 5% mortality of the exposed population 

LC50 median lethal concentration that will bring about 50% mortality of the exposed 

population 

LC95 lethal concentration that will bring about 95% mortality of the exposed population 

T.F Toxicity factor for relative potency measurements i.e. ratio of 96 hr LC50 of a compound 

to that of the least toxic compound with the lowest 96 hr LC50 value. 

Determination of biochemical responses in test animals: Surviving animals in the highest and 

lowest concentrations of exposure were randomly selected for biochemical tests. Whole animal 

homogenates were used for the tests. The samples were assessed for the lipid peroxidation 

product, malondialdehyde (MDA) using the thiobarbituric acid reaction (TBARS) assay as 

described by Yagi (1998). Also anti-oxidative stress enzyme activities were assessed using 

established techniques as follows; superoxide dismutase (SOD) (Sun and Zigma 1978); catalase 

(CAT) (Aksenes and Naja 1981) glutathione-s-transferase (GST) based on their relatively high 

activity with 1-Chloro-2,4- dinitrobenzene as a second substrate (Habig and jakoby 1981). 

 

RESULTS AND DISCUSSION 

On the bases of 96hr LC50, the petrol additive was found to be 6.10 times and 10.43 times less 

toxic to P. reticulata and P. africanus compared to C. gariepinus. This implies that the catfish, 

C. gariepinus was least tolerant and most susceptible to the acute toxic action of the additive 

(Table 1). 
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Table 1.  Relative Acute Toxicity of Petroleum additive (ml/L) acting against P. reticulata, P. 

africanus and C. gariepinus after 96hrs exposure. 

 

Test Animals LC5 LC50   LC95  Probit Line 

Equation  

S.E d.f T.F 

Clarias gariepinus 0.005 0.104 2.298 Y= 1.203+ 1.223X 0.874 2 1 

Poecilia reticulate 0.494 0.634  0.815 

 

Y= 2.991+15.121X 5.495 3 6.10 

Paleamonetes 

africanus 

0.296 1.085 3.970 Y= 0.103+2.919X 2.059 2 10.43 

LC  are determined at 95% Confidence Limit; S.E- Standard Error; d.f - Degree of freedom; T.F - Toxicity Factor 

The results from the biochemical assessments of surviving animals indicates some level of 

oxidative damage to the cell membranes because  the levels of  MDA  was significantly higher in 

the surviving animals than in the controls and C. gariepinus (Clarias), which was least  tolerant 

to the  additive had the highest levels as well (Fig. 1). It was also significantly higher in 

individuals exposed to higher concentrations of the additive, implying some dose dependency.  

MDA is one of the by products of lipid peroxidation whose level is often used as a measure of 

oxidative stress (Zielinski and Portner 2000).  The relative inhibition of  the SOD enzyme  

activities was least in C. gariepinus  for both the highest and lowest additive concentrations 

compared the guppy (P. recticulata) and Shrimp (P. africanus) (Fig. 2). Expectedly, there was 

also inhibition in the catalase activities which was however highest in P. recticulata and least in 

P. africanus (Fig. 3). Inhibition of CAT is usually linked with that of SOD inhibition because, 

reduced SOD activities implies lower levels of H2O2, the substrate on which CAT acts (Fatima 

and Ahmad 2005). However, unlike SOD activity, CAT was inhibited more for individuals 

exposed to higher concentrations of the additive, but there was no significant concentration 

dependence for both enzymes in C. gariepinus based on the concentrations used in this study. 

The GST activities were also reduced among the three test species for both concentrations of the 

additive compared to the control individuals (Fig. 4). Otitoloju and Olagoke (2011) also reported 

inhibition in GST activities in C. gariepinus exposed to polycyclic aromatic hydrocarbons. The 

mechanism for this inhibition is usually explained as resulting from the utilization of microsomal 

enzyme, GST in catalyzing the conjugation of reduced glutathione with oxidative products 

(Leaver and George 1998) or the direct inhibition of GST by conjugation products (Srivastava et 

al. 1999). 

 

The toxicity of the petrol additive examined in this study may be linked with its high 

concentrations of Cu and Mn among other constituents as indicated in Table 2. 

Clearly, the results from the biochemical assay are indicative of some form of oxidative stress in 

the animals examined given the significantly higher levels of MDA in the exposed animals. The 

activities of the anti-oxidative stress enzymes examined also showed some active effort at 

managing the oxidative stress precursors. Their survival therefore may be explained by among 

other reasons their relative ability to mobilize the respective enzymes to manage the stress 

pressure from ROS within the additive and/or their break down products.   

 

Apart from MDA levels which were highest in the least tolerant animal, C. gariepinus, the 

findings from the anti-oxidative stress assays could not clearly indicate why the three species 

examined did not show similar tolerance to the toxicant. This may imply that it is wiser to 

compare tolerance to toxicants within species than between species as in Otitoloju and Are 
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(2003) in order to make sound toxicological conclusion. The erratic nature of subtle responses 

like enzyme activities may also be a factor to consider. 

There abounds however from the foregoing, a good opportunity for investigations focused on 

inter-species tolerance to toxicants. 

 

 
Fig. 1. The levels of MDA in C. gariepinus (Clarias), P. reticulata (Guppy) and P. africanus 

(Shrimp) after 96hrs exposure to petroleum additive. (Concentrations; Clarias: 1=0.3ml/L, 

2=0.7ml/L, Guppy: 1=0.6ml/L, 2=0.7ml/L, Shrimp: 1=1.0ml/L, 2=1.75ml/L)  

 
Fig. 2. Inhibition of SOD activity in Clarias. gariepinus (Clarias), Poecilia. reticulata (Guppy) 

and Palaemonete africanus (shrimp) after 96hrs exposure to petroleum additive (Concentrations; 

Clarias: 1=0.3ml/L, 2=0.7ml/L, Guppy: 1=0.6ml/L, 2=0.7ml/L, Shrimp: 1=1.0ml/L, 

2=1.75ml/L). 
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Fig. 3. CAT activity of C. gariepinus (Clarias), P. reticulata (Guppy) and P. africanus (shrimp) 

after 96hrs exposure to petroleum additive. 

(Concentrations; Clarias: 1=0.3ml/L, 2=0.7ml/l, Guppy: 1=0.6ml/L, 2=0.7ml/L, Shrimp: 

1=1.0ml/L, 2=1.75ml/L) 

 
Fig. 4.  Activity of GST in C. gariepinus (Clarias), P. reticulate (Guppy) and P. africanus 

(Shrimps) after 96hrs exposure to petroleum additive 

(Concentrations; Clarias: 1=0.3ml/L, 2=0.7ml/L, Guppy: 1=0.6ml/L, 2=0.7ml/L, Shrimp: 

1=1.0ml/L, 2=1.75ml/L)  
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Table 2. Physicochemical Characteristics of the Petroleum Additive 

  

Physicochemical Characteristics Level/Concentration 

PH 13.39 

Redox Potential (mV) 120.0 

Salinity (%) 6.7 

Conductivity (µS/cm) 39900 

Density (g/dm
3
) 1.03 

Solubility Soluble 

Total dissolved solids (mg/L) 2000 

(Nitrate)NO3 (mg/L) 0.8 

(Cyanide)CN- (mg/L) 0.08 

(SSO4
2-

 (mg/L) ND 

Oil and Grease (mg/L) ND 

Phenol (mg/l) ND 

Cd (mg/L) 0.12 

Cu (mg/L) 2431.0 

Fe (mg/L) 5.26 

Mn (mg/L) 33.85 

Ni (mg/L) 1.41 

Pb (mg/L) ND 

Zn (mg/L) ND 
ND

 Not detected 
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ABSTRACT  

Several methods have been adopted to analyze multi-category data but all these methods 

give unsatisfactory results because of strict assumptions regarding normality, linearity, or 

homoscedasticity. Multinomial logistic regression is considered as an alternative because 

it does not assume normality, linearity, or homoscedasticity. Maximum likelihood 

estimation, probability and fitting of the model were employed in this paper.  The result 

shows that wealth index has a significant impact on the use of public and private health 

delivery facilities. Educational level, antenatal care, assistance during delivery and place 

of residence are also an important factor in Maternal Health Care Services. Finally, the 

educated women, who are wealthy, living in urban areas and who received antenatal care 

and assistance during delivery are more likely to utilize Maternal Health Care Services 

(MHCS) 

 

Keywords: Multinomial, Homoscedasticity, Maternal Health, Binomial logit, Maternal 

morbidity 

 

 

INTRODUCTION 

Maternal healthcare services include the availability of preconception, prenatal, and postnatal 

care to reduce maternal morbidity and mortality of pregnant women. This involves monitoring 

and maintaining the progress during and after pregnancy, labour and delivery exercise of a 

pregnant women. The World Health Organization (WHO) estimated that 587,000 maternal 

deaths (WHO, 2010) deaths occur in Sub-Saharan Africa, with Nigeria accounting for about 10% 

of all maternal deaths globally (WHO, 2004; Adam et al., 2005). Modeling of maternal health 

care data involves much risk which includes creating an awareness, identification, monitoring 

and reporting, planning and mitigation etc. The maternal healthcare data are categorical 

dependent variables which include one or more independent variables, which are usually (but not 

necessarily) continuous, by using probability scores as the predicted values of the dependent 

variable. The data, either categorical or continuous, can be modeled using multinomial logistic 

regression. Several methods were used to analyze multi-category data include multinomial probit 

regression and multiple-group discriminant function analysis all these methods give 

unsatisfactory results as a result of strict assumptions such as normality, linearity, or 

homoscedasticity that are difficult to meet. The Multinomial logistic regression is considered to 

be an alternative analysis because; it does not assume normality, linearity, or homoscedasticity 

listed above with the exception of multicollinearity (Hosmer & Lemeshow, 2000).  

 

Multinomial logistic regression is a simple extension of binary logistic regression that allows for 

more than two categories of the dependent or outcome variable. Like binary logistic regression, 

multinomial logistic regression uses maximum likelihood estimation to evaluate the probability 

of categorical membership. Multinomial logistic regression does necessitate careful 

consideration of the sample size and examination for outlying cases. Like other data analysis 

procedures, initial data analysis should be thorough and include careful univariate, bivariate, and 

multivariate assessment.  

mailto:jadewara@unilag.edu.ng
http://en.wikipedia.org/wiki/Level_of_measurement#Interval_scale
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The basic principle of multinomial logistic regression is similar to that of binomial logistic 

regression, in that it is based on the probability of membership of each category of the dependent 

variable. The multinomial logistic regression compares the probability of each of j-1 categories 

to a baseline or reference category. In a way we can say that we are fitting j-1 separate binary 

logistic models, where we compare category one to the baseline category, category two to the 

baseline and so on. In practice software, algorithms allow us to model the comparisons to the 

baseline simultaneously using maximum likelihood estimation, which is better as doing it 

sequentially could lead to misestimating the standard errors. This paper seeks to model Maternal 

Health Care Services (MHCS) data using maximum likelihood estimates, predicted probability 

and asses the fit and significance of the predictors of the MLR based on a set of explanatory 

variables. The remainder of the paper is organized as follows: Section 2 Multinomial Logistics 

Regression Section 3, deals with Methods, Section 4.0 The results while section 5.0 the 

conclusion. 

 

LITERATURE REVIEW 
Mathematically, a multinomial logit model is a combination of binomial logit models, all compared 

against a reference alternative. The basic concept of multinomial logistic regression was 

generalized from binary logistic regression, in that it is based on the probability of membership 

of each group of the response variable.  

The logistic regression model assumes that the categorical response variable has only two values, 

they are: 1 for success and 0 for failure. The logistic regression model can be extended to 

situations where the response variable has more than two values, and there is no natural ordering 

of the categories. Natural ordering can be treated as nominal scale; such data can be analyzed by 

slightly modified methods used in dichotomous outcomes. This method is called the multinomial 

logistic regression.  Let πj denote the multinomial probability of an observation falling in the jth 

category, to find the relationship between this probability and the p explanatory variables, X1, 

X2… Xp. The multiple logistic regression models is  

,                                                        (1)                                                            

Where j = 1, 2,...,(c - l), i = 1, 2, ... , n. Since all the π
‘s
 add to unity, this reduces to 

 [                                                                    (2)                                                                         

j = 1, 2, . . . ,(c-1), the model parameters are estimated by the ML method.  

 

Multinomial logistic regression (MLR) was applied as an extension of binary logistic regression 

to model utilization of maternal health care services, where, each response variable level (public 

health facility and private health facility) is compared to a reference level (home) providing two 

binary logistic regression models. The general MLR model proposed by Moutinho and 

Hutcheson (2011) is expressed as: 

= β0 +                                                                    (3) 

The model of utilizing maternal health care services between the three places of deliveries can 

therefore be represented using two (i.e., j -1) logit models. 

= β0 +                                                   (4) 

 

= β0 +                                                 (5) 
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The intercept β0 is the value of the response category when all the explanatory variables are 

equal to zero. , … are the regression coefficients of ,…, . Each of the regression 

coefficients explains the size of the contribution of risk factor  relative to a baseline category. 

A negative regression coefficient means that the independent variable decreases the probability 

of the outcome, while a positive regression coefficient means that the variable increases the 

probability of that outcome ( Bhadra 2005, Washington et al. 2011 and Moutinho et al, 2011); a 

large regression coefficient means that the risk factor strongly favors the probability of that 

outcome, while a near-zero regression coefficient means that that risk factor has little influence 

on the probability of that outcome ( Petrucci 2009 and Moutinho et al,2011). 

We denote the probability that a woman delivered at home (baseline category) by   and this is 

estimated by    . The probability that a woman delivered at a private health facility is denoted 

by  and the estimate by   . The probability that a woman delivered at a private health facility 

is denoted by   and is estimated by , the response probabilities satisfying =1,                                                                                 

our baseline category is (home=0). From the parameter estimates (Table 4.9), we can calculate 

these probabilities by two steps: 

First, we can calculate     as the response variable has 

three categories, which means that there are 2 equations as follows: 

Let Y1=     Y2 =   

We now calculate ,  and    as follows, where exponential (e) = 2.71828 is the base of 

the system of natural logarithms: 

                                                                                           (6) 

                                                                                                                                                                                                                                                                                       

                                                                                           (7) 

                                                                                                 

=                                                                                            (8) 

                                                                                                  

Where the (1) term in each denominator and in the numerator of   represents exp ( o +  o x ), 

for o =  o = 0, Agresti (2007).    and    give the various probabilities of any case falling 

in group. The interpretation of ß can be done using the odds ratios concept. Exponenting the 

regression coefficient  for predictor yields the odds ratio ( ). Odds ratio is the change in 

the odds of Y given a unit change in  when all other explanatory variables are held constant.   

 

METHODS 

The data for this work was extracted from the Nigeria Demographic Health Survey (NDHS) 

2008. It is a nationally representative survey of 33,385 women of age 15-49 years. The unit of 
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analysis for this study is Every Married Woman (EMW) who had at least one live birth in the last 

five years preceding the survey. The sample size for this study consists of 18028 Every Married 

Woman (EMW). The SPSS (version 20) software was used to compute the maximum likelihood 

estimation of the model parameters through the Newton- Raphson‘s iterative procedure. The 

variables considered are: X10 =Age Group(15-19yrs), X11=Age Group(20-29yrs), X12=Age 

Group(30-39yrs), X20= Urban Resident, X21=Rural resident X30=No Education, X31=Primary 

Education, X32=Secondary Education, X33= Higher Education, X42=Traditionalist, X50= Wealth 

Index (poorest), X51= Wealth Index (poorer), X52= Wealth Index (middle), X53=Wealth Index 

(richer), X60= Antenatal Care, X70=Assistance During Delivery.  

 

RESULTS 

Table 4.1 shows the result of AIC and BIC of the model fitted to judge the closeness. The result 

shows that our model AIC, BIC and -2log likelihood are very close, therefore, the smaller the 

value, the better the fit. The Chi-square value was also computed. The result shows that Chi-

square statistic is significant: χ² (32) = 10212.429, p < .000, which indicates that the full model is 

significantly better, or more accurate, than the null model. Also, the deviance test is conducted the 
result shows that the model was well-fitted and has non-significant deviance. 
  

Table 4.1: Model Fitting Information 

Model Model Fitting Criteria Likelihood Ratio Tests 

AIC BIC -2Log Likelihood Chi-Square Df Sig. 

Intercept Only 13231.966 13247.536 13227.966    

Final 3083.537 3348.232 3015.537 10212.429 32 .000 

 

Table4. 2: Goodness-of-Fit 

 Chi-Square Df Sig. 

Pearson 2343.892 1702 .000 

Deviance 1338.045 1702 1.000 

Table 4.3 is the Nagelkerke's measure of the strength of relationship between the dependent 

variable and the explanatory variables. The result shows a moderately (52.9%) strong 

relationship between the predictors and the prediction  

 

Table 4.3:Pseudo R-Square Square 

Cox and Snell .437 

Nagelkerke .529 

McFadden .328 

 

Table 4.4 is the likelihood ratio test of the model which shows that the variables age, religion, 

wealth index, antenatal care, assistance during delivery, type of place of residence and highest 

level of educational. The result shows that all the variables mentioned above are all significant 

contributors to explaining differences in place of delivery. The values of the -2log likelihood of 

reduced model obtained for the variables are such as: antenatal care (4155.519), assistance 

during delivery (3763.809), wealth index (3665.984), educational level (3417.204), religion 

(3257.855), place of residence (3055.744) and age (3044.265). The chi-square statistic obtained 

showed that the model is significance. 
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The Parameters of the model that were estimated are shown in Table 5.0  

 

The models for the parameter estimated are: 

= -3.077-0.097X12+0.188X20 –1.822X30 –1.383X31–0.866X32 -

1.666X42 -1.909X50 -1.494X51 -1.095X52 - 0 .539X53 +2.113X60 +3.869X70                          (9) 

 

This implies that a woman of the age group (15-19yrs) has a decrease probability of delivering at 

a public health facility rather than women between the ages (40-49yrs). A woman who is an 

urban resident has an increase probability of delivering at a public health facility than women in 

the rural area. A woman with no educational background primary/secondary but uses public 

health facility has a low probability health maternal care, compared to a woman with higher 

education. A woman within the wealth index (poorest/poorer/) has a decrease probability of 

delivering at a public health facility than a woman with the wealth index (richest). A woman who 

receives antenatal care has an increases probability of delivering at a public health facility than 

those who do not receive.  

 

=-1.774-0.398X10-0.258X11–0.425X20–1.984X30–1.017X31-0.590X32-

1.622X41-2.283X50-2.012X51-1.613X52 -1.00X53+1.955X60+2.487X70                                  (10) 

 

The result of the model above states that woman within the age group of (15-19yrs) has a 

decrease probability of delivering at a private health facility rather than a woman between (40-

49yrs). A woman who is an urban resident has an increase probability of delivering at a private 

health facility than a woman in the rural area. The probability of a woman who delivered at a 

private health facility with no education/primary/secondary is lower compared to a woman with 

a higher education. A woman with poorest/poorer wealth index has a decreased probability of 

delivering at a private health facility than a woman with rich wealth index. Also, a woman with 

good antenatal care has an increase probability of delivering at a private health facility than a 

woman who does not. Finally, a woman with assistance during delivery has increase probability 

of delivering at a private health facility than those who do not. 

 

 

 
 

Table 4.4:  Likelihood Ratio Tests 

 

Effect Model Fitting Criteria Likelihood Ratio Tests 

AIC of Reduced 

Model 

BIC of 

Reduced 

Model 

-2 Log Likelihood 

of Reduced Model 

Chi-Square Df Sig. 

Intercept 3083.537 3348.232 3015.537
a
 .000 0 . 

Age 3100.265 3318.249 3044.265 28.728 6 .000 

Religion 3313.855 3531.839 3257.855 242.318 6 .000 

Wealth index 3717.984 3920.398 3665.984 650.447 8 .000 

Antenatal care 4219.519 4468.644 4155.519 1139.983 2 .000 

Assistance 3827.809 4076.933 3763.809 748.272 2 .000 

Residence 3119.744 3368.869 3055.744 40.207 2 .000 

Educational level 3473.204 3691.189 3417.204 401.668 6 .000 
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Predictions from the MLR Model 

Predicted probability of utilizing MHCS through delivery at a public health facility and private 

health is calculated using variables that were consistent. The result showed that there is a strong 

association in the MLR model. The following variables are used: antenatal care, place of 

residence, wealth-index, educational level and assistance during delivery. The data was modeled 

using predicted model of equation 11 and 12. 

 

= -3.979+ 0.155X20–1.931X30 – 1.416X31 – 0.900X32 -1.904X50 -

1.495X51 -1.088X52   - 0 .545X53 +2.136X60 +3.881X70                                                           (11) 

 

= -2.980+0.301X20 – 2.581X30 – 1.209X31 -0. 682X32- 2.184X50 -

1.931X51 -1.532X52   - 0.996X53 +2.022X60 +2.715X70                                                          (12) 

 

Table 4.5: Predicted probabilities for Some Selected Cases 

 Probabilities of Utilizing 

MHCS 

Place of 

Residence 

Educational 

Level 

Wealth 

Index 

Antenatal 

Care 

Assistance 

During 

Delivery 

Public 

Health 

Facility 

Private 

Health 

Facility 

Home 

Rural No 

Education 

Poorest Yes Yes 0.14 0.04 0.82 

Rural No 

Education 

Poorest No No 0.00 0.00 1.00 

Urban Primary Richest Yes Yes 0.39 0.42 0.18 

Urban Higher Richer Yes Yes 0.57 0.32 0.11 

 

A lot of information can be gained from the predicted probabilities presented in Table 4.5. For 

example, Women who are Rural Residents are more likely to deliver at home with probabilities 

(1.00, 0.82) compared to Urban Residents. The probabilities show that women who are educated 

are more likely to deliver at both public and private health facilities with probabilities 0.57, 0.39, 

0.42 and 0.32 respectively compared to the uneducated ones. The effect of wealth index is 

particularly noticeable when comparing delivery at public and private health facilities.   

 

CONCLUSION 

The model was able to reveal that wealth index has a significant impact particularly for the 

comparison between delivery at public and private health facilities. Educational level, antenatal 

care, assistance during delivery and place of residence are also an important factor in Maternal 

Health Care Services. This assists in distinguishing between places of delivery and the wealth 

index of a woman. Finally, the educated women, who are wealthy, living in urban areas and who 

received antenatal care and assistance during delivery are more likely to utilize MHCS 
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ABSTRACT 

Dichlorvos as a pesticide is found in the environment through release by humans in 

concentration known to be toxic to aquatic life and mammalian organisms. Mice, Mus 

muscles’, were exposed to various concentrations of dichlovos 90,100,110 and 120µg/L 

per body weight. The pesticide was introduced into the mice feed for 28days. The need to 

consider a greater range of factors contributing to potential health effects of combined 

exposures makes the risk assessment process more complex compared to the assessment 

of single chemicals. There were higher sperm head abnormalities in all the experimental 

groups as compared with the untreated control. Statistical analysis of sperm head 

abnormality score showed that there was a significant (p<0.05) difference in occurrence 

of sperm head abnormalities in test animals. The abnormalities observed were: knobbed 

hook, pin-head and banana shaped sperm head. The occurrence of the sperm head 

abnormalities was also found to be dose dependent. The implication of the observed 

increase occurrence of sperm head abnormalities on the reproductive health of humans is 

of great concerns to the environmentalist and toxicologists.  

 

Keywords: Chemical Toxicity, Inhalation Toxicity, Sperm deformity, Organophosphate 

pesticides 

 

 

INTRODUCTION  

Humans are subjected to a range of chemical exposures from the environment. Chemicals in air, 

water, soil and food, occupational exposures and lifestyle factors, all contribute to a complex 

exposure situation in our daily life. It has long been known that toxicity can be modified by 

simultaneous or sequential exposure to multiple agents in the environment. For some combined 

or mixed exposures the health effects may increase more than what would be expected from 

simply adding the effects of the individual components, therefore there is a concern that several 

less studied complex exposures may have a large impact on our health as a result of combined or 

mixed effects. Thorpe et al., (1972). 

Evaluation of genetic toxicity is an important component of the safety assessment of chemicals, 

including pharmaceuticals, agricultural chemicals, food additives and industrial chemicals. Up to 

the present time, genotoxicity has been regulated mainly on the basis of qualitative outcomes of 

hazard identification assays, i.e. decisions are often based on classification as positive or 

negative for genotoxic potential. (Thybaud et al., 2007)  

Dichlorvos is a synthetic organic chemical used as an insecticide. Dichlorvos does not occur 

naturally in the environment, but is manufactured by industry. Dichlorvos is sold under many 

trade names including Vapona
®

, Atgard
®

, Nuvan
®

, and Task
®

. Dichlorvos may also be called 

DDVP, which is an abbreviation for its full chemical name. As a pesticide, dichlorvos is 

commonly referred to as DDVP, which is an abbreviation for 2,2-dichlorovinyl dimethyl 

phosphate (Farm Chemical Handbook 1984).  

Like other insecticides in this class, dichlorvos is not only extremely toxic to insects, but also can 

be toxic to humans if high enough doses are received. After acute exposure to high 

concentrations of dichlorvos by any route, signs such as: nausea, vomiting, diarrhea, bronchial 

mailto:sadeajagbe@yahoo.com
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secretion, dyspnea, increased salivation, and urinary frequency and incontinence can result from 

over stimulation of the parasympathetic autonomic nervous system. (Hays et al., 2007). 

Dichlorvos is mutagenic in a number of in vivo test systems. There is also evidence in studies on 

rats and mice that dichlorvos is carcinogenic in these species. Based on this evidence, the EPA 

has classified dichlorvos as a probable human carcinogen (EPA 2003).  

Exposure to dichlorvos occurs by the inhalation of sprays or vapors from impregnated resins, by 

skin contact, or orally as a residue in food (WHO/FAO, 1993).  

The most likely routes of exposure for people living near hazardous waste sites would be by 

breathing dichlorvos-contaminated air, drinking dichlorvos-contaminated water, or skin contact 

with dichlorvos-contaminated soil. Monitoring of the air, drinking water, and soil levels of 

dichlorvos at these sites is necessary to predict the possibility of adverse health effects. 

Savolainen (2001).    

Dichlorvos is rapidly absorbed and degraded in all mammalian species (FAO/WHO, 1993). 

Dichlorvos metabolism after different routes of administration in man, rat, mouse, swine and 

hamsters has been reported to be rapid, with similar metabolites in all species (WHO/FAO, 

1993). Hutson et al., 1972a; Page et al., 1972). 

 Air samples from commercial insecticide storage facilities and vehicles used by applicators were 

analyzed for dichlorvos residues. Storage facilities had much higher level of dichlorvos in air 

(0.53ppb) compared to office rooms (0.04 ppb). Vehicles that were used to store compressed air 

spraying equipment and the insecticide had a mean air levels of 0.94 ppb dichlorvos (Wright and 

Leidy, 1980). 

All these studies indicate that occupational exposure to dichlorvos was frequent and detectable 

among pesticide applicators. As mentioned earlier, dichlorvos ranked among the three most 

frequently applied pesticides by pest control operators in 1974 (ATSDR, 1997).  

 

Studies have linked pesticide exposure with decreased sperm quality, a higher sperm density 

with lower pesticide exposure (Swan and Kruse, 2003). Hormone disruption is considered a 

possible contributor to low sperm count and dozen of pesticides are known or suspected hormone 

disrupters (Wyrobek and Bruce 1975). 

As there was a few literature available on the toxicological and genotoxicity testing of 

Dichlorvos, the present study was considered.  

 

METHODS 

Test Animals/Animal Husbandry 

Male and female adult mice, Mus musculus, which served as the bioassay organisms were 

obtained from the Department of Zoology (Botanical Garden), University Of Lagos The mice 

were fed with 40 g commercially available sterilized feed per day and water ad libitum. Only 

healthy mice 8–10wks old weighing around 18-26 g were selected for experimentation. The mice 

were housed in suspended mesh-bottom edge cages with tins attached underneath that contained 

holes and which were covered with gauze and net in order to prevent the mice from escaping, for 

at least 14 days to acclimatize to laboratory conditions (29 ± 2ºC and Relative Humidity-70 ± 

2%) before commencement of bioassay. 

 

Ethics 

The experiment was carried out by utilization of whole and live mice. However, aiming for the 

protection and welfare of animals, studies were conducted in accordance with the Nigerian and 

University of Lagos Ethics Committee guidelines for experiment with whole animals. The mice 

belonging to either of groups were sacrificed in compliance with the ethical regulations 

formulated by the Ethical Committee of the University.  
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Exposure cages (L×B×H 530 cm by 350 cm by 230 cm) with well covered roofs, with tins 

attached underneath that contained holes and which were covered with gauze and net in order to 

prevent the mice from escaping while being utilized for the assay. The exposure cages were kept 

in the laboratory at room temperature, with a specific concentration per body weight per cage for 

treatment at specified time.  

The mean lethal dose LD50 of Dichlorvos (DDVP), that is; oral LD50 value for DDVP per body 

weight was determined before carrying out this study. DDVP was administered into the mice 

feed according to body weight of different group of mice utilized for the study. The various 

concentrations considered per body weight are; 90,100,110 and 120µg/L. 

 

Inhalation Exposure 

This study was conducted in exposure chambers into which air containing dichlorvos was 

introduced. In this case tins attached underneath that contained holes and which were covered 

with gauze and net in order to prevent the mice from escaping served as the exposure chamber. 

In this study therefore, food and water were in the chambers during the exposure. An air 

concentration of dichlorvos was expressed in units of either μg/L
.
 Since inhalation exposure to 

dichlorvos is more likely to be in vapor phase, air concentrations are also presented as the 

equivalent parts per million (ppm) (Hayes 1982).   

 

Assessment of Sperm Morphology 

Sperm head abnormality assay 

Albino male mice sperm abnormality was tested according to the method of Wyrobek et al., 

(1983). The treated and untreated control male mice were sacrificed on day 7, day 14 and day 28, 

by cervical dislocation and surgically removed sperm was stripped from the vasa deferentia with 

a pair of irridectomy scissors, a drop of dense spermatozoa was then picked up quickly with the 

tips of the tweezers and put into 0.5 ml normal saline after anesthetization. The epididymis were 

excised and minced with fine scissors in physiological saline in a petri dish. A fraction of each 

suspension was mixed with 1% Eosin Y solution (10:1) (v/v) for 30 minutes. Air dried smears 

were prepared after the sperm has dispersed. Smears were made on clean, grease- free slides 

after staining the cells with a mixture of normal saline (9:1) (v/v) for 45 minutes. The slides were 

air-dried and coded for subsequent examination under microscope and different abnormalities 

were recorded. All scoring of morphological types of sperm were done from coded slides 

without prior knowledge of a particular genotype. 

 

Cytological evaluation for sperm-head abnormalities was carried out using a binocular 

microscope at 1000x under oil immersion. Differences between the control and experimental 

groups were analyzed by a One Way Analysis of Variance (ANOVA). 

 

RESULTS 

Body Weight Effects 

The body weight of mice exposed to atmospheres containing 5 mg dichlorvos/m
3 

(0.6 ppm) and 

the untreated control mice were also determined. The body weight of the animals decreased as 

the exposure days was increasing, which could be attributed to symptoms of lethal doses which 

include; growth retardation, weight loss, lack of appetite and visual impairment (ranging from 

red spots in the eyes to conjunctivas and complete blindness).   

  

Analysis of sperm head abnormalities were made after 28 days of exposure to Dichlovos. 

The results of sperm head abnormality counts showed that there was a high level of abnormality 

in the sperm head of mice exposed to Dichlorvos. 
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Statistical analysis; Analysis of variance (ANOVA) of the mean values of occurrence of sperm 

head abnormality showed that there was a significant (p<0.05) difference in occurrence of sperm 

head abnormality in test animals based on the various concentrations used for the assay. The 

abnormalities observed were sperm head with knobbed hook (D), pin-head (I) and banana-

shaped head (J) according to (Fig. 1) which was used as the key for identification of various 

abnormalities. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 
Fig. 1: Observed shapes of normal and abnormal heads. (a) normal sperm (b) sperm with no hook(c) two 

tails (d) knobbed hook (e) amorphous head (f) mean bent hook(g) hook at wrong angle (i) pin-head (j) 

banana-shaped head after Otubanjo and Mosuro (2001)  

 

                
Fig. 1: (A-C) sowing various abnormal sperm-heads    
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Fig. 2: (D-M) sowing various abnormal sperm-heads 

 

Table 1: Percentage Mean Sperm Morphology of Mice Exposed to Different Concentration 

of Dichlorvos 

  

                                  Concentration 

Parameter  90 µg/L 100 µg/L 110 µg/L 120 µg/L Control 

Day 7 101.1±3.71abc 84.00±2.82abc 94.00±22.64ab 94.00±5.65abc 372.0±7.07 

Day 14 88.50±7.77abc 81.50±12.02ab 98.50±0.70abc 96.00±12.73ab 394.0±7.07 

Day 28 199.0±5.65abc 88.50±6.36abc 87.00±4.24ab 252.0±28.35abc 348.0±7.07 

Parameters on each row with different suffixes are significantly different at P<0.05>. 

 

Body Movement 

Animal behavior was determined through body movement during days 7, 14 and 28 of the 

bioassay. All body movement which include- raising of head; mouth, limbs and tail were noted 

and counted. Two animals including replicates were taken per concentration for body movement 

against the untreated control. 

                                       

Table 2: Mean Body Movement of Mice Exposed to Different Concentration of Dichlorvos 

Concentration 
Parameter 

 

90 µg/L 100 µg/L 110 µg/L 120 µg/L Control 

Day 7 31.50±7.78ab 31.50±7.77ab 24.00±1.44ab 31.00±8.48ab 61.50±3.53 

Day 14 29.50±0.70abc 27.50±3.53ab 28.50±2.12ab 28.50±2.12ab 61.50±3.53 

Day 28 25.00±2.82ab 23.00±1.41ab 25.00±1.44ab 27.00±2.82a 61.50.±3.53 

      

Parameters on each row with different suffixes are significantly different at P<0.05>. 

  

DISCUSSION 

The toxicological and genotoxic effects of DDVP were studied on albino mice. At first LD50 

values for DDVP in mice were calculated. For this purpose, different concentrations of DDVP 

were used, that is; 183,161,130, and µg/g BW. The result was 100% mortality at high 

concentration and it decreased with low doses. The LD50 value came to be 106.00µg/g BW. 

H 
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Some observations like: restlessness, secretions in eyes and weakness were found in the mice. 

These are typical signs of intoxication of the insecticide. 

 

This study is in agreement with the reports of USDHHS1993; USEPA 1999; that acute inhalation 

in humans and other animals such as tightness of chest, pupil constriction, blurred vision, and 

headaches. Acute oral exposure results in nausea, vomiting, cramps, and diarrhea.  

This study supports the findings of  Noble 2002, on exposure of Kibbutz residents‘ to 

organophosphate pesticides, during spray drift and found different symptoms  of nausea, 

abdominal pain, headache, cough, throat irritation, eye irritation, diarrhea, unusual tiredness, 

dizziness and  skin haemorrhages     

 

Studies by Ryhanen et al, 1984; and Kozlowska et al., 1988 show that due to high vapour 

pressure, DDVP is a great danger to the occupationally exposed workers indulged in DDVP 

formulation.  

Several reasons have been put forward to explain the increase in the frequency of occurrence of 

sperm head abnormalities in organisms exposed to some chemicals. Damage to the sperm cell is 

said to occur either by physiological, cytotoxic or genetic mechanism. Odeigah (1997) reported 

that exposure to the chemicals could produce pituitary hypothalamic or sex hormonal effects 

which in turn could affect spermatogenesis or exposure could cause abnormalities in seminal 

fluid resulting in functional or structural impairment of sperm.  

 

The development of abnormal sperm head morphology and variations in DNA content of 

spermatozoa are often genetically controlled. The occurrence of sperm head abnormalities have 

also been attributed to the chromosomal aberrations that occur during the packaging of genetic 

material in the sperm head or occurrence of point mutation in testicular DNA (Bruce and Heddle 

1979). It may also arise as a consequence of naturally occurring level of mistakes in the 

spermatozoon differentiating process during spermatogenesis (Bakare et al., 2005). 

 

In the present study, a significantly increased frequency of sperm head abnormalities was 

observed in the spermatozoa of treated mice which is in accordance with the study conducted by 

Wyrobek and Bruce 1978.  

According to Savolainen (2001), Bruce and Heddle (1979) there are two mechanisms by which 

chemicals might indirectly affect sperm cell function and morphology: firstly, exposure to 

chemicals could produce pituitary-hypothalamic or sex hormonal effects which in turn could 

affect spermatogenesis and secondly exposure could cause abnormalities in seminal fluid, 

resulting in functional or structural impairment of sperm.  

The scoring of sperm head abnormalities in the mice  is technically easy but the interpretation of 

results can be confounded by a number of factors such as variable periods of treatment prior to 

sample collection, frequency of sampling and method of collection or preparation of the sperm 

smear. Multiple samples from the sample individual may show wide range in sperm 

abnormalities even in the control mice. In spite of this variability there are many clear examples 

of chemically induced increases in sperm abnormalities, which is in agreement with the study of 

Odeigah (1997). 

 

Populations in the vicinity of hazardous waste sites may be exposed to dichlorvos for brief 

periods. Exposure would most likely occur by the inhalation route, but dermal exposure by 

contact with contaminated soil is also possible. Cases of accidental and intentional poisonings in 

humans (Hayes 1982) indicate that the central and peripheral nervous systems are the major 

target organs for dichlorvos toxicity by the oral and dermal routes. It can be inferred from animal 
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studies that this is true for inhalation exposure as well (Durham et al., 1957).This study however, 

is in support with this view.  

 

The finding from this study is in agreement with the studies of Gallo and Lawryk, 1991; Swan 

and Kruse, 2003, that linked pesticides exposure with decreased sperm quality, a higher sperm 

density with lower pesticide exposure.Hormone disruption is considered a possible contributor to 

low sperm count and dozen of pesticides are known or suspected hormone disrupters. This study 

also agrees with the findings of  Pages et al.,2002,that;treatment with 1-40 mg of  lindane/kg of 

body weight disrupts testicular morphology, decreases spermatogenesis, inhibits testicular 

steroid genesis, reduces plasma androgen concentrations and may adversely affect reproductive 

performance in males.  

 

CONCLUSION     

In the light of present observations, it is suggested that; 

 Indiscriminate use of DDVP should be avoided. 

 Matured male individuals should avoid places where DDVP is being used. 

 Clear instructions on method of application and precautions should be printed on the 

containers of DDVP to avoid mishaps. 
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ABSTRACT 

Strong solar activities were observed on the 6 and 13th December, 2006; a minimum 

phase of solar cycle 23. These flares, in the magnitude of X6.5 and X3.4 on December 6 

and 13, 2006 respectively, were absolutely unexpected, being a year of low solar activity. 

This study presents the impacts of the solar flares on African equatorial TEC 

measurements. TEC data from three African equatorial GPS stations, namely; Libreville 

(0.36°N, 9.67°E, 8.04
o
S mag. lat), Gabon; Mbarara (0.60°S, 30.74°E, 9.00

o
S mag. lat), 

Uganda; and Malindi (3.00
o
S, 40.20

o
E, 10.98

o
S mag. lat), Kenya were used for the study. 

The data were obtained from the International GNSS Service (IGS) network 

(ftp://cddis.gsfc.nasa.gov/gps/data/daily). Satellites‘ biases were removed from the raw 

data to obtain true slant TEC, which we converted to vertical TEC (VTEC), using a 

mapping function. The periods of flares occurrences were matched with the VTEC data to 

observe the effects of the flares on GPS-TEC. Both flares caused noticeable 

enhancements in TEC measurements at the three stations. These results further revealed 

the need for the space science community to also pay attention to the impacts of space 

weather on space and ground based systems during the minimum phases of solar cycles. 

 

Keywords: Flares; Equatorial GPS-TEC; Africa; Magnetic reconnection; Radio 

technology 

 

 

INTRODUCTION 

In December 2006, the active sunspot region 10930 on the sun unleashed four X-class solar 

flares on the earth‘s atmosphere. Solar flares are eruptive events that emanate from the sun's 

surface, leading to a release of huge amounts of energy through the magnetosphere to the earth‘s 

atmosphere (Holman, 2012).  

 

Solar flares are usually associated with accelerated charged particles, which are caused by 

magnetic reconnection. When two oppositely directed magnetic field components interact, the 

field lines topology changes as the lines break and reconnect, causing the charged particles to 

orbit round the field lines. The inflowing magnetic fields induce the formation of a thin current 

sheet which allows reconnection to occur (Ratcliffe, 1972). Most of the original magnetic energy 

is converted to kinetic energy, much of which is thermal. On the sun, magnetic reconnection 

happens on solar arcades (a series of closely occurring loops of magnetic lines of force). The 

sudden release of energy in this reconnection is the origin of the particle acceleration. The 

unconnected magnetic helical field and the material that it contains may violently expand 

outwards forming a coronal mass ejection (CME). This also explains why solar flares typically 

erupt from what are known as the active regions on the sun, where magnetic fields are much 

stronger on the average. X-ray and gamma-ray emissions are produced in the interaction of the 

accelerated particles with ions in the ambient thermal plasma. 

 

Solar energetic particles (SEPs) and their associated radiation from solar flares present health 

hazard to passengers on high altitude polar flights, and also to men on astronautic missions. 

Furthermore, solar eruptive events can wreck havocs on man-made systems, such as, 

communication and navigation systems (Cerruti et al., 2006; 2008; Kintner et al., 2009; Carrano 

http://en.wikipedia.org/wiki/Sun
http://en.wikipedia.org/wiki/Coronal_mass_ejection
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et al., 2009), electrical power grids, and satellite systems in space. These havocs could further 

lead to severe socio-economic consequences. 

 

The occurrence of solar flares causes the ionosphere to ionize and expand more, thereby 

enhancing its total electron content (TEC). TEC is one important parameter that has over-bearing 

influences on radio signals that propagate through the ionosphere (Klobuchar, 1996). 

Consequently, understanding TEC variations is very cardinal in designing robust systems that 

rely on trans-ionospheric radio technology. The aim of this study is to investigate the responses 

of African equatorial GPS-TEC to these solar flares, with a view to seeing how precise 

positioning service providers in Africa could continue to account for solar radio bursts in their 

operational plans at all phases of solar cycles.  

 

METHODS 

This study used the solar flare data of December, 2006 (www.spaceweather.com). The responses 

of GPS-TEC measurements from three African equatorial GPS stations: namely; Libreville 

(0.36°N, 9.67°E, 8.04
o
S mag. lat), Gabon; Mbarara (0.60°S, 30.74°E, 9.00

o
S mag. lat), Uganda; 

and Malindi (3.00
o
S, 40.20

o
E, 10.98

o
S mag. lat), Kenya to the flares were also investigated. 

Figure 1 shows the geographical locations of the GPS stations. The GPS-TEC data were obtained 

from the International GNSS Service (IGS) network (ftp://cddis.gsfc.nasa.gov/gps/data/daily). 

The data were archived in RINEX format. Satellites‘ biases were obtained from the Data Centre 

of the Bern University, Switzerland, and they were removed from the raw slant TEC data to 

produce the corresponding true slant TEC, and thereafter converted to vertical TEC (VTEC) by 

assuming that the ionosphere is a thin shell at an altitude of 350 km, via a mapping function 

given by Mannucci et al. (1993) and Ma and Maruyama (2003). In order to quantify the extent of 

the response of GPS TEC observations at each station to each solar flare, we compare the mean 

GPS TEC observations for the quiet days (Kp≤2) over the month with those of the actual days of 

the flare. Thereafter, following Akala et al. (2013), we evaluated the percentage variation of the 

GPS TEC measurements during the days of flares from those of the quiet days.  

100% 












 


Q

QF

TEC

TECTEC
Variation     (1) 

where TECF is the maximum VTEC for a storm day, and TECQ the maximum VTEC for a quiet 

day. 

 

RESULTS AND DISCUSSION 

Table 1 shows the solar flare parameters for 5, 6, 13, and 14th December, 2006. The solar flares 

of 5 and 6th December, 2006 recorded the highest magnitudes, densities in terms of proton per 

cubic centimeter, and sunspot numbers, but the slowest of all the flares. It is important to 

mention that it was only the solar flare of 5th December that occurred during the day-time hours. 

In fact, the flare occurred around the time of the day when the sun is overhead (high solar 

irradiance angle) at all the stations. The solar flare of 14th December recorded the least 

magnitude, but the fastest of all the four flares.  

 

Figure 2 shows the VTEC measurements for the 5–7th December, 2006, and the corresponding 

average measurements over the quiet days of the month for Libreville, Mbarara, and Malindi 

respectively. The highest TEC values were recorded at Libreville; 39.0 and 41.6 TECU on the 

5th and 6th respectively. The values were recorded as 31.7 and 32.0 TECU for the same days at 

Mbarara, and as 33.2 and 33.4 TECU at Malindi. The peak of the average TEC measurements 

over the quiet days of the month were recorded as 32.0, 25.0, and 26.0 TECU at Libreville, 

Mbarara, and Malindi respectively. Figure 3 is the same as Figure 2, but for the 12–14th 

December, 2006. Here, the highest TEC value was recorded at Libreville; 32.0 TECU on the 
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13th. There was a data gap at Libreville on the 14th. The values were recorded as 24.6 and 31.0 

TECU at Mbarara on the 13th and 14th respectively, and as 25.7 and 28.8 TECU at Malindi on 

the same days. In terms of % variations in TEC measurements as a result of flare-induced 

enhancements, the 5th December solar flare recorded 21.9% at Libreville, 26.8% at Mbarara, and 

28.5% at Malindi. On the 6th December, the values were recorded as 30.0%, 28.0%, and 27.8% 

respectively at the three stations. The 13th December solar flare did not cause any noticeable 

enhancement in TEC measurements at the three stations. On the 14th December, the % variations 

in TEC measurements are 24.0% at Mbarara, 10.8% at Malindi.  

 

Figure 4 shows the VTEC measurements for different satellites during the time of occurrence of 

the solar flare on the 5th December, 2006 at Libreville, Mbarara, and Malindi. The transparent 

bar represents the periods of sudden increase in TEC due to the enhanced radiation caused by the 

solar flare. All the other flares, except the 5th December flare occurred during the night-time 

hours at all the stations, hence, this analysis concentrated on only the 5th December flare. Within 

the time of the day at which the flare attained its peak value, a sudden increase in TEC, in the 

rate of about 0.5 TECU/min was observed (Figure 4). These sudden enhancements in TEC might 

have been caused by the more ionization and expansions in the ionosphere due to the occurrence 

of the solar flare. The sudden increments in TEC within the period of occurrences were not so 

noticeable for the other flares, reason being that they occurred during the night, when there was 

no solar radiation. However, the impacts of their occurrences were felt later during the day-time 

when the sun becomes active as the TEC values were observed to increase during the days of the 

flare as compared to the average values of TEC over the quiet days (Kp < 2) of the month 

(December, 2006), although, the event of the 13th December did not record any noticeable 

impact on TEC observations. Generally, the highest TEC values were recorded on the 6th 

December at all the stations, follow by the 5th December flare. Magnetic reconnection usually 

occurs on a densely looped magnetic field lines (arcades) on the surface of the sun (active 

region). The sudden release of energy in this reconnection gives rise to particles acceleration. In 

other words, the unconnected magnetic helical fields‘ ends and their constituents violently 

expand outwards to form massive eruptions that spew outwards from the surface of the sun 

towards the earth‘s atmosphere.  

 

Of all the four flares, the 6th December flare recorded the greatest proton density, and the 13th 

December flare recorded the least (Table 1). Perhaps, the loop of the magnetic fields on the 

surface of the sun on the 6th of December was denser than the other magnetic loop densities 

during the days of other flares. This could also account for the highest proton density that was 

recorded by the solar flare plasma of 6th December. The huge proton density of the solar flare 

plasma on the other hand could have enhanced the collisions of accelerated particles with 

ambient electrons and ions, to further thermalize the plasma to record the highest daily sunspot 

number, in comparison to other days of the investigation. This might also be the reason for the 

high strength of the flare, in terms of X-ray emissions. The density of the magnetic fields on the 

surface of the sun, which caused the 13th December flare, might be very low, given the low 

proton density recorded during the flare (Table 1). This might be responsible for the low 

geoeffectiveness of the 13th December solar flare. 

 

On a station-by-station basis, TEC recorded highest values at Libreville, and the impacts of the 

flares were more noticeable at the station. The reason for the observed increase in TEC in the 

Atlantic side as compared to the eastern side of the continent is not yet well understood. 

Paznukhov et al. (2012) had earlier reported the dominance of equatorial plasma bubbles in the 

Atlantic side of Africa, compared to the eastern side. They ruled out the possibility of spread-F 

seeding as the cause of the observed differences, given the small scale of the region involved, but 
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suspected that the differences in the ionospheric electrodynamics over the regions as a likely 

candidate for the observed differences. To establish these inferences on a firmer footing, further 

studies on ionospheric electrodynamics at different longitudes within the equatorial anomaly 

region of Africa would be required.  

 

CONCLUSION 

The 6th December solar flares impacted most on African equatorial GPS-TEC, causing an 

increment of about 10 TECU in TEC. The next most impacted event was the event of 5th 

December, while the 13th December flares did not show any noticeable impact on African 

equatorial GPS-TEC. Solar flares could cause sudden increase in TEC at the rate in the order of 

0.5 TECU/min or more in the sun-lit side of the earth, depending on the strength of the flare. 

Proton density is an important parameter that dictates the geoeffectiveness of a solar flare. 

Generally, the impacts of the flares were more at Libreville than the other stations investigated, 

and TEC also recorded highest values at Libreville. Surprisingly, these solar flares occurred 

during a solar minimum phase. This suggests that the impacts of solar flares on systems that rely 

on tran-ionospheric technology should be given scientific and technical attentions at all phases of 

solar activity.  
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FIGURE CAPTIONS 

Figure 1: A map of Africa, showing the GPS stations 

 

Figure 2: VTEC measurements, 5–7th December, 2006 (continuous line), average 

measurements over the quiet days of the month (dotted lines) for (A) Libreville [Ngkl], Garbon; 

(B) Mbarara [Mbar], Uganda; and (C) Malindi [Mali], Kenya. 

 

Figure 3: VTEC measurements for 12–14th December, 2006 (continuous line) and the average 

measurements over the quiet days of the month (dotted lines) at (A) Libreville [Ngkl], Garbon; 

(B) Mbarara [Mbar], Uganda; and (C) Malindi [Mali], Kenya. 

 

Figure 4: VTEC measurements for different satellites during the time of occurrence of the solar 

flare on the 5th December, 2006 at (A) Libreville [Ngkl], Garbon; (B) Mbarara [Mbar], Uganda; 

and (C) Malindi [Mali], Kenya. The dot-line bar represents the periods of sudden increase in 

TEC due to the enhanced radiation caused by the solar flare. 

 
Table 1: Solar Flares Parameters for December, 2006 (Source: www.spaceweather.com) 
Date X-Class    Time (UT)   Speed (Km/s) Density (Protons/cm

3
)       Sunspot No. 

05/12/06 X9.0 10:35 402.7 4.7 43 

06/12/06 X6.5 18:45 600.1 4.9 59 

13/12/06 X3.4 02:40 645.0 0.6 27 

14/12/06 X1.5 22:15 845.0 2.4 21 

 

 

 

 

http://dx.doi.org/10.1029/2004GL021467
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Figure 1: A map of Africa, showing the GPS stations 
 

 

 

 

 
Figure 2: VTEC measurements, 5–7th December, 2006 (continuous line), average measurements over the quiet 

days of the month (dotted lines) for (A) Libreville [Ngkl], Garbon; (B) Mbarara [Mbar], Uganda; and (C) Malindi 

[Mali], Kenya. 
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Figure 3: VTEC measurements for 12–14th December, 2006 (continuous line) and the average measurements over 

the quiet days of the month (dotted lines) at (A) Libreville [Ngkl], Garbon; (B) Mbarara [Mbar], Uganda; and (C) 

Malindi [Mali], Kenya. 
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Figure 4: VTEC measurements for different satellites during the time of occurrence of the solar flare on the 5th 

December, 2006 at (A) Libreville [Ngkl], Garbon; (B) Mbarara [Mbar], Uganda; and (C) Malindi [Mali], Kenya. 

The transparent bar represents the periods of sudden increase in TEC due to the enhanced radiation caused by the 

solar flare. 
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ABSTRACT 

The paper describes the derivation of a method based on Collocation and Interpolation 

technique known as Second Derivative Block Backward Differentiation Formula 

(SDBBDF) for the numerical solution of parabolic equations. The one-dimensional 

parabolic equation subject to integral boundary conditions is first discretized into a 

system of ordinary differential equations (ODEs) with initial conditions using Method of 

Lines. Then the derived block method (SDBBDF) is used to solve the resulting ODEs. 

The stability properties of the block method are investigated using the boundary locus 

plot and the method was found to be L-stable. The derived method is implemented on 

standard problems of parabolic equations and the results obtained shows that the method 

is reliable and efficient for the class of problem considered. 

 

Keywords:    Parabolic equation, Method of lines, L-stability, Second Derivative Block 

Backward Differentiation Formula, Collocation and Interpolation technique 

 

 

INTRODUCTION 

Consider the second-order Parabolic Differential Equation 

 
subject to initial conditions 

 
 

 

 
where  are given continuous functions which satisfies  

the existence and uniqueness conditions. In recent years, the investigation of problems for partial 

differential equations with integral conditions has become very important due to their practical 

interpretations. Cannon [5] is one of the first researchers to investigate this class of problems 

where integral conditions are used for the one-dimensional heat conduction equation. Other 

authors that proffer numerical methods for the solution of such problems are Li et al. [13], 

Dehghan [6-7] and Friedman [1]. Also, various problems arising from heat conduction [3], 

thermo-elasticity [10], plasma physics [2] and chemical engineering [14] can be reduced to 

integral problems. In this work, the approximate solution to the parabolic problem (1)-(4) will be 

given based on L-stable SDBBDF. The method of lines is used to reduce (1) with its initial 

conditions (2) and its integral boundary conditions (3) and (4) to a system of N first-ordinary 

differential equations with initial conditions of the form  

 
with initial conditions 

mailto:akinnukaweb@yahoo.com
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where  

 

 

In equation (5), the vector  arises from the use of integral boundary conditions  and 

 in (3) and (4). Solving (5) subject to (6) using L-stable Second Derivative Block 

Backward Differentiation Formula (SDBBDF) of order 5 will lead to the numerical solution of 

the given parabolic equation (1). Block methods were first introduced by Milne [9] and since 

then various block methods have been developed (see [4], [8], [9]). Block methods perverse the 

Runge-Kutta traditional advantage of being self starting and also have the novel property of 

simultaneously producing approximate solutions of the IVPs at more than one point. 

 

The rest of this paper is presented as follows: the numerical method is derived in section 2 and 

analysis of the derived block method is presented in section 3. The numerical results produced by 

this method are given in section 4 and the last section ends this paper with a brief conclusion.  

 

METHODS 

In this section, we develop the main method SDBDF with its additional method derived from its 

second derivative combined to form the 2-step Second Derivative Block Method on the interval 

 to  where  is the chosen step length. The main method SDBDF is of the form 

 
 

where   and  

 

, 

 is a node point and  are parameters to be obtained from the multistep 

collocation and interpolation techniques. The exact solution  is assumed to exist and unique 

in , we approximate the exact solution by seeking the continuous solution  of 

the form 

 
where  are unknown coefficients and  are the polynomial basis 

functions of degree 5. The number of interpolation points p and the number of the distinct 

collocation points q are chosen to satisfy   and  The proposed method is constructed 

by imposing the following conditions: 
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Equations (9), (10) and (11) lead to a system of  equations which is solved to obtain the 

coefficients . The values of  are substituted into (8) to yield the continuous form  

 

 
Where are continuous coefficients given as  

 

 
 

 
 

 
 

 
 

 
 

 
 

The main discrete method (SDBDF) is generated by evaluating (12) at the point  to 

obtain  

 
 

 Differentiating (12) twice with respect to , we have 

 

 
Where 
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The additional method is generated by evaluating (14) at the point  to obtain  

 

 
 

The methods (13) and (15) are combined to obtain -step SDBBDF of order 5 as 

 

 

 

                                                                                                                                                 (16) 

    

 

Analysis of SDBBDF 

The stability properties, consistency, convergence, local truncation error and order of SDBBDF 

method are discussed in this section. The method can be represented by a matrix finite difference 

equation in block form as 

 
where  

 

 

 

 

 
and the matrices  and  are by  matrices whose entries are given by the 

coefficients of equation (16) as 
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Local Truncation Error and Order of SDBBDF 

The local truncation error associated with -step SDBBDF methods can be defined to be the 

linear difference operator  

 
 

Assume that  is differentiable as often as needed, then by using Taylor series expansion to 

expand ,  and   in (4.20) about  we have 

 

 
 

Substitute ,  and    into (18) to obtain  

 
where  are constants given in terms of  and  

 

 

 

 
     

 
The block method (16) is said to have a maximal order of accuracy  if  

 
and if  

 
.  
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 is the error constant and  is the principal local truncation error at the 

point   Therefore, the values of the error constant calculated for SDBBDF (16) is given as  

with order  where T is the transpose. 

 

Zero-Stability 

The zero stability of the method in (17) is determined as the limit and the difference 

system (17) tends to 

 
 

whose first characteristics polynomial  is given by 

 
Following the definition, the block method (17) is zero stable for  and satisfies 

 Thus -step Second Derivative Block Backward Differentiation Formulas 

(SDBBDF) of order 5 is zero stable. 

 

Consistency and Convergence 

The block method (17) is consistent since it has order . Since the block method is 

consistent and zero-stable, and then the method (17) converges. 

 

Region of Absolute Stability  

The stability properties of the SDBBDF (17) is determined by applying the derived block 

formulae to the test equation 

 
Applying (17) to (21) and let  , we have 

 
which can also be written as   

 
where 

 
 

  is an amplification matrix that has eigenvalues of the form  where the 

dominant eigenvalue  is a rational function dependent on given by  

 

 
 

 is the Stability Function of SDBBDF (17). The Region of Absolute Stability (RAS) of the 

2-step SDBBDF is plotted using the boundary locus techniques. RAS plots the real values (x-

axis) against the imaginary values (y-axis) of the block method. 
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                          Fig.1   RAS of -step SDBBDF  

 

In Fig.1, the unstable region is the interior of the curve while outside the curve is the stable 

region which corresponds to the -step SDBBDF (17). Clearly, it is obvious that the method is 

L-stable since the stability region contains the entire left half complex plane and in addition 

   

 

RESULTS 

This section deals with some numerical examples executed in MAPLE 17 software to show the 

efficiency of the derived block method on parabolic equations. 

 

Example 1: From [see Dehghan [6]], we consider the PDE (1) subject to the initial condition (2) 

and integral boundary conditions (3)-(4) with the following  

 

 

 

 

 

 
  

 

The exact solution is  Some methods in [6] were compared with the derived 

block method (SDBBDF) for the solution of example 1 and it is shown that SDBBDF performed 

better than the existing methods in [6]. The relative errors of the numerical value of  

by SDBBDF and some methods in [6] and Li and Wu [13] are compared in Table 1. Table 2 

shows the numerical error of example 1 at . 

 

Table 1: Relative errors of numerical values of  for Example 1 

 
BTCS [6] Crandall [6] FTCS [6] Dufort-Frankel [6] Li and Wu [13] SDBBDF 

0.05 7.3E-02 3.8E-03 7.5E-02 7.8E-02 1.6E-03 5.4E-05 

BTCS-Backward Time Centered Space, FTCS-Forward Time Centered Space 

Unstable 
Region 
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Table 2: Numerical Results for Example 1 at  

 Exact ( ) SDBBDF( ) Error( ) 

0.1 0.0025 0.0024755 2.444E-05 

0.2 0.01 0.0099652 3.473E-05 

0.3 0.0225 0.0224587 4.123E-05 

0.4 0.04 0.0399542 4.575E-05 

0.5 0.0625 0.0624506 4.938E-05 

0.6 0.09 0.0899456 5.434E-05 

0.7 0.1225 0.12245160 4.839E-05 

0.8 0.16 0.16006866 6.867E-05 

0.9 0.2025 0.20313845 6.385E-04 

 

 

Example 2: we consider the PDE (1) subject to the initial condition (2) and integral boundary 

conditions (3)-(4) with the following  

 

 

 

 

 

 
which has an exact solution  Table 3 shows the numerical results of 

example 2 at  using  and  solved with SDBBDF. 

 

Table 3: Numerical Results for Example 1 at  using SDBBDF 

 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

 
8.82E-04 1.87E-05 3.15E-05 3.09E-05 

 

3.86E-05 

 

3.41E-05 

 

3.12E-05 

 

1.07E-05 

 

5.45E-04 

 

 
4.41E-06 

 

1.06E-06 

 

4.12E-07 

 

5.54E-07 

 

5.37E-07 

 

5E-07 

 

3.75E-07 

 

4.67E-07 

 

2.43E-06 

 

 

CONCLUSION 

 An -stable Second Derivative Block Backward Differentiation Formula (SDBBDF) has been 

employed successfully for the numerical solution of parabolic problems with integral conditions. 

Applying the classical method of lines, the parabolic problem with integral conditions is 

converted into a system of Ordinary Differential Equation (ODE). Then the resulting ODE is 

solved using SDBBDF. The numerical results show that SDBBDF is accurate and reliable for the 

class of problems considered. 
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ABSTRACT 

This work considered the deformation of bars of uniform and varying cross sections 

subjected to axial loading using finite element method. The governing equation for the 

deformation of elastostatic bodies provided the needed information in obtaining 

displacement of particles in the case of one-dimensional composite bodies in equilibrium 

such as bars. The finite element solution for axial deformation of homogenous bar, gave 

the exact solution when quadratic element was used. It was also obtained that the finite 

element solution for an axial deformation of homogeneous bar of varying cross section, 

gave an approximate solutions to a good degree of accuracy for the case in which the bar 

was discretized into two elements where quadratic element method had been adopted. 

Using this method, the finite element solutions for the axial deformation of composite 

bars of varying cross sections were presented. Results obtained were compared to cases 

in which the composite bars were homogenized with a view to showing the accuracy of 

the finite element method for cases in which the exact solutions were difficult to obtain 

through existing analytical tools. Reliability of the homogenization method was 

confirmed by comparing results from homogenized bars to cases of homogeneous bars 

where their exact solutions are known.  The results also showed that locations of 

materials in bars depending on purpose of exploitation affect deformations in bars, and 

these should be considered by structural engineers if they were to reduce disasters and 

cost resulting from modern day infrastructures and constructions. 

 
Keywords: Homogenous bars, Composite bars, Material properties, Finite element 

method, Homogenization. 

 

 

INTRODUCTION 

In engineering, the most common classification of structures is based upon a combination of the 

geometric configuration and the loading characteristics of the structure. From geometric and 

loading point of view, the simplest structure is a bar (Theodre, 1974). Practical examples of 

problems involving deformation of bars are provided by deformation of slender bodies under 

their own weights and concrete piers supporting bridges (Reddy, 2006). A bar is a crucial 

element to complex structures such as skyscrapers, bridges, machines, cranes among others. 

Structural and design engineers are interested in reducing cost and disasters. Increased rate of 

collapse of structures are thought by many to be the results of corrupt practices. However, 

insufficient analyses of deformation of structural members also contribute to the problem. The so 

called ‗substandard materials‘ may be used for the same purpose provided information on 

deformation on structural member is well understood (Akinola et. al., 2011). For this reason, 

composite materials such as steel-concrete and aluminium- bases composites had been studied 

(Ramesh and Senthivelan 2010; Ying et. al., 2010). 

Thus a good object of study is composite bars of varying cross sections which requires the 

application of a method which gives high degree of accuracy to the solution of axial deformation 

of composite bars especially in cases where the exact is difficult to be obtained using available 

analytical tools. Finite element method is a useful tool in this regard, and has been used in 

mailto:aborokini@unilag.edu.ng
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solving many initial- boundary valued problems in structural and solid mechanics which includes 

problems arising from deformation of reinforced composite columns (Sezen and Moehle, 2004). 

Finite element method is derived from discretizing weak formulation of a boundary value 

problem. It requires reformulating a boundary value problem into an equivalent variational 

problem, domain of the problem being partition into subdomains and then a function is defined 

and approximated on each subdomain (Han and Reddy 1999). 

Since the exact solution may be difficult to obtained, the finite element solutions are often 

verified through experimental results, but experimental results are also expected to have some 

errors when compared to the exact solutions. Homogenization method can be used as a tool to 

verify the accuracy of the finite element solutions (Akinola et. al., 2011). 

  

Formulations and Statement of the Problem 

Consider the boundary value problem 

 

 

Equations (1) and (2) are respectively the governing equation for the axial deformation of a bar 

of length L metre, and the boundary conditions (Reddy 2006). u m is the axial displacement, A m 

is the cross sectional area, E N/m
2
 is the material characteristics of the bar, ρg N is the body force 

due to gravity. If A and E are constants the exact solution is given by (Borokinni 2012); 

 

This work will consider finite element solutions of deformation of homogeneous and composite 

bars of varying cross sections. 

Most of the approximation methods for solving differential equations seek solution of the form  

 

U(x) represents the approximate solution, and (j=1,…,N) are approximate functions. Finite 

element solution also take the form (4) but uses the concept of variational method (Oden 1973), 

while variational method uses tools from calculus of variation, which is the technique for 

determining an extremum or stationary function which minimizes or maximizes a functional 

(Reddy 2006). This technique is very useful in constructing finite element model for this 

research work. 

 

Formulation of Material Characteristics and Cross Sectional Areas of Bars 

We shall consider homogeneous, composite and homogenized bars. Material characteristics E 

will be taken as constant in each subdomain of the whole domain after discretization so that E 

becomes piecewise continuous function in the domain of the problem (1) and (2). If E=E(x), then 

for a bar of unit length, we shall assume that; 
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Where E1, and E2 are constants. Clearly E=E(x) is piecewise continuous in the interval [0, 1]. In 

the sequel, we shall consider the effect of this on bars of constant and varying cross sections. 

 

Uniform and Varying Cross Sections 

In the case of a bar of uniform cross section, the solution of the boundary value problem (1) is 

given by (3). Clearly, the deformation is invariant of the type of cross section whether circular, 

elliptical or rectangular for the same value of cross sectional area. For any planar figure, the 

cross sectional area at a point x in [0, L] is given by (Borokinni 2012) 

  

 
Where a, b, c and d are constants. 

 

Finite Element Model 

Consider the governing equation for the axial deformation of a bar given by equation (1), the 

variational form which reduces the condition for differentialbility for u is given by (Reddy 2006; 

Han and Reddy 1999); 

 

where w is the weight function, and . 

Finite element method seeks solution of the form  

 

where are the nodal values of u at the nodes and are called the interpolation functions. e 

indicates the element‘s number after the domain has been discretized . 

For the problem at hand, we will discretized the domain into two elements of equal length so that 

the nodes are x1=0, x2=1/4 x3=1/2, x4=3/4 and x5=1. 

For an arbitrary element e, the weak form is 

 

By substituting (8) in (9) and taking w=  we have finite element model given by; 

 

where are expression due to the boundary of the interfaces of the  bar, and 
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We will used quadratic element method by choosing as a quadratic function of the form 

 

We will determine the interpolation functions by expressing  in terms of the nodal values 

 This implies that we will solve the system of equations 

 

The interpolations are; 

 

and 

 

We will use the local indices to assemble the elements, where is the nodal value at index i in 

element e. The assembly equation then becomes; 

 

where  

 

We will solve the matrix equation (16) for Ui, (i=1,2,…,5). From the boundary condition (2), U5 

= 0,  and .  

On homogenization of the boundary value problem (1) and (2), and assuming  we have 

(Akinola 1992) 

 

 

Where  and  is called effective or average solution. Let 

 and   then for uniform cross sectional area we have; 
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where . For n- different materials arranged in the bar, we have; 

 

where Ei (i=1,…,n) are constants. 

 

RESULTS AND DISCUSSION 

For a bar of unit length and uniform cross section, the finite element solution to the boundary 

value problem (1) and (2) following Akinola et. al., (2011) is given by; 

 

 

 

 On simplifying (18) and (19), we have 

 

Clearly, the finite element method with two quadratic element gives the exact solution for the 

axial deformation of a homogeneous bar of uniform cross section. 

Suppose the homogeneous bar is of varying cross section. Recall that we assume that the cross 

section varies in the form  which can be transformed to a bar of 

varying circular cross section of the form  

 

where q and k are constants. 

Suppose q=1 and k=1, then we have 
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Thus from the boundary value problem (1) and (2), the exact solution for homogeneous bar of 

varying cross section is given by  

 

Let us now determine the finite element solution for the axial deformation of a homogeneous bar 

of varying cross section. We will determine  and , where 

 

The assembly equation becomes; 

  

 

The solution of equation (27) (where ) is given by;    

. 

 

The finite element solution for the axial deformation of homogeneous bar of varying cross 

section is given by 

 

 

The table below compares the exact and finite element solution of a homogeneous bar of varying 

cross section                           

 

 

Table 1. Axial Deformation of a Homogeneous Bar of Varying Cross Section 
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I 
 

Finite 

Element 

solution 

Exact 

solution 

1 0.0000 3.8345 3.8333 

2 0.1000 3.6883 3.6954 

3 0.2000 3.4847 3.4889 

4 0.3000 3.2233 3.2218 

5 0.4000 2.9044 2.9000 

6 0.5000 2.5279 2.5278 

7 0.6000 2.1066 2.1083 

8 0.7000 1.6431 1.6441 

9 0.8000 1.1375 1.1370 

10 0.9000 0.5898 0.5886 

11 1.0000 0.0000 0.0000 

 

Finite Element Solution for the Axial Deformation of Composite Bar of Uniform and 

Varying Cross Section Made of Two Materials 

Following the earlier assumption made from (5) for a bar composed of different materials, and 

substituting this in (11) we have  

 

For a bar of uniform cross section, the assembly equation becomes; 

 
     where U5=0. From the assembly equation (31), the nodal values are 

 

 

Table 2 shows the finite element solution for the axial deformation of a composite bar of 

constant cross section made of two materials, where  and 

. 

 

Table 2: Axial Deformation of Composite bar of Uniform Cross Section 
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1 0.0000 6.0000 3.0000 4.5000 5.1250 3.8750 

2 0.1000 5.8500 2.9250 4.3875 4.3250 3.7250 

3 0.2000 5.6000 2.8000 4.2000 3.6250 3.4750 

4 0.3000 5.2500 2.6250 3.9375 3.0250 3.1500 

5 0.4000 4.8000 2.4000 3.6050 2.5250 2.6750 

6 0.5000 4.2500 2.1250 3.1875 2.1250 2.1250 

7 0.6000 3.6000 1.8000 2.7000 1.8000 1.8000 

8 0.7000 2.8500 1.4250 2.1375 1.4250 1.4250 

9 0.8000 2.0000 1.0000 1.5000 1.0000 1.0000 

10 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 

From table 2,  is the axial deformation of the homogeneous bar when the material 

characteristics is and is the finite element solution for the axial deformation of a 

composite bar made of two materials with  and , and  is the finite element 

solution for the axial deformation of a composite bar with  and .  is the axial 

deformation of the homogenized bar of uniform cross section, and it is the solution of 

homogenized boundary value problem (17) and (18). Notice that , which 

shows that homogenization could serve as way to verify the accuracy of the solution to the 

boundary value problem. 

For axial deformation of composite bar of varying cross section we have assumed 

 The assembly equation for this case becomes  

 

 

From the assembly equation, the nodal values are 

The finite element solution is given 

by 
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Table 3 shows the finite element solutions of axial deformation of composite bar with varying 

cross section. The table shows results of the homogeneous bars ( ). 

Table 3 also shows result when the bar is homogenized, where the effective solution is given by   

 

Where  From table 3, is the finite element solution for the axial 

deformation of a composite bar made of two materials with  and , and  is the 

finite element solution for the axial deformation of a composite bar with  and , and 

 represents the average of and . 

Table 3: Axial Deformation of Composite Bar of Varying Cross Section 

        
1 0.0000 3.8345 1.9172 2.8750 2.5705 3.1812 2.8759 

2 0.1000 3.6883 1.8442 2.7716 2.4244 3.1065 2.7655 

3 0.2000 3.4847 1.7423 2.6167 2.2207 3.0034 2.6121 

4 0.3000 3.2233 1.6117 2.4163 1.9594 2.8728 2.4161 

5 0.4000 2.9044 1.4522 2.1750 1.6405 2.7143 2.1774 

6 0.5000 2.5279 1.2640 1.8958 1.2640 2.5279 1.8960 

7 0.6000 2.1066 1.0533 1.5813 1.0533 2.1066 1.5800 

8 0.7000 1.6431 0.8216 1.2331 0.8216 1.6431 1.2324 

9 0.8000 1.1375 0.5688 0.8528 0.5688 1.1375 0.8532 

10 0.9000 0.5898 0.2949 0.4414 0.2949 0.5898 0.4424 

11 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 

It is obvious that arrangement of material in a bar affect the deformation of the bar. From table 3, 

when  the deformation at  is reduced when compared to the cases 

where . Also the homogenization serves the purpose of verifying the accuracy 

of the finite element method which can be observed from table 2 and table 3. From table 2 and 

table 3, it is clear that .  

CONCLUSION 

It has been shown that material locations in bars affect the axial deformation of bars. This work 

suggests to Engineers that appropriate composite bars can have equivalent or better effect when 

homogeneous bars are used. However, it should be noted that optimum location regime of 

materials is important. This is because materials that are arranged without prior knowledge of 

analysis of deformation of composite bars could be disastrous.  

 

In cases where the exact solutions are difficult to obtain, homogenization principle has proved 

useful in determining the accuracy of the finite element method. 
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ABSTRACT 

Secondary metabolites, proximate analysis and mineral content of the methanol extracts 

of Emillia coccinea, an under-exploited plant used for skin infections in South-Eastern 

Nigeria was investigated using standard methods. The secondary metabolites in Emilia 

coccinea were flavonoids, phenols, alkaloid, cardiac glycosides, tannins, saponins, 

anthraquinones and sterols.  The total protein, fats, carbohydrate, ash, and moisture 

content were carried out using the Association of Official Analytical Chemists methods. 

The proximate contents are as follows moisture, ash, fiber, protein, fats and carbohydrate 

in decreasing order. Elemental nutrients: Ca, Mg, Cu, K, Zn, Na, Fe Cr and Cd were 

analyzed using atomic absorption spectrometry; this revealed the presence of most of the 

nutrients in significant concentrations in the whole plant. The presence of these essential 

nutrients and minerals found in E. coccinea may suggest its utilization for medicinal 

applications in healthcare management systems, and in particular in management of skin 

infections. 

 

Keywords: Emilia coccinea, medicinal values. Secondary metabolites, Proximate 

analysis, Nutrients.  

 

 

INTRODUCTION 

The increased rate of skin diseases among children and young adults in the world especially in 

Africa is alarming. Knowledge of the chemical constituents of plants will aid in discovery of new 

drugs and their therapeutic strength, hence, justify their use in folk medicine. Emilia coccinea 

(Astereceae family) is an annual plant growing to 0.6 by 0.3m high in both tropical and 

temperate regions. It is known as ‗Odundun do‘, ‗Odundun-owo‘, or ‗Odundun-okun‘ in Yoruba, 

and ‗Ogwu afo‘ in Igbo. The leaves are eaten raw or stewed. In herbal medicine, the leaves and 

roots are used in the management of craw-craw, abscesses of the breast, yaws, lice, fever, 

ringworm, syphilis, hernia, gonorrhea, measles, cough, jaundice and snakebite (Odugbemi, 

2006). It is also used to treat ear infection (Tabuti et al., 2003). Some bioactivities have been 

confirmed in the laboratory. These include anti-diarrhoeal, antimicrobial and fungicidal activities 

(Ogbebor and Adekunle, 2005; Ndip et al., 2007).  

Phytochemical screening has revealed the presence of alkaloids, tannin, saponin, steroids, 

terpenoids flavonoids and cardiac glycosides (Edeoga et al., 2003; Mroczek et al., 2004). 

Mineral contents of the plant have not been reported. 

 

METHODS 

Collection and Preparation of Plant Materials 

The whole plants of Emilia coccinea were collected from Imo State, Eastern part of Nigeria in 

March 2012. The plant was authenticated by Mr Odeho, University of Lagos Herbarium, 

washed, air-dried, pulverized and kept in airtight container until ready for use. 

 

Extraction of Plant Material 

100g pulverized whole plant of E. coccinea were defatted with n-hexane and extracted with 

methanol for 72hours and filtered. The filtrates were concentrated to dryness using vacuo at 40
o
C 

to obtain a crude dark brown extract. 
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Phytochemical Analysis 

The tests were done to find the presence of the active phytochemical constituents (such as 

alkaloids, Phenols, tannin, cardiac glycosides, quinone, flavonoids, terpenoids, cardenolide, 

steroids, anthraquinones and saponin). The metabolites were determined by dissolving 2 g each 

of the methanol extract in different solvents and reagents. These were analyzed using methods 

described by Harbone (1984), Sofowora (1982) and Trease (1989).   

 

Proximate Analysis 

Analysis for proximate contents of the dried powder of Emilia coccinea was done by methods 

described by Association of Official for Analytical Chemistry-AOAC (1999). The sample was 

analyzed for moisture contents, carbohydrates, crude fibre, crude protein, total ash, crude fats 

(lipids). The nitrogen value which is the precursor for protein of a substance was determined by 

micro – kjeldahl method. The nitrogen value was converted to protein by multiplying to a factor 

of 6.25. All the proximate values were reported in percentage (AOCS 2000; Okwu and Morah, 

2004). 

 

Mineral Analysis 

The mineral content of the whole E. coccinea plant was investigated for its elemental 

composition by using atomic absorption spectrophotometer (AAS). The solution for the 

determination of mineral element was prepared by wet digestion using the aqua-regia method. 5g 

of the pulverized plant sample was accurately weighed into a crucible and transferred into a 

preheated muffle furnace at 550ºC for 5 hours. To the ash sample, 10ml aqua regia (nitric acid 

and hydrochloric acid, 1:3) was added and made up to mark with de-ionized water in a 50ml 

beaker. The resulting solution was stirred and filtered through a whatman no 540 filter paper and 

the filtrate taken for analysis. 

The elements magnesium, calcium, iron, copper, chromium, cadmium, potassium, sodium and 

zinc were determined from the above solution using the atomic absorption spectrophotometer 

Analyst 200 model. 

 

Statistical Analysis 

Results were presented in simple concentrations based on percentages and all data were 

expressed as Mean ± S.D of three independent values for each variable. 

 

RESULTS  

The methanol extraction gave a sticky brown extract with a yield of 3.2%.  

The results of phytochemical composition of the methanolic extract of whole plant of Emilia 

coccinea revealed the presence of alkaloids, flavonoids, saponins, tannins, anthraquinones, 

phenol, steroids and cardiac glycosides. Terpenoids, cardenolides and quinones were absent as 

shown in the plant (Table 1). 

The proximate analysis of E. coccinea revealed that the whole plant contained: 9.98% protein, 

30.96% crude fat, 0.37% moisture, 4.77% ash, 5.41% crude fiber and 56.90% carbohydrates 

(Table 2). The result showed that the plant has appreciable amount of carbohydrate and fat, 

30.96% and 56.90% respectively. 

The mineral composition analysis of E. coccinea revealed the presence of varying amounts of 

minerals in the order: Cu > Ca > Mg > Zn>Fe > Na > K as shown (Table 3). The mineral content 

which was reported for the first time, to the best of my knowledge, implies that the whole plant 

of E. coccinea contain appreciable amounts of minerals which could be valuable in the disease 

prevention related to malnutrition. 
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DISCUSSION  

The result from proximate analysis of E. coccinea (Table 2) showed higher content of 

carbohydrate (56.90%) compared to leaves of Amaranthus hybridus (52.18%) (Akubugwo et al., 

2007). The high carbohydrate in this study agrees with that of Novak and Haslberger, (2000), 

which confirm the high nutritional values of E. coccinea. Carbohydrates are considered to 

contribute to the bioactivity of plants. Carbohydrates or high fibre fraction of diets, broadly 

classified as polysaccharides or indigestible carbohydrates are known to inhibit colonization of 

pathogenic microbial flora in the intestines (Guarner and Malagelada 2003), hence, contribute 

significantly to anti-fungal activity of the plant. The protein content suggests its importance in 

cellular function and tissue regeneration (Whitney and Rolfes 2005). High fats content (30.96%) 

shows the health benefits of this plant for malnourishment management. The moderate fibre 

(5.41%), very low moisture (0.37%) and (4.77%) total ash contents implies its digestibility and 

high absorption rate to provide energy requirements for cellular and gastrointestinal functions. 

Preliminary phytochemical screening of whole plant of E. coccinea reveals the presence of 

medicinally active phytochemicals which could be responsible for the bioactive properties of the 

plant. This result is in accordance with the result obtained ( Edeoga, et al., 2005), whose aqueous 

extract also revealed the presence of cardiac glycosides, flavonoids, saponins, alkaloids, steroids, 

tannins, alkaloid and terpenoid. It is also similar to another report from South-west Nigeria 

which reported alkaloids, flavonoids, phenols, tannins and saponins present in  

E. coccinea, however, anthraquinones, cardiac glycosides and sterols were not reported. 

 

The presence of alkaloids in the plant may explain its antifungal activities; alkaloids are reported 

to have antifungal activities (Rios and Recio, 2005). The presence of anthraquinones also 

supports the use of the plant in treating fungal skin infection like craw-craw and ringworm (Lai 

et al., 2004), hence, add to its medicinal value. The phenol and flavonoids found in this plant are 

known to be source of plant based antioxidants which protect the organs and tissues in the body 

from oxidative cell damage. The high poly-phenolic contents correlate with its wide range of 

physiological and health benefits such as, anti-allergic, antiviral, antibacterial, antifungal anti-

inflammatory and anti-parasitic activities (Pietta, 2000; Yue et al., 2004; Gerald et al., 2007).  

Appreciable concentrations of various elements were revealed from the elemental analysis whole 

plant of E.coccinea.  Calcium has 677mg/kg, magnesium 567mg/kg, copper 683mg/kg, zinc 

113mg/kg, these elements were found in high concentration while potassium 29mg/kg, sodium 

42mg/kg and iron 42mg/kg were found to be in moderate concentration when compared to other 

elements. The mineral composition was lower than the values reported (Faleye et al., 2012). 

Magnesium helps maintain muscles, nerves, bones and zinc. The above observed elements have 

physiological importance and maintenance of cellular enzymatic functions; especially calcium. 

Oxygen transport and cellular activity are enhanced by elements such as copper and iron. Zinc 

found in significant amount in the plant is an important requirement in protein synthesis, normal 

body development and recovery from illnesses and management of diabetes (Muhammad et al., 

2011).  Chromium which is involved in insulin regulation and sugar metabolism was absent in 

the plant. Cadmium was also absent. The ratio of sodium to potassium is however greater than 

one which is above the recommended value (FDN 2002), this might be of great concern due to 

the probability of increasing high blood pressure . 

 

CONCLUSION 

The results of this investigation justify the ethno-botanical use of Emilia coccinea plant. Hence, 

further work need to be done to quantify the secondary metabolites present and also to isolate the 

bioactive metabolites. 
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TABLES 

Table 1: Phytochemical Compositions of Whole Plant of Emilia coccinea    

 

          

    

 

 

 

Phytochemicals Compositions 

 

Methanol extract        

    Alkaloids                                                                              + 

   Flavonoids                                              + 

 Saponins                                                                            + 

 Terpenoids                                             - 

Tannins                                                  + 

Cardenolides                                           - 

 Anthraquinones                                                                                                                   + 

Phenols + 

Sterols                                                                 + 

Quinones                              - 

Cardiac glycosides                                   + 

Key: - = Absent;   + = Present 
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Table 2: Proximate Composition of Emilia coccinea     

Nutrients                                Moisture 

content                              

Crude 

ash                                         

Crude 

fibre                                      

Protein    Crude fat    Total 

carbohydrate                           

Compositions (%) 0.37 ± 

0.123 

4.77 ± 

0.006 

5.41 ± 

0.005 

9.98 ± 

0.040 

30.96 ± 

0.006                                 

 56.90 ±     

0.250                                                

Mean values of three determinations, mean ± S.D    

 

Table 3: Mineral composition of Emilia coccinea 

 

Elements 

 

Concentration (ppm) 

Calcium                                     0.677 ± 0.003 

Magnesium                               0.567 ± 0.003 

Iron                                            0.042 ± 0.004 

Copper                                      0.683 ± 0.035 

Chromium                                          -   

Potassium                                   0.029 ± 0.168 

Cadmium                                                   - 

Zinc                                            0.113 ± 0.004 

Sodium  0.042 ±  0.005 

Mean values of three determinations, mean ± S.D 
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ABSTRACT 
Patient Medical Record is undoubtedly known to contain sensitive information and 

should therefore be guarded against any form of vulnerable attack. The motive behind 

Conventional Medical Record (CMR) is to electronically gather information that has to 

do with patients from different departments in any given hospital, medical insurance 

company or atypical standard clinic. Obviously, CMR has provided in no small measure 

various benefits for health services through optimum savings in terms of cost, efficiency, 

reasonable turnaround time, precision and speed. Despite these benefits, CMR poses 

great security and privacy challengesdue to the fact that all patients‘ medical record are 

maintained and sustained in a centralised system which as a result may inadvertently, 

deliberately and carelessly be accessed, modified, manipulated, alteredor misused by 

illegal and unauthorised parties.To circumvent these challenges therefore, the authors 

propose a Flexible Column-Based Access Control (FCBAC) Model for CMR. This model 

is proposed since CMR has its sensitive information stored in columns. The objective is 

to achieve privacy and security of patients‘ data by enforcing access restrictions and 

control policies on sensitive and valuable information in columns. The paper describes 

the design of a novel and efficient architecture which was used to investigate and 

implement FCBAC. A database of CMR records is used to depict a partial 

implementation of this scheme and the results obtained showed the efficiency of FCBAC 

in securing patient information. The prototype was implemented using Java Runtime 

Environment 1.7.0.7 (32-bit) for the workflows that define the prototype‘s task. The 

results show that the prototype is effective, reliable and efficient as aimed at achieving 

proposed framework for access control, security and privacy. 

 

Keywords: Patient, Medical record, Privacy, Access control, Column-based. 

 

 

INTRODUCTION  
No nation in the globe will take with levity, the security of its patient‘s information in the 

hospital be it a private or government owned. The sensitive nature of the medical information 

regarding any patient has undoubtedly created a serious research forum for many security experts 

in the area of electronic health care system. Prominent among the approaches being employed to 

handle this challenge include but not limited to role based access control (RBAC) (Zhao & 

Chadwick, 2008), mandatory access control (MAC) (McLean, 2008), discretionary access 

control (DAC) and access control list (ACL). These are regarded as popular security models. 

Computer systems have been used to run multiple applications and serve multiple users since its 

invention. This in the long run, has led to heightened awareness of data security issues. System 

administrators and software developers have therefore focused on different kinds of access 

control to ensure that only authorized users are given access to certain data, resources or 

operations. 

 

Availability, integrity and confidentiality are important features in information security.  These 

features are great issues and concern both in the military and commercial sectors. Confidentiality 

has in no small measure received a great attention; this could be attributed to its main relevance 

in the military applications. Integrity however is most applicable and useful to both the 

mailto:nazeez@unilag.edu.ng
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commercial and industrial applications. This is to ensure that data are protected and secured from 

alteration and modification by unauthorised users (McLean, 2008). 

Information systems in other fields may also make availability of information its major concern. 

Thus the need for security models that handles these three concerns in health care systems quite 

well is needed. This project introduces another kind of security model that takes the three major 

concerns of information in an information system into consideration. This model is known as the 

Column Based Access Control Model which is aimed at handling security challenges in CMR. 

 

Related Work 

A lot of projects has been carried out and implemented for achieving security and privacy for 

patient information. South Africa (Health, 2010) and European Union (Epsos, 2010) are well 

known cases that could be easily referenced in this regard. 

DAC as one of the prominent security models could not guarantee the required privacy. This is 

due to the fact that the database management cannot establish and provide adequate data 

protection on sensitive information that is contained in a column (Harrison&Ruzzo, 1976). 

MAC (Jajodia, 1991) on the other hand can provide access control for databases at column or 

cell-level. The access control is however not flexible, therefore will not adapt to changes with 

time. 

 

Some other approaches have been proposed for achieving access control and maintaining 

adequate security for patient‘s information (Jin &Ahn, 2009). Some of these approaches adopt 

RBAC security model which has inadequate feature to secure sensitive health related information 

(Lunt & Denning, 1990). 

The structure of role, policy management and role permission in electronic health system are so 

complex (Yang &Barringer, 2007). Sensitive and vital information are usually placed and 

distributed in columns in electronic health database. Column based access control has the 

required capabilities to provide protection for information stored in a column. 

To this end, the authors propose a flexible column-based access control model for conventional 

medical record. Few of the existing security models that have been adopted in the past for similar 

projects are explained hereunder. 

 

a. Role Based Access Control  

Role based access control was first implemented in 1992 by David Ferraiolo and Rick Kuhn and 

is presently the predominant model for advanced access control.(Sandhu R. S., Coyne, Feinstein, 

& Youman, 2014) 

In order to ensure strong management and governance in an organization, a robust framework 

around access control is necessary. This can be attained using the Role Based Access Control 

(RBAC) framework and an enterprise-wide role definition system. 

A role could be regarded as the foundation and basis for access control policy and principle. 

Roles are usually created by the system administrators depending on the job schedules and 

functions in a typical establishment. Permissions are granted to those roles and thereafter users 

are finally assigned the roles base on their job specifications in an organisation (Sandhu R. S., 

Coyne, Feinstein, & Youman, 1996). 

 

Two main ways by which RBAC assigns permissions to any user are management role 

assignment policies and management role groups. Either of these methods assigns users with 

appropriate permissions in order to carry out their jobs. Another advanced method of assigning 

permissions to users is called the direct user role assignment (Microsoft, 2012). Figure 1 shows a 

graphical representation of RBAC. 
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Figure 1 : graphical representation of the rbac model  

 

b. Clark-Wilson Model 

The Clark-Wilson model is a security model that was first described in a 1987 paper (A 

Comparison of Commercial and Military Computer Security Policies) by David D. Clark and 

David R. Wilson (A computer Scientist and an Accountant) and updated in 1989 (Blake, 2000). 

The model is primarily concerned with information integrity and this is maintained by preventing 

corruption of data items in a system as a result of error or malicious intent. 

 

Clark and Wilson partitioned all data in a system into two: constrained data items (CDI) and 

unconstrained items (UDI). The (CDI) are objects that the integrity model is applied to and they 

must be protected while (UDI) are objects whose integrity is not assured by the model (Ge, 

Polack, & Laleau). Two approaches are therefore used for protection on the data items. The 

integrity verification procedure (IVP) which is the first procedure checks and ensures that data 

are very valid. The transformation procedure (TP) which is the second approach manipulates the 

data items from a valid state to another valid state. 

 

If only a transformation procedure is able to change data items, the integrity of the data is 

maintained. Integrity enforcement systems usually require that all transformation procedures be 

logged, to provide an audit trail of data item changes.(Blake, 2000). The graphical representation 

of the Clark Wilson model is depicted in Figure 2. 

 

 
Figure 2: graphical representation of the Clark Wilson model 

 

c. Lattice-Based Access Control (LBAC) 

LBAC is a difficult access control security models based on the relationship and interaction 

between subjects (such as groups or organizations) and objects (such computers, and 

applications). 
These models were developed by Bell and Lapadula and first formally defined by Denning in 

1976. Although they were developed for military systems, the theory and concepts are however 

applicable to any system that involves information flow. These systems are basically concerned 

with confidentiality but can deal with some aspects of integrity (Sandhu R. S., Lattice-Based 

Access Control Models, 1993). 
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In this model, a lattice is adopted to state the security level that a particular object should have 

and which a subject might gain access to. The subject is permitted to access and retrieve any 

object if the level of the security of a subject is more than or the same as that of an object. 

The strength of this model is its attention to confidentiality. It also applies to integrity to some 

extent. Its weakness however is its tenuousness to availability of information.  

 

d. Access Control List 

According to (Ellen & Rouse, 2006), an access control list (ACL)  

“is a table that tells a computer operating system which access rights a particular user has to a 

particular system object, such as a file directory or individual file. Each object to be accessed 

has a security attribute that identifies its access control list and this list has 

an entry for each system user with access privileges” 

Anytime a subject makes a request for an operation on any object using ACL security model, the 

OS confirms the ACL for an appropriate and applicable entry to know if the demanded operation 

is allowed, authorised or permitted. For instance, if a file has an ACL that contains (Brad, edit), 

this would give Brad permission to edit the file. 

It can further be explained and described as a list of Access Control Entries (ACE). Each ACL 

specifies and classifies a trustee and identifies as well the access permissions and rights denied or 

allowed for that particular trustee. 

The security descriptor (contains the security information associated with a securable object) for 

a securable object can contain two types of ACLs, a DACL and a SACL (Microsoft, 2014). 

ACL security models are used in file systems, networks and very recently, SQL 

implementations.It is evident therefore, that ACL models deal mainly with confidentiality and 

does not really involve itself with integrity or availability of information. Herein lays its strength 

and weakness. 

 

e. Take-Grant Protection Model  

This model is a security model mainly used to disprove and establish the protection of a 

computer system that adheres to certain rules. 

The Take-Grant System is ―a model that helps in determining the protection in a computer 

system. This system was introduced by Jones, Lipton, and Snyder to show that it is possible to 

decide on the safety of a computer system even when the number of subjects and objects are very 

large, or unbound. This can be accomplished in linear time based on the initial size of the 

system‖ (Denning, 1995). 

The take-grant system models a safety and protection system which consists of a set of states and 

state transitions. The connections between the nodes of the system are shown by the directed 

graph. The nodes are illustrative as well as representative of the objects or subjects of the model 

(Denning, 1995). 

 

f. Mandatory Access Control 

MAC is considered as the most technical and strictest of all control levels (Techotopia, 2009) as 

a result of this feature MAC is mainly used by any form of government. MAC is a security 

model that prevents the tendency or ability of any resource owners have to deny or grant access 

to resource object in any given file. The criteria for MAS are usually defined by the system 

administrator. The access criteria are imposed by the OS or the security kernel which cannot be 

altered or manipulated by any user. 

MAC is used both in the military and government agencies. It works by assigning a classification 

label to each file object. These classifications include top secret, secret and confidential. 

Whenever a user or device intends to access a resource, the security kernel and OS will confirm 

the credential of the entity to know if access permission will be allowed. To keep the users and 
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the objects up to date, MAC requires adequate and careful planning as well as continuous 

scheduling. 

MAC can be compared with lower-level DAC which permits individual owners of resources to 

assign security controls and make their own policies. 

 

g. Discretionary Access Control 

Relating to computer security, discretionary access control (DAC) is a type of access control 

defined by the Trusted Computer System Evaluation Criteria "as a means of restricting access to 

objects based on the identity of subjects and/or groups to which they belong. The controls are 

discretionary in the sense that a subject with certain access permission is capable of passing that 

permission, often indirectly, on to any other subject (unless restrained by mandatory access 

control)". 

This access control model is commonly discussed in contrast to mandatory access control (MAC, 

sometimes termed non-discretionary access control). Occasionally a system as a whole is said to 

have "discretionary" or "purely discretionary" access control as a way of saying that the system 

lacks mandatory access control. On the other hand, systems can be said to implement both MAC 

and DAC simultaneously, where DAC refers to one category of access controls that subjects can 

transfer among each other, and MAC refers to a second category of access controls that imposes 

constraints upon the first. 
 

Research Questions 

To investigate and address the challenges posed by inadequate security, unreliable and inefficient 

access control of conventional medical information, the following research questions were 

articulated:  

 What are the notable consequences usually emanating from vulnerable conventional 

medical records? 

 How can we ensure the protection and security of conventional medical information from 

any form of vulnerability by using a flexible columned-based approach? 

The first research question has been attended to at both the introduction and literature review 

sections while the second research question has been addressed by the FCBAC architecture 

framework presented. 

The diagram shown in Figure 3 illustrates the functionality of the secured FCBAC-CMR system. 

The implementation of the system starts out with the System Security Administrator. The 

administrator creates security policies for each relation, row and most importantly sensitive 

columns in the database. These policies are, of course, created as described by the clients (system 

owners).  

 

 

 

 

 

Figure 3: proposed architecture for FCBAC-CMR  
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The policies are stored in the database and when a sensitive column is requested by a system 

user, the policies defined for that column (if any) are called. Information returned to the 

requesting user, depends greatly on these policies and if any restrictions are made on that column 

for that particular user, such restrictions are respected and no results are returned. Other columns 

with no restrictions or valid requests are however returned to the requesting user as results of the 

user‘s query or executed depending on the query sent.  

 

Hospital Workers’ Roles and Permission 

Few of the roles and permissions used for the initial implementation of the architecture are listed 

below: 

1. Doctor : Add, Update and Delete Patient Records 

2. Nurse: Update and View Patient Records 

3. Pharmacist: Update and View Patient Records 

4. Counsellor: View Patient Records 

5. Patient : Update and View own Record 

6. Insurance Companies and other External bodies: View Client Records 

 

FCBAC-CMR Scheme 

Our Dynamic Column Based Access Control Scheme comprises of these components:  

- Users  =  {U_ID| U_ID is the identifier of a user in the system} 

- Roles =  {RL_ID| RL_ID is the identifier of a role in the system} 

- Sensitive Columns (C) = {T1.c1, T1.c2, T1.c3… T1.cm1, T2.c1, T2.c2… T2.cm2… Tn.cmn| Ti 

represents the relations or tables in the system database and set {Ti.c1, Ti.c2… Tn.cmi} 

refers to columns in tables of the database, where 1 ≤ i ≤ n and  m,n є N} 

- Operations = { SELECT, UPDATE, DELETE} 

 

Now relating these components, we have: 

1. User-Role Assignment (U-RL):  U-RL= { (RL, {u1… un}) | RL є Roles, and ui є 

Users, where 1 ≤ i ≤ n } 

2. Permissions (P) : P = {(ci,filt) | ci є C, and filtє FIL where FIL is a set of filters. filt 

represents a predicate in an SQL statement that results in ―true‖ or ―false‖ }.  

(ci,filt) defines a permission that indicates that tuples satisfying predicate filtaccessible 

over column ci. 

3. Permission-Operation Relation (POR): POR = {(pi, og… oj) | pi є P, oi є Operations}. 

POR defines the operation set a given permission allows. 

4. User-Role-Permission-Operation Relation (URPO): URPO: (UURL)         PO. 

URPO: {(s, (c,f), o) | s є UURL, (a,f) є P, and o є 2
operations 

 

Implementing FCBAC-CMR in MySQL Database 

A database of CMR records is used to depict a partial implementation of this scheme. This 

database contains 6 patients and 3 doctors. Few of the screenshots obtained are shown below.  
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Figure 4: record of all patients in the system (queried by root user).  

 

The root user is the only user allowed access to records of all patients.However, in this system, 

doctors are only allowed to view their patients. Some columns (age, sex) are also restricted from 

view of doctors. This is done by creating what are known in MYSQL as views for each doctor. 

This view disables the selection of other patients that are not handled by a particular doctor. So 

whenever a doctor queries patients, only patients handled by this doctor are returned. As shown 

below, doctors with ID 12, 72 and 107 can only view patients assigned to them. 

 

 
Figure 5: Doctor with ID 12 query result.  

 

 

Fig 6: Doctor with ID 72 Query Result. Only patients handled by this doctor are returned. 
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Fig 7: Doctor with ID 107 Query Result. Only patients handled by this doctor are returned. 

 

The details of the implementation shall be well demonstrated during the oral presentation. 

 

CONCLUSION 
In this paper we propose, a Flexible Column-Based Access Control (FC-BAC) Model mainly to 

achieve effective and reliable access control in a CMR. Though, this research is at the initial 

stage of implementation. We plan to investigate further by carrying further implementation by 

using Oracle 10g in order to obtain a more reliable result. With little experimentation carried out 

so far, it is believed that a real life implementation of this proposed architecture will assist 

towards improving the security of health related information. 
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KINETICS OF THE REACTIONS OF 2,4-DINITROFLUOROBENZENE WITH SOME  

PRIMARY AMINES IN TOLUENE AND TOLUENE-ETHANOL MIXTURES 

 

A. I. Babatunde, N. A. Adebare, A. D. Adesina & A. M. Olusegun 
Department of Chemistry, University of Lagos, Akoka, Lagos. 

 

ABSTRACT 

The kinetics of the reactions of 2,4-dinitrofluorobezene (DNFB) with benzylamine, n-

butylamine, cyclohexylamine and isopropylamine respectively were investigated. Kinetic 

measurements were made spectrophotometrically at the absorption maxima of the 

products of reaction. Rate constants were calculated from absorbance data by standard 

methods. The reactions of benzylamine, n-butylamine and cyclohexylamine were 

insensititive to amine concentrations while that of isopropylamine was base-catalysed. 

The base catalysis of the reaction involving the primary amine, isopropylamine is 

attributed to steric compression in the intermediate complex involving the amine, the 

reversion to reactants of which would produce charge neutralization and relief from 

strain, thereby lowering k2/k-1 ratio. The addition of small amounts of ethanol to toluene 

medium in the reactions of DNFB with all the amines produced moderate rate increase 

contrary to expectation. The unusual increase in rate is attributed to an enhanced 

electrophilicity of the carbon atom at the reaction centre due to solute - solvent 

interaction of the leaving group, fluoride ion and hydrogen bond donor, ethanol in the 

first step of reaction. The mechanism of the reactions studied are rationalized in terms of 

the cyclic transition state involving four-membered ring for uncatalysed reactions and 

six-membered ring for the reaction catalysed by one molecule of amine.   

 

Keywords: Nucleophilicity, Zwitterionic intermediate, Base catalysis, Solvent, 

Mechanism   
 

 

INTRODUCTION 
The kinetic studies of nucleophilic aromatic substitution are still an area of active research as 

they play a key role in the synthesis of chemical compounds for therapeutic usage. The widely 

accepted mechanism for nucleophilic aromatic substitution (SNAr mechanism) is the addition - 

elimination mechanism involving the formation of intermediate complex, the formation or 

decomposition of which may be rate determining depending on the nature of the substrate, the 

leaving group capability, the nucleophile and most often the solvent (Terrier, 1991; Crampton et 

al., 2006; Isanbor and Babatunde, 2009; in Sun Koo, 2010). Solvents have been found to play a 

major role in many chemical and physical processes (reaction rates, selectivity, chemical 

equilibrial, position and intensity of spectral absorption bands) (Reichadt, 2003; Mohammad et 

al., 2011). The mechanism of SNAr which is fairly well established in polar protic and polar 

aprotic solvents is subject to controversy in non-polar aprotic solvents due to anomalous kinetics 

such as quadratic dependence of reaction rate on nucleophile concentration and inverse 

temperature effects observed for reactions in the latter (Nudelman and Palleros, 1983; Banjoko 

and Bayeroju, 1988; Hirst, 1994). The mechanisms  

 

proposed to rationalize the unusual observations for SNAr in these solvents include the cyclic 

transition state (Banjoko and Babatunde, 2004) and dimer mechanism (Nudelman and Palleros, 

1985). Kinetic studies involving added hydrogen bond donor solvent (HBD) at low 

concentrations to inert solvents have provided remarkable effects that could lead to better 

understanding of the mechanism of SNAr in these media. Of particular interest is the observation 

of rate diminution in toluene and benzene at low concentration of HBD, methanol, for some 

SNAr involving activated phenyl phenyl ethers and anisoles with primary and secondary amines. 
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In contrast, continuous rate increase was observed for the base catalysed reaction of 2,4,6-trinitro 

phenyl phenyl ether with aniline and that of 2,4-dinitrofluorobenzene with piperidine in similar 

mixed solvents. To gain further understanding of SNAr mechanism in non-polar aprotic solvent 

and in particular the conflicting effect of HBD addition in such media, the kinetic study of 2,4-

dinitrofluorobenzene with some primary amines were investigated.   
   
METHODS  

 DNFB, amines and toluene were the purest available commercial samples. Kinetic 

measurements were made spectrophotometrically at the absorption maxima of the products of 

reaction using Varian Cary 50 or 100 UV-Vis spectrophotometers. Rate constants were measured 

at 30 
o
C under pseudo-first-order conditions with substrate concentrations of 1×10

-4
 - 1×10

-5
 mol 

dm
-3

 and were calculated by standard methods. Values are precise to ±3%. 

 

RESULTS AND DISCUSSION 

The reactions of 2,4-dinitrofluorobenzene (DNFB) with the amines in toluene gave the expected 

products of substitution in > 95% yield. Kinetic measurements were made 

spectrophotometrically with the concentration of the amine in large excess of the substrate 

concentration and first-order kinetics were observed. Division of the pseudo-first-order 

coefficient by the appropriate concentration of the amine gave the second – order rate 

coefficient, kA, as presented in Tables 1. The general substitution processes are interpreted by 

Scheme 1. The application of steady - state hypothesis to the mechanism depicted in Scheme 1 

gives equation (1) when the amine acts both as the nucleophile and as the catalysing base. 

 

 

Both the formation of the intermediate and its decomposition can be rate determining. When the 

condition k2 +k3
B
[B] >>k-1 holds, equation (1) reduces to kA =k1 such that the formation of the 

intermediate is rate limiting, otherwise the reaction proceeds through base catalysis. 
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The values of second-order rate constants kA for the reactions of DNFB with n-butylamine, 

benzylamine and cyclohexylamine in pure toluene were found to be nearly insensitive to the 

amine concentrations. The plot of kA against amine concentration for benzylamine gave catalytic 

effectiveness (k3/k2) value of 29.27. Similar plots for n-butylamine and cyclohexylamine also 

gave low values of catalytic effectiveness. The implication of this is that these reactions are not 

base catalysed in line with Bunnett‘s deduction.  For the reactions of DNFB with n-butylamine, 

benzylamine and cyclohexylamine, the condition of k–1 << k2 + k3[B] holds for  equation (1), 

therefore,  equation (1) simplifies to equation (2).  

kA = k1                              (2)  

 

BASE CATALYSIS 

 One of the important factors associated with the occurrence of base catalysis in SNAr is the ratio 

of k2 to k-1 (k2/k-1). Reactions with k2/k-1 << than 1 are based catalysed while those with  k2/k-1 

>> 1 are not. Extensive kinetic studies have shown that k2/k-1 ratio is frequently much lower for 

secondary amines compared with primary amines of comparable basicity, the consequent of 

which is that the reactions with the primary amines are often not base catalysed. In the present 

investigation, only the reaction of isproplamine with DNFB is base catalysed while those of n-

butylamine, benzylamine and cyclohexylamine with the same substrate were not. There is 

general agreement that the decomposition of intermediate complex to give products in an 

uncatalysed SNAr reaction occurs through intramolecular hydrogen bonding involving a four 

membered ring as depicted in Scheme 2 for the reaction of cylohexylamine with DNFB. 

  

Scheme 2 

The reactions of n-butylamine and benzylamine respectively, with DNFB in toluene can be 

rationalized using the above mechanism. These reactions are not base catalysed and the rate 

determining step is the first step involving the attack of nucleophile on the substrate.  The order 

of first-order rate constant (Table 1) in the reactions is n-butylamine >> benzylamine >> 

cyclohexylamine. The pKa of these amines are relatively the same and the variation in their rate 

of reactions parallels the steric factors in the moleculs which have been shown to to decrease in 

the order n-butylamine >> benzylamine >> cyclohexylamine. The reaction of DNFB with 

isopropylamine in pure toluene is base catalysed where the condition of  k–1 >> k2 + k3[B] 

holds for  equation (1) to give equation (3).  

   

The plot of kA against amine concentration gave a linear graph shown in Figure 1. The catalytic 

effectiveness (k3/k2) calculated from the slope and intercept has a value of 119. The fluoride ion 
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is not particularly a poor leaving group in protic solvent but becomes so in non-polar aprotic 

solvent due to the high demand for solvation of the ion which cannot be provided by the solvent.
 

The low value of  k2/k-1 ratio for isopropylamine can be attributed to steric compressions in the 

intermediate complex, I (Scheme 3). The reversion of the intermediate complex to reactants 

leads to a charge neutralization, thus k-1 is expected to increase strongly in non polar solvent like 

toluene, reducing the k2/k-1 ratio unless a compensating effect of larger magnitude operates on k2.  

In the base catalysed step, another amine molecule assists the departure of the leaving group 

through hydrogen bonded transition state, II to give the final product. The cyclic transition state 

presents an alternative route for the decomposition of zwitterionic intermediate involved in SNAr 

reactions without aggravating the level of electronic charges which cannot be supported in a non-

polar medium like toluene. The concept has been used to rationalize the anomalous kinetics often 

observed for SNAr reactions in non-polar aprotic solvents (Banjoko and Ezeani, 1982; Emokpae 

and Atazie, 2005). 

  

Solvent Effect 

The addition of small amounts of ethanol to toluene medium for the reactions of DNFB with all 

the studied amines produced moderate increase in reaction rates and the results are presented in 

Table 2. Many SNAr reactions in non-polar and HBD mixed solvents have been found to display 

diminution in rate at low concentration of the latter when the leaving group on substrates were 

alkoxide and phenoxide ions (Nudelman and Palleros, 1994; Banjoko and Bbatunde, 2004). The 

diminution in rate observed by Nudelman and Palleros in the reaction of 2,6-dintroanisole with 

cyclohexylamine in toluene - methanol mixtures was attributed to attributed to solute - solvent 

interaction in which the nucleophilicity of the amine is lowered. Similar observation by Banjoko 

and Babatunde ( 2004) of rate decrease in the reactions of phenyl-2,4,6-trinitrophenyl ether with 

cylohexylamine and piperidine in toluene-methanol mixtures was  interpreted on the basis of 

solute - solvent interaction. The formation of aggregate via hydrogen bonding between amines 

and methanol has been widely studied (Kollama and Allen, 1971). The methanol molecule acts 

as a proton donor to the amine resulting in the formation of aggregate of reduced nucleophilicity 

shown below.  

ROH + RNH2         ROH-----NH2            

 It has been suggested (Javad et al., 2011; Habibi-Yangjeh, 2004; Macini et al., 2002) that in 

mixed solvents, solute - solvent interactions are much more complex than solvent - solvent 

interactions because of the possibility of preferential solvation by any of the solvent in the 

mixture and on the other hand, solvent - solvent interactions can strongly affect solute - solvent 

interactions.  The amine - methanol aggregate formation in which the nucleophilicity of amine is 

unfavoured should result in rate decrease in SNAr reactions, particularly in uncatalysed reaction 

where the first step is rate determining. Contrary to expectation, the addition of small amounts of 
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ethanol to toluene medium in the reaction of DNFB with n-butylamine, cyclohexylamine and 

benzylamine respectively produces moderate rate increase in the present study. In all these 

reactions, the first step is rate determining and whatever effect that is responsible for rate 

increase must be operational in that same step. To rationalise the observation in  we suggest 

substrate - ethanol interaction in the form of hydrogen bond formation.  This effect could 

strongly enhance the electrophilicity of carbon at the reaction center, hence, an increased rate. 

There is therefore an interplay of two factors of opposite effects in the first step of the reaction. 

The first being solute - solvent interaction of ethanol- amine and the second, solute - solvent 

interaction of fluorine (substrate) - ethanol. It is reasonable to assume the predominance of 

fluorine - hydrogen bond over nitrogen - hydrogen bond with the resultant moderate increase in 

reaction rate. This effect may not be observed when there is weak hydrogen bond or when its 

formation is sterically hindered.    

                                                            

CONCLUSION 
Addition of hydrogen-bond donor (HBD) solvent, ethanol to toluene medium in SNAr reactions 

of n-butylamine, cyclohexylamine, benzylamine and isopropylamine respectively with DNFB 

produced moderate rate increase. Only the reaction of isopropylamine is base catalysed while 

others are uncatalysed. The observed increase in rate is attributed to an enhanced electrophilicity 

of the carbon atom in reaction center due to solute - solvent interaction of the leaving group 

fluorine and ethanol.  
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Table 1.  Kinetic data for the reaction of 2,4-dinitrofluorobenzene with n-butylamine (nBTA),   

 benzylamine (BEA), cyclohexylamine (CHA) and isopropylamine (ISPA) in Toluene at 30
o
C 

 
Table 2.  Kinetic data for the reaction of 2,4-dinitrofluorobenzene with the studied amines in    

  Toluene – Ethanol mixtures at 30
0
C. 

 

 

  

 

 

 

 

 

 

 

 

 

 

[Amine]  (moldm
-3

)                                             k2 (dm
3
 mol

-1
 s

-1
) 

 CHA nBTA BEA ISPA 

0.001   0.0621  

0.002  0.327 0.0691 0.145 

0.003  0.334 0.0702 0.158 

0.004  0.342  0.186 

0.005 0.053 0.400 0.0798 0.233 

0.0075 0.0 54    

0.010 0.061  0.0804 0.264 

0.015 0.063    

0.02 0.066    

0.03 0.073    
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Figure1 : The plot of kA  against amine concentration for the reaction of 2,4-dinitrofluorobenzene     

with isopropylamine,(IPA)  

 

[Amine] 

(moldm
-3

) 

Ethanol 

   % 

n-butylamine Piperidine Benzylamine Isopropylamine 

0.003 0.0 1.002 0.053 0.211 0.474 

0.003 0.6 1.435 0.081 0.690  

      

0.003 0.8 1.667 0.089 0.707 0.386 

0.003 1.0 2.018 0.071 0.766 0.346 

0.003 2.0 2.213 0.094 0.803 0.683 

      



9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

216 
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ABSTRACT 
The inhibitive effects of aniline, p-nitroaniline (PNA), m-nitroaniline (MNA), p-

aminoacetophenone (PAAP), m-aminoacetophenone (MAAP) and m-anisidine (MASD) 

on acid corrosion of aluminium in 1 M HCl solution were investigated using chemical 

technique. All the additives displayed impressive inhibitory effects on acid corrosion of 

aluminium in the acid medium except PNA and MNA. The reduced protection 

efficiencies of PNA and MNA are attributable in one part to the reduced nucleophilicity 

of the amines by electron withdrawing capability of  nitro group and on the other part, the 

partial reduction of same in acid with  resultant heat of hydrogenation that aids the 

desorption of  inhibitor molecules from aluminium metal surface. The inhibition 

efficiencies of the tested compound are attributed to the adsorption of their molecules on 

aluminium surface and the adsorption was found to obey kinetic/thermodynamic El-

Awady adsorption isotherm. The results from the analysis of kinetic/thermodynamic 

parameters from the latter revealed that the mode of adsorption of inhibitors is 

physisorption, however, the physisorption of PAAP may be laced with chemisorption. It 

is suggested that each molecule of inhibitor occupies more than one active site.  

 

Keywords: Adsorption isotherm, Surface coverage, Substituent effect, Physisorption, 

Corrodant 

 

 

INTRODUCTION 

Aluminum has been found very suitable for usage in various fields due to its special 

characteristics such as good appearance, low cost, excellent electrical and thermal conductivities, 

low density, low cost and good appearance. It is particularly suitable for neutral or oxidizing 

substances such as paraffin, alcohols, nitric acid, hydrogen peroxide, etc (Safak et al., 2012; 

Sherif and Park, 2005; Monsaviferal et al., 2013; Meng et al., 2009). The metal and its alloys are 

generally known to be good corrosion resistant materials, however, they still suffer from 

different forms of corrosion depending on the service environment.  

The use of corrosion inhibitors amidst several other options for controlling the corrosion of the 

metal is one of the best methods for protecting metals against corrosion. Most of the well known 

acid inhibitors are organic compounds that contain nitrogen, sulphur, oxygen and multiple bonds 

in the molecules through which they are absorbed on the metal surface (Martinez and Stern, 

2002). Research on organic corrosion inhibitors have extended to the study of the relationship of 

inhibitor structure to its adsorption properties and mechanisms of adsorption. The adsorption of 

chemical compound are influenced by the electronic structure of the inhibiting molecules,  steric 

factors, aromaticity, electron density at the donor atoms and the presence of functional groups 

(Bentisi et al., 1999; McCafferty et al., 1970; Bentiss et al., 2005; El - Taib and Heakal, 1980; 

Ekpe et al., 1995; Metikos et al.1994). 

The present study is aimed at investigating the electronic and steric effects of substituents on 

aniline derivatives in the inhibition of aluminium corrosion in 1M HCl solution using weight loss 

technique. 
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METHODS 
Concentrated HCl (37%) and aniline derivatives were obtained as the purest commercial 

samples. 

Weight - Loss Measurements. The weight - loss method of monitoring corrosion rate has been 

found suitable due to its simplicity and reliability (Popova et al., 2003). The weight - loss 

measurements were carried out with aluminium sheets which were mechanically press – cut into 

3 cm by 2 cm coupons of 0.38mm thickness. The corrodant of 1 M HCl solution was prepared by 

dilution from analytical grade concentrated HCl of 37%. The coupons were used as supplied 

without further polishing. However, they were degreased in absolute ethanol, rinsed with double 

– distilled water and dried in acetone. The samples were immersed in the corrosive medium (80 

cm
3
 of 1 M HCl) with and without the tested compounds. After 90 minutes, the samples were 

removed, washed with double - distilled water and dried. All runs were done in duplicate. The 

weight loss was calculated in grams as the difference between the initial weight prior to 

immersion, and weight after removal of the corrosion product. 

The percentage inhibition of each additive on the corrosion of aluminum was calculated at the 

different times using equation 1: 

 

 
 

Where Wc and Winh  are the uninhibited and inhibited weight losses, respectively.  

 

RESULTS AND DISCUSSION 

Effect of concentration of inhibitors on inhibition efficiency 

The inhibition efficiencies for all studied compounds increase with increase in inhibitor 

concentration except for para- and meta-nitroaniline as shown in Table 1. Similar increase in 

inhibition efficiency with inhibitor concentration for organic molecules in the inhibition of metal 

corrosion are extensively reported in literature (Oguize, 2007; Ekpe et al., 1995; Fouda and 

Ellithy, 2009; Lagrenee et al., 2001; Sorkhabi, 2005; Safak, 2012). The inhibition of aluminum 

corrosion in the present study is attributed to the adsorption of inhibitor molecules on the metal 

surface thereby reducing the level of interaction between the metal surface and acidic medium. 

The order of increase in inhibition efficiency for studied inhibitors as clearly reflected  in Figure 

1 is p-aminoacetophenine (PAAP) > m-aminoacetophenone (MAAP) > aniline > m-anisidine 

(MASD) > m-nitroaniline (MNA > p-nitroaniline (PNA).The efficiency of an organic compound 

as a successful inhibitor has been shown to be dependent on its ability to be adsorbed on the 

metal surface which in turn depends on the electronic structure of the molecules due to the 

presence of appropriate functional groups, aromaticity, electron density at the donor atoms and 

orbital character of donating electrons. Table 1 shows that aniline and its derivatives exhibit 

excellent to fair inhibition of aluminium corrosion in 1 M HCl solution.  The ability of aniline 

and its derivatives to inhibit the corrosion of aluminium is attributable to the basicity of the 

amino group in the compounds. Substituted anilines have different basicities depending on the 

electronic and steric effects of the substituent groups. Electron withdrawing group at para 

position decreases the basicity of aniline and this is reflected in the relatively lower inhibition 

efficiency of para- nitroaniline as compared with aniline. Apart from the inductive effect of 

nitrogen on aniline, the nitro compound is also partially reduced in acid medium. 

It is worthy of note that para-aminoacetophenone inhibit the corrosion of aluminium remarkably 

better than aniline despite the presence of electropositive carbonyl carbon. One reasonable 

explanation for the unexpected observation could be that hyperconjugative effect of the methyl 

group adjacent to the electropositive carbon, promote the availability of carbonyl oxygen for 
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interaction with active center on the metal surface. Moreover, it has been suggested by many 

authors that adsorption of surface active organic compounds increase with increase of molecular 

weight (Rajeev et al.; 2012).  

It is interesting to note that the meta-anisidine did not inhibit the corrosion of aluminium as much 

as aniline.   

 

Adsorption parameters 

It has been established that adsorption of molecules on metal surface is responsible for corrosion 

inhibition by organic molecules. The mode of adsorption and the adsorption isotherm that best 

describe experimental data are important in any corrosion study. The adsorption isotherm that 

best fit the surface coverage of molecules on metal surface provides important information on the 

interaction of molecules with metal surface. 

Surface coverage (Ө) can be obtained using equation (2) 

 

                    

The application of Langmuir adsorption isotherm for the adsorption process did not give a 

satisfactory fitting but a better result was obtained using kinetic/thermodynamic isotherm of El-

Awady as given in equation (3) 

      

where C is the inhibitor concentration, Ө is the fraction of the metal surface covered with 

inhibitor molecule and Kads is the equilibrium constant for the adsorption process. In El-Awady 

model, the number of active sites, y is included. Values of 1/y less than one implies multilayer 

adsorption while a value of 1/y greater than unity suggests that a given inhibitor molecule 

occupies more than one active site.  The fitting of experimental data to El-Awady isotherm gave 

good correlation for aniline, para-aminoacetophenone and meta-aminoacetophenone and the 

calculated parameters are presented in Table 2.   

The equilibrium constant for adsorption is related to the standard free energy of adsorption by 

equation (4) 

 

   
 

where R is universal gas constant, T is the absolute temperature and 55.5 is the molar 

concentration of water in solution in mol dm
-3

. The values of Kads and ΔGads
o 

for aniline are 

presented in Table 2. The negative value of ΔGads
o
 is an indication of spontaneous adsorption of 

the molecules on metal surface. There is general agreement that values of ΔGads
o
 of up to -20 

kJ/mol signify  physisorption in which charged adsobate molecules are attracted to charged 

metallic surface, while values around -40 kJ/mol are attributed to chemisorption in which dative 

bonds are formed between inhibitor molecules and empty orbitals on metal surface. The values 

of ΔGads
o
 for the inhibitors used in the present study ranged from 17.43 to 21.22 kJ mol

-1
. The 

inhibition of aluminium corrosion by aniline and meta-aminoacetophenone can be said to be by physisorption 
while that of para-aminoacetophenone could be by mixed physisrption and chemisorption. 
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CONCLUSION 

From the present study, it is concluded that: 

(i) All the tested compounds inhibit the corrosion of aluminium in 1 M HCl to different 

 extents depending on the type of substituent present on the phenyl ring of amines. 

(ii) The thermodynamic adsorption parameters obtained support physisorption mode of 

 adsorption for MNA, PNA, and MASD, MAAP but a mixture of physical and chemical

 adsorption for PAAP. 

(ii) Each inhibitor molecule interacted with more than one active sites.  
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Table 1. Values of inhibition efficiency at different concentration for different inhibitors 

for the corrosion of aluminium in 1 M HCl solution at 30 
o
C after 90 minutes. 

   

 [inhibitor]  

(M) 

Aniline PAAP MAAP Meta 

Anisidine  

MNA PNA 

7.5 x 10
-4 

20.90 65.50 43.30 12.01 15.98 10.79 

1.0 x 10
-3 

25.30 70.70 46.30 21.86 11.46 7.00 

2.0 x 10
-3

 30.70 74.90 54.00 28.85 7.88 5.02 

3.0 x 10
-3

 38.8 80.90 60.40   49.22 5.59 4.58 

 

 

Table 2. Calculated parameters from El-Awady isotherm.    
 [inhibitor]  

(M) 

Kads ΔGads
o
 1/y R

2
 

Aniline
 

18.36 -17.43 kJ mol
-1

 1.70 0.977 

PAAP
 

82.60 -21.22 kJ mol
-1

 1.92 0.951 

MAAP 25.46 -18.38 kJ mol
-1

 2.04 0.992 
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Figure 1. Plot of inhibition efficiency against inhibitor concentration for the corrosion of aluminium 

in 1M HCl solution containing different inhibitors at 30 
o
C after 90 minutes. 

      PAAP = para-aminoacetophenono; MAAP = meta-aminoacetophenone; MASD = meta-anisidine 

 

  

 

Figure 2. Langmuir adsorption isotherm for the corrosion of aluminium in 1M HCl solution 

containing different inhibitors at 30 
o
C after 90 minutes. 

      PAAP = para-aminoacetophenono; maap  = meta-aminoacetophenone;  

Inhibition Efficiency 

Concentration (M) 
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Abstract 

The present study was carried out to investigate the effect of position of substiuent on the 

antibacterial activities of the ligands and its metal complexes. A new series of copper(II) 

complexes (2-(2-hydroxybenzylideneamino)phenol)copper(II) (CuA), (3-(2-

hydroxybenzylideneamino) phenol)copper(II) (CuB), (4-(2-hydroxybenzylideneamino) 

phenol)copper(II) (CuC) of Schiff base 2-hydroxybenzylidene-2-aminophenol (A), 2-

hydroxybenzylidene-3-aminophenol (B), 2-hydroxybenzylidene-4-aminophenol (C) were 

synthesized and characterized on the basis of physical properties, elemental analysis, 

spectral (FT-IR, 
1
H NMR, UV-Vis) and magnetic susceptibility measurements. The 

Schiff bases behave as bidentate ligands coordinating to metal through imine nitrogen 

and hydroxyl oxygen. All the complexes have square-planer geometry. The ligands as 

well as their metal complexes were evaluated for antibacterial activity against several 

bacterial strains, such as E. coli, S. aureus, P. aeruginosa, B. cereus, E. faecalis and K. 

pneumonia. It was found that metal complexes are more potent as compared to 

uncomplexed ligands.  

 

Keywords: Antimicrobial agents, Copper (II), metal complex, Schiff base, aminophenol.  

 

 

INTRODUCTION 

Schiff bases obtained from salicylaldehyde and their metal complexes show a wide spectrum of 

antimicrobial properties (1-3). Antimicrobial activity is a property of both inorganic and organic 

substances, and the exploitation of such activity is a matter of considerable practical importance 

in the development of antiseptics, sanitizers, germicides, bactericides, sporicides, virucides and 

disinfectants (4). Schiff bases have played a great role in the development of coordination 

chemistry as they readily form stable complexes with most of the transition metals (5). Metal 

complexes of Schiff bases are specifically of interest in bioinorganic chemistry because many of 

these complexes provide biological models in understanding the structure of biomolecules and 

biological processes (6). Theses complexes may statistically mimic the spectroscopic or other 

physical properties of an enzyme (7). Many researchers have studied the synthesis, 

characterization and structure activity relationship (SAR) of Schiff base metal complexes (8-11), 

but much work has not been reported on the effects of position of substutuents on the Schiff base 

metal complexes of aminophenol derivatives. In line with this, a new series of copper (II) 

complexes with Schiff bases of 2-hydroxybenzylidene-2-aminophenol, A, 2-

hydroxybenzylidene-3-aminophenol, B, 2-hydroxybenzylidene-4-aminophenol, C have been 

synthesized and characterized. Effects of position of substituents on the antimicrobial activity 

have been studied to determine the derivative that exhibited a better activity. This study will lay 

basis in further study of compounds with different derivatives in structure activity relationship. 

The stereochemistry of the complexes is reported for the first time.  
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METHODS 

Materials 

All reagents and solvents were of analar / spectroscopic grades and used without further 

purification. Ethanol, chloroform, dimethylsulfoxide, salicylaldehyde, 2-aminophenol, 3-

aminophenol, 4-aminophenol, copper (II) chloride, were purchased from Aldrich-Sigma 

company. 

 

Physical Measurements 

Microanalytical data were obtained on a Perkin Elmer model 2400 series II CHNS/O elemental 

analyzer. Infrared (IR) spectra of the compounds were recorded on a Bruker FT-IR (ATR) tensor 

27 spectrophotometer directly on samples of the compounds in the range 400 to 4000 cm
–1

.  
1
H-

NMR spectra in DMSO-d6 solution of the ligands were recorded on a Bruker Avance III 400 

MHz. Chemical shifts were reported as δ relative to TMS as internal standard. Electronic 

absorption spectra of the compounds were recorded from 200 to 800nm on a freshly prepared 

CHCl3 solution using a Cary Model 50 spectrophotometer. Melting points (
o
C) were determined 

on a Reichert Thermovar melting-point apparatus and are uncorrected. Magnetic susceptibility 

measurements were made on powdered samples using a Sherwood Scientic magnetic 

susceptibility balance. Hg[Co(SCN)4] was used as the calibrant and corrections for diamagnetism 

were calculated from Pascal‘s constants. 

 

Synthesis of Schiff Bases 

Equimolar quantities of salicylaldehyde and corresponding amine (10 mmol)   were dissolved in 

ethanol (50ml) and stirred under reflux at 70
 o

C
 
  for 6 h.  The precipitate formed was separated 

by filtration, re-crystallized from ethanol, dried and stored in a desiccator. 

 

Synthesis of Metal Complexes 

An ethanolic solution (40 ml) of Schiff base (4 mmol) was mixed with an ethanolic solution (20 

ml) of Cu(II) chloride (2 mmol). The solution was made slightly alkaline with triethlyamine. The 

mixture was refluxed for 4 h. The solid product obtained was filtered hot, washed in ethanol and 

dried in vacuum. 

 

Biological Studies 

The Schiff bases and metal complexes were individually tested against a panel of standard 

microorganisms namely Escheriachia coli (ATCC 8739), Staphylococcus aureus (ATCC 6538), 

Pseudomonas aeruginosa (ATCC 19582), Bacillus cereus (10702), Enterococcus faecalis (ATCC 

29212) and Klibsella pneumoniae (ATCC 10031).  

 

Disc diffusion assay    

Antibacterial activity of Schiff bases and metal complexes were carried out in triplicate using the 

disc diffusion method (12). Molten Mueller-Hinton agar was inoculated with the bacteria 

suspension which had been adjusted to the 0.5 McFarland standard and poured into sterile 90 

mm Petri dishes. Schiff bases and Metal complexes were dissolved in DMSO to obtain a final 

concentration of 10 mg/ml. Sterile Whatman No. 1 (6 mm) discs were separately impregnated 

with each sample to be tested and placed on the inoculated agar. The plates were incubated at 

37
o
C for 24 h and the zones of inhibition measured at the end of the incubation period. 

Ampicillin was used as reference compound. 

 

Minimum inhibitory concentration (MIC) 

The minimum inhibitory concentration (MIC) of the Schiff bases and metal complexes were 

determined using the 96-well micro-plate dilution method (13). Serial plate concentrations of 
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5.0, 2.5, 1.25, 0.625, 0.312, and 0.157, 0.078 and 0.039 mgmL
-1

 were prepared for each 

compound. Each was inoculated with 108 cfu mL
-1

 of 0.5 McFarland standard bacteria 

suspension and incubated for 24 h at 37
o
C. As an indicator of bacterial growth, 20 μL of 0.2 

mgmL
-1

 p-iodonitrotetrazolium solution (a colourless tetrazolium) was added to each well and 

incubated at 37
o
C for 30 min. Growing bacteria matabolise this salt to give a red product 

(formazan). Inhibition prevents this conversion resulting in a clear well. MIC values were 

recorded as the lowest concentration of compound preventing bacterial growth. 
 

RESULTS AND DISCUSSION 

Synthesis 

The Schiff base ligands were prepared by the reaction of salicylaldehyde and aminophenol in a 

1:1 ratio stoichiometry as illustrated in Scheme 1 below.  Analytical and physical data is 

represented in Table I. The compounds were isolated in good yield. 
1
H NMR data revealed that 

the Schiff bases were isolated while microanalysis confirmed the purity of the ligand. 

Treatment of the ligands A, B and C with Cu(II) chloride yields complexes (Scheme 2) 

corresponding to the general formula [CuL(X)n ] where L = A, B or C,  X = H2O or Cl and n = 2. 

The analytical data show that the metal to ligand ratio is 2:1. The complexes were soluble in 

common organic solvents; chloroform, DMF, DMSO.  
 

C
H

OH

H2N

R

O reflux,70oC

OH

C
H

N

R
R

A = 2-OH

B = 3-OH

C = 4-OH

ethanol
+ H2O

6 h

 

Scheme 1: Synthetic route to Schiff bases A – C 

 

OH

C
H

N

R

CuCl2.6H2O

ref lux, 70oC

ethanol, 4 h

O

H
CN

O

C
H

N

Cu

Schif f base metal complex

R

R

X= H
2
O or Cl

n= 2

X
n

2

Schif f base

 

Scheme 2: Synthetic route to Schiff base metal complexes CuA –CuC
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Table I: Physical properties and analytical data of synthesized compounds 

 

Infra-red Spectroscopy  

In order to study the binding mode of Schiff base to metal in the complexes, IR spectrum of the 

free ligand was compared with the spectra of the metal complexes. IR spectra bands of the 

ligands and their metal complexes are presented in Table II.  

  
Table II: IR and 

1
H-NMR spectra data of synthesized compounds 

Compound ν(C=N) ν(C-O)   ν(O-H)   ν(Cu-N) ν(Cu-O) Chemical shift δ (ppm) 

HC=N                OH 

A 1616 1287 3040 - -    8.69                   9.11 

CuA 1612 1268 3050 487 536 -                         -                    

B 1584 1225 3294 - -    8.38                    8.77 

CuB 1581 1190 - 442 532 -                        - 

C 1607 1272 3104 - -    8.36                    8.78 

CuC 1601 1266 3204 513 540 -                         - 

 

Infrared spectra of the Schiff base ligands, A
 
, B and C shows characteristics absorption bands in 

the  1616, 1584 and1607 cm
-1

 regions, assignable to C=N . These bands due to the azomethine 

nitrogens of the Schiff base underwent a shift to lower frequency 1612, 1581 and 1601 cm
-1

 upon 

complexation, indicating the involvement of nitrogen of the azomethine group in coordination 

(14). The C-O band which occur at 1287, 1225 cm
-1

 for the ligand A, B was moved to lower 

frequencies 1268, 1190 cm
-1

  (CuA and CuB ) after complexation which indicates that the shifts 

are due to the coordination of the phenolic oxygen of the ligand to the metal ion (15), it can be 

concluded that the Schiff base is a bidentate ligands coordinating via the azomethine N and the 

phenolic O. The broad band at 3204 cm
-1

 for CuC complex indicates the presence of coordinated 

water molecule. The new bands observed in the complexes in the region 442-513 and 532-536 

cm
-1

  were assigned to Cu – N and Cu – O bonds respectively (16).  

 

3.3 1H NMR Spectra 

The 
1
H NMR spectrum of the ligands (A, B and C) in DMSO show signal at 8.36, 8.38, 8.69 

ppm (s, IH, N=C-H) assigned to the azomethine protons.The peaks at 8.77, 8.78, 9.11ppm is 

attributed to phenolic protons (s, IH, phenolic ─OH) respectively. 

 

3.4 Magnetic Susceptibility Measurements and Electronic Absorption Spectra   

The electronic spectra and magnetic moments of Schiff bases and their metal complexes are 

presented in Table III. The electronic spectra of the free ligands and its metal complexes were 

studied in chloroform solution. In all the spectra of the ligand, three absorption bands appear in 

the region 240-268nm, 270-303nm and 343-355nm assigned to п→п* and n→п*. Electronic 

Compound Formula 

weight 

Yield % Color M.pt oC Micro-analytical data  

found(cald) 

%C                      %H                        %N 

A C13H11NO2 74 Red 146-147 73.43(73.23)       6.44(6.57)      5.10(5.20)                                       

CuA C26H20Cl2CuN2O4 57 Green Decomp>293 56.43(55.87)      2.96(3.61)      4.89(5.01) 

B C13H11NO2 71 Orange 82-83 73.01(73.23)      5.16(5.20)      6.57(6.57) 

CuB C26H22Cl2CuN2O4 61 Brown Decomp>250 55.32(55.67)      3.97(3.95)      5.54(4.99) 

C C13H11NO2 65 Orange 98-99 73.23(73.23)      5.11(5.20)       6.61(6.57) 

CuC C26H24CuN2O6 79 Brown decomp>273 60.32(59.59)      4.95(4.62)       5.71(5.35) 
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spectra of Cu(II) complexes showed absorption bands in the region 306-328nm assigned to 

charge transfer (CT) and 391 – 446 nm due to d→d transitions attributed to 
2
Big → 

2
Aig 

transition of four coordinate, square-planar geometry. This d-d transition is in the region of that 

observed for structurally well characterized complexes of copper(II) N-alkylsalicyladiminates 

with square planar geometry(17). This was further corroborated with the magnetic moments 

values of 1.76-1.88 B.M which falls within the range normally observed for one unpaired 

electron of Cu
2+ 

complexes with square-planar geometry (18).  

 

Table III: Magnetic moments and electronic spectra data (nm) of Schiff bases and their metal 

complexes 
Compound Ligand Transitions 

п→п*             n→п*         CT 

     d→d 

Transitions 

μeff. 

B.M 

A 240, 270          355       -     - 

CuA                                            306    420,446 1.79 

B 242, 270          343       -      - 

CuB                                            329       422 1.88 

C 268, 303          346         -      - 

CuC                                            308        391 1.76 

 

3.5 Antibacterial Activity  

Antibacterial activity of the ligands and complexes were tested in-vitro against six human 

pathogenic bacteria. The activities were compared with that of ampicillin. The compounds were 

tested at a concentration of 10mg/ml in DMSO using the paper disc diffusion method. The 

growth inhibitory zones were measured in diameter and the results are presented in Table IV and 

Figure I. The complexes showed comparable activity with the reference compound ampicillin. 

 

Table IV: Diameter of zones of inhibition of bacteria in different compounds (mm) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diameter of zones of inhibition ≥ 7 = active, diameter of zones of inhibition ≤ 6 = not recorded (low 

activity = 0). 

 

 

Bacterial strain A CuA B CuB C CuC  Ampicillin 

S.aureus 

(ATCC 6538) 10 13 10 10 10 10 13 

E.faecalis 

(ATCC 29212) 7 11 0 10 0 9 11 

B.cereus 

(ATCC 10702) 10 10 10 10 0 10 14 

E.coli 

(ATCC 8739) 11 13 0 11 0 11 10 

P.aureginosa 

(ATCC 19582) 0 12 0 10 0 8 9 

K.pneumonia 

(ATCC 10031) 0 11 0 10 0 10 11 
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Figure 1: Histogram showing the comparative activities of the compounds 

 

Table V: Minimum inhibitory concentration (mg/ml) 
Bacterial  

strain 

A CuA B CuB C CuC Ampicillin 

S.aureus 

(ATCC 6538) 

2.50 0.15 2.50 2.50 5.00 2.50 2.50 

E.faecalis 

(ATCC 29212) 

5.00 1.25 2.50 2.50 5.00 2.50 5.00 

B.cereus 

(ATCC 10702) 

5.00 0.62 5.00 5.00 5.00 2.50 5.00 

E.coli 

(ATCC 8739) 

2.50 2.50 2.50 2.50 2.50 2.50 1.25 

P.aureginosa 

(ATCC 19582) 

5.00 0.62 2.50 2.50 2.50 2.50 5.00 

K.pneumonia 

(ATCC 10031) 

2.50 0.62 2.50 2.50 2.50 2.50 2.50 

 

The Schiff base ligands and their metal complexes, all have the capacity of inhibiting the 

metabolic growth of the investigated bacteria to different extent. MIC values of the all the 

compounds against six bacteria strains used in the study are presented in Table V. A minimum 

inhibitory concentration value of 0.28-1.27 mg/ml has been attributed with extremely strong 

activity while MIC values of 1.81-8.85 mg/ml are attributed with weak activities (19). The MIC 

result showed that the CuA
 
(copper (II) complex of Schiff base 2-hydroxybenzylidene-2-

aminophenol) exhibited an extremely strong activity against the tested bacteria except against 

E.coli which exhibited weak activity (19). It is known that chelation tends to make ligands act as 

more powerful and potent bactericidal agent and this was confirmed by the fact that the metal 

complexes showed enhanced antimicrobial activity against one or more strains with CuA 

remarkably showing good activity. This can be attributed to the position of substituents, CuA 

having the OH group at the ortho position (20-21). Increase in activity of this complex can be 

attributed to the ease of chelate formation between the OH group at ortho position to the imine 

nitrogen and the metal ion.  
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CONCLUSION 

The results of this investigation support the suggested structures of the metal complexes. A 

square-planar geometry was predicted for all the complexes. The antibacterial (MIC) results 

show that the Cu(II) complexes were more active than the Schiff bases, with CuA complex 

exhibiting a very low MIC compared to the other complexes. This can be attributed to the 

position of the substiuent (OH) at the ortho position. This study is of great importance as broad 

spectrum antimicrobial agents can be developed using the Cu(II)  complexes described with 

particular reference to the CuA complex. 
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ABSTRACT 

Undoubtedly, rainfall prediction plays a vital role in helping people plan their daily 

activities. Farmers, commuters, construction companies among others always get affected 

by the occurrence or non-occurrence of rainfall. Statistical rainfall forecasting has been 

proven to be a major challenge in climatic research. This is in part due to random 

fluctuations involved in the process and the dynamic nature of climate phenomena. 

The aim of this paper is to develop a Radial Basis Function Neural Network model based 

on a convex cost function, for rainfall forecasting. Weather data consisting of 7776 daily 

observations of temperature, rainfall, air pressure, relative humidity, wind speed and 

wind direction were collected from the Nigerian Meteorological Agency (NIMET). The 

network was trained by both Conjugate Gradient Descent (CGD) and Particle Swarm 

Optimization (PSO) algorithms with a software application designed specifically for this 

work.This model predicts the occurrence of rainfall in a day with 72.69% accuracy, given 

weather information about the previous day. Also, we show that CGD outperforms PSO 

when a convex cost function is used. 

 

Keywords: Radial, Neural Network, Rainfall Forecasting, Conjugate Gradient Descent, 

Particle Swarm Optimization. 

 

 

 INTRODUCTION 

Weather is a term that encompasses phenomena in the atmosphere of a planet. It is constituted by 

different phenomena or elements such as temperature, rainfall, wind speed, humidity, 

atmospheric pressure, etc; which are measured either by special instruments or are observed by a 

meteorologist. A basic assumption is by viewing the weather phenomenon as a mixture of a 

certain number of signals with independently stable activity. The weather changes due to the 

changes in the mixing patterns of these stable activities over time (Basak, 2004). 

Attempts to formally forecast weather has a long history starting with (Bjerknes, 1904).  

(Bjerknes, 1904) discussed the probability of weather prediction from the perspective of 

scientific determinism and he realized that the laws of physics provided the basis of weather 

prediction. According to Bjerknes, an accurate forecast of the weather can be made given 

sufficient knowledge of the atmosphere initial conditions, and sufficient means of integrating the 

known equations of motion. Forecast models based on the equations for atmospheric dynamics 

do not perfectly determine weather conditions, and massive computational power is needed to 

make forecasts‖. Due to this challenge, within the last 30-40 years, researchers have proposed 

alternative approaches to solving the weather prediction problem.  Some of these approaches are 

Artificial Intelligence-based approaches such as Artificial Neural Networks (ANN) (Jaruszewicz 

et.al, 2002); (Devi et al., 2012). 

ANN offers a methodology for solving non-linear problems which are not easy to solve by 

traditional means. ANN has the ability to extract the relationship between the inputs and the 

outputs of a process, without the physics being explicitly given (Veisi et al., 2009). Hence, these 

characteristics of ANN makes it well suited to the problem of weather forecasting under 

consideration (Abd, 2009). (El-Feghi et al., 2013) used Radial Basis Function Neural Network 

(RBFNN) to forecast air temperature and his results showed good prediction results. (Chang et 

mailto:risimeto@unilag.edu.ng
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al., 2001) develop a rainfall–runoff model for three-hour-ahead flood forecasting using RBFNN. 

The results show that the RBFNN can be considered as a suitable technique for predicting flood 

flow.  

In this work, a RBFNN model is developed that uses a convex cost function. We consider using 

Conjugate Gradient Descent (CGD) and Particle Swarm Optimization (PSO) as training 

algorithm. Results from both algorithms will be compared. The sections that follow explain the 

model and methodology used in this paper. Finally, we present our results, discuss our findings 

and make our conclusion. 

 

Radial Basis Function Neural Network (RBFNN) 

Radial basis function (RBF) networks are feed-forward networks trained using a supervised 

training algorithm. They are typically configured with a single hidden layer of units whose 

activation function is selected from a class of functions called basis functions. Though very 

similar to back propagation in many ways, radial basis function networks possess several 

advantages. They do train much faster than back propagation networks.  

Moody and Darken (1989) popularized the RBF networks which have proven to be a useful 

neural network architecture. The major difference between RBF networks and back propagation 

networks (that is, multi-layer perceptron trained by Back Propagation algorithm) is the behavior 

of the single hidden layer. Rather than using the sigmoidal or S-shaped activation function as in 

back propagation, the hidden units in RBF networks use a Gaussian or some other basis kernel 

function. Each hidden unit acts as a locally tuned processor that computes a score for the match 

between the input vector and its connection weights or centers. In effect, the basis units are 

highly specialized pattern detectors. The weights connecting the basis units to the outputs are 

used to take linear combinations of the hidden units to produce the final classification or output. 

Problems where these networks are useful include: 

Function approximation, Classification, Modelling of dynamic systems and time series. 

 

Figure 1 – The Radial Basis Neural Network Architecture 

 

METHODS 

The Model 

Every RBFNN architecture has three layers and each layer is made up of one or more nodes. The 

input layer contains the feature nodes  expressed as: 

(1) 

Where  represents the feature size and  the size of the data set. 
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The only hidden layer in RBFNN consists of J nodes. Each node in the hidden layer encapsulates 

two data: cluster centroid  and its standard deviation . The cluster centroids are usually 

determined by unsupervised learning algorithm. A typical example of such algorithm is K-

means. K-means algorithm clusters hyper-dimensional points into  units by minimizing the sum 

of squared errors between each point and its centroid. K-means suffers one limitation – the value 

of  must be specified. One way to tackle this problem is to try-out different  values and 

eventually select the one which resulted in the best classifier. This work will adopt this approach 

in tackling this limitation. 

 

K-means yields J centroids positioned at each hidden nodes. The matrix representation of the 

centroids is: 

                                                                                      (2) 

The centroids are critical in computing the outputs from each hidden node. This is done via 

kernel functions. The most commonly used are:  

 Gaussian function: 

             (3) 

Where  represents Euclidean distance and  could be a constant or a function of  

 Multi-Quadric function: 

            (4) 

 Inverse Multi-Quadric function: 

             (5) 

 Thin-plate spline function: 

            (6) 

 Cubic function: 

             (7) 

 Linear: 

             (8) 

The most widely used among these kernels is Gaussian function. In this work, we will however 

diagnose the performance of each kernel function and select the one which yields the best 

classifier.One or more nodes constitute the output layer.Values at each of the  output nodes are 

computed by: 

                         (9) 

where  is the value at output node m,  is a set of  number of weights used in mapping 

values to output node m and is a bias term. 

This work focuses on using the previous day weather data to tell whether rain falls or not the 

next day. This is clearly a classification problem. Consequently, we apply sigmoid function to 

scale the outputs from the output layer to values between 0 and 1. 

                                                                                                                   (10) 

By convention, a value greater than 0.5 denote rainfall otherwise it denotes no rainfall. Getting 

the right set of weights that minimizes the classification error requires solving an optimization 

problem.The evaluation or cost function is represented as: 
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Where  is the target at output node m and  is the regularization term for controlling over-

fitting. 

In this work, we chose to use Log-likelihood rather than Sum of Square of Error (SSE) as the 

cost function. The reason is that SSE may yield a non-convex function due to the presence of a 

sigmoid function imbedded within it, whereas it can be mathematically shown that the log-

likelihood function is a convex one. All non-convex functions contain local optimum making 

them unfit for gradient descent (GD) based optimization algorithm since it is not guaranteed to 

yield global optimum.  

We will compare the performance of Conjugate Gradient Descent (CGD) against Particle Swarm 

Optimization (PSO) algorithms in training the weights. 

 

Data Collection, Pre-Processing and Partitioning 

Weather data were collected from the Nigerian Meteorological Agency (NIMET). The data 

consist of 7776 daily observations of temperature, rainfall, air pressure, relative humidity wind 

speed and wind direction. Our data set is made of targets and input features. The latter consists of 

minimum temperature , maximum temperature , air pressure  at both 9:00am and 

3:00pm; relative humidity  both at 9:00am and 3:00pm; wind direction  at both 9:00am 

and 3:00pm; wind speed  at 9:00am; and the month of that day . In total, there are 10 

input features. The target values are nominal data indicating rain (positive or 1) or no rain 

(negative or 0) for the next day. We got equal number of positive and negative targets. This 

eliminates the need to report recall, precision or F-Score.  

The data were normalized by dividing each variable by their maximum value. This process is 

termed feature scaling. Moreover, the data set was partitioned into training set (70%), validation 

set (20%) and test set (10%).  

 

Implementation 

A Matlab-based software application was built specifically for this work. This software does not 

depend on Matlab in-built neural network toolbox. The clustering and training algorithms were 

written from scratch. This choice was made because the work requires that we have full control 

of every variable that affects the successful implementation of RBFNN model. 

The application has graphical user interface (GUI). It is designed to import data from excel and 

automatically pre-process them. It allows user to change training algorithm, regularization term 

and so on. The effect of number of hidden units, regularization term and kernel function can be 

diagnosed. Also, the core components of the trained classifier can be saved and used in building 

a commercial or open-source application that predicts future rainfall. 

 

Number of Hidden Layer Used 

The number of hidden nodes used in this work was got by experimentation. By varying the 

number of hidden nodes, various prediction accuracies from both training and validation sets 

were recorded. Figure 2 shows how these prediction accuracies vary with the number of hidden 

unit. 
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Figure 2 – Graph showing how prediction accuracy varies with number of hidden units 

This plot shows an interesting pattern. It is clear from the plot that as we increase the number of 

hidden units, we move from region of high bias (under-fitting) to region of high variance (over-

fitting). Between these extremes, we have the desirable point (point of relatively low-bias and 

low variance). This point exists around hidden unit of value 20 which coincides with that used in 

this work. 

 

Kernel Function Used 

Similarly, the appropriate kernel function was got by experimentation. Inverse multi-quadric 

happens to outperform the rest from figure 3. 

 
Figure 3 – Graph showing how prediction accuracy varies with various kernel functions 

 

Regularization Term 

A regularization term of 0.001 was used in this work based on the outcome we got in figure 4. 

There is no clear systematic pattern in figure 4. However, it is observable that the prediction 

accuracy of the train set diverges from that of the validation set after a regularization term of 0.1. 

After performing several runs, it was noticed that the prediction accuracy is not significantly 

affected by regularization terms.  
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Figure 4 - Graph showing how prediction accuracy varies with regularization term 

 

RESULT AND DISCUSSION 

In this section, we present the rainfall prediction accuracy of our model.The result of training the 

weights with CGD and PSO is presented in table 1.  Result for both training and test sets are 

tabulated, however we discuss that from test set since that is a representative of the unseen data. 
 

Table 1 – Result showing the prediction accuracy using CGD and PSO training algorithms 

Training 

Algorithm 

Outcome % Correctly classified % Wrongly classified 

Training Set Test Set Training Set Test Set 

CGD 

Rain 84.01 81.54 15.99 18.46 

No Rain 66.01 63.85 33.99 36.15 

Over all 75.01 72.69 24.99 27.31 

PSO 

Rain 60.01 57.95 39.99 42.05 

No Rain 72.18 71.03 27.82 28.97 

Over all 66.1 64.49 33.9 35.51 

 

Table 2 – Result showing the prediction accuracy using Log Likelihood and SSE cost functions trained 

by CGD 

Cost Function Outcome % Correctly classified % Wrongly classified 

Training Set Test Set Training Set Test Set 

Log Likelihood 

Rain 84.01 81.54 15.99 18.46 

No Rain 66.01 63.85 33.99 36.15 

Over all 75.01 72.69 24.99 27.31 

SSE 

Rain 80.01 79.49 19.92 20.51 

No Rain 69.09 65.9 30.91 34.1 

Over all 74.59 72.69 25.41 27.31 
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From tables 1 and 2, the following observations can be made: 

1. Using CGD, there is 81.54% chance that our prediction that rain falls is true. On the 

contrary, CGD predicts the absence of rainfall with 63.85% accuracy. 

2. PSO predicts the occurrence of rainfall with 57.95% accuracy and predicts its absence with 

71.03% accuracy. 

3. Overall, CGD outperforms PSO. 

4. Using log likelihood as cost function outperforms that of SSE in training set only. 

The reason for CGD outperforming PSO is due to the fact that an improved convex cost 

function was used. This implies that only one optimum exists. CGD is guaranteed to yield global 

minimum once the function is convex. PSO is a meta-heuristic technique that is designed to 

target global optimum especially when the function is non-convex. As a result, PSO is more 

computationally expensive than CGD and converges more slowly.  

 

CONCLUSION 

In this paper, we proposed a convex cost function for evaluating an RBFNN model for predicting 

the occurrence of rainfall. Rather than going for the most widely used RBFNN parameters which 

may not be suitable for this work, we invested substantial amount of effort in determining them 

experimentally. 

We have shown that an improved cost function yields better prediction of rainfall based on the 

previous day weather information using a gradient-based optimization algorithm. The overall 

prediction is 72.69% which is a good one. 
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ABSTRACT 

The aim of this study was to assess the association between behavioural study and 

cellular damage in Poecilia reticulata Peter (Pisces: Poeciliidae) exposed to low 

concentrations of chlorpyrifos and spinosad. Results of each biomarker were related, and 

demonstrated the strength of the larvicides as toxicant to the fish. Gravid fish hatched 

their fries even at highest larvicide concentration corresponding with the absence of 

nucleolus and elongation of nucleus in spinosad treated fish. Chlorpyrifos was more toxic 

to P. reticulata than spinosad producing symptoms that ranged from haemorrhage to 

death corresponding with mitochondria rupture, and numerous dead cells including 

nucleus. Fish in lower spinosad concentration did not behave too differently from 

control, and were with minimal cellular damage characterized by increase in secretory 

vesicles, and mucin. Fish placed in the highest concentration of spinosad experienced 

reduction in feeding corresponding with ruptures in their lysosomonal cells. Behavioural 

responses could serve as diagnostic warning signs of early, and ongoing cellular damage 

in exposed fish species necessary for rapid detection of toxic effects by larvicides 

promoting prompt intervention.  

 

Keywords   Poecilia reticulata, Chlorpyrifos, Biomarkers, Spinosad. 
 

 

INTRODUCTION 

Spinosad is a naturally derived insecticide that shows promise as a mosquito control agent. It is 

derived from a bacterium known as Saccharopolyspora spinosa Mertz and Yao. 
[1]

 Chlorpyrifos 

is a synthetic organophosphorus compound, and just like spinosad, it has been successfully used 

against mosquito larvae species. 
[2-4]

 These compounds when applied repeatedly to effectively 

control mosquito larvae often accumulate in water bodies resulting in increased exposure of non-

target aquatic organisms including fish species sharing mosquito larvae habitat. The 

synergistic/antagonistic effects of the mixture are hardly interpreted and predicted exclusively 

from chemical analysis thus, the use of various histological parameters to adequately assess their 

non-target impacts. Poecilia reticulata (Pisces:Poeciliidae), commonly called guppy are natural 

mosquito regulating agent. Previous studies have shown non-target effects of larvicides to guppy 

at low concentrations using various histological biomarkers. 
[5, 6]

  

 

Histological data are generated from biomarkers which are indicators of the impact of xenobiotic 

on different levels of biological organizations. 
[7]

 They are used to assess damage to cell and 

tissue structures that are not always visible to the naked-eye. Ultrastructural changes, increased 

number of micronuclei (MN) cells as well as behavioural responses in organisms are examples of 

histological biomarkers. Behavioural changes in organisms due to exposure to chemicals usually 

indicate the effect of chemicals at organismal level, and therefore used to describe the trends 

over time. 
[8]

 Extensive studies have been carried out on the use of abnormal behavioural 

responses as diagnostic endpoints for determining the sub-lethal effects of various chemicals. 

Drummond et al. 
[9] 

evaluated the use of behavioural and morphological changes in fish as 

diagnostic endpoints for screening, and differentiating some chemicals according to their mode 

of action after exposing 30-day-old fathead minnows Pimephales promelas. Spinal deformities in 

fat head minnows Pimephales promelas and rainbow trout Oncorhynchus mykiss exposed to sub-
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lethal concentrations of chlorpyrifos as well as loss of equilibrium, hanging vertically, rapid gill 

movement, gulping for air and prolonged motionless behaviour in guppies exposed to various 

concentrations of deltamethrin have been reported. 
[10, 11]

  

 

At no point in time were these behavioural changes linked to potential cellular damage in the 

organisms despite that damage to tissues usually begins as molecular malfunction within specific 

organelles. 
[12]

 Behavioural symptoms could be attributed to unobservable cellular or tissue 

damage which when left unattended to would degenerate to disease, chronic disorder and 

eventual death of organism. More often than not, mortality occurs in exposed fish before the 

onset of intervention simply because the initial cellular damage was ignored therefore, had 

progressed to advanced stage. Behavioural symptoms may be helpful in averting this problem by 

providing early diagnosis of new and ongoing cellular damage in aquatic organisms necessary 

for prompt intervention and fish survival.  

 

Therefore, the aim of this study is to investigate behavioural changes in exposed guppy in 

relation to the different damage found in their cells, necessary for rapid detection and 

management of non-target effects by larvicides.  

 

METHODS 

Test Compound 

Spinosad with active ingredient 1.25 g/kg consisting of Spinosyns A (CAS: 131929-60-7), and D 

(CAS: 131929-63-0) was obtained as spindor dust from Nigeria Stored Product Research 

Institute, Yaba (NSPRI) while commercial formulation of chlorpyrifos 48EC (Pyrinex), CAS: 

3383-98-8 containing 480 g/l active ingredient was purchased from Afcott located in Lagos, 

Nigeria. 

 

Preparation of Test Concentration 
Low concentrations of spinosad and chlorpyrifos within the range that killed 30 to 70% 

population of a more susceptible larvae species: Cx. quinquefasciatus, but did not cause physical 

death of fish were selected for behavioural study. 
[5]

 Ultrastructural study was investigated in fish 

samples contained in the lowest and highest concentrations with evidences of one or more 

behavioural responses different from control.   

 

Behavioural Analysis 
Fishes were not fed 24 h before testing. Heterogeneous sexes of fish consisting of 18 females 

(gravid and non-gravid), and 9 males, in three replicates for each concentration of larvicide, and 

control respectively were  exposed for 28 days under static renewal bioassay 
[13]

, and then 

evaluated for behavioural changes. The following concentrations of larvicides were used for 

spinosad, 49 μgL
-1
,      73 μgL

-1
 and 110 μgL

-1
; and Chlorpyrifos, 0.4 μgL

-1
, 0.6 μgL

-1
 and 0.8 

μgL
-1

. Gravid females were included in the highest concentrations of each larvicide as well as in 

the untreated dechlorinated tap water that served as control.  

 

Behavioural changes in guppy were critically monitored throughout the experimental period, at 

every 24 h interval. Responses were recorded if they differed from control, and occurred in 

≥10% of the fish within each test chamber. 
[14]

 Control mortality was less than 5% and a fish was 

regarded as dead if it failed to move when gently probed with the edge of a glass rod. 
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Ultrastructural Analysis 
At day 28, treated fish samples with evidence of behavioural changes as in MN test were 

randomly selected, and dissected to remove intestinal tissue. This was also applicable to the set 

of fish that served as control. Fish intestinal tissue was prepared for ultrastructural analysis. 
[6]

  

 

RESULTS AND DISCUSSION 

Behavioural Symptoms In Poecilia Reticulata 
Chlorpyrifos was more toxic to guppy than spinosad with several behavioural symptoms ranging 

from hypoactivity to heamorrhage that ended up in fish death. Reduced feeding was mostly 

found at the highest concentrations of both compounds.  Fish in spinosad treatment were seen to 

behave not too differently from control especially at the lowest concentration where fish became 

hypoactive on day 3 thereafter, swam normal as in control (Table 1).  

 

Gravid fish placed in highest concentrations of each larvicide were seen to hatch their fries 

however, this occurred earlier than in control indicating premature birth (Table 1).  

 

Ultrastructural Changes in POECILIA RETICULATA 
The severity in cellular damage increased at increasing concentration of each larvicide (Figures 

A-J). Control fish were with intact cytoplasmic and nuclear membrane, well-defined nucleus, 

and nucleolus. Other organelles were intact as in mitochondria with distinct cristae, and well 

defined matrices (Figures A and F). Fish placed in spinosad treatment especially at lowest 

concentration were found with less cellular damage than chlorpyrifos treated specimens. 

Ultrastructural changes namely rearranged nuclear cells, elongated nucleus, absence of 

nucleolus, large secretory vesicles, and mucin were found at the lowest spinosad concentration 

(Figures B and G). While the highest concentration of spinosad was characterized with more 

severe damage as pycnotic nucleus, degraded cell membrane, ruptured lysosome, electron dense 

cytoplasm, and fewer mitochondria with cristae (Figures C and H). Chlorpyrifos treated fish 

were with loss of grey area in cytosol, severally ruptured mitochondria and numerous dead cells 

essentially the nuclei, mitochondria and lysosomonal cells (Figures D, E, I and J).  

 

Results of individual biomarker were found to correspond with each other, and demonstrated the 

strength of each larvicide as toxicant to the bio-control fish agent. The presence of large 

secretary vesicles and mucin in guppy exposed at the lowest spinosad concentration indicates 

that the fish were beginning to be affected by this toxicant hence the initial hypoactive behaviour 

that stopped after day 3. The production of mucin and secretory cells in fish species after 

exposures to low concentration of deltamethrin and temephos have been reported 
[15, 16]

. 

Although, these authors did not relate their findings with behavioural responses as in the current 

study. Mucus secretions by gills and intestines play a major role in the protection of these tissues 

from environmental impacts of xenobiotics, and have been presumed to be an initial protective 

response by fish to environmental effects of larvicides. 
[17-19] 

 

Hatching of fry by gravid females though prematurely, could explain the reason for nucleus 

elongation, and absence of nucleolus at the lowest spinosad concentration. It is very likely that 

both larvicides lacked the potential to inhibit fish growth and development but more studies with 

higher concentrations are needed to validate this assumption. 

 

Reduced feeding was found to characterize the highest concentrations of spinosad and 

chlorpyrifos, with evidence of lysosome ruptures in spinosad treated cells (Table 1; Figure C). 

The higher toxic effect of chlorpyrifos must have caused total destruction of lysosome beyond 

recognition in the picture explaining why fish exposed at this concentration also showed 
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reduction in feeding just as spinosad treated ones. There are over 40 heritable lysosomonal 

storage diseases known, each being characterized by harmful accumulation of a specific 

substance or class of substances commonly polysaccharides or lipids that would normally be 

catabolized by the hydrolytic enzymes present within the lysosome or transported out of the 

lysosome therefore, lysosomonal defects may impair digestion and recycling of cellular 

components that are no longer needed in the fish. 
[12]

  

 

The pattern of mitochondria rupture observed in the enteric cells of guppy was similar to those 

reported for pirimiphos methyl, 
[6]

 and could be diagnostic of organophosphorus toxicity to 

guppy species. Cell ruptures are signs of hypoxia and respiratory failures in organisms, 
[20]

 

explaining why pectoral fin forward was mostly observed in this group of fish. Hypoactivity, 

heamorrhage and increased fish mortality in chlorpyrifos treatment may be attributed to the 

fewer mitochondria cristae, matrix damage, and the several mitochondria and nuclei deaths 

commonly found in this group of fish. The cristae are sites of oxidative phosphorylation and 

electron transport while the matrices are sites of Kreb cycle enzymes. 
[21]

 Any damage to these 

components would definitely lead to oxidative stress in the fish affecting their behaviour. 

 

CONCLUSION  

This study has demonstrated that behavioural changes can in addition to being a promising 

diagnostic tool for larvicide screening, serves as indicators of new and ongoing cellular damage 

invisible to the naked eye necessary for rapid diagnosis of non-target effects by larvicides. 

Usually, cellular damage begins as molecular malfunction within specific organelles, 
[12]

 and 

may gradually progress into a disease or chronic disorder hence the need for early intervention 

through behavioural monitoring. Behavioural monitoring should be made to complement other 

biomarkers of stress in any toxicological study to achieve a reliable and more meaningful result. 
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FIGURE CAPTION 

Figures A-E: TEM of Intestinal Nuclei for control and exposed fish. (FigureA): Control fish 

with intact Cytoplasm, Nuclear membrane, well-defined Nucleus (N) and one Nucleolus (NU). 

Cell organelles are intact as in Mitochondria (M); Lysosomes (Ly); Rough endoplasmic 

reticulum (RER); Smooth endoplasmic reticulum (arrow) scale bar 1μm.   (Figure B): At 

49μgL
-1 

of spinosad, features include Electron dense cytoplasm and nucleus compared to control, 

elongated Nucleus (N) with rearranged chromatin, presence of large Secretory vesicles (Sv), and 
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Mucin (Mu), scale bar 1μm. (Figure C): Severe distortion of electron dense cytoplasm at 

spinosad 110 μgL
-1

 (arrow)
 
characterized by Pycnotic nucleus (PN) with ruptured Lysosome 

(arrow heads). Golgi body (G), Microvilli (Mv), scale bar 0.5μm. (Figure D): At 0.4 μgL
-1 

of 

chlorpyrifos
  

there was severe damage to Cytoplasm (arrow), dead cells including Nuclei (N), 

Smooth endoplasmic reticulum (arrow head) scale bar 1μm (Figure E): Chlorpyrifos at 0.8 

μgL
-1 

 was
 
characterized by dead cells including Nucleus (N) and  loss  of grey area in cytosol 

(arrow), scale bar 0.5μm. 

 

Figures F-J: TEM of Intestinal Mitochondria for control and exposed fish. (Figure F) 
Control fish with intact organelles including Mitochondria (M); Smooth endoplasmic reticulum 

(arrow head); Rough endoplasmic reticulum (arrow); free Ribosomes (Polygon shape); 

Lysosomes (Ly); scale bar 200 nm. (Figure G) At 49 μgL
-1 

no marked difference from control. 

Intact cristae in Mitochondria (M), Microbodies (Mb), Microvilli (Mv), Smooth endoplasmic 

reticulum (arrow), Lysosome (Ly), Lipid droplet (arrow head) scale bar 1 μm. (Figure H) At 

110 μgL
-1 

of spinosad there was marked degradation of electron dense Cytoplasm (arrow) 

including Mitochondria with indistinct cristae (inset), Brush border (BB), Lumen (LU), 

Microvilli (arrow head), scale bar 1 μm, Inset 0.25 μm. (Figure I) At 0.4 μgL
-1

, there was 

marked Mitochondria rupture (arrow head) with degenerated cytoplasmic Membrane (arrow), 

Smooth endoplasmic reticulum (SER) scale bar 0.25μm. (Figure J) At 0.8 μgL
-1 

of 

chlorpyrifos, Cell membrane was shrunken (arrow head), presence of numerous dead cells 

including Mitochondria (M) and Microbody (Mb) scale bar 1μm. 

 

                   
 

        

Figures A-E 
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TABLE 1.  Behavioural responses of Poecilia reticulata in the presence of larvicides. 
1
Responses were recorded if they differed from control and occurred in ≥10% of the fish within each test chamber  

a 
Male fish; 

b
Operculum region; 

c
Gravid Female; 

d
Fries. 

Figures 

F-JDays 

Behavioural symptoms 

 

Control Chlorpyrifos (µg/L) Spinosad (µg/L) 

0.4 0.6 0.8 49 73 110 

1 Hyperactivity        

 Abnormal lateral flexure        

3 Hatching       
c
X 

 Hypoactivity     X  X 

7 Haemorrhage    
b
X    

14 Abnormal lateral flexure   X     

 Loss of equilibrium   X X    

 Mortality   X 
 
X    

 Pectoral fin forward   X X    

 Haemorrhage  
a,b

X 
a,b

X 
a,b

X    

 Hypoactivity   X X    

 Reduced feeding  X X X   X 

 Scoliosis    X    

15 Loss of equilibrium    X    

 Reduced feeding   X X    

 Pectoral fin forward   X X    

 Hypoactivity   X X    

16 Scoliosis   X     

 Loss of equilibrium    X    

 Haemorrhage    
a,b

X    

 Pectoral fin forward    X    

 Hypoactivity    X    

 Reduced feeding    X   X 

 Lordosis    X    

 Mortality    X    

17 Mortality  X X X    

 Hatching    
c
X    

 Lordosis    X    

20 Mortality   
a
X 

d
X    

 Lordosis   X X    

21 Reduced feeding   X X    

 Hatching 
c
X       

22 Mortality   
a
X X    

 Reduced feeding   X X    

23 Reduced feeding   X X    

 Mortality   
a
X     

24 Reduced feeding   X X    

 Mortality    X    

27 Reduced feeding   X X    

 Mortality   
a
X X    
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ABSTRACT 

A study on the effect of malaria and malaria-typhoid co-infection on alkaline phosphatase 

(ALP), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities 

were carried out on blood samples from 29 malaria patients, 36 malaria-typhoid co-

infected patients, and 10 apparently healthy individuals as control. In the malaria infected 

group, a significant increase (P<0.05) was observed in ALP, ALT and AST levels as 

compared to the control.  Also, in the malaria-typhoid co-infection group, significant 

increases (P<0.05) were observed in the levels of these hepatic enzymes. This study 

suggests the possibility of alterations in the levels and activities of liver enzymes such as 

ALT, AST and ALP during malaria infection and malaria-typhoid co-infection. 

  

Keywords: Malaria, Co-infection, Febrile, Apparently healthy, Liver, Ota. 

 

 

INTRODUCTION 

Malaria which is of great public health importance has emerged the most deadly parasitic disease 

in the tropics and sub-Saharan regions of the world
1 - 3

. One –fifth of infants‘ death in Africa is 

caused by the scourge of malaria
4
. In Nigeria, approximately 0.25 million deaths of children 

under the age of five is caused by malaria yearly
5
.
 
Typhoid fever which is also endemic in Africa 

is more severe in infants and the elderly
6-7

. Both malaria and typhoid exhibits close 

symptomatology and epidemiology
8
. The first case of malaria- typhoid co-infection occurred 

among American soldiers in 1862 
9 - 10

. This study examines the effect of malaria and malaria-

typhoid co-infection on some liver function indices. Our study includes only the febrile patients 

that have been clinically said to have malaria and malaria – typhoid co-infection from the results 

of their malaria and widal test respectively.  

 

METHODS 

Subjects: In-Patients and out-patients aged between 14 and 30 years with febrile illness in the 

University Health Centers, Bells University of Technology and Covenant University, Ota. 

Settings: University Health Centers, Bells University of Technology and Covenant University, 

Ota, Ogun State, Nigeria. 

Study site and Study population: Inpatients and outpatients of the University Health Centers, 

Bells University of Technology and Covenant University were examined and investigated. 

Ethical Approval: All necessary approval and consent were obtained from the appropriate 

authorities and individuals. 

 

Experimental Design and Treatment 

A total of 130 blood samples were collected from patients with a clinical suspicion of malaria 

and typhoid fever and screened for malaria parasites and S. typhi infection. 

Group 1: Patients with co-infection (36 patients) 

Group 2: Patients with malaria alone (29 patients) 

Control Group: A total of 10 apparently healthy individuals (from the same location with the 

febrile patients) were used as control. 

mailto:bolakayot@gmail.com
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Screening of blood samples to categorize the patients in the test group was done as follows: 

i. Parasitological examination of blood samples:  Giemsa-stained thick and thin blood 

films were prepared for each sample and parasitaemia evaluated per microlitre of blood 

using the thick film preparation according to standard methods described by the World 

Health Organization 
11

, assuming a leukocyte count of 5400µl-1 of blood established for 

healthy Nigerians 
12

. Films were examined microscopically for the presence of malaria 

parasites within red blood cells in thin films. For thick films, the ring forms, trophozoites 

and gametocytes were looked for. A smear was considered negative for malaria parasites 

if no parasites are seen after examining at least 100 microscopic fields.  

ii. Widal test: The Widal test was performed on all blood samples by the rapid slide 

titration method 
13

 using commercial antigen suspensions for the somatic (O) and flagella 

(H) antigens. A positive widal test was considered for any given serum sample with 

antibody titer of 1:160 for S.typhimurium antigens. 

iii. The relationship between malaria parasite count µl-1 of blood and Salmonella O and H 

antibody titers was determined by carrying out a correlation analysis using the Microsoft 

Excel computer worksheet. 

 

DETERMINATION OF HEPATIC ENZYME ACTIVITY 

Alkaline Phosphatase Activity 

The assessment of alkaline phosphatase (ALP) was done according to the method of Englehardt
 

14
. Briefly, 0.01ml of the sample was placed in a cuvette containing 0.50ml of reagent R (Buffer: 

Diethanolamine buffer 1mol/l, pH 9.8; MgCl2 0.5mmol/l; Substrate: p-nitrophenylphosphate 

10mmol/l) regulated at temperature of 30  C. The initial absorbance was read and re-read after 1, 

2, and 3 minutes respectively at 405nm wavelength against air on a UV spectrophotometer. 

 

Alanine Aminotransferase Activity 

The alanine aminotransferase activity (ALT) was assayed according to the method described by 

Reitman and Frankel
 15

. Briefly, 0.1ml of serum was placed in a cuvette containing 0.5ml of 

solution R1 (Buffer: Phosphate buffer 100mmol/l, L-alanine 200mmol/l, α-oxoglutarate 

2.0mmol/l), and 0.1ml of distilled water is added to another cuvette containing 0.5ml of R1 as 

reagent blank. Both preparations mixed and incubated for 30 minutes at 37˚C then 0.5ml of R2 

(2, 4-dinitrophenylhydrazine 2.0mmol/l) added, mixed and left to stand for exactly 20 minutes at 

25˚C before 5.0ml of NaOH is added. 

The solution is mixed and the absorbance read against reagent blank after 5 minutes at 546nm 

wavelength using a UV spectrophotometer. 

 

Aspartate Aminotransferase Activity 

The assessment of aspartate aminotransferase activity (AST) was carried out using the method 

described by Reitman and Frankel
 15

. Briefly, 0.1ml of serum was placed in a cuvette containing 

0.5ml of solution R1 (Buffer: Phosphate buffer 100mmol/l, L-aspartate 100mmol/l, α-

oxoglutarate 2.0mmol/l), and 0.1ml of distilled water is added to another cuvette containing 

0.5ml of R1 as reagent blank. Both preparations mixed and incubated for 30 minutes at 37˚C 

then 0.5ml of R2 (2, 4-dinitrophenylhydrazine 2.0mmol/l) added, mixed and left to stand for 

exactly 20 minutes at 25˚C before 5.0ml of NaOH is added. 

The solution is mixed and the absorbance read against reagent blank after 5 minutes at 546nm 

wavelength using a UV spectrophotometer. 

 

Statistical Analysis 

All results were analyzed statistically using One-way Analysis of Variance (ANOVA) method. 
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RESULTS AND DISCUSSION 

The results of this study are shown in Table 1. A significant increase (P<0.05) in alkaline 

phosphatase activities in the blood plasma of the malaria and co-infection groups was observed 

when compared to the control group. The observed elevated levels corroborates with the earlier 

findings of White, 1992 and Nogochi, 1987, 
16 - 17

 who observed higher level of alkaline 

phosphatase in malaria infection. Alkaline phosphatase is a membrane-bound enzyme which 

catalyses the hydrolysis of a number of phosphate esters and one of the major sites where it is 

bound to the membrane in the liver. However, in terms of pathogenesis, the host liver is among 

the organs affected in the early stage of falciparum malaria 
18

 leading to significant alterations in 

host hepatocyte physiology and morphology
19

. Therefore, the observed elevation in alkaline 

phosphatase level is an indication that the hepatic stage of the parasite‘s life cycle in its host is 

accompanied by significant perturbation of the hepatocyte membrane leading to leakage of this 

enzyme out of the liver cells. This finding is in agreement with earlier findings 
16

 that 

centrilobular liver damage is one of the factors involved in hepatic dysfunction in acute malaria 

infection, leading to hyperbilirubinaemia which is a direct consequence of the impaired drainage 

capacity of the liver. Considering the percentage magnitude observed in the level of alkaline 

phosphatase in the infected group which is more than 50% of control activity, is as high as that 

associated with cholestasis where the level is over twice the normal limit. Also, other disease 

such as liver cirrhosis is associated with a 92% increase above the normal limits of serum 

alkaline phosphatase 
20 – 21

, which is higher than what we have observed in this study. In view of 

these differences in the percentage increase in the alkaline phosphatase activity in malaria 

relative to these diseases, the etiology of the increased activity of alkaline phosphatase can be 

claimed to be due to the malaria infection.  

 

The observed significant increase (P<0.05) in AST and ALT activity in malaria and co-infected 

groups when compared to the control group coincides with some other studies 
22 – 23

  on effects of  

AST and ALT activity in relationship with malaria which indicates an increase in  their activity. 

Since both the liver and erythrocytes are rich sources of AST and ALT, the activities of the 

invading plasmodium and salmonella parasites in these organs/tissues can lead to damage to the 

membranes of these organs/tissues and the consequent release of AST and ALT, resulting in the 

observed increase in the activities of these enzymes. 

 

The result (Table 1) clearly indicates that there is a significant difference (p<0.05) in the 

activities of the liver enzymes (ALT, AST and ALP) in malaria parasite infected patients when 

compared with the non-malaria parasite infected (control) subjects. The normal healthy values 

for serum ALT, AST and ALP as estimated by the International Federation of Clinical Chemistry 

(IFCC) are in the reference ranges of 10-40, 8-20 and 38-94IU/L, respectively. The differences 

in the normal, healthy ranges are not unexpected. This is because the normal, healthy ranges 

differ from one laboratory to another
24

. The possible reasons for such variations include 

environmental, nutritional status and anthropometric indices
25

.  

 

CONCLUSION 

This study suggests the possibility of alterations in the levels and activities of liver enzymes such 

as ALT, AST and ALP during malaria infection and malaria-typhoid co-infection.  
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Table- 1:  Mean Values of the Liver Enzymes Activities 

     PARAMETERS 

 

 

   GROUPS 

ALKALINE 

PHOSPHATASE 

(ALP) (U/L) 

 

Mean ± S.E.M 

ASPARTATE 

AMINOTRANSFERASE 

(AST) (U/L) 

 

Mean ± S.E.M 

ALANINE 

AMINOTRANSFERASE 

(ALT) (U/L) 

 

Mean ± S.E.M 

 

CO-INFECTION 

(GROUP 1) 

 

4.03 ± 1.64
++

 

 

9.50 ± 0.33
++

 

 

5.58 ± 0.36
++

 

 

 

CONTROL 

GROUP 

 

1.45 ± 0.26 

 

8.80 ± 0.60 

 

4.00 ± 0.89 

 

MALARIA 

(GROUP 2) 

 

 

3.99 ± 0.31
++

 

 

 

 

8.97 ± 0.41
++

 

 

 

5.52 ± 0.23
++

 

 

Values are expressed as mean ± standard error of mean. 
+
 

+
 significantly diferrent from the 

control group (P<0.05). 
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ABSTRACT 
The indiscriminate and frequent spillage of petroleum products into the environment calls 

for a serious concern. This is due to the fact that there is much environmental problems 

associated with petroleum oil. A biological means of cleaning up soils contaminated with 

petroleum products was evaluated in this study using and earthworm - Eiseniafetida. 

Soils samples contaminated with mixture of petroleum products (gasoline, diesel and 

spent engine oil) were analysed for the total petroleum hydrocarbon (TPH) level and 

content every 24hours for 120 hours using gas chromatography technique. It was 

observed that at each sampling time, the soils samples without the earthworm had more 

quantity of TPH than the corresponding samples with the earthworms. The results 

showed that E. fetida enhances the degradation and reduction of TPH levels in soils and 

therefore can be used for cleaning up of soils contaminated with mixture of petroleum 

products. 

 

Keywords: Vermiremediation, petroleum, contamination, earthworm 
 

 

INTRODUCTION 

There is a high demand of petroleum and petroleum globally as fuel and as lubricants for proper 

functioning of machines. Due to this high demand, petroleum products are widely transported 

from one location to another. This may lead spill of the products into the soil or water with 

subsequent adverse effects. The need to reclaim such contaminated soils and water has led to 

evaluation of several remediation techniques. Hitherto, mechanical, chemical and physical 

methods have been employed in cleaning up site contaminated with petroleum products. 

However, recent studies have shown that microbes, fungi, algae, plants and earthworms have the 

ability to facilitate the remediation of petroleum polluted sites 

Earthworms are burrowing animals and form tunnels by literally eating their way through the 

soil. The distribution of earthworms in soil depends on factors like soil moisture, availability of 

organic matter and pH of the soil. They occur in diverse habitats specially those which are dark 

and moist. Earthworms perform various functions in soil.They improve the physical, chemical 

and biological properties of the soil to enhance its fertility. According to Dabke (2013), 

earthworms stimulate and accelerate microbial activity by creating favorable conditions for 

bacteria and improving soil aeration.According to Hickman and Reid (2008) earthworms can be 

directly employed within bioremediation strategies to promote biodegradation of organic 

contaminants. Also, earthworms have been shown to aerate and bioturbate soils and improve 

their nutritional status and fertility, which are variables known to limit bioremediation (Hickman 

and Reid 2008). 

 

According to Sinhaet al (2008), vermiremediation may prove a very cost-effective and 

environmentally sustainable way to treat polluted soils and sites contaminated with hydrocarbons 

in just few weeks to months. Vermiremediation leads to significant improvement in the quality 

of soil and land where they inhabit (Sinhaet al., 2008).Dabke (2013) reported a reduction in 

chromium level in the soil and survival of introduced earthworms, which reproduced after soil 

treatment, indicating improved conditions.  According to Aziziet al. (2013) 
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vermiremediationutilisingLumbricusrubellus hasproved its potential to degrade polycyclic 

aromatichydrocarbons (phenanthrene, anthracene and benzo(a)pyrene (BaP)) in 30 days 

ofincubation.  From the work of Azaripaet al (2013) it has been observedthat microelements like 

sodium ion and magnesium ion as well assalts like nitrate, phosphate and can be brought to their 

lowestlevel in sheep manure and garden soil in presence of Eudrilluseugeniae .Azaripaet al 

(2013) reported a significant reduction (50-80 %) in trace elements and soluble salts in sheep 

manure and garden soil in presence of Eudriluseugeniae.  The Rajiv et al (2013) reported that 

30-35% of organic carbon and 32-48% of phenol contents were reduced during vermicomposting 

after 45 days of Eudriluseugeniae’s activity. 

 

This study was aimed at determining the efficacy of Eiseniafetida to clean up soils contaminated 

with mixture of petroleum products. The result of the study will assist in reclaiming soils that 

have been more or less abandoned or that have been degraded due to contamination from 

petroleum products. The contamination of the soil with mixture of petroleum products in the 

laboratory simulates what happens naturally in soil mechanic workshops where different forms 

of petroleum products can spill into same soil same time or at different times. This is typical of 

most developing countries where mechanic workshops are sited haphazardly in open places.  

 

METHODS 

The Eiseniafetida used for the study was obtained from the Zoological garden of the University 

of Lagos, Akoka Lagos, Nigeria. The gasoline and diesel fuels were purchased from the petrol 

station in Akoka Lagos and the spent engine oil was obtained from a mechanic workshop in 

Latunde Street, Okota Lagos.  The gasoline, diesel and spent engine oil were mixed in equal 

proportion to obtain a homogeneous petroleum product mixture. 

100g of fine sieved loam soil were added to each of 500ml beaker followed by the addition of 

10ml of the petroleum mixture into each beaker. The soil-petroleum mixture was properly stirred 

according to the procedure outlined by Mohan et al., (2011). The mixture was allowed to stay 48 

hours before 10 earthworms were added to each beaker (Barkley et al, 2011). The control 

experiment had no earthworm. The experiment and the control experiments were incubated at a 

room at room temperature for 120 hours 

Soil samples were obtained every 24 hours for 120 hours. The total petroleum hydrocarbon 

content of the soil were extracted using the protocols outlined by Eijsackers et al., (2001) using a 

mixture of 70% dichloromethane and 30% n-hexane. The extract was filtered using filter paper. 

The filtrate was purified by the concentrate through a pasture pipette packed with anhydrous 

sodium sulphate. 

The types and levels of total petroleum hydrocarbon in the soil samples were determined using 

an Agilent Technologies Interface Detector Model 5975C gas chromatography. These were done 

according to the manufacturer‘s description. 

 

RESULTS 

The types and amount of petroleum hydrocarbon present in the soils with and without E. fetida 

after different incubation times are shown in figures 1 - 5. There was a general reduction of the 

levels of the different hydrocarbons in the soil with the earthworm compared with the ones in the 

soils without earthworm. Pentadecane, 2,6,10-trimethy and dodecane 2,6,11-trimethyl were 

totally removed from the soil with E. fetida  after 24 hours incubation (figure 1). There was 

100% loss of dodecane, 5,8-diethyl and tricosane after 48 hour incubation (figure 2). There was 

also a 100% removal of dodecane, 5,8-diethyl from the soil with E. fetida as compared with soil 

without E. fetida after 72 hours incubation (figure 3). In the soils incubated for 96 hours (figure 

4), there was 100% lost of tridecane, tetracosane and pentadecane, 2,6,10- trimethyl in soil with 

E.fetida compared with level in soil without E.fetida. In the case of soils incubated for 120 hours 
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(figure 5), many by products were observed in soil with E.fetida. Also, there was 100% loss of 

pentadecane, 2,6,10- trimethyl and  Bacchotricuneatin c/tetradecane from the soil with E. fetida 

after 120 hours incubation. 

.  

 
Figure 1: The types and Levels (%) of Petroleum Hydrocarbon in soil samples with and without 

E. fetida after 24 hours incubation 

 

 
Figure 2: The types and Levels (%) of Petroleum Hydrocarbon in soil samples with and without 

E. fetida after 48 hours incubation 
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Figure 3: The types and Levels (%) of Petroleum Hydrocarbon in soil samples with and without 

E. fetida after72 hours incubation 

 
Figure 4: The types and Levels (%) of Petroleum Hydrocarbon in soil samples with and without 

E. fetida after 96 hours incubation 
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Figure 5: The types and levels (%) of Petroleum Hydrocarbon in soil samples with and without 

E. fetida after 120 hours incubation 

 

Table 1 shows the levels of the petroleum hydrocarbons in the soil incubated for 24 hours 

without earthworm and in soil incubated for 120 hours with earthworm. Tridecane, tetradecane, 

pentadecane, octadecane, hexadecane, 2,6,10,14- tetramethyl, eicosane, heneicosane, 

tetracosane, and dodecane, 2, 6, 10- trimethyl were significantly reduced after 120 hors 

incubation with E. fetida 

 

Table 1: Percentage levels of some petroleum hydrocarbons in soils incubated for 24 hours 

without earthworm and 120 hours with earthworm 

Petroleum Hydrocarbon 24 hours without earthworm 120 hours with earthworm 

Tridecane 3.73 2.4 

Tetradecane 5.61 3.52 

Pentadecane 6.89 5.7 

Octadecane 18.44 6.03 

Hexadecane,2,6,10, 

tetradecane 

4.77 2.75 

Eicosane 8.17 4.66 

Heneicosane 10.48 8.64 

Tetracosane 3.52 1.75 

Pentadecane, 2,6,10, trimethyl 1.80 0 

Dodecane, 2,6,10, trimethyl 3.57 0.75 

 

DISCUSSION 

The results of this study have shown that E. fetida has ability the ability to enhance the removal 

of petroleum hydrocarbons from soil. The total loss of some the petroleum hydrocarbons from 

the soil with earthworm as compared to the soils without the earthworm indicates that ability of 

the earthworm to remove such from soil. The reduction of the levels of the other petroleum 

hydrocarbons in the soils with earthworm as compared with the soils without earthworm shows 

the ability of the earthworm to reduce the levels of such hydrocarbons in soil. The reduction or 

removal of the heavy metals from the soils could be attributed to the mineralization of the 



9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

256 

 

petroleum products by the earthworm. This is similar to the findings of Contreras-Ramos et al 

(2008), Tejadas and Masciandaro (2011), Aziziet al (2013) among others.Rajivet al. (2013) 

reported similar trend of result as obtained in this study with reduction of 30–35% of organic 

carbon and 32–48% of phenol contents in soil during vermicomposting, which was achieved 

after 45 days of earthworm's activity. The observation of Rodriguez-Campos et al (2014) that 

accelerated removal of contaminants from soil by earthworms can be due to improvement of soil 

as a result of activities of earthworm and the microorganisms in their digestive trackcan be used 

to explain the possible mechanism used by E. fetida to remove the hydrocarbons in this study. 

The stimulation and increase in the activities of microorganisms which Dabke (2013) had stated 

as one of the functions of earthworm may account for the removal or reduction of the petroleum 

hydrocarbons as we observed in this study. 

The presence of some petroleum hydrocarbon in the polluted soils incubated with the earthworm 

against their absence in soils incubated without the earthworm shows that vermiremediation of 

petroleum polluted soils takes through degradation. That implies that E. fetida enhances the 

degradation of petroleum in soil and those hydrocarbons are possible degradation products of 

petroleum.  
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ABSTRACT 

This research investigates the endemic level and knowledge of persistence time of 

endemic diseases in a population by the use of Stochastic Model such as Markov process 

with continuous time and discrete state space which also required the Monte Carlo 

Simulation. It assesses some areas of active research in efficient procedures for 

simulation in health sector and addresses the influence of gender as regards to the average 

days a particular disease dies out. There is also an emphasis on the average population to 

be infected on a monthly basis.  The data from medical records of General Hospital 

Gbagada, Lagos State are used for the study. The Monte Carlo simulation carried out 

shows the trend line and equations of the data.  Empirical analysis showed a significant 

association between gender and persistence time of endemic diseases in a population.  

 

Keywords: continuous time Markov chain, epidemic, stochastic epidemic models 

 

 

INTRODUCTION 

Disease is an abnormal condition that affects the body of an organism. It is often constructed as a 

medical condition associated with specific symptoms and signs. It sometimes includes 

disabilities, infections and typical variations of structure and function. When infection persists in 

the population for a long time, the disease is said to be endemic. Endemic diseases are ones that 

are always present in a community, usually at a low, more or less constant frequency. Malaria, 

arthritis, and high blood pressure are examples. Endemic diseases are in most communities 

around the world, all the time. Cholera is a strictly epidemic disease; it comes and goes but 

doesn't stay in a community for extended periods. In addition, there is a form Typhus (there are 

actually four forms, spread by different bugs which bite people) called "endemic typhus". 

Endemic typhus occurs most commonly in warm, coastal regions. An infection is said to be 

endemic in a population when that infection is maintained in the population without the need for 

external inputs. For example, chickenpox is endemic in Nigeria likewise malaria. For an 

infection that relies on person-to-person transmission to be endemic, each person who becomes 

infected with the disease must pass it on to one other person on average. Assuming a completely 

susceptible population, that means that the basic reproduction number ) of the infection must 

equal 1. In the population with some immune individuals, the basic reproduction number 

multiplied by the proportion of susceptible individuals in the population (S) must be of each 

1.This takes account probability of each individual to whom the disease may be transmitted 

actually being susceptible to it, effectively discounting the immune sector the population. For the 

disease to be in an endemic steady state:          

                                                                         (1)    In 

this way, the infection neither dies nor does the number of infected people increases 

exponentially then the infection is said to be in an endemic steady state. An infection that starts 

as an epidemic will eventually either die out  or reach the endemic steady state, depending on the 

number of factors, including the virulence of the disease and its mode of transmission .If a 

disease is in endemic steady state in a population, the relation above allows us to estimate the  

of a particular infection. 

mailto:enkemnole@unilag.edu.ng1
mailto:raphealosunkey@rockemail.com2
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World Health Organization (WHO) reported that infectious disease crisis of global proportions is 

today threatening the ground-breaking accomplishments that have been recorded in world health 

thereby increasing life expectancy. Infectious diseases are now the world‘s biggest killer of 

children and young adults. They account for more than 13 million deaths a year – one in two 

deaths in developing countries. Over the next hour alone, 1500 people will die from an infectious 

disease- over half of them are children under five. The rest will mostly be working-age adults. 

This report argues that we have a window of opportunity to make dramatic progress against 

ancient diseases, and to establish an early warning system to protect us from new and unexpected 

diseases. The spread of infectious disease through a population can be modeled as a stochastic 

process.  

LITERATURE REVIEW 

Mathematical modelling of infectious diseases has a long history; see, in particular, Bailey 

(1975). Early modelling contributions for infectious disease spread were often for specific 

diseases.The starting point is generally taken to be a paper by Bernoulli, (1760) on the 

prevention of smallpox by inoculation; an account of his model-based analysis of data can be 

found in Daley and Gani (1999). Ross (1911) modelled the transmission of malaria. One of the 

first more general research was conducted by Kermack and McKendrick (1927). Later important 

contributions were made by Bartlett (1949) and Kendall (1956), both also considering stochastic 

models. 

Early models were often deterministic with questions such as: Is it possible that there is a big 

outbreak infecting a positive fraction of the community?, How many will get infected if the 

epidemic takes off?, What are the effects of vaccinating a given community fraction prior to the 

arrival of the disease?, What is the endemic level? As problems were resolved, the simple 

models were generalised in several ways towards making them more realistic. Some such 

extensions were for example to allow for a community where there are different types of 

individual, allowing for non-uniform mixing between individuals (i.e. infectious individuals 

don‘t infect all individuals equally likely), for example due to social or spatial aspects, and to 

allow seasonal variations. 

 

Another generalization of the initial simple deterministic epidemic model was to study stochastic 

epidemic models. A stochastic model is of course preferable when studying a small community. 

But, even with a large community, which deterministic models primarily are aimed for, some 

additional questions can be raised when considering stochastic epidemic models: What is the 

probability of a major outbreak?, and for models describing an endemic situation: How long is 

the disease likely to persist (with or without intervention)? Later stochastic models have also 

shown to be advantageous when the contact structure in the community contains small complete 

graphs; households and other local social networks being common examples. Needless to say, 

both deterministic and stochastic epidemic models have their important roles to play and 

deterministic and stochastic models are used for epidemiological modeling however, the focus in 

the present paper is on stochastic model. The stochastic model is a Markov population process 

with continuous time and discrete state space.  

 

Nasell (2002) averred that stochastic models should be established and studied for several 

endemic infections with demography. Approximations of quasi-stationary distributions and of 

times to extinction are derived for stochastic versions of Susceptible and Infected (SI), 

Susceptible Infected Susceptible (SIS), Susceptible Infected Recovered (SIR), and Susceptible 

Infected Recovered Susceptible (SIRS) models. The approximations are valid for sufficiently 

large population sizes. Conditions for validity of the approximations are given for each of the 

models. These are also conditions for validity of the corresponding deterministic model. It is 
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noted that some deterministic models are unacceptable approximations of the stochastic models 

for a large range of realistic parameter values. For him, SIS model without demography is a 

univariate model. The stochastic version of this model is a finite-state birth-death process with an 

absorbing state at the origin. The goal of the mathematical analysis of this model is to find 

approximations of the quasi-stationary distribution and of the time to extinction. He used the 

Kolmogorov equation by introducing four parameters, namely the expected population size  in 

case where there are no infected individuals, the contact rate , the death rate per susceptible 

individual µ, and an additional death rate  such that the death rate per infected individual is 

 Among these, N is a large positive integer, and  are positive, and  is non-

negative. In addition to the four parameters  introduced, he used  to denote the 

recovery rate per infected individual. The SIS model takes the form of a bivariate Markov 

population process. The Kolmogorov forward equations for the state probabilities are:    

                                  

 Nasell (2002) also formulated a stochastic SIR model with demography. The model is a Markov 

population process with three state variables, S, I, and R, standing for the number of susceptible, 

infected, and recovered individuals, respectively. The recovered individuals are assumed 

permanently immune to additional infections. He used five basic parameters as for the SIS model 

namely: the expected population size N if all individuals are susceptible, and the death rate per 

susceptible or removed individual µ, the additional death rate per infected individual µ1, the 

contact rate β, and the recovery rate per infected individual .                                         

 The state probabilities are defined by:                                                                                                                                                                                                    

                                                   (3) 

     

2.1 Statistics as Regard Infections  

Nishirura (2010) maintained that the reporting interval of infectious diseases is often determined 

as a time unit in the calendar regardless of the epidemiological characteristics of the disease. No 

guidelines have been proposed to choose the reporting interval of infectious diseases. His study 

aimed at translating coarsely reported epidemic data into the reproduction number and clarifying 

the ideal reporting interval to offer detailed insights into the time course of an epidemic. He 

derived a corrected expression for this quantity and proposes simple algorithms to estimate the 

effective reproduction number as a function of time, adjusting the reporting interval to the 

generation time of a disease and demonstrating a clear relationship among the generation-time 

distribution, reporting interval and growth rate of an epidemic.  

Svensson (2007) is of the view that the statistical method to determine the reporting interval is 

density estimation, which may suggest a stochastic model for this project. To interpret the time 

course of an endemic, case notifications are used to estimate a key variable that characterizes 

transmissibility with time. The effective reproduction number at time  defined as the average 

number of secondary cases per primary case at time  is a useful measure to inform 

about the transmission potential of a disease and indications of the expected number of 

secondary transmissions and of control efforts required to curb the epidemic. Although the most 

precise reporting interval would certainly yield the most ideal interpretation of the transmission 

dynamics, it is often impractical to get data and analyze on an hourly or daily basis. 

Eckhoff (2012) proffered that a global malaria eradication effort will require massive changes to 

complex web of interconnected biological systems. The optimal path to eradication is 

intrinsically unpredictable because of the potential for parasites and vectors to evolve, the 

waxing and waning of human immunity, and behavioral changes in human and vector 

populations. To succeed, eradication will require a strategic plan that is constantly updated with 

file:///E:/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/OLUWASEYI%20ALIMI-SHOD/Downloads/The%20ideal%20reporting%20interval%20for%20an%20epidemic%20to%20objectively%20interpret%20the%20epidemiological%20time%20course.htm%23RSIF20090153C32
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the surveillance, monitoring, and evaluation data. Moreover, planning processes involve some 

sort of conceptual model, and this model will necessarily consider many potential sources of 

uncertainty. Rational quantitative mathematical models provide that best way to synthesize 

information, quantify uncertainty, and extrapolate current knowledge. Such models can provide 

critical quantitative insights that are not otherwise possible. 

The objective of this study is to investigate the endemic level and knowledge of persistence time 

of endemic diseases in a population by the use of Stochastic Model such as Markov process with 

continuous time and discrete state space with a view to determining the proportions of population 

infected and equally know the duration until the disease dies out. The outline of the remainder of 

this article is organized as follows: Section 3 describes the data and discusses the method of 

analysis. Results of our analysis are presented in Section 4, while Section 5 concludes. 

 

DATA AND METHODS 

Data  

The data used for this study is obtained from the medical record of the General Hospital 

Gbagada, Lagos State, comprising of children from age 0 to 12years and adults from age 13 

years and above. Research was carried out on the following: Diseases of children from the age 0 

to 12 years which include: Neonatal jaundice (NNJ), Neonatal sepsis (NNS), Bronchopneumonia 

(BPN), Plasmodiasis (PD), Gastroenteritis (GN), Malaria; diseases of adults from the age of 13 

years and above which include: Critical Cardiac Failure (CCF) Cardiovascular (CV), Chronic 

Kidney Disease (CKD), Hyperglycemia (HG), Appenditis, Oral sepsis (OS). 

 

Method 

The study utilizes the Markov population process with continuous time and discrete state space. 

In a continuous time Markov chain (CTMC), time is continuous, but the state variable is discrete. 

Markov chain can be thought of as a directed graph of states of the system. The difference is that, 

rather than transitioning to a new (possibly the same) state at each time step, the system will 

remain in the current state for some random; exponentially distributed, amount of time and then 

transition to a different state. According to Allen (2010), the CTMC epidemic processes are 

defined on a continuous time scale, , but the states are discrete 

random variables. 

Here, the stochastic process depends on the collection of discrete random variables and their 

associated probability functions  . 

 

In our study, attempt was made in formulating the CTMC based on the SIR epidemic models to 

the Diseases. To numerically compute a sample path of a CTMC model, we used the fact that the 

interevent time has an exponential distribution. This follows from the Markov property.   

The probability distribution function (PDF) of an exponential distribution is given by: 

 =                                                                                 (5) 

The cumulative distribution function (CDF) of an exponential distribution is 

                       =                                                                     (6) 

Let   )     

Make x the subject of formula, 

                     x =                                                                                             (7) 

U denotes the generated random numbers. 

                      =   
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Thus                                                              (8) 

Consequently, the Microsoft Office Excel Package with the Monte Carlo simulation add-in was 

used to carry out Monte Carlo simulation for the diseases-data thereby generating sample paths 

and the probability distribution associated with CTMC SIR epidemic models. The output gives 

the trend line and trend equation, that is;  , histogram and cross tabulation 

which explains the average, minimum, maximum and standard deviation for both the duration of 

time the diseases die out and the population to be infected. 

 

RESULTS 

Running the simulation on Monte Carlo add-in package on Microsoft Excel with 1000 

repetitions, that is, 1000 sample spaces into the future prior to the original data gotten from the 

medical record of the General Hospital, Gbagada; the results are presented on Figures 1-12 and 

Tables 1-2 shown below with its respective summary statistics for Male and Female infected 

adults and Male and Female infected children.  

 

Table 1 is a presentation of the approximate average days that a disease would die out in a male 

and female patient respectively: Appendicitis (12, 11); CCF (15, 12); CVD (27, 17); Chronic 

Kidney Disease (11, 10); Hyperglycemia (12, 12); Oral sepsis (11, 9). 

 

Table 1.  Estimates of Duration of Diseases in infected Male and Female adults with corresponding infections                   
Statistic APPD CCF CVD CKD HG OS 

 M F M F M F M F M F M F 

Average 12.196 10.647 14.816 12.447 26.936 16.622 11.236 10.332 10.704 9.331 12.455 12.204 

Std. Dev. 0.4365 1.2944 3.1748 1.4836 12.7936 0.4561 1.8731 0.4539 0.2430 5.100

5 

1.5597 0.4441 

Maximum 13.005 12.063 45.449 24.065 114.000 19.632 25.442 14.892 12.791 18.18

9 

26.903 12.687 

Minimum 11.442 3.481 12.280 11.117 14.432 16.144 9.585 9.924 10.470 0.024 11.181 9.915 

 

   

 Fig 1a: Histogram for Appenditis (Male)                           Fig 1b: Histogram for     Appenditis (female)  

   

Fig 2a: Histogram for Critical Cardiac Failure (Male)      Fig 2b: Histogram for CCF (female) 

  

Fig 3a: Histogram for Cardiovascular disease (Male)  Fig 3b: Histogram for Cardiovascular Disease (Female) 
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4a: Histogram for Chronic Kidney Disease (Male)      Fig 4b: Histogram for Chronic Kidney Disease (Female) 

   

      Fig 5a: Histogram for Oral Sepsis (Male)                             Fig 5b Histogram for Oral Sepsis (Female) 

     

Fig 6a: Histogram for Hyperglycemia (Male)                Fig 6b: Histogram for Hyperglycemia (female) 

Figure 1-6: Graphical representation of Duration of Diseases in infected Male and Female adults with 

corresponding infections.    

  

Table 2 is a presentation of the approximate average days that a disease would die out in a male 

and female children respectively: neo natal jaundice (7, 6); neo natal sepsis (5, 7); 

bronchopneumonia (5, 4); Plasmodiasis (3, 3); Gastroenteritis (4, 4); Malaria (2, 5).  

Table2.Estimates of Duration of Diseases in infected Male and Female children with corresponding infections 

Statistic NNJ NNS BPN PLASM GN MALARIA 

 M F M F M F M F M F M F 

Average 6.674 5.929 5.081 6.990 4.508 3.591 2.603 2.755 3.793 4.279 1.999 4.664 

Std. Dev. 1.3846 0.5989 0.4443 0.9296 0.1473 0.4296 0.1498 0.1563 0.0916 0.2244 1.899 0.3861 

Maximum 8.338 6.601 7.841 8.071 5.441 7.096 3.547 3.964 3.888 4.515 3.081 5.082 

Minimum 0.755 2.975 4.656 2.499 4.363 3.221 2.460 2.610 3.361 2.836 1.822 2.321 

 
 

       
 

 Fig 7a: Histogram for Neo Natal Jaundice (Male)              Fig 7b: Histogram for Neo Natal Jaundice (Female) 

      
 

Fig 8a: Histogram for Neo Natal Sepsis (Male)                 Fig 8b:  Histogram for Neo Natal Sepsis (Female) 



9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

265 

 

   
 

9a: Histogram for Bronchopneumonia (Male)                 Fig 9b: Histogram for Bronchopneumonia (Female) 

 

    
 

Fig 10a: Histogram for Plasmodiasis (Male)                      Fig 10b: Histogram for Plasmodiasis (Female) 

 

    
 

  Fig 11a: Histogram for Gastroenteritis (Male)                       Fig 11b: Histogram for Gastroenteritis (Female) 

    
   Fig 12a: Histogram for Malaria (Male)                                       Fig 12b: Histogram for Malaria (Female) 

Figure 7-12: Graphical representation of Duration of Diseases in infected Male and Female    

                      Children with corresponding infections 

 

Forecast 

The above procedure is used to forecast the average population to be infected with the diseases 

on a monthly basis which is categorized into the children category of ages 0 to 12years and 

adults from ages 13years and above. The results are presented on Tables 3-4 shown below with 

its respective summary statistics. The observed and predicted monthly incidence are plotted and 

displayed in Figures 8-16 (red line represents predicted disease while blue line represents 

observed disease). 

Table 3 is a presentation of the forecast on the average population to be infected on a monthly 

basis in male and female adults respectively: Appendicitis (1, 1); Critical Cardiac Failure (2, 2); 

cardiovascular disease (2, 2); Chronic Kidney Disease (2, 1). 

Table 3. Estimates of forecast on Male and Female adults to be infected with the diseases     

               on a monthly basis         
Statistic APPD CCF CVD CKD 

 M F M F M F M F 

Average 1.491 0.915 1.509 2.211 2.080 1.671 1.643 1.271 

Std. Dev. 0.2238 0.2665 0.0909 0.1604 0.0063 0.0294 0.0787 0.2912 

Maximum 3.306 1.410 2.438 3.301 2.087 1.876 1.724 4.523 

Minimum 1.294 0.0000 1.426 2.060 2.039 1.642 1.248 1.040 
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           Fig 8a: Appendicitis (Male)                                   Fig 8b: Appenditis (female) 

   

Fig 9a:  Critical Cardiac Failure (Male)                                      Fig 9b: Critical Cardiac Failure (female) 

 

Fig 10a: Cardiovascular disease (Male)                                        Fig 310b: Cardiovascular Disease (Female) 

 

   

11a: Chronic Kidney Disease (Male)                                            Fig 11b: Chronic Kidney Disease (Female) 

 

Table 4 is a presentation of the forecast on average population to be infected on a monthly basis 

in male and female children respectively: Neo Natal Jaundice (4, 1); Neo natal sepsis (1, 3); 

Bronchopneumonia (7, 5); Gastroenteritis (4, 1); Malaria (8, 6). 

Table 4.Estimates of forecast on Male and Female children to be infected with the diseases on a monthly basis         
Statistic NNJ NNS BP GASTRO MALARIA 

 M F M F M F M F M F 

Average 4.104 0.826 0.826 3.266 7.262 4.963 3.800 0.843 7.666 5..810 

Std. Dev. 0.4440 0.5933 0.5933 0.0186 1.6350 0.2572 0.3281 0.7085 2.7100 5.4742 

Maximum 4.571 4.427 4.427 3.286 9.313 5.214 6.116 9.349 37.704 67.309 

Minimum 1.673 0.215 0.215 3.179 1.154 3.231 3.497 0.179 5. 754 2.898 
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Fig 12a: Neo Natal Jaundice (Male)                                            Fig 12b: Neo Natal Jaundice (Female) 

  
Fig 13a: Neo Natal Sepsis (Male)                                                   Fig 13b:  Neo Natal Sepsis (Female) 

  

Fig 14a:   Bronchopneumonia (Male)                                     Fig 14b: Bronchopneumonia (Female) 

 

  

Fig 15a: Gastroenteritis (Male)                                                   Fig 15b: Gastroenteritis (Female) 

   
Fig 16a: Malaria (Male)                                                                     Fig 16b: Malaria (Female)  

CONCLUSION  
The study is centered on the investigation of endemic level and knowledge of persistence time of 

endemic diseases in a population by the use of Stochastic Model such as Markov process with 

continuous time and discrete state space with a view to determining the proportions of population 

infected and time until the disease dies out. The data from medical records of General Hospital 

Gbagada are used for the study. We have focused on presenting results for a fairly simple 

stochastic epidemic model; the reasons being that even in simple models results are far from 

trivial. The Microsoft Office Excel Package with the Monte Carlo simulation add-in was utilized 

to carry out Monte Carlo simulation for the diseases-data thereby generating sample paths and 

the probability distribution associated with the CTMC SIR epidemic model. The output is an 

indication that there was a significant association between gender and duration in which a 
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disease dies out, and also between diseases and population of male and female to be infected on a 

monthly basis respectively. 
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ABSTRACT 

Understanding the pharmaceutical wastewater resistome is essential in understanding the 

evolution and development of antibiotic resistance and its spread between species. 

Bacteria were isolated from wastewaters emanating from ten pharmaceutical industries in 

Lagos megacity, Nigeria. Total population densities of the bacterial isolates (cfu/ml) 

range betweeen 2.7 x 10
4
 to 2.7 x10

11
; both Gram-positive and Gram-negative bacilli, 

cocci and coccobacilli were obtained with different morphological characteristics.  

Antibiotic susceptibility test were carried out using 13 types of antibiotics of 

commercially available discs (Abtex, Oxoid) according to the Kirby-Bauer method. The 

overall antibiotic resistance patterns of the bacterial isolates showed that 77.93% of the 

isolates were resistant, 13.28% had intermediate sensitivity and 8.78% were susceptible. 

High percentages of bacterial resistance were noticed in ampicillin (93.79%),  

cefuroxime and augumentine (91.72%) and the least resistance was observed in 

ciprofloxacine (55.17%); intermediate sensitivity was high for gentamicin (31.72%) but 

low for ampicillin (1.38%); highest sensitivity of the bacterial isolates were observed in 

ciprofloxacine (25.52% ) and ceftazidime (2.76%)  recorded the lowest sensitivity. The 

results of this study identified the resistance profiles of the bacterial isolate in 

pharmaceutical wastewaters in Nigeria and these elements can be used to enhance the 

understanding of the emergence and dissemination of novel antibiotic resistance from the 

natural reservoir.  

 

Keywords: Antibiotics, pharmaceutical wastewater, Antibiotic resistance, Kirby-Bauer 

 

 

INTRODUCTION 

Most developing countries such as Nigeria are yet to routinely pass wastewater through 

treatment plants before delivery into the lakes and rivers (Ngwuluka et al., 2011).Countries such 

as Italy, Germany, United States, United Kingdom, Taiwan, India have been determining and 

monitoring pharmaceutical waste, there is no apparent indication that Nigeria is monitoring it 

and there is little or no awareness that pharmaceutical waste is an emerging contaminant with 

growing concern (Ngwuluka et al., 2011). This trend has been associated with an increase in the 

prevalence of single and multiple-antibiotic resistance in indicator organisms. A city like Lagos 

with more than 40 pharmaceutical industries may have increase in prevalence of antibiotic 

resistance as well as pharmaceuticals with concentrations that may be of great concern 

(Ngwuluka et al., 2011). There has not been any information or reference to the prevalence of 

antibiotic resistance in wastewaters from pharmaceutical industries in Nigeria. The development 

of bacterial resistance, especially multidrug resistance to antimicrobial agents has resulted in 

increasing rates of morbidity and mortality of patients in health care institutions in Nigeria. 

Lateef et al., (2005) reported that the emergence of bacteria resistant to most of the commonly 

used antibiotics/drugs is of considerable medical significance, because of the public health 

implications. Moreover, wastewater from animal agricultural facilities, human sewage treatment 

plants, hospitals, and pharmaceutical plants has been associated with increased levels of zoonotic 

pathogens as well as increasingly resistant and virulent organisms. Antibiotics from these 

settings could potentially act as a selection pressure that further influence the acquisition and 

spread of resistance genes  

mailto:avemariaobasi@yahoo.com
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METHODS  

Sampling sites and sample collection 

Wastewaters from the discharge point of ten pharmaceutical industries located in the south 

western region of Nigeria were collected aseptically from different discharge points into sterile 

universal bottles on ice, these were transported to the laboratory and were analysed immediately 

in the microbiology research laboratory of the University of Lagos, observing standard routine 

microbiological analysis. 

 

Microbiological Analysis 

Water samples were serially diluted to obtain 10
-3

, 10
-5

, and 10
-7 

dilutions which were spread 

evenly on the surface of an already prepared nutrient agar plate accordingly to the spread plate 

method (Nwachukwu and Akpata, 2003), these were incubated at 37°C overnight. Isolation of 

the bacteria was done based on their morphology on plates which were then streaked on sterile 

nutrient agar plates already prepared to obtain pure cultures. Preliminary identification was done 

by their morphological characteristics, Gram stain (Nwachukwu and Akpata, 2003) and using 

3% KOH method for the determination of Gram-negative bacteria (Gregersen, 1978).  

 

Antibiotic Susceptibility Tests 

The Bacterial isolates were inoculated in nutrient broth (NB) at 37°C for 24hours. A McFarland 

standard of 0.5 was achieved with an overnight culture in a tube and a sterile cotton wool swab 

dipped into the bacterial suspension was streaked over the entire sterile  Mueller – Hinton agar 

plates, streaking was repeated two more times, rotating the plates approximately 60
0
  each time 

to ensure even distribution of the inoculums.  As a final step, the rim of the agar is swabbed. The 

inoculated plates were allowed to dry before placing the diffusion discs containing antibiotics. 

Susceptibility of the isolates to 13 types of antibiotics was performed using the standard Kirby-

Bauer method as described by Robert et al., (2009). Commercially available discs (Oxoid and 

Abtek, UK) containing Ampicilline (AMP10), Gentamycine (GEN10), Ciprofloxacine (CPR5), 

Ofloxacine (OFL5), Augumentine (AUG30), Ceftazidime (CAZ30), Cefurozime (CRX30) and 

Nitirofurantoin  (NIT300), Erythromycin (E15); Clindamycin (DA2); Nalidizic acid (NA30); 

Chloramphenicol (C30); Sulphamethozazole/Trimethoprin (SXT25) were placed  on the surface 

of the agar plates and incubated at 37°C for 24 h. The diameters of inhibition zones formed 

surrounding each isolate were measured inclusive diameter of the discs. Results were expressed 

as susceptible (21 mm); intermediate (16 to 20 mm) or resistant (≤15 mm) following a standard 

range by Liasi et al., (15). Escherichia coli and Bacillus subtilis served as control strains for 

these assays.  

 

RESULTS  

Total population densities of bacterial isolates (cfu/ml) range from 2.7 x 10
4
 to 2.7 x10

11
; total 

number of bacterial isolates were 145 and their morphological characterization on plates showed 

that they were mostly roundish in form, transparent and opaque, milky in colour, raised or flat, 

entire in margin and smooth on the surface; 121 of the isolates were bacilli of tiny, short, long 

and slender rods, 21 were cocci of various sizes and 3 were coccobacilli. High percentages of 

bacterial resistance was noticed in ampicillin (93.79%), cefuroxime and augumentine (91.72%) 

and the least resistance was observed in ciprofloxacine (55.17%) (Figure 2); intermediate 

sensitivity was high for gentamicin (31.72%) but low for ampicillin (1.38%) (Figure 3); highest 

sensitivity of the bacterial isolates were observed in ciprofloxacine (25.52%) and ceftazidime 

(2.76%) (Figure 4) recorded the lowest sensitivity. Susceptibility patterns showed that the overall 

antibiotic resistance patterns of the bacterial isolates were 77.93% resistant, 13.28% intermediate 

and 8.78% susceptible (Figure 5C). Considering the different Gram reactions and the resistance 
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patterns; Gram-negative bacteria was of a higher resistance value (82.60%), when compared to 

the Gram-positive bacteria (72.73%) (Figure 5A and B).  

 

DISCUSSION 

This study found that the bacterial isolates had high antibiotic resistance which might have 

resulted from their ability to detoxify the antibiotic substances by altering the transport of 

compounds, through the bacterial cell membrane produce specific enzymes that can modify the 

antibiotics (Ong et al., 2011). This calls for concern over the possible emergence of antibiotics 

resistant bacteria; these resistant strains might have resistance gene coded in the R plasmid or 

coded in the transposon (Herwig et al., 1997). The R plasmid can transfer genetic material 

among different species in the conjugation and transformation processes. Thus, the bacterial 

isolates might have the R plasmid that carry four basic mechanisms of resistance which involve 

inactivation, the creation of substitute metabolic pathways, impermeability of cytoplasmic 

membranes and alteration in the target site. . It is very likely that resistance observed in this 

study is inherent and thus may be due to combined  mechanisms of resistance such as 

impermeability and efflux  (al Naiemi et al., 2006;  Weldhagen et al., 2003) and they have been 

known to be opportunistic pathogens responsible for nosocomial infections, further experiments 

will be carried out to support this hypothesis. In this preliminary study, we have successfully 

established that bacterial isolates from the pharmaceutical industries showed bacteria with 

antibiotic resistance; these resistance patterns corresponds to that of clinically relevant species. 

This suggests that the evolution of intrinsic resistance in environmental and clinical bacteria 

developed along the same line.  These strains might be infectious, as possibilities are that they 

could transfer their resistant gene to related species or their other counterparts. Further studies 

will be done to identify the species of all the isolates and the most widely used method for 

identification is genetic techniques such as the 16S rRNA gene analysis for phylogenetic study 

(Rasheed et al., 2009).  
 

CONCLUSION 

In this study, we have been able to relate the ability of microorganisms to survive and develop 

certain antibiotic resistance capabilities due to selective pressure in the drug polluted waste water 

(Allen et al., 2010). The antibiotic resistant bacterial isolates from these pharmaceutical 

wastewaters could cause increased difficulty in the treatment of human bacterial pathogens; 

antibiotic resistance acquisition due to selective pressure is of public health concerns as 

resistance genes can be disseminated in nature and transferred to pathogenic counterparts of 

bacterial species by genetic mobile elements (Wellington et al., 2013), thus the need for effective 

treatment of the drug wastewaters before they are discharge into the environment.  
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APPENDIX 
 

Table 1: Antibiotic resistance profile of Bacterial Isolates from pharmaceutical 

wastewaters 

Susceptibility Tests         Resistant      Intermediate             Susceptible 

Antibiotics/ Organisms G

m 

+ve  

G

m -

ve 

Total 

Bacteri

a 

G

m 

+ve  

G

m -

ve 

Total 

Bacteria 

Gm 

+ve  

G

m -

ve 

Total 

Bacteria 

AMP10 59 77 136 2 0 2 7 0 7 

CAZ30 58 71 129 6 6 12 4 0 4 

CRX30 57 76 133 6 1 7 5 0 5 

GM10 34 55 89 30 16 46 4 6 10 

CPR5 31 49 80 20 8 28 17 20 37 

OFL5 38 47 85 17 17 34 13 13 26 

AUG30 57 76 133 4 0 4 7 1 8 

NIT300 44 50 94 12 14 26 12 13 25 

E15 49 53 102 12 18 30 7 6 13 

DA2 57 71 128 9 3 12 2 3 5 

NA30 48 54 102 12 14 26 8 9 17 

C30 54 61 108 9 7 16 5 9 14 

SXT25 57 72 129 5 0 5 6 5 11 
AMP10,  ampicilline; CAZ30,  ceftazidime; CRX30, cefuroxime; CN10, gentamycin; CPR5, ciprofloxacine ; OFL5, ofloxacine, 

AUG30, augumentine; NIT300, nitrofurantion, E15, Erythromycin; DA2, Clindamycin;  NA30, Nalidizic acid;  C30, 

Chloramphenicol; SXT25, Sulphamethozazole/Trimethoprin 

 

Table 2: Percentage susceptibility of the bacteria to different antibiotics 
Susceptibilit

y Tests 

        Resistant (%)      Intermediate (%)      Susceptible (%) 

Organism/ 

Antibiotic 

Gm +ve  Gm 

 -ve 

Total 

Bacteria 

Gm +ve  Gm 

 -ve 

Total 

Bacteria 

Gm 

+ve  

Gm 

 -ve 

Total 

Bacteria 

AMP10 86.76 100 93.79 2.94 0 1.38 10.29 0 4.83 

CAZ30 85.29 92.20 88.97 8.82 7.79 8.28 5.88 0 2.76 

CRX30 83.82 98.70 91.72 8.82 1.30 4.83 7.35 0 3.45 

GM10 50.00 71.42 61.38 44.12 20.78 31.72 5.88 7.79 6.90 

CPR5 45.59 63.64 55.17 29.41 10.39 19.31 25.00 25.97 25.52 

OFL5, 55.88 61.04 58.62 25.00 22.08 23.45 19.18 16.88 17.93 

AUG30 83.82 98.70 91.72 5.88 0 2.76 10.29 1.30 5.52 

NIT300 64.71 64.94 64.80 17.65 18.18 17.93 17.65 16.88 17.24 

E15 72.06 68.83 70.34 17.65 23.38 20.69 10.29 7.79 8.97 

DA2 83.82 92.20 88.28 13.23 3.90 8.28 2.94 3.90 3.45 

NA30 70.59 70.13 70.34 17.65 18.18 17.93 11.76 11.69 11.72 

C30 79.41 79.22 74.48 13.23 9.09 11.03 7.35 11.69 9.66 

SXT25 83.82 93.31 88.97 7.35 0 3.45 8.82 6.49 7.59 
AMP10,  ampicilline; CAZ30,  ceftazidime; CRX30, cefuroxime; CN10, gentamycin; CPR5, ciprofloxacine ; OFL5, ofloxacine, 

AUG30, augumentine; NIT300, nitrofurantion, E15, Erythromycin; DA2, Clindamycin;  NA30, Nalidizic acid;  C30, 

Chloramphenicol; SXT25, Sulphamethozazole/Trimethoprin 
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            PLATE A                         PLATE B 

 

Figure 1: Susceptibility As Shown By The Zone Of Clearance On The Plates 

 
 

 

Figure 2: Bar Chart Showing The Percentage Resistance Of The Bacterial Isolates To 

Antibiotics 

 

 
Figure 3: Bar Chart Showing The Percentage Intermediate Resistance Of The Bacterial 

Isolates To Antibiotics 
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Figure 4: Bar Chart Showing The Percentage Susceptibility Of The Bacterial Isolates To 

Antibiotics 

 

 
             (A)            (B) 

                                      
                                    (C) 

Figure 5: Pie Chart of The Susceptibility Patterns of Gram- Positive (A) Gram-Negative (B) And 

Overall Bacterial Isolates (C) 
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ABSTRACT 

Social security has elicited research interests in recent times in different countries, 

including countries in Sub-Saharan Africa because of its perceived potentials for curbing 

social tensions and menace. However, there is need to empirically justify this claim 

through case study reports from several countries.  Using content analysis, data on 

pervasive social insecurity and information on corrupt practices inherent in social 

security schemes were extracted from reports on existing empirical case studies. The 

outcome is a comprehensive compendium of social threats and subsisting safety net 

initiatives that suggests more case studies are required. Sub-Saharan Africa as a 

developing region with a lot of people in the vulnerable groups - unemployed, rural poor, 

women and persons with disabilities - need social security schemes to cater for these 

groups. Nevertheless, there is need to incorporate Information and Communications 

Technologies (ICTs) for purposes of accountability, transparency and equity in the 

distribution of social benefits. More so as there has been reports of corrupt practices in 

social security schemes that has prevented the target audience from getting planned 

benefits. This paper reports the application of ICTs in social security schemes. The 

research provides a basis to empirically verify the import of social protection on societal 

security. The result of the case study yielded a usable biometric design for Sub-Saharan 

Africa, and closed the gap in literature on social security initiatives in the African region.   

 

Keywords: Information, Communication, Technologies, Poverty,  Social security, 

Unemployment 

 

 

INTRODUCTION 

There is a general consensus that African countries need social security systems that would 

prevent people from acting desperately before they can make meaningful progress across the 

socio--economic spectrum. A coordinated and holistic social security system that will not only 

protect its citizenry from economic and social risks but also help in reducing the high rate of 

poverty in on the continent. Social security places responsibility on the state to protect and 

provide for the individual when he is unemployed, or losses his job as a result of occupational 

injury, accident , when he or she grows old and when a woman is on maternal leave or 

economically challenged,  just to mention a few. The state of vulnerable groups like women, 

persons with disabilities, and the thousands of unemployed youths on the continent underscores 

the fact that all challenges that have impinged on successful implementation of social security 

system for several decades need to be urgently addressed. Over time, ICTs have proven to be 

useful in scaling upward the productive capacity of people either directly or indirectly. The 

economic productivity it induces brings about development and social transformation. The 

bottom line is that in the face of economic prosperity and social transformation, people find 

social ills unattractive and the continent is the better for it. Whereas directly ICTs skills, 

empowerment, jobs and income for the underprivileged and help secure their socio-economic 

future, it has also found relevance in entrenching accountability, transparency, probity and equity 

in initiatives that touch on the vulnerable groups.    

 

mailto:okewue@yahoo.com


9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

277 

 

This study examined the ongoing Boko Haram insurgency in Nigeria and acknowledged the sect 

has been recruiting members of the vulnerable groups for nefarious activities in Nigeria (Table 

1), particularly as suicide bombers who detonate Improvised Explosive Devices (IEDs): 

 

Table 1: Engagement of vulnerable groups in Boko Haram insurgency  

SN Vulnerable Group Insecurity mission 

1. Persons with disability Used as suicide bombers to detonate IEDs 

2. Unemployed young women  Used as suicide bombers to detonate IEDs 

3. Unemployed young men Engaged as foot soldiers for gorilla welfare and as suicide bombers  

 

A social security scheme is a strategic intervention aimed at empowering the socially vulnerable 

so that they will apply their minds productively for developmental purposes. According to Paime 

(1992), there is a correlation between security and survival. Whereas survival is an essential 

condition, security is viewed as safety, confidence, free from danger, fear, doubt, among others. 

Therefore, security is ‗survival-plus' and the word 'plus' could be understood from the standpoint 

of being able to enjoy some freedom from life-determining threats and some life choices (Booth, 

2007). Therefore, making available social safety nets is a developmental agenda that channels 

the energies of economically challenged people into national development.  

 

Nwagboso (2012) examines the security challenges in Nigeria and the extent to which the 

insurgencies of different militia groups as well as the prevailing internal insurrections across the 

country have adversely affected the Nigerian economy. The Nigerian experience is a reflection 

of security threats across Africa as are highlighted in Table 2. 

 

Table 2: Select security threats in Africa 
SN Security threat Period Country 

1. Ethnic cleansing April  - June 1994 Rwanda 

2. Civil War 1989 - 1996, 1999 - 

2003 

Liberia 

3. Arab Spring 2011 - 2012 Egypt 

4. Arab Spring 2011 Tunisia 

5. Arab Spring 2011 - to date Libya 

6. Civil War 1991 - 2002 Sierra Leone 

7. Niger Delta crisis 1999-2007 Nigeria 

8. Jos crisis 2001- to date Nigeria 

9. Civil War 

 

2013- to date South Sudan 

10. Militia uprising 2013 - to date Central African 

Republic 

11. Boko Haram crisis 2009 – to date Nigeria 

 

 

On the other hand, Information and communication technologies (ICTs) include any 

communication device—encompassing radio, television, cellular phones, computer and network 

hardware and software, satellite systems and so on, as well as the various services and 

applications associated with them, such as videoconferencing and distance learning. The research 

study reveals that the application of ICTs in the field of social security has popularized the 

concept of Information and Communication Technologies for Social Security (ICT4SS) as both a 

developmental agenda and academic discipline. 

Information and Communication Technologies for Social Security (ICT4SS) refers to the use of 

Information and Communication Technologies (ICTs) in enhancing the  socioeconomic 

wellbeing of the poor, disable, unemployed and vulnerable women. The theory behind this is that 

http://en.wikipedia.org/wiki/Information_and_Communications_Technology
http://en.wikipedia.org/wiki/Socioeconomic_development
http://en.wikipedia.org/wiki/Socioeconomic_development
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more and better information and communication usage in social safety nets furthers the 

development of a society. The concern is less on e-readiness and more on the impact of ICTs on 

development. Additionally, there is more focus on the poor as producers and innovators with 

ICTs (as opposed to being consumers of ICT-based information). 

After a study of the role of technology as a tool for development and social transformation over 

decades  of economic  evolution, the author tabulated findings as follows: 

Table 3: Economic evolution and technologies used  

Economic phase Period  Technology Used 

1st phase (Industrial revolution) 1770 - 1850 Water-powered mechanization 

2nd phase (Kondratiev wave) 1850 - 1900 Steam-powered technology 

3rd phase 1900 - 1940 Electrification of social and productive organization 

4th phase 1940 - 1970 Motorization and automated mobilization of society 

5th phase 1970 - to date Digitalization of social systems 

Despite the potentials of ICT4SS for development, social transformation and improved security, 

developing countries far lag developed nations in computer use and internet access/usage as 

shown in Fig. 1. Studies have shown that, on average only 1 in 130 people in Africa has a 

computer while in North America and Europe 1 in every 2 people have access to the Internet 

90% of students in Africa have never touched a computer.  

                                                   

Figure 1: Graph of ICT penetration per 100 inhabitants by International Telecommunication 

Union(ITU) 

As laudable as ICT interventions in social protection are, there is need for greater surveillance to 

curb unwholesome practices that may prevent the vulnerable groups from enjoying the dividends 

the schemes are meant to deliver. In this paper, the author proposes a biometric system for 

capturing and validating the particulars of would-be beneficiaries of the scheme as antidote to 

tackling the corrupt practices. 

In next section, various direct applications of ICT are studied. Under Related Works, a number of 

case studies in this field are analyzed. The succeeding section, Proposed ICT Solution, presents 

the proposed biometric system design. In the second to last section, Discussion, the study 

analysis the proposed system. The last section, Conclusion and Further Work, wraps up this 

research paper with details about further work on the proposed solution.  

 

 

 

http://en.wikipedia.org/wiki/E-readiness
http://en.wikipedia.org/wiki/File:ITU_ICT_Penetration_Rates_2007.jpg
http://en.wikipedia.org/wiki/International_Telecommunication_Union
http://en.wikipedia.org/wiki/International_Telecommunication_Union
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Direct ICT Interventions in Socio-Economic Empowerment of Vulnerable Groups 

There are various direct applications of ICT that have empowered the less privileged across 

Africa (Table 4): 

 

Table 4: Empowerment of the less privileged across Africa via ICT initiatives 

SN Country Government Initiative 

1. Nigeria e-wallet system for providing information about distribution of agricultural inputs to rural 

farmers using mobile technology.  So far, 12 million farmers have benefitted from the scheme. 

2. Gambia The telecentre application used to disseminate information on development issues such as 

agriculture extension, health, and education to poor communities.  

3. Mali Wi-Fi antenna set up in Mali to relay information to the rural areas. 

4. Ghana Satellite Internet access via VSAT under the Ecamic Project is used to make information 

available to the rural poor. 

5. Uganda Charging mobile phone from car battery is to enable the less privileged to keep their mobile 

phones alive for information access. 

6. Burundi Use of mobile telecommunications and radio broadcasting to fight political corruption in 

Burundi.  

7. Tanzania Study shows the use of mobile phones has impacted rural living in the following ways (Bhavni 

et al, 2008): entrepreneurship and job search, easy access to information, correcting market 

inefficiencies, transport substitution, disaster relief, education and health, social capital and 

social cohesion. 

8. Kenya Study identified innovation in mobile technologies for development (Masiero, 2013), in 

particular the success of M-PESA mobile banking which impacts on sectors like m-agriculture 

and m-health.  

 Ethiopia Evidence from Ethiopia indicates that farmers use mobile phones for interactions but may feel 

reluctant to call individuals whom they have never met personally, which restrains the usability 

of mobile phones in regions with limited transportation options (Matous et al, 2014). 

 

According to the literature, the livelihoods of the following vulnerable groups have been greatly 

enhanced by ICTs (Deepak, 2012; Watkins, 2012; Motes, 2010; Maier, 2007): 

 People with disabilities 

 Rural farmers  

 Women empowerment 

 The unemployed 

 

Related Work 

The deliberate use of communication to facilitate development is not new. The essence of ICT-

for-development (ICT4D) is to make use of this ongoing transformation by actively using the 

enabling technology to improve the living conditions of societies and segments of society. Social 

transformations over time such as industrial revolution had culminated in an interplay between 

enabling technology, desired guiding policies and strategies, and resultant social change 

(Freeman and Louca, 2002; Schumpeter, 1939; Perez, 2004). This three-dimensional interplay 

has been depicted by Hilbert (2012) as a cube shown in Figure 2 in tandem with the 

Schumpeterian school of thought. Put in another fashion, the three factors  enabling socio-

economic transformations are technology (infrastructure, generic services and 

capacities/knowledge), social services (education, health, business, government) and policies 

(regulation and incentives).  When ICT practices are applied in a regulated and incentivized 

manner to scale up productivity in the social sectors, we have improved social services variants 

like e-government, e-business, e-health and e-education catalyze transformation, development 

and social security. 

http://en.wikipedia.org/wiki/Telecentre
http://en.wikipedia.org/wiki/Wi-Fi
http://en.wikipedia.org/wiki/Mali
http://en.wikipedia.org/wiki/Satellite_Internet_access
http://en.wikipedia.org/wiki/VSAT
http://en.wikipedia.org/wiki/Mobile_phone
http://en.wikipedia.org/wiki/Car_battery
http://en.wikipedia.org/wiki/Mobile_telecommunications
http://en.wikipedia.org/wiki/Radio_broadcasting
http://en.wikipedia.org/wiki/Political_corruption
http://en.wikipedia.org/wiki/Burundi
http://en.wikipedia.org/wiki/M-PESA
http://en.wikipedia.org/wiki/Industrial_revolution
http://en.wikipedia.org/wiki/Schumpeterian
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Figure: 2 ICT4D cube (Source: Hilbert, M. 2012. Towards a Conceptual Framework for ICT for 

Development) 

 

Many development partners and researchers have leveraged on the ICT4D cube framework to 

impact positively on the livelihoods of the vulnerable groups in Africa - the poor, unemployed, 

women and the disabled using ICT. For that purpose they initiated various ICT policies, 

programmes and projects (Dymond and Oestermann, 2004; Languepin, 2010): 

 International Telecommunication Union ( ITU 

 World Bank 

 Catholic Relief Services (CRS) ICT4D Conference 

 ICT4D in Africa  

 Mobile Technologies Providers 

According to ITU, mobile communications and technology has emerged as the primary 

technology that will bridge in the least developed countries. As evidence, countries in Africa 

have recorded magnificent growth in using mobile phones to access the Internet. A case in point: 

In Nigeria, 77% of individuals aged 16 and above use their mobile phones to access the Internet 

as compared to a mere 13% who use computers to go online. This unfolding scenario in 

developing countries will bridge the digital divide between least-developed countries and 

developed countries (Fig. 3) although there are still hiccups in making these services affordable. 

                                                           
Figure: 3 Mobile phone subscribers per 100 inhabitants growth in developed and developing 

world between 1997 and 2007 (Source: ITU) 

 

The use of mobile phones as key component of ICT4D initiatives has been successful as the 

widespread distribution of mobile telephony has made it possible for poor people to have easy 

access to useful and interactive information (Languepin, 2010). In India, for example, the total 

number of mobile phone subscriptions reached 851.70 million in June 2011, among which 

289.57 million came from rural areas, with a higher percentage of increase than that in urban 

areas. This  unprecedented growth of affordability and coverage of mobile telephony services has 

http://en.wikipedia.org/wiki/File:Hilbert_ICT4D_cube.jpg
http://en.wikipedia.org/wiki/File:Mobile_phone_subscribers_per_100_inhabitants_1997-2007_ITU.png
http://en.wikipedia.org/wiki/Mobile_phone
http://en.wikipedia.org/wiki/Mobile_phones
http://en.wikipedia.org/wiki/Mobile_telephony
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underscored its importance not just as a means of two way communication but that of ease-of-

access to information as well. 

After careful analysis of existing case studies, the author observed with concern that none 

fulfilled all of the following criteria: 

 a study that highlights social security initiatives by African governments as a matter of 

deliberate policy.  

 a current study on corrupt practices inherent in social protection schemes in Africa.  

 a study modelling  a biometric system for curbing corrupt practices in social security 

initiatives.  

 

This study thus proposed a new model that fulfilled these criteria. Whereas the underlying logic 

is to ensure the deliverables meant for the vulnerable groups get to them, the strategy is 

integration of biometric enrolment and verification system into social security schemes.  

As seen from above direct applications, the integration of ICT in the drive to empower the less 

privileged adds significant value to  socio-economic  transformation and indirectly offers social 

protection for this segment of the society. Notwithstanding, governments across Africa still 

mount social security schemes as a matter of deliberate policy to impact positively on the same 

set of people and ICT plays vital role. When mainstreamed in social protection efforts, ICT 

safeguards numerous government social security schemes from abuse owing to corrupt practices. 

In Burundi, for example, it is popular to use mobile telecommunications and radio broadcasting 

to fight political corruption. This study reveals further that deliverables of social safety nets such 

as conditional cash transfer and free medical care for the vulnerable groups are being diverted by 

unscrupulous elements for personal gains. Even when benefits are delivered, they are in less than 

budgeted measure. Hence, there is need to integrate a biometric system and mobile devices into 

such schemes for validating genuine beneficiaries as well as disseminating information to them 

on the release and allocation of   resources by government agencies. The following session 

outlines  a blueprint for the electronic design of  a social security scheme.  

 

Proposed ICT Solution 

Nigeria accounts for about 25% of Africa's population and remains the most populous black 

country in the world. The researcher considered that social security initiatives in Nigeria are, to a 

reasonable extent, quiet representative of trends on the continent. On analyzing select social 

security schemes in Nigeria, a table (Table 5) was developed to highlight various governments‘ 

social security schemes. 

 

http://en.wikipedia.org/wiki/Mobile_telecommunications
http://en.wikipedia.org/wiki/Radio_broadcasting
http://en.wikipedia.org/wiki/Political_corruption
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   Table 5: Select social security programmes in Nigeria  
S

N 

Code Name Govern

ment 

Type Target Commenc

ement 

date 

Status Supervising 

ministry 

1. SURE-P 

(Subsidy 

Reinvestme

nt 

Programme) 

Federal 

Govern

ment 

Safety-

net 

tagged 

Commun

ity 

Service 

Scheme 

(CSS) 

Women, 

disabled 

and 

unemplo

yed 

2012 Take-off stage – 

capacity building and 

empowerment of 

women, unemployed 

youths and disabled. 

Stipends and seed 

money offered.   

Ministry of 

Labour and 

Productivity 

2. National 

Social 

Insurance 

Trust Fund 

Federal 

Govern

ment 

Social 

insurance 

All 

categori

es 

1961 Passive – the common 

man is yet to feel its 

impact 

Fed. Min. of 

Labour & 

Productivity 

3. Social 

Security 

Ekiti 

State 

Social 

pension 

The 

elderly – 

65 years 

and 

above 

October 

2011 

Functional – 

beneficiaries receive 

monthly stipend of 

5,000 naira 

State Ministry 

Labour, 

Productivity 

and Human 

Capital 

Development 

4. Project 

Comfort 

Cross 

River 

Safety 

Net – 

condition

al cash 

transfer 

Poor  

(vulnera

ble) 

househo

lds 

2012 Functional - 

beneficiaries receive 

monthly stipend of 

5,000 naira 

State Ministry 

of Social 

Welfare 

5. Agba Osun Osun 

State 

Social 

pension 

The 

elderly – 

65 years 

and 

above 

November 

2012 

Functional - 

beneficiaries receive 

monthly stipend of  

5,000 naira 

Office of the 

Governor 

6. National 

Health 

Insurance 

Scheme 

(NHIS) 

Federal 

Govern

ment 

Social 

protectio

n 

All ages 1989 Passive – the common 

man is yet to feel its 

impact 

Fed. Min. of 

Health 

7. Project 

Hope 

Cross 

River 

Safety 

Net – 

free 

health 

care 

services 

Women 

and 

children 

under 5 

years 

2012 Functional – 7 local 

governments receiving 

free health care 

State Ministry 

of Social 

Welfare 

  Source: Okewu‘s field survey, 2014  
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From the above table it is observed the downtrodden are clearly targeted by the various 

governments for delivery of social benefits that free medical care, conditional cash transfer, 

among others. Hence, the author proposes a biometric system that captures beneficiaries' 

information and validates same at the point of disbursing the benefits with a view to curtailing 

the activities of fraudsters who intend to divert same to selfish purposes. 

While designing the biometric verification system, the following are taken into cognizance 

(Ndeh-Che, 2008):  

 Engagement of Systems Integrator that:   

o possess a deep understanding of, and the resources for, the analysis, design, 

development, deployment and maintenance of the systems and processes for the 

social security programme. 

o  demonstrate proven track record of outstanding work in the area of biometric 

enrolment and verification, as well application development, deployment and 

integration. 

 The systems integrators will: 

o integration reliable systems for identifying and registering eligible beneficiaries,  

o setup systems to support delivery of benefits, accounting for benefits, and 

monitoring and evaluation of the Social Benefit Scheme. 

 Effort should be geared towards production of systems, processes and human resource 

requirements which will serve as an information platform; and as a service delivery 

medium for all stakeholders.  

Systems integrator firms are saddled with the provision of systems integration services as needed 

by the government. They will assist government in the conceptualization, analysis, design, 

development, and deployment and maintenance of information systems that will ensure effective 

and secure management of the benefits scheme including, inter alia, (a) enrolment system for 

bona-fide beneficiaries, (b) biometric identity management and verification, (c) ID card 

production, and (d) system for the accounting of benefits. 

 

On considering the above guidelines, the scope of work for the proposed biometric design will 

include: 

1. Software and services for development and deployment of biometric enrolment system 

and training of technical personnel and provision of technical support during verification 

and enrolment effort – Personal and biometric data are captured and stored in a relational 

database system. Human error can be mitigated by using state-of-art forms processing 

systems, whilst  time-tested biometric approach shall eliminate multiple enrolments of 

the same individual. During the exercise, beneficiaries will also have their supporting 

documents scanned, converted into e-forms and archived in a document management 

system. Support team will be on ground throughout, in order to ensure that the enrolment 

exercise runs smoothly. After the initial phase of the verification and enrolment exercise, 

continuous verification and enrolment will continue to ensure that new potential 

beneficiaries are properly verified and registered. Figure 4 and Figure 5 highlight 

enrolment infrastructure and enrolment process respectively. 
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Figure 4: The enrolment infrastructure for an enrolment centre 

                                                                   

                                                               Figure 5: The enrolment process 

2. Systems integration for biometric enrolment database and identity management system –

After field enrolment, the various biometric enrolment databases from enrolment centres, 

the scanned documents and the e-forms, are consolidated in a central database. To avoid 

duplicate enrolments across enrolment centres, an Automated Fingerprint Identification 

System (AFIS) should be deployed. 

An identity management system can be set up, based on the consolidated database, to 

provide identification services. Figures 6 and 7 respectively model a consolidated view 

and the consolidation process.  

                                                   
Figure 6: Consolidated view 
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Figure 7: Consolidation process 

3. Systems integration for ID card production, card acceptance devices and identity 

verification system – A likely outcome of the exercise is the production of authentic 

identity card (ID card). Beneficiaries can be provided with secure smart ID cards as proof 

of eligibility to receive benefits. Each card contains biometric information to verify the 

beneficiary on location, as well as other data as may be decided from time to time by the 

government. In the absence of the ID card, verification will still be possible over a remote 

connection to the central identity system. A production station should be set up for the 

design and production of the smart ID cards. The ID cards and ID card verification 

systems should be deployed at strategic locations (e.g. Benefits Stations) to prevent abuse 

of the scheme. Figure 8 shows a typical card printing infrastructure just as Figure 9 

presents an ID card-enabled verification process. In the event a beneficiary has no card, 

he/she can still be verified remotely using finger print as captured in Figure 10. 

                                           

Figure 8: Card printing infrastructure 
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                                                Figure 9: ID Card Verification Process 

 

                                                            

Figure 10: Identity verification process 

 

4. Software and services for development and deployment of Benefits Accounting System – 

In order to ensure proper management of benefits accruing to citizens under any social 

security scheme, system integrators should partner with the government to develop a 

benefits administration system. This system will be custom-built to suit the specific 

requirements of the respective social safety net programme.  

5. Technical and End-User Training – The need for adequate capacity building cannot be 

overemphasized. System Integration  firms should provide comprehensive capacity 

building services to ensure that all human resources participating in the social protection 

programme are able to carry out their roles and responsibilities. Training categories could 
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include i) Enrolment Officers, ii) Identity Management System Administrators, iii) 

Benefits Administration System End Users and iv) Benefits Administration Support 

Personnel. 

6. Ongoing Support and Maintenance – To ensure smooth running of all systems deployed, 

the system integrator will provide ongoing support and maintenance services to the 

government.  

 

The firm should deploy a multi-disciplinary team of professionals and support personnel, 

working over a stated period to complete and roll out the systems for the scheme. Emphasis 

should be placed on the engagement of a reputable firm to assist the government in realizing its 

vision of delivering social welfare packages such as free health care for, and financial assistance 

to the under-privileged. References of track record of successfully delivering expected project 

outcomes in similar engagements for other clients should be taken into cognizance. The firm 

should understand the challenges, possess the skill sets and emphasize client collaboration. 

Modalities should be put in place to guarantee fruitful working relationship between the firm and 

government.  

 

The proposed solution will succeed if the following measures serve as guidelines (Ndeh-Che, 

2008):  

 Establishment of a uniform, clearly defined and objective criteria for determining 

eligibility for the scheme 

 Collection of realistic baseline data on poverty for target setting 

 Establishment of realistic targets and timeframes 

 Establishment of a comprehensive Monitoring & Evaluation (M&E) Framework for all 

aspects of the scheme 

 Sensitization of beneficiaries and stakeholders 

 Institutionalizing transparency, accountability and good corporate governance in the 

scheme from the onset. 

 Proper identification and registration of beneficiaries using the latest advances in identity 

management technologies 

 Adoption of a holistic approach to achieving scheme objectives 

 Reuse of data and resources from complementary initiatives such as census data and 

images and Roll Back Malaria initiative 

DISCUSSION 

This study revealed that mainstreaming ICT in rural Africa makes inroads into development and 

hence can curb social tensions and crisis. However, poor ICT infrastructure, cultural inhibitions, 

lack of proper disposal/recycling facilities, illiteracy, et al are challenges confronting ICT4SSS.  

Notwithstanding, vital lessons have been learnt from implementation of various ICT pilot 

programmes for the vulnerable groups and these have culminated in the following 

recommendations (Batchelor et al, 2003): 

 Involve target groups in project design and monitoring. 

 When choosing the technology for a poverty intervention project, pay particular attention 

to infrastructure requirements, local availability, training requirements, disposal and 

technical challenges. Simpler technology often produces better results. 
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 Existing technologies—particularly the telephone, radio, and television—can often 

convey information less expensively, in local languages, and to larger numbers of people 

than can newer technologies. In some cases, the former can enhance the capacity of the 

latter. 

 ICT projects that reach out to rural areas might contribute more to the MDGs than 

projects based in urban areas and hence should be prioritized. 

 Financial sustainability for ICT-for-development initiatives should be factored in. 

 Projects that focus on ICT training should include a job placement component. 

CONCLUSION 

Though the social security scheme is a new concept in Africa and indeed in Nigeria, it has come 

to stay. Countries like Zambia, South Africa, Libya and Egypt have edged in social security 

programmes for citizens. There is need for the above biometric design to be developed for 

implementation in Nigeria. Secondly, for external and general validity of this model, it has to be   

tested in other African countries. As Africa joins the league of continents whose governments‘ 

execute ICT-driven socially responsible programmes for need-based citizens, it will gather lost 

confidence from citizens with far-flung expectations. And more importantly, idle minds will be 

engaged productively hence mitigating the chances of such citizens being indoctrinated and used 

as foot soldiers for fuelling crisis. 
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ABSTRACT 

With the rising popularity of energy drink among Nigerian youths and males especially, 

there is the need to investigate the possible side effect of its major stimulant, caffeine on 

diverse health related issues in general and reproductive outcome in particular. To test the 

mutagenic and other effects of energy drink, Red Bull energy drink was offered ad 

libitum to adult male mice assay, in increasing concentration of the drink for twenty eight 

days.  Sperm head abnormality count was conducted at 7, 14, and 28 days of exposure, 

while body movements studies of the mice were conducted on the last five days of energy 

drink exposure.  The study showed that mice offered 75% concentration of Red Bull for 

14-28 days had significantly (P  0.05) negative effects on sperm head abnormalities.  

Mice on 75% and 100% Red Bull showed significantly different (P  0.05) body 

movement when compared to Control on day 24 of exposure.  This could imply that 

exposure to energy drink should be at low concentration and not for long period so that it 

does not induce negative reproductive and behavioural outcomes. 

   

Keywords: Mutagen, Energy Drink, Red Bull, Sperm morphology. 

 

 

INTRODUCTION  

Energy drinks, non-alcoholic carbonated drinks designed to boost energy and categorized under 

Food and Beverage Industry are gaining wide use in Nigeria especially among youths, sportsmen 

and adult males. They are marketed with catchy names that convey strength, power, speed, 

sexuality and often with appropriate music (Akande and Banjoko, 2011).  

Like all soft drinks, energy drinks contain little nutritional value and high amount of sugar.  

What really differentiates energy drinks from soft drinks is that they also contain significantly 

higher doses of caffeine.  Common energy drinks contain around 160 – 300mg caffeine per 500 

ml, while coffee contains 40 – 80mg/cup and tea 20-60mg/cup.  Depending on the brand, energy 

drinks may also contain other additives such as B vitamins, taurine, ephedrine, carbonated 

water, guarana, glucuronolactone, maltodextrin, inositol, carnitine, creatine  and ginseng. 

A variety of physiological and psychological effects have been attributed to energy drinks and 

their ingredients. Two studies reported significant improvements in mental and cognitive 

performances as well as increased subjective alertness (Howard and Marczinski, 2010). In a web 

survey conducted by Serfert et al (2011), it was reported that energy drinks were consumed by 

30% to 50% of adolescents and young adults. Frequently containing high and unregulated 

amounts of caffeine, these drinks have been reported in association with serious adverse effects, 

especially in children, adolescents, and young adults with seizures, diabetes, cardiac 

abnormalities, or mood and behavioral disorders or those who take certain medications. Of the 

5448 US caffeine overdoses reported in 2007, 46% occurred in those younger than 19 years. 

Nehlig and Debry (1994) reported that the mutagenic potential of coffee and caffeine has been 

demonstrated in lower organisms, but usually at doses several orders of magnitude greater than 

the estimated lethal dose for caffeine in humans. They concluded that the chances of coffee and 

caffeine consumption in moderate to normal amounts to induce mutagenic effects in humans are 

almost nonexistent.  They also stated that caffeine seems to potentiate rather than to induce 

mailto:folaleru@unilag.edu.ng
http://en.wikipedia.org/wiki/Carbonated_water
http://en.wikipedia.org/wiki/Carbonated_water
http://en.wikipedia.org/wiki/Guarana
http://en.wikipedia.org/wiki/Glucuronolactone
http://en.wikipedia.org/wiki/Maltodextrin
http://en.wikipedia.org/wiki/Inositol
http://en.wikipedia.org/wiki/Carnitine
http://en.wikipedia.org/wiki/Creatine
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chromosomal aberrations, transforms sub-lethal damage of mutagenic agents into lethal damage 

and that coffee and caffeine are also able to inhibit the mutagenic effects of numerous chemicals. 

In the Philippines, Red Bull was banned because of the suspected effects on infertility in men.    

In a comprehensive literature review, Pennington et al. (2010) stated that specific effects that 

have been reported by adolescents that used energy drink included jitteriness, nervousness, 

dizziness, the inability to focus, and insomnia.  In another report from the United States, students 

that took energy drink on their way to school were observed to be restless and had destructive 

tendencies. As regards the psychological effect of energy drink, two studies reported significant 

improvements in mental and cognitive performances as well as increased subjective alertness 
(Howard and Marczinski, 2010). 

Even though the caffeine in energy drink has been implicated to cause infertility in men, 

agitation, nervousness and anxiety in children and adolescents, the few local researches done 

were on their biochemical and histological effects on tissues and organs (Akande and Banjoko, 

2011) with little on mutagenesis.   The objectives of this study were to look at the short term 

effects of ―Red Bull‖ energy drink on sperm morphology and behaviour on adult male mice. 

 

METHODS 

Animal Husbandry 

Thirty six (36), eight weeks old adult Albino male mice, (Mus musculus) bioassay model were 

purchased from a stock raised in the Zoology Laboratory, University of Lagos.  They were 

acclimatized to their new cages for a period of four days (in the same Laboratory) during which 

they were fed pelletized food purchased from a reputable source and given water ad libitum. 

Mice were chosen as a model for this study because according to Pagulayan and Gutay-Baoanan 

(1993) their spermatogenesis is similar to that of man.  

 

Test Substance 

Red Bull
R
 Energy Drink, a product of Austria was purchased from retail outlets in Lagos.  The 

ingredients stated on the product‘s label were: water, sucrose, glucose, acidity regulator (sodium 

citrates), carbon dioxide, taurine (0.4%), glucuronolactone (0.24%), caffeine (0.03%), inositol, 

vitamins (niacin, pantothenic acid, B6, B12), flavourings, colours (caramel, riboflavin).  Each 

100 ml contained: Energy 192 kj (45 kcal), protein 0 g, carbohydrates 11.3g, fat 0 g, with 

vitamins as % recommended daily allowance.  

Experimental animals were exposed to it through their drinking water, which was changed daily. 

 

Treatment Arrangement 
The 36 adult male mice were weighed and randomly divided into treatment groups.  Each 

treatment group (except the Control that had four) had a total of eight mice sub-divided into four 

per cage.  The disparity in weight of mice in each group was ± 2.0 grammes. The mice were fed 

with pelleted food and given ad libitum Red Bull energy drink mixed with water in the 

concentrations shown on Table 1. 

 

Table 1:  Test substance, Red Bull and water ratios, in volume/volume 

Treatment % Energy Drink % Water Ratio 

1 (CONTROL) 0 100 0:1 

2 25 75 0.25:0.75 

3 50 50 1:1 

4 75 25 0.75:0.25 

5 100 0 1:0 
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On days 7, 14, and 28 epidydimis samples were collected from the mice for sperm morphology 

count.   

 

Sperm Morphology Count 

Mice were sacrificed for epididymes collection by cervical dislocation.  The sperm from excised 

epididymes were stained and examined under electron microscope for sperm head abnormality; 

these were compared with a work done in a similar environment and reported by Otubanjo and 

Mosuro (2001).  

 

Body Movements 
Animal behaviour was determined by counting the number of body movements per minute as 

described by Abalaka and Auta (2010).  This was conducted during the last week of the 

experiment.  Counted body movements were lifting of head, walking, climbing, and eating. 

 

Data Analyses 

The mean and standard deviation of the sperm head counts (normal and abnormal), blood 

parameters and body movement were analysed using Microsoft Excel.  Means that differed with 

the Control were compared using Student–t two tail tests.   

 

RESULTS 

Red Bull Energy Drink Effect on Sperm Morphology of Adult Male Mice 

Plate 1 showed photograph of normal, while plates 2-4 showed abnormal sperm head 

morphologies.  Black arrow was used to show the sperm head depicted.  Seven of the abnormal 

sperm heads as described by Otubanjo and Mosuro (2001) were observed with amorphous and 

pin heads being the most common.  

Table 2 showed the normal and abnormal sperm head counts and their deviation from mean.  On 

days 7 and 28, all the means of the normal sperm heads for the four treatments were significantly 

different (P  0.05) from the Control. On day 14, only Treatment 5 (100% energy drink) was 

significantly different at P  0.05 from the Control.  The means of the abnormal sperm heads for 

all the Treatments were significantly different at P  0.05 from Control on day 14, and on day 

28 for Treatment 3 (50% energy drink). 

Figure 1 shows the graph of normal sperm count with increasing concentration in Red Bull 

intake on sperm count.  Figure 2 shows the graph of abnormal sperm count with increasing 

concentration in Red Bull intake on sperm count.  

  

                            

Plate 2: Pin sperm head of Trt 2 

mouse on day 14 of exposure to Red 

Bull (Mag. x 200) 

 

 

Plate 1: Normal mouse sperm head of 

Trt 1 on day 28 (Mag. x 200)  

Note: Trt = Treatment on all the Plates     
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Table 2: Concentration of, and duration of exposure to Red Bull effect on mice sperm head 

count 

Normal Sperm head count 

Period of 

exposure 

(Days) 

Mean SD value for each group based on % concentration of Red Bull drink 

1 2 3 4 5 

7 1114.25 62.8 208 61.8* 120.5 70.0* 184.25 111.5* 312 192.8* 

14 1114.25 62.8 1227 461.4 1152.75 157.5 1113.25 64.6 574.5 48.8* 

28 1114.25 62.8 564 313.7* 617.75 317.4* 152.75 82.9* 418 211.9* 

Abnormal Sperm head count 

7 20.25 17.8 20.25 12.6 8.25 8.3 17.5 15.2 42.25 32.6 

14 20.25 17.8 100.5 46.9* 134.25 73.5* 115.5 57.5* 103.25 50.6* 

28 20.25 17.8 35.5 11.3 115.5 24.3* 40.5 28.7 141.75 93.7 

SD= Standard Deviation; * = significantly different from the Control group at P  0.05 

 
Figure 1: Variation in normal sperm count with increasing concentration in Red Bull intake 

 

Plate 3: Pin head sperm of Trt 4 

mice on day 14 of exposure to 

Red Bull (Mag. x200) 

 

Plate 4: Amorphous sperm head of 

Trt 5 on day 14 of exposure to Red 

Bull (Mag. x 200) 
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Figure 2: Variation in abnormal sperm count with increasing concentration in Red Bull intake 

 

Red Bull Energy Drink Effect on Adult Male Mice Body Movement 

Table 3 shows the means of body movements of adult mice offered different concentrations of 

Red Bull and compared with the Control group. Only mice on 75% and 100% Red Bull had 

significantly different means, at P  0.05, from control on day 24 of the test period.  On day 26, 

mice on 25% and 75% Red Bull showed significant difference (P  0.05) from the Control.  

 

Table 3: Effect of Red Bull on body movement of mice 

Period of 

exposure/ 

Days 

Mean SD value for each group based on % concentration of Red Bull drink 

1 2 3 4 5 

24 36 3.1 38.2 4.5 44 12.9 52.7 5.6* 48.7 11.0* 

25 45.7 6.7 40.7 11.9 52.7 12.3 52 12.5 46.3 11.6 

26 47.3 5.1 38.3 4.2* 45.2 10.1 54.7 4.5* 50.2 9.0 

27 47.7 4.4 48.7 7.1 42.5 8.1 54.2 8.1 50.3 7.5 

28 58.7 3.1 44.7 8.7* 39.3 12.5* 52.3 8.7 47 10.3* 

SD= Standard Deviation; * = Significantly different from the Control group at P  0.05 

 

DISCUSSION 

Effects of concentration and exposure time of Red bull on mice sperm head morphology 

Normal sperm head counts were highest for mice on 25% Red Bull on day 14 of exposure, while 

the lowest was observed for mice on 75% and on day 14.  Abnormal sperm head counts were 

lowest on Control followed by 25% and 75% on day 28.  This could imply that high 

concentration and prolonged use of Red Bull caused a reduction in normal while increasing the 

incidence of abnormal sperm heads. Amorphous and pin heads were the major forms of 

abnormalities in sperm morphology encountered during the study.  These did not have acrosome 

needed for penetration of ovum during fertilization.   

Other substances have been reported to cause abnormal sperm heads.  Odeigah (1997) recorded 

increasing percentage of abnormal sperm heads with increasing concentration of formaldhyde 

treated rats.  Pagulayan and Gutay-Baoanan (1993) reported the incidence of variant abnormal 

shapes of acrosome that was dose dependant with almost 4 fold increment when Malathion was 

used on mice.  They alluded that changes in head shape may be correlated to changes in the 

motility and penetrating capacity of the sperm, with balloon types as the most critical, because of 

the absence of hook which is vital for the entry of sperm to egg.   

The higher values of sperm head abnormalities of mice exposed to varying concentrations and 

exposure time of Red Bull indicates that the substance might have caused damage to the pre-

meiotic stage of spermatogenesis which is the period when deoxy ribonuceic acid (DNA) 

synthesis occur Odeigah (1997).   
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Effect Red Bull Energy Drink on Body Movement of Adult Male Mice 

Only mice on 75% and 100% Red Bull had significantly different means from control on day 24 

of the test period.  On day 26, mice on 25% and 75% Red Bull showed significant difference 

from the control.  This implied that activity rate of adult male mice reached peak on 75% Red 

Bull.  Forbes et al. (2007) reported that during repeated cycling tests in young healthy adults an 

energy drink significantly increased upper body muscle endurance.  In laboratory studies, 

caffeine at a dose of about 6 mg/kg body weight (e.g., 490 mg for a 180-lb person) has often 

proved effective at enhancing exercise performance lasting from 1-120 min (Graham, 2001). 

 

CONCLUSION  

Normal sperm count decreased with increasing concentration of Red Bull intake while abnormal 

sperm heads increased with increasing concentration of Red Bull intake. There is an inherent 

challenge in extrapolating this result from mice studies to humans.  However, the result did 

indicate the potential health risks associated with regular and prolonged use of Red Bull energy 

drink on spermatogenesis.  More information is needed on behavior, and the effect of energy 

drinks on oogenesis in female mice.    

Despite the warning on the label: ―Not recommended for children and persons sensitive to 

caffeine‖, there is no monitoring and control over this group accessing it.  Public regulatory and 

health agencies should be proactive in taking measures that would inform the vulnerable group, 

young people and non- alcohol users know the attendant side effects of energy drink.  As damage 

to deoxy ribonucleic acid (DNA) is the fundamental mechanism of induced mutation, 

mutagenecity testing of common energy drinks in the Nigerian market is necessary.   
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REMEDIATION OF PHOSPHATE FROM LAUNDRY WASTEWATER 

 

Olayinka K. O., Adegoke M. I. & Oladosu N. O. 

 
ABSTRACT 

Phosphate is usually the limiting nutrient for algal growth in inland water bodies. 

Phosphorus-containing effluent must be treated before its discharge to inland and 

estuarine water bodies via the drainage to prevent eutrophication. This study focused on 

the removal of phosphate from laundry effluents using chemical precipitation. Lime 

(Ca(OH)2), alum (Al2(SO3)4.18H2O) and ferric chloride (FeCl3.6H2O) were the 

coagulants used to precipitate phosphate from effluents collected from two laundry 

outfits within Lagos State. Phosphate was determined by the molybdenum blue method 

using Genesys 10-S UV-VIS Spectrophotometer. The effects of effluent matrix, 

coagulant dosage and pH on the precipitation efficiency were studied. The pH ranges 

used were 5.0-7.0, 5.5-7.5 and 9.0-11.0 for ferric chloride, alum and lime respectively. 

For ferric chloride, the best removal efficiency achieved was 73 % at pH 5.0. An 

optimum dosage of 120-240 mg/L was observed for this coagulant. The highest removal 

efficiency by alum was 64 % achieved at pH 6.5 and dosage of 160-240 mg/L. About 70 

% of phosphate was removed from the effluent by lime at pH 9.0 and optimum dosage of 

450-600 mg/L. Phosphate removal increased with increasing dose of every coagulant 

until the optimum dose was reached and it descended afterwards. The highest phosphate 

removal attained with a particular coagulant varied from one effluent to another owing to 

the presence of interferent species. It was also observed that phosphate removal depended 

on coagulant dosage and pH. Ferric chloride demonstrated greater phosphate removal. 

 

Keywords: Phosphate, Precipitation, Matrix, Dosage, pH 

 

 

INTRODUCTION 

Phosphorus is an essential macro-nutrient for the growth of plants and microorganisms. The load 

of phosphorus discharged to receiving waters comes from various sources including agricultural 

and urban runoff, domestic and industrial wastewater, and atmospheric deposition (Plaza et al., 

1997). Phosphates in the form of sodium tri-polyphosphate (STPP) are used in making 

dishwashing detergents because they easily break down grease and remove stains. The benefit of 

its optimal ability to remove stains very well is offset by the fact that detergents enter the 

wastewater system and pose eutrophication problems. This means that activities such as taking 

showers, washing dishes and laundry, will lead to additional phosphorus in the sewers and the 

wastewater systems which then must be removed before it enters the receiving waters (Oram, 

2005). 

 

In wastewater, phosphorus exists as one of several possible phosphate compounds which 

includes inorganic phosphate (i.e. orthophosphate, polyphosphates) and organic phosphate 

(Crites and Tchobanoglous, 1998). Inorganic phosphate is contributed by detergents and 

household cleaning products such as soaps while organic phosphate is contributed by human 

excreta (feces) and food residues (Gold and Sims, 2001). As phosphorus is released into the 

ecosystem, its bioavailable component is readily taken up by plants. This is used for plants‘ 

growth; animals can then obtain the phosphates by feeding on plants and other animals that have 

ingested the phosphates. The materials are broken down and can be used as energy. As the plants 

and animals approach the end of their life cycle they die and microorganisms slowly release the 

nutrients stored in the organisms back into the ecosystem through decomposition (Herried, 

2007).  
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The discharge of large quantities of this nutrient into receiving water bodies raises the growth of 

algae and results in eutrophication of lakes and streams (Banu, et al., 2008). This can in turn 

disturb the balance of organisms present in water and affect water quality, mainly through the 

depletion of dissolved oxygen as the algae decay. Reduced oxygen level can have harmful 

effects on fish and other aquatic life, causing reduction in biodiversity. It may cause an offensive 

odour and brings about colour changes in water bodies. It also renders water bodies useless for 

drinking, fishing, recreation, irrigation or industrial purposes (Carpenter et al., 1998). 

Various technologies which were used for phosphate removal from wastewater are divided into 

physical, chemical and biological methods (Peleka and Delianny, 2009; Vasudevan et al., 2009). 

The chemistry of phosphate precipitation is dependent on many factors such as pH, coagulant 

dose, alkalinity, speed of mixing, and side reactions of the metal ions with ligands in the 

wastewater. Side reactions between the metals and alkalinity to form insoluble hydroxides are 

also important (James et al., 2003). The most often employed multivalent metal ions are the 

compounds of calcium, aluminum, and iron (Tchobanoglous et al., 2003). According to 

researches, phosphate removal efficiency was greater using ferric chloride, compared to alum. 

Sarparastzadeh et al., (2007) suggested that ferric chloride has the greater tendency to react with 

phosphate even at lower dosage. There was a limitation of alum where the greatest phosphorus 

removal efficiency could only be achieved at 200 mg L
-1

 dosage. Hence, it was an advantage of 

using ferric chloride in the removal of phosphate by chemical precipitation process. It was 

reported that 80-90% phosphate removal efficiency was observed when ferric chloride was dosed 

between 140 mg L
-1

 and 200 mg L
-1

. Only a small amount of ferric chloride was able to give rise 

to high phosphorus removal efficiency, which was helpful in reducing the operation cost.   

Smith et al. (2008) reported that the highest phosphorus removal efficiency occurred between pH 

5.5 and 7.0 for ferric chloride. Because ferric chloride is acidic and, is capable of lowering pH, 

adjustments to the pH might be needed to achieve high removal efficiencies when the alkalinity 

is insufficient to buffer the wastewater adequately. Hector (2004) reported that when the lowest 

dosages of alum and hydrated lime were compared, alum performed better in reducing total 

phosphorus and dissolved reactive phosphorus. With an alum dosage of 108 mg Al L
-1

, the levels 

of total phosphorus and dissolved reactive phosphorus were reduced by 88.2% and 65.4% 

respectively. For the same parameters, the lowest dosage of hydrated lime (676 mg Ca L
-1

) 

reduced the levels by 37.3% and 51.7% respectively. 

The following equation represents a simplified reaction of phosphate precipitation by aluminum 

ion (Lind, 1988): 

 

Al
3+

(aq) + PO
3-

4(aq)              AlPO4(s)                                                                           …….(1) 

 

Al ion also generates Alx(OH)y(PO4)z with phosphate. The dosage rate required is a function of 

the phosphorous removal required. The efficiency of coagulation falls as the concentration of 

phosphorous decreases. In practice, an 80-90% removal rate is achieved at coagulant dosage 

rates between 50 and 200 mg/l. Dosages are generally established on the basis of bench-scale 

tests (Lenntech, 2009). The optimum solubility for alum was previously reported to occur at a 

pH range of 5.5 to 6.5. Recent studies showed that the range of pH for alum is between 3.5 and 

7.5 with the highest efficiency between pH 4 and 6 (Szabo et al, 2008).  

 

When lime was added to wastewater to precipitate phosphate, as the pH increased above 10, 

calcium ions reacted with phosphate to precipitate hydroxylapatite [Ca9(OH)(PO4)3]. It was found 

that an increase in lime concentration increased the percentage removal of phosphorous and 

reduces the residual concentration at higher pH values. This is ascribed to the fact that the higher 

the concentration of lime the higher the ability of calcium ions to form a complex with phosphate 
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and precipitate it out of solution at a pH range 8.5-10.0 (Plants et al., 2002). A simplified 

reaction of precipitation of phosphates with lime is: 

10Ca
2+

(aq) + 6PO4
3-

(aq) + 2OH
-
(aq) → Ca10(PO4)6(OH)2(s)                                        ……(2)       

Phosphate precipitation by Ca ion generates more phosphorus compounds including CaHPO4 

and Ca3(PO4)2 as shown below (Szabo et al., 2008): 

3CaO(aq) + 2Na3PO4(aq) + 3H2O(L) → Ca3(PO4)2(s) + 6NaOH(aq)                        ……….(3)  

Similarly, ferric ion precipitates phosphate as shown in the following simplified equation: 

Fe
3+

(aq) + PO
3-

4(aq)   → FePO4(s)                                                                          ……...(4) 

Other reactions of iron (iii) with alkaline substances in the wastewater precipitate 

Fex(OH)y(PO4)z and Fe(OH)3. 

This work investigated the removal of phosphate from laundry effluents using chemical 

precipitation. The effects of interference in the effluent matrix, coagulant dosage and pH of the 

effluent on the precipitation efficiency were also studied. 

 

METHODS 

Sampling and Sample Preservation 

Plastic bottles used in sampling were washed with 5 % HCl and rinsed with redistilled water. All 

analytical reagents were purchased from BDH Chemicals UK, Surechem Products UK and 

Sigma-Aldrich Germany. High purity redistilled water was used for preparation of reagents and 

analysis. Two laundry effluent samples were collected in plastic bottles pre-rinsed with the same 

effluent from two laundry outfits in Lagos State. Samples were immediately transferred to the 

laboratory and frozen in Haier Thermocool freezer (HTF-219H) in order to suppress biochemical 

degradation and analysis was completed on all samples within 48 h.  

Analysis of untreated effluent 

The effluents were allowed to reach room temperature and a 25-mL aliquot of each effluent was 

filtered with filter paper (Whatmann) into a 50-mL beaker and was analyzed for phosphate by 

the molybdenum blue method according to Standard Methods (APHA, 2005) using UV-Visible 

spectrometer (Thermo Spectronic, Genesys 10-S) as the detector and this formed the initial 

phosphate concentration.  

 

1) Treatment of effluent with ferric chloride hexahydrate 

1.a.) Effect of pH variation on percentage phosphate removal 
In ferric chloride treatment, five 25-mL aliquots of the effluent were placed in 100-mL conical 

flasks and their pH values were adjusted to 5.0, 5.5, 6.0, 6.5, and 7.0 by adding drop wise 1M 

HCl from a burette and checking the pH with a Mettler Toledo pH meter (AG 8603). They were 

each dosed with 0.002 g of ferric chloride hexahydrate. Immediately after adding the coagulant, 

samples were shaken rapidly for 40 s on a reciprocating shaker. This was followed by filtration 

with filter paper (Whatmann). Analysis of the filtrate was performed immediately to determine 

the concentration of phosphate that was not removed (i.e., residual phosphate) in the coagulation 

treatment using the molybdenum blue method. The difference in concentration of phosphate 

between the untreated and the treated was evaluated to calculate the percentage phosphate 

removal.  

1.b.) Effect of increasing coagulant dosage on percentage phosphate removal 

Five more sets of the effluent were similarly processed as in (1.a.) above but with a series of 

increasing doses of 0.003 g, 0.004 g, 0.005 g, 0.006 g and 0.007 g of ferric chloride hexahydrate 

to obtain residual phosphate level. 
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1.c.) Effect of effluent matrix on percentage phosphate removal 

The entire procedures (1.a.) and (1.b.) above were repeated for the second effluent sample using 

ferric chloride hexahydrate. 

 

2) Treatment of effluent with hydrated aluminum sulphate (alum) 

2.a.) Effect of pH variation on percentage phosphate removal 

In alum treatment, five 25-mL aliquots of the effluent were placed in 100-mL conical flasks and 

their pH values were adjusted to 5.5, 6.0, 6.5, 7.0 and 7.5  by adding drop wise 1M HCl. They 

were each dosed with 0.002 g of alum and processed as in (1.a.) above to obtain residual 

phosphate. 

2.b.) Effect of increasing coagulant dosage on percentage phosphate removal 

Five more sets of the effluent were similarly processed as in (1.a.) above but with a series of 

increasing doses of 0.004 g, 0.005 g, 0.006 g and 0.007 g of alum to obtain residual phosphate 

level.  

2.c.) Effect of effluent matrix on percentage phosphate removal 
The entire procedures (2.a.) and (2.b.) above were repeated for the second effluent sample using 

alum. 

 

3) Treatment of effluent with calcium hydroxide (lime) 

3.a.) Effect of pH variation on percentage phosphate removal 

Five 25-mL aliquots of the effluent were placed in 100-mL conical flasks and their pH values 

were adjusted to 9.0, 9.5, 10.0, 10.5, and 11.0 by adding drop wise 1 M NaOH solution. They 

were each dosed with 0.010 g of alum and processed as in (1.a.) above to obtain residual 

phosphate. 

3.b.) Effect of increasing coagulant dosage on percentage phosphate removal 

Five more sets of the effluent were similarly processed as in (1.a.) above but with a series of 

increasing doses of 0.0113 g, 0.0125 g, 0.0138 g, 0.0150 g and 0.0163 g of lime to obtain 

residual phosphate level.  

3.c.) Effect of effluent matrix on percentage phosphate removal 
The entire procedures (3.a.) and (3.b.) above were repeated for the second effluent sample using 

lime.  

 

RESULTS AND DISCUSSION 
The results of the remediation studies are represented in the bar charts below. 70 % of phosphate 

was removed from the effluent by lime at pH 9.0 and about 67 % was removed at pH 9.5 in 

sample A (Fig. 4.1). These best results were achieved at optimum dosage of 450-600 mg/L. 

Removal efficiency by lime decreased with increasing pH from 9.0 to 11 in sample A (Fig. 4.1) 

whereas it increased with increasing pH in sample B (Fig. 4.2). These dissimilar trends were due 

to the presence of interfering substances in the samples. Another effect of the interference is the 

lower removal efficiency obtained in sample B (maximum removal = 51 %, Fig. 4.2) in contrast 

to that of sample A (maximum removal = 70 %, Fig. 4.1). 

 

 

Figure 4.1: The dependence of phosphate removal on pH and sample matrix using lime.  
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Figure 4.2: The dependence of phosphate removal on pH and sample matrix using lime. 

 

The highest removal efficiency by alum was 64 % achieved at pH 6.5 (Fig. 4.3) and dosage of 

160-240 mg/L in sample A. Similarly in sample B, the highest removal (45 %) was achieved at 

pH 6.5 (Fig. 4.4). The observed optimum pH of 6.5 was similar to the findings of Georgantas 

and Grigoropoulou (2006). The removal efficiency by alum was lower in sample B than A and 

this was the pattern in the case of lime treatment. This further confirmed that interference in 

sample B was stronger than in sample A. 

Figure 4.3: The dependence of phosphate removal on pH and sample matrix using alum. 

 

Figure 4.4: The dependence of phosphate removal on pH and sample matrix using alum. 
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For ferric chloride, the best removal efficiency achieved was 73 % at pH 5.0 in sample A (Fig. 

4.5). At pH 7.0, a good removal efficiency of about 70 % was also obtained in sample A (Fig. 

4.5). An optimum dosage of 120-240 mg/L was observed for this coagulant. In sample B, ferric 

chloride removed about 62 % of phosphate at pH 7.0 (Fig. 4.6) which was similar to the pH 

value obtained in sample A. This agreed with Smith et al. (2007) who reported that the highest 

phosphorus removal efficiency occurred between pH 5.5 and 7.0 for ferric chloride. However, 

the variation of pH generally resulted in different patterns (Figures 4.5 to 4.6) in removal 

efficiency from sample A to B due to interference. 

 

 

Figure 4.5: The dependence of phosphate removal on pH and sample matrix using ferric 

chloride. 

 
Figure 4.6: The dependence of phosphate removal on pH and sample matrix using ferric 

chloride. 
 

The removal efficiency increased with increasing dose of the coagulants until the optimum dose 

was reached and it decreased afterwards. This trend was reported by Plant et al. (2002) that an 

increase in lime concentration increases the percentage removal of phosphorus and reduces the 

residual concentration at higher pH values.  
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F

igure 4.7: The effects of alum dosage on phosphate removal in sample A. 

 

Figure 4.8: The effects of alum dosage on phosphate removal in sample B. 
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Figure 4.9: The effects of ferric chloride dosage on phosphate removal in sample A. 

 

 

 

 

 

 

Figure 4.10: The effects of ferric chloride dosage on phosphate removal in sample B. 

  

CONCLUSION 

The phosphate removal by lime, alum and ferric chloride was found to be highly pH dependent 

and susceptible to interference. The removal efficiency also increased with increasing dose until 

the optimum dose was reached and it decreased afterwards. The use of ferric chloride for 

phosphate removal demonstrated the best results compared to both lime and alum. Thus the use 

of these coagulants could be used to address the problem of eutrophication in water bodies 

through removal of phosphate from effluents before being discharged.  
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MICROWAVE ASSISTED SYNTHESIS OF LUMINESCENT DOPED AND UNDOPED 

GRAPHENE QUANTUM DOTS 
 

Fagbenro-Owoseni, K., Olasupo, I. A., Soyomi, S. O., Mbaso, H. U, & Adams, L. A. 
Department of Chemistry, Faculty of Science, University of Lagos, 

ladams@unilag.edu.ng 

 

ABSTRACT 

Neat luminescent graphene quantum dots (GQDs) and S, N: co-doped GQDs were 

successfully prepared by bottom-up approach via microwave- assisted carbonization of 

citric acid. L-cysteine and triethylamine were utilised as dopant precursor. The 

luminescent graphene quantum dots were refluxed in different solvents to give water 

soluble conjugates of ethylene glycol (EG), dimethylsulphoxide (DMSO), dimethyl 

formamide (DMF) and tributylphosphine (TBP). The GQDs were examined under 

normal and 365nm UV light before characterization using UV-VIS spectrophotometer, 

FTIR and band gap calculation. The GQDs showed blue, green or yellow luminescence. 

FTIR indicated characteristic bands at about 1154 cm
-1

 for (P-O), 1012 cm
-1

 (S=O), 1727 

cm
-1

 (C=O), 3345 cm
-1

 (OH). The UV-VIS showed maxima in the range of 240 – 350 nm 

and calculated band gaps between 2.96 – 4.82 eV characteristic of semi-conductors. The 

results indicate that the GQDs can be exploited as candidate luminescent materials for 

bioimaging applications. 

 

Keywords: Graphene quantum dots, Carbonisation, Luminescent, Microwave-assisted, 

Citric acid  
 

INTRODUCTION 

Graphene, a 2-dimensional sheet of carbon atoms arranged in a honeycomb pattern has intrigued 

the world‘s science community with its extraordinary properties [1–3]. However, properties like 

luminescence, band gap, magnetism, etc. are absent in pure graphene which imposes limitations 

in its optical and electronic applications. In order to impact such properties into graphene 

composite materials and nano sized graphene derivatives have become desirable.  

Quantum confinement of excitons of a material plays an important role in its properties. 

Reducing the size of a material brings quantum effects into play thereby inducing several 

interesting properties. GQDs are graphene sheets smaller than about 10 nm [4], which presents 

unique optical and electronic properties due to their quantum confinement and edge effects. 

GQDs do exhibit very exciting properties which are found neither in graphene sheets nor in 

graphitic materials.  

GQDs are proposed to be applicable in many fields, such as photovoltaic devices [5], cellular 

imaging [6], and drug delivery [6,7]. Several methods involving ‗‗top–down‘‘ and ‗‗bottom–up‘‘ 

using different sources of carbon have been developed for their synthesis. Liu et al., [8] have 

used hexa-peri-hexabenzocoronene as a substitute for the carbon source. They produced artificial 

graphite by pyrolizing the precursor at very high temperatures (600, 900 and 1200 
o
C) followed 

by oxidation and exfoliation by Hummers in producing multicolor quantum dots (QDs) with 

uniform morphology. Shen et al., [9] used graphite oxide (GO) as a starting material to yield 

luminescent QDs. Pan et al., [10] used a mixture of concentrated H2SO4 and HNO3 to oxidize 

graphene sheets followed by hydrothermal deoxidization to obtain a strong green fluorescence 

QDs.  

In this study, we report a simple one –step bottom–up method to selectively prepare doped and 

undoped GQDs by tuning carbonization degree of a common organic precursor, citric acid (CA). 

 

mailto:ladams@unilag.edu.ng
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METHODS 

Materials 

Chemicals used include: Citric acid, L-cysteine, polyvinyl alcohol, ethylene glycol (EG), 

dimethylsulphoxide (DMSO), dimethyl formamide (DMF) and tributylphosphine (TBP), 

triethylamine, distilled water and deionized water. 

 

Preparation of GQDs Through Microwave –assisted Carbonization of Citric Acid  

Graphene quantum dots (GQDs) were prepared by direct microwave assisted carbonization of 

citric acid (CA) in a fume cupboard. Citric acid (2g) was weighed into a beaker and heated in a 

microwave. After 1min 30sec, the citric acid liquefied.  Subsequently with continuous heating, 

the colour of the liquid changed from colourless to pale yellow to orange and finally to brown in 

about 6mins which signifies the formation of GQDs. The effect of time on the luminescence 

property of the GQDs was also studied by varying the time used for the carbonization. 

 

Preparation of S, N:GQDs Through Microwave–assisted Carbonization of   Citric Acid 

S, N co-doped GQD was prepared using citric acid and L-cysteine (2-Amino-3-

mercaptopropanoic acid) as dopant precursor. Briefly, citric acid was mixed with L-cysteine in 

the ratios 2:1 and 1:1. The resulting mixture microwaved at variable wattage and time 

simultaneously, changed from fluffy yellow solid to brown solid implying the formation of N, S-

GQDs.  Similarly, tri-ethylamine was used as a dopant. 

 

Preparation of Water Soluble Conjugates’ Graphene Quantum Dots 

Water soluble conjugates‘ Graphene quantum dots (GQDs) were prepared by refluxing the as 

prepared undoped GQDs in different solvents such as ethylene glycol (EG), dimethylsulphoxide 

(DMSO), dimethyl formamide (DMF) and tributylphosphine (TBP). Briefly, the as-prepared 

undoped GQDs mixed with 5ml ethylene glycol (EG) were transferred into a 50ml quick fit 

flask. This resulting mixture was refluxed for 6hrs with stirring at 200
o
C to obtain EG-GQDs. 

Similar procedure was used to obtain DMF-GQDs, DMSO-GQDs, and TBP-GQDs at 

temperatures above or close to the boiling point of the desired solvent. 

 

Characterization 

The prepared doped and undoped Graphene quantum dots and its conjugates‘ were characterized 

with ultraviolet-visible absorption spectra in the range 200 – 900nm by scanning in T80
+
 UV-Vis 

spectrophotometer while the Infrared spectra were recorded by using BRUKER vector 22 

spectrophotometer over the range of approximately 4000-500 cm
-1

. Optical band gap were 

calculated from the data obtained from UV-Vis absorption spectra using the equation below: 

Band Gap Energy (E) = h x c/λ  

Where E is the band gap energy, h is the Planck’s constant, c is the speed of light and λ is the 

wavelength. 

The luminescence property was determined by illumination with a UV light source (365nm) in a 

dark room. Doped and undoped GQDs were diluted with 1ml deionized water prior to irradiation 

while the GQDs conjugates‘ were irradiated without further dilution.  

 

    

RESULTS AND DISCUSSIONS 

Graphene Quantum Dots (GQDs) 

Graphene quantum dots were synthesized through microwave assisted carbonization of citric 

acid (CA) (Fig 3.1a) by heating in the microwave which gave initially a colourless liquid (Fig 

3.1b). Thereafter,   on further carbonization it became pale yellow, orange and finally changed to 

brown liquid (Fig3.1c and d). 
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Fig.3.1a: Citric acid crystals before heating     Fig.3.2b: Citric acid crystals liquefied after 

                                                                             heating  

               
Fig.3.1.c: Synthesized GQDs             Fig. 3.1.d: Synthesized GQDs diluted with deionized 

                                                                      Water, varied time and heating temperature 

 

A scheme of the carbonization process of citric acid is presented in Fig.3.2. The microwave 

heating method enhanced a fast and homogenous carbonization process resulting in uniform 

sized quantum dots. 

 
Fig. 3.2: Schematic for the carbonization of citric acid. 

 

S, N doped Graphene Quantum Dots (S, N: GQDs) 

Doping with heteroatoms such as S and N provides an attractive means of effectively tuning the 

intrinsic properties of GQDs. Co-doping with nitrogen and sulphur was affected by adding either 

L-cysteine or triethylamine (N) to the precursor prior to carbonization. Fluffy GQDs were 

produced from the carbonization of the two reactants (Fig.3.3a and b).  
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Fig.3.3a: Citric acid crystals before heating   Fig. 3.3b: After microwave heating of S,N: Co- 

      Doped.                  

 

Water Soluble Conjugates’ Graphene Quantum Dots 

The GQDs conjugates were obtained by refluxing with the various solvents at their boiling 

points to afford EG-GQDs, DMF-GQDs, DMSO-GQDs, and TBP-GQDs respectively (Fig 3.4a-

d).  

               

 
Fig 3.4: (a) Sample of EG-GQDs (b) Sample of DMF-GQDs under normal light.  

              

 
Fig 3.4: (c) DMSO-GQDs and (d) TBP-GQDs under normal light. 

 

Optical Study of GQDs samples  

Doped and undoped samples of GQDs samples were irradiation by 365nm UV. It was observed 

that undoped GQDs produced green luminescence (Fig. 3.5a) while doped GQDs produced blue 

luminescence (Fig. 3.5b) probably due to the presence of the two electron withdrawing groups 

(N and S) in L-Cysteine (Fig 3.5). Nonetheless the mechanism of light tunning is still not clear.  

a b 

c d 
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Fig.3.5: Fluorescent GQDs under UV lamp.  (a) Undoped GQDs green, (b) S,N: Co-doped 

GQDs, blue,  (c) Triethylamine doped GQDs, yellow (d) GQDS Conjugates’ sample solutions 

excited with 365nm UV beam dull green /blue. 

 

Dopping with triethyl amine gave yellow luminescence (Fig. 3.5c). Excitation of GQDs 

conjugates‘ with 365nm UV beam produced dull blue luminescence for EG-GQDs and DMSO-

GQDs, and similarly dull green luminescence for DMF-GQDs and TBP-GQDs  respectively (Fig 

3.5d). 

 

The effect of carbonization time and composition on the luminescence property of undoped and 

doped GQDs were investigated. The summary of findings is presented in the Table 3.1 

 

 

b a c 

d 
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Table.3.1: Graphene Quantum Dots (GQDs) Photoluminescence  

S/

N 

Composition Mass/Ratio Time 

(Minute) 

Temp 

(Watt) 

Result 

1 Citric Acid (CA) 

microwave assisted 

carbonization 

 

2g 

 

12 

 

350 

 

Non-luminescence 

2 Citric Acid (CA) 

microwave assisted 

carbonization 

 

2g 

 

10 

 

350 

 

Non-luminescence 

3 Citric Acid (CA) 

microwave assisted 

carbonization 

 

2g 

 

6 

 

350 

 

Green luminescence 

4 Citric Acid (CA)+L-

Cysteine 

2g [1:1] 8 350 Blue luminescence 

5 Citric Acid (CA)+ L-

Cysteine 

 

3g [2:1] 

 

6 

 

200 

Blue luminescence 

6 Citric Acid (CA)+L-

Cysteine 

 

2g [1:2] 

 

4 

 

200 

Bright blue 

luminescence 

7 Citric Acid (CA)+ 

Triethylamine 

2g [1:2] 6 350 Yellow 

 

Similarly, the summary of the effect of solvents on photoluminescence of GQDs is presented in 

Table 3.2  

 

 

Table 3.2: Water Soluble Conjugates‘ GQDs Photoluminescence  

S/N Sample Composition Result 

1. EG-GQDs GQDS + Ethylene glycol(EG) Blue luminescence 

2. DMF-GQDs GQDS + Dimethyl formamide(DMF) Green luminescence 

3. TBP-GQDs GQDs + Tributylphosphine(TBP) Green luminescence 

4. DMSO-GQDs GQDs + Dimethylsulfoxide (DMSO) Blue luminescence 

5. All Solvent used Solvents alone Non-luminescence  

 

UV-Vis Absorption Spectra of GQDs Samples. 

UV-Vis spectra obtained at a scan range of 200nm- 900nm of undoped and doped GQDs shown 

in Fig 3.6 shows an absorption band at 248 nm, which was blue-shifted with respect to that of N-

free GQDs of similar size. The absorption spectrum of EG-GQDs, DMSO-GQDs and TBP-

GQDs shows characteristics absorption bands at 275nm, 300nm and 325nm respectively (Fig 

3.6) 
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  (a)                                                                    (b) 

  
  (c)                                                   (d)                                          (e) 

 

Fig.3.6: Spectrum of (A) undoped GQDS (B) doped GQDs microwaved at 350 watt for 6mins. 

UV-Vis Absorption Spectrum of (C) EG-GQDs (D)DMSO-GQDs (E)TBP-GQDs. 

 

Table 3.3:  Calculated Band Gap Energies from UV spectra 

Sample Wavelength( ) nm Band Gap energies(E)eV 

Undoped GQDs 262 4.74 

S,N-Co doped GQDs 258 4.82 

EG-GQDs 275 3.11 

DMSO-GQDs 300 3.11 

TBP-GQDs 325 2.76 

 

 

Infrared Spectra 

Fig 3.7 shows the FTIR spectra of doped and undoped GQDs dots.  

broad absorption bands 3000cm
-1

- 3500cm
-1

 are attributed to stretching vibrations of O-H and N-

H which further reveal that there are lots of amino and hydroxyl groups on the surface of GQDs 

having hydrophilic properties. However, the sharp absorption band at 1718cm
-1

 as well as that  at 

1636cm
-1

 are attributed to the vibrational absorption band of C=O in COOH and CONH 

respectively. 
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Fig.3.7: (a) FTIR spectrum of undoped GQDs     (b) FTIR Spectrum of GQDs doped with L- 

                                                                                cysteine 

 

 

CONCLUSION 

Graphene quantum dots with tunable properties were synthesized by carbonization through an 

easy bottom-up approach in which citric acid was used as an organic precursor. Nitrogen and 

sulphur as dopants were using L-cysteine as well as triethylamine. The GQDs synthesized herein 

showed photoluminescence properties which were blue, green and yellow colours. The 

luminescence properties were retained for few weeks. 

The QDs obtained in this study are soluble in aqueous medium and are potential material for use 

as probes for bioimaging and biosensing applications.  
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ABSTRACT 
This study assessed the compliance of some soaps and liquid detergents in Lagos, Nigeria 

to the Nigerian Industrial Standard (NIS) specification of 2006 (2010 for medicated 

soaps). Fifteen different soaps from four classes of soap (toilet (A, B, C, D E), laundry 

(F, G, H, I) medicated (J, K, L) black soaps (M, N, O)) and two liquid detergents (P, Q) 

were purchased from local markets in Lagos, Nigeria. Total fatty matter (TFM), pH 

value, free caustic alkali, chloride content, matter insoluble in ethanol, total caustic alkali, 

matter insoluble in water, inorganic salt content, moisture and volatile content  were 

determined as  specified in the test methods for Soaps of SON (NIS 187: 1984).  Apart 

from Samples D, G and J which had TFM values of 65.14%, 53.34% and 24.50% 

respectively, TFM of other soaps complied with the NIS specification of a minimum of 

70% (toilet and medicated soaps), 62% (laundry soaps) and 50% (black soaps). The 

moisture content and volatile content of the liquid detergents complied with the NIS 

specification 80%. The pH was also within the limit of 7 to 10 but did not comply 5% for 

inorganic matter and 0.1% for insoluble matter in water. Only five of fifteen different 

soap brands had all their parameters complying with NIS specifications. No liquid 

detergent met full compliance with NIS specifications. This study reveals the need for 

regular quality check and enforcement by regulatory agents to ensure the quality of soaps 

to the minimum required standard. 

 

Keywords: Analysis, Specification, Compliance, Parameters, Soap, Detergent. 

  

 

INTRODUCTION 

Soap is a product from the reaction of a fatty acid with a metallic base (saponification) 

(Srivastava 2002) while detergents are surfactants or a mixture of surfactants with cleansing 

properties in dilute solution.  Soaps can be classified based on the use (e.g toilet, laundry, 

medicated soaps) texture, appearance (e.g black soap, transparent soaps) (Aiello, 2007). There 

are also hard and soft soaps. Hardness of soap is often achieved through the addition of 

hardening agents, so natural soaps tend to be softer. Detergents are usually synthetic in nature. 

They evolved after World War II to deal with dual problems of poor cleaning performance of 

soaps under certain conditions and competition for fat by both the food and soap industry (Knud-

Hansen, 1994). A typical detergent contains surfactant(s), builder, and other miscellaneous 

ingredients including brighteners, perfumes, and enzymes (Pradhan and Pokhre, 2013).  

Detergents are sodium salts of long chain hydrophobic alkyl sulphates or alkyl benzene 

sulphonates. They are prepared from petrochemicals obtained from refining crude oil, which 

react with sulphonic acid through a process known as sulphonation and do not produce insoluble 

precipitates in hard water like soaps. They are effective in soft, hard or salt water (Thorpe, 2012). 

The chemical characteristic of soaps and detergents depend on several factors: total fatty matter 

(TFM), matter  insoluble in water, Chloride content, free caustic alkali, total free caustic alkali, 

matter insoluble in ethanol, moisture content, pH,  inorganic matter and impact resistance (Mak-

Mensah and Firempong, 2011). These impact on the quality of the soaps.  Soaps sold in the 

Nigerian market are of different types and qualities. SON, responsible for ensuring products are 

safe for use by consumers in Nigeria has drawn up standard for soaps and detergents in NIS. The 

mailto:keolayi20002000@yahoo.com
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aim of this study is to assess the compliance of different soaps and liquid detergents in Nigeria 

(Lagos markets) with the current NIS specification of SON. 

 

METHODS 

Sampling and Preparation of Soap for Analysis 

Fifteen different soaps from four classes of soap (toilet (A, B, C, D E), laundry (F, G, H, I, J) 

medicated (K, L, M) black soaps (N, O)) and two liquid detergents (P, Q) were purchased from 

local markets in Lagos, Nigeria. Table 1 shows the list of soaps. The soaps were chopped into 

pieces after removing their wrappers. 

 

Analysis of Soap 

The analysis of the TFM,  moisture content, pH value, free caustic alkali, chloride content, 

matter insoluble in ethanol, total caustic alkali and matter insoluble in water for all the samples 

were by the test methods  for Soaps of SON (NIS 187: 1984). TFM was determined 

gravimetrically by dissolving the soap, solidifying the fat using bee wax and reweighing the 

resultant solid. The percentage moisture of soap was determined gravimetrically as described in 

Anzene and Aremu (2007). Matter insoluble in water was also determined gravimetrically. pH of 

soap was determined with a  pH meter after dissolving the soap in hot distilled water. Chloride 

content, matter in soluble in ethanol, free caustic alkali and total caustic alkali were determined 

as in described in Mak-Mensah and Firempong (2011). Inorganic salt content, moisture and 

volatile matter were also determined (only for liquid detergent) gravimetrically. 

 

RESULT 

The result of the analysis of the soaps and detergent determined are as shown in Tables 2 and 3.  

TFM, moisture content, pH value, free caustic alkali, chloride content, matter insoluble in 

ethanol, total caustic alkali and matter insoluble in water for toilet soaps were between the range 

of 65.14 - 94.62%, 3.31- 10.48%, 9.1 - 9.5, 0.03 - 0.03%, 0.10-0.30%, 5.80-16.90%, 0.05-0.08% 

and 0.35-9.45% respectively. The values for laundry soaps were between the range of 24.50 - 

78.44%, 6.45-29.03%, 9.5 - 11.2, 0.03% - 0.08%, 0.07-0.49%, 17.6 - 25.2%, 0.04 - 0.12%, 

7.85% - 57.25%, 7.85-7.25% respectively. For medicated soap samples the results were between 

the range of 80.48 - 92.23%, 4.49 -7.50%, 9.5 - 9.9, 0.03 - 0.03%, 0.02 - 0.49%, 6.85 - 8.30%, 

0.09 - 0.14% respectively. The result of TFM, moisture content, pH value, free caustic alkali, 

chloride content, matter insoluble in ethanol, total caustic alkali and matter insoluble in water for 

two black soaps (N and O) were determined 56.13 and 68.79%, 11.49% and 18.45, 9.2 and 10.2, 

0.05 and 0.05%, 0.06 and 0.07%, 8 and 8.9%,   0.76 and 0.79%, 2% and 6.5% respectively. For 

the liquid detergents (P and Q), inorganic salt content, matter insoluble in water, pH, moisture 

and volatile matter were measured and results were 5.17% and 5.74 %, 0.33% and 0.51 %, 7.65 

and 7.90, 69.14% and 77.59 % respectively.  

 

DISCUSSION 

TFM 

The regulatory standard for toilet, laundry, medicated and black soaps are stipulated by SON in 

NIS 004: 2006, NIS005:2006, NIS 515:2010 and NIS 490:2006 respectively. TFM of soap is a 

measure of its suitability for bathing and washing of materials (Ogunsuyi and Akinawo, 2012). 

Dry skins need soaps that are high in TFM because the fatty matter rehydrates the skin making it 

smooth and acts as a lubricant for them all day long (Vivian et al, 2014). Low TFM values are 

due to the presence of unreacted alkali in the soap (Warra and Komo, 2014) and this decreases 

the soap quality. The standard of TFM specified according to NIS 004: 2006, NIS005:2006, NIS 

515:2010 for toilet, laundry and medicated soaps respectively is 70% while (NIS 490: 2006) 

value for black soap is 50%. From the result, sample E (Imperial Leather) had the highest TFM 
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of all the toilet soaps. A, B, C and E complied with the standard only sample D (premier soap) 

fell below (65.14%)  the 70% TFM specification for toilet soaps.  TFM of the toilet soaps in this 

study were higher the TFM of Neem toilet soap from Ghana (63.75%)  (Mak-Mensah and 

Firempong 2012). Of the five different laundry soap, three (F, I, and H) soaps complied with the 

specified standard for TFM. The other two laundry soaps (G and J) had lower values (53.34% 

and 24.50%). The TFM values for medicated soaps and black soaps in this study were all higher 

than their respective NIS standard of 70% and 50%. TFM values for black soaps in this study 

(56.13% and 68.85 for N and O) were similar to the findings of Ogunsuyi and Akinawo (2012) 

(55.45%) and (Beetseh and Anza, 2013) (62%).  

 

Moisture Content 

Moisture content of soap is used to assess the shelf life of a product. On storage, hydrolysis of 

water un-saponified fat to give free fatty acid and glycerol occurs when there is high moisture 

content (Vivian et al, 2014). High moisture content increases the solubility of the soap and leads 

to waste. As the moisture content reduces, the foaming strength increases. Generally moisture 

content is usually higher immediately after soap production but reduces as the soap ages (Eke et 

al, 2004). Though water is an essential soap ingredient it is not expected to exceed 10% for black 

soap (NIS490:2006).  There is no stated limit for moisture content for medicated, laundry and 

toilet soap however the Encyclopedia of Industrial Chemical Analysis suggested the limit should 

be between 10% and 15% for all soaps (Kirk, 1963). The moisture content for all the toilet soaps 

analyzed were below 10% while for laundry soaps, two samples F and J (Canoe and Ibukun) had 

moisture content above 15%. In a study of Laundry soaps in Nasarawa, Nigeria a moisture 

content of 14 - 18% was observed by Anzene and Aremu (2007). This is similar to 6.45 -29.03% 

obtained in this study for laundry soaps. All the medicated soap samples had less than 10% 

moisture content which is lower than the 10% to 15% suggested as limit by the Encyclopedia of 

Industrial Chemical Analysis.  Sample N (Zee) and O (Dudu Osun) which are black soaps had 

moisture content of 18.45% and 11.49% and were therefore higher than the 10% moisture 

content and did not comply with the NIS Limit. However the moisture content (29.05%) 

obtained by Ogunsuyi and Akinawo (2012) for black soap was higher than in this study. 

 

pH 

pH is a measure of the degree of acidity or alkalinity of a substance or medium. The pH of a 

normal skin is 4.5 to 6 while pHs of soaps are usually in the alkaline region (7-10) since alkalis 

are used to saponify fat or oil in the production of soap. As the pH of soaps increases, there is a 

tendency to affect the fat content of the skin. Increase in pH cause skin irritations, micro flora of 

the skin is affected and this can lead to acne and alteration of the skin surface. The closer the pH 

of soap is to that of the skin, the milder its drying effect on the skin (Ansari, 2011).  Apart from 

black soap with a limit of 7-10, there is no specified pH limit for toilet soap, laundry and 

medicated soap. From Table 2, the pH values for toilet soaps (9.1 - 9.5) were generally lower 

than values for laundry (9.5-11.2) and medicated (9.5-9.6). The two black soaps had pH values 

of 10.2 and 9.2 for N and O (Zee and Dudu Osun). Applying the 7-10 range limits to all the soap 

types sampled, only three soaps exceeded the limit.  Two laundry soap samples (I (Zip) and 

J(Ibukun)) and N(Zee) a black soap with pH  values above 10. Soaps with high pH are usually 

harsh to the skin. Sample J (Ibukun) had the highest pH (11.2). A pH value of 10.4 for Neem 

toilet soap was obtained by Mak-Mensah and Firempong 2012) this was also high.  

 

 

Free Caustic Alkali and Total Free Caustic Alkali 

Free caustic alkali is determines the abrasiveness of any soap. It is defined as the free NaOH or 

free alkali used in making the soap while total free alkali  refer to the free alkali from which the 
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soap was made and any other alkaline substance present in soap such as sodium silicate and 

sodium carbonate. From NIS, the free caustic alkali should not exceed 0.05% for any soap. All 

the soap samples had values lower than the 0.05% specification. Excess alkali is harsh to 

sensitive skin.  

The total free caustic alkali specified by SON for toilet and laundry soaps is 0.1% while 

medicated is 0.2% and 1% for black soap. Total free caustic alkali for toilet soap samples (0.05-

0.08%) complied with the standard. Laundry soaps had total free alkali in range of 0.04% - 

0.12%. Two soaps G (Bubble) with total free alkali of 0.11% and J (Ibukun) with a total free 

caustic alkali value of 0.12% did not comply with the specification. All the medicated soap 

analyzed total free alkali less than the specified 0.2% hence complied with the standard. Total 

free caustic alkali obtained for the two black soaps were 0.76% and 0.79% (N and O). The black 

soaps complied with the specification. Generally, Bubble and Ibukun soaps had higher total free 

alkali than the other soaps. The total free alkali obtained by Mak-Mensah et al (2011) for neem 

soap (0.24%). Vivian et al (2014) had their total free alkali for commercial soaps between ranges 

of 0.00% to 0.99%.  

 

Matter Insoluble In Water And Matter Insoluble In Ethanol 

High amount of matter insoluble in water and/or ethanol implies lower purity of the soap 

(Ogunsuyi and Akinnawo, 2012). Samples A, C, and E (Eva, Lux and Imperial leather) complied 

with the maximum of 5% matter insoluble in water specified by SON for toilet, laundry and 

medicated soaps. However, B and D (Premier and Joy) did not comply. All the laundry soaps 

analyzed had higher matter insoluble in water than 5% specified. The percentage matter 

insoluble in water for black soap stated by NIS of SON is 15% and the two black soaps in this 

study complied (Zee and Dudu Osun). Hence both N and O (Zee (2.0%) and Dudu Osun (6.45%) 

complied with the specification.  The high amount of matter insoluble in water of Bubble soap 

might be attributed to the level of impurity of the alkali used for producing the soap. 

The soap matter insoluble in ethanol should not exceed 10% as specified by SON for all soaps 

except black soaps for which a value of 0.2% was fixed. Three of the toilet soap samples (B 

(Joy), C (Lux) and E (Imperial leather)) complied with specification while samples A (Eva) and 

D (Premier) did not. None of the laundry soap complied with the specification for soap matter 

insoluble in ethanol while the medicated soaps all complied. Soap matter insoluble in ethanol 

obtained for black soaps did not comply with the standard of 0.2% set for black soaps.  

 

Chloride Content 

According to the NIS set by SON for different soap types, chloride content should not exceed 

0.75% except for black which should not exceed 2%. All the soap (toilet, laundry, medicated and 

black) samples complied with their respective chloride standards. The chloride content was 

similar to chloride (0.30 - 0.59%) obtained by Moulay et al (2011). Residue of sodium chloride 

from salting out of soap (Ogunsuyi and Akinawo, 2012) is not desired because it reduces the 

solubility of soap in water (Leonce, 2012) though sodium chloride contain trace minerals such as 

Magnesium, Calcium, Bromine and potassium that help the body to nourish and heal itself.  

 

Liquid Detergents 

Specification for household liquid detergents is contained in NIS 519:2006 of SON. Only two 

different brands of liquid detergents were sampled. The Moisture and volatile matter specified 

for liquid detergent is a maximum of 80%. Both liquid detergents complied with the 

specification for moisture and volatile content in the NIS 519:2006 of SON for household liquid 

detergents. The NIS of SON also stated a value of 5% as the maximum allowed inorganic salt 

content. Both samples P and Q (liquid detergents ) had values higher than the stated standard 

value.  High inorganic salt content indicates more builders in the samples than required. The 
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specified amount of matter insoluble in water is 0.1%. Both samples P and Q (Morning Fresh 

and Mama lemon) exceeded the standard value of 0.1% for matter insoluble in water thus, did 

not comply with the specification required. The specified pH range according to NIS of SON is 

between 6 and 10.  pH obtained for  sample P and Q were 7.65 and 7.90 respectively.  Both 

complied with the standard. Impact resistance carried out revealed both sample containers were 

able to withstand the experimental conditions and both were without leakage hence complied. 

Both samples complied with the specification for appearance of liquid detergent which specified 

the sample must be homogenous and free from any sediment or foreign matter. 

 

CONCLUSION 

The result obtained had shown that soaps like C (Lux), E (Imperial Leather), K (Tetmolsol), 

L(Safeguard), M (Dettol)  had full compliance with standard.  Other soap samples had deviation 

of one or more parameter from the specified standard. From the findings of this study, SON 

should carry out continuous monitoring of the products in the market to ensure continuous 

compliance with standard. The Nigerian public should be encouraged to purchase only products 

with the inscription ―NIS‖ on them. 
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Table 1: List of Soaps sampled  
Soap Class Soap name Alphabet 

Toilet Eva  A 

Joy B 

Lux C 

Premier  D 

Imperial leather E 

Laundry Canoe  F 

Bubble G 

B29 H 

Zip I 

Ibukun J 

Medicated Dettol K 

Safeguard  L 

Tetmosol M 

Black Soap Zee  N 

Dudu osun O 

Liquid detergent Morning fresh  P 

Mama lemon Q 
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Table 2: Summary of result for liquid detergents 
ID Samples TFM (%) 

 

Moisture 

(%) 

pH Free 

Causti

c (%) 

Total 

Free 

Caustic 

Alkali 

(%) 

Matter 

Insolubl

e In 

Water 

(%) 

Matter 

Insolubl

e In 

Ethanol 

(%) 

Chloride 

(%) 

TOILET SOAPS 

A Eva 80.40 ± 

0.42 
3.70±0.42 

9.5 
0.03±0 0.06±0 0.40 

16.90±1.

84 
0.10±0.01 

B Joy 
83.15±1.24 

10.48±0.4

0 

9.3 
0.03±0 0.06±0 

9.45±0.

07 

8.40±2.8

2 
0.30 

C Lux 
70.71±0.69 7.97±0.16 

9.1 
0.03±0 0.07±0.01 

0.35±0.

07 

8.60±0.0

2 
0.10±0.01 

D Premier 
65.14±1.07 7.70±0.30 

9.2 
0.03±0 0.08±0 

5.65±0.

07 

13.6±0.5

7 
0.29±0.01 

E Imperial 
94.62±0.56 3.31±0.21 

9.1 
0.03±0 0.05±0.01 

2.30±0.

42 

5.80±0.2

8 
0.20 

 Std Values 70.00        0.05 0.1 5.00 
10.00 

0.75 

LAUNDRY SOAP 

F  

Canoe 
76.43±4.72 

15.35±0.4

0 

9.6 
0.03±0 

0.04.±0.0

1 
13.1 

22.5±0.4

2 
0.42±0.01 

G Bubble 
53.34±2.77 8.77±0.21 

9.6 
0.05±0 

0.11±0 

57.25±0

.71 

21.5±0.4

2 
0.19±0.01 

H B29 
78.44± 2.77 6.45±0.07 

9.5 
0.03±0 0.062±0 

7.85±0.

21 

17.60±0.

28 
0.49±0.01 

I Zip 
74.63±4.06 

12.70±0.0

8 

10.3 
0.03±0 0.09±0  12.6 

22.50±0.

70 
0.15±0.01 

J Ibukun 
24.50±1.48 

29.03±0.5

4 

11.2 
0.08±0 0.12±0 

10.65±0

.07 

25.20±0.

23 
0.07 

 Std Values 70.00   0.05 0.1 5.00 10.00 0.75 

MEDICATED BAR 

K Tetmosol 
80.48±1.45 7.50±0.57 

9.6 
0.03±0 0.12±0 

0.45±0.

07 

7.20±1.4

1 
0.09 

L Safeguard 
92.23±1.33 6.52±0.20 

9.9 
0.03±0 0.14±0 

3.75±0.

22 

6.85±0.2

1 
0.49±0.01 

M Dettol 
82.51± 0.42 4.49±0.50 

9.5 
0.03±0 0.09±0 

0.65±0.

07 

8.30  

±1.27 
0.20 

 Std Values 70.00   0.05 0.2 5.00 10.00 0.75 

BLACK SOAP 

N Zee 56.13 ± 

0.73 

18.45±0.3

0 

10.2 
0.05±0 0.79±0 

2.0±0.1

4 

8.00±0.8

5 
0.07 

O Dudu 

Osun 
68.85±7.95 

11.49±0.6

9 

9.2 
0.05±0 0.76±0 

6.45±0.

21 

8.90±1.5

6 
0.06±0.01 

 

Table 3: Summary of result for liquid detergents 

  

 

 

 

 

 

S/NO Samples Mean (%) 

Moisture and 

volatile matter 

Mean (%) 

Inorganic 

salt 

Mean (%) 

matter 

insoluble 

in water 

pH Appearance 

P Morning fresh 69.12±0.03 5.74±0.68 0.51±0.01 7.65 Homogenous 

Q Mama lemon 77.59±0.30 5.17±0.19 0.33±0.42 7.90 Homogenous 

 Standard values 80.00 5.00 0.10 6-10 Homogenous 
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DETERMINATION OF CAFFEINE IN TEA LEAVES AND SOME BEVERAGES 

USING HPLC AND DERIVATIVE SPECTROSCOPIC METHODS 

 

Temilola Oluseyi, Kehinde Olayinka & Babatunde Akinbile 
Analytical / Environmental Chemistry Research Group, University of Lagos, Akoka, Lagos 

toluseyi@unilag.edu.ng 

 
ABSTRACT  
Caffeine is a naturally occurring substance found in leaves, seeds or fruits and drinks. In 

this research, characterization of pure caffeine and method for determining caffeine levels 

in selected twelve samples comprising of beverage samples, cocoa seeds, kola nut and 

caffeine containing drinks and sweets is reported using ultraviolet / visible 

spectrophotometry and results compared with the reversed phase HPLC method. 

Solubilization of pure caffeine was done in three solvents (dichloromethane, ethylacetate 

and water). Isolation of caffeine from samples was carried out by liquid-liquid extraction 

using dichloromethane as an extracting solvent. The caffeine extracts were analyzed 

using PG T80 UV/Visible spectrophotometer and 1200 Agilent HPLC series with UV 

detection. The highest caffeine content was found in the coffee (8.9%) and Planet energy 

drink (9.28%) while the lowest was observed in minicoffee kopiko sweet (0.49%) and 

cocoa beans(0.88%). The results also indicated that caffeine can be extracted more at the 

boiling temperature (100
0
C) (as found in Top tea, Nescafe coffe and Napacafe coffee 

with values: 11.72%, 13.25% and 14.03%) than at 30
0
C with 6.76%, 7.80% and 8.90% 

respectively). Generally, higher concentrations of caffeine were obtained with the 

UV/Vis spectrophotometric method (i.e:  6.76, 3.26 and 3.90 µg/g) compared to HPLC 

method (2.76, 1.00 and 1.49µg/g). This shows that caffeine has high affinity for 

dichloromethane and thus a better solubilization solvent than ordinary water mixed with 

acetonitrile. 

 

Keywords: Caffeine,  Extraction, Derivative spectrophotometry, HPLC, UV/Vis 

spectrophotometry 

 

 

INTRODUCTION 
Caffeine is a naturally occurring substance found in leaves, seeds or fruits of over 63 plant 

species in the world (Wanyika et al., 2010). It is a pharmacologically active substance and 

depending on the dose, can be mild central nervous system stimulant, improve cardiac 

performance, increase blood circulation, and exhibit vasodialatory and diuretic effects. It does 

not accumulate in the body over the course of time and is normally excreted within several hours 

of consumption (Barone and Roberts, 1996).  

Caffeine is widely consumed, and the most commonly known sources of caffeine are coffee, 

cocoa beans, kolanut, and tea leaves. Coffee beans contain between 0.8 and 2.8% caffeine 

depending on its species and origin and it contributes to 10 to 30% of the bitter taste of coffee 

brews (Eggers and Pietsch, 2001). The amount of caffeine in coffee beverage varies depending 

upon the serving size, the type of product, and brewing method (Alves et al., 2007). Caffeine 

which is found in tea and coffee imparts bitterness and also acts as a flavour constituent (Leo, 

1992). It is a mild nervous stimulant towards drowsiness and fatigue. In this respect, it is used by 

athletes to enhance performance since it mobilizes fats from stores a process that normally does 

not become maximal until intense activity is underway (Eva, 1988).  

Caffeine is used as a drug on the basis of its effect on respiratory, cardiovascular and the central 

nervous system. It is included with aspirin in some preparations for treatment of headaches as it 

decreases cerebral eye blood flow. In either beverage or in nonprescription tablet form, it may be 

used to relieve fatigue since it increases the amount of urine flow. It is reported that there are 
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about 2000 non-prescription and about 1000 prescription drugs containing caffeine (Jeanne, 

1987). 

Along with nicotine and alcohol, caffeine is one of the three most widely used mood affecting 

drugs in the world (Farah et al., 2006). In addition,caffeine has a slightly bitter flavour, hence 

decaffeination of tea, coffee and other beverages will leave the flavour slightly changed, even 

though no other components might be lost in the process, it should also be noted that 

decaffeinated coffee and tea are not caffeine free (Guzin, 2002). 

Due to the widespread consumption of caffeine both in drug and as a food in beverages, hence it 

is important to collect precise information on their content in foods. Several analytical methods 

have been proposed for determination of caffeine in various matrices (environmental, biological, 

plants, food, etc.) covering a broad spectrum of instrumental techniques. Most research activities 

have been focused on chromatographic methods; however, spectrophotometric determination is 

preferred because of its rapidity, high accuracy and reproducibility (Komes et al., 2009). 

Moreover, UV-visible spectrophotometer is cheap and it is found in many laboratories. But 

caffeine content in tea leaves cannot be determined directly using UV visible spectrometer, due 

to the matrix effect of UV absorbing substances (Guzin, 2002). In this study, a direct and simple 

UV-spectrophotometric method for the determination of caffeine in some beverages and cola soft 

drinks using separation techniques and colour development was developed using derivative 

spectroscopy.To further establish the result, an easily adaptable HPLC method for both 

qualitative and quantitative determination of caffeine was investigated. Kolanut samples, 

commercial coffee and teas as well other solid samples were chosen such as cocoa, Kopiko sweet 

and Extra joss energy powder drink due to their high caffeine. Twelve samples were analysed 

with the validated UV/Vis spectrophotometry and their results compared with those obtained by 

the HPLC method. 

 

METHODS 

Twelve samples containing caffeine were obtained locally. They include: two brands commercial 

tea leaves – Lipton yellow label tea and Top tea, two brands of instant coffee –Napa café and 

Nescafe beverage, Cocoa bean seeds (Theobroma cocoa), two Kola nut species - Cola nitida and 

Cola acuminata, a brand of coffee sweet (Kopiko) , two soft drink beverages – Coca cola and 

Pepsi cola, and two brands of energy drinks - Planet energy drink and Extra Joss Active Energy 

drink powder. 

Chromatographic analysis was performed using Agilent 1200 HPLC system using C8 reversed 

phase column (Supelcosil 250 x 4.6 i.d mm). The chemicals and reagents used in the study were 

of high quality of at least analytical grade. The caffeine standard was purchased from Sigma – 

Aldrich (UK).  

 

Sample preparation and analytical determination 

Tea and coffee sample preparation. 

50 mg each of tea and instant coffee was weighed and 50ml of distilled water heated to 

about 30 
o
C was added and mixture stirred for 30 minutes. The mixture was filtered through a 

glass filter and cooled to room temperature.15ml of dichloromethane was poured into the 

infusion and stirred. The aqueous phase and organic phase were then separated by separatory 

funnel. The procedure was repeated three more times to ensure efficient removal of the total 

caffeine in the samples. The total caffeine content in the beverage samples were later determined 

by UV spectrometry. Another set of samples were extracted using distilled water at 100
0
C. 

 

Kolanuts and cocoa samples preparation. 

The fresh samples were dried in an oven at about 105 
o
C for about 2hours until constant weight 

was achieved. The dried samples were ground to powder using mortar.  50.00mg of each of the 
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samples were accurately weighed in a 100ml beaker. 50ml of distilled water heated to about 30 
o
C was added and stirred continuously for about 30 minutes. The mixture was filtered through a 

glass filter. 15ml of dichloromethane was added to the filtrate and further stirred for 10minutes 

using magnetic stirrer. The aqueous phase and the dichloromethane (organic) phase were 

separated by separatory funnel. The procedures were repeated three more times to ensure 

quantitative and efficient removal of the total caffeine. The solvent layers were later combined 

and the total content of caffeine was determined by UV spectroscopy. 

The extracts of other solid samples i.e. Mini coffee kopiko sweet, Extra Joss energy drink 

powder were prepared using the same procedure. 

 

Soft and energy drink samples preparation. 

The drinks (Cocacola, Pepsicola, and Planet energy drink) were stored at room temperature until 

the time of their analysis. Each of the beverages was poured into a 250ml beaker and degassed 

by stirring on a hot plate with magnetic stirrer. The homogenized solution was then filtered. 

50ml each of the filtrate were measured into a beaker and 15ml of dichloromethane was added. 

The mixture was gently swirled on the hotplate for about five minutes. The resultant mixture was 

separated with separatory funnel and the organic layer decanted into an Erlenmeyer flask. 15ml 

of DCM was added and subsequent extraction was repeated three more times. Finally, the total 

caffeine content was determined with a double beam spectrophotometer. 

 

Determination of caffeine in coffee, tea and beverages by HPLC 

Preparation of standard solutions. 

1000ppm of caffeine stock solution was prepared by weighing 50.00mg of pure caffeine and 

quantitatively transferring it into 50ml volumetric flask and making it to the mark with the 

mobile phase (Acetonitrile).Working standards of  0.625 1.25, 2.5, 5.0, 10.0, 25.0 and 50.0ppm 

were prepared by serial dilution of the stock solution with the mobile phase. 

Tea and coffee samples preparation 

 

50.00mg of tea and coffee samples were weighed and put in 100ml beakers respectively. 50ml of 

boiling distilled water was added and allowed to stand for five minutes with stirring. The 

solution was cooled and filtered into a conical flask. 5ml of the filtrate were pipetted into a clean 

50ml volumetric flasks and made to the mark with the mobile phase. 

Other solid samples including mini coffee kopiko sweet, cocoa beans, kolanut, extra joss energy 

drink powder were also prepared using the procedures above (having ground their solid samples 

to powder). 20µL of each diluted sample was injected into the HPLC column. The relative peak 

areas were determined and concentration of caffeine in the samples was calculated from the 

calibration curve. 

Preparation of recovery samples 

 

Three samples were selected: Nescafe coffee, cola acuminata, and pepsi cola and were spiked 

with 25ppm caffeine standards in the ratio 1:1 dilution factor for recovery studies. 
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RESULTS AND DISCUSSION  

Spectra result of pure caffeine in water  

  
 
Figure 1: Absorption spectrum of caffeine standards in water. Figure 2: First derivative overlay spectrum of 

caffeine standards in water 

 

From the spectra it can be observed that caffeine absorbs in the spectra range of 245 – 300nm 

with λmax of 272nm. The spectrum in Figure 1 was derivatised to get first order derivative 

spectra and the zero crossing point was found to be 272nm. 

 

Spectra result of pure caffeine in ethyl acetate.  
The absorbance versus wavelength of caffeine standard solutions in etlylacetate was measured 

and the result is shown in Figure 3.  

 

   
Figure 3: Absorption spectrum of caffeine standard in ethylacetate. Figure 4: First derivative overlay 

spectrum (D1) of caffeine standards in ethylacetate  

 

From the spectra, it can be observed that caffeine absorbs in the spectra range between 257 to 

300nm in ethylacetate at λmax of 273nm. The spectra of the working standards (10 -50ppm) 

were overlayed and thus enables sharp identification of the λmax. The spectrum obtained in 

Figure 4 was further derivatised to obtain first and second order derivative spectra as shown in 

Figure 4 the zero crossing point was found to be at 273 confirming that (λmax ) at the  zero order 

spectra. 

 

Spectra result of pure caffeine in dichloromethane 

The absorption spectrum of pure caffeine in dichloromethane was measured in the spectra range 

of 200 – 300nm. From the spectra, it can be observed that caffeine absorbs in the spectra range of 

245 – 300nm with λmax of 274nm as shown in Figure 5.  
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Figure 5: Absorption spectrum of pure caffeine in dichloromethane. 

Derivatising the spectra further produces first and second order spectra. The zero crossing point 

was found also to be at 274nm and this confirms the λmax value of the zero order.   
 

Validation of the methods. 

Validation of the method for UV analysis  

The calibration graph correlating to the absorbance and the concentration of pure caffeine in 

water, ethylacetate and dichloromethane were plotted. The linear regression coefficient for water 

and ethylacetate were 0.9998 and 0.9994 respectively. A good linear relationship was observed 

for a wide concentration range. This shows that absorbance is directly proportional to the 

concentration. 

 

Method validation for HPLC analysis 

Linearity 

Seven different concentrations of caffeine from 0.625ppm to 50ppm were analyzed according to 

experimental conditions. Then the calibration curve was established according to the obtained 

response (peak area) and the concentrations of caffeine in standard solutions. The results show a 

good linear relationship.  

 

Recovery 

For recovery study, one sample of known caffeine concentration from three different types of 

beverages was spiked with 25ppm of caffeine standard in the ratio 1:1(v/v) and recovery was 

calculated. As shown in Table1, the value of the obtained results were found not to be 

significantly different from the value of the added caffeine concentration as the recovery ranges 

from 99-112% with Nescafe having the highest recovery.  

 

Table 1: Result of Recovery study from spiked beverage samples  

Sample Caffeine in 

sample (ppm) 

Spiked 

Amount (ppm) 

Theoretical 

value (ppm)  

Experimental 

value (ppm) 

Percentage 

Recovery (%) 

Pepsi Cola 5.257 12.5 17.757 17.593 99 

Kola nut  0.7440 12.5 13.244 14.333 108 

Nescafe  2.950 12.5 15.45 17.299 112 

 

Determination of caffeine contents in beverage samples 

Caffeine content in tea leaves cannot be determined directly using UV-Visible spectrometer, due 

to the matrix effect of UV absorbing substances. Therefore, it is necessary to develop a method 

to overcome this difficulty. The method developed in this research work is to first dissolve 

caffeine in water and then extract it, using dichloromethane as mentioned in the procedure part. 

To determine caffeine from tea leaves, the extractions were repeated four times until the content 

of caffeine was found negligible. 
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Table 2 presents the experimental result for the determination of caffeine at two different 

temperatures, (30 
o
C and 100 

o
C). At 30 

o
C, the percentage of caffeine in Napa café coffee 

sample with 8.90% was the greatest of all the solid samples (tea, Extra joss energy powder, kola 

nuts, cocoa beans, and mini coffee kopiko sweet.) while mini coffee kopiko sweet sample had 

the least caffeine content (0.50%). This was followed closely by Lipton yellow tea which had 

caffeine content of 7.65% compared to the top tea with 6.70%. The two species of kolanuts have 

different amount of caffeine even though they are both of the same family. Cola acuminata 

(3.90%) had higher content of caffeine than cola nitida with 2.60% w/w.  

In the liquid beverage samples planet energy drink had the highest caffeine content (9.28%) 

while Coca-Cola beverage had the least (7.20%). 

From the beverage samples tested at the boiling temperature (100
o
C) similar to those at 30

o
C 

higher caffeine content were obtained. Top tea has the least caffeine content of the four tea and 

coffee samples while Napa café coffee has the greatest caffeine content. Comparing the content 

of caffeine at 30
o
C and boiling temperature, the percentage of caffeine at boiling temperature is 

greater. Caffeine content in tea leaves reported in this experimental work is in the range of values 

reported (1-8%) by Abdu et al. (2006). 

 

Table 2: Levels of caffeine concentrations in beverage samples at two different 

temperatures (30
 o

C and 100
 o

C) using UV and HPLC methods 

                                               30
 o
C 100

 o
C  

S/N   Sample 

Caffeine  % 

(w/w)       

Caffeine  % 

(w/w)       

Caffeine  % 

(w/w)       

1 Top Tea 6.76 11.72 2.73 

2 Lipton Yellow Tea      7.64  12.36 3.08 

3 Nescafe coffee               7.80 13.25 5.91 

4 Napa café coffee             8.90 14.03 6.07 

5 Extra joss powder     3.26  - 1.00 

6 Kopiko sweet               0.49  - 0.21 

7 Cocoa beans                 0.88  - 0.24 

8 Cola nitida                    2.60  - 0.20 

9 Cola acuminata             3.90  - 1.49 

10 

Planet Energy 

Drink     9.28  - 

24.74 

11 Pepsi cola                     7.55  - 10.51 

12 Coca-Cola                     7.20  - 10.08 

 

The HPLC method values obtained were of similar trend and progression rate. The highest 

caffeine concentration in beverage samples was also obtained in Napa café coffee (6.0%) in the 

solid sample as well as planet energy drink with 24.94% in the liquid sample. Likewise, the least 

concentration was obtained in the kopiko sweet and cola nitida with 0.21 and 0.20% w/w 

respectively. Using HPLC method, Abdul et al., (2006) reported that the caffeine content for 

black tea was 3.34% and green tea was 2.44%. This was similar to the result obtained in this 

research work with the tea samples having concentrations of 2.73 and 3.08%. 

All over the world, the caffeine contents in soft drinks varies according to the type of the brand, 

yet its average content in soft drinks is approximately 18mg per six ounces (i.e 100ppm). In fact, 

the US Food and Drug administration (FDA) limits the maximum caffeine amount in carbonated 

beverages to 6mg/oz (200ppm) (Violeta et al., 2010). From this experimental study, the caffeine 
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content level in the analyzed carbonated beverage samples (Pepsi with 105ppm and coca-cola 

with 100ppm) were within the range for food industry guidelines. 

 

CONCLUSION  

The validated UV-Spectrophotometric method for the quantification of caffeine in beverages was 

found to be simple precise sensitive and accurate. To make the result more reliable, the 

experiment were repeated three times and the average values were taken. The spectrophotometric 

method proved to be the best alternative for the determination of caffeine content, exhibiting the 

most similar results to the HPLC instrumentation. 

The order of caffeine concentration in the beverage samples were: Napa café coffee > Nescafe 

coffee> Lipton yellow> Extra joss energy drink powder > kolanut > cocoa beans > kopiko sweet 

>planet energy drink > Pepsi cola > Coca-Cola.  

The results at two different temperatures reveal that, caffeine is better extracted at boiling 

temperature (100
0
C) as in Top tea, Lipton yellow, Nescafe and Napa café with greater values of 

11.72, 12.36, 13.25 and 14.03% respectively than at 30
o
C with lower progression values of 6.76, 

7.64, 7.80 and 8.90% and more extraction time will still favour more yield. 

The amounts of caffeine obtained by UV/Vis spectrophotometric method were higher than those 

obtained by HPLC method. The caffeine content of the tea, coffee and other beverages was not 

found to be alarming since it correlated well with the documented values. 

Since caffeine is a pharmacologically active substance that stimulates the central nervous system.  

Excessive amount should be avoided since caffeine consumed in large amounts have adverse 

health effects. Especially, people suffering from high blood pressure, pregnant women and those 

with coronary heart disease should avoid such beverages as caffeine disrupts normal health 

rhythm.  
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ABSTRACT 

Slaughtering of animals to supply meat for human consumption in abattoirs is a common 

practice in Nigeria. Abattoirs however put local built environment and health of nearby 

residents at great risk as a result of pollution from their improper management. This study 

therefore investigates the impact of abattoir wastewater on the quality of surrounding 

underground waters and the health of residents in their vicinity using Agege and Surulere 

abattoirs as a case study. Physico-chemical and microbiological analyses were carried out 

on abattoir wastewater and surrounding underground using standard analytical methods. 

The study went further to investigate the effect of abattoir operations on residents in the 

abattoir vicinity using questionnaire to determine the quality of the local built 

environment and health of residents. The ranges of the physico-chemical parameters 

studied were as follows: pH 3.8 - 4.6, Temperature 28.9ºC – 29.9ºC, Dissolved oxygen 

6.50mg/l – 11.43mg/l, BOD 85.20mg/l – 618.82mg/l, Total Solids 1326.53mg/l – 

2225.46mg/l, Total dissolved solids 226.05mg/l – 618.82mg/l, Total suspended solids 

1030.04mg/l – 1606.58mg/l and Turbidity of 12.1 – 87.4 NTU in Agege abattoir. While 

in Surulere abattoir, physico-chemical parameters ranges were; pH 3.7 - 4.9, Temperature 

28.9ºC – 29.9ºC, Dissolved oxygen 7.02mg/l – 12.32mg/l, BOD 87.21mg/l – 110.40mg/l, 

Total Solids 1221.10mg/l – 2322.50mg/l, Total dissolved solids 380.19mg/l – 

1025.39mg/l, Total suspended solids 1020.01mg/l – 1707.88mg/l and Turbidity of 12.0 – 

70.5. The values for most of the parameters were very high and were above the WHO 

and FMENV standards. The total viable bacterial count ranged from 1.80 × 10
5
 – 3.10 × 

10
5
 cfu/ml for Agege and 1.80 × 10

5
 – 3.10 × 10

5
 cfu/ml for Surulere abattoir. Total fungi 

count ranged from 2.0 × 10
3
 – 3.10 × 10

3
 cfu/ml and 1.80 × 10

3
 – 3.10 × 10

3
 cfu/ml for 

Agege and Surulere abattoir respectively. The bacteria genera isolated were: E.coli, 

Bacillus spp, Klebsilla spp, Staphylococcus aureus, Clostridium spp., and Pseudomonas 

spp. The fungi genera isolated include Aspergillusniger, Fusarium spp., Mucor spp., 

Saccharomyces spp. and Penicillium spp. The result showed that the air quality around 

the abattoir was grossly polluted. Excessive coughing, diarrhoea and eye itching were 

reported among the residents. Also, recreational activities around the abattoir was absent 

because of the odour emanating from the abattoir wastes. The findings in this study 

underscored the need to treat abattoir wastewater rather than discharging it into the 

environment and the abattoir should be built away from residential areas.  

 

Keywords: abattoir, bacterial count, fungi, physico-chemical parameters, wastewater 

 

 

INTRODUCTION 

Slaughter house usually called ‗abattoir‘ is a place specially created and approved by regulatory 

authorities for hygienic slaughtering, processing and effective preservation and storage of meat 

products for the consumption by man (Alonge, 2001). The nearness of abattoirs to consumers in 

neighbourhoods could have certain advantages, but the impact of the activities in the locally built 

environment and health of residents is of great concern and carries enormous risks (Bello and 

Oyedemi, 2009). Series of activities in abattoirs result in the production of large quantities of 

wastes. These wastes could be solid (condensed meat, undigested feeds, bones, horns and hair); 

liquid (blood, gut contents and urine) and fat and oil (Sangodoyin, 1992).   

mailto:toluseyi@unilag.edu.ng
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In Nigeria and many developing countries, proper sanitary practices are almost lacking in our 

abattoirs, such that untreated wastes together with wastewater generated during abattoir 

processes are discharged indiscriminately into the nearest surface water (Adeyemo et al., 2002 

and Adeyemo, 2002). This wastewater percolates through the soil to underground water, thereby 

polluting not only the receiving surface water but also the soil and underground water (Adelegan, 

2002; Adesemoye et al., 2006). Studies have shown that the indiscriminate disposal of abattoir 

wastes could result to pollution of surface and underground waters, air and land. Blood impact 

high organic pollution to receiving water and consequently depletes the dissolved oxygen of 

water bodies. The result of a study carried out by Chukwu et al. (2006) showed that BOD, COD 

and DO values of water samples collected from Tayi stream, a receiving stream of a major 

abattoir in Niger State, Nigeria were above the FEPA and WHO limits for waste water. Chukwu 

and co-researchers concluded that these values could cause the destruction of primary producers 

and in turn lead to diminishing consumer population in water. Rabah et al. (2010) reported a high 

mean count of 3.7 ± 0.01 × 10
6
 cfu/g and 1.4 ± 0.4 × 10

4
 cfu/g for bacteria and fungi 

respectively, during a study on soil contaminated with abattoir effluent.  The presence and 

abundance of various species of Bacillus was observed and attributed to the fact that these 

organisms are indigenous to soil environment and are known to persist in such environment 

(Atlas and Bartha, 2007). 

 

Magida and Guip examined the impact of abattoir wastes on water quality around an abattoir site 

in Gwagwalada-Abuja, Nigeria. Heavy metal content as well as physical and chemical properties 

of water samples collected from four points along a stream were studied. It was discovered that 

most of the analysed properties were still below the national and international accepted limits. 

However, continuous discharge of abattoir waste into the stream may in no distant time, pose a 

threat to human health. The paper concluded by recommending that mechanism should be put in 

place for the treatment of these abattoir wastes before they are disposed (Magida and Guip, 

2012). Akinro et al. (2010) investigated the physico-chemical and microbial properties of the 

effluents discharged from Araromi abattoir in Akure, South West Nigeria. The results indicated 

that all the water samples tested were polluted biologically beyond permissible limits. The 

various wastewater samples were contaminated with E. Coli and other enteric bacteria. Abattoir 

effluent reaching stream may contribute significant levels of nitrogen, phosphorous and other 

nutrients, there by resulting in eutrophication of water bodies and consequently reducing water 

physical, chemical and biological qualities.  

 

Abattoir operations generate huge amount of organic wastes with relatively high levels of 

suspended solids, liquid and fat. The solid waste includes condemned meat, undigested food in 

the gut, bones, horns, hairs and aborted foetuses. The liquid waste is usually composed of 

dissolved solids, blood, gut contents, urine and water.  All these wastes are disposed into nearby 

surface waters and greatly affect the quality of these waters. The objectives of this study are to 

carry out quantitative analysis of water samples and some liquid waste (blood, faeces, urine and 

intestinal contents) from Agege and Surulere  abattoirs; study the effects of the wastes on the 

receiving stream and underground water (well); determine the health implication on dwellers in 

the residential neighbourhood as a result of the abattoir activities. 

 

METHODS 

Sample area and collection of samples 

Abattoir effluents were collected from two abattoirs in Oko-oba (Agege Local Government 

Area) and Itire (Surulere Local Government Area), Lagos State, South western Nigeria. Liquid 

wastes such as blood, urine, intestinal content and wash water from the abattoir processes are 

channeled into the canal constructed inside the abattoir, which leads into a stream near the 
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abattoir in both areas under study. Wastewater samples were collected from both abattoirs at 

upstream: 60 m before the point where the abattoir effluents meet receiving stream; midstream: 

at the point where the abattoir effluents meet receiving stream; and downstream: 60 m away 

point where the abattoir effluents meet receiving stream. At sampling point, previously cleaned 

sample containers were rinsed with sampled water thrice and then filled to the brim. The samples 

were labeled and transported to the laboratory, stored in the refrigerator at about 4
0
C prior to 

analysis. Liquid wastes (blood, faeces, urine and intestinal contents) were also sampled for 

microbial analysis. Samples were collected from the month of February to April 2011. 

 

Method for determination of Physical and Chemical Properties of water samples 

Temperature was determined at point of collection of samples with a thermometer. pH was 

determined using Mettler Toledo pH meter. Dissolved oxygen (DO) and biochemical oxygen 

demand (BOD) were determined using dissolved oxygen meter, model A and standard method 

5210B respectively. Total suspended solids (TSS) and total dissolved solids (TDS) were 

determined gravimetrically (APHA, 2005). Turbidity of water samples was determined by 

Nephelometric method using Lamoble 2020 portable turbidity meter. 

 

Method for determination of microbial characteristics of water samples 

Potato dextrose agar and nutrient agar were the media used in this study. Both media were 

sterilized according to manufacturer‘s instruction. Total fungi count was estimated after serial 

dilution of the samples were prepared from 10
-2

 to 10
-6

, after which the prepared samples were 

aseptically inoculated on the PDA plates using spread plate technique, then incubated at 300C 

for 72h. The PDA plates had been supplemented with 100ug/ml Streptomycin to inhibit the 

growth of bacteria prior to usage (Adesomoye and Adedire, 2005). After incubation, fungal 

population was then estimated by counting the numbers of organisms on the plates with distinct 

growth. To isolate and identify fungi colonies, macroscopic examination and morphological 

characteristics were employed respectively. 

Total bacteria were estimated using a method similar to Boulter et al., (2002). Serial dilution of 

samples were prepared from 10
-4

 to 10
-9

. Sterile nutrient agar plates were inoculated aseptically 

with prepared samples and incubated at 30ºC for 24h. After incubation, total viable bacteria 

count was estimated and recorded as colony forming units per ml by counting the numbers of 

distinct colonies on the plates. Pure isolated cultures were identified using biochemical tests. 

 

Methodology for questionnaire 

A total of fifty questionnaires each were administered to residents living within the residential 

neighbourhood of the studied abattoirs. This was necessary in order to generate needed answers 

as to the effects of the abattoir on residents and the environments. Simple statistical methods 

were used in analysis. Altogether the 100 questionnaires were returned thus achieving a response 

rate of 100 %.    

 

RESULTS AND DISCUSSION 

Physico-chemical properties of water samples 

The physico-chemical properties of water samples of Agege and Surulere abattoirs collected 

from upstream, midstream and downstream are presented in Table 1. 
Table 1: Result of physico-chemical analyses of abattoir waste waters from nearby surface water 

  Agege  Abattoir Surulere  Abattoir 

Parameters US MS DS US MS DS 

Turbidity (NTU) 87.4 50.5 12.1 70.5 49.2 12.0 

Temperature (ºC) 28.9 28.9 29.9 27.5 28.0 28.0 

pH 4.0 3.8 4.6 4.2 3.7 4.9 
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DO (mg/l) 11.34 6.5 9.42 12.32 7.02 10.41 

BOD (mg/l) 89.41 120.36 85.2 89.21 110.4 87.21 

TS (mg/l) 1326.53 2225.4 1418.21 1221.1 2322.5 1400.2 

TDS (mg/l) 226.05 618.82 388.17 195.71 614.62 380.19 

TSS (mg/l) 1100.48 1606.58 1030.04 1025.39 1707.88 1020.01 

Key: US = upstream, MS = midstream, DS = downstream 

 

Generally, the values of most of the parameters studied were highest at the point where the 

effluents meet the stream (midstream). Turbidity values ranged from 12.1-87.4NTU for Agege 

abattoir and 12.0- 70.5NTU for Surulere abattoir. All water samples were above WHO limit of 5 

NTU. Turbidity is a measure of the cloudiness of water. It is used to indicate water quality and 

filtration effectiveness (such as whether disease-causing organisms are present). Higher turbidity 

levels are often associated with higher levels of disease-causing microorganisms such as viruses, 

parasites and some bacteria. These organisms can cause symptoms such as nausea, cramps, 

diarrhea, and associated headaches (WHO, 2003). 

Hot water is usually used in large quantity for processing animals in abattoirs. It was however 

observed that the hot processed water from both abattoirs has lost appreciable degree of hotness 

before reaching the point of disposal. Observed temperature range of 28.9-29.9 
0
C and 27.5-28 

0
C for Agege and Surulere abattoirs respectively were in compliance with the Federal Ministry 

of Environment (FMEnv) permissible limit for the discharge of waste water.  

The pH values of the water samples from both abattoirs were below FMEnv and WHO limits as 

the water samples were acidic with pH values ranging from 3.8 – 4.6 for Agege abattoir and 3.7 

– 4.9 for Surulere abattoir. These acidic values could affect aquatic life because most metabolic 

processes are dependent on pH. Although, dissolved oxygen (DO) values conformed to FMEnv 

and WHO standards, it was however observed that a value of 6.5mg/l for midstream sample from 

Agege abattoir was not satisfactory when compared with values of 7.2 to 9.9mg/l needed for the 

successful spawning of fish. This value might in no time exceed the FMEnv limit if proper 

treatment practices are not imbibed. Biochemical oxygen demand (BOD) levels ranged from 

85.20-120.36mg/l for Agege abattoir and 87.21-110.41mg/l for Surulere abattoir. These values 

are higher than the FMEnv and WHO limits for the discharge of wastewater into surface water. 

The high BOD values observed was not surprising because effluents from abattoirs are usually 

very rich in organic matters. High organic loads in the wastewater means high amount of oxygen 

will be required by aerobic bacteria to decompose the organic matter resulting to high BOD.  

 

The high inorganic and organic content of abattoirs was manifested in the extremely high total 

suspended solids (TSS) values obtained in this study. TSS values ranged from 1030 – 1606 mg/l 

and 1020 – 1707 mg/l for Agege and Surulere abattoirs respectively.  Adesemoye et al., (2006) 

also reported a high TSS value of 1750 – 1800 mg/l for wastewater in two abattoirs in Agege and 

Ojo Local Government Areas in Lagos State. All the water samples had levels higher than WHO 

standard for total dissolved solid (TDS) and total suspended solid (TSS) except downstream 

sample from Surulere abattoir whose TDS value of 195.7mg/l was lower but very close to 

200mg/l set as limit by WHO. The value of total solid (TS) at midstream from Surulere abattoir 

was higher than that of Agege abattoir, though both values were above the permissible limit of 

2000mg/l set by FMEnv. It was expected that Agege abattoir should have higher TS because, in 

addition to being in existence for about 10 years before Surulere abattoir, larger number of cow, 

approximately 1000 cows are killed per day compared to Surulere where only about 10 cows are 

killed. This lower value might be attributed to the availability of facilities to separate solid waste 

from liquid waste before discharge into surface water.  
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Microbial isolates and colony counts of water samples from Agege and Surulere abattoirs 

Microbial analysis of water samples in the vicinity of abattoirs is an essential tool in order to 

determine the presence of microorganisms that may likely constitute a health hazard. 

Microorganisms commonly used as indicators of water quality include: coliforms, Faecal 

streptococci, Clostridium perfringens, and Pseudomonas aeruginosa (Adeyemo et al, 2002). All 

the water samples were polluted by faecal organisms such as E. coli and Faecal streptococci with 

values that are above the WHO recommended limit. 
 

Table 2: Microbial isolates and colony counts of water samples from Agege and Surulere 

abattoirs 
 

Abattoirs 

Water 

Samples 

Total 

bacteria 

count 

Bacteria  

isolated 

Total 

fungi 

count 

Fungi 

 isolated 

 

Agege 

UP 3.10×10
5
 Baccillus spp., 

Micrococcus spp. 

2.0×10
3
 Aspergillus niger, 

Fusarium spp., 

Mucor spp. 

MS 2.40×10
5
 Baccillus spp., 

Staphylococcus aureus 

8.0×10
3
 Aspergillus niger, 

Fusarium spp., 

Penicillum spp. 

DS 1.80×10
5
 Baccillus spp., 

Pseudomonas spp. 

3.0×10
3
 Fusarium spp. 

 

Surulere 

UP 1.40×10
5
 Baccillus spp., 

Pseudomonas spp. 

5.0×10
3
 Mucor spp., 

Saccharomyces spp. 

MS 1.30×10
5
 Baccillus spp., 

Micrococcus spp. 

1.0×10
3
 Fusarium spp. 

DS 2.10×10
5
 Baccillus spp., 

Clostridium spp. 

5.0×10
3
 Saccharomyces spp., 

Pennicillum spp. 

  

Mean microbial count of water sample isolates from Agege and Surulere abattoirs 

The mean Value of total heterotrophic bacteria and fungi of waste water samples from both 

abattoirs is represented in Table 3. 

 

Table 3: Mean microbial count of water sample isolates from Agege and Surulere abattoirs 
Abattoirs Mean bacteria count (cfu/l) Mean fungi count (cfu/l) 

Agege 2.42×10
6
 4.36×10

3
 

Surulere 1.60×10
6
 3.67×10

3
 

 

Table 4 shows the coliform counts for underground water (well) around the vicinity of Agege 

and Surulere abattoir were studied with respect to the distance of the well from the stream. 

Table 4: Coliform counts for underground water (well) 
Distance of wells from stream  Agege abattoir 

Coliform count(cfu/ml) 

Surulere abattoir 

Coliform count(cfu/ml) 

50 m 1.10×10
2
 1.10×10

2
 

100 m 1.10×10
2
 0.00 

150 m 0.00 0.00 

 

The presence of Escherichia coli and Faecal streptococci in  water samples at close proximity to 

the abattoirs shows that the groundwater within the abattoir and about 100 meters from the 

abattoir is harmful to human health and can cause urinary tract infection, diarrhoea or meningitis. 

The groundwater (located about 150 meters from the abattoir) pose little or no threat at both 

abattoirs. 
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Micro-organisms isolated from abattoir liquid wastes and their microbial counts 

The mean total heterotrophic bacteria, fungi and coliform count were high for water samples 

from the two studied abattoirs (Tables 2, 3, 4 and 5). The WHO (2008) recommends 0cfu/100ml 

for all faecal bacteria and by this set guideline; any water contaminated to this level is neither 

good for domestic use nor is it supposed to be discharged directly into the environment without 

treatment. 

 

Table 5: Micro-organisms isolated from abattoir liquid wastes and their microbial counts 

Samples Blood Faeces Urine Intestinal content 

Bacteria isolates Bacillus spp., E. 

coli 

Bacillus spp., E. 

Coli, Klebsiella 

spp. 

Bacillus spp., E. 

Coli, Klebsiella 

spp. 

Bacillus spp.,     E. 

Coli 

Fungi isolates Saccharomyces 

spp.,        Mucor 

spp. 

Saccharomyces 

spp. 

Aspergillus spp. Rhizopus stolonife 

Total  

heterotrophic 

bacteria count 

(cfu/ml) 

2.1×10
5
 3.2×10

5
 1.5×10

5
 1.3×10

5
 

Total 

heterotrophic 

fungi count  

(cfu/ml) 

13.0×10
3
 12.0×10

3
 9.0×10

3
 1.0×10

3
 

Total coliform 

count 

1.2×10
2
 1.7×10

2
 1.4×10

2
 1.3×10

2
 

 

High level of pollution of the surface and nearby groundwater close to these abattoirs as revealed 

in this study further confirmed the dangers associated with discharging untreated wastewater to 

the environment and the need for adequate treatment to minimise its impact on the environment. 

 

Impact on health of residents 

This study revealed that abattoir activities and management have direct and indirect effects on 

the built-up environment and health of people especially residents in abattoir vicinity. 100 

residents of buildings located about 150 meters radius to the two abattoirs were randomly 

selected for questionnaire survey using relevant indicators to investigate effects on their health. 

Offensive odour emanating from the abattoir as a result of decomposing animal waste, manure 

and carcases as well as burning of hide and skin of animals was reported to constitute air quality 

impairment by the respondents. Ninety percent of the respondents reported that smoke from 

nearby abattoir affects breathing, causes respiratory ailments like cough and asthma as well as 

poor ventilation because many residents close their windows especially in the direction of the 

abattoir. Almost all residents reported the incidence of large number of house flies and rodents 

due to their close proximity to the abattoir, and these have been found to be causative agents of 

diseases such as typhoid fever, dysentery and diarrhoea. The quality of health of residents living 

in close proximity to these abattoirs was found to be poor due to the effect of pollutants from 

abattoir activities located in their neighbourhood.  

The abattoir management system in Lagos should include a waste management plan designed for 

abattoir operation. Laws on land use, and waste regulation to control the location and 

management of abattoirs should be enforced. Environmental impact assessment for abattoirs 

should be enforced. There is the need for the treatment of the abattoir waste waters before they 

are discharged into the nearby surface waters and drainages in order to minimize the pollution of 
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the groundwater around the abattoir and reduce the health risk of the residents in such 

neighborhoods. 
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ABSTRACT 

The presence of coliforms in vegetables from gardens in Lagos State was examined. The 

vegetables sampled include cabbage, waterleaf, carrot, lettuce and cucumber collected 

from five sites representing five geograpical zones in Lagos State. The vegetables were 

highly contaminated with coliforms.  Cabbage, waterleaf, carrot, lettuce and cucumber 

had coliform counts of 1.10 x 10
8
 cfu/g, 6.90 x 10

7
 cfu/g, 5.50 x 10

7
 cfu/g, 1.06 x 10

8
 

cfu/g and 4.70 x 10
4
 cfu/g respectively. The populations of  faecal coliforms and 

Salmonella/Shigella species were equally high.  The faecal colifom population range was 

between 3.63 x 10
6
 and 1.90 x 10

9
 cfu/g, while the Salmonella and Shigella species 

ranged from 1.40 x 10
2 
- 3.16 x 10

4 
cfu/g. Escherichia coli 0157:H7 was not isolated from 

any of the sites. The following bacterial isolates obtained which includes, Staphylococcus 

aurucularis, Yersinia pestis, Staphylococcus equorum, Enterobacter asburiae, Serratia 

fonticola, Photorhabdus asymbiotica, Providencia alcalifaciens, Plesiomonas 

shigelloides, Enterobacter  cancerogenus were heamolytic, while Staphylococcus 

xylosus, Proteus mirabilis, Salmonella enterica, Enterobacter gergoviae, Escherichia 

fergusonii, Escherichia coli, Salmonella enterica, Enterobacter  amnigenus were non-

heamolyitic. The study shows the prevalence of coliforms in vegetables before 

harvesting. 

 

Keywords: Bacteria, Coliforms, Gardens, Prevalence, Vegetables 

 

 

INTRODUCTION 

Coliform bacteria are a commonly used bacterial indicator of sanitary quality of foods and water. 

Coliforms are not normally causes of serious illness, they are easy to culture and their presence is used to 

indicate that other pathogenic organisms of faecal origin may be present (Kim and Harrison, 2008). 

Coliforms can be found in aquatic environment, in the soil and on vegetation.   

Vegetables and fruit are vital to our health and well-being, providing essential vitamins, minerals and 

fiber. Fresh fruits and vegetables once were thought to be relatively free of disease-producing pathogens 

(Beuchat and Ryu, 1997). However, according to the Centers for Disease Control and Prevention in the 

US (CDC), food-borne illnesses linked to fruits and vegetables have become more common (FDA, 2004). 

Outbreaks of food-borne illnesses on vegetables have been linked to Escherichia coli, Escherichia coli 

O157:H7, Listeria monocytogenes, Shigella and Salmonella (Johnston et al., 2005; NSW, 2007). Changes 

in microorganisms have undoubtedly contributed to this increase. Vegetables can become contaminated 

with pathogenic organisms during growth, harvesting, post-harvest handling, or distribution (McMahon 

and Wilson, 2001). Use of untreated wastewater in irrigation also represents an important route for 

transmission of these pathogenic organisms. The aim of this study was therefore to evaluate the 

prevalence of coliforms in vegetables in Lagos State, Nigeria. 

 

METHODS 

Sample Source 

The vegetables were obtained from different vegetable gardens from five sites representing five 

geographical zones of Lagos State. The samples were collected in sterilized polythene bags and taken to 

the laboratory for analysis. 
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Sample Preparation 

The vegetable samples were soaked for one minute in 70% alcohol so as to eliminate surface 

microorganism and then shredded to pieces. The vegetables were aseptically homogenized in distilled 

water using sterile pestle and mortar.  

 

Isolation and Identification of Microorganisms 

Aliquots of 0.1 ml from ten-fold dilutions were inoculated in triplicates into freshly prepared growth 

medium using the spread plate technique. MacConkey (MAC) Agar, Eosine methylene blue (EMB) Agar 

and Salmonella Shigella (SSA) Agar were incubated at 37
0
C for 24 hours. After incubation, the colonies 

that developed were enumerated. The bacterial isolates that grew on EMB Agar and SSA Agar were 

identified using morphological, biochemical and Analytical Profile Index 20E and 20SA kit. 

 

Isolation of Eschericia coli 0157:H7 

Eschericia coli 0157:H7 was isolated using Sorbitol MacConkey Agar which supports its growth. All the 

isolates that grew on EMB Agar were streaked on Sorbitol MacConkey Agar and  incubated at 37
0
C for 

24 hours. After the incubation, the plates were observed for growth and colour change. Pink coloration on 

the plate indicates the growth of other stains of Eschericia coli, while colourless growth indicates the 

growth of Eschericia coli 0157:H7. 

 

Heamolysis Test 

This test is dependent on the presence of a substance called heamolysin, which breaks down red blood 

cells. The bacterial isolates were streaked on  Blood Agar, incubated at 37
0
C for 24-28 hours and 

observed for haemolysis of red blood cells. 

 

RESULTS 

The populations of coliforms  (4.70 x 10
4
 -1.10 x 10

8
cfu/g) and faecal coliforms (3.63 x 10

6
- 1.90 x 10

9
 - 

cfu/g) were generally high in all the vegetables  as presented in Figure 1. The population of 

Salmonella/Shigella spp. was however low (1.40 x 10
2 

- 3.16 x 10
4 

cfu/g ) in all the samples compared 

with  the coliform counts. Statistically, there was no significant difference in the bacterial populations 

among the vegetables for both coliform and faecal coliform counts.  

None of the isolates that grew on EMB Agar  plates were E. coli 0157:H7 (Table 1). Isolates  EMB 

5,6,7,9 and 10 produced pink pigmentation after fermenting sorbitol, while isolates EMB 1,2,3,4,8 were 

colourless. 

The  following isolates displayed complete haemolysis on blood agar plates. They include; 

Staphylococcus aurucularis, Yersinia pestis, Staphylococcus equorum, Enterobacter asburiae, Serratia 

fonticola, Photorhabdus asymbiotica, Providencia alcalifaciens, Plesiomonas shigelloides and 

Enterobacter cancerogenus, while Staphylococcus xylosus, Proteus mirabilis, Salmonella enterica, 

Enterobacter gergoviae, Escherichia fergusonii, Escherichia coli, Salmonella enterica, Enterobacter  

amnigenus were all negative to the test (Table 2). 

 
Figure 1. Population of coliforms in different vegetables from subsistence gardens in Lagos State. 

MAC, MacConkey Agar for the growth of total coliforms; EMB, Eosin methylene blue Agar for growthof 

faecal coliform; SSA, Salmonella-Shigella Agar for growth of Salmonella and Shigella species. 
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Table 1: Growth of isolates obtained from Eosin methylene blue Agar on Sorbitol MacConkey Agar 

for the isolation of Escherichia coli 0157:H7 

   ISOLATE CODE             ISOLATES  COLONIAL GROWTH 

COLOUR 

EMB 1 Staphylococcus aurucularis Colourless  

EMB 2 Staphylococcus xylosus Colourless  

EMB 3 Proteus mirabilis Colourless  

EMB 4 Salmonella enteric Colourless  

EMB 5 Yersinia pestis Pink  

EMB 6 Enterobacter gergoviae Pink   

EMB 7 Staphylococcus equorum Pink  

EMB 8 Enterobacter asburiae Colourless  

EMB 9 Escherichia fergusonii Pink  

EMB 10 Escherichia coli Pink  

 

TABLE 2: Hemolysin production by coliforms isolated from vegetables in Lagos State 

 S/N  ISOLATE CODE ISOLATE IDENTITY  HEAMOLYSIS  

1 EMB 1 Staphylococcus aurucularis          + 

2 EMB 2 Staphylococcus xylosus          - 

3 EMB 3 Proteus mirabilis          - 

4 EMB 4 Salmonella enterica          - 

5 EMB 5 Yersinia pestis          + 

6 EMB 6 Enterobacter gergoviae          - 

7 EMB 7 Staphylococcus equorum          + 

8 EMB 8 Enterobacter asburiae          + 

9 EMB 9 Escherichia fergusonii           - 

10 EMB 10 Escherichia coli          - 

11 SSA 11 Salmonella enterica          - 

12 SSA 12 Serratia fonticola          + 

13 SSA 13 Photorhabdus asymbiotica          + 

14 SSA 14 Providencia alcalifaciens          + 

15 SSA 15 Plesiomonas shigelloides          + 

16 SSA 16 Enterobacter  cancerogenus           + 

17 SSA 17 Enterobacter  amnigenus          - 

 

EMB, Eosine methylene blue Agar; SSA, Salmonella Shigella Agar; +, positive; -, negative. 

 

DISCUSSION 

This study has shown that coliforms are abundant on the surfaces and within the tissues of tested 

vegetables. The coliform counts of the vegetables were high and far above the recommended 

standards for ready-to-eat vegetables which should be less than 10 coliform bacteria per gram 

(FAO, 1979). These high counts could be attributed to the unhygienic practices in the gardens, 

the water used in irrigation, soil and other environmental contaminations. Also, the high 

population density in these vegetables are not surprising since most often, the source of water for 

irrigation of the gardens in these communities are  usually runoff waters and sewage water from 

domestic sources. 

High levels of bacteria and coliforms in vegetables have been repoted by Aliyu et al. (2005) and 

Seow et al. (2012). According to Peterside and Waribor (2006), bacterial load on leafy 

vegetables increase with time during storage and also their exposure to contaminated water and 

soil. If the microbial loads on vegetables are high then they pose dangers to consumers. A 

potential hazard exists for persistent pathogenic bacterial populations to be transferred to 

harvested vegetables indirectly through contaminated water or by direct cross contamination by 
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proximity to animal production compounds or facilities, or from inadequately composted animal 

manure and biosolids (Committee on the Use of Treated Municipal Wastewater Effluents and 

Sludge in the Production of Crops for Human Consumption 1996; FDA 1998). Kim and Harrison 

(2008) demonstrated that Escherichia coli and Salmonella enterica also obtained from this study 

can be transferred to vegetables even through iced water.  

Escherichia coli 0157:H7 strains were not isolated from the sampled sites. The severe 

consequences of Escherichia coli O157:H7 if isolated can affect all age groups. The very young 

and very old are most vulnerable to long-term complications (Beuchat and Ryu, 1997). The 

haemolytic nature of coliforms isolated in this study confirms the pathogenicity of some 

members of this group and their potential health hazards to consumers.  

In conclusion, this study has revealed that vegetables are contaminated even before harvesting. 

Therefore, it is advisable to properly sterilize vegetables before consumption either by steaming 

or by other means of sterilization. The contamination of vegetables can also be reduced by using 

irrigation water that meets the WHO standards (≤10
3 

faecal coliform bacteria/100 ml) and also 

by avoiding cross contamination that may arise as a result of close proximity to animals and 

waste dumps. 
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ABSTRACT 

Pollution is one of the major factors that has impacted the distribution and abundance of 

plants in nature. This engenders this research which seeks to assess the effect of spent 

engine oil polluted soil on the growth potential of fluted pumpkin (T. occidentalis) and 

soil biota. Five seeds of T. occidentalis were planted in three replicates on various 

concentrations of spent oil contaminated soil at 0, 10, 30, 50, 70 and 90ml/kg. The 

following parameters were determined; seed germination, number of leaves and leaf area, 

stem height, dry weight of leaf, stem and root. At termination of the experiment, 

earthworm count was taken. The result showed that 100% germination was obtained in 

the control, 10ml/kg and 30ml/kg spent oil treated soil while germination was inhibited at 

all other concentrations. Additionally, germination was delayed in the 50ml/kg, 70ml/kg 

and 90ml/kg spent oil treated soil. Also, the number of leaves, leaf area, stem height and 

dry weight were significantly lower P<0.05 at 50, 70, and 90ml/kg spent oil treated soil 

when compared with the control. The number of earthworm was highest in the control 

and 10ml/kg treatment followed by a significant reduction in their number with 

increasing concentration of spent oil. The heavy metal in soil and earthworm treated with 

various level increased with increase in concentration of spent oil. Consequently, the 

study showed that soil contaminated with above 10ml/kg spent engine oil hinders the 

growth of T. occidentalis as well as normal activity of soil biota. 

 

Keywords: Telfairia occidentalis, spent engine oil, seed germination, plant parameters 

 

 

INTRODUCTION 

The continued existence of plant species in any given habitat is only possible when the 

complexities of environment factors of the habitat, lies within the limit of physiological tolerance 

of the species. It is reported that distribution and abundance of plants in nature depends not only 

on efficient seed dispersal but also on the quality of the habitat considering the limits of 

physiological tolerance of the species (Barnard, 1964; Okunsanya, 1970). Pollution of the soil 

with petroleum derivatives is often observed in Municipal soils, around industrial plants and in 

areas where petroleum and natural gas are obtained (Adam et al., 2002; Clark, 2003). Used oil is 

defined by the U.S. Environmental Protection Agency as ―any oil that has been refined from 

crude oil or any synthetic oil that has been used and as a result of such use is contaminated by 

physical or chemical impurities (USEPA, 1996). Spent lubricant, otherwise called waste engine 

oil, is usually obtained after servicing and subsequent draining from automobile and generator 

engines and usually discarded into the environment (Anoliefo and Vwioko, 2001). Pollution 

from spent engine oil is one of the most cosmopolitan environmental problems and is reported to 

be more widespread than crude oil pollution (Odjegba and Sadiq, 2002). There are relatively 

large amounts of hydrocarbons in the used oil, including the highly toxic polycyclic aromatic 

hydrocarbons (Wang et al., 2000). Also, Ekundayo et al. (1989) have shown that a marked 

change in properties occurs in soils polluted with petroleum hydrocarbons, affecting the 

physical, chemical and microbiological properties of the soil. Oil pollution of soil leads to build 

up of essential (organic C, P, Ca, Mg) and non-essential (Mg, Pb, Zn, Fe, Co, Cu) elements in 

soil and the eventual translocation in plant tissues (Vwioko et al., 2006). 

mailto:*ormorteey32@yahoo.com
mailto:makoniyan2002@yahoo.co.uk
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In Nigeria and some developing countries, about 20 million gallons of waste engine oil are 

generated annually from mechanic workshops and discharged carelessly into the environment 

(Faboya 1997; Adegoroye 1997). According to USEPA (1996), only 1 litre of used engine oil is 

enough to contaminate one million gallons of freshwater. Used engine oil also renders the 

environment unsightly and constitutes a potential threat to humans, animals, and vegetation 

(ATSDR 1997; Edewor et al. 2004; Adelowo et al. 2006).  

Telfairia occidentalis is a tropical vine grown in West Africa for its leaves which is used as 

vegetable and edible seeds. Common names for the plant include Fluted gourd, fluted pumpkin 

and Ugwu. The plant is a drought tolerant, dioecious, perennial plant that is usually grown 

trellised. Telfairia occidentalis is an important leaf and vegetable indigenous to Southern Nigeria 

and grown in the forest zone of west and central Africa (Olaniyi and Oyerele, 2012). The leaf is 

of high nutritional, medicinal and industrial value, rich in protein (29%), fat (18%), minerals and 

vitamins (20%) (Akanbi et al, 2006). The nutritional value of the seed is different from that of 

leaves. The protein contents of seeds and leaves are 20.5g and 2.9g, respectively (FAO, 1988).  

The soil biotas that are essential component of the soil involved in natural enrichment of the soil 

may be negatively affected when polluted with spent oil, which in turn affect the growth 

potential of the plant. One of such biota is the earthworm. Earthworms have great potential for 

use as bioassay/biomonitor organisms in studies of contaminant uptake and possess many 

characteristics that make it ideally suited for this purpose (Ma, 1982). Considering the extent of 

pollution of the soil with spent engine oil, this research seeks to study the impacts of spent 

engine oil contaminated soil on the development of Telfairia occidentalis and soil biota.    
 

METHODS 

Study Site 

The study was carried out at the Botanical Garden of the University of Lagos, Nigeria. 

 

Sources of Experimental Material 

The seeds of Telfairia occidentalis used in the study were obtained from vegetable leaf sellers at 

Oyingbo market, Ebute Metta, Lagos, Nigeria. The source of spent oil used for the study was 

obtained from AP filling station at the University of Lagos, Akoka, Lagos. The soil sample was 

collected from the rich alluvial area of the botanical garden of the University of Lagos. 

 

Soil Treatment with Spent Oil 

Eighteen (18) four litre pots were filled with 2.5kg treated soil. Three pots each were treated with 

25cc, 75cc, 125cc, 175cc, 225cc which represent 10, 30, 50, 70 and 90ml/kg contamination 

respectively. The pots were divided into six (6) groups, (A-F) with 3 pots in each group labeled 

as 1, 2, 3 i.e each group having 3 replicates. Group A represent the control with no spent engine 

oil while group B, C, D, E and F were treated with 10, 30, 50, 70 and 90ml/kg spent engine oil 

respectively. The soil was thoroughly mixed with the spent oil using hand trowel. The soil was 

left for six days before planting of seeds. Each pot was watered daily at 6.00 GMT. 

 

Determination of Seed Germination  
Five seeds of Telfairia occidentalis were sown into each of the pots. The number of seedlings 

that emerged from each bucket was counted on odd days from the7th day till the 21st day after 

planting and the percentage germination was calculated using the formula. 

% germination = Number of seedlings that emerged from soil X 100 

Number of seeds sown 

 

 

 

http://en.wikipedia.org/wiki/Vine
http://en.wikipedia.org/wiki/West_Africa
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Determination of Plant Parameters 

The number of leaves, leaf area and stem height were observed and recorded weekly for 6 weeks 

after planting. The plant height was measured with meter rule. The leaf area of the plant is the 

product of the length and breadth of the leaf measured with the meter rule according to (Pearcy 

et al. 1989). 

 

Dry Weight Analysis 

Dry weight analysis was carried out by destructive sampling method as adapted by Ekpo and 

Odu (2000). 

 

Determination of Heavy Metal Concentration in Soil 
The soil was analyzed for heavy metal content by first ashing the soil and then analyzed by flame 

atomic absorption spectrophotometer. Heavy metal concentration analysis in earthworm was also 

carried out as above. 

 

Statistical Analysis 

Data generated were analyzed for Analysis of variance (ANOVA) using graph pad prism 

software. Dunnett multiple comparison test was further used to determine significant difference 

(P<0.05) among the mean values. 

 

RESULTS 

Germination Study 

Germination was generally delayed as the level of spent oil increased in the soil, however there 

was no difference in germination of seed between the lowest treatment of 10ml/kg and control in 

which 100% germination was obtained. Also, 100% germination was obtained in the 30ml/kg 

soil treatment, however, germination of the seed did not take place until day 11, Table 4.1. 

Additionally, as the level of spent oil increased there was a corresponding decrease in the 

percentage germination, where only 60% germination was recorded in the 50ml/kg treatment and 

40% occurred in the 70 and 90ml/kg soil treatment. Germination of seeds occurred in the control 

and 10ml/kg concentration on the 7th day while in the 30ml/kg and 50ml/kg soil treatment, 

germination did not occur until the 11th day.  In the 70 and 90 ml/kg soil treatment, germination 

was delayed until the 17th and 15th day respectively (Table 4.1). 

 

Growth Parameters 

There was a corresponding decrease in mean number of leaves, mean leaf area and mean stem 

height with increasing level of spent oil concentration in the soil. There was no development in 

T. occidentalis in the soil treated with the highest concentration (Table 4.2). However, there was 

no difference in the number of leaves between the control and the lowest concentration treatment 

but leaf area between the control and lowest treatment was significantly different. The leaf area 

in the control was 1.6 times higher than leaf area in the 10ml/kg soil treatment. There was 

significant difference in the leaf area at P<0.05 between the control and all other concentrations.  

Considering stem height, there was no significant difference between the control and 10ml/kg 

and 30ml/kg soil treatment, contrary to the difference between the control and other higher 

concentrations which was significant. 

 

 

Dry Weight Study 

The mean dry weight of leaf, stem and root showed no significant difference between the control 

and 10ml/kg spent oil treatment. However as concentration of spent oil increases there was a 

corresponding decrease in the dry weight of leaf, stem and root. (Table 4.3)  
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Heavy Metal Component of Soil Treated with Spent Oil  
Table 4.4 revealed that the heavy metal concentration increased with increase concentration of 

spent oil in the soil. In the 90ml/kg soil treatment Cu, Fe, and Pb are about 2times, 2.5times, and 

3times higher respectively in concentration than the 10ml/kg treatment. Generally Zn was highly 

concentrated in soil as concentration of spent oil increased in the soil, Zn concentration in the 

90ml/kg concentration was 5times that of the 10ml/kg concentration. 

 

Earthworm Study 

Higher numbers of earthworm were found in the control and 10ml/kg treatment. There was 

however a decrease in number of earthworm thereafter with increase in concentration of spent oil 

(Table 4.5). No earthworm was seen in the 70ml/kg. There was no recognisable trend in the 

concentration of heavy metal in the earthworm with increase in spent oil concentration in soil.   

 

DISCUSSION  

The effect of spent oil on growth potential of fluted pumpkin (T. occidentalis) showed that 

germination potential of the plant was inhibited and there was delayed emergence especially in 

the 50, 70 and 90ml/kg spent oil treated soil. The poor emergence obtained at higher 

contamination levels of the soil may be attributed to poor aeration of the soil as insufficient 

aeration and reduced soil microbial activity are associated problems of soil polluted with spent 

engine oil (Udo and Fayemi, 1975; Anoliefo and Vwioko, 1995). In addition, the inhibition of 

germination especially at the 90ml/kg treatment level may be due to absorption of oil by the 

seeds, which made the seeds swollen and slimmy, as observed when the ungerminated seeds 

were digged out from the treated soil. The findings agrees with the work of Amakin and 

Onofeghara (1978) who reported that crude oil affected the germination of Zea mays and 

Capsicum fruitescens and noted a significant decrease in the rate of germination. They attributed 

the inhibition primarily to the physical surface characteristics of the oil, which reduced contact of 

the seeds with water and oxygen.  

The study also revealed that the mean number of leaves, mean leaf area of T.occidentalis (Table 

4.2) were significantly affected (P<0.05) especially at the 50, 70, 90ml/kg when compared with 

the control and 10ml/kg treatment. There was marked impairment in growth and development of 

the plant, chlorosis of the leaves, stunted growth and wilting of the plant with increase in 

concentration. Dwarfing of plant became pronounced with increase in concentration of spent oil 

in the soil. Some of this symptoms have been associated with the presence of heavy metals 

especially Zn in spent oil contaminated soil by Lepp (1981). 

Also, dry matter of the leaf, stem and root at higher levels of contamination was significantly 

(P>0.05) lower compared to the control and the 10ml/kg spent oil treatment. There was 

continous reduction in leaf number with increase in concentration of spent oil contamination. 

The reduction in dry matter at higher levels of contamination may be attributed to accumulation 

of heavy metals present in spent engine oil (Wang, 2002) which in turn affect metabolic 

processes in the plant (Prasad and Prassad, 1987). 

Additionally, the 10ml/kg spent oil treatment had better growth than the control (uncontaminated 

soil). This is because at lower level of contamination, the degradation capacity of soil biota 

matches up with the available spent oil in the soil, thereby enhancing the fertility of the soil with 

the degraded spent oil which now acts as nutrient rather than pollutant as reported by Odu 

(1981).  

 

The number of earthworm also decreased with increase in concentration of spent oil 

contamination (Table 4.5). The earthworm cast showed more activity of earthworm in the control 

than in other concentrations. The reduction in number of earthworm and absence of other soil 

biota is due to poor aeration of the soil. The earthworms also accumulated a certain level of 
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heavy metal (Table 4.5) in their tissue, though the level was not significant when compared with 

other treatments. Ireland (1979) reported that earthworms are known to suffer significant 

morbidity responses and direct mortality from exposure to organochlorides and heavy metals. 

Also, they may accumulate the residues in their tissues even above the amount in the soil they 

inhabit (Curry, 1994). Heavy metals have been confirmed to affect sexual development and 

cocoon production (Cikutovic et al., 1993). Specifically, heavy metals such as zinc, lead, 

cadmium, manganese and high concentration of sodium chloride as metal compounds affect 

reproduction in earthworms (Fisher et al., 1997).   

 

The negative impacts of spent oil on the growth potential of fluted pumpkin plants may have also 

resulted from increase in temperature due to the dark nature of the contaminated soils. It was 

observed that the contaminated soils were darker than the control, and dark soils absorb more 

heat making them unsuitable for optimum plant growth. (Donahue et al., 1990)  

Reasonably, contamination of soil by spent oil at lower concentrations (10ml/kg and below) are 

beneficial to both plants and soil biota, specifically the test crop T. occidentalis. Soil organism 

inhabiting habitats contaminated with above 10ml/kg were negatively affected. Consequently, 

the need to encourage the protection of our environment and farmlands against indiscriminate 

disposal of high concentrations of spent oil. Therefore, it is necessary for all stakeholders to 

guard against unwarranted pollution of our environment with spent engine oil and to promote a 

healthy environment for sustainable agricultural yield. 
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TABLES 

Table 4.1: Daily mean germination and percentage germination of T.occidentalis at various 

levels of spent oil contamination in soil. 

Conc/Days Day 

7 

Day 9 Day11 Day1

3 

Day1

5 

Day1

7 

Day1

9 

Day2

1 

T.ger

m 

Germ

% 

Control 1 2 2 0 0 0  0 5 100 

10ml/kg 1 0 2 0 2 0 0 0 5 100 

30ml/kg 0 0 2 0 1 2 0 0 5 100 

50ml/kg 0 0 1 0 1 1 0 0 3 60 

70ml/kg 0 0 0 0 0 1 1 0 2 40 

90ml/kg 0 0 0 0 1 0 0 1 2 40 

 

Table 4.2: Mean number of leaves, leaf area and stem height of T.occidentalis in soil treated 

with different concentrations of spent oil for seven weeks after planting. 

Concentration(ml/kg) Mean Number of Leaves Mean Leaf Area Mean Stem Height 

Control 14.5±4.16
b
 93.0± 4.43

c
 119.0±15.70

b
 

10 14.6±4.62
b
 36.0±18.34

b
 137.3±58.33

b
 

30 11.0±1.00
a
 53.9± 8.05

b
 73.6± 5.69

b
 

50 8.6 ±2.52
a
 39.0± 9.60

a
 58.3± 12.01

a
 

70 6.6± 2.80
a
 17.8± 2.44

a
 31.0 ±9.64

a
 

90 5.0± 0.00
a
 5.0± 3.24

a
 5.0± 4.20

a
 

Mean followed by same alphabet are not significant at P<0.05 

 

 

 

 

Table 4.3: Mean percentage of dry weight of stem, leaf and roots of T.occidentalis at the end of 

planting/harvesting.  

Concentration(ml/kg) Stem Leaf Root 

Control 19.4±1.72
c
 20.2±1.60

c
 16.9±0.99

d
 

10 19.9±2.13
c
 20.9±2.33

c
 16.8±3.11

d
 

30 12.1±1.20
b
 13.5±1.09

b
 11.1±1.22

c
 

50 10.5±0.90
b
 12.3±0.92

b
 11.4±0.93

c
 

70 5.6±1.40
a
 4.3±1.44

a
 2.8±1.41

b
 

90 3.2±1.14
a
 2.1±1.41

a
 0.91±1.01

a
 

Mean followed by same alphabet are not significant at P<0.05 
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Table 4.4: Total hydrocarbon content and heavy metals concentration in soil treated with spent 

oil. 

Contamination 

(ml/kg) 

Total Hydrocarbon 

Content % 

Cu 

(Mg/kg) 

Fe 

(Mg/kg) 

Pb 

(Mg/

kg) 

Zn 

(Mg/kg) 

Control 0.2523 0.73 1.28 0.34 1.64 

10 1.6756 2.38 2.42 1.56 5.73 

30 2.0221 2.74 3.86 2.21 3.82 

50 3.1145 3.25 4.11 2.82 18.54 

70 7.1305 3.86 4.79 3.35 22.68 

90 10.0786 4.32 6.56 5.42 27.30 

 

Table 4.5: Heavy metal concentration and number of earthworm in soil. 

Concentration 

 

Number of 

Earthworms 

Cu (Mg/Kg) Fe (Mg/Kg) Pb (Mg/Kg) Zn (Mg/Kg) 

Control 6 0.02 0.03 0 0.03 

10 6 0.03 0.05 0 0.09 

30 3 0.07 0.12 0.02 0.13 

50 2 0.08 0.14 0.01 0.014 

70 0 0 0 0 0 

90 1 0.12 0.16 0.03 0.17 
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ABSTRACT 

Sapindaceae Jussieu is a family of flowering plants in the order Sapindales. They exist as 

trees and shrubs, and tendril-bearing vines with about 140-150 genera and 1400-2000 

species worldwide. They are economically, medicinally and aesthetically useful. This 

research aimed at exploring the diversity of Sapindaceae in western and central africa with 

particular emphasis on identification of the plant samples as well as generation of DNA 

barcodes with a view to sharing the DNA barcode sequence in a public database. This was 

achieved following standard protocols. Extracted DNA samples (119) were deposited at 

the DNA Bank of the Royal Botanic Gardens, Kew, Richmond and voucher specmens 

were deposited at the University of Lagos Herbarium, Lagos, Nigeria. Silica gel dried 

specimens‘ yielded good quality DNA unlike the old dried herbarium leaf samples. DNA 

samples were sent to International Barcode of Life (IBOL) Centre in Guelph, Canada for 

analysis of the barcode region and sixty-nine (69) DNA barcodes were generated. Barcode 

data which was hinged on matK and rbcL sequence data have been deposited at the 

Barcode of Life database (BOLD) website and GenBank for public use. This research can 

be seen as a basis for further taxonomic research on the family Sapindaceae especially in 

Africa. 

 

Keywords: Africa, Bio-conservation, DNA barcodes, Identification, Sapindaceae. 

 

 

INTRODUCTION 

The biological diversity of each country is a valuable and vulnerable natural resource while 

knowledge about biodiversity and the ability to identify organisms that come with it are global 

public goods e.g. controlling Agricultural pest; identify disease vectors and environmental 

sustainability and many other Millennium Development goals. Africa's biodiversity is one of the 

most extraordinary in the world, but also one of the most threatened by human activities 

(population growth, over-exploitation, logging) and global change (desertification, climatic 

warming). Among the first steps towards protecting and benefiting from biodiversity are 

sampling, identifying and studying biological specimens. While biodiversity is disappearing 

alarmingly fast, there have also been fantastic technological developments that can help reverse 

biodiversity loss, one of these is DNA barcoding. 'DNA barcoding' is a revolutionary diagnostic 

technique in which short DNA sequence is used for species identification (Powellet al., 2008). It 

is increasingly being tested in many areas as a cost-effective tool for identifying and regulating 

agricultural pests, invasive and disease-carrying species, trade and sale of endangered species, 

and many other species of concern to governments and society. The goal of barcoding is that 

anyone, anywhere, anytime be able to identify quickly and accurately any species whatever its 

condition (Stoeckle et al., 2005). This technology is being promoted by the International 

Consortium for Barcoding of Life (CBOL) to enable the rapid and inexpensive identification of 

the estimated 10 million species on earth. It has enormous benefits and brings huge gain to 

countries rich in biodiversity including: rapid species identification, including any life stage or 

fragment, providing insight into the diversity of life, quick and cheap identification of specimens 

as well as ability to control the movement of species across national borders (Stoeckle et al., 

2005).  

mailto:topssy4u@yahoo.co.uk
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Sapindaceae is a family of flowering plants in the order Sapindales. They exist as trees and 

shrubs, and tendril-bearing vines widely distributed throughout the warm sub-tropical and 

tropical regions of the world. Sapindaceae is economically, medicinally and aesthetically useful 

(Odugbemi and Akinsulire, 2006; Sofidiya et al., 2007, 2008; Adesegun et al., 2008; Muanya 

and Odukoya, 2008; Pendota et al., 2008; Antwi et al., 2009; Ripa et al., 2010). Although 

members of the family Sapindaceae have been recorded to be widely distributed in Africa, their 

occurrence is being threatened by high rate of deforestation and agricultural practices leading to 

loss of forest and threatened status of the family as recorded in the IUCN R.L. (2008). Members 

of Sapindaceae are known to be difficult to identify, particularly when they are sterile, which 

makes them an ideal model group in which to test DNA barcoding techniques. Moreover, the 

family has problems of synonymy, taxa misidentification, doubtful specific status and grouping 

dissimilar taxa in the same higher taxonomic rank (Buerki et al., 2009). Hence, the aim of this 

research is to explore the diversity of Sapindaceae in western and central Africa with particular 

emphasis on identification of the plant samples as well as generation of DNA barcodes with a 

view to sharing the DNA barcode sequence in a public database.  

 

METHODS 

Study Area  
Five African countries were visited in this study namely: Nigeria, Ghana, Ethiopia, western 

Cameroon and Madagascar. 

 

Taxon Sampling 

Species names, voucher information, and GenBank accession numbers for all sequences are 

provided in table 1. The sampling strategy encompasses the majority of subfamilies, tribes and 

genera of the family as recognized by the existing classifications of Radlkofer (1933), Müller 

and Leenhouts (1976) and Thorne (2007). In-group sampling comprised 120 specimens 

representing 40% of the generic diversity while the family Anacardiaceae (Sorindeia sp.; defined 

as outgroup in all analyses; Savolainen et al., 2000a; Muellner et al., 2007) and Simaroubaceae 

(Harrisonia abyssinica) were included as out-groups. Herbarium, fresh and silica-gel dried 

samples were used for the study. The national herbaria as well as local herbaria in the study area 

were visited to examine and collect samples. Silica-gel dried samples (Chase and Hills, 1991) 

were collected in the field by the authors and complemented with materials from the DNA banks 

of the Royal Botanic Gardens, Kew (London, UK). Preliminary identification in the field was 

achieved with the aid of floras including that of Hutchinson and Daziel (1958), Fouilloy and 

Hallé (1973) and Cheek et al. (2000). Voucher specimen were deposited at the University of 

Lagos herbarium while further authentication was carried out at the Forestry Herbarium, Ibadan. 

 

DNA Extraction and Quantification 

Total DNA was extracted from herbarium or silica dried leaf material (0.1–0.3 g) using the 2_ 

cetyltrimethylammonium bromide (CTAB) procedure of Doyle and Doyle (1987) with minor 

modifications (see Muellner et al., 2005) followed by additional purification using a caesium 

chloride/ethidium bromide gradient (1.55 g/ml) and a dialysis procedure. The quality of the DNA 

samples obtained was checked on 1% agarose gel stained with 10mg/ml ethidium bromide and 

run on 0.5x TBE (Tris Borate EDTA) buffer at 75volts for 1 h 30 mins. This is then viewed with 

ultraviolet (UV) trans-illuminator and photographed with Polaroid film. Furthermore, the 

concentration and absorbance of the DNA samples were measured using an eppendorf 

biophotometer. 
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PCR Amplification 

Two coding plastid DNA regions (matK and rbcL) were amplified. Primer used include 390F> 

and 1326R<for maturase K (matK) (specific primer for the Dodonaeoideae was designed by 

Harrington et al., 2005) as well as 1F> and 1460R< for ribulose 1,5, biphosphate carboxylase 

large subunit (rbcL) (Savolainen et al., 2000b).Also the fragment size amplified was between 

870 – 910 bp for matK and 1436 – 1460 bp for rbcL. Amplification of selected regions were 

achieved in a 25 µl reaction mixtures containing 22.5 µl PCR premix, 0.5 µl BSA (bovine serum 

albumin), 0.5 µl forward primer, 0.5 µl reverse primer and 1.0-2.0 µl total genomic DNA. The 

amplification of the matK region was improved by the addition of 4% DMSO in the total volume 

of the PCR mix. Polymerase chain reaction (PCR) amplification was carried out in a Gene Amp
®
 

PCR System 9700 thermal cycler (Applied Biosystems Inc. (ABI), Foster City, U.S.A.) using the 

following programme: initial denaturation for 3 min at 94° C followed by one cycle of 

denaturation for 1.00 min at 94° C, followed by 35 cycles of annealing for 45 s at 52° C and 

extension for 2 min 30 s at 72° C. The amplification was completed by holding the reaction 

mixture for 7 min at 72° C to allow complete extension of the PCR products and a final hold of 

4
o 

C. PCR products were visualized on Agarose gel followed by purification on QIA quick silica 

column (QIAGEN Ltd) following manufacturers protocol.  

 

Sequence of Barcode Region 

DNA sequencing was carried out following a modification dideoxy cycle sequencing with dye 

terminators (Sanger et al., 1977). Cycle sequencing reactions was achieved in a 10 µl reaction 

mixtures containing 0.5 µl pink juice (Big Dye Terminator, Applied Biosystems Inc.), 3.0 µl 5X 

sequencing buffer (Bioloine), 0.75 µl primer (1:10 dilution: forward or reverse for each primer 

pair) and 40 ng cleaned PCR product, made up to 10 µl with sterile distilled water. The 

amplification of the matK region was improved by the addition of 4% dimethyl sulfoxide 

(DMSO) in the total volume of the sequencing mix. Cycle sequencing was carried out in a Gene 

Amp
®

 PCR System 9700 thermocycler (Applied Biosystems Inc.) using the following 

programme: initial denaturation for 30 s at 95
o 

C followed by one cycle of denaturation for 1.00 

min at 95° C, annealing for 30 s at 55
o 

C and extension for 60 s at 72
o 

C this was ran for 30 

cycles and the cycle was completed by holding the reaction mixture for 7 min at 72° C to allow 

complete extension of the PCR products with a final hold of 4
o 

C. The products were purified 

using ethanol precipitation to remove any excess dye terminator. Cleaned cycle sequencing 

products were then directly sequenced on a 3130 xl Genetic Analyzer (Applied Biosystems Inc.). 

Purified cycle sequencing products were sequenced in an automated sequencer (ABI PRISM
®

 

3730 DNA Analyzer) following the manufacturer‘s instructions. 

 

Sequence Alignment and Analyses 

The program Sequencher version 4.5 was used to assemble complementary strands and verify 

software base-calling and the bases were aligned manually in PAUP* v. 4.0bl (Swofford 1998). 

Cladistic analyses were performed using the parsimony algorithm of the software package 

PAUP* version 4.0b10. The partition homogeneity test was performed using heuristic search 

methods and 1000 replications, simple stepwise addition, tree bisection-reconnection (TBR) 

branch swapping, and MULTREES on (Keeping multiple shortest trees), but holding only 10 

trees per replicate to reduce the time spent in swapping on large numbers of suboptimal tress. 

After the 1000 replicates, the shortest trees from the first round were used as starting trees for a 

search with a tree limit of 10,000. Robustness of clades was estimated using the bootstrap 

(Felsenstain, 1985) involving the use of 1000 replicates with simple sequence addition and SPR 

branch swapping. For visual assessment of the data sets, the bootstrap trees were considered 

incongruent only if they displayed ―hard‖ (i.e. with high bootstrap support > 85%) rather than 

―soft‖ (with low bootstrap support < 85%) incongruence (Seelanan et al., 1997; Wiens, 1998). 
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The following arbitrary scale for describing bootstrap support was applied: 50 - 74% weak, 75 - 

84% moderate and 85 - 100% high. DNA barcoding of samples was carried out at the 

International Barcode of Life (IBOL) Centre in Guelph, Canada using matK and rbcL primers. 

 

RESULTS  

Extracted DNA samples (119) were deposited in the DNA bank at the Royal Botanic Gardens 

Kew. A few taxa could not be amplified for matK and rbcL due to low DNA yield during 

extraction however seventy samples were successfully amplified during PCR. Of the seventy 

(70) DNA samples, thirty-four (34) DNA barcode sequences were generated from the matK 

region while thirty-five (35) barcode sequences were generated from the rbcL region. In total, 

sixty-nine (69) DNA barcode sequences were generated and deposited at the Genebank. The 

DNA barcode sequences were 833bp long in the matK region and 555bp in the rbcL region.  

From these sequences, phylogenetic trees were generated to show the relationships existing 

between each taxa in the family Sapindaceae and closely related taxa of family Fabaceae; this 

relationship was the same irrespective of the barcode region i.e. either matK or rbcL. 

Phylogenetic analysis of the samples with closely related taxa of family Fabaceae revealed that 

Allophylus conraui, Allophylus griseotomentosus, Cardiospermum corindum, Chytranthus 

carneus and Deinbollia kilimandscharia are more distantly related to Lessertia species than other 

members of the family Sapindaceae (Fig. 1 and 2). Also, phylogenetic analyses revealed that 

Sapindaceae is monophyletic but paraphyly and polyphyly were shown at subfamilial and tribal 

levels. The recent suggestion on the taxonomic position of Xanthoceras sorbifolia, Aceraceae 

and Hippocastanaceae as belonging in the family is corroborated (Figure 3). The family can be 

subdivided into four (4) subfamilies: Sapindoideae, Dodonaeoideae, (57% bp) 

Hippocastanoideae (66% bp) (including Aceraceae) and a monotypic Xanthoceroideae. 

Xanthoceras is sister to the rest of the family while Hippocastanoideae is sister to subfamily 

Sapindoideae and Dodonaeoideae. A high degree of paraphyly and polyphyly is also highlighted 

at subfamilial level, especially in subfamilies Dodonaeoideae and Sapindoideae.  

 

DISCUSSION 

Although members of the family Sapindaceae have been recorded to be widely distributed in 

Africa, their occurrence is being threatened by high rate of deforestation and agricultural 

practices leading to loss of forest and threatened status of the family as recorded in the IUCN 

R.L. (2008). However, our sampling revealed that there are 28 genera and 119 species in Africa 

in contrast to the twenty four (22) genera recorded by Burkhill (2000). The other six genera 

include Aphania, Atalaya, Ganophyllum, Haplocoelum, Laccodiscus and Litchi. Taxa sampling 

within Sapindaceae was difficult especially as DNA was extracted from herbarium materials. 

Though the herbarium materials were readily available, the problem was how they were 

preserved and what kinds of chemicals were present in the samples. The method of plant 

collection and duration of drying the material is important for the survival of the DNA. Some of 

the materials were oven dried and the old material had been exposed to pesticides, these could 

have degraded the quality of DNA. Nevertheless, good quality DNA was successfully extracted 

from 48% of the samples most of which were silica gel dried samples. This study supports 

previous studies by Harrington et al. (2005) and Buerki et al. (2009) on a broadly defined 

Sapindaceae including the family Aceraceae and Hippocastanaceae. Also in the matK gene 

analysis, Xanthoceras was found to be sister to all other Sapindaceae. While Sapindaceae occurs 

as a monophyletic family, paraphyly is observed at subfamilial level and this supports previous 

reports given by Harrington et al. (2005) and Buerki et al. (2009). Also, Laccodiscus species was 

shown to be more closely related to one of the out-group taxa from the family Anacardiaceae – 

Sorindea species suggesting misidentification of the sample and this was supported with 56% bp. 

Generally, the matK gene gave a better resolution in identification of members of sapindaceae 
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and this supports the report of Kress and Erickson (2007) that matK is one of the most rapidly 

evolving plastid coding regions and it consistently showed high levels of discrimination among 

angiosperm. A particular strength of the barcoding approach is that these identifications can be 

made with small amounts of tissue from sterile, juvenile or fragmentary materials from which 

morphological identifications are difficult or impossible (Little and Stevenson, 2007). In 

addition, it is important to emphasize that the discriminatory power of this standard barcode will 

be higher in situations that involve geographically restricted sample sets, such as studies 

focusing on the plant biodiversity of a given region or local area (Valentini et al., 2008). A future 

challenge for DNA barcoding in plants is to increase the proportion of cases in which unique 

species identifications are achieved.  

 

CONCLUSIONS 

This work is probably the first record of DNA Barcoding of Sapindaceae in Africa and this can 

be seen as a major contribution to the TREEBOL Africa and Genbank. 
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Table 1: Voucher information and GenBank accession number of taxa used in the phylogenetic analysis of family Sapindaceae s.l. 

Abbreviations: FHI – Forestry Research Institute, Ibadan, Nigeria; LUH – University of Lagos, Lagos, Nigeria; SFRK/HNC – National 

Herbarium Yaounde, Cameroon; ABU – Ahmadu Bello University, Zaria, Nigeria, GCH – University of Ghana, Legon, Ghana. 
S/No  Species Voucher Country Herbarium Gen Bank Accession Nos. 

matK rbcL 

1.  Allophylus africanus Adeyemi, T.O 1194 Cameroon LUH JN191100 JN191136 

2.  Allophylus bullatus Adeyemi, T.O 1185 Cameroon LUH JN191101 JN191137 

3.  Allophylus conraui Chapman, 78107 Nigeria FHI JN191102 JN191138 

4.  Allophylus griseotomentosus  ATO 043 Cameroon FHI JN191103 JN191139 

5.  Allophylus hirtellus Adeyemi, T.O 1190 Cameroon LUH - JN191140 

6.  Allophylus sp Adeyemi, T.O 3441 Cameroon LUH - JN191135 

7.  Allophylus spicatus Adeyemi, T.O 3442 Nigeria LUH JN191104 JN191141 

8.  Allophylus welwitschii Adeyemi, T.O 1192 Cameroon LUH JN191105 JN191142 

9.  Blighia sapida Adeyemi, T.O 1196 Nigeria LUH JN191106 - 

10.  Blighia welwitschii Adeyemi, T.O 3315 Cameroon LUH JN191107 JN191143 

11.  Cardiospermum corindium Daramola, B.O 049  FHI JN191108 JN191144 

12.  Cardiospermum grandiflorum Adeyemi, T.O 1189 Nigeria LUH JN191109 JN191145 

13.  Chytranthus carneus Abbiw & Hall, J.B. 4650 Ghana GCH - JN191148 

14.  Chytranthus macrobotrys Adeyemi, T.O  1187 Cameroon LUH JN191110 JN191149 

15.  Chytranthus setosus Adeyemi, T.O 3444 Cameroon LUH JN191111 JN191150 

16.  Chytranthus sp1 Adeyemi, T.O 3445 Cameroon LUH JN191112 JN191147 

17.  Chytranthus sp2 Adeyemi, T.O 3446 Cameroon LUH JN191113 JN191146 

18.  Chytranthus talbotii Adeyemi, T.O 3447 Nigeria LUH JN191114 JN191151 

19.  Deinbollia grandifolia Hall, J.B. 47068 Ghana GCH JN191115 JN191153 

20.  Deinbollia kilimandscharia De WILDE, J.J & De 

WILDE, B.E 7781. 

Ethiopia GCH JN191116 JN191154 

21.  Deinbollia sp Adeyemi, T.O 3448 Cameroon LUH JN191117 JN191152 

22.  Dodonaea viscosa Adeyemi, T.O 037 Nigeria LUH JN191118 - 

23.  Eriocoelum kertstingii Ibhanesebhor 77683 Nigeria FHI JN191119 - 

24.  Eriocoelum macrocarpum Adeyemi, T.O 1195 Cameroon LUH JN191121 - 

25.  Eriocoelum microspermum Adeyemi, T.O 069 Cameroon FHI JN191120 JN191155 

26.  Laccodiscus ferrugineus Adeyemi, T.O 1183 Cameroon LUH - JN191156 

27.  Laccodiscus pseudostipularis Florey, J.J. 39252 Cameroon FHI JN191122 JN191157 
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28.  Lecaniodiscus cupanioides Adeyemi, T.O 3451 Nigeria LUH JN191123 JN191158 

29.  Litchi chinensis Adeyemi, T.O 3452 Madagascar LUH JN191125 JN191160 

30.  Majidea fosterii Adeyemi, T.O 1718 Cameroon LUH JN191124 JN191159 

31.  Pancovia atroviolaceus Adeyemi, T.O 1182 Cameroon LUH JN191126 JN191162 

32.  Pancovia sp1 Adeyemi, T.O 1188 Cameroon LUH JN191127 - 

33.  Pancovia sp2 Adeyemi, T.O 1186 Cameroon LUH JN191128 JN191161 

34.  Paullinia pinnata Adeyemi, T.O 1193 Cameroon LUH JN191129 JN191163 

35.  Placodiscus leptostachys Adeyemi, T.O 3454 Cameroon LUH JN191130 JN191165 

36.  Placodiscus sp1 Adeyemi, T.O 3455 Cameroon LUH JN191131 JN191164 

37.  Radlkofera sp2 Adeyemi, T.O 3459 Nigeria LUH JN191132 JN191167 

38.  Radlkofera sp3 Adeyemi, T.O 3460 Cameroon LUH JN191133 JN191166 

39.  Zanha golugensis Adeyemi, T.O 3462 Nigeria LUH JN191134 JN191168 
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Figure 1: Phylogenetic relationship within Sapindaceae based on matK barcode sequence 

data  
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Figure 2: Phylogenetic relationship within Sapindaceae based on rbcL barcode sequence 

data 



9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

357 

 

 

Alectryon connatus
Podonephelium homei
Ary tera l ittoralis Chase 2123
Ary tera l ittoralis Yuan s.n.
Cupaniopsis  anacardioides
Cupaniopsis  flagelli formis
Sarcotoechia serrata
Synima macrophylla
Ary tera sp.
Cupaniopsis  s p. Munzinger 1103
Guioa glauca
Guioa sp.
Guioa microsepala
Guioa semiglauca
Cupania dentata
Cupania hirsuta
Cupania scrobic ulata
Gongrodiscus sp.
Jagera pseudorhus var integerrima
Sarcopteryx martyana
Sarcopteryx reticulata
Lepiderema hirsuta
Matayba apetala
Matayba domingensis
Matayba cf. opaca
Matayba elaeagnoides
Matayba guianensis
Matayba sp.
Mischarytera sp.
Mischocarpus exangulatus
Mischocarpus grandissumus
Mischocarpus pentapetalus
Mischocarpus pyriformis
Molinaea petiolaris
Molinaea sp. nov
Neotina coursii
Rhysotoechia mortoniana
Sarcotoechia villosa
Storthocalyx sp.
Tina isaloensis
Tina striata
Tinopsis apiculata
Toechima erythrocarpum
Toechima plurinerva
Toechima tenax Chas e 2046
Toechima tenax Chas e 2132
Vouarana guianensis
Jagera serrata
Athyana weinmannifol ia
Diatenopteryx sorbifolia
Bridgesia incisifolia
Sapindus oligophyllus
Allophylus  africanus 39910
Allophylus  bullatus 39911
Allophylus  welwitschii  39876
Thouinia acuminata
Paullinia pinnata
Paullinia pinnata 39960
Serjania communis
Serjania glabrata
Cardiospermum grandiflorum 39954
Urvillea ulmaceae
Beguea apetala Buerki 149
Beguea apetala Vary 40
Chouxia macrophyl la
Conchopetalum brachysepalum
Macphersonia chapelieri
Macphersonia gracilis
Pappea capensis
Plagioscyphus louvelii
Plagioscyphus unijugatus
Blomia prisca
Diploglottis campbelli
Elattostachys apetala McPherson 18184
Elattostachys sp.
Elattostachys apetala Munzinger 692
Elattostachys microcarpa
Elattostachys nervosa
Haplocoelum foliosum Edwards KE195
Melic occus bijugatus
Talisia angustifolia
Talisia nervosa
Talisia obovata
Tristiropsis canarioides
Atalaya alata
Deinbollia borbonica
Deinbollia oblongifolia
Deinbollia macrocarpa Buerk i 144
Deinbollia macrocarpa RHV 118
Deinbollia pervil lei Phillipson 5919
Deinbollia grandifolia 39884
Lepis anthes alata
Lepis anthes feruginea
Lepis anthes rubiginos us
Lepis anthes senegalensis
Pseudima sp.
Blighia sapida
Cubilia cubi li
Blighia sapida 39951
Blighia welwitschii 39953
Pancovia atroviolaceus 39843
Deinbollia sp 39878
Laccodiscus psedostipularis 39899
Chytranthus carneus
Chytranthus macrobotrys 39839
Chytranthus talboltii  39877
Radlkofera sp2 39977
Eriocoelum kerstingii
Eriocoelum microspermum
Chytranthus setosus 39838
Chytranthus sp2 39956
Eriocoelum macrocarpum 39879
Pancovia sp2 39973
Eriocoelum kerstingii 39891
Eriocoelum microspermum 39892
Glennia pervilei
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Placodiscus  s p1 39930
Radlkofera sp3 39978
Zanha golugensis 39961
Haplocoelum gallaense
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Litchi  c hinensis 39867
Pometia pinnata
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Placodiscus  leptostachyus 39929
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Lecaniodiscus fraxinifolius
Pancovia golungens is
Paranephelium mac rophyllum
Paranephelium xestophyllum
Schleichera oleosa
Koelreuteria panic ulata Harder 5668
Koelreuteria sp.
Koelreuteria panic ulata Yuan CN20063
Dipteronia sinensis
Arfeuillea arborescens
Diplopeltis  huegelii
Dodonaea viscosa JFR956
Dodonaea viscosa Yuan s.n.
Dodonaea viscosa Merello 1077
Dodoeaea viscosa 39860
Eurycorymbus cavaleriei
Majidea fosterii 39959
Doratoxylon chouxi  Callmander 679
Doratoxylon chouxi  Labat 3543
Filicium decipiens
Ganophyllum falcatum
Allophylus  c onraui 39917
Allophylus  griseotomentosus 39920
Allophylus  s picatus 39914
Deinbollia kilimands charia 39840
Cardiospermum corindium 39980
Xanthoceras  s orbifolia
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Figure 3: Phylogenetic Relationships within Sapindaceae based on matK data. Bootstrap 

supports are indicated above branches. 
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Figure 3: Phylogenetic Relationships within Sapindaceae based on matK data. Bootstrap 

supports are indicated above branches (cont‘d). 
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ABSTRACT 

There is a general agreement that Nigerian agriculture is grossly underfunded and the 

pattern of agricultural sector spending hardly represent the best and most effective use of 

public resources. In line with the structure of the funding problem, we address two 

dimensions here volume of funding/agricultural share of capital budget and the 

quality/impact of agricultural sector funding/spending. The study employs Ordinary Least 

Squares (OLS) method of estimation. Preliminary test of stationarity and co-integration of 

variables using the Augmented Dickey Fuller (ADF) test were conducted. The respective 

test shows that some of the variables including the dependent variable were stationary at 

second differenced except real interest rate which was stationary at first differenced. The 

accompanied co-integration test provided no evidence of co-integration among the 

variable. However, the empirical results established that agricultural output as well as 

commercial banks credit to agriculture and real interest rate contributed immensely to 

economic growth in Nigeria. These findings can be traced with a look at the public 

spending on agriculture in Nigeria over time.  

 

Keywords: Agriculture, Bank Credit, OLS, Stationarity and Co-integration 

 

 

INTRODUCTION 

Agriculture is the first and most thriven occupation of mankind.Nigerian agriculture is divided 

into two types, the subsistence agriculture and commercial agriculture-: The subsistence 

agriculture is the type of farming which involves only the farmer and his family.That is, the 

farmer produces for himself and his family with little or none to sell in the market. It involves 

only a little amount of money to practice unlike commercial farming that involves huge amount 

of money to practice. It does not involve the machine to carry out, since the land is very small 

and fragmented. 

The second type is commercial agriculture, and this is where a farmer produces his crops and 

sells them in the market. It is carried out in large scale with enough land and machines. These 

machines are used in cultivating crops. It involves a lot of capital and time, and also increases 

the farmer‘s income. Commercial farming helps farmers to engage in the cultivation of different 

varieties of crops, since the money, land and equipment could easily be used. 

Several researches haveshown that Nigeria is endowed with huge expanse of fertile 

agricultureland, rivers, streams, lakes, forest and grassland, as well as a large active population 

that can sustain a high productive and profitable agricultural sector. Wells, Carl. andEicher 

(1970),Adubi (2000) and Obadan, I.M. (2000) admit that this enormous resource base if well 

managed could support a vibrant agricultural sector capable of ensuring self-sufficiency in food 

and raw materials for the industrial sector as well as providing gainful employment for the 

population and generating foreign exchange through exports. 

 

In spite of these endowments, the sector has continued to record a declining productivity. The 

capacity of the sector to fulfill its role in the Nigerian economy has been constrained by various 

social-economic and structural problems such as: 

mailto:Jonyeka-ubaka@unilag.edu.ng
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(a) Unavailability of credits to local farmers 

      (b)  The civil war of the late 1960‘s 

      (c)  Thesevere drought of the early 1970‘s and 1980‘s 

      (d)  The discovery of oil 

      (e)  High interest rates on loans to farmers  

      (f)  Rural-urban migration 

      (g)  Ineffective institutions charged with policy implementations. 
 

LITERATURE REVIEW 
Agriculture in Nigeria is the most dominant sector and major source of livelihood for the 

populace. It accounts for about 70% of employment, and in spite of this Amechi (2004) say it 

has not been able to achieve the major objectives of agricultural development which the World 

Bank (1997) identified to include; (i) increase in food production and family income, (ii) make 

household food, water and energy secure and (iii) restore and maintain the natural resources. 

They stated further that the failure of agriculture to meet these objectives is due to limited use of 

purchased inputs and mechanization. This limitation is tied to undercapitalization or lack of 

credit. Hence, since the availability of adequate credit is central to improvement in agricultural 

productivity in an economy, this chapter is devoted to the impacts of credits on Agricultural 

outputs especially in Nigeria. 
 

 Finance is one input required for agricultural development as it represents the power to purchase 

all other inputs and thus, it is not the single determinant of the level of development in 

agriculture. According to IjaiyaandAbdulraheem (2000), the availability of credits to local 

farmers pose a serious problem. This is because of the rate of defaulting cases among small 

farmers. Muftau (2003) also revealed that commercial banks in Nigeria were willing to grant to 

large-scale farmers credit because it has noticed that small farmers default. Mostly in the act of 

loan repayment, they also have no provision for collateral security required by banks. It is in 

light of this that the government has always maintained that commercial banks should not 

neglect agricultural and allied activities since they are the chief agent of mobilization of savings. 

Notwithstanding, the unsuitability of commercial banks for financing agriculture in general and 

small scale farmers in particular, studies carried out by Ijere (1975) pointed out the need for 

raising the volume of loan resources available to the credit constitutions so as to permit increase 

in lending to the individual borrowers. However, Garba (2000) attributed most of the 

shortcomings and institutional credits in Nigeria to the facts such as: ineffective supervision or 

monitoring, insufficient funds, political interference, cumbersome and time consuming loan 

processing and gearing absence of financial projections. 
 

Agricultural credit in Nigeria dates back to the 1930s but organized credit to farmers did not 

startuntil 1972 when the Nigeria Agricultural and Cooperative Bank (NACB) was established, 

Adekanye(1986). He further said that agriculture is the largest sector of Nigerian economy, 

though its contribution to the Gross Domestic Product (GDP) has declined from 67% in 1950 to 

18% in 1980.According to the Federal Ministry of Agriculture Publication (1980) andAku(1995) 

, 58% of farming- related borrowings was obtained from family and friends; 24% from 

professional private money lenders, 15% from merchant and only 3% from commercial banks 

and other institutional sources. As Garba (2000) noted, they are grossly, inadequate and 

unsatisfactory for the credit needs of the farmers. Thus, there is the need for larger credit 

sources. 
 

 The importance of project supervision or monitoring of facilities is to ensure that all conditions 

attached to the approval of credits facilities are complied with. Credit supervision is also aimed 

at identifying emergent problems before they got out of control. Problems detected earlier 
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through warning signals could be easily solved to avoid total loss of the project.Agricultural 

facilities granted are closely monitored. This is occasioned by the nature of the industry, 

especially the production aspect that is highly risky because of its precarious nature. 
 

 Agricultural facilities are also known to be specific purpose-oriented that is, planting, fertilizing, 

harvesting and transporting etc. As a result of follow-up facilities, the indications of possibility 

of default (usually) referred to as ―danger sign‖ of default are easily detected, a current finding in 

the view on bank credit management. 

Source: Federal Government Budget, various years (1982-2007) 
 

Over the years, the agricultural sector has suffered inadequate and unstable funding from the 

government. At the federal level, funding for agriculture has been very unstable as shown in 

Figure1.Such a funding pattern clearly does not befit the sector that is acknowledged to be a 

prime driver of growth and poverty reduction in the country, Ojo (1994). Currently, agriculture 

share of federal capital budget (1.5%) falls short of the target of 4% set by the National 

Economic Empowerment and Development Strategy (NEEDS). Even though this estimate of the 

share of federal-level spending going to agriculture is very small, the 1.7% figure may actually 

be too high. A significant amount of federal-level spending in Nigeria occurs off-budget, and 

analysis done as part of the recent Public Expenditure Management and Financial Accountability 

Review suggests that very little extra-budgetary spending has gone to agriculture or nothing 

(World Bank, 2007). If that is true, and given that extra-budgetary funds constitute as much as 

30 percent of total public funds, then the share of agricultural spending at the federal level is 

significantly lower than 1.7%.Federal government spending represents only a portion of the 

public resources going to the agricultural sector in Nigeria. Additional spending is effected by 

state and local government authorities, but that spending is hard to quantify because it is not 

tracked centrally, Emmanuel (2008). 

 

METHODS 
Since the data to be employed are time series data, an ordinary least square (OLS) method will 

be used to estimate the model parameters. The assumptions are that there should be a positive 

relationship between commercial bank credit and agricultural output, agricultural output and 

GDP, interest rate and Gross domestic product.In order to facilitate time series analysis, data 

such as GDP, interest rate, agricultural Output (AOP) and commercial bank credit (CBC) were 

sourced from National Bureau of Statistics. This paper uses two models:  

iCCOP   10          (1) 

where 

AOP = Agricultural output 

 

* 
 

*  *  
*     *

 

* *  
* *

*  
 *

* 
* 

*
* 

* 
 * 

*
** 

*
** *

** 

   *
*
 



9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

362 

 

CBC= commercial bank credit 

 0 = Constant term 

1 = Coefficient of parameter 

i = Stochastic error term 

iRINTROPGDP   210       

 (2) 

where 

GDP = Gross domestic product 

AOP = Agricultural output 

RINTR = Real Interest Rate 

0 = Constant term 

21,  = parameters to be estimated 

i = Stochastic error term 

 This normality test was carried out to check whether the error term follows the normal 

distribution. The normality test adopted is the Jarque-Bera (JB) Test of normality. The JB test of 

normality is an asymptotic, or large-sample test and it is based on the OLS residuals and uses the 

chi-square distribution. 
 

RESULTS AND DISCUSSION 
 The data were sourced from the Central Bank of Nigeria (CBN), Statistical Bulletin, Federal 

Government of Nigeria National Accounts and Supplemented with Federal Office of Statistics 

Annual Abstract of Statistics and Digest of Statistics and analyzed by first plotting the data to 

track the trend. 
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Fig. 2: GDP, AOP, CBC and RIR of Nigeria (1982-2007)
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The unit root test of stationarity using the augmented dickey-filler (ADF) test was conducted. 

The result is presented below. This is because loading of the endogenous variable is sufficient 

when in fact a long–run relationship exists between the dependent variable and the economic 

fundamentals driving it. Thus, each of the variables would be examined for unit root and co-

integration. The empirical result of this analysis is in two model and the two models will be 

analyzed together. The first is in log linear model which examines a simple relationship of 
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agricultural output and commercial banks credit, while the second is also a log linear model that 

seeks to know the relationship shown by agricultural output to economic growth.  

 

Unit Root Test 
The unit root test of stationarity using the augmented dickey-filler (ADF) testwas run on the 

variables up to their 2nd differences. The results show that real interest rate was stationary at 

first differenced, while gross domestic product, agricultural output and commercial banks credit 

to agricultural sector were stationary at second differenced.The summary results are presented in 

table 4.1below. 

  

Table 4.1: ADF Unit Root Test on the Annual Series 

Variable DDLGDP DDLAOP DDLCBC DRIR 

1~(d) 2 2 2 1 

Lag 2,1,0 2,1,0 2,1,0 2,1,0 

t-adf -4.0192* 

-3.9066** 

-6.3923** 

-6.0393* 

-6.9775** 

-6.3362** 

-4.2488* 

-5.5409** 

-7.5291** 

-4.5463** 

-4.7982** 

-4.8954** 

5% & 1% 

CriticalValues 

-1.958 

-2.682 

 

-1.958 

-2.682 

-1.958 

-2.682 

-1.957 

-2.676 

Where **indicates significance at both 5% and 1% critical value D, DD indicates the order of 

stationary. 

This observation of order of stationarity as indicated above, led us to a possible suspicion of co-

integration between the dependent variables and those of explanatory variables that have the 

same order with them. Hence we proceed to co-integration test. 

 

Co-integration test 
This test is conducted to check whether there is evidence of the co-integration between the 

explanatory variables having the same order of stationarity with the dependent variables. As a 

result, we estimate their linear combination at their level form without the constant term and 

obtain their residual which was further subjected to unit root test of stationarity. The result is 

also presented in Table 4.2. 

 

Table 4.2:Co-Integration Result 

 t-adf 1% critical value 5% critical value 

Residual -2.3061(2) -2.672 -1.957 

Residual -2.2487(1) -2.672 -1.957 

Residual -2.5050 (0) -2.672 -1.957 

Whereadf – augumented dickey-filler 

 

The result shows a slight evidence of co-integration. This is because the residual obtained from 

the linear combination of the variables under consideration were statistically significance at 5% 

but not at 1% critical values, reading from lag lengths 2, 1 and 0. The outcomes of the co-

integration test did not invalidate the former specified model of log linear model and on this 

ground; we present the summary of the estimated models. 

 



9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

364 

 

Test for Normality 
This test was carried out to check whether the error term follows the normal distribution. The 

normality test adopted is the Jarque-Bera (JB) Test of Normality.The test computes the skewness 

and Kurtosis measures of the OLS residuals and the Chi-square distribution, Gujarati (2004) 

The null hypothesis, Ho: 1 = 0 (the error term follows a normal distribution) against the 

alternative hypothesis, H1: 1 ≠ 0 (the error term does follow a normal distribution) at α = 5% 

with 2 degrees of freedom was tested. 

The Test statistics: 

  Residual (JB) = 4077.1
24

)3(

6

22








 


ks
n   

Where; n = sample size, 

 s = Skewness coefficient, and 

k = Kurtosiscoefficient 

 

From the result obtained from Jarque-Bera (JB) Test of Normality, JB= 1.4077 and from Chi-

square table 99147.52 tab . Therefore, since 99147.54077.1 22  tabcal   at 5% level of 

significance, we accept H0 and conclude that the error term follows a normal distribution. 
 

The summary of the results for the two models were obtained using Pc-Give version 8.0. 

 

Table 4.3: Modeling Log of AOP by OLS 

Variable Coefficient Std. Error T-value T-prob Part R
2
 

Constant 9.2653 0.23922 38.732 0.0000 0.9862 

LCBC 0.19419 0.023295 8.336 0.000 0.7679 

,767931.02 R F(1, 21) = 69.49 [0.0000],  DW = 1. 573 

 

Table 4.4: Modeling log of GDP by OLS 

Variable Coefficient Std. Error T-value T-prob PartR
2
 

Constant 4.5479 1.0902 4.172 0.0000 0.4653 

LAOP 0.72742 0.097012 7.498 0.0000 0.07376 

RIR 0.0043151 0.0019970 2.161 0.0430 0.1893 

,752486.02 R F(2, 20) = 30.402 [0.0000], DW = 1. 573 

Our analysis is centered on the statistical criteria. The elasticity coefficient observed from the 

two models presented above, shows that any unit adjustment in the variables will transmit to 

positive or negative adjustment to the dependent variable to the tune of the values of the 

elasticity coefficient in each variable.However, the result from the first model showed a great 

significant relationship between agricultural output and commercial bank credit. This was 

observed following  a ―2-t Rule of  thumb,‘‘ a variable is statistically significant if its t-value is 

greater than 2 in absolute value at any percent level of significance. In other hand, it statistically 

insignificant if its t-value is less than 2 in absolute value at any percentlevel of significance, 

Gujarati(2004). The coefficient shows that every unit increase in commercial bank credit to 

agriculture sector will relatively contribute a 0.19419 unit increase to the output of agricultural 

sector, all things being equal.  

 

Also judging from the second model, the result equally shows that agricultural output and real 

interest rate is two major macroeconomic indicators that exact much pressure on the growth 

variation of the economy. It shows that every unit increase in agricultural output will on average 

bring about 0.72742 unit increase to the economic growth. Also, the coefficient of real interest 
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rate shows that every unit changes in real interest rate will cause the economic growth indicator 

to change by 0.0043151 units, all things being equal. 

 

CONCLUSION 

Agricultural sector funding comes from the federal government, state government, organized 

private sector, informal sector and international development partners including bilateral and 

multilateral agencies. Perhaps, because the society sees agriculture as a small-farmer activity, 

less than 1% of Nigeria‘s annual GDP is ploughed back into agriculture as productive 

investment. The study therefore re-affirms the fact that one of the most important functions of 

the commercial banks and other monetary authorities is to make credit available to the investors 

at affordable rate most especially the agricultural sector. This is because low credit or high 

lending rate will amount to low level of investment which transmits to low agricultural output. 

There is also the need for clarification of the roles of the three tiers of government in agricultural 

services delivery. 

The government through its relevant authorities should design a favourable monetary policy that 

will enable commercial bank to make credit more available to the agricultural sector for mass 

development of that sector. This is because, the fiscal posture for the reform period, and 

monetary policy outcomes will depend largely on the government‘s fiscal stance. The disparity 

between monetary targets and outcomes is wide, largely because of the statutory financing of 

budget deficits and the inability of the apex bank to sterilize the liquidity effects of government 

expenditure. Thus, monetary policy intervention has been basically reactionary and term, leading 

to missed targets and ineffectiveness in performance towards increasing the agricultural output 

in Nigeria, and except urgent measures are taken, the present economic objectives in Nigeria 

may not be achieved in the nearest future. 
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ABSTRACT 

Water-dispersible magnetite (Fe3O4) nanoparticles were synthesised by the co-

precipitation of iron salts (dual-source) and the hot injection thermolysis of iron pivalate 

complex (single source).  The iron pivalate complex was thermolysed in a mixture of 

polyvinylpyrrolidone (PVP) as capping agent and triethylene glycol (TREG) as solvent 

at the boiling point of the solvent (285 °C). The co-precipitation method involved 

precipitating iron(II) and iron(III) salts with ammonium hydroxide at room temperature. 

This was then followed by the addition of polyallylamine hydrochloride (PAH).   

The p-XRD patterns obtained for the nanoparticles revealed that magnetite was 

synthesised by both methods. TEM showed that the magnetite nanoparticles obtained 

from the thermal decomposition method are more monodispersed (4.1 ± 0.3 nm) than 

those obtained from co-precipitation method (7.0 ± 1.0 nm). 

The nanoparticles were characterised by powder X-ray diffraction (p-XRD), 

transmission electron microscopy (TEM), high resolution transmission electron 

microscopy (HRTEM) and selected area electron diffraction (SAED). 

 

Keywords: Magnetite, Nanoparticles, Colloidal, water dispersible, Co-precipitation, 

Monodisperse. 

 

 

INTRODUCTION 

 Magnetite nanoparticles have attracted a lot of attention recently due to their unique magnetic 

properties. Magnetite has an inverse spinel structure in which the divalent cations occupy the 

octahedral site while the trivalent cations occupy both tetrahedral and octahedral sites.
1 

Studies 

have shown that magnetite nanoparticles with diameters in the range of 5-20 nm are usually 

superparamagnetic.
2,3

 This in turn has led to a wide range of applications including drug 

delivery,
4,5

 magnetic resonance imaging (MRI),
4,6–8

 hyperthermia treatment,
7,9

 data storage,
10

 

ferrofluids,
11

 environmental remediation
12,13

 and catalysis.
14,15

 Magnetite nanoparticles are well 

suited for biomedical applications because they have high saturation magnetisation values and 

can be functionalised with appropriate molecules for tagging biological specimens.
16,17  

In 

addition, the phenomenon of  superparamagnetism makes it possible for controlling the 

movement of these nanoparticles to specific targets when placed under an external magnetic 

field. More often, such applications require the magnetite nanoparticles to be monodisperse. As 

such, various synthetic and functionalisation methods have been employed to synthesise 

magnetite nanoparticles suitable for such applications. The co-precipitation method is commonly 

used for the synthesis of magnetite and other ferrite nanoparticles because it is easy to use and 

scalable.
12,13,18–32 

However, nanoparticles obtained from this method tend to have a broad size 

distribution and poor crystallinity, hence, other non-hydrolytic methods have been employed to 

synthesise these nanoparticles.
33–35

  

The biological methods have been used to synthesise water soluble iron oxide nanoparticles.
36–

46
A major challenge with this route is that the success of getting monodisperse nanoparticles 

depends on environmental parameters such as temperature, redox potential and pH which are 

often difficult to control.
1
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Thermal decomposition methods have been proven to produce monodisperse crystalline 

nanoparticles
47,48 

but the shortcoming of this method is that most often the nanoparticles are not 

soluble in water because of the hydrophobicity of the capping agents employed. As a result of 

this, the nanoparticles have limited applications in biomedical and environmental fields. To 

overcome this problem, there has been ongoing research into preparing water dispersible ferrite 

nanoparticles with desirable properties. Methods proposed to achieve this goal are either direct 

synthesis or post synthesis by ligand exchange to obtain the desired surface modification.
 

A lot of post synthesis surface modification/ ligand exchange techniques have been employed
 
to 

disperse the nanoparticles obtained from thermal decomposition in aqueous medium
49–53 

but one 

of the major shortcomings of this approach is the incomplete replacements of ligand that leads to 

reduced stability in aqueous solution. More often the ligand exchange procedures are tedious. 

Consequently, the direct synthesis of highly-crystalline ferrite nanoparticles that can be dispersed 

in water is a preferable alternative. 

A direct synthesis of water dispersible ferrite nanoparticles has been investigated by different 

synthetic routes including hydrothermal/solvothermal method
54–58 

and the thermal decomposition 

method has been further developed to produce water dispersible ferrite nanoparticles by using 

strong polar capping agents such as 2-pyrrolidone and glycols.
59–63 

In this paper, we compared the results obtained for magnetite nanoparticles synthesised by two 

different methods: co-precipitation of iron(II) and iron(III) salts and the hot injection thermolysis 

of iron pivalate complex in polyvinylpyrrolidone and triethylene glycol.  

 

METHODS 

Synthesis of Precursor 

The synthesis of [Fe3O(O2C
t
Bu)6(H2O)3](O2C

t
Bu).HO2C

t
Bu was carried out as described in the 

literature.
34 

 

Synthesis Of Nanoparticles 

Two methods were employed: the co-precipitation and thermal decomposition methods. 

 

Co-precipitation method 

In a typical reaction, a mixture of FeCl3.6H2O (0.2703 g, 1 mmol) and FeCl2.4H2O (0.099 g, 0.5 

mmol) was added slowly into ammonium hydroxide (0.05 M, 50 mL) at room temperature and 

stirred vigorously for 30 minutes under nitrogen. The black precipitate was collected with a 

magnetic stirrer and washed with deionised water. This was followed by the addition of 

polyallylamine hydrochloride (PAH) and ultrasonication for 15 minutes.  

PAH was prepared as follows:  Polyallyl amine (Mw 17,000, 20% solution, 10 mg) was diluted 

with 10 mL deionised and adjusted to pH 3 with Hydrochloric acid (HCl). 1 mL of this solution 

was further diluted 5 times and added to 0.1 mL suspension of the magnetite nanoparticles.  

 

Thermal decomposition method. 
Polyvinylpyrrolidone PVP (Mw 40,000 0.25 g) and triethylene glycol TREG (15 mL) was 

degassed at 100 ºC under vacuum for 30 minutes and then heated to the boiling point of the 

solvent (TREG) under nitrogen. The precursor, [Fe3O(O2C
t
Bu)6(H2O)3](O2C

t
Bu).HO2C

t
Bu  

(0.275 g, 0.25 mmol) was dispersed in TREG (10 mL) and injected into the solution of the hot 

mixture. The reaction was maintained at 230 ºC for 2 hours. The dark mixture was allowed to 

cool and acetone was added to precipitate the nanoparticles which were then isolated by 

centrifugation. The residue was washed with acetone three times and then re-dispersed in 

deionised water. 
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Characterisation of Nanoparticles. 

Powder X-ray diffraction studies were performed on a Bruker Discover 8 diffractometer with a 

Co- Kα radiation. TEM samples were prepared by placing 1 or 2 drops of the nanoparticles 

dispersion on a holey carbon copper grids. High resolution transmission electron microscopy 

(HRTEM) was performed using a Tecnai F30 FEG TEM instrument at an accelerating voltage of 

300 kV. 

 

RESULTS 

The p-XRD nanoparticles obtained from both methods were matched with cubic magnetite 

(Fe3O4) (ICDD Card No: 00-019-0629) (Fig. 1). This demonstrates that the samples are in 

inverse spinel structure with a face centred cubic phase. 

The average nanoparticle sizes estimated using the Scherrer equation are 5 nm (from the thermal 

decomposition method) and 6.5 nm (from the co-precipitation method). Statistical data from the  

TEM was also used to calculate the average diameters which gave 4.1± 0.3 nm and 7.0 ± 1 nm 

for magnetite nanoparticles synthesised by the thermal decomposition and co-precipitation 

methods respectively. 

  

DISCUSSION 

In comparison, the magnetite nanoparticles synthesised from the thermal decomposition method 

have a narrow size distribution and are well dispersed than those nanoparticles obtained from co-

precipitation.  This has been attributed to the fact that in the thermal decomposition method, the 

addition of capping agent is in-situ which is better at suppressing further particle growth 

compared to the co-precipitation approach in which the stabilisation was done after synthesis.
64

 

The nanoparticles obtained from thermal decomposition are spherical and highly crystalline as 

observed in the lattice fringes and the selected area electron diffraction (Fig. 2(A) and (C)) whilst 

those synthesised by the co-precipitation method are pseudo-spherical (Fig. 2(B)). This 

observation is due  to the fact that the shape and size distribution of the nanoparticles obtained 

from co-precipitation are strongly influenced by pH.
6 

 

The d-spacing measured from the lattice fringes of the nanocrystallite correspond to a value of 2.54 

Å which can be indexed to the (311) reflection plane of magnetite (ICDD Card No: 00-019-0629). 

It is worth mentioning that the average d- spacing of the nanoparticles was calculated from a 

number of lattice fringes by drawing a perpendicular line across the fringes which produced a line 

profile from which the spacing is estimated (Fig. 2(D)). The SAED pattern (Fig. 2(C)) contains 

information from a large number of magnetite nanoparticles (from thermal decomposition method) 

and the observed strong diffraction rings can be indexed to (220), (311) and (400) planes. This also 

confirms the formation of face centred cubic magnetite. 

 

CONCLUSION 

Water-soluble magnetite nanoparticles have been synthesised by both the hot injection 

thermolysis of iron pivalate complex and the co-precipitation of iron salts. The magnetite 

nanoparticles obtained from the thermal decomposition method have a better size distribution 

and are more crystalline than those obtained from the co-precipitation approach.  The 

nanoparticles produced were of pure single phase as evident in their p-XRD, SAED and HRTEM 

images. The nanoparticles dispersion was stable (no visible precipitation) for several months at 

room temperature. Our investigation revealed that these nanoparticles could have potential use in 

the biomedical applications. Hot injection thermolysis of iron pivalate complex in PVP and 

TREG has proven to be a good route for the synthesis of monodisperse water soluble magnetite 

nanoparticles and this method can also be extended to produce other ferrite nanoparticles. 
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FIGURE CAPTIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 The p-XRD pattern for magnetite (Fe3O4) nanoparticles obtained from (A) the thermolysis 

of [Fe3O(O2C
t
Bu)6(H2O)3](O2C

t
Bu).HO2C

t
Bu in PVP and TREG, (B) co-precipitation of Fe

2+
 and 

Fe
3+

 with PAH as stabiliser. 
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Fig. 2 (A) and (B) are TEM images obtained for magnetite (Fe3O4) nanoparticles obtained from the 

thermal decomposition and co-precipitation methods respectively. (C) SAED of (A). (D) Line 

profile obtained by drawing a perpendicular line across the fringes in (A) from which the d -

spacing is estimated. 
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ABSTRACT  

Several plants are used in folk medicine to treat infections that cause male infertility. 

Carpolobia lutea (G. Don) (Polygalaceae) is a plant used by practitioners of alternative 

medicine in South West Nigeria for the management of infertility gonorrhea, gingivitis, 

infertility, ulcer and malaria. This study is to extract and analyze essential oil from the 

roots of Carpolobia lutea. The fresh roots were air-dried, pulverized and the essential oil 

extracted into hexane by hydro-distillation over 4hr period. The hexane in the extract was 

evaporated off and dried with anhydrous sodium sulphate. The essential oil obtained was 

analysed with GC model 7890 A and MS model 5975C of capillary column size 30m x 

250µm x 0.25µm film thickness which was packed with HP-5MS 5% Phenyl methyl 

siloxane. Helium was the carrier gas at a flow rate of 1ml/min. The mass spectrometer 

(MS) was fitted with Chem.-Station software for processing the data. The temperature 

program of the column was initially 50
o
C held at same temperature for 17 minutes, 

gradually increased to 200
o
C at 4

o
C /minute and finally increased to 240

o
C at 15

o
C 

/minute. Mass spectra were recorded using ionization energy of 70 eV. The molecular 

ions detected were identified by the MS library. Some of the compounds identified in the 

extract are dodecanoic acid, n-hexadecanoic acid, 13-octadecenal and oleic acid. The 

presence of fatty acids in the essential oil may be useful for the management of bacterial 

and fungal infections which may be implicated in male infertility factor. Thus the plant 

extract may be useful in the management of male infertility factor arising from 

bacterial/microbial infection. 
 

Keywords: Carpolobia lutea, male infertility, essential oil, analyses, herbal treatment.  

 

 

INTRODUCTION  

There are several medicinal plants commonly used by traditional medicine in the South-Western 

Nigeria to manage genitourinary infectious diseases that cause infertility in male and Carpolobia 

lutea is among. The plant Carpolobia lutea is a shrub or small tree about 15ft high. It is widely 

distributed in west and central areas of tropical Africa (Mitaine - Offer et al., 2002). Its common 

names are Cattle stick-English, Abekpok ibuhu (Eket), Ikpafum, ndiyan, nyanyanga (Ibiobio), 

Agba or Angalagale (Igbo) and Egbo oshunshun or Egbo amureju (Yoruba). 

Practitioners of Alternative Medicine from these tribes use the root decoction in locally-made 

alcohol as an aphrodisiac; also for the treatment of genitourinary infections and waist pain 

(Ettebong & Nwafor, 2009). The root decoction is also said to be useful in the treatment of 

internal heat. 

The leaf extract of Carpolobia lutea is a natural source of ingredients that could aid the 

management of gastric ulcers, hemorrhoid, wound healing and diarrhea. The plant has been 

reported to possess anti-inflammatory and anti-arthritic properties; it contains triterpene 

saponins, possesses anti-microbial activities as well as anti-diarrhea and anti-alcerogenic 

properties.  

The root is used to facilitate childbirth treat worm infection, sterility, headache, and also has 

aphrodisiac and stimulant properties. The stem is used as chewing stick (Kayode and 

Omotoyinbo, 2008); the root is also used as chewing stick because of its aphrodisiac potentials. 

mailto:eosibote@unilag.edu.ng
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The leaf is used traditionally among the Efik, Ibibio and Yoruba ethnic group in Nigeria in the 

treatment of wound and in the management of diarrhea, fever, leprosy and snake bite. 

A list of plants used to manage infertility problems include Apium graveolens (celery), 

Massularia acuminate (Ijebu chewing stick), Garcinia afzelii (mangostreen), Ficus capensis 

(African mustard tree), Euphorbia laterifolia (little cactus) and Cissus populnea (ogbolo in 

Yoruba), Phyllanthus amarus (small leaves) (eyin olobe, eyinbisowo in Yoruba), Sesamum 

radiatum (ewe ekuku in Yoruba) and Musa paradisiaca (plantain) (Ogunlesi et al., 2010; 

Osibote, 2013). 

The main objective of this research work is to authenticate the use of the herb as profertility plant 

as it is being used by the practitioners of alternative medicine in South-West Nigeria.  

 

EXPERIMENTAL 

The fresh roots of Carpolobia lutea were obtained from Abatadu Village in Osun State. The 

plant was identified and authenticated by Mr Olabanji Adewole of Department of Botany; 

University of Lagos and voucher number LUH 5585 was assigned and the specimen deposited in 

the herbarium. The roots were cut into small pieces and weighed before and after air-drying in a 

dust free environment for 4 weeks and pulverized into semi-powdered form. The extraction of 

the essential oil was carried out by hydro-distillation in four hour at a stretch into hexane. The 

essential oil in the hexane was dried with anhydrous sodium sulphate to remove any water that 

may be present in the mixture. The hexane was allowed to evaporate off leaving the essential oil 

of Carpolobia lutea. 

 

GC-MS Analysis of the Essential Oil 

The essential oil obtained was analysed with GC model 7890 A and MS model 5975C (Agilent 

Technologies) of capillary column size 30m x 250µm x 0.25µm film thickness which was 

packed with HP-5MS 5% (PhenyI methyl siloxane). Helium was the carrier gas at a flow rate of 

1ml/min. The mass spectrometer (MS) was fitted with chem.-station software for control of the 

program and processing of the data. The extract was diluted with hexane prior to the injection 

into Gas Chromatography. The mass spectrometer (MS) was fitted with Chem.-Station software 

for processing the data. The temperature program of the column was initially 150
o
C held at same 

temperature for 17 minutes, gradually increased to 200
o
C at 4

o
C /minute and finally increased to 

240
o
C at 15

o
C /minute. Mass spectra were recorded using ionization energy of 70 eV. The 

molecular ions detected were identified by the MS library. 

 

RESULTS  

The result of the analysis of the GC-MS analysis of the essential oil  is hereby presented in 

Figure 1 and Table 1. 
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Figure 1: GC-MS chromatogram of the essential oil from the roots of Carpolobia lutea 
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 Table 1: The constituents present in the GC-MS analysis of the essential oil from the dried roots 

of Carpolobia lutea with their possible medicinal/environmental applications 

S/N  Rt 

(Min) 

Name of 

Compound 

Abund 

(%) 

Medicinal / Environmental Application 

1. 4.57 l-ethyl-3-

methylBenzene 

3.39 As fragrance agents 
(3)

 

2. 8.19 Nonanal 22.90 As flavour and fragrance agents Used in 

food flavouring (NIST, 1969) 

3. 12.51 2,4–Nonadienal  3.11 It is mainly used as spices in the preparation 

of meat and poultry flavor 

4. 23.10 Dodecanoic acid 2.24 Antifungal and antibacterial properties 

(McGraw et al., 2002, Sujatha et al., 2014))  

Increases total serum cholesterol, (the 

‗good‘ blood cholesterol (Nakatsuji et al., 

2009). 

5. 26.72 Oxirane, 

tetradecyl- 

2.24 It is used as a chemical intermediate for 

surface-active agents, fabric softeners, 

cosmetic ingredients, textile finishes and 

synthetic waxes
(6)

  

6. 31.35 13 – Octadecenal  2.29 It is a sex pheromone component of the rice 

stem borer (Lepidoptera) 
(7)

 

7. 32.14 Pentadecanoic 

acid 

14 – methyl ester 

2.12 Antibacterial and anti-fungi properties. 

Anti-trypanosomal compounds 

(Agoramoorthy et al. 2007) 

8. 32.14 Hexadecanoic 

acid, methyl ester. 

2.12 Anti-oxidant, flavor and 

Hypocholesterolemic. 

Anti-fungal and anti-bacterial properties 

Agoramoorthy et al. 2007) 

9. 33.64 n-Hexadecanoic 

acid 

2.41 Anti-microbial and anti-oxidant properties  

anti-inflammatory, anti-fungal and anti-

bacterial properties (Sujatha et al., 2014; 

McGraw et al., 2002)    

10 36.52 Oleic acid 2.52 Oleic acid (C 18:1) has been found to be 

fungistatic against a wide spectrum of 

saprophytic moulds and yeasts
 
(McGraw et 

al., 2002)   

Some of the compounds identified from the essential oil extract of Carpolobia lutea were 

Nonanal (22.90%), 2,4–Nonadienal (3.11%), Dodecanoic acid (2.24%),  13 – Octadecenal 

(2.29%), pentadecanoic acid, 14-methyl ester (2.12%), n-hexadecanoic acid (2.41%) and oleic 

acid (2.52%). Some of these compounds have medicinal applications.   

 

DISCUSSION 

The constituents identified in the essential oil sample included saturated fatty acids namely n-

hexadecanoic acid, dodecanoic acid, pentadecanoic acid, 14 methyl ester and hexadecanoic acid, 

methyl ester and unsaturated fatty acids like oleic acid.  n-Hexadecanoic acid (Palmitic acid) has 

antimicrobial and antioxidant properties. It is an inhibitor of phospholipase A(2), hence, an anti-

inflammatory agent. Dodecanoic acid (Lauric acid) has an antimicrobial property against 

propionic-bacterium acnes. It has a therapeutic potential for inflammatory acne valgaris. It 

increases total serum cholesterol (the ―good‖ blood cholesterol) (Nakatsuji et al., 2009). 

Pentadecanoic acid, 14 methyl ester and hexadecanoic, methyl ester (palmitic acid methyl ester) 

have antibacterial and antifungal activities. Pentadecanoic acid, 14 methyl ester is an anti-

trypanosomal compound. Hexadecanoic acid, methyl ester is an antioxidant and 
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Hypocholesterolemic. Unsaturated fatty acids have antimicrobial and anti-inflammatory 

properties (Li et al., 2004).
 
Oleic acid has been found to be fungistatic against a wide spectrum 

of saprophytic moulds and yeasts
 
((Davidson, et al., 1999; McGraw et al., 2002). anti-cancer, 

anti-tumor, antioxidants (Osibote, 2013). Antioxidants are an inhibitor of the process of 

oxidation, even at relatively small concentration and thus have diverse physiological role in the 

body – the potential to reduce oxidative stress related diseases. n-Hexadecanoic and dodecanoic 

acid present in the essential oil of the root of Carpolobia lutea may contribute to the pro-fertility 

effect of the plant- they are fatty acids and have antimicrobial potentials. It has been reported that 

infections could be implicated in male infertility factor.  

The constituents with antibacterial, antifungal properties can help reduce infertility by removing 

causes due to bacterial infections; those with antitumor properties may help to remove abnormal 

cells from the system. The anti-inflammatory agents may treat other health problems different 

from infertility and the antioxidants can be scavenger for abnormal cells.  

Therefore the presence of these constituents in the essential oil from the plant may be useful for 

the management of the male infertility factor thus may jointly corroborate the use of the plant as 

a pro-fertility herb. 
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ABSTRACT 

Ascorbic acid (Vitamin C) is usually affected by availability of fruits and vegetables due 

to seasonal variations. To ensure its availability all year round, fruits juices and drinks 

are often preserved and packaged.  This study compared quality of various packaged 

fruit juices and drinks sold in the Nigerian market with some fresh fruit juices. The pH 

of the juices were measured by the potentiometric method while their ascorbic acid 

content were measured using the titrimetric method.  Fresh orange, mango, pineapple, 

pawpaw and watermelon juices had ascorbic acid concentration of 80mg/100ml, 

76mg/100ml, 50mg/100ml, 44mg/100ml and 42mg/100ml respectively, while packaged 

orange, pineapple, mango and apple juices had concentrations range of 10.0 - 

38.6mg/100ml, 5.6 -25.2mg/100ml, 15.3-17.3mg/100ml and 4.4 -15.0mg/100ml 

respectively. Apple, mango, mixed fruits, orange, pineapple and strawberry packaged 

fruit drinks had ascorbic acid content in the range of  3.7 - 10.9 mg/100ml, 6.9 – 7.6 

mg/100ml, 1.8 – 12.16 mg/100ml, 0.9 – 12.2 mg/100ml, 2.5 – 25.7mg/100ml and 6.7 – 

14.8mg/100ml respectively. The pH values of all the drinks and juices samples in this 

study had values between 2.6 and 4.8. This study showed that higher amounts of 

ascorbic acid are derived from fresh fruit juices followed by the packaged fruit juices 

and then the packaged fruit drinks. Over 200ml (children) and 400ml (adult) of the 

packaged fruit juices and drinks will  be required to meet the Recommended Dietary 

Allowances (RDAs) of 45mg/day, 75mg/day and 95mg/day for children, women and 

men respectively while about 100ml of fresh juice will meet the RDAs for all. 

 

Keywords: Ascorbic acid, Fruit juice, Recommended Dietary Allowances, 

 

 

INTRODUCTION 

Ascorbic acid sometimes called vitamin C is of both synthetic and natural origin. Natural 

ascorbic acid is found in a wide variety fresh fruits and vegetables (Moffat, 1986) especially 

citrus fruits such as oranges etc. Factors that affect the vitamin C contents of citrus fruits include, 

production factors and climate conditions, maturity state and position on the tree, type of fruits 

(species and variety) handling and storage, type of container (Naggy, 1980).   

L-enantiomer of ascorbic acid is a stable solid that does not react with air; however, it is readily 

oxidized on exposure to air, light and when in aqueous solution. The product of this oxidation is 

dehydroascorbic acid. Dehydroascorbic acid (C6H6O6) and ascorbic acid (C6H8O6) together give 

the total amount of vitamin C. However, dehydroascorbic acid is not readily absorbed (bio 

available) across the intestinal mucosa and supplemental dehydroascorbic acid has little 

antiscorbutic activity (Johnston and Hale, 2002). It also gradually darkens upon exposure to 

light, however slight coloration does not impair the therapeutic activity of ascorbic acid injection 

(Boostani et al., 2004, Mason, 2007).   

Ascorbic acid is odourless with pleasant and sharp acid taste.  It is soluble in water, sparingly 

soluble in ethanol and practically insoluble in chloroform and ether.  Ascorbic acid has pka value 

of 4.2 and 11.6. A solution of ascorbic acid in water has pH of 2.2 – 2.5 (i.e. strongly acidic. 

Ascorbic acid exists as colorless white to yellowish crystalline powder with a melting point of 

mailto:aoyeyiola@unilag.edu.ng


9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

379 

 

about 190
0
C and boiling point is 553

0
C  while the density is 1.694glcm

3
 (Moffat, 1986). Vitamin 

C is an antioxidant, along with vitamin E, beta-carotene and other plant – based nutrients.  

Antioxidants block some of the damage caused by free radicals, which occur naturally when our 

bodies transform food into energy.  The build-up of the free radicals overtime may be largely 

responsible for the ageing process and can contribute to the development of health conditions 

such as cancer, heart disease, and arthritis (Laight et al., 2000).  Getting enough vitamin C an 

anti oxidant, from diet may help reduce the risk of developing some of these conditions 

(Hamrick and Counts, 2008). Metabolizing of carbohydrate, resisting infections and healing the 

body by immune system require certain quantities of ascorbic acid (Gritsanapun et al., 2002).  

Vitamin C cannot be synthesized by human body and must be consumed regularly. Severe form 

of vitamin C deficiency is known as scurvy (Lykkesfeldt, 2000). Deficiencies of vitamins are 

classified as either primary or secondary.  A primary deficiency occurs when an organism does 

not get enough of the vitamins in its food while secondary deficiency may be due to an 

underlying disorder that prevents or limits the absorption or use of the vitamin, due to a ―lifestyle 

factor‖, such as smoking, excessive alcohol consumptions, or the use of medications that 

interfere with the absorption or uses of the vitamin (Venturi et al., 2000). The Federal Nutrition 

Board of the United States (FBN)  has set recommended dietary allowance in mg /day for 

humans as 40 to 120mg/day but not more than 2000mg/day (upper limits) (IOM, 2000).  

Established upper limits of vitamin C intake for food and supplements refer levels above which 

adverse effect may occur.  

 

Ascorbic acid an important food component for human nutrition is usually affected by 

availability of fruits and vegetables due to seasonal variation. To ensure its availability, all year 

round, fruits and vegetables are often preserved and packaged for sale to the public in form of 

juices and drinks.  American Academy of Pediatrics (AAP) has defined fruit juice as 100% 

concentrate of fruit extract without the addition of sweetener and drinks as containing less than 

100% concentrate. Drinks are also referred to as beverages or cocktails. They are usually 

calorically sweetened and contain small percentage of concentrate or fruit flavours (Gupta and 

Gupta 2008). Fruit juice is produced by the macerating or mechanically squeezing fruit or 

vegetable without the application of heat or solvents (Saha et al, 2011).  Several techniques like 

high performance liquid chromatography (HPLC) (Anna et al, 2002, Saeed et al 2008), micellar 

electrokinetic capillary chromatographic method (MECC) (Catherine and Craige, 1995), 

electrophoresis with electrochemistry detection (CE-ED)  developed by Ting et al (2007) and  

the classical  titrimetry (Kabasakalis et al, 2000) have been used in the  determination of Vitamin 

C ( ascorbic acid). The titrimetric method is based on iodometry. 

In Nigeria several brands of packaged fruit juice and drinks exists. Insufficient nutritional 

information is usually provided. Even when given, vitamin C concentration and pH values are 

usually not given. Vitamin C is recommended by medical practitioners for treatment and 

prevention of scurvy, pneumonia. Plenty of vitamin C also helps in reducing the toxicity. Low 

pH of drinks has also been linked to dental erosion. (Cheng, et al 2009). The aim of this study is 

to compare the pH and concentration of ascorbic acid of various packaged fruit juices and drinks 

sold in the Nigerian market with some fresh fruit juices in other to determine how the products 

meet consumer‘s daily requirement for vitamin C. 

METHODS 

Sampling 

Five different fruits namely; Orange (Citrus sinensis), Pineapple (Ananas comosius), Pawpaw 

(Carica papaya), Mango (Magnifera indica), and Water melon (Citrullus vulgaris) were 

purchased from Oyingbo market in Lagos state, Nigeria. These fruits were selected based on 

their availability and the choice of market was based on its central location and because it is 
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often visited by majority of the city resident for fruits. Purchased fruits were washed, peeled and 

chopped into small pieces and juiced with the aid of a juice extractor. 

Packaged fruit juices and drinks of different fruit types and brands, were purchased from 

different super markets Lagos state, Nigeria. The various samples were purchase in good 

conditions with the expiring date still valid before it was analyzed. . The various packaged drinks 

and juices brands and types are as shown in Table1.   

Table 1: Lists of packaged fruit juices and drinks sampled 

Sample 

Types 

Packaged Fruit 

Drinks 

Package (cartoon 

or sachet) Volume 

(ml) 

Packaged Fruit Juices  

( package volume;1litre) 

Apple 

Capri-sone  200 Ceres 

California 200 Frutta 

Healthilife 200 Chivita 

Royal fruta 200 Fumman 

Vita-vite 200 Fresh 

Zico 

200 5alive 

Don Simon 

Tropika 

Mango 
Capri-sone 200 Frutta 

Zico 200 Chi Exotic 

Mixed fruits 

Capri-sone 200  

California 200 

Chi-vita active 230 

Happy hour 200 

Healthilife 200 

Royal fruta 200 

Vita-vite 200 

Orange 

Caprisone 200 Ceres 

Healthilife 200 Frutta 

Royal fruta 200 Chivita 

Piko 200 Fumman 

Vita-vite 

200 Fresh 

5 Alive 

Don Simon 

Topika 

Healthi life 

Pineapple 

Caprisone 200 Ceres 

Healthilife 200 Frutta 

Yoju 

200 Chivita 

Fumman 

Fresh 

Tropika 

Strawberry 

Caprisone 200  

Royal fruta 200 

Zico 200 

 

Determination of ascorbic acid and pH in the fruit juices and drinks 

Ascorbic acid content was determined as in Hesseini et al (2013) and Njoku et al (2011), using 

the oxidation-reduction titration method. Briefly, 50ml of sample and 25ml of standard KIO3 

solution were mixed together. To this mixture, 2g of potassium iodide, 0.1g of sodium 
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bicarbonate and 5ml 0f 0.5M sulphuric acid solution were added  to liberate iodine. Standardised 

sodium thiosulphate was titrated against the generated iodine to pale straw colour.  Starch 

indicator was introduced and the solution was titrated to a colourless endpoint. This was repeated 

for all the fifty six samples (fresh juice (5), packaged juice (24), and packaged fruit drinks (26)).  

The titration for every sample was done in triplicates. Calibrated pH meter (metrolum 826 pH 

mobile) was used to take the pH readings for aliquots of samples, as soon as the packages were 

opened while for the fresh juices the pH values were taken as soon as they were prepared. The 

pH measurements were also carried out in triplicates.  

 

RESULTS  

Vitamin C (ascorbic acid) concentration of the different juices and drinks were determined and 

the pH of the different juices and drinks were determined and the results are as seen in Tables 1, 

5 and 6. Fresh fruit juices had ascorbic acid content of 42mg/100ml to 80mg/100ml and pH 

value in the range of 3.6 to 5.4.  Ascorbic acid content of the packaged drinks and juices were 

lower than the fresh juices. Orange, pineapple, mango and apple packaged fruit juices from 

different brands had concentrations range of 10.0 - 38.6mg/100ml, 5.6 -25.2mg/100ml, 15.3-

17.3mg/100ml and 4.4 -15.0mg/100ml respectively. The concentration of ascorbic acid content 

in different brands of  apple, mango, mixed fruits, orange, pineapple and strawberry packaged 

fruit drinks were in the range of  3.7 - 10.9 mg/100ml, 6.9 – 7.6 mg/100ml, 1.8 – 12.16 

mg/100ml, 0.9 – 12.2 mg/100ml, 2.5 – 25.7mg/100ml and 6.7 – 14.8mg/100ml respectively. The 

pH values of fresh orange, mango, pineapple, pawpaw and watermelon juices were 3.6, 4.2, 3.9, 

5.4, and 4.2 respectively while orange, pineapple, mango and apple packaged fruit juices from 

different brands had values  in the range of 3.6 – 4.6, 3.0 – 4.6 , 4.0 - 4.1 and 2.6 – 4.8. The pH 

value for different brands of apple, mango, mixed fruits, orange, pineapple and strawberry 

packaged fruit drinks were in the range of  2.9- 4.0, 2.9 -3.1, 2.80 – 4.2, 3.1 – 4.0, 2.7 - 3.6 and 

3.4 -3.8 respectively. 

 

Table 2: Result of pH and ascorbic acid content of fresh fruit juices 

Fresh fruit 

juices 
pH 

Ascorbic 

acid 

(mg/100ml) 

Ascorbic acid in 

250ml 

Ascorbic acid 

in 1litre 

Mango 4.2 76 190 760 

Orange 3.6 80 200 800 

Pineapple 3.9 50 125 500 

Pawpaw 5.4 44 110 440 

Watermelon 4.2 42 105 420 
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Table 3: Result of pH and ascorbic acid content of packaged fruit Juices 

Sample 

Types 

Packaged Fruit 

Juices (1litres) 

pH Ascorbic acid 

(mg/100ml) 

Ascorbic acid in 

two cups (500ml) 

Ascorbic acid in 

4 cups (1litre) 

Apple 

Ceres 4.0 21 105.5 211 

Frutta 4.0 15 75 150 

Chivita 3.5 5 25 50 

Fumman 3.2 8 37.5 75 

Fresh 2.6 4 22 44 

5alive 3.5 13 67 134 

Don Simon 3.7 20 101.5 203 

Tropika 4.8 6 30.5 61 

Mango 

Frutta 4.0 15 76.5 153 

Chi Exotic 4.1 17 86.5 173 

Orange 

Ceres 3.9 32 158 316 

Frutta 4.1 22 109 218 

Chivita 4.2 10 50 100 

Fumman 3.5 12 57.5 115 

5 Alive 3.9 24 122 243 

Don Simon 4.0 39 193 386 

Topika 4.6 14 70 140 

Healthi life 3.6 13 62.5 125 

Pineapp

le 

Frutta 3.6 21 106 212 

Chivita 4.0 7 33.5 67 

Fumman 3.8 10 50 100 

Fresh 3.0 6 28 56 

Tropika 4.6 8 38 75 
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Table 4: Result of pH and ascorbic acid content of packaged fruit drinks 

Sample 

Types 

Packaged 

Fruit Drinks 
pH 

Ascorbic acid 

(mg/100ml) 
Ascorbic acid in 

(200ml) 1  pack 

Ascorbic acid 
5 packs (1litre) 

Apple 

Capri-sone 4.0 11 22 109 

California 3.2 11 22 109 

Healthylife 3.4 8 15 77 

Royal fruta 3.9 7 13 65 

Vita-vite 4.0 5 11 54 

Zico 3.0 4 7 37 

Capri-sone 2.9 6 12 60 

Mango 
Zico 3.1 8 15 76 

Capri-sone 3.5 7 15 74 

Mixed 

fruits 

California 4.2 7 13 65 

Chi-vita active 4.0 13 29 145 

Happy hour 2.8 2 9 46 

Healthilife 3.7 2 7 35 

Royal fruta 3.0 7 26 130 

Vita-vite 3.6 2 9 46 

Caprisone 3.3 12 49 243 

Orange 

Healthilife 3.1 1 4 18 

Royal fruta 3.5 4 15 74 

Piko 3.2 1 4 18 

Vita-vite 4.0 3 12 60 

Caprisone 3.6 2 10 49 

Pineapple 

Healthilife 3.6 3 13 67 

Yoju 2.7 26 103 514 

Caprisone 3.8 7 27 134 

Strawberry 
Royal fruta 3.4 14 57 285 

Zico 3.6 3 10 51 

 

DISCUSSION 

Generally the freshly prepared juices had higher amount of ascorbic acid compared to all the 

packaged juices and drinks. The package juices had more ascorbic acid compared to the drinks as 

shown in table 2, 3 and 4. This was consistent with the findings of Lee and Kader (2000), 

Johnston and Hale (2005) and Njoku et al (2011). Fresh juices were found to contain more 

vitamin C or ascorbic acid content compared to stored juices and drinks. The reduction may 

attributed to storage method, temperature at which the product were kept and the kind of 

containers (Njoku et al., 2011) especially containers that allowed oxygen get into the fruit juice. 

Fresh fruit juice from orange had the lowest average pH value of 3.6 but the highest ascorbic 

acid content of 80mg/100ml of all the freshly prepared juices. Ascorbic acid content in the fruit 

juices followed the order orange (80mg/100ml) > mango (76mg/100ml) > pineapple 

(50mg/100ml) > pawpaw (44mg/100ml) > watermelon (42mg/100ml). This order is similar to 

the findings of Akinwale, (2000), (cashew apple> orange> mango >pineapple) whose average 

values of vitamin C in 100ml juices of cashew apple, orange, mango, pineapple were 203.5mg, 
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54.7mg, 30.9mg and 14.7mg respectively. The orange packaged juices of the different packaged 

juices also consistently had higher ascorbic acid content compared to other type of packaged 

juice of the same brand as in the table 3.    

 

Table5: Recommended Dietary Allowances (RDAs) for Vitamin C (IOM, 2000) 

Age Male  Female Pregnancy Lactation 

0–6 months 40 mg* 40 mg* 

  7–12 months 50 mg* 50 mg* 

  1–3 years 15 mg 15 mg 

  4–8 years 25 mg 25 mg 

  9–13 years 45 mg 45 mg 

  14–18 years 75 mg 65 mg 80 mg 115 mg 

19+ years 90 mg 75 mg 85 mg 120 mg 

Smokers 
Individuals who smoke require 35 mg/day more vitamin C 

than non smokers. 

 * Adequate Intake (AI) 

Table 6: Tolerable Upper Intake Levels (ULs) for Vitamin C (IOM, 2000) 

Age Male Female Pregnancy Lactation 

0–12 months 

Not possible to 

establish* 

Not possible to 

establish*     

1–3 years 400 mg 400 mg     

4–8 years 650 mg 650 mg     

9–13 years 1,200 mg 1,200 mg     

14–18 years 1,800 mg 1,800 mg 1,800 mg 1,800 mg 

19+ years 2,000 mg 2,000 mg 2,000 mg 2,000 mg 

*Formula and food should be the only sources of vitamin C for infants. 

 

The vitamin c content in a cup (250ml) (table 2) of each of the various fresh juices was found to 

contain sufficient vitamin C to meet the 45, 75 and 90mg/day RDA (table 5) for children, women 

and men respectively (IOM, 2000). More than 8cups (2000ml) of the fresh jucies will be 

required to exceed the UL of vitamin C (table 6) for both adults (male and female) and children. 

The various packaged juices required a minimum of two cups (500ml) (table 3), while the drinks 

required a minimum of four cups which is more than four pack/sachets (1litre) to provide the 

RDA for all groups (children and adults) as illustrated in table 4 except for Yoju pineapple drink 

which had up to 103mg in two packs of (400ml) which is 129mg in two cups (500ml).  

Ceres packaged juice had the highest amount of vitamin C of the apple and orange (21 and 32 

mg/100ml) packaged juices sampled while for the sampled pineapple packaged juices, Frutta had 

the highest amount of vitamin C. A moderate daily consumption of two cups (250ml each) of the 

apple (Ceres, don Simon), four of the orange (Ceres, Frutta, 5 Alive and Don Simon) and one of 

the pinapple (Frutta ) packaged juices will provide the WHO recommended vitamin C RDA for 

all age groups (45, 75 and 90mg/day for children, women and men respectively) as in table 5 and 

6. Some of the packaged juices though contained less than 90mg in two cups had up to 75mg 

(apple Frutta, pinnaple Frutta, pineapple Chi Exotic) which will provide enough vitamin C RDA 

for women and children. Pineapple Fumman, orange Healthi life, orange Topika, Orange 

Fumman, orange Chivita and apple 5 Alive though had less than 90mg of vitamin C in two cups 

had up to 45mg in two cups and upto 90mg in four cups (1litre or one pack) which will provide 

the vitamin C RDA of 45mg/day for children and 90mg/day for adults respectively.   Some of the 

http://ods.od.nih.gov/factsheets/VitaminC-HealthProfessional/#en8
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packaged juices such as apple chivita, apple Fresh, apple Fumman, apple Tropika, pineapple 

Fresh, pineapple Chivita, had less than 90mg even in 1litre (four cups) which implied that 

consumers will require more than four cups or one pack to meet the RDA. From the results, 

packaged fruit juices are useful as food supplements to prevent vitamin C deficiency. Since 

vitamin C is a water soluble vitamin, not stored in significant amounts because it is easily 

excreted from the body. Hence good sources of vitamin C are therefore required regularly to 

replenish body supplies for metabolic processes (Gritsanapun et al, 2002).  From this study 

packaged fruit juices of Ceres, don Simon, frutta and 5-alive had higher vitamin C content, with 

their orange type having the highest amount of vitamin C. Two cups (500ml) of Ceres, Don 

Simon, frutta, and 5-alive are therefore recommended to the public. 

 

The drinks sampled here because of the small package volume (200 to 230ml) are usually part of 

children launch packs hence consumed more by children in Nigeria. The vitamin C of each pack 

for the different drinks were not sufficient to provide the RDA of 45mg/day except in pineapple 

Yoju drink which had 52mg of ascorbic acid in it.  More brands of mixed fruit drinks were 

analysed compared to other types of fruit drinks. This was due to their availability in market 

during sampling. The availability of mixed fruits in various brands may be due to harnessing of 

flavour and colour when different fruits are blended (Rutledge, 2001).  

pH which is a measure of the hydrogen ion concentration, has been found to be related with the 

erosive capacity of fruit juices and beverages. Beverages and juices with lower pH values 

generally have greater erosive effects on tooth structure (Bamise and Bamise , 2007, Dawes, 

2003).  The results from this study indicate that all the freshly prepared juices, packaged juices 

and drinks evaluated had pH values below the critical pH (5.5) of enamel dissolution (Bamise 

and Bamise , 2007) but were higher than pH 3, below which a great potential for erosion exist 

(Dawes, 2003) except pinapple Yoju drink (2.7) and Happy hour (2.8).  

 

CONCLUSION 

This study showed higher amounts of ascorbic acid are derived from fresh fruit juices followed 

by the packaged fruit juices and packaged fruit juices had more ascorbic acid compared to the 

packaged fruit drinks. The concentration of ascorbic acid in the juices and drinks varied greatly 

from one type to the other even for the same brand. Over 200ml (children) and 400ml (adult) of 

the packaged fruit juices and drinks generally will be required to meet the Recommended Dietary 

Allowances (RDAs) of 45mg/day, 75mg/day and 95mg/day for children, women and men 

respectively while about 100ml of fresh juice will meet the RDA for both children and adults 

(men and women). 
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ABSTRACT 

We present a novel design pattern as an alternative approach at separating crosscutting 

concerns in concurrent programming. The aspect-oriented programming paradigm has 

gained general acceptance in the software engineering community in separating 

crosscutting concerns. However it is characterized by the twin attributes of obliviousness 

and quantification which remain contentious issues in the community. These issues 

(obliviousness and quantification) sacrifice program understanding, modularity and 

control. Information Communication Technology (ICT) infrastructure is central to 

development, health and other areas of human endeavours. Software systems that drive 

the ICT infrastructure are better served with the use of a design pattern that allows a total 

control over software systems.  

 

Keywords: Design, Patterns, Crosscutting concerns, Obliviousness, Quantification 
  

 

INTRODUCTION 

Separation of concerns (SoC) started with the advent of the structured programming paradigm 

that is remarkably different for the earlier paradigm that was characterized by the presence of 

goto statements. The structured programming paradigm aimed at providing greater clarity by the 

use of subroutines (sub-programs). It is often regarded as a top-down or bottom-up approach to 

programming. Structured programs can be composed by three simple structures: sequence, 

selection and repetition. 

 

The object-oriented programming (OOP) paradigm is a further attempt at separating concerns by 

using an approach as close as possible to the real world view of a problem. The OOP is based on 

the notion of objects (which are instances of a class). There are also the notions of data, methods 

and their interactions. The OOP is characterized by the concept of inheritance, encapsulation, 

polymorphism, and data abstraction among others. Several methodologies abound in OOP to 

support the SoC.  Gamma et al. (1995) came up with design patterns that offer repeatable 

solutions to commonly occurring problems in software engineering. 

 

Despite the fact that OOP paradigm had revolutionized software engineering, the problem of 

cross-cutting concerns still remains. The term cross-cut was first used by Kiczales et al. (1997). 

It is characterized by the tangling of one or more\concerns within a module aside from the core 

concern of the module and the scattering of one or more concerns over several modules. The 

Aspect-oriented programming (AOP) paradigm offers a solution to cross-cutting concerns by 

tackling the twin-problem of tangling and scattering in OOP. The idea behind this is that when 

aspects are isolated only the core concerns are implemented without the issues of tangling and 

scattering. 

 

Tonella and Ceccato (2004) proposed the use of dynamic analysis in order to exercise the class 

methods involved in the main application functionalities. They subsequently considered the 

relationship between the execution traces associated with such functionalities and the class 

methods involved during each execution, by exploring the concept lattice produced by FCA. 
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Snelting (2006), presented three methods of the application of concept lattice in static and 

dynamic analysis of software. Ceccato (2006) proposed an automatic technique that can be used 

to support the migration of existing OOP code to AOP.  

 

In this work, we investigated how crosscutting concerns in software systems can be separated 

using a novel design pattern within the context of the OOP technology and explore whether the 

design pattern can achieve the separation of concerns provided by the AOP technology. We 

further intent to scale up the design pattern for concurrent programming. The FCA is used to 

help detect common concerns which are the intents of concepts. This is one of the few works 

providing an approach in isolating cross cutting concerns without recourse to AOP technology. 

  

THE CROSS CUTTER DESIGN PATTERN 

The AOP paradigm improves modularity and the structure of codes. However, Steimann (2006) 

opined that, the ever-recurrent logging, tracing, debugging, etc. aspects are concerns a 

programmer has to deal with because she is programming. He believed that most of the 

programming problems addressed by AOP could either be solved by adding a corresponding 

feature to the integrated development environment (IDE) or by extending the language with 

suitable constructs. 

The concept of obliviousness, which is often presented as a positive attributes of AOP, implies 

that a program has no knowledge of which aspect modify it. The notion of quantification denotes 

that aspects can affect arbitrary many different points in a program. These attributes have come 

under criticism mainly because it takes the control of the logic of the program from the 

programmer. 

Steimann (2006) believes that while AOP has the merit of ensuring the compartmentalization of 

code belonging in one concern in one place, it required that locality in its expected module be 

sacrificed. 

We propose the cross cutter design pattern, which is an attempt to ensuring the separation of 

concerns without the attendant loss of locality in the intended module that the concern affects. 

We are motivated by the example of the point and line used by Kiczales et al. (2001) in 

demonstrating the aspect-oriented programming paradigm. Our goal is to carry out coloring of 

the shapes and also move the shape from one location to another to illustrate the concerns that 

cross-cut all the shapes.  

  

The Proposed Cross Cutter Design Pattern 

The methodology for actualizing the Cross-cutter design pattern includes the use of the FCA to 

assist in the detection of common concerns in software. The concerns are then isolated. The FCA 

allows the discovering of common concerns on the basis of a rough description of the class. The 

Cross Cutter design pattern encapsulates these concerns without the attendant loss in program 

understanding and modularity. We demonstrate this pattern by using a simple example on shapes 

(circle, rectangle etc.) where the cross-cutting concerns are the coloring and the movement of 

shapes in the application. The pattern can be used for single threaded and multi-threaded 

applications.  Shown in figure 2, below is the Unified Modelling Language (UML) diagram for 

the shapes example. 
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Concerns discovery using the FCA 

For the application of FCA in the discovery of crosscutting concerns, we start with the elements 

(Point, Line, e.t.c) and the features of each of the elements as captured by the cross table below. 

  x y x1 y1  x2 y2 rad width height color move 

Point X X        X X 

Line   X X X X    X X 

Circle X X     X   X X 

Rectangle X X      X X X X 

 

Table 1: The Cross Table. 

 

In table 1, we consider the small application  with the classes as objects and the fields and 

methods as the attributes. Using standard concept production algorithms to create the concept 

lattice from the table above resulted in the figure 5 below. 

  
Figure 1: The Concept Lattice. 

 

 It is noteworthy that the set of all concepts of a given table forms a partial order. From the 

above, the supremum factors out common attributes, while the infimum factors out common 

objects. This indicates that the lattice can uncover a hierarchy of clusters that are otherwise 

implicit in the cross table (Snelting and Tip, 2000). 

Generally, the underlying theorem for concept lattice by Hitzler and Scharfe (2009) in relation to 

subconcepts and superconcepts are given below: 

 
As indicated above, the least common superconcept (join) of a set of concepts can be computed 

by obtaining the intersection of their intents. In a similar form, the meet can be obtained by: 

  

 
 

Concepts are normally represented by a node and they are subsequently connected by an edge. 

Typically the lower concept is the sub-concept of the upper concept. The lattice top concept 

contains those attributes that apply to all objects. This can provide us with an insight on concerns 

that cross-cut the application. Notice that the top concept contains the Color and Move concerns. 

These are concerns that cross-cut the application. The bottom concept contains those objects that 
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possess all the attributes. In this case however, no object satisfies the condition; hence the bottom 

concept is empty. 

CrossCutterDaemon

Shape

Rectangle Polygon Line

MoveData

CrossCutter

Mover

«interface»
ICrossCutter

«interface»
ICrossCutterData

«interface»
IMoverCrossCutterData

 
 

Figure 2:  The Crosscutter Design Pattern for Shapes. 

 

The Implementation of the Pattern in Java 

 The PaintBrush class extends JFrame. This class encapsulates the coloring and movement 

concerns. 
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public class PaintBrush extends JFrame 

{ 

 private PaintBrushPanel paintBrushPanel = new PaintBrushPanel(); 

  

 public PaintBrush() 

 { 

  add (paintBrushPanel); 

  paintBrushPanel.setFocusable(true); 

 } 

  

 static class PaintBrushPanel extends JPanel 

 { 

  private int x = 100; 

  private int y = 100; 

  private int displ = 5; 

  public PaintBrushPanel() 

  { 

   addKeyListener(new KeyAdapter() { 

    public void keyPressed(KeyEvent e) { 

     switch (e.getKeyCode()){ 

     case KeyEvent.VK_DOWN: 

      y += displ; 

      break; 

     case KeyEvent.VK_UP: 

      y -= displ; 

      break; 

     case KeyEvent.VK_LEFT: 

      x -= displ; 

      break; 

     case KeyEvent.VK_RIGHT: 

      x += displ; 

      break; 

     default: 

      displ = e.getKeyCode(); 

     } 

     repaint(); 

    } 

   }); 

  } 

  protected void paintComponent(Graphics g) 

  { 

   super.paintComponent(g); 

   g.setColor(Color.BLUE); 

   g.drawRect(x, y, 50, 20); 

  } 

 } 

} 

 

The canvas also extends JFrame. It implements the animation of the shapes.  

public class Canvas extends JFrame 

{ 

 private Shape shape; 
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 private int xdispl = 0; 

 private int ydispl = 0; 

 private int unitTime = 1000; 

 private int ticks = 0; 

 public Canvas() 

 { 

 } 

  public Canvas(int xdispl, int ydispl, int width, int height) 

 { 

  setDispls(xdispl, ydispl); 

  setSize(width, height); 

 } 

  

 public void add(Shape shape) 

 { 

  this.shape = shape; 

  super.add(shape); 

 } 

 public void setDispls(int xdispl, int ydispl) 

 { 

  this.xdispl = xdispl; 

  this.ydispl = ydispl; 

 } 

 public void start() 

 { 

  Timer timer = new Timer(unitTime, new TimerListener()); 

  timer.start(); 

 } 

 public void setUnitTime(int unitTime) 

 { 

  this.unitTime = unitTime; 

 } 

 private class TimerListener implements ActionListener 

 { 

  public void actionPerformed(ActionEvent e) 

  { 

   ++ticks; 

   Mover mover = (Mover)ccdp.Graphics.CrossCutterDaemon.getMover(); 

   mover.setFrameHeight(getHeight()); 

   mover.setFrameWidth(getWidth()); 

   mover.setX(xdispl); 

   mover.setY(ydispl); 

   mover.setShape(shape); 

   mover.o(); 

   shape.repaint(); 

  } 

 } 

} 

 

We create the interface for the CrossCutter. The CrossCutter class implements the interface 

above.The CrossCutterDaemon is created. The Mover class extends the CrossCutter class. 
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The MoveData class implements the IMoverCrossCutterData 

 

public class CrossCutterDaemon 

{ 

 private static CrossCutter mover; 

 public static CrossCutter getMover() 

 { 

  return mover; 

 } 

 public static void setMover(Mover crossCutterMover) 

 { 

  mover = (CrossCutter)crossCutterMover; 

 } 

} 
 

public interface IMoverCrossCutterData extends ICrossCutterData 

{ 

 int[] getPoints(); 

 IMoverCrossCutterData setPoints(int[] points); 

} 

 

public class MoveData implements IMoverCrossCutterData 

{ 

 private int[] coords; 

  

 public MoveData() 

 { 

 } 

  public int[] getPoints() 

 { 

  return coords; 

 } 

  public IMoverCrossCutterData setPoints(int[] coords) 

 { 

  this.coords = coords; 

  return this; 

 } 

  /** clones MoveData object */ 

 public Object Clone() throws CloneNotSupportedException 

 { 

  MoveData clone = new MoveData(); 

  int[] coords = new int[this.coords.length]; 

  for (int i = 0; i < coords.length; i++) 

   coords[i] = this.coords[i]; 

  clone.setPoints(coords); 

  return clone; 

 }} 

 

public class Circle  extends Shape 

{ 

 private int x; 

 private int y; 

 private int xlen; 

 private int ylen; 
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 public Circle(int x, int y, int xlen, int ylen) 

 { 

  this.x = x; 

  this.y = y; 

  this.xlen = xlen; 

  this.ylen = ylen; 

 } 

  

 protected void paintComponent(Graphics g) 

 { 

  super.paintComponent(g); 

  g.setColor(Color.BLUE); 

  g.drawOval(x, y, xlen, ylen); 

 } 

  public IMoverCrossCutterData getMoveData() 

 { 

  int[] coords = new int[2]; 

  coords[0] = x; 

  coords[1] = y; 

  MoveData moveData = new MoveData(); 

  moveData.setPoints(coords); 

  return moveData; 

 } 

 public void setMoveData(IMoverCrossCutterData data) 

 { 

  int[] coords = data.getPoints(); 

  x = coords[0]; 

  y = coords[1]; 

 }} 

 

Listing 1: Cross cutter pattern Implementation. 

 

The Generic Cross Cutter Design Pattern 

The shapes example provides a simple implementation of the design pattern. The figure 3 below, 

shows a generic UML diagram for the design pattern. The intent of the pattern is to encapsulate 

cross cutting concerns without the loss of locality, modularity and program understanding. The 

AbstractContext depicts the universe of discourse in the system while the ContreteContextOne 

and so on, are the components of the AbstractContext. The AbstractContext depends on the data 

provided by the interface ICrossCutterData and the CrossCutterDaemon. The 

CrossCutterDaemon in turn depends on the interface ICrossCutter. The IVariegated Cross 

CutterData extends the ICrossCutterData. The ConcreteData implements the 

IVariegatedCrossCutterData class.Having demonsrated the pattern in a single threaded 

application, it is possible to scale up the application of the pattern to multi-threaded applications. 
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CrossCutterDaemon

AbsractContext

ConcreteContextOne ConcreteContextTwo ConcreteContextThree

ConcreteData

CrossCutter

«interface»
ICrossCutter

«interface»
ICrossCutterData

«interface»
IVariegatedCrossCutterData

 
 

Figure 3 : The CrossCutter Design Pattern related works 
 

Kuhlemann (2007) compared OOP, AOP and FOP (Feature Oriented Programming) in a 

quantitative case study of design pattern implementation. They subsequently evaluated OOP, 

AOP and FOP design pattern implementation with respect to modularity and showed that FOP 

performs best when compared to OOP and AOP.   

 

In Hachani and Bardou (2002), the Visitor design pattern using Aspect-Oriented Programming 

technology was presented. They concluded that the implementation eased the trace of pattern 

application in programs and may improve the separate reuse of both pattern and main application 

code.  

Steimann (2006) opined that much of aspect-oriented programming‘s success seems to be based 

on the fact that it improves modularity and the structure of code, while in actual fact; it works 

against the primary purposes of the two, which is independent development and program 

understandability. However, Steimann (2006) did not demonstrate the OOP structures that can 

stand for AOP implementation. 

 

 Schwanninger et al. (2004) described how design patterns can be evaluated for their suitability 

to solve problems caused by crosscutting concerns. 

  

Hannamann and Kiczales (2002) considered the aspect implementation of the GoF design 

patterns. Improvement was observed in 17 of the 23 cases. These improvements are depicted in 

terms of better code locality, reusability, composability and pluggability. Also, the degree of 

improvement varies with the greatest improvement coming when the pattern solution structure 

involves crosscutting of some form, including one object playing multiple roles. 
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CONCLUSION 

Several approaches had been presented in the separation of concerns in software systems. Our 

work investigated the use of OOP technology in separation concerns leading to the presentation 

of the Cross cutter design pattern. Our further work involves the application of the design pattern 

in network programming. 
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ABSTRACT 

The cytogenotoxicity of Monosodium glutamate (MSG), Vedan seasoning, was 

investigated using the Allium cepa test. From the macroscopic and microscopic 

parameters considered, the EC50 value of 8g/l was determined from the growth curve.  

Some root malformations noticed are crochet hooks, C-tumour and broken roots, and 

most of the roots at high concentration had translucent white roots. The mitotic index 

decreased with increase in concentration and positively correlated to the root length. No 

aberration was recorded in the chromosome of A. cepa exposed to the control. 

Chromosomal aberrations recorded are nuclear lesion; binucleate cells; chromosome 

bridge; spindle disturbance at prophase, early metaphase and spindle disturbance at 

prophase among others. Stickiness was noticed more in 0.5, 0.75 and 1g/l concentrations 

while multiple nuclei were more at higher concentrations. C-mitosis, bridges and 

multipolar anaphase did not follow a particular trend. The mitotic abnormalities in Allium 

cepa shown in the results of this study clearly suggests that MSG poses a genotoxic risk. 

 

Keywords: Monosodium glutamate (MSG), Vedan seasoning, Allium cepa test, 

cytogenotoxicity, genotoxic risk.  

 

 

INTRODUCTION 

Monosodium glutamate (MSG) is a white crystalline, soluble and odourless sodium salt of amino 

acid glutamate. It is used as a flavour enhancer (Farombi and Onyema, 2006; Egbuonu et al., 

2009; Ashaolu et al., 2011) and a popular condiment in West African dishes (Obaseiki-Ebor et 

al., 2003) such as meats, soups and vegetables dishes. It is commonly used in restaurants, fast 

food joints and for bulk cooking. MSG, as flavour enhancers, reduce sodium intake (Yamaguchi 

and Takahashi, 1984) and according to Institute of Food Technologists‘ Expert Panel on Food 

Safety and Nutrition, (1987), improves the taste of the food it is added to.  

Apart from the common flavour enhancers containing MSG like Ajinomoto, Vedan, A-one, all 

popularly called ―white maggi‖ in Nigeria, other products that often contain MSG are Malt 

extract and flavouring, Soy sauce and extract, Worcestershire sauce, protein fortified, enzyme 

fortified, ultra-pasteurized, or fermented, Broth and Stock, Barley malt and so many more. 

The use of MSG as a flavour enhancer could induce an increase in energy intake (Bergen et al., 

1998) which could lead to obesity (Mozes et al., 2004) or alter the levels of carbohydrates, lipids 

and proteins (Diniz et al., 2004) in the body. The intake of MSG in high doses and over time 

may be hepatotoxic (Egbuonu et al., 2009), neurotoxic (Eweka and Adjene, 2007) and 

excitotoxic (Stegink et al., 1987), which may damage the brain especially by oral intake without 

food (Walker and Lupien, 2000). The harmful side effects of MSG as reviewed in Truth In 

Labeling Campaign (TILC) (2004a; b) include brain damaging potentials, stunted skeletal 

development, behavioural aberration, neuroendocrine disorder, possible learning deficits, 

seizures (epileptic fits), learned taste aversion and hyperglycemia. Some symptoms of the effect 

of MSG could be manifested by migraine, diarrhoea, weakness, nausea/vomiting, stomach ache, 

tightness of the chest, flushing, sweating, sense of facial pressure or tightness, numbness, 

mailto:queenomoregie@yahoo.com
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tingling or burning in or around the mouth, rapid fluttering heartbeats (heart palpitations) and 

shortness of breath (Samuels, 1999).  

Reputable International Organizations and nutritionists have continued to endorse MSG, 

reiterating that it has no adverse reactions in humans despite evidence of negative consumer 

response to MSG (Okwuraiwe, 1992). The Food and Drug Administration (FDA) of the United 

States reports that Monosodium glutamate is permitted as a safe food additive that needs no 

specified average, daily intake or an upper limit intake requirement. In Nigeria, the Directorate 

and Regulatory Affairs of Food and drug Administration and Control (FDA&C) now National 

Food and Drug Administration and Control (NAFDAC) agency, in 1992, also expressed the view 

that MSG is not injurious to health (Okwuraiwe, 1992). This makes The Truth In Labeling 

Campaign team ask that if truly MSG is not harmful, why is it hidden from the labels of most 

foods they are added to? 

In Nigeria, some individuals use MSG as a bleaching agent for the removal of stains from 

clothes (Eweka et al., 2010). There is a growing apprehension that its bleaching properties could 

be harmful or injurious to the body, or worse still, induce terminal diseases in consumers when 

ingested as a flavour enhancer in food. 

The main objective of this study is to determine the genotoxic effects of a flavour enhancer, 

Vedan (Monosodium Glutamate [MSG]), using the Allium test.   

 

METHODS 

Vedan, a brand of MSG, marketed by Mac & Mei (Nigeria) was purchased from a regular 

foodstuff market, Ikotun Market, Lagos, South-west, Nigeria after a market survey, which placed 

it ahead of other brands based on sales volume and popularity among the customers.  

The common purple onion, Allium cepa bulbs were also purchased from Ikotun Market, Lagos, 

Nigeria. Equal-sized bulbs were selected for this study. Just before use, the outer scales of the 

bulbs were carefully removed and the brownish bottom plates were scraped away without 

destroying the root primordia. The bulbs were then placed in tap water to protect the primordial 

cells from drying up.  

Twelve replicate bulbs to be used for each concentration were grown in water to ensure proper 

root formation as described by Friskesjo (1987; 1995). After 72 hours, the best ten bulbs in terms 

of root growth were selected and exposed to the following test concentrations - Water only 

(control); 0.25g/l; 0.5g/l; 0.75g/l; 1g/l; 2g/l; 5g/l; 10g/l; 15g/l and 20g/l of the test samples (the 

high concentrations are to verify the safety of people who use MSG in large quantities especially 

for raw dishes like salads). 

The experiments were maintained in stable conditions. The roots were protected from direct 

sunlight by planting them in test tubes in a carton in order to minimize fluctuation of the rate of 

cell division. The test solutions were replaced daily with fresh solutions throughout the 

experiment.  

At the end of 48 hours, 2 root tips from 5 onion bulbs per concentration were harvested and fixed 

in ethanol:glacial acetic acid (3:1) for 24 hours. After which the root tips were processed for 

cytological study by the conventional aceto-orcein squash technique: the root tips were 

hydrolyzed in 1 normal hydrochloric acid (HCl) for five minutes to soften the tissue. Two root 

tips were then macerated on each slide and stained with aceto-orcein stain for 20 minutes. The 

macerated and stained root tips were covered carefully with cover slips to exclude air bubbles. 

The cover slips were then sealed on the slides with clear fingernail polish as suggested by Grant, 

(1982). This is to prevent drying out of the preparation by the heat of the microscope (Sharma, 

1983).  

Five slides with two root tips per slide were prepared for each concentration and analyzed for 

induction of chromosomal aberrations. A total of 1000 cells were scored per concentration and 

the mitotic activity, rate and kind of aberrations were scored using five replicates for each 
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concentration. The mitotic index (MI) was calculated as the number of dividing cells per 1000 

observed cells. The frequency of aberrant cells (%) was calculated based on the number of 

aberrant cells per total cells scored at each concentration. The significance between the mean 

results and control was determined by t-test. Dose response relationships were determined from 

the correlation and regression coefficients and the corresponding regression lines for MI, 

abnormal cells and cells with other mitotic abnormalities. 

The root length of onion bulbs from each concentration was measured on day 4 (96 hours) (Plate 

1) of the experiment using a calibrated ruler. The mean root length of each concentration was 

calculated as a percentage of the control. EC50 value (the Effective Concentration where root 

growth amounts to 50% of the controls), was determined from a plot of root length (% of 

control) against the sample concentrations using a Microsoft Excel computer programme. The 

effect of each concentration of MSG on the morphology of growing roots was also examined.  

 

RESULTS  

In the Allium test, parameters such as root shape and growth, frequencies of mitosis and 

abnormal cell division can be used to estimate the cytotoxicity, genotoxicity and mutagenicity of 

environmental pollutants and chemicals (Nielson and Rank, 1994). 

Macroscopic parameters – root growth (length) and form were evaluated for general toxicity. 

The root length was directly proportional to concentration and so reduced as concentration 

increased as shown in Table 1. At 15g/l and 20 g/l, there was completed growth inhibition as the 

roots that had earlier sprouted wilted by day 2 of exposure. The root growth retardation is 

concentration dependent with an EC50 value of 8g/l as shown in Figure 1. 

Some root malformations were noticed as shown in Plate 2. Crochet hooks and broken roots 

were noticed at 0.75g/l, 2g/l and 10g/l concentrations respectively.  Most of the roots at high 

concentration had translucent white roots.  

The results of the microscopic effects are summarized in Table 1. The mitotic index decreased 

with increase in concentration and positively correlated to the root length, which followed the 

same trend. No aberration was recorded in the chromosome of A. cepa exposed to the control 

(water). MSG induced chromosomal aberrations recorded in the study as shown on Plate 3 A - H 

are nuclear lesion; binucleate cells; star metaphase sticky chromosome; chromosome bridge; 

spindle disturbance at prophase, early metaphase and spindle disturbance at prophase among 

others. Stickiness was noticed more in 0.5, 0.75 and 1g/l concentrations while multiple nuclei 

were more at higher concentrations. C-mitosis, bridges and multipolar anaphase did not follow a 

particular trend.  

 

DISCUSSION  
Inhibition in root growth was considered a toxicity indicator since it may result from a certain 

inhibition of cell division (Fiskesjö, 1995; Odeigah et al., 1997a). Inhibition of root growth 

indicates retardation of growth and cytotoxicty, while root wilting suggests toxicity (Grant, 1982; 

Odeigah et al., 1997b).This study provides evidence that MSG inhibited root growth and caused 

growth retardation as the root length was directly proportional to concentration and reduced as 

concentration increased. The roots that earlier sprouted wilted by day 2 of exposure to 

concentrations of 15g/l and 20 g/l. Nevertheless, both growth retardation and root wilting as seen 

in the 10g/l concentration was accompanied by suppression of mitotic activity and occurrence of 

chromosomal aberration.  

The percentage aberrations were positively correlated with concentration which agrees with test 

results from Ashaolu et al., (2011) and Eweka et al., (2010), who assert that both dose and 

concentration produce significant effect on hematological and histological parameters of rats 

respectively. Results from Egbuonu et al., (2009), prove that low concentrations of monosodium 
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glutamate could be hepatotoxic. These findings suggest that MSG, despite its flavouring 

functions in dishes, is detrimental to health.  

Farombi and Onyema, (2006), worked on the modulatory role of vitamin C, vitamin E and 

quercetin and found that they were effective at ameliorating the effects of MSG. Ibrahim et al., 

(2011) was also able to restore the MSG-induced hepatic histopathological alterations to near 

normal with the vitamin C treatment and so argues that MSG is safe for consumption.  

 

CONCLUSION 

MSG induces mitotic abnormalities in Allium cepa as shown in the results of this study. This 

suggests that MSG poses a genotoxic risk. Further studies aimed at determining the quantity safe 

for human consumption is therefore highly recommended. It is also necessary to be careful in the 

use of MSGs as flavour enhancers as some earlier studies show some form of toxicity even at 

low concentrations. It is highly recommended that caution be taken in the use of any brand of 

MSGs especially in high concentrations and raw dishes.  
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Plate 1 A - F: Allium test with Monosodium glutamate after four days (96 hours) of growth. 

(A) – Control (water only); (B) - 0.5g/l; (C) - 0.75g/l; (D) - 1g/l; (E) - 5g/l and (F) - 10g/l). 
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Figure 1: Growth response curve of Allium cepa roots in relation to control after exposure to 

varying concentrations of Vedan, a brand of monosodium glutamate. (EC50 = 8 g/l).  
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A               B     C      D      

Plate 2 (A-D): Some macroscopic effects on Allium cepa roots exposed to various MSG 

concentrations. 

(A) – Normal roots (from a control bulb); (B) – Crochet hooks (0.75g/l concentration); (C) – 

tumour (2g/l concentration) and (D) – Broken roots (10g/l concentration) 

 

 

        
  A   B   C   D 

      
E    F   G   H 

Plate 3 A - H: Chromosomal aberrations induced by Monosodium Glutamate (MSG) in root tip 

cells of Allium cepa.  

(A) Nuclear lesion; (B) Binucleate cell; (C) Star metaphase and Binucleus; (D) Sticky 

chromosome; (E) Chromosome bridge; (F) Spindle disturbance at prophase, (G) Early metaphase 

and (H) Spindle disturbance at prophase. 
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Table 1: Effects of treatment with different concentrations of Vedan brand of Monosodium 

Glutamate (MSG) 

 

Treatment 

Conc (g/l) 

PHENOTYPIC INDICES CHROMOSOME ABERRATIONS 

Root  

length 

(% of  

control) 

Mitotic 

index  

No  

of 

cells 

Stick 

-iness 

C-

mitosis 

Multiple 

nucleus 

Bridge  

frag- 

ments 

Multi 

polar  

anaphase 

%  

Aber- 

ration  

+ SD 

0 (Control) 100 57.6 500 0 0 0 0 0 0 

0.25 95.9 48.8 500 8 0 5 3 2 4.0+0.2 

0.5 87.8 46.3 458 12 0 3 5 0 4.1+ 0.4 

0.75 75.7 46.1 424 15 1 5 0 1 5.1+0.6 

1 73.0 35.0 412 10 0 8 6 4 7.8+0.6 

2 63.5 33.5 383 8 2 10 4 0 6.7+1.1 

5 60.8 25.3 379 7 2 10 4 1 6.3+0.1 

10 43.2 14.2 312 8 0 18 7 0 10.4+0.7 

15 0  0 0 0 0 0 0 0 0 

20 0  0 0 0 0 0 0      0     0 
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ABSTRACT 

The present study was carried out to determine the haematology, biochemical analysis 

and proximate composition of Nile Tilapia (Oreochromis niloticus) captured from the 

wild and those reared on a farm. Three (3) different sizes (small, 4.0-5.0cm; medium, 6.0-

7.0cm and large, 9.0-10.0cm) of live Oreochromis niloticus were collected both from 

Remmy Fish Farm at Isolo, Lagos and another set from the wild in Lagos Lagoon. After 

two weeks of feeding in experimental tanks, blood samples were collected from both the 

live farmed specimens from the tanks and the wild. The carcasses were examined for 

proximate composition. The haematological parameters for farmed Nile tilapia had a 

higher level of erythrocytes (6.98 ± 8.28 gL
-1

), haemoglobin (10.52 ± 3.09 gL
-1

), 

haematocrit (31.85 ± 20.22) than those of the wild Nile tilapia. The biochemical 

parameters showed higher values in farmed tilapia than in the wild, however there were 

no significant differences (p>0.5). The result of the proximate composition showed 

farmed tilapia having values of protein, fat, carbohydrate and energy higher than the wild 

stock. However, the wild tilapia had higher values of moisture, ash and crude fibre 

greater than the farmed tilapia. This suggested that farmed Nile tilapia is better in terms 

of nutrition and health than the wild Nile tilapia from Lagos Lagoon. The stress posed by 

anthropogenic activities on the biodiversity of a tropical lagoon as the Lagos Lagoon is 

further revealed. 

 

Keywords: Nile tilapia, haematology, proximate analysis, parameters, farmed, wild 

 

 

INTRODUCTION 

In recent times, there have been increased decline in supply of fish as productions from capture 

fisheries no longer meet the current demand (Gabriel et al., 2007). However, with this steady 

decline in capture fisheries, aquaculture is a readily veritable tool in the provision of fish to 

augment the protein need of people who depend a lot on supply from capture fisheries (Phillay 

and Kutty, 2005; Stickney, 2005). 

Tilapias, alongside with the mud catfishes are excellent candidates for aquaculture. Although the 

catfish, Clarias gariepinus is more commonly cultured than tilapias in most farms in a country 

like Nigeria, yet there is need to begin to explore other candidate fishes due to certain demands 

by consumers. Many consumers prefer scaly and less fatty fish like the tilapias, rather than the 

scaless and fatty catfishes (Personal observation). In aquaculture, tilapias show excellent growth 

rates on low protein diets. They tolerate wide ranges of environmental conditions; they also show 

little susceptibility to disease and are amenable to handling and captivity. They have a short 

generation time and breed in captivity. Most important of all, they enjoy wide acceptance as fish 

food because of their high palatability and history of use from inland fisheries (Usman et al, 

2013). According to Green (2006), the most commonly farmed tilapia is the Nile tilapia and its 

various hybrids. Over 80% of Nile tilapia is currently produced from Aquaculture (Ahmed, 

2013).  

The present study is to examine the haematology and proximate composition of the nile tilapia, 

Oreochromis niloticus from the wild and those in a cultured condition, to ascertain the health 

status of the fish in the wild and the benefits from consuming the fish.   

mailto:soyinka.olufemi@gmail.com
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METHODS 

Collection of Specimens 

Three (3) different sizes (small, 4.0-5.0cm; medium, 6.0-7.0cm and large, 9.0-10.0cm) of live 

Oreochromis niloticus were collected both from Remmy Fish Farm at Isolo, Lagos and another 

set from the wild in Lagos Lagoon. The live specimens were transported in oxygen bags from 

point of collection and transferred into rectangular glass tanks at the Aquaculture unit, Marine 

Research Laboratory, University of Lagos. 

 

Laboratory Procedures 

Experimental Set-Up: The specimens were acclimatized in separate rectangular glass tanks 2/3 

filled with clean freshwater for 5days at the Aquaculture unit. After acclimatization, the fishes 

from the farm were placed 10 per tank in five rectangular water tanks for the different sizes 

separately. The live specimens were fed coppens feed during the observations. 

 

Length And Weight Measurement: The total length (TL) was measured for all specimen from 

the tip of the snout to the end of the caudal fin, while the fork length (FL) was measured from the 

tip of the snout to the forked end of the caudal fin. The length was measured to the nearest 0.1 

centimeter with a meter rule. The total weight of the fish was taken on a ‗sartorious‘ top loading 

balance (Model: 11062608053) to the nearest tenth of a gram. 

 

Water Quality Parameter Determination: Physico-chemical parameters were determined. The 

temperature was measured using a simple mercury-in-glass thermometer. Dissolved oxygen of 

water samples was measured using Jenway DO meter (Model 4310). The pH value was 

determined using Jenway Hanna pH meter (Model, HI 991301). 

 

Proximate Composition Analysis: At the termination of the study, large sized fish were taken 

from the farm and the wild tilapia stocks; were weighed and frozen for final body composition 

analysis. Proximate analysis of body water, protein, lipid and ash were performed according to 

standard AOAC (2012) methods. The proximate composition of the coppens feed used during 

the feeding is presented in Table 1. 

 

Blood Sample Analysis: After two (2) weeks of experiment, samples of blood were taken from 

the large-sized stock of the Nile tilapia from the wild and farmed ones. They were not fed for 24 

hours before the samples were collected and they were not anaesthetized so as to avoid it from 

impacting on the important chemical parameters of the blood sample. Haematological profile of 

culturable fish species have been studied with the aim of establishing normal value ranges with 

respect to sex, age, and physiological conditions (Gabriel et al., 2007). The blood samples were 

used for determining erythrocyte count and haemoglobin count. Haematocrit values (Hct) were 

calculated according to formulae (Britton, 1963; Dacie and Lewis, 1984). 

Blood from the caudal fin were collected using a 2ml syringe and an Ethylene diamine tetra-

acetic (EDTA) bottle which has an anticoagulant effect on the blood. The two samples were 

taken to the Biochemistry Department of the Lagos State University Teaching Hospital (LUTH) 

for analysis. 

 

RESULTS 

Physico-Chemical Parameters 

Water temperature ranged from 28.0
o
C to 29.5

o
C; pH ranged from 6.9 to 8.1, while the dissolved 

oxygen ranged from 7.0mg/l to 8.0mg/l  
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Proximate Composition 

The result is shown in Table 2. It showed that body moisture, ash, protein, fat, carbohydrate, 

crude fibre and energy were not significantly affected (P<0.5). Although protein content in the 

flesh of farmed tilapia was slightly higher, fat content and carbohydrate were relatively similar in 

both stocks. The wild tilapia had a higher crude fibre level, while the moisture and ash content 

were not significantly different. The flesh of the farmed Nile tilapia had higher energy content.  

 

Haematological Parameter 

In Table 3, it could be seen that Erythrocyte (RBC), Haemoglobin (Hb) and Haematocrit (Hct) 

levels in the blood sample collected from wild Nile tilapia were lesser than the values for the 

farmed tilapia. The blood indices calculated in the table showed that Mean Cell Volume (MCV), 

Mean Cell Haemoglobin (MCH) and Mean Cell Haemoglobin Concentration (MCHC) were 

higher in cultured Nile tilapia. 

 

Biochemical Parameters 

In this study the biochemical parameters (Table 3) such as the plasma glucose concentration 

showed higher value in farmed Nile tilapia (60.32 ± 20.20) than wild Nile tilapia from Lagos 

Lagoon (54.62 ± 15.32). There was no significant difference in plasma total protein for both set 

of fishes (3.06 ± 0.65 and 3.01 ± 0.57 respectively), while the total lipid was higher in cultured 

tilapia (6.53 ± 0.47) than wild Nile tilapia (5.29 ± 0.47). 

 

DISCUSSION 

The present study showed that the high protein concentration feed (Coppens starter feed) helped 

to improve the growth, haemotological and biochemical parameters of cultured Nile tilapia as 

compared to the wild stock collected from Lagos Lagoon. The result showed that Nile tilapia 

reared on the farm benefited from the good water quality parameter and high protein feed to 

boost its growth, haemotological and biochemical parameters.   They were constantly aerated on 

the farm increasing the dissolved oxygen level, monitoring the water parameters (pH, and 

temperature) and constant changing of water, hence they showed a significant high growth rate, 

feed intake and conversion. This factor is the reason why they show better flesh composition and 

haematological parameters. Also fish from the wild are affected by the environmental conditions 

of salinity (Altinok and Grizzle, 2001) as experienced by the fish in the Lagos Lagoon. He 

suggested that the greater energy expended in maintaining the osmotic balance causes greater 

demand on the thyroid gland, resulting in insufficient hormone for growth. Thus the farmed 

stock had an advantage in this regard. 

Also, Job (1969) showed that there existed optimal environmental conditions at which a high 

metabolic rate occurs and thus growth is possible. Water pollution has become a global problem 

in the world. Some essential trace elements for animal life such as copper are continuously 

increasing in water which may result in toxic effect on aquatic life, including fishes (Akan et al, 

2012). Also, the influx of pollutants such as toxic wastes, into the Lagos Lagoon from industries 

and land based sources caused substantial level of tissue burden on wild Nile tilapia, which in 

turn causes reduction in food intake, increases metabolic cost and poor food intake (Chukwu, 

2002) 

The present study showed that fish reared on the farm showed higher RBC, Hb, Hct than the wild. 

The decrease in these parameters in Nile tilapia from Lagos Lagoon might be due to the 

destruction of mature RBC and inhibition of erythrocyte production due to reduction of haemo-

synthesis that are affected by pollutants (Wintrobe, 1978). Also the decrease in RBCs count may 

be attributed to haemolytic crisis in most veritable including fish species exposed to different 

environmental pollutants (Khangrot and Tripathi 1991) or may be attributed to reduction of 

growth, and other food utilization process (James and Sampath, 1999). The calculated blood 
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indices MCH, MCV, MCHC have a particular importance in anemia diagnosis in most animals 

(Coles 1986). The perturbations in these blood indices may be attributed to defense against 

pollutant through the stimulation of erythropiosis or may be related to the decrease in RBCs, Hb 

and Hct due to the exaggerated disturbances that occurred both in metabolic and hemopoletic 

activities of fish exposed to pollutants (Moussa, 1999). The glucose level which was quite low 

compared to cultured Nile tilapia is a sensitive reliable indicator of environmental stress 

(Moussa, 1999). 

The values of the proximate analysis of the flesh obtained from Nile tilapia reared on farm and 

captured from wild are in agreement with those described by Adam and Keji (2011). They both 

showed high level of body moisture, low level of ash, but farmed tilapia had a relatively high 

body protein which is attributed to the high protein concentrate fed they were cultivated with 

(Patrick et al, 2006). The level of body fat though higher in culture Nile tilapia was not very 

significant (p>0.5) as they both fell into the same range.  Carbohydrate content of the flesh is 

quite similar but crude fibre was higher in wild Nile tilapia from Lagos Lagoon which may be 

attributed to the feed material present naturally or artificially in the Lagos lagoon. Energy 

content is quite similar. The result showed that culture Nile tilapia is probably more nutritious 

than the flesh of wild Nile tilapia from Lagos lagoon. 
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Table 1: Proximate composition of coppens starter fish feed  

Components  Composition (%) 

Protein 45- 56 

Fat 10.4 – 15.5 

Crude fibre 0.4 – 1.3 

Ash 7.3 – 9.0 

Total phosphorus 1.3 – 1.5 

Vitamin A 22,500 IU/kg 

Vitamin D3 2,500 IU/kg 

Vitamin E 200mg/kg 

Vitamin C (stable) 300mg/kg 

Gross energy 20.5MJ – 4.9Mcal 

Digestible energy 19.1 MJ – 4.6Mcal 

Metabolisable energy  15.9MJ – 3.8Mcal 

Calcium 0.7 – 18 

Source: Patrick et al, (2006) 

 

Table 2: Proximate analysis of farmed and wild Nile tilapia (Oreochromis niloticus).   

Group Moisture Ash Protein Fat CHO C. Fibre Energy 

Farmed 

tilapia 

23.80 2.20 32.26 6.80 33.45 1.50 324.02 

Wild tilapia 23.90 2.30 31.22 6.32 33.42 1.87 323.52 
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Table 3: Mean haematological and biochemical parameters of wild and cultured Nile 

tilapia (Oreochromis niloticus). 

Parameter Cultured Nile Tilapia Wild Nile Tilapia 

Erythrocytes (RBCs) (10
6
/mm

3
) 6.98 ± 8.28 5.62 ± 9.34 

Haemoglobin (HB) (g/dl) 10.52 ± 3.09 8.76 ± 8.05 

Haematocrit (Hct) (%) 31.85 ± 8.45 30.02 ± 0.50 

MCV  148.80 ± 153.19 101.04 ± 2.23 

MCH 40.74 ± 34.19 36.40 ± 6.68 

MCHC (%) 35.24 ± 14.92 24.02 ± 5.19 

Glucose (mg/dl) 60.32 ± 20.22 54.62 ± 15.32 

Total protein (g/dl) 3.06 ± 0.65 3.01 ± 0.57 

Total lipid (g/dl) 6.53 ± 0.47 5.92 ± 0.57 
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ABSTRACT 

The in-vitro anti-tuberculosis activity of four novel copper(II) complexes (CuL1–CuL4)  

derived from Schiff base ligands obtained by condensation of 2-aminopyridine with 

substituted saliclaydehydes have been evaluated using the proportion method. These 

Schiff bases reacted as bidentate ligand to yield complexes of 1:1 (M:L). The compounds 

were characterized by elemental analysis, IR, 
1
H and 

13
C NMR, electronic absorption 

spectroscopy and molar conductivity. All the complexes have square planar geometry 

owing to their spectra behaviour. The molar conductance measurements reveal the 

presence of non-electrolytic complexes. Incorporation of the copper (II) centre into Schiff 

base ligand scaffolds enhanced their efficacy against Mycobacterium tuberculosis H37RV. 

When compared with first line drug isoniazid (INH) , they can be considered as a good 

starting point to develop new lead compounds for the management of tuberculosis. 
 

Keywords: 2-aminopyridine, Schiff bases, Copper (II) complexes, Antituberculosis, 

Mycobacterial tuberculosis.  
 

 

INTRODUCTION 

The high rate of mortality and co-morbidity of tuberculosis (TB) with HIV makes TB one of the 

greatest health problems in the world (Kwan and Ernst, 2011). Over the years, Mycobacterium 

tuberculosis (M.TB ) the causative bacteria for TB has acquired resistance to nearly all the first-

line anti-tuberculosis drugs such as isoniazid (INH), rifampicin, pyraziamide, ethambutol etc., 

making it difficult to treat the infection clinically. This drug resistance led to renewed interest in 

the search for new classes of compounds active against M.TB. Since the discovery of Cisplatin, a 

metal-based anti-cancer drug, the development of metal-based therapeutic agents have been 

actively pursued (Jamieson and Lippard, 1999). This includes development of new anti-

tuberculosis agents which is currently based on molecular modification of the existing 

compounds with anti-TB effect (Sriram et al., 2009, Hearn et al., 2009 ) and the screening of 

new classes of compounds active against M. tuberculosis (Tarallo et al., 2010, Joseph et al., 

2012, Nandi and Sankar, 2012). The search of metal based compounds require the use of ligands 

or metal ions with inherent biological activity which may be further tried for the target activity 

required. Schiff bases, particularly those from salicylaldehyde are reported to show antibacterial 

(Bayrak et al., 2009, Fasina and Dada, 2013), anticonvulsant (Pandey and Srivastava, 2009) and 

anti-tuberculosis (Utku et al., 2011) activities. In addition, the compounds function as excellent 

chelating ligands with transition metals ion (Abd El-Halim et al., 2011, Sakthilatha and Rajavel, 

2013). Schiff base metal complexes have been investigated as models for antibacterial (Sheeja 

Lovely and Chridtudhas, 2013), antifungal (Singh and Dhakarey, 2009) and anti-tuberculosis 

(Joseph et al., 2012) activity. Literature survey revealed the pyridine moiety as pharmacophore 

for the anti-tuberculosis activity (Lourenco et al., 2007), this prompted our investigation of 

compounds containing 2-aminopyridine as potential leads in the search for new anti-tuberculosis 

drugs. In this paper, we report the anti-tuberculosis activity of copper complexes of Schiff bases 

of 2-aminopyridine and substituted salicylaldehyde derivatives. 

mailto:tofefash@yahoo.ca
mailto:dueke4amaka@yahoo.co.uk
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METHODS 

All chemicals and solvents used were obtained commercially from Aldrich Chemicals Ltd and 

used without further purification. Melting points were determined on a Stuart SMP3 melting 

point apparatus and are uncorrected. The Infrared (IR) spectra were recorded on an FTS 7000 

series Digilab Win-IR Pro spectrometer equipped with a selenium ATR (attenuated total 

reflectance) accessory. 
1
H and 

13
C Nuclear Magnetic Resonance (NMR) were recorded on using 

deuterated chloroform (CDCl3) as solvent with TMS as internal standard on a Varian Mercury 

300 MHz spectrometer. Elemental analyses were performed with a Perkin-Elmer 2400 CHNS/O 

analyzer. Electronic spectra were recorded at room temperature using freshly prepared solutions 

of the Schiff bases on a Cecil Super Aquarius 9000 series UV-Vis spectrophotometer with a 1 

cm quartz cell. The quantitative determination of the metal ions was performed using Perkin-

Elmer Atomic Absorption spectrometer. Antituberculosis screening was performed at the Nigeria 

Institute of Medical Research (NIMR), Yaba, Lagos, Nigeria. 

 

Typical Synthesis of Schiff Bases 

A solution of aldehyde (0.20 mmol) in ethanol (10 mL) was slowly added to a stirred solution of 

2-aminopyridine (0.20 mmol) in ethanol (10 mL) with the addition of two drops of formic acid. 

The `mixture was heated to reflux at 60 
o
C for 6 h and then allowed to cool to room temperature. 

The precipitate formed was collected by filtration, recrystallized from ethanol-hexane (1:1) and 

dried over silica gel in a desiccator to afford the desired Schiff base (Dueke-Eze, et al., 2011).  

 

Typical Synthesis of Schiff Base Copper(II) Complexes 

A solution of copper (II) chloride (CuCl2.2H2O) (1.1 mmol.) in hot ethanol: water (5 ml, 

1:1(v/v)) was added to a solution of the Schiff base (1.0 mmol.) in hot absolute ethanol (15 ml). 

The resulting mixture was stirred under refluxed at 60 
o
C for 6h and allowed to cool to room 

temperature. The solid obtained was collected by filtration, washed severally with ethanol:water 

(1:1 v/v)and dried over silica gel in a dessicator  

 

Anti-Tuberculosis Study 

The anti-tuberculosis test activity was performed using the proportion method reported by 

Canetti et al., 1963 and modified by Adeleye et al., (2004). Lowenstein-Jensen (LJ) medium 

was prepared by blending freshly laid chicken eggs with mineral salt and 2% malachite green. A 

stock solution of the test compound in DMF (0.04 mg/ml) was prepared, filtered through 0.22 

μg pore membrane and diluted with LJ medium to give solutions with concentrations 0.4, 0.2 

and 0.1μg/ml. Each solution (7-10 ml) was poured into a sterile universal container and 

inspisated at 85
o
C for 45 min (LJ slope). Control experiments were set up using a growth media 

without the test compound and with the solvent. The LJ slopes were inoculated with 10
-2 

and 10
-

4 
CFU/ml of M.TB H37RV and incubated at 37

o
C for 28 days. The active compounds were further 

incubated for 14 days. INH was used as a reference compound. 

 

RESULTS  

Physical, Analytical and Spectroscopic Results of the Schiff Bases and the Corresponding 

Metal Complexes 

The Schiff bases L1-L4 were isolated in good yields from the condensation reaction of 2-

aminopyridine with salicylaldehyde (L1), 5-nitrosalicylaldehyde (L2), 5-bromosalicylaldehyde 

(L3) and 5-methoxysalicylaldehyde (L4) (Scheme I). Treatment of ligands L1-L4 with Cu(II) 

chloride gave complexes CuL1-CuL4 with a metal:ligand ratio of 1:1. The confirmation of the 

synthesized compounds was demonstrated by physical, analytical and spectroscopic data 

summarized in Tables 1-3. 

Anti-Tuberculosis Activity 
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The in-vitro anti-tuberculosis activity of the investigated compounds was evaluated against M.TB 

H37Rv at a concentration of 0.4-0.1 μg/ml on 10
-2

 and 10
-4

 CFU/ml of the standard strain using 

the modified proportion method (Adeleye et al., 2004). The results are presented in Table 4. The 

unsubstituted ligand (L1) and its metal complex exhibited no activity at all concentrations used 

and on both 10
-2

 and 10
-4

 CFU/ml of M.TB H37Rv. However, the nitro containing compound 

(L2) exhibited activity at all the concentration used. In addition, and its metal complex showed 

significant activity at 0.05 μg/ml when compared to the reference compound (INH) which 

showed highest activity at 0.2 μg/ml. The bromo substituted (L3) ligand show the same level of 

activity as the metal complex. Compound L4, the methoxy containing ligand exhibited increased 

anti-tuberculosis activity in the presence of metal ion on 10
-2

 CFU/ml at 0.4 μg/ml and 10
-4

 

CFU/ml at 0.2 μg/ml.  

 

DISCUSSION 

Spectroscopic Results of the Schiff Bases and the Corresponding Metal Complexes 

The IR spectra of the ligands (Table 2) show important band in the region 1595-1608 cm
-1

 

attributed to v(C=N) (azomethine) mode confirming the formation of the Schiff bases. This was 

further supported by a singlet observed at 9.34-9.53 ppm and 163.40 and 167.63 ppm in the 
1
H 

and 
13

C NMR spectra respectively. The metal complexes are soluble in common organic solvents 

such as DMF and DMSO. The low molar conductance values of the metal complexes reveal their 

non-electrolytic nature (Abou-Melha, 2008). 

 

IR Spectra of the Metal Complexes 

A study and comparison of the IR spectra of the ligands and the metal complexes suggest that the 

Schiff bases (L1-L4) act as bidentate ligands in nature with the azomethine nitrogen and 

phenolic oxygen as the two coordination sites. Diagnostic IR spectra bands of the ligands and 

their metal complexes are presented in Table 2. The characteristic absorption bands of the 

ligands occurred at 3331-3021 cm
-1 

, 1595-1608 cm
-1 

 and 1271-1286 cm
-1

 due to v(OH), v(C=N) 

and v(C-O) vibrations respectively. The band due to phenolic OH group disappeared in the 

spectra of the complexes indicating the involvement of oxygen of the phenolic group in 

coordination. In addition, a considerable shift was observed in the v(C-O) frequency as a 

consequence of coordination of the phenolic oxygen of the ligands to the metal ion (Tantaru et 

al., 2012). The band due to azomethine nitrogen atom of the Schiff bases shifted to either a lower 

or higher frequency at 1587-1614 cm
-1

 upon complexation indicating the involvement of the 

nitrogen of the azomethine group in coordination (Abdel-Latif et al., 2007). In all the spectra of 

the metal complexes, new bands appeared at 482-521 cm
-1

 and 444-477 cm
-1

 assigned to v(M-O) 

and v(M-N) vibrations respectively. This confirms the nature of the metal:ligand (1:1) formed 

and based on the spectroscopic and analytical data, square planar geometry was proposed for all 

the metal complexes as shown in figure (A). 

 

Antituberculosis Activity 

A comparative study of the Schiff bases and their metal complexes revealed that some of the 

complexes exhibited anti-tuberculosis activity over the free ligand. The observed increased anti-

tuberculosis of the some of the metal over the ligand and the reference compound (INH) is in 

agreement with most of the published work on biological assay of Schiff bases and their 

transition metal complexes (Tarallo et al., 2010; Joseph et al., 2012) and is based on increase in 

cell permeability. The lipid membrane which surrounds the M.TB cell favours passage of lipid 

soluble materials and metal complexes have high lipid character over the ligands (Siddappa and 

Sunilkumar, 2013).  

In general, the most active compounds against M.TB H37Rv are the nitro containing compound 

and its copper complex (L2 and L2A) which exhibited activity at lowest concentration 0.1 
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μg/ml and 0.05 μg/ml when compared with the reference compound which showed highest 

activity at 0.2 μg/ml. This result is in agreement with the findings of Solak and Rollas (2006) 

and Pandey et al. (2011), that the presence of a nitro group increased antimycobacterial activity 

of the Schiff base compounds. 

 

CONCLUSION 

The design and synthesis of new Schiff base Copper (II) complexes for antituberculosis study 

have been successfully demonstrated. The metal complexes showed enhanced inhibitory activity 

towards Mycobacterium tuberculosis strain compared to the free ligands. Compounds containing 

the nitro group (L2) and its metal complex (L2A) inhibited the growth of the organism at 

minimal concentrations compared to the reference compound (INH) and can be considered as a 

good starting point to develop new lead compounds for the management of tuberculosis. 
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Scheme I: Reaction scheme for the synthesis of Schiff bases L1-L4 

 

 
Figure A: Proposed structure for metal complexes. 

 

Table 1: Physical and analytical data of compounds L1-CuL4 

Compound Empirical formula 

(M.wt) 

% 

(yield) 

m.p (
o
C) Microanalysis cald (found) 

C H N Cu 

L1 C12H10N2O (198) 66 62-64 72.71 (72.33) 5.08 

(5.03) 

14.10 

(14.00) 

- 

CuL1 C12H15ClCuN2O4 (349) 54 164-166 41.15 

(41.66) 

4.32 

(3.94) 

8.00 

(8.12) 

18.14 

(20.55) 

L2 C12H9N3O3 (243) 46 182-184 59.26 (59.14) 3.73 

(3.56) 

17.28 

(16.96) 

- 

Cul2 C14H16ClCuN3O5 (405) 57 249-256 41.49 

(42.18) 

3.98 

(3.32) 

10.37 

(11.06) 

15.68 

(15.54) 

L3 C12H9N2OBr (277) 81 138-140 52.01 (51.96) 3.27 

(3.21) 

10.10 

(9.88) 

- 

CuL3 C12H10ClBrCuN2O2 (390) 62 289-295 36.66  

(38.41) 

2.56 

(2.50) 

7.13 

(7.25) 

16.16 

(16.67) 

L4 C13H10N2O2 (228) 75 82-84 68.42 

(68.32) 

5.26 

(5.28) 

12.28 

(12.14) 

- 

CuL4 C15H19ClCuN2O4(389) 53 208-209 46.16 

(47.01) 

4.91 

(4.55) 

7.18 

(7.98) 

16.28 

(16.91) 

M.wt = molecular weight (g/mol) 

 

Table 2: Characteristic IR and NMR bands of compounds L1-CuL4. 

 

 

 

 

Compound 

 

IR bands (cm
-1

) 

δTMS (ppm) 

HC=N 

 v(OH) v(C=N) v(C-O) v(C=N)py v(M-O) v(M-N) δH δC 

L1 3058 1603 1276 - - - 9.41 161.84 

CuL1 - 1595 1286 863 516 451 - - 

L2 3331 1595 1285 - - - 9.53 162.89 

CuL2 3311 1605 1247 850 482 444 - - 

L3 - 1608 1276 - - - 9.34 160.87 

CuL3 - 1587 1281 888 511 477 - - 

L4 3021 1598 1271 - - - 9.37 157.50 

CuL4 - 1614 1278 886 521 467 - - 
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Table 3: UV bands and molar conductance data of compounds L1-CuL4. 

 

 

Table 4: In-vitro anti-tuberculosis activity of Schiff bases and their metal complexes on M.TB 

H37Rv. 
Compound 0.4 y 0.2 y 0.1 y 0.05 

10
-2 

b 10
-4

 10
-2

 10
-4

 10
-2

 10
-4

 10
-4

 

L1 20 2 35 3 62 7 - 

CuL1 16 2 22 2 30 5 - 

L2 0 0 0 0 0 0 - 

CuL2 0 0 0 0 0 0 0 

L3 10 0 12 0 30 6 - 

CuL3 6 0 10 0 24 2 - 

L4 24 0 33 6 41 10 - 

CuL4 0 0 12 0 26 4 - 

INH 0 0 0 0 12 8 - 

Sensitivity values >= inactive, <1 = active; y is concentration in μg/ml ; b = CFU/ml 

 

 

Compound max (nm) Molar conductance 

(ohm
-1

cm
2
mol

-1
) 

 a b c d  

L1 268 303 358 - - 

CuL1 - 292 356 410 5.20 

L2 273 - 373 431  

CuL2  296 - 466 3.20 

L3 - 305 358 - - 

CuL3 283  349 425 6.80 

L4 - 305 365 - - 

CuL4 280 311 - 430 8.40 
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ABSTRACT 

The use of plants in trado-medical systems of many cultures have been subject of 

investigation in recent times; with a view to preserve by documenting the  indigenous 

knowledge of health-care system  and to provide necessary clue for further scientific 

investigations. Ethnomedical survey was carried out amongst the Kanuri, Karekare and 

Hausa-Fulani tribes of Yobe State, Nigeria. The information were gathered through the 

use of questionnaires and direct interactions with some well established traditional 

healers, forest guards and community leaders (age-range:45-88years). The current report 

showed that fifty-one (51) plant species belonging to 32 families have been used 

commonly and continuously by these tribes in the treatment of wide spectrum of ailments 

in man, as well as animals.  Most widely used amongst the plant families are leguminosae 

(Acacia nilotica, Acacia sieberiana, Acacia senegalensis, Parkia clappertoniana, 

Pilostigma reticulatum, Pilostigma thoningi, and Tamarindus indica), Combretaceae 

(Combretum glutinosum, Guiera senegalensis, Terminalia avicennoides and Combretum 

dalzielli),Curcurbitaceae (Mormodica charantia, Coccinia grandis, Cucumis sativus, and 

Cucumis melo) in the treatment of fever, diabetes, as anti-emetics, anti-diarrhea, 

aphrodisiac, urethra and skin infections. The report highlights the individual tribal names 

and mode of preparation of the plants that are common to these people. The remedies 

mostly contain single plant material in form of decoction, maceration, infusion or 

ointment, or a mixture of two or more. This preliminary report provides evidence of an 

age-long and continuous ethnomedical practices amongst the Kanuri, Kare-kare and 

Hausa-Fulani tribes of the state. This is the first report on ethnomedicine of these 

indigenous tribal people. 

 

Keywords: Ethnomedicine, medicinal plants, indigenous knowledge, Kanuri, Kare-kare, 

Hausa –Fulani. 

 

 

INTRODUCTION 

The study of indigenous health-care system is an essential phase in ethnomedical research. It is 

established that man had faced varying health challenges over the centuries and have had to 

explore his environment for ingredients in plants, animals, insects and minerals (Sofowora, 1982; 

Amrits, 2007). Remedies for different health conditions were developed overtime in different 

cultures of the world depending on their climatic, phyto-geographic and socio-cultural typologies. 

It is likely that the profound knowledge of herbal remedies in traditional cultures were developed 

through trial and passed from one generation to another (Rastogi aand Dhawan, 1982; Gurib-

Fakim, 2005). Traditional healers provide the basic cores of the health care delivery in 90 percent 

of African rural populations, and in consideration of this fact, WHO is pursuing a coordinated 

approach to promote and encourage recognition of traditional medicine on one side, and 

encouraging modern trained doctors and pharmacists to study the methodology and recipes offered 

by indigenous healers (WHO, 1993).       

Nigeria's diverse flora offers a wide spectrum of unique medicinal plants (Dalziel, 1937).  In 

Nigeria, medicinal plants are used in many parts of the country to treat diverse diseases including 

respiratory diseases.   

mailto:chemibrabal@gmail.com
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Ethnomedical and ethnobotanical knowledge on some of these plants from different ethnic/tribal 

groups and cultures of the country have been reported (Gbile et al., 1991; Gill, 1992; Iwu, 1994, 

Obadoni and Ochuko, 2001; Tor-anyin, Shaato and Oluma, 2003, Mann, Gbate  Nda-Umar, 2003; 

Igoli, Igwue and Igoli, 2003; Adamu et al., 2005; Igoli, Ogaji, Tor-Ayiin and Igoli, 2005). The use 

of medicinal plants and plant products in the treatment of diseases is highly revered and preferred 

by all the strata of the communities in Yobe. Herbal shops are found everywhere in the cities in 

addition to those hawking their products in trolleys, temporary tents and vehicles. Despite the wide 

acceptability of herbal medicine in treatment of disease conditions, no comprehensive record is 

available regarding the ethnomedicine of the indigenous people of Yobe, though there are few 

reports on similar plants from the neighboring communities such as Hausa-Fulani of Bauchi state 

and Kanuri tribe in Borno state. The objective of the present study is to document the ethnomedical 

practices amongst Kanuri, Kare-Kare and Hausa-Fulani people of Southern Yobe state.  

 

METHODS 

Study Area: Yobe state is one of the six states that form the North East geopolitical zone of 

Nigeria. It shares interstate boundaries with Borno state to the east, Gombe sate to the South and 

Jigawa and Bauchi states to the west. Its northern border is shared with the Republic of Niger. The 

state consist of seventeen local governments and the main cities and towns in Yobe includes 

Damaturu (state capital), Potiskum, Gaidam, Buni yadi, Gujba, Gashua, and Nguru. Yobe state 

covers an area of 46,908.8 square kilometers and lies at latitude of 12
0
00 North and longitude of 

11
0
30 east. It has population of 2,321,339 (2006 census figures) and a population density of 31 

person per square kilometer (Fig 1 &2). The major ethnic groups living in Yobe sate are Kanuri, 

Hausa-Fulani, Kare-Kare, other ethnic group in the state includes Bade, Bolawa, Ngamo, Ngizim, 

Shuwa, Babur and Maga which are equally well represented in the state. There are six distinct 

modern languages that are indigenous to Yobe State-Duwai, Ngizim, Kanuri, Hausa, Fulfulde, 

Bade, Kare-kare, Bole and Ngamo (Schuh, 2003; 2004).
 

The survey was conducted between May 2013 and June 2014 at Damaturu, Gujba, and Kuka gadu 

area of Fika local government of Yobe state. Several visits were made to the selected traditional 

healers‘ home to enlighten them and to obtain their consent to work with the group, and much 

more importantly, to build their confidence in the project. The interviews were built on trust with a 

common aspiration to improve health-care situation in the country and to conserve the indigenous 

knowledge of health-care system of people of Yobe State. Traditional healers, forest guards, heads 

of households and adult members of the communities were interviewed. Interview of selected 

persons were conducted with the help of semi-structured questionnaire similar to the one described 

by Mann, Gbate and Nda-Umar (2003) and Igoli, Igwue and Igoli (2003). Information was also 

obtained from the healers, forest guards and other members of the community as to their age, 

gender, educational status,, occupation, what they thought of diseases and their medical preference. 

The healers were interviewed on plants used, diseases treated, method of collection and 

preservation of plants, formulations, mode of administration, and any precautions which is needed 

to be followed during medication period. Essentially, traditional healers, forest guards and 

community leaders provided answers to the questionnaires and the information provided here were 

corroborated by the adult members of the community. They also provided guidance for the field-

walk trips to the bush areas where they usually collect their medicines, pointed out the plants for 

collection and documentation, and discuss their various applications. The plants were duly 

authenticated by combined effort of technical staff of department of Biology (Botany Division) of 

Yobe State University and Directorate of Afforestation, Yobe State Ministry of Environment. 
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 Fig. 1               Fig. 2 

         Fig.  3         Fig 4 

                                                                                     The team in one of the forests with the traditional healers 

                                            

 

 

 

 

 

 

 

 

   Group picture at Baba Umar Tafida (Sarki Amale Jalam)  

   compound, Kukar-gadu in Fika local govt of Yobe state. 
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  Botanical 

Family 

Botanical Name Local Names Part Used Therapeutic 

Indications 

Ethnomedicinal 

Information  

1 Amaranthaceae Afternanthera 

sessilis (Lin) DC  

Eng: Sessil joy weed Root Aphrodisiac Powdered root of the 

plant plus the root of 

Loudetia phragmitoids, 

add root of 'Betobi' add 

to food and tea. 

Hau: Maikai dubu 

Kan: Dubulitilo kәla 

miyaa 

Kar: 

2 Anacardiaceae Mangifera Indica 

Lin. 

Eng: Mango Leaves Anti-Malarial & 

Typhoid, Liver 

diseases. 

Decoction of the leaves 

with guava leaves, lemon 

leaves, banana leaves, 

Neem tree leaves and 

leaves of Senna siamea 

taken orally. 

Hau: Mangwaro 

Kan: Mangulo 

Kar: Mangoro 

3 Anacardiaceae Sclerocarya 

birrea (A. Rich) 

Hochst 

Eng: Marula tree Stem/Bark 

  

 

 

Bark/Root             

Treat dysentry 

  

 

 

Diarrhoea 

 

 

 

Tooth ache 

Maceration of the stem 

/bark (overnight) taken 

three times daily. 

 

Decoction  of the 

stem/bark plus  bark of 

Ficus platyphylla taken 

orally. 

 

Decoction is taken orally. 

Hau: Danya 

Kan:  Malalea 

Kar   

4 Asteraceae Vernonia 

perrottettii 

Schultz-Bip ex 

Walp.  

Eng:  Whole 

plant 

   

 

 

Leaves, 

 

 

 

 

 

Root, 

leaves 

 Fever, 

 

 

  

Asthma. 

 Decoction of the whole 

plant with 

S.madagascariensis and  

P. thonningii  taken 

orally. 

 

Crushed leaves added to 

pomade, rub on the chest 

Hau: Burzu   

 

 

 

Ex-viginalis 

 

Gunshot wound 

 Decoction of the whole 

plants with potash taken 

orally. 

  

Maceration taken orally 

Kan:  Kaligi zәrәn 

Kar:  Mangwaro 

5 Bombacaceae Adonsonia 

digitata Lin. 

Eng:  Baobab tree Leaves diarrhea  

 

 

Animal 

fattening 

 

 

Pregnancy 

Powder of dry leaves 

taken orally to treat 

diarrhea. 

 

Chop into pieces and 

included in animal feed 

in fattening of animal 

Maceration taken for safe 

delivery. 

Hau: Kuka 

Kan: Kuka,kuwa Bark 

 

 

Root 

6 Burseraceae Commiphora 

africana (A. Rich) 

Engl.  

Eng: African myrrh Bark 

  

 Seed 

 

 Root 

Toothache  

  

 Fever 

 Embrocation/ 

Rheumatism, 

body pain. 

Decoction of the bark, 

gaggle regularly. 

 

Maceration of crushed  

leaves taken orally.  

Hau: Dashi, Biskiti 

Kan: Kafi, Kafikafi  

Kar:   

7 Burseraceae Commiphora 

kerstingi Engl.  

Eng:  Stem/Bark 

  

Vermifuge 

  

Powdered and soaked in 

water to drink. 

  
Hau: Ararrabi, 

Bazara 

Kan:  Kafi Karagabe 

Kar:  Hararrabi 

Table  1. Compilation of Ethnomedical Information on Medicinal plants used by Kanuri, Kare-

Kare and Hausa-Fulani People of Yobe State 

 

and Hausa  
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8  

Caesalpinaceae 

Cassia 

occidentalis Lin. 

Eng:  Negro Coffee, 

Senna 

Leaves Anti 

inflammatory 

Grind with red potash 

and rub at the inflamed 

part. 

Hau: Majanfari, 

Tafasar,  masar 

Leaves, 

Whole 

plant with 

root 

 Malaria fever 

  

  

Maceration of the whole 

plant taken orally. 

Kan: Kәli, kainowa 

Kar:  Majamfari 

9 Caesalpiniacea

e 

Tamarindus 

Indica Lin. 

Eng: Tamarin tree Root Rehydration 

&diarrhea 

  

  

 Rehydration 

(Hot season) 

Maceration of the root 

plus fruit of Adasonia 

digitata soaked and taken 

daily. 

Hau: Tsamiya Fruit 

  

  

Decoction of the fruit 

plus ginger/pepper taken 

orally. 
Kan: Tamsugu 

Kar:  

10 Capparaceae Capparis 

tomentosa Lam. 

Capparis 

corymbifera E. 

May ex Son. 

Eng:  Whole 

plant 

  

diarrhea in birds 

  

Chop into pieces and 

soak in water to treat 

diarrhea in birds. 

  

Hau: Haujeri 

Kan:  Zaji, Fido Root 

  

Knee joint pain 

  

powder and mix with 

cow butter and apply to 

the point of pain. 

  

Kar:  Dikzaba 

11 Cochlospermac

eae 

Cochlospermum 

tinctorium Perr. 

ex   A. Rich. 

Eng: Zea maize Root Yellow fever Root is soaked in water 

and taken twice daily. 

Hau: Rawaya, 

Balangade 

Leaves 

  

 Root 

Whitlow 

  

Veneral 

diseases, 

Dysmenorrhoea, 

epilepsy. 

Grind the fresh leaves 

and wrap the affected 

finger in the treatment of 

witlow. 

  

  As above. 

Kan: Masagwai 

Kar: Rawaya 

12 Combretaceae Combretum 

dalziellii hutch or 

C. fragrans  

Combretum 

adenogonium 

Steud. Ex A. Rich. 

Eng:  Leaves 

 

 

Kwashioko 

 

 

Dry leaves, powdered, 

add red potash to be 

taken in pap. 

Hau: Chiriri, Bakar 

T. 

Leaves 

  

  

 

 

Root 

 

Bark 

Anti emetic/ 

Oxytocic 

 

  

 

Yellow fever. 

  

Cystitis, 

Roundworm 

Powdered leaves plus 

powder of 'Yaadia' 

(Leptadenia hastata) to 

treat emetic in pregnant 

women and for safe 

delivery. 

Maceration taken twice 

daily. 

 

 As in above. 

Kan: Zәndi 

Kar: Jan zindi 

13 Combretaceae Combretum 

glutinosum Guill. 

Perr. ex  DC  

Eng:  Gum 

  

 

 

 Leaves 

and Bark 

 Root 

Toothache  

  

Leprosy, cough, 

deformation of 

limbs. 

 Apetiser, 

Jaundice 

Apply to the point of 

pain 

 Maceration of powder 

leaves, taken twice daily. 

  

As in above 

Hau: Kattagar, farar 

geza 

Kan:  Kadagar, 

kata'ar 

Kar:   

14 Combretaceae Guiera 

Senegalensis J. F. 

Gmel. 

Eng:  Leaves 

  

Fever 

 

 

Leprosy, 

diarrhoea and 

fever 

  

 Powdered dry leaves and 

add to pap. 

 

Maceration of the leaves 

is given twice a day to 

newborn babies of lepers 

as prophylatic or 

preventive medication  

Hau: Sabara 

Kan: Kasashi, 

kagashi 

Kar:  Masasadi 

15 Combretaceae Terminalia 

avicennoi Guill & 

Perr. Syn. 

T.schimperina 

Hochst 

Eng:  

Hau: Baushe   

Stem/Bark 

  

  

Leaves 

 

Cough, 

diarrhoea, sore 

throat 

  

 

 

Dysentry, 

wound dressing. 

Decoction of stem/bark  

plus the bark of   

Lonchocarpus laxiflorus 

with red potash  taken 

orally.    

 

Decoction of the leaves 

taken trice daily, powder 

Kan: Kәmanda   

Kar: Baushe 
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Root 

 

 

Induced 

abortion 

leaves applied to 

wounds. 

 

Decoction is used as 

arbortifacient.  

16 Commelinaceae Commelina 

benghalensis Lin. 

Eng: Wondering jew Whole 

plant 

  

  

Abdominal pain 

  

 

Powdered and taken with 

water or pap 

  

 

Hau: Balasa 

Kan: Ngәrgә chigube  

Kar:   

17 Commelinaceae  Commelina 

diffusa (Burm. F.)  

Eng:  Whole 

plant 

  

Leaves 

Yellow fever, 

sores,Burns, 

Oedema 

 Ophthalmia, 

yellow fever 

Boiled in cow butter and 

drink and take juice of 

the leaves. 

 

 Juiced or decocted. 

Hau: Hanjin rago 

Kan: Guninguna 

Kar 

18 Cucurbitaceae Coccinia grandis 

(Lin.) Voigt. 

Syn. 

Cucumis sativus 

Lin. 

  

Eng: Cucumber  Fruit, 

leaves 

  

 Correction of 

bad sight 

  

Eat raw fruit regularly 

and cook with the fresh 

leaves. 

  

Hau: Gwanduwa 

Kan: Ngurli karagabe 

Kar: Ribsau 

19 Cucurbitaceae Cucumis melo 

(Lin.)  

Eng:  Musk melon Fruit 

  

Chicken pox 

  

 

Pile, purgative 

  

Chop into pieces, soaked 

in water and drink. 

  

Chop into pieces, dry and 

soak in water.Taken 

orally. 

Maceration of the leaves 

taken orally for treating 

constipation. 

Hau: Guna 

Kan: Guna 

Kar: Guna 

20 Cucurbitaceae Momordica 

charantia Lin. 

Eng: Balsam pear Root 

  

 Root, 

fruit &see 

Itching 

  Purgative, 

Aphrodisiac, 

Hypertension, 

laxatives 

vermifuge 

Powdered add oil/cow 

butter and apply to the 

part. 

 Decoction or maceration 

of powder taken. 

Hau: Daddagu, 

Garafini 

Kan: Daddagә 

Kar: Randitabdo 

21  Fabaceae Lonchocarpus 

laxiflorus Guill & 

Perr.   

Syn. 

Philenoptera* 

laxiflora (Guill. 

& Perr.) Roberty 

Eng:   Fresh 

root 

  

 Anti-dote for 

snake venom 

  

 Chew the fresh root and 

swallow the juice after 

snake bite. 

  

Hau: Halshen sa'a, 

Farin -sansamii, Fura 

bawa. 

Kan: Gombi 

Kar: Gombi 

22 Fabaceae/Caes

al-pinioideae 

Bauhinia 

rufescens (Lam.) 

Syn.Piliostigma 

rufescens (lam), 

Bauhinia 

adansoniana 

Guill and Perrott. 

Eng:  Root 

  

Aphrodisiac 

Astringent  

Febrifuge  

Decoction of the 

powdered root of the 

plant with the root of 

Loudetia phragmitoids 

taken twice daily.  

Hau: Kargo, Na 

Allah 

Kan: Betobi, Sasa 

Kar: Jidben mandagai 

23 Fabaceae-

Mimosoideae 

Dichrostachys 

glomerata 

(Forsk) Chiov.   

Syn. 

D. cinerea (Lin) 

Wight et Arn. 

 

Eng: Sicklebush, Bell 

mimosa 

Leaves 

 Bark 

  

Bark/Root 

Anti-diarrhea, 

anti pyretic 

 Syphilis, cough, 

Headache 

Stomachic, 

Vermifuge, Cure 

elephantiasis. 

Maceration of the leaves 

plus cow milk and taken 

orally. 

Infusion of the root is 

used for treating  cough  

Powdered and decocted 

or fresh plants parts 

decocted and taken twice 

daily.  

Hau: Dundu 

Kan: Garwinna 

Kar:  Bagayi 

24 Fabaceae-

Mimosoideae 

Parkia biglobsa 

(Jacq.) R. Br. ex 

G. Don. f. 

Eng:  West African 

locust   bean 

Bark 

 

Urethra 

infection/pain 

Treatment of 

Powder and soaked in 

water taken orally. 

Powdered and apply in Hau: Dorawa 
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Kan: Runo, Ruwuno wounds. wound dressing. 

Kar: Runo 

25 Leguminosae Acacia nilotica 

(Lin.) Willd. ex 

Delile. 

Eng:  Nil Seed/Fruit 

 

 

Leaves 

 

Bark 

  

Diabetes, Tooth 

ache 

 

Anti-emetic 

 

Stomach ache   

  

Powder of succulent adds 

to food to treat Diabetes. 

 

Dry, powdered and add 

to pap to treat nausea. 

 

Decoction of the bark 

taken orally to treat 

stomach 

disorder/diarrhoea  

Hau: Bagaruwa 

Kan: Kangar 

Kar: Gabaruwa 

26 Leguminosae Piliostigma 

recticulatum 

(DC) Hochst. 

Syn. Bauhinia 

retuticulatum 

(DC), 

P.thonningii 

(Schum) Milne-

Readhard 

 

Eng: Monkey 

bread,Camel‘s foot 

tree 

  

Root 

 

 

Leaves, 

stem- bark 

  

  

Greenish stool 

in birds. 

 

Rheumatism, 

Ulcers, Fever. 

  

Maceration of the plant  

root plus the root of 

Walteria indica. 

Decoction of the leaves 

for treating fever, 

rheumatoids. 

 

Powdered leaves and 

stem bark for wound 

dressing. 

Hau: Kargo 

Kan: Kalur, ka‘al 

Kar: Kalar 

27 Leguminosae Acacia Senegal 

(Lin.) Willd. 

Eng:  Gum Arabic   

  

  

 

  

  Hau: 

Dakwara,Dokora 

Kan: Kolkol, Gәdәr 

Kar: Kolkol 

28 Leguminosae Acacia sieberiana 

DC  

Eng:  White thorne Root 

  

Bark 

  

 Aphrodisiac 

  

Pile, General 

body pain.  

 Root soaked in water 

and drinks. 

 

Maceration of the bark 

taken to treat pile. 

Hau: Farin-kaya 

Kan: Karamga 

Kar: Chancholi 

29 Leguminosae Tamarindus 

Indica Lin.  

Eng: Indian tamarin  Leaves 

 

 

 

fruit 

  

  

Root 

Skin infection 

 

 

 

Anti-poison, 

Laxative, 

antipyretic 

  

 Eye infections 

Decoction of the leaves 

is taken orally and bath 

several times daily for 

skin infections. 

 

Old fruit + "duban 'yeli" 

used to treat poison. 

 

 Maceration or decoction 

is taken regularly. 

Hau: Tsamiya 

Kan: Tamsugu 

Kar: Dami 

30 Malvaceae Gossypium 

arboreum Lin. 

Eng:  Tree cotton Seed 

 

 

Leaves 

  

Analgesic 

 

 

Blood purifier 

 

 Fried seed like 

groundnut and then 

grind, taken with food to 

relief pains. 

Soaked and pressed with 

water and drink. 

Hau: Shaashaaruwa 

Kan: kalәtan, kәndәr 

Kar: Shishi amu 

31 Meliaceae Khaya 

Senegalensis 

(Desr) A. Juss.  

Eng:  Dry zone 

mahogany 

Seed 

  

  

 Bark 

Eye and Ear 

infections. 

  

 Gonorrhea, 

fever, worm, 

stomach ache 

Break shell, peel and fry, 

press to extract the oil.  

 

Soaked in cotton wool 

for the treatment of ear 

infection. 

 Decoction of bark 

Hau: Madaci 

Kan: Kagam, Ka‘am 

Kar: Kagam,  

32 Moraceae Ficus 

gnaphalocarpa 

(Miq) A. Rich. 

 

F. exasperate 

Eng: Sand paper tree Root 

 

 

Bark 

Cough 

 

 

Malaria 

(Kulongu) 

Cut the root and collect 

the dropping water and 

drink. 

 

Boil with cow butter and 

Hau: Baure 

Kan: Tarmu 

Kar:  
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Vahl.  garlic and drink 

33 Moraceae Ficus polita Vahl. Eng:  Nil Seed and 

Leaves 

  

 

Malaria fever 

  

  

  

Seed and Leaves dried, 

powdered and add milk 

to treat malaria. 

  

  

Hau: Durumi 

Kan: Lita 

Kar: Durmi 

34 Moringaceae Moringa oleifera 

Lam. 

Eng: Horse radish Root 

 

 

Seed/leav

es 

  

 Leaves 

Anaemia 

 

 

Diabetes 

  

 Stomach ache 

Decoction of the root is 

taken orally to improve 

bood production 

Eat raw seed to treat 

diabetes or crushed 

leaves as tea. 

 Decoction of the root. 

Hau: Zogale 

Kan: Allam 

Kar: Zogale 

35  Myrtaceae Psidium guajava 

Lin. 

Eng: Guava Leaves 

  

  

  

Anti Malaria & 

Typhoid 

  

  

  

Decoction of the leaves 

with Mango leaves, 

lemon leaves, banana 

leaves, Neem tree leaves 

and Cassia siamea, taken 

trice daily. 

Hau: Goiba 

Kan: Gofa 

Kar: Gwaiba 

36  Olacaceae Ximenia 

Americana Lin. 

Eng:  Sourplum Leaves 

  

 Root 

 Bark 

Inflammed 

breast 

 toothache 

 Bladder 

infection 

 Cystitis 

Grind and rub the paste 

on the breast. 

 Decoction or 

maceration. 

  

  

Hau: Tsada 

Kan: Dadun 

Kar: Datun 

 37 Papilionaceae Indigofera 

pulchara Willd.  

Eng:  Black bunu Leaves 

  

  

 Whitlow 

  

 

Fresh leaves, heated, 

powdered and add to cow 

butter.  Insert the 

affected finger into the 

heated leaves at high  

temperature.  

Hau: Bakin bunu 

Kan: Alin 

Kar: Bakin bunu 

38 Poaceae Penissetum 

Pedicellatum 

Trin. 

Syn. P. 

polystachyon 

(Lin.) Schult. 

  

Eng:   Flower 

  

  

 

 Leaves 

Eye infection 

  

  

  

Astringen/ 

antiseptic 

Flower - when red, soak 

in small water and apply 

to infected eyes. 

  

 Fresh leaves are crushed 

to squeeze out juice, 

apply the juice to fresh 

wound and cuts. 

Hau: Yan'swa 

Kan: Fura 

Kar:  

39 Polygalaceae Securidaca 

longepedunculata 

Frer. 

Eng:  Violet tree Bark 

  

  

 

 

 

Root 

Stomach ache 

  

  

  

 

Menstrual 

disorders, 

cough, 

Rheumatism 

Chop the fresh bark into 

pieces and soak with 

bark of 'Marke' 

(Anogeissus leocarpus) 

'gamafada' Cassia arereh 

in water taken orally. 

  

Decoction of dry or fresh 

root. 

Hau: Sanya 

Kan: Gazawuro 

Kar: Sanya 

40 Rhamnaceae Zizipus 

mauritiana Lam.  

Eng: Jujube Leaves 

  

  

  

Toothache  

  Mouth sores, 

Wound healing, 

Blood tonic. 

  

Chew/powder the leaves 

and apply to the affected 

area. 

Decoction is taken for 

blood. 

 

Hau: Magariya 

Kan: Kusulu  

Kar: 

41 Rhamnaceae Zizipus 

mucranata Willd. 

Eng:  Bufalo thora Seed/Fruit 

  

Ringworm,  

  

  

Red fruit/seed  crushed 

fresh,  apply to the 

affected part by 

ringworm 

  

  

  

Hau: Magaryar kura 

Kan: Kusulu bultabe, 

Kusulu bina 

Kar: Awuyo mazanje 

42 Rhamnaceae Zizipus spina 

christi (Lin.) 

Desf. 

Eng: Christ throne Leaves 

 

 

Ringworm 

 

 

Grind the leaves with oil 

and apply to treat 

Ringworm. 
Hau: Kurna 

Kan: Kurna 
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Kar:  Kurna Bark 

  

Pile 

  

 

 Slimmer 

 

Powdered bark of the 

plant eating in food or 

drinks. 

  

 As in above. 

43 Rubiaceae Mitracarpus 

villosus (Sw) DC 

Eng:  Whole 

plant 

Eczema,  

Leprosy and 

fungus growth 

in the troat 

  

  

  

Juice of crushed plants is 

applied to the affected 

parts.                                     

Whole plant dried, 

powdered, add red 

potash, add cow butter, 

apply to the infected 

point. 

 

Powder and taken as tea 

or in food. 

Hau: Harwatsi, 

Gogamasu 

 

 

 

Whole 

plant 

 

Kan: Walwali, 

Arwali 

Kar:   

44 Sapotaceae Butyrospermum 

Parkii (G. Don) 

Kotschy.  Syn.  

Butyrospermum 

paradoxum, 

Vitellaria 

paradoxa* C. F. 

Gaertn. 

  

  

Eng: Shear butter tree Bark 

 

Seed/Oil 

  

  

Body pain, 

Fever, Arthrites, 

Rheumatism, 

skin  conditions 

  

  

 Powdered bark plus 

powder the bark of 

Sterculia setigera and 

bark of  Terminalia 

avicennoides,  mix with 

oil and rub for body pain. 

 Shea butter is applied 

topically. It is also 

steamed to relief nasal 

congestion. 

Hau: Kadanya 

Kan: Toso 

Kar:  

45 Sterculiaceae Sterculia setigera 

Del.  

Eng:  Karaya gum 

tree 

Bark 

 

 

Leaves 

  

Good health 

 

 

Anti 

hypertensive 

  

For general health 

maintenance soak and 

take the extract. 

Mimosa pigra leaves 

plus leaves of Sterculia 

setigera soaked in water 

and taken twice daily to 

treat High blood 

pressure. 

Hau: kukkuki, kukoki 

Kan: Sәgәwo 

Kar: Sokobi 

46  Sterculiaceae Waltheria 

americana Lin. 

Eng:  Root 

  

Aphrodisiac 

  

  

  

  

Root plus bark of desert 

date 'aduwa'(Balanite 

aegyptiacal) and root of 

'Gaude'(Gardenia 

aqualla, syn.erubscens), 

add potash; grind and 

sieve to be taken in food. 

Hau: Hankufa 

Kan: kәlakәla  bilu 

Kar:  Chaka'udau 

47 Ulmaceae  Celtis integrifolia 

(syn-celtis 

zenkeri) 

Eng:  Adolfi, Nettle 

tree 

Gum 

 

 

Leaves 

 

Cough 

 

 

Anti-emetic 

 

Boiled and taken twice 

daily to relief cough 

 

Leaves soaked in water 

and drink to treat 

vomiting . 

Hau: Zuwo 

Kan: Nguzo 

Kar: Gankilde 

48  Verbenaceae Vitex doniana 

Sweet. 

Eng: Black plum Bark Stomachache in 

Children 

 

Jaundice 

Dried and powdered to 

be taken in soup. 

 

Boiled with potash, taken 

orally 

Hau: Dinya 

Kan: Ngalibi 

Kar:  

49 Vitaceae Ampelocissus 

granti (Baker) 

Planch.       

 Syn. A. Africanus 

(Lour.) Merr.  

Eng:   Stem, 

Leaves 

  

  

  

  Weaning baby 

  

 Joint pain, bone 

setting and 

healing 

,menstrual 

cramp 

Powdered and to add 

cow milk to prevent 

diarrhea. 

  

  

Hau: Dinya, 

Inabii,Roogon daaji  

Gadaunia biri 

Kan: Mamman 

ngalibi 

Kar: 
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 Key: Eng-English; Hau-Hausa; Kan-Kanuri; Kar-Kare-kare 

RESULTS  

The present survey report shows that in the present study a total of fifty two (51) plant species 

belonging to thirty three families (32) were identified and collected with the respondents in Yobe 

state (Table1).  It highlights the botanical and vernacular names of individual plants according to 

the three tribal dialects, the part(s) used, therapeutic indications, mode of preparation and 

administration. The family Leguminosae had the highest number of plants prescribed (5) followed 

by Combretaceae family (4), while Curbitaceae, Fabaceae and Rhamnaceae had three each. The 

report highlights a total of seventy nine (79) prescriptions for forty nine (49) different health 

conditions.  

 

DISCUSSION                                                                                                                                                                                                                        

The unique value of ethnobotanical surveys of indigenous people of a community has been 

reported previously (Githens, 1949, Shellard, 1979, Sofowora, 1985).This study shows the 

existence of an age-long ethnomedical practices amongst indigenous people of Yobe, especially 

Kanuri, Kare-kare and Hausa–Fulani tribes. It also reveals the wide acceptability and continuous 

use of herbal medicine amongst these tribal people belonging to different strata of the society. 

Indeed, the majority of the people use these medications at one time or the other and this justifies 

the assumptions on the efficacy and safety of the plant materials used in the medicine. There are a  

number of reasons  why people prefer plant medications,  these includes ready availability, low 

cost, improved health after herbal treatment due to synergistic effect of complementary 

components, high cost and unavailability of synthetic drug in the rural areas. There are also cases 

of people who are already accustomed to and are comfortable only with traditional medications.  

The report also revealed that some of the plants are commonly used for the same disease 

conditions by the tribes, while in some plants different usages were obtained. It also showed that 

there are significant similarities in the ethnomedical formulations of indigenous people of Yobe 

and those reported in some of the northern states of the country. The study also revealed that a 

number of plants are only known with their Hausa names by Kanuri and Kare-kare tribes 

suggesting close cultural similarities.  The study also found that the understandings some of the 

traditional healers as regards some deadly and highly contagious diseases are vague and could be 

misleading, especially in conditions like tuberculosis, cancer, HIV/AIDS. 

 

Although traditional medicines are still practiced both in the rural and urban cities in Nigeria, 

accurate information on the plant based ethnomedical practices remains largely with older 

50 Vitaceae  Cissus 

quandrangularis 

Lin.  

Eng:Devil‘s 

backbone, bone setter 

 

Leaves 

 

Analgesic 

 Decoction of the leaves 

and stem taken orally 

helps control soft bones 

in children and lack of 

calcium in pregnant 

women. 

  

  

Hau: Daddori, 

Daafaaraa 

Kan: Diksama, 

Diksaba 

Kar:  

51 Zygophyllaceae Balanites 

Egyptiaca (Lin.) 

Delile. 

Eng: Desert date Bark 

 

  

 

Fruit 

  

 

 

 

 

Fruit/Root 

Aphrodisiac 

 

 

  

Laxative 

 Vermifuge, 

 

 

 

 

Emetic 

Rub the leaves ground on 

the scorpion bite spot to 

relief pain.  

 

To the bark, add root of 

Walteriicaa indica, add 

root of Gardenia 

erubiscens, add potash; 

grind and sieve to be 

taken in food. 

 

Decoction taken orally. 

Hau: Aduwa 

Kan: Chingo 

Kar:  Ajan 
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members of the communities as previously reported (Ene et al., 2010). Most of the elders 

interviewed have expressed concern that the indigenous knowledge of health care management is 

at the risk of extinction, this is because the younger generation are not keen about acquiring the 

knowledge owing to the parochial view that the practice is outdated. 

It is essential therefore that the government and the people in academia to strive harder to 

document and preserve this indigenous knowledge, so that the future generation could benefit from 

its potentials. Documentation of indigenous knowledge will be beneficial in general healthcare, 

agriculture and drug discovery research. Traditional medicine should be incorporated in primary 

health care of the country as currently demonstrated by some developed nations. 
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ABSTRACT 

This research was born with the passion of characterizing soil and water microbes 

according to their genetic information that can be found on the chromosomal DNA of the 

microbes. The soil and water sample were taken within the local community of Ede, very 

close to engineering village at conducive villa around Agbale Road Ede, Osun State. Both 

environmental samples were taken to the laboratory, and were made into serial dilutions. 

After this, inoculated into plates and covered with nutrient agar. It was then incubated, 

sub-cultured to give pure isolates. After these, their genomic DNA was extracted by 

alkaline lysis. It was then followed by the amplification of the extracted DNA. This was 

then subjected to gel electrophoretic analysis to determine their DNA banding pattern of 

which the photomicrographs of these patterns was taken, compared and analyzed 

genotypically to determine sequence of the DNA present. The result shows that the water 

and soil microbes responsible for these banding patterns were confirmed to be Bacillus 

species and E. coli which was then noted for the two environmental samples. This finding 

could be useful for the proper management and control of these microbes. 

 

Keywords:  DNA, genotyping, bacteria isolates, environmental samples, gel 

electrophoresis 

 

 

INTRODUCTION 

Genetic diversity of microbes can ultimately explain most phenotypic variability in bacteria, 

such as geographic distribution, host specificity, pathogenicity, antibiotic resistance, and 

virulence. As bacterial strains pose ever greater challenges to human health, including increased 

virulence and transmissibility, resistance to multiple antibiotics, expanding host spectra, and the 

possibility of genetic manipulation for bioterrorism, identifying bacteria at the strain level is 

increasingly important in modern microbiology. Fournier et al., (2004). 

DNA bands (fragments) can be generated by digestion of DNA with REs, DNA amplification, or 

by a combination of both. DNA amplification generates billions of copies of a genomic fragment 

and has many advantages, including sensitivity, speed, and applicability to a wide array of 

human specimens and environmental samples. Lo & Chan, (2006). REs precisely recognize and 

cut target DNA at a defined sequence, which makes enzymatic restriction an effective tool. 

Blakesley, (1987). 

The aim of this study is to type soil and water microbial isolates based on their DNA banding 

pattern. 

 

METHODS 

MATERIALS FOR CULTURE 

Petri dishes, Wire loop, Conical flask, Aluminum foil, Measuring cylinder, Weighing balance, 

Beaker, Bunsen burner, inoculums bottle, Spirit lamp, Screw cap test tubes, Inoculating chamber 

or Sterile bench, Bacteria enriched media(e.g. Nutrient Agar), Acetone/ alcohol, Cotton wool, 

Paper tape, Pipette, Autoclave, Incubator. 

 

Bacterial DNA Extraction and Amplification 

All needed reagents, pipettes, centrifuge, e-buffer, lysozyme solution, measuring cylinder, 

(10mg/ml in 10mmr3bcl, pH8) Sucrose 5% triton x – 100, 50mM EDTA, 10mM tris HCl 

mailto:dawgrace@yahoo.com
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(pH8.0) water bath stop clock sodium acetate volume of 100 μL containing 50 ng of template 

DNA, 200 μM of dNTP, 0.4 nM of each primer, buffer 1 (4mM MgCl2,0.4mM of each dNTPs) 

1.5 mM of MgCl2, and 2.5 U of Taq DNA polymerase. 

 

PROCEDURE 

Microbial (Bacteria) Isolation  

The methods of Natakus., 2007 & Saman., 2010 was adapted for this study.  

 

DNA Extraction Procedure  

The method of Jones & Bartlet., 2008 was adapted for this study 

For chromosomal bacterial DNA isolation the method of Hassan et al., 2012 was used in this 

study. 

 

Bacteria DNA Amplification Method 

For bacterial DNA amplification, the method of Wejun Li et al., (2009) 

The summary of the methodology is illustrated in the flow chart below.  

 

                       

       

 

                                                                                                                                                                                                                              

 

 

 

 

 

             

             

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1.  Flowchart for DNA isolation, extraction purification and amplification (Wenjun Li. et al., 

2009) GE- gel electrophoresis, CE- capillary  gel electrophoresis 
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RESULTS  

DNA Purification Result 

Protein expression was kept under tight control to prevent it from interfeering with the result. 

Absorbance: 260nm /280nm 

Sample amount:20µg/ml 

 

Genotypic Analysis Result 

Electrophoresis of the DNA, blaCTX-M and RAPD PCR products was carried out on 0.8 % and 

1.5% agarose gel at 100 V for 1 h respectively. Bands were viewed under ultraviolet light for 

photo-documentation. DNA bands were sized by extrapolation using 1kb and 100 bp DNA 

molecular weight markers. 

 

DISCUSSION 

Microbial Growth Report 

After incubation it was observed that the growth was much on soil culture plate compared to that 

of water. This is due to the fact that soil contains a lot of organic matter which act as a 

facilitating medium for the growth and sustenance of different microbes. Therefore soil is more 

susceptible to the breeding of more microbes than water which have little or no organic matter 

dissolved in it. Jussen et al, (2002). 

In the process of isolation it was also been observed that some isolate growth inhibits the growth 

of the other due to the production of various metabolite which are inform of  antibiotic in nature. 

This automatically leads to reduction in microbial growth causing few organisms to be isolated. 

Due to the antibiotic nature of the various metabolites, it tends to wipe out some microbes that 

are less resistant to their effect in and around the particular colony producing it. For example, 

many different antibiotics are produced by Streptomyces species isolated from soil.  

 

Appearance: The growth on both environmental samples appeared to be creamy and mouldy. 

Some were seen to be concave in shape with light edges, while some were seen to be cocci in 

shape in which it follows a regular pattern. 

 

Gram Reaction: They were all seen to be gram positive, some were suspected to be bacillus 

while others are between Staphylococcus aureus and E.coli sp. 

In this study, isolation, purification and genomic profiling of microbial life present in the two 

environmental samples (soil and water) were specifically carried out to determine the type of 

microbes present in these samples. 

The result starting with the DNA purification was gotten and recorded as tabulated in fig.2.0 

above. It was done to give the purity of DNA of each isolates together with their yields in 

nanomicro (nµ) yield.  

Purity is measurement of absorbance, although it could be argued that fluorescence measurement 

is easier, absorbance measurement is simple and requires commonly available laboratory 

equipment. All that is needed for the absorbance is a spectrophotometer with UV lamp, UV 

transparent cuvettes (depending on the instrument) a solution of purified DNA. Wilfinger et al, 

(1997). 

 

Absorbance readings were performed at 260nm (A260) where DNA absorbs light most strongly, 

and the number generated gives room for the estimation of the DNA concentration in the sample 

solution. To ensure that a useful figure was gotten at each stage, A260 was done within the 

instrument linear range (generally 0.1-2.0) DNA concentration was estimated by measuring the 

absorbance at 260nm, adjusting the A260 measurement for turbidity (measuring absorbance at 



9
th

 UNILAG Annual Research Conference and Fair                                                                                  Volume 3 

434 

 

320nm), multiplying by the dilution factor and using the relationship that an A260 of 1.0 

=50µg/ml pure ds DNA. 

Concentration (µg/ml) = (A260reading-A320readings) × dilution factor50µg/ml. This equation 

of concentration is as derived from Beer‘s Law. 

Total yield is obtained by multiplying the DNA concentration by the final total purified sample 

volume. 

DNA yield (µg) = DNA conc. × total sample volume (ml). 

However, DNA is not the only molecule that can absorb UV light at 260nm. Since RNA also has 

a great absorbance at 260nm, and the aromatic amino acid present in protein absorb at 280nm. 

Both contaminants, if present in the DNA solution, will contribute to the total measurement at 

260nm. In the light of this both contaminants were kept under tight control to ensure an accurate 

result. 

Good-quality DNA will have an A260/A280 ratio of 1.7-2.0 as can be observed from the 

purification result in fig.4.0 of this noble research.  A reading of 1.6 does according to Wilfinger, 

does not render the DNA unsuitable for any application, but lower ratios indicate more 

contaminants are present. The ratio can be calculated after correcting for turbidity (absorbance at 

320nm). 

 

DNA purity (A260/A280) = (A260reading-A320reading) ÷ (A280reading-A320reading) 

Strong absorbance around 230nm can indicate that organic compounds or chaotropic salts are 

present in the purified DNA. A ratio of 260nm to 320nm can help evaluate the level of salt 

carryover in the purified DNA. The lower the ratio, the greater the amount of thiocyanate salt is 

present, for example as a guidline, the A260/A320 is best if greater than 1.5. 

A reading at 320nm will indicate if there is turbidity in the solution, Another indication of 

possible contamination. 

Therefore, taking a spectrum of reading from 230nm to 320nm is most informative. Wilfinger et 

al., (1997). 

It can be observed from table 1 that despite the variation in isolates purity, some samples e.g. 

sample 15 and 6, 12 and 10, 9 and 3 are having more or less the same purity value. 

Also looking through the table some degree of closeness can be observed in the isolates DNA 

purification yield which was written in nanomicro yield (nµ) 

It can also be observed that the degree of DNA purity can be grouped into basically two broad 

categories in which 1.40-1.99 forms the major purity range while 1.27, 2.01 and 2.02 forms the 

minority range. 

It was observed that the number of yield also varied from 98 to 3175 nanomicro yield. 

Sample 17 can be seen to have moderate purity and at the same time produce the lowest yield in 

the table, while sample 16 can be seen to have the lowest value for purity and also have the 

highest value of yield. 

 

RAPD Profiling was used in this research to help distinguish between bacteria isolates by DNA 

fingerprinting. These isolates were primarily environmental and an indispensable means of 

livelihood for the biotic (living) community. Myers et al., (1993) 

Result in fig.2 A and B shows that the intensity of several bands varies according to the DNA 

bands of the recovered species. It can be observed that bacillus species was recovered as seen 

from the A part of the banding pattern while E.coli was seen to come into expression in the B 

part of the banding pattern. This pattern was observed to remain essentially unchanged at even 

100-fold template dilution. 

In accordance with the banding pattern result, we can see a number of base pair (bp) that shows 

the presence of both the Bacillus and E.coli in the sample. 
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Also the result shows that sample 2, 4, 7, 8, 11 with base pair 200, 100 and 50 are Bacillus sp., 

while sample 9, 10, 12 with base pair 250, 100 and 50 respectively are E. coli. 

Results presented here demonstrate that introduction of RAPD profiling in the genomic analysis 

of microbes can significantly simplify the process of screening large numbers of isolated 

microbes. However, the specific banding pattern that generate the unique DNA profile can easily 

be found in figure 2 (A) and (B). The research can therefore lead to the identification of different 

species that are present in a sample showing that it is the most informative banding pattern that 

can be used. 

 

CONCLUSION 

It can be clearly seen from this research that Bacillus sp and E. coli was confirmed to be present 

in this two indispensable environmental samples [Water and soil]. This particular act of tracing is 

known to be genotypic analysis. Then this kind of analysis can give rise to phylogenetic analysis 

through the method of gene sequencing and it is done by merely comparing  their gene sequence 

result of genotypic analysis with an existing data based software, which allow for easy 

classification and grouping of each organism into different strata and substrata in accordance 

with their genetic evolutionary trend. The group or strata can then be arranged to form a tree-like 

structure. This particular arrangement is known as phylogenetic tree. 

Finally going through all these, it can be deduced that this research is informative enough to 

ensure proper identification, management and control of both water and soil microbes. This 

research is also vital for various medical and pharmaceutical diagnoses in terms of microbial 

strain generated by the soil and water microbes. 
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Table 1:  Amount of purified DNA  in NanoMicro yield (nµ) 

S/N PURITY YIELD (nµ) 

Sample 1 1.60 98.3 

Sample 2 1.99 233.2 

Sample 3 2.02 268 

Sample 4 1.66 346.1 

Sample 5 1.50 224 

Sample 6 1.61 290.7 

Sample 7 1.40 147.5 

Sample 8 1.73 305 

Sample 9 2.01 131.7 

Sample 10 1.88 159.3 

Sample 11 1.90 149 

Sample 12 1.88 344 

Sample 13 1.54 194.7 

Sample 14 1.4 105 

Sample 15 1.61 330 

Sample 16 1.2 3175.7 

Sample 17 1.51 98.2 

Sample 18 1.95 306 

 

RAPD BANDING PATTERN RESULT –(as seen from gel electrophoresis) 

 

 

 

 

 

 

 

 

 

              Fig 2 (A): RAPD profile of Bacillus species recovered from the environmental samples 

 

 

 

 

 

 

 

 

 Fig 2 (B): RAPD profile of E. coli isolates recovered from the environmental samples 
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ABSTRACT 

The tensile properties of Dual Phase Steel (DPS)-duplex structure-produced by quenching 

in pre-heated bitumen have been investigated. Medium carbon steels intercritically heated 

at different temperatures and holding times were quenched in hot bitumen. Optical and 

scanning electron microscopy characterisation of the duplex structure revealed extensive 

network of fibrous martensite in a ferritic matrix with occasional presence of polygonal 

martensite. The duplex phase structure exhibited continuous yielding dynamics 

improving the tensile and hardness values by about 42 and 35%, respectively relative to 

the normalised structure. But, the elongation decreased by about 42 when compared to 

the normalised structure. These values are similar to those obtained in duplex structure 

produced using conventional oil quenching. These findings suggest that pre-heated 

bitumen can be exploited for the production of DPSs. 

 

Keywords: Duplex structure, fibrous martensite, intercritical annealing, tensile fractured 

surface 

 

 

INTRODUCTION 

In the last three and half decades, stringent energy/service economics and environmental 

considerations have necessitated the drive for the development of advanced steel materials with 

potential for lower carbon footprint discharge without sacrificing on the performance of 

conventional ferrite-pearlitic steels (Hall, 2011; WorldAutoSteel, 2011; Granbom, 2010; 

Tsipouridis, 2006). There are several grades of such better steels that have been developed and 

commercially available in the market ranging from transformation induced plasticity (TRIP) 

steels, high strength low alloy (HSLA) steels to dual phase (DP) steels all belonging to a class of 

steels called Advanced High Strength Steels (AHSSs)(Hall, 2011).  

 

Recently, however, advancement in these steels has focused mainly on the DPS because this 

grade of steel exhibits superior strength and plasticity relative to other high strength low alloy 

steels (Mazinani and Poole, 2007; Sun and Pugh, 2002; Xu et al., 2008). This is a new class of 

high- strength low-alloy steel having a microstructure consisting strong martensite and/or bainite 

colonies dispersed in a soft matrix of ferrite (Ghosh et al., 1991). Instances of the additional 

presence of retained austenite in the ferrite matrix have also been reported but this has not been 

shown to have significant influence on the improved properties of the material (Tayanc et al., 

2007; Bayram et al., 1999; Rashid, 1981). The martensite content in the steel which usually 

range between 15-25% coupled with its morphology influences the mechanical properties of the 

steel. But, irrespective of the distribution and forms of the martensite, the DPS is reported to 

exhibit continuous yielding with no yield point, lower yield strength/tensile strength ratio, higher 

initial strain hardening rate, uniform elongation and higher strain rate sensitivity with better 

fatigue resistance relative to conventional ferrite-pearlite plain carbon steel (Mazinani and Pool, 

2007; Bello, 2007; Bhattacharyya et al., 1993). These combinations of strengths and formability 

have made DPS very attractive to industries, particularly, the automobile sector; and there is 

mailto:mamuda@unilag.edu.ng
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indication that this could equally be extended to many other areas particularly those related to 

structural applications (Khamedi et al., 2009; ThyssenKrupp Steel Europe, 2008). The duplex 

structure in DPS offers the potential for combining the strength of conventional high strength 

low alloy steels with a formability approximating that of plain carbon steel.  

 

A major variable in the metallurgy and properties of DPS is the quenching medium through 

which the steel is produced (MacKenzie, 2011). This is majorly influenced by the viscosity of 

the medium. For instance oil (be it vegetative or synthetic) has a higher viscosity than water and 

as such, usually produce a DPS with better microstructural features and properties than water. 

Oil quenching therefore represents a more attractive process for producing DPS with improved 

properties than water quenching.  

 

But there are issues of environmental sustenance and bio-degradability associated with 

conventional synthetic oil quenchant which has motivated the drive for organic oils. While much 

success has not been reported with organic oil quenchant, there is still the need to develop 

alternative to the conventional synthetic oil quenchant. It is in the light of this that bitumen in the 

pre-heated state is investigated as a possible quenchant for the production of DPS from medium 

carbon steel.  

 

METHODS  

Preliminary Treatment 

The dark supercooled bitumen shown in Figure 1 was heated and melted in a stainless pot fired 

by a fossil fuel chamber to boiling point. Small quantity of about 20 ml was poured into a 

PENSKY MARTENS close-cup flash point tester with facility for temperature reading. The 

temperature at the point the orifice in the tester released a flash of fire was noted as 310
0
C and 

recorded as the flash point. This value is both lower than the boiling point (350
0
C) and flash 

point (378
0
C) values available in literature for bitumen obtained from fractional distillation of 

crude oil (Speight, 1992).  

 

Hot rolled carbon steel supplied as cylindrical rods of 12 mm x 1000 mm specification was 

cut-into coupon size of    12 mm x 80 mm long. The composition of the steel, as provided by 

the manufacturer and validated via in-house spectroscopy, presented in Table 1 in comparison 

with published data (Alaneme, 2010; American Iron and Steel Institute, 1995) show that the 

material belongs to the medium carbon steel grade.  The normalizing treatment was conducted at 

870
0
C for 45 minutes in a muffle furnace followed by air cooling.  

 

Intercritical Annealing Treatment 

The intercritical (A1 and A3) annealing temperatures for the coupons were estimated from the 

chemical composition using the empirical relationship provided by Gorni (2006), Leslie (1981) 

and represented by Khamedi et al. (2009). The lower and upper critical temperatures calculated 

using those empirical relationship were found to be 722.4 and 804.2
0
C, respectively. Therefore, 

the lower and upper temperature values of 730 and 810
0
C and their mid-point were used for the 

intercritical treatments at soaking times of 30 and 60 minutes. 

The coupons were subsequently intercritically treated at the various combinations of temperature 

and holding time listed in Table 2 and then rapidly quenched in hot bitumen maintained at a 

preheated temperature of 280
0
C. The surface of the quenched pieces was then cleaned off and 

then minimally ground to remove oxidised surface scales before metallographic preparation. 
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Microstructural and Mechanical Characterisation 

The treated coupons were prepared for microstructural evaluation by grinding successively in a 

series of emery papers while final polishing was done with 0.05 µm alpha agglomerated alumina 

suspension. Etching was conducted with 2% Nital solution for 5-10 seconds just before 

microscopic examination.  

 

Macrohardness of the coupons were evaluated using a Brinell hardness tester. Polished surface of 

the samples were indented with a load of 500gf until a permanent indentation was achieved. The 

diameter of the indentation was measured with a Brinell reading microscope and the 

corresponding hardness number was obtained from the conversion table. This test was repeated 

thrice and the average was taken as representative value. 

 

Tensile testing repeated thrice was conducted at room temperature on appropriately machined 

sample in an Instron machine rated 100 KN at a strain rate of 2 x 10
-3

s
-1 

in accordance with 

ASTM E8M standards (2013). The specifications of the tensile samples are a gauge diameter of 

4 mm, gauge length 10 mm and specimen length 40 mm. Morphological characterisation and 

fractography of the tensile fractured surface were conducted using scanning electron microscope 

in the secondary electron imaging mode at an applied voltage of 15 KV. 

 

RESULTS AND DISCUSSION 

Microstructural Analysis 

The microstructure of the normalised sample from optical microscope shown in Figure 2 

indicates a matrix of ferrite with grain boundary iron carbides and small islands of pearlite. The 

network of grain boundary iron carbide is very wide. Rashid (1981) reported similar 

microstructural features in normalised medium carbon steel whereas most published works have 

only reported on the existence of ferrite-pearlite microstructure in such normalised steels.   

 

Figure 3 shows the microstructure of samples intercritically treated at 730
0
C for 30, 45 and 60 

minutes, respectively. The microstructures at these conditions consist of ferrite matrix networked 

by polygonal martensite. The distribution of martensite estimated using graduated eye piece 

show increasing volume fraction of martensite with increasing soaking time. It is presumed that 

the low distribution of martensite at lower soaking time of 30 minutes is caused by the short 

heating times resulting in a non-homogeneous austenite. This inhibits complete diffusion of 

carbon into the austenite phase and a concentration gradient exists. With increasing soaking time, 

however, carbon diffusion is enhanced and a more homogeneous austenite evolves resulting in 

higher martensite distribution. The morphology of the martensite phase transits from polygonal 

to fibrous martensite at maximum soaking time of 60 minutes but with apparent increase in grain 

morphology. 

 

Figures 4 and 5 are the micrographs obtained at intercritical treatments of 770 and 810
0
C for 

holding times of 30 and 60 minutes, respectively. The phase distribution in these micrographs is 

similar to those obtained at 730
0
C intercritical treatment; except that the morphology of the 

martensite is more fibrous at these higher intercritical temperatures than the polygonal obtained 

at 730
0
C.  

 

Previous works reported the additional presence of retained austenite in ferrite-martensite dual 

phase structure produced through intercritical treatment (Giodarno et al., 1991) but such retained 

austenite is only observed in samples treated at 730
0
C for all soaking times but this is not seen in 

other treatment conditions (see Figures 3-5). Therefore, there is a need for more extensive study 

in this regard with diffraction technique; because if this is validated, it presents an innovative 
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strategy for improving the deformation behaviour of such dual phase structure resulting in 

improved formability of the steel. 
 

The optical micrographs at the various intercritical treatment conditions were reinforced with 

scanning electron microscopy for detailed morphological analysis. These electron micrographs 

shown in Figure 6 revealed fibrous martensite whose morphology become coarser with 

increasing intercritical temperature and holding time with those treated at 810
0
C providing the 

more fibrous network of martensite in a ferritic matrix than the other treatment conditions.  

 

Analysis of Mechanical Properties 

The mechanical properties of the normalised sample presented in Table 3 show a bulk hardness 

of 95 HBN, tensile strength of almost 487 MPa and percent elongation of 17%.  

 

Figure 7 shows the change in bulk hardness of bitumen quenched samples at different 

intercritical treatment temperatures. The bulk hardness increases with increasing holding time 

across all treatment temperatures with those held for 60 minutes exhibiting the highest hardness 

value. The hardness between 730 and 810
0
C range between 100 and 120 HBN for holding time 

of 30 minutes; and for 60 minutes, it range between 120 and 180 HBN. The hardness values 

from the quenched samples are higher than that of the normalised sample by about 16-90% 

across all the treatment conditions. The higher values in the quenched samples is predicated on 

the microstructure in the samples, wherein, the normalised samples consist of ferrite and iron 

carbide phases the quenched samples consist of dual phase structure of ferrite and martensite. 

The enhanced hardness is primarily due to martensite distribution in the ferritic matrix (Rashid, 

1981). Increasing intercritical temperature and holding time increases the distribution of 

austenite in the two phase structure which eventually transforms to martensite on quenching in 

the preheated bitumen.  

 

Figure 8 provides the trend of tensile strength in the quenched samples. The strength increases 

with increase in intercritical temperature up to a temperature of 770
0
C and subsequently reduces 

afterwards. The reduction is rapid at holding time of 30 minutes but gradual at holding time of 60 

minutes. The minimum tensile strength value range between 501 and 566 MPa in the treatment 

temperature range 730-810
0
C for 30 minutes holding time. The range is 535-626 MPa for the 

same condition of temperature and 60 minutes holding time. These strength values are greater 

than the 487 MPa obtained in the normalised sample. The reduction in tensile strength at 

treatment temperature beyond 770
0
C can be predicated on the development of coarse martensite 

observed in Figure 5 and 8 as a result of high temperature treatment. Odusote et al. (2012) and 

Ekrami and Bahrehbarpoor (2005) reported similar findings of drastic decrease in tensile 

property. But Alaneme et al. (2010) reported continuous increase in the tensile strength of oil 

quenched dual phase steel up to intercritical temperature of 780
0
C. This contrasting information 

might be due to the chemistry of the steel samples since the samples investigated in the reported 

works were not of the same composition. In general, increase in hardness with increase in 

soaking time of treatment are accompanied with increase in strength, however, the formation of 

coarse martensite at intercritical temperature could alter the trend as observed in the current 

study. 

 

The plastic flow trend in the dual phase structure with changes in intercritical temperature and 

holding time characterised in term of the percent elongation is shown in Figure 9. It emerged 

from the figure that the percent elongation decreases with increase in intercritical temperature 

but the influence of the holding time were generally inconsistent. 
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Intercritical treatment at 730
0
C for 30 minutes exhibited the highest percent elongation of 24% 

whilst that at 810
0
C is just about 19% for the same holding time. Similar trend is observed across 

the intercritical temperatures at holding time 60 minutes. The percent elongation in the quenched 

dual phase steel is greater than that of the normalised samples except for the value at 810
0
C for a 

holding time of 60 minutes. In this instance, the percent elongation is marginally lower by about 

3 units. 

 

It is believed that higher intercritical temperature promotes the transformation of ferrite to 

austenite and this increases the distribution of martensite in the final dual phase structure. Thus, 

with increased martensite distribution in the matrix the plastic flow decreases and the percent 

elongation is consequently reduced.   

 

Tensile Surface Fractograph 

The fractograph shown in Figure 10 revealed different fracture mode ranging from purely 

cleavage fracture to mixed mode of cleavage-dimple fracture. The cleavage mode is predominant 

at the intercritical temperature of 730
0
C while the mixed mode is prevalent in intercritical 

temperature 810
0
C. The fracture mode at 730

0
C temperature is presumed to be due to the 

presence of polygonal martensite while the mixed mode is influenced transition of the polygonal 

martensite to fibrous martensite. Such fibrous martensite has been reported to facilitate 

continuous yielding in DPSs (Alaneme et al., 2010).  

 

CONCLUSIONS 

The mechanical properties of medium carbon DPS produced via quenching in pre-heated 

bitumen have been investigated. The followings emerged from the investigation: 

i. The martensite morphology in the DPS is mainly a function of intercritical temperature rather 

than holding times. The morphology is essentially fibrous at higher temperature with sparse 

distribution of polygonal martensite at temperature around and below 750
0
C. 

ii. The tensile strength and hardness of the DPS are about 42 and 35% higher than that of the 

normalised samples but the percent elongation and impact energy are lower by about 42 and 

50 percent, respectively. This contrasting finding is due to the increased transformation of 

ferrite to austenite which eventually yield hard but brittle martensite in the dual phase 

structure. 

iii. The tensile fractured surface revealed transition between a predominantly cleavage mode in 

the lower annealing temperature to a mixed mode in the upper bound of the annealing 

temperature.  

iv. These findings suggest that pre-heated bitumen can be exploited as an alternative to more 

expensive oil quenchant for the production of DPSs. 
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Figure 1: Dark supercooled bitumen before melting 
 

 

 
Figure 2 Microstructure of normalised sample before intercritical treatment 
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Figure 3 Microstructures of samples treated at 730
0
C at different holding times: (A) 30 and (B) 

60 minutes 

 

  

Figure 4 Microstructures of samples treated at 770
0
C at different holding times: (A) 30 and (B) 

60 minutes 
 

  

Figure 5 Microstructures of samples treated at 810
0
C at different holding times: (A) 30 and (B) 

60 minutes 
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Figure 6 SEM morphology of samples intercritically treated at different temperatures at a 

holding time of 60 minutes: (A) 730, (B) 770 and (C) 810
0
C 
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Figure 7 Hardness variations with intercritical treatment conditions 

 

 

 

 
Figure 8 Tensile strength of dual phase steel at different intercritical temperatures and holding 

times 
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Figure 9 Percent elongation of dual phase steel at different intercritical temperatures and holding 

times 

 

 

 
 

 

Figure 10 Tensile surface fractograph in dual phase steel intercritically treated at: (A) 730 and 

(B) 810
0
C at holding time of 60 minutes 
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Table 1 Chemical composition of the hot rolled steel  

 

 

 

 

 

 

 

 

Table 2 Combination of temperature and holding time for intercritical annealing 
 

Holding Time (min) 

Treatment 

Temp (
0
C) 

30 60 

730 X X 

770 X X 

810 X X 

 

Table 3 Mechanical properties normalised medium carbon steel 

Sample 

Designation 

Tensile 

Strength 

(MPa) 

Elongation 

(%) 

Hardness 

(HBN) 

Normalised 

Sample 
486.90 17.06 95 

 

 

 

 

 Composition (wt. %) 

Material Specification C Si Mn P S Fe Trace 

Elements 

Medium Carbon Steel 0.327 0.231 0.73 0.036 0.033 96.3 Balance 
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NUMERICAL SOLUTION OF THE BURGER’S EQUATION USING BACKWARD 

TIME CENTERED SPACE ALGORITHM VIA A HIGHER ORDER SEMI-

DISCRETIZATIONAPPROXIMANT 

 

Ehigie J. O.1, Okunuga S. A. and Aderibigbe L. Y. 
Department of Mathematics, Univeristy of Lagos, Akoka 

 
ABSTRACT 

In this paper, the Burger‘s equation is tranformed to a system of nonlinear Ordinary 

Differential Equations (ODE) by some newly introduced approximations to the derivative 

terms using semi-discretization. The nonlinear ODE is consequently transformed to a 

system of nonlinear equations by the Backward Time Centered Space (BTCS) algorithm. 

These resulting nonlinear equations are finally solved by Newton‘s formula to obtain 

numerical solutions to the Burger‘s equation.  The results obtained are very interesting 

and revealing. 
 

 

INTRODUCTION 

The Burgers‘ equation is a one-dimensional analogue of the Navier-stokes equations, a nonlinear 

model of the incompressible momentum equations. This Equation due to Burger [2] first 

appeared in the paper of Bateman [1], who gave two steady solutions. The Equation is used to 

model head conduction, gas dynamics, shock waves, longitudinal elastic waves and other 

physical processes in fluid mechanics and engineering. 

The one-dimensional time dependent Burger‘s equation is given as 
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where 0  is the coefficient of kinematic viscocity. The initial and boundary conditions are  
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The exact solutions of the equation easily obtained for large values of viscosity constants but 

when viscosity is low, stiffness is experienced and special numerical methods required to tackle 

such cases. This paper explores the finite difference method as utilized by [6], but by a modified 

higher order semi-discretization technique. 

 

Theoretical Procedure 

The Burgers equation is rewritten in conservative form as 
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The solution space involving a rectangular grid with sides parallel to the x axes and t axes, 

and with good spacing x and t , when 1xm  is considered. A mesh ratio 
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are approximated by the semi discretication formulas  
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respectively in [6]. But in this paper, these partial derivatives are replaced by some higher order 

semi-discretization schemes derived from numerical differentiation formulas given by 
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respectively. So by spatial-discretization (1) becomes 
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     1,,3,2,1  Mi   

A systems of nonlinear ODE involving 9 first ordinary differential equations for 1.0x . 

 

Numerical Experiment 

We explore the higher order semi-discretization approximant on the one dimensional time-

dependent Burgers equation 
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where 10  x  and 10  t . The exact solution is given by 
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From which the corresponding initial conditions )0,(xu  and boundary conditions ),1(),,0( tutu  

are obtained. 

 

Geometry of Solution Space. 

tj   
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With x  and t , when 1xm  and 1 , the BTCS algorithm 

    11   jjj uhuu      (9) 

is applied to tranform (7) to a system of nine nonlinear equations given by 
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To obtain the numerical solution for grid points j

iu ),( tjxiu  , 9,2,1 i , 
t
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which denotes the solution at grid ),( ji , the Newton‘s formula for solving nonlinear equations is 

applied to 
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Hence the solution is obtained from 

      ssj
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Where ))((1 uFJ   is the Jacobian matrix of )(uF  and s  is the number of iteration until 

convergence in the Newton‘s algorithm. Figure 1 presents numerical result for various t  values. 

 

 
Fig 1. Graphical Result for the One-Dimensional Time-Dependent Burgers Equation for t  values 
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