
Proceedings of the 3rd Sustainable Engineering and Industrial Technology Conference, Faculty of Engineering, UNN 

 

0 

 

 
 

 



Proceedings of the 3rd Sustainable Engineering and Industrial Technology Conference, Faculty of Engineering, UNN 

 

1 

 

Title Page 

 

 

 

Faculty of Engineering 

University of Nigeria, Nsukka 
 

 

 

 

Proceedings 
of the 

3rd Sustainable Engineering and Industrial Technology Conference 

 

 

 

 

 

THEME: 
Sustainable Engineering and Industrial Technology 

 

 

 

 

 

VENUE: 
Solomon Oguike Building, 

Faculty of Engineering, 
University of Nigeria, Nsukka / Zoom 

 

 

 

 

 

 

DATE: 22nd -25th August, 2023 
 

 

 
 

 
© Faculty of Engineering, University of Nigeria, Nsukka, 2023 

 



Proceedings of the 3rd Sustainable Engineering and Industrial Technology Conference, Faculty of Engineering, UNN 

 

2 

 

 

TABLE OF CONTENTS 

 
Welcome Address by the Dean, Faculty of Engineering 

 

Conference Committee 

 

List of Lead Papers and Invited Speakers 

 

Assessment and characterization of standing and sitting stability of human body by 
Prof. Hossein Rouhani, Neuromuscular control and Biomechanics Associate Professor, 
Department of Mechanical Engineering, University of Alberta, Canada. 
 

Leveraging Digital Twin Technology Systems Engineering, Machine Learning and 
Artificial Intelligence in Delivering Sustainable Engineering Solutions by Prof. Paul Eke,  
Royal Academy of Engineering (RAENG), Visiting Professor of Digital Twin Technology 
and Systems Engineering Application in Engineering at University of Leeds, United 

Kingdom 

 

Techno economic Assessment of Maritime Hydrogen Transport by Prof.-Ing. Sebastian 
Timmerberg, Professor of Environmental Process Engineering in Energy Engineering and 
Economics 

 

Unlocking the Freedom to Manufacture through 3D Imaging and 3D Printing 
Technologies by Prof. Brando Okolo, Director at Steinbeis-institute For Materials 
Applications and 3D Printing Solutions (IMAPS) and at Ceder Solutions in Karlsruhe 

 

Digital Twin Technology as a Paradigm for Smart Indoor Properties Management in 
the Built Environment by Prof. Clinton AIGBAVBOA, Department of Construction 
Management and Quantity Surveying, University of Johannesburg, South Africa 

 

Track A: Sustainable Energy and Power                          
Paper A1: Forecasting week ahead electricity demand using time-series trendline and 
curve-fitting approach ………………………………………………………………. 10 

Ifeanyi B. Anichebe, Arthur O. Ekwue, Emeka S. Obe.  
 

Paper A3: Design of a low-cost mobile-based cookstove device with buck converter for 
off-grid homes ……………………………………………………………………….. 20 

C. T. Obe, U. C. Ogbuefi, I. J. Ogbonna, and I. O. Jacobs 

 

Paper A4: Design and analysis of an MPPT solar battery charge controller with the 
irradiance variation using matlab …………………………………………………. 27 

Emeka E. Kalu, Divine S. Mbachu, Ahmed R. Salihu and Uche C. Ogbuefi 
 

Paper A5: Development of a flow differential pressure transmitter (FDPT) for 
volumetric measurement of biomethane from anaerobic digestion plant…………… 34 

C. N. Anyanwu, G. Nwosu, C. Nwanturu and N. J. Ogbuagu 

 



Proceedings of the 3rd Sustainable Engineering and Industrial Technology Conference, Faculty of Engineering, UNN 

 

3 

 

Paper A6: Effect of Conducting Polymers of Polyvinyl Alcohol (PVA) on the 
Morphological and Electrical Properties of Copper Zinc Tin Sulfide (CZTS) 
Semiconductor thin films solar cells using Spray Pyrolysis …………………..  39 

N. Ezukwoke, O.U Oparaku, S. A. Ugwu, P. O. Offor, V. C Chijindu 

 

Paper A7: Exploring the potential energy savings on transportation using non-
motorised transport (NMT) in Nigeria ………………………………………..  45 

Anderson A. Etika and Gabriel O. Ubana 

 

Paper A8: Metamaterial Design for Near Unity Absorption of Solar Energy for 
Photovoltaic Applications………………………………………………………  50 

M. B. Abdullahi and I. G. Saidu  

 

Paper A9: Simulation-Based Electromagnetic Wave Absorbing Characteristics of 
Patterned Conductive PLA Design at Radar Frequencies ………………….  58   
  Ali, M. H. and Abdullahi, M. B.  
 

Paper A10: Hydrogen Energy Generation and Applications in new Technological Era 67 

Chibuike Peter Ohanu, Uche C. Ogbuefi, Madueme Victory C., Omeje Luke Uwakwe 

 

Paper A11: Overview of Household Energy Consumption in Western Cameroon…. 73 

Lynda Donfack Zeugue, Micheal Emeka Okechukwu and Ojike Onyekwere 

 

Paper A12: Development of a Solar Powered Chemical Sprayer with a Back-up Solar 
Battery for Farm Spraying Operations ……………………………………………… 79 

Benjamin Bernard Uzoejinwa, Ezeama Anthony Osita and Eke Dickson 

 

Paper A14: Assessment of the PV power generation potential for a media home 
(NOBLE 107.1 FM) ………………………………………………………………….. 84 

Odo Denis O., Ogbuefi Uche C. and Oparaku Ogbonna U. 
 

Paper A15: A Review of the Effects of Varying Loads on a Four-Cylinder Four-Stroke 
112kVA 150HP Reciprocating Internal-Combustion Engine ……………………. 91 

Obi, A.I., Odo, M. C., Igwenagu, U. I., Nwobodo, A. C., Nweke, E. O., & Eke, I. K. 
 

 

Track B: Soil, Food, Water and Environment 
Paper B1: The effect of particle size distribution on milled rice straw in the production 
of bioethanol concentration ………………………………………………………… 97 

C. J. Ohagwu, P. J. Oputa, V.A. Ohagwu and J. N. Nwakaire 

 

Paper B2: Effect of combined pregelatinized biopolymer and industrial waste additive 
on the swelling potential of expansive soil ……………………………………….. 102 

Chijioke Christopher Ikeagwuani, Chibuzo Joseph Nnonyelu, Idorenyin Ndarake Usanga 

 

Paper B3: Analysis of Mechanical and Thermal Properties of Epoxy Composite 
Reinforced with Chicken Feather and Calabash Gourd (Lagenaria Siceraria)….. 110 

Ogbuagu Nneka Juliana, Anyanwu, Cosmas Ngozichukwuka , Chiwetalu Uche Janice, 
Okpala Chukwunonso Divine, Offichia Chinwe Oluokwukwe, Iyke-Ugwueze Kelechi Angela 

 



Proceedings of the 3rd Sustainable Engineering and Industrial Technology Conference, Faculty of Engineering, UNN 

 

4 

 

Paper B4: Assessment of drinking water status located close to a dumpsite: case study 
Eze-ani, Nsukka, Enugu state ……………………………………………………  117 

Chibueze C. V., Ezebo N. E., Ikenga C. R., Omeke C. U., Nwankwo E. J. 
 

Paper B5: Modelling the Compression Index of Awka Soil from Consistency Limits 

Data using Polynomial Regression……………………………………………….. 126 

Esther Chinwe Ukeje, Charles Chinwuba Ike 

 

Paper B6: Effect of extraction time on the nutritional properties of Roselle Calyces 
Raffinate ……………………………………………………………………………. 135 

Aneke N. N., Ezeoha S. L., Anyanwu C. N., Asoiro F. O., Abada U. C., Nnanwata J. C., 
Okonkwo W. I.  
 

Paper B7: Irrigation Water management in Nigeria: A review ………………… 140 

Emmanuel O. Ezeh and Gloria. I. Ezenne 

 

Paper B8: A review on Zobo as a functional drink ……………………………… 146 

Abah, M. S., Olorunsogo, S.T., Adebayo, S.E and Asema, J.K 

 

Paper B9: Opportunities and prospects of agricultural waste for industrial applications 
in Nigeria: a review ……………………………………………………………….  150 

Okorie, K. K., Gbabo, A., Asema, K. J., and Mohammed, I.S  
 

Paper B10: Impact assessment of petroleum depot wastewater on agricultural soil: a 
case study of Suleja, Niger state ………………………………………………….. 158 

Musa A., Muhammad A. S. and Animashaun I. M.  
 

Paper B11: Bioremediation of crude oil contaminated soil using animal waste …. 163 

Nweke A. K. and Ezenne G. I. 
 

Paper B12: General perspective on Drought Quantification and Mitigation in Sub-Saharan 
Africa ……………………………………………………………………………………………………………………. 170 

Yahaya, M., Animashaun, I. M., Otache, M. Y.  
 

Paper B13: The Effect of Moisture Content on the Aerodynamic Properties of Soybean 
……………………………………………………………………………………….. 179 

Ojike, O. and Ugwu, F. I.  
 

Paper B14: Quality Assessment of Sachet and Bottled Water Manufactured under 
Different and Identical Conditions ……………………………………………….. 185 

E. J. Nwankwo, C. V. Chibueze, C. C. Aroh and C. C. Akanno 

 

Paper B15: The effect of sintering temperature on performance of Ceramic water 
filters……………………………………………………………………………….. 190 

Chioma Aroh, Ekene Nwankwo and Chekwube Chibueze  
 

 

Track C: Telecommunication/Digital Electronics, Data Science and Artificial 
Intelligence 



Proceedings of the 3rd Sustainable Engineering and Industrial Technology Conference, Faculty of Engineering, UNN 

 

5 

 

Paper C1: Comparative Analysis of Traffic Load Impact on Performance of Wireless Sensor 
Network MAC Protocols ………………………………………………………………………………………… 198 

Uchenna C. Amazue, Mamilus A. Ahaneku, Udora N. Nwawelu 

 

Paper C2: A review of precoding techniques suitable for new and emerging technologies 
…………………………………………………………………………………………….. 205 

Anioke Chidera and Eleje Samson Ejiofor  
 

Paper C4: Development of Enhanced Fingerprint Authentication Device Switch with 
GSM Module Integration ……………………………………………………………… 211 

Echa Israel Ojogbe, A. S. Mohammed and Elizabeth N. Onwuka 

 

Paper C5: Smart Accident Prevention on Blind Bends ……………………………… 222 

Fauziya Mohammed, C. O. Alenoghena and E.N. Onwuka 

 

Paper C7: Enhanced Algorithm for Pectoral Muscle Elimination in Digital 
Mammograms …………………………………………………………………………. 229   
Jacinta C. Anusionwu, Vincent C. Chijindu, Joy N. Eneh, ThankGod I. Ozue, 
Nnabuike Ezukwoke, Edward C. Anoliefo, Chukwudi M. Chukwudozie 

 

Paper C8: A review of the application of IOT in quality control and shelf-life prediction 
in the food industry ……………………………………………………………………. 237  
A. Sadiq, A.O Bamidele and O.A Salihu 

 

Paper C9: Development of Seamless Real-Time Class Attendance Management System 
using LoRa and Wi-Fi Handshake ……………………………………………………. 243 

Edward Anoliefo, Remigius Nwani, Dumtoo Oyeka, Vincent Chijindu, Ernest Onyishi 
 

Paper C10: Cybersecurity architecture and control framework for automated solar 
energy hub service delivery ………………………………………………………….. 249 

Okoro, Chibuogwu Nneka, Okparaku Ogbonna U. and Eneh, Joy Nnenna  
 

Paper C11: A comparison of an 8 stage Cockcroft Walton voltage multiplier and a 
Dickson voltage multiplier for Radio Frequency Energy Harvesting ……………. 253 

Felix Chimezie Udechukwu, Collins Nwoye, Chineke-Ogbuka Ifeanyi Maryrose, Amoke 
Douglas Amobi 
 

Paper C12: Free Space Optical Communication using Relay Transmission Techniques: 
A Review …………………………………………………………………………….. 262 

Ujah, Agada D., Ezeja, Obinna M. and Ahaneku, Mamilus A. 
 

 

Track D: Sustainable Construction and Industrial Engineering 

Paper D1: Evaluation of Strength of Concretes Produced from Granite Wastes Coarse 
Aggregates Sourced from Rock Processing in South Eastern Nigeria ……………. 268 

Nwoke Oji Achuka and Oshaba Izuchukwu Malachy  
 

Paper D2: Galerkin Method for Solving Euler Column Buckling problem with Variable 
Flexural Rigidity ………………………………………………………………………… 278 

Charles Chinwuba Ike  



Proceedings of the 3rd Sustainable Engineering and Industrial Technology Conference, Faculty of Engineering, UNN 

 

6 

 

 

Paper D3: Investigation of the use of ESP in concrete composites incorporating Agro by-
product for Quality Improvement ……………………………………………………. 284 

Ibeabuchi, V. T and Nwoji, C. U 
 

Paper D4: Double Finite Sine Transform Method for Saint-Venant Torsional Analysis of 
Beams with Rectangular Cross-Section ………………………………………………. 290 

Charles Chinwuba Ike and Onyedikachi Aloysius Oguaghamba 

 

Paper D8: Workforce Assessment in Small-Scale Rice Processing Factories ………. 297 

C. N. Achebe, S. C. Nwanya and S. O. Enibe 
 

Paper D9: MatLab Software Simulation and Lab Experimentation of Stiff DC Input 
voltages for Cascaded DC-AC Converters from AC One-Phase Utility Supply…….. 302 

Candidus U. Eya, Nwokocha Nathan, Okabuonye C. Collins, Gerald.C Dyoke  
 

Paper D10: Effect of drying temperatures on some selected properties of PUPURU 
(cassava) flour fortified with sesame seed flour ………………………………………. 311 

Waniko-Bello, E. N and Orhevba, B.A. 
 

Paper D11: Corrosion inhibition of Jatropha extracts on aluminium under acidic 
environment ……………………………………………………………………………. 316 

Macdenis Egbuhuzor  
 

Paper D12: Optimization of Banana fibre surface treatment parameters in a reinforced 
Epoxy composite ………………………………………………………………………. 330 

C.O Anyaoha, H.O Onyishi, S.O Edelugo, I.C.E Ike-Eze 

 

Paper D13: The Perception and Influence of Key Stakeholders in Outcome Based 
Engineering Education Implementation in Nigeria …………………………………. 341 

Uzor Onyia, Chinenye C. Anyadike, Chioma Aroh 

 

Paper D14:  Mechanical Characterization of Hybridized Corn Shell and Pineapple Leaf 
Fiber-Reinforced Polyester Composites………………………………………………. 351   
C. C. Daniel-Mkpume, D. T. Chinebuah, K. N. Mkpume, E. G. Okonkwo, K. C. Nnakwo, S. 
M. Adams, U. C. Ogbuefi, T. Ibeagwu, A. D. Omah and P. O. Offor 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



Proceedings of the 3rd Sustainable Engineering and Industrial Technology Conference, Faculty of Engineering, UNN 

 

7 

 

Welcome Address by Engr. Prof. Emenike C. Ejiogu, Dean, Faculty of Engineering, 
University of Nigeria, Nsukka on the Opening Ceremony of the 3rd International 

Conference on Sustainable Engineering and Industrial Technology, Nsukka, 22 August, 
2023 

 
It is with great joy and honour that I welcome our very renowned guest lecturers, most 
distinguished invited speakers and eminent participants to the 3rd International Conference on 
Sustainable Engineering and Industrial Technology. This conference is being organized by the 
Faculty of Engineering, University of Nigeria, Nsukka, in response to the ever increasing need 
to galvanize international scholars to deliberate the issues of human development and 
sustainability. The conference has become a major biennial International Conference organized 
by the faculty since, 2018 in alternate years with the Herbert Macaulay Memorial Lecture, 
which is our faculty’s flagship events for made decades, to celebrate our scholarship.  
The International Conference on Sustainable Engineering and Industrial Technology has been 
conceptualized to attract international and Nigerian scholars in Diaspora to interact with 
Nigerian researchers and academics in one hand and to bring together our illustrious captains 
of industry to rub minds with distinguished professors, academics and scholars from 
institutions of higher learning and research centres from within and different parts of the world. 
It is anticipated that this would bridge the undesirable gap between the academia and the 
industry in Nigeria and create the much desired nexus between researchers and the industry 
necessary for industrial growth. More so, a productive and sustainable interaction between our 
institutions and the industry is a major requirement of the contemporary and innovative 
outcome-based education (OBE) practiced worldwide and being proposed by the Council for 
the Regulation of Engineering in Nigeria (COREN).  
It is common knowledge that Nigeria has an enormous number of skilled professionals in 
diaspora; comparable to China and India. Regrettably, this has not translated into consequential 
economic development, as our country continues to rank very poorly in almost all indices of 
sustainable development such as poverty, hunger, illiteracy, unemployment, power generation, 
etc. Fortunately, owing to their love for our fatherland, our sons and daughters in Diaspora have 
most times responded to our invitation to events like this and to the extent that most of them 
have paid for their travels and other logistics to be with us during this conference. We are indeed 
very grateful to our Guest Speakers for all the sacrifices they have made to participate in this 
event.  
The 3rd International Conference on Sustainable Engineering and Industrial Technology 
(SEIT’23) will also feature a Technology Exhibition Session for the first time. This is to 
showcase the technological outputs from our research groups in the Faculty of Engineering and 
elsewhere. We hope that the research results that will be shared, as well as the networking that 
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will emanate from this meeting would create fruitful research collaborations and productive 
spin-offs that would in due course enhance our national economy. This year’s conference will 
run in hybrid mode, to enable some of our colleagues present their technical papers from their 
location. 
I wish to also use this opportunity to thank specially our Vice Chancellor, Prof. Charles 
Arinzechukwu Igwe for graciously approving the hosting of this conference as well as some 
other important logistics. I also thank the Faculty Committee on Conferences for their diligent 
effort to organize this year’s conference and all members of our faculty – staff and students, 
who have shown collective support for the success of this conference. 
I thank you all for coming and wish you a pleasant stay in Nsukka. I hope you find some time 
to visit our peaceful university town; interact with her hospitable residents and enjoy its 
serenity. I wish every one of us safe trip back to our respective homes at the end of the event. 
I wish all of us God’s abundant favours.  
 

Engr. Prof. Emenike C. Ejiogu 

Dean, Faculty of Engineering 
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Paper B10 

IMPACT ASSESSMENT OF PETROLEUM DEPOT WASTEWATER ON 
AGRICULTURAL SOIL: A CASE STUDY OF SULEJA, NIGER STATE 

Musa A.*, Muhammad A. S. and Animashaun I. M.  
Department of Agricultural and Bio Resources Engineering, Federal University of 

Technology Minna, Niger State.  
*Corresponding Author Email: adamum284@gmail.com 

 

Abstract 
Though petroleum is a vital resource of great economic importance, it is also among the leading 
pollutants of soil, freshwater and ecosystems. This study aims at assessing the impact of 
petroleum depot wastewater on agricultural soil in Suleja, Niger state. Soil and water samples 
around the petroleum depot were collected and analysed for selected heavy metals (Mn, Cr, 
Cu, Zn and Pb) and the results were compared with World Health Organization (WHO) and 
Federal Environmental Protection Agency (FEPA) standards. The result of the soil analysis 
indicates that the control soil sample contained 0.06±0.002 mg/kg of Mn, 0.10±0.001 mg/kg 
of Cu, 0.04±0.001 mg/kg of Cr, 0.13±0.002 mg/kg of Zn and Pb was not detected. The mean 
concentration of Mn, Cu, Cr, Zn and Pb from the soil samples taken from polluted sites were 
0.23±0.05 mg/kg, 0.22±0.004 mg/kg, 0.16±0.03 mg/kg and 0.33±0.04 mg/kg and 0.004±0.03 
mg/kg respectively. Also, the metals were detected in the surface water. The relatively high 
values of some of the metals in soil and surface water when compared to the control and the 
established standards imply the probable influence of the depot activities on the resources and 
a threat to agricultural activities and man. Hence, to ensure food security and safety there is a 
need for remediation. 
 

Key Words: Petroleum, Heavy metals, Agricultural soil, Surface water, Environment. 
 

1. Introduction 

Agricultural land is a principal factor of production that determine to a large extent the quality 

and quantity of food to be produced by individual farmer and the nation at large. Though land 

seems to be readily available in countries like Nigeria, those with agricultural viable soil are 

drastically reducing. This is due to extreme events (such as drought) and contamination of 

existing and potential agricultural lands by diverse pollutants such as petroleum products [1]. 

Petroleum is an important resource of great economic importance throughout the globe [2]. It 

is a naturally occurring complex mixture found beneath the earth’s surface and is composed of 
aromatic, aliphatic, hydrocarbons, asphaltenes, and non-hydrocarbon compounds, of which 60-

90% are biodegradable [3] The development of the petroleum industries and their associated 

activities like exploration, transportation, storage and refining have caused pollution of the 

environment and posed a serious global problem [4].  

The toxic substances generated from the aforementioned processes are often discharged into 

soil and water bodies where they accumulate in surface water, sediments of rivers and/or in 

groundwater [5, 6]. Hence, the quality of soil and freshwater systems are compromised and 

consequently, the toxic substances get into the food chain, and consumed by plants, animals 

and ultimately get accumulate in the body of man [7]. The products had impacted negatively 

on the urban cities, terrestrial ecosystems and shorelines of most of the states in Nigeria, 

particularly the oil-producing ones [8]. 

Nigeria as a nation has 22 Nigerian National Petroleum Corporation/Pipeline and Products 

Marketing Company (NNPC/PPMC) depots, saddled with the responsibility of efficient 

evacuation of refined petroleum products from the local refineries as well as transportation, 

storage and marketing of petroleum products {such as Premium Motor Spirit (PMS), 
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Automotive Gas Oil (AGO) and Dual-Purpose kerosene (DPK)}. In Suleja depot, Niger State, 

there are a total of twelve (12) storage tanks, which are used for the storage of PMS, AGO, and 

DPK with each of the products stored in four (4) tanks. Each storage tank of PMS, AGO, and 

DPK has a capacity of 12.6 million, 7.6 million and 7.6 million litres respectively [9]. These 

tanks pose a threat to the environment due to leakages and spills associated with loading and 

offloading of the products as well as washing of the storage tanks [10]. Thus, any contact with 

the product causes damage to agricultural soil as it results in loss of soil fertility. When soil is 

polluted, the health and growth of plants as well as man would be affected.  

Though pollutants of diverse nature are introduced into the environment by petroleum products, 

of great concern are the heavy metals. The effects of heavy metals on agricultural soil and water 

systems have been reported in earlier studies. For instance, [11, 12] reported the negative 

effects of heavy metals/crude oil on crop yields. However, there is a need for further studies 

that examine the effects of petroleum products from depots in each state on the immediate 

environment. Hence, this study aimed at assessing the impact of petroleum depot wastewater 

on agricultural soil and water around the Suleja petroleum depot. 

 

2. Materials and Methods 

2.1 Study Area 

The study area is Maje in Suleja, located between latitudes 9 11' 36" N and 9 13' 9" N and 
longitude 7 9' 30" E and 7 11' 36" E in Niger state, Nigeria (Figure 1). 

 
Figure 1: Map Showing Study location. 
2.2 Soil and Water Sampling and analysis 
A composite of soil sample of 3-4kg was collected at a depth of 0-15cm from each of the 
selected sites with the help of a stainless-steel soil auger after first stripping away dried grasses 
to expose the first mineral-based horizon (A-horizon). The samples were randomly collected 
from ten different locations in the study area, especially along the flow. Soil samples were 
collected into polyethylene bags and were taken to the laboratory and prepared for analysis.  
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Water samples from the study area were collected into clean 0.75 litres of plastic containers. 
The samples were taken at a distance of 100 m away each at the upstream, midstream and 
downstream. The collected water samples were labelled and transported in an ice pack to the 
laboratory. Both the soil and water sample were analysed for Lead (Pb), Manganese (Mn), 
Chromium (Cr), Copper (Cu) and Zinc (Zn). The soil sample was air-dried, crushed, sieved 
and digested as reported in [13]. Thereafter both the soil and water samples were analysed 
using an absorption spectrophotometer (AAS) 
 

3. Results and Discussion 

The contaminated soil and water around the Suleja depot were assessed for heavy metal 
contents (Pb, Mn, Cr, Cu and Zn). The results of the analysis are presented in Tables 1, 2 and 
3. While the results of the soil sample were presented in Table 1, the remaining two tables are 
for water sample results. Table 1 showed that the mean concentration of Mn, Cu, Cr and Zn are 
0.06+0.002 mg/kg, 0.10±0.001 mg/kg, 0.04±0.001 mg/kg and 0.13±0.002 mg/kg respectively 
and Pb was not detected. The values were all below the threshold limits of WHO and FEPA. 
The respective maximum and minimum values of the Mn were 0.32 mg/kg and 0.16 mg/kg 
while the mean value was 0.23±0.05 mg/kg. Though the value is above the WHO threshold 
value (0.06) for Mn in soil, it is within the limit (0.48) established by FEPA.  
This implies that though the Mn may not be a source of threat when soil is in contact with the 
body, it may not be suitable for agricultural purposes. Similar values have been reported in the 
earlier study [14].  
The values detected for Cu ranged from 0.14 to 0.27 mg/kg with a mean value of 0.22±0.04 
mg/kg.  The obtained value exceeds the established limit for Cu in soil by both WHO and 
FEPA. This implies that excess Cu can cause toxicity and degradation of the soil thereby 
affecting crop growth. The detected values for Cr ranged between 0.11 and 0.22 mg/kg while 
the mean value was 0.16±0.03 mg/kg. Though the value was above 0.10 mg/kg set by WHO, 
it is below 0.30 mg/kg stated for FEPA. 
Also, the values for Zn ranged from 0.26 to 0.41 mg/kg with a mean value of 0.33 mg/kg which 
exceeds both the WHO and FEPA standards. thereby calling for concern as its usage for 
agricultural purposes poses a threat to man. As observed by [15] the metals are non-
biodegradability which is responsible for their accumulation and persistence in the 
environment. However, lead was found to be below the established limits set by the WHO and 
FEPA. Most of the values reported here were under similar ranges to those observed in earlier 
works [16]. 
Table 1: Descriptive statistical analysis of soil (mg/kg) compare with acceptable limit. 
 Mn Cu Cr Zn Pb 

Mean 0.23 0.22 0.16 0.33 0.004 

Min 0.16 0.14 0.11 0.26 0.000 

Max 0.32 0.27 0.22 0.41 0.010 

SD 0.046 0.042 0.031 0.042 0.004 

Control 

WHO 

0.06+0.002 

0.06 

0.10±0.001 

0.10 

0.04±0.001 

0.10 

0.13±0.002 

0.30 

    - 

0.01 

FEPA 0.48 0.05 0.30 0.75 0.42 

 

The river receiving the effluents from the depot was also assessed for the same metals (Table 
2). The Mn concentration in the water sample at the upstream, midstream and downstream was 
0.20, 0.19 and 0.28 mg/L respectively. The highest value was observed downstream. The value 
in each of the locations exceeds the threshold limit (0.05 mg/L) by both the WHO and FEPA.  
Hence, the water is not suitable for domestic usage and its usage for irrigation needs caution. 
The mean values for Cu and Cr were 0.20±0.03 mg/kg and 0.15±0.04 mg/kg respectively and 
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all exceed the established limits of WHO and FEPA for metals in water. A high load of some 
of the metals as mentioned in this study has also been reported in other studies [17]. However, 
the Zn (0.14±0.03 mg/kg) and Pb (0.02±0.01) mean values were below the established limit of 
both WHO and FEPA. Comparing the value obtained for the metals in surface water with that 
of soil, the high values detected in some of the metals can be attributed to the same source. To 
keep the environment safe, the depot activities should be properly checked and the environment 
has to be monitored through regular studies. 
Table 2: Concentration of heavy metals (mg/L) in water samples. 
Parameters Upstream Midstream Downstream 

Mn 0.20 0.19 0.28 

Cu 0.16 0.20 0.24 

Cr 0.18 0.10 0.18 

Zn 0.10 0.15 0.18 

Pb 0.02 0.01 0.03 

 

Table 3: Descriptive statistical analysis of water (mg/l) compare with acceptable limit. 
 Mn Cu Cr Zn Pb 

Mean 0.22 0.20 0.15 0.14 0.02 

Min 0.19 0.16 0.10 0.10 0.01 

Max 0.28 0.24 0.18 0.18 0.03 

SD 0.04 0.033 0.038 0.033 0.008 

WHO 0.05 2.00 0.05 5.00 0.01 

FEPA 0.05 0.10 0.05 5.00 0.05 

 

3. Conclusion 

The unselective use of soil and water for agricultural activities has become a major concern as  
it could lead to the consumption of produce that is rich in heavy metal contents. This study 
assesses the heavy metal concentrations in soil and river around the Suleja depot. The results 
of the analysis showed that there is a higher concentration of most of the assessed metals in the 
soil. In the same vein, the concentrations of most of the heavy metals in the water sample are 
above the established limit of the WHO and FEPA. This suggests a need for caution in using 
the soil for agricultural activities to avoid the uptake of the metals. Also, the river receiving 
effluent from the depot is not suitable for domestic use. There is a need for regular monitoring 
of the activities of the depot to avoid aggravated levels of the metals in the soil. 
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