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PREFACE

This is the second international Conference organized by the school of Physical Sciences
of the Federal University of Technology, Minna Nigeria the school is relatively new and
comprising of the Departments of Chemistry, Geography, Geology, Geophysics,
Mathematics, Physics and Statistics. It was exercised from the former school of Natural
and Applied Sciences on the 6™ of November 2014,

The school of Physical Sciences 2" Biennial International Conference is an
interdisciplinary forum for the presentation of new ideas, recent developments and
research findings in the field of Science and Technology. The Conference provides a
platform to scholars, researchers in the academics and other establishments to meet, share
and discuss on energy, climate change and sustainable energy use and development.
Submissions were received both nationally and internationally and severally reviewed by
our international program committee. All contributions are neither published elsewhere
nor submitted for publication as asserted by contributor.

We wish to express our gratitude to the school for challenging us to organize the second
international conference. Special thanks to the former Dean of the School Prof. A. S.
Abubakar who initiated the conference and to the present Dean Prof. Jonathan Yisa for
keying into it. The Vice Chancellor Prof. Abdullahi Bala have given immense support to
the Conference, thank you sir. Our special appreciation to the keynote speakers for
accepting our invitation to give a talk at the conference. Special thanks to all members of
the organizing committee and sub-committees for their dedication, determination and
sacrifice towards achieving a fruitful and successful conference.

Prof. Kasim Uthman Isah
The Local Organizing Committee Chairman
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THEME OF THE CONFERENCE:

Sustainable Energy in Changing Climate: The Role of Science and Technology

SUB-THEMES OF THE CONFERENCE:

+ Political, Economic and Technical Challenges in Energy Development;
+ Sustainable Energy on Climate and Disaster resilience;
+ Energy for Sustainable Development, Benefits and Challenges for Poverty Alleviation;
+ Implication of Fossil Divestment and Green Bonds for Financial and Energy Market;
+ Energy Use And Environmental Impact for Energy Sustainable Development ;
+ Climate Change Through Sustainable and Innovative Energy Technological Development;

+ Analysis on Scientific Research in Technology and Energy for Sustainable Development
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KEYNOTE SPEAKERS

Prof. Daniel Ayuk Mbi Egbe

Prof. Daniel Ayuk Mbi Egbe received his BSc in Physics and Chemistry in 1991 from the then
University of Yaoundé (now University of Yaoundé 1), Cameroon. In 1992, he moved to Germany
where he obtained a MSc and PhD in Chemistry in 1995 and 1999, respectively, from the Friedrich-
Schiller University of Jena. He completed his habilitation in Organic Chemistry at the same institution
in 2006

Prof. Egbe is a member of Organic Electronics Association (OE-A), and a board member of the World
University Service (WUS) in Germany. He is the initiator of the German-Cameroonian Coordination
Office, initiator and International Coordinator of the African Network for Solar Energy (ANSOLE),
initiator and chairperson of ANSOLE e.V., an institution legally representing ANSOLE, and initiator of
the Cameroon Renewable Energy Network (CAMREN). He is also the initiator and coordinates the
research platform BALEWARE (Bridging Africa, Latin America and Europe on Water and Renewable
Energies Applications). He was part of the team engaged in developing research programs at the Pan
African University Institute of Water and Energy Sciences (including Climate Change) (PAUWEYS) in
Tlemcen, Algeria. In 2016 he was appointed the first Distinguished Brian O"Connell Visiting Fellow of
the University of the Western Cape, South Africa. He is the director of the VolkswagenStiftung-
sponsored Summer Schools on sustainable energetics and on water.

He is presently member of the Institute of Polymeric Materials and Testing (IPMT), Johannes Kepler
University Linz, where he researches and lectures. He is a PhD supervisor and visiting lecturer at the
African Centre of Excellence in Energy for Sustainable Development (ACE-ESD) of the University of
Rwanda in Kigali.

Prof. Egbe’s main research interest is the design of semiconducting materials for organic photovoltaics
and other optoelectronic applications, has published more than 120 peer-reviewed articles, speaks 5
languages and is father of 4.

Daniel.egbe@ansole.org, daniel_ayuk mbi.egbe@jku.at Skype: danielegbel
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Kazeem Ojoye

Kazeem OJOYE was born on 9 October 1967 in Ibadan, the capital city of Oyo State. He enrolled into
the Technical University in Munich where he graduated with a bachelor’s degree in Computer
Engineering. He worked at several places in Germany Between 1990 to 1997.

He was Project Manager Migration of the Telekom SIP Platform from the (MSP) to the new Telekom
Corporate SIP Platform, Project Manager Emergency/Outage Telephony Concept for UniCredit, with
UNIFY, T-Systems, Technical Project coordinator Teleopti Upgrade of Version 8. He joined the
services of BMW as a logistic specialist. While in BMW he worked in several departments which
include communication specialist and customer consultants.

Currently, Kazeem Ojoye is the application manager in charge of ICT at Unicredit direct Services in
Munchen, He is the financial secretary of Nigeria in Diaspora organization (NIDOO in Germany, the
principal consultant for multivate consulting, UK and Germany, consultant for renewable energy,
Chairman, Youth Empowerment Enlightenment and Self Sustainability Initiative (YEESSI), Project
Manager at Bruder-Hilfe among others.

He speaks English, Deutsch and French. He is happily married with children
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Studies of Biogas Production of Some Selected Animal Wastes and Their
Co-Digestion

Mohammed S., Buhari I., Muhammad M.U., and Adamu S.M

Abstracts

Production of biogas through anaerobic digestion of organic waste materials provide an
alternative renewable energy source and also eco-friendly method. In the present investigation,
biogas production from poultry dropping, turkey dung, cow dung and co-digestion (of two
each) in the ratio of 1:1 was evaluated. The same volume of digesters were employed for biogas
generation. The digestion process was carried out for a retention time of 7-days for eight
weeks. The biogas production was subsequently measured by downward displacement. The
samples of tested substrates were analyzed for pH, ash, moisture content and percentage
organic matter. For sole digestion, the cumulative biogas production revealed values of
2531.43cm®, 2495.71cm® and 2511.43cm? for turkey dung, cow dung and poultry dropping
respectively. For co-digestion the gas yield of 1311.43cm?, 2624.29cm?® and 742.86cm® was
obtained for turkey dung with poultry dropping, turkey with cow dung and poultry dropping
with cow dung respectively. The results obtained showed that the type of waste had significant
effect on the quantity of biogas produced. All the substrate used appeared to be good source
for biogas production. Assessment of cumulative biogas production revealed that only co-
digestion of turkey dung with cow dung enhanced the biogas production.

Key words: Biogas, Co-digestion, Animal waste and Renewable energy
1.0 INTRODUCTION

The renewable energy sources can contribute to solve the present and future energy problems.
For their economic progress, African countries need sustainable energy supplies. Unreliable
energy supply may end up with low level of private investment in African continent. Therefore,
improvement in the quality and magnitude of energy services in developing countries is
required to meet developmental objectives including the Millennium Development Goals
(MDGs).

Biomass in the form of mainly fuel wood and charcoal is the dominant energy source in Sub-
Saharan Africa. Though it appears cheap, overexploitation of this biomass leads to serious
negative environmental consequences. Fossil energy sources are the most widely used energy
supplies in the world today. However, the increased prices of oil and increased awareness of
climate changes is promoting the use of alternative environmentally friendly renewable energy
sources such as biogas (Khanal, 2008). Among the alternative energy sources, biogas
production from organic wastes has worldwide application as it yields good quality fuel and
fermented slurry, which may be used as a manure or soil conditioner. In addition, it helps to a
great extent in the abatement of pollution. Biogas has a very positive impact on the environment
since less CO; is formed during its combustion than it is used for photosynthesis by the plants
(Navickas, 2007).
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The content of biogas varies with material being decomposed and environmental conditions
involved (Anunputtikul and Rodtong, 2004).Potentially, all organic waste materials contain
adequate quantities of the nutrients essential for the growth and metabolism of the anaerobic
bacteria in biogas production. However, the chemical composition and biological availability
of the nutrients contained in these materials vary with species, factors affecting growth and age
of the animal or plant (Anunputtikul and Rodtong, 2004). Various wastes have been utilized
for biogas production and they include amongst others; animal wastes (Alvarez et al., 2006),
industrial wastes (Uzodinma et al., 2007), food processing wastes (Arvanitoyannis and
Varzakas, 2008), plant residues (Ofoefule and Uzodinma, 2008) etc. One treatment method for
improving the biogas production of various feedstocks is co-digesting them with animal and/or
plant wastes (). The objective of this study was to assess the biogas potential from turkey dung,
poultry droppings and cow dung in sole and co-digestion.

2.0 MATERIALS AND METHODS

The materials used in this investigation as substrates were cow dung, turkey dung and poultry
droppings all of which were agricultural waste materials.

2.10 Sampling and Sample Treatment

The waste materials were collected fresh from various locations in Sokoto metropolis. The
substrates were sun dried for seven day. The dried samples were grounded using wooden pestle
and mortar and then sieved using standard test sieve to have uniform size of substrates. The
cow dung was collected from Kofar Kware area in Sokoto, while Turkey dung and Poultry
droppings were collected from poultry house at Shehu Shagari College of Education Sokoto.

2.20 Fabrication of Digesters

Six digesters were fabricated using empty cleaned Milo tins and rubber tube 0.8cm diameter.
A hole was bored on the cover and the tubes were inserted into the hole. The tube was tightened
using a strip of rubber. The gas was collected by downward displacement of water in the
measuring cylinders of 1000cm?® capacity.

2.30 Slurry Preparation

From the powdered dried samples, slurries were prepared by mixing 300g of each substrate
with 1200cm? of water to obtain 1:4, substrate to water ratio. For co-digestion, 150g of each
substrate were weighted and mixed with 1200cm? of water.

2.40 Method of Analysis

The physical characteristics pH, moisture content, ash content and organic matter were
analyzed.

2.41 Moisture Content

Moisture content was determined using procedure given by AOAC, 2000. About 3 g of sample
to the dish and then placed in an oven for 3 h at 105°C. The percent of moisture is computed
using the formular
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wi-w2

Moisture (%) = 1

x 100

Where: W1 = weight (g) of sample before drying, W2 = weight (g) of sample after drying.
2.42 Ash Content

Ash was determined using the procedure given by Baraem, 2017. About 2 g of sample into the
crucible. The crucible was placed in muffle oven at 550 °C and heated overnight. The
percentage ash is computed using

% Ash = weight of ash % 100

original sample weight
2.43 Determination of pH

Determination of pH of the diluted substrate in each digester was done directly using digital
pH meter. An electrode was inserted into samples of substrate that was diluted using distilled
water.

2.44 Determination of Organic Matter

The amount of organic matter was calculated by differ-ence as follows:
Organic matter, % = 100 — (ash + moisture)

3.0 RESULTS AND DISCUSSION

In this experimental work, the following results were obtained:

Table 1: Charging Temperature and pH of the Digesters

Digesters Temperature(°C) pH
A (TD) 29 5.4
B (CD) 29 5.3
C (PD) 30 5.6
D (TD/PD) 29 5.3
E (CD/TD) 31 5.4
F (CD/PD) 29 5.4

TD= Turkey droppings, CD= Cow dung, PD= Poultry dung. Co-digestion was in the ratio (1:1)

The production of biogas is depended on the optimum biodegradation process. Temperature
and pH are some of the process parameters that play an important role in the anaerobic process.
Bacteria work in temperature of mesophillic condition (25-40°C) with optimum temperature of
35°C and thermophillic condition of (50-65°C). The bacteria also work in a specific pH range
and shows maximum activity in the optimum pH. The optimum pH needed by acidogenic
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bacteria is in 5-6.5, whereas optimum pH for methanogenic bacteria is higher than 6.5 (Akens,
2005). It is evident from table above that the pH of wastes in each digester ranged from 5.3-
5.6 which is in conformity with the optimum pH range for biogas production. The temperature
in all the digesters ranged from29-31°C which happens to be in the range of mesophillic 25-
40°C which is allowed for biogas production.

Table 2: Physicochemical properties of the wastes

Substrates Moisture (%) Ash (%) Organic matter (%)
TD 23.00 6.50 70.50
CD 13.50 14.00 72.50
PD 4.00 8.50 87.60

TD= Turkey droppings, CD= Cow dung, PD= Poultry dung.

From the table above, it can be seen that turkey dung had maximum moisture content of 23.00%
and poultry droppings the least with moisture content of 4.00%. The maximum ash content was
recorded in cow dung as 14.00% while turkey dung gave the lowest value of 6.5%. The
percentage organic matter in all the substrates varied between 70.50% (turkey dung) to 87.60%
for poultry droppings.

Table 3: Quantity of biogas production by each digester (Biogas production in cm®/day
for 15 week).

Digesters/ A B C D E F
Week

1 - - - - - -

2 - - - - - -

3 - - - - 20 -

4 20 - 40 10 30 -

5 40 40 60 30 100 20

6 100 50 70 50 110 50

7 110 70 90 60 120 60
Mean 38.57 22.86 37.14 21.43 54.29 18.57

It is observed from the table above, gas production was not recorded on the first day in all the
digesters. On first day there was no production of biogas (Adeyemo, et al., 2008), thus
suggesting that fermentation has not started. From day 3-6 the gas production was fairly slow,
this is predicted because biogas production rate in batch condition is directly equal to specific
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growth of methanogenic bacteria (Napharatana, et al., 2007). For sole digesters (containing
only one kind of substrate), digester A which contains turkey dung as feedstock produced
highest average biogas (38.57ml) which can be attributed to its more water content, thus
increasing the degree of digestion as bacteria can easily access liquid substrate for relevant
reaction to take place easily (Buysman, 2010) while digester B (cow dung) gave lowest average
biogas of 22.86ml. Cow dung alone resulted less biogas probably due to its partial fermentation
that usually takes place in the intestinal tract of the animal (Deublein and Steinhauser, 2008).
Though blending or co-digestion of waste is one of the optimization techniques known to
improve biogas production, as seen in the table it is only co-digestion of cow dung and turkey
dung (digester E) enhanced biogas production. This might be due to less favorable situation of
substrate mixtures (in digester D and F) to microorganism.

Table 4: Mean Weekly Biogas Production in cm? for eight weeks

DIGESTERS/ A B C D E F
WEEKS

Week 1 38.57 22.86 37.14 21.43 54.29 18.57
Week 2 260.00 160.00 235.71 184.29 191.43 128.57
Week 3 442.86 291.43 550.00 368.57 304.29 337.14
Week 4 530.00 530.00 768.57 442.86 451.43 182.86
Week 5 607.14 917.14 637.14 208.57 767.14 68.57
Week 6 385.40 450.00 230.00 69.43 570.00 7.14
Week 7 211.43 110.00 48.57 15.71 242.86 -
Week 8 54.29 14.29 4.29 1.43 42.86 -

The graphs in figure 1 & 2 showed the variations in the biogas production for all the six
digesters in different week. The maximum biogas production was observed for digester B in
the 5" week with mean value of 917.14ml followed by digester E with mean value of 767.14ml
in the same week. Digester C had its highest production in the 4" week with 637.14ml as mean
value thereafter yield decreases gradually for the weeks left. The 5™ week also recorded the
maximum guantity of biogas of 607.14ml for digester A. Digesters D and F have recorded the
least yield although a significant amount has been recorded in 4™ and 3" week with mean
values of 442.86ml and 337.14ml respectively, which could be due to the nature of the blended
subsrates.
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It was evident from the result that, all the three substrates used in this investigation are good
materials for biogas production and maximum biogas production was observed during 3-5
week of digestion. However, the volume of biogas produced is dependent of the waste material.
This study also showed that biogas production was less and gradual in the first week of the
investigation. This suggests that the biogas producing microorganisms are in the lag phase of
growth where acclimatization or adaptations of the cells take place. This report is in consonance
to that of Ozor et al.,( 2014). It is also evident from our findings that only co-digestion of cow
dung with turkey dung enhanced biogas generation.
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ABSTRACT
Ensete gilletii (family musaceae) is ethnomedicinally used for the treatment of diarrhoea,
dysentrieae, stomach ache, digestive disorder, cholera, fever, urinary infection and gonorrhoea.
The quantitative determination of the phytochemicals constituents revealed the presence of
alkaloids, flavonoids, phenolic compounds, Saponins and tannins with the values (3.970, 3.900,
12.712, 0.419 and 18.857 mg/cm?®, respectively).The preliminary phytochemical screening of
the Leaf extracts revealed the presence alkaloids, flavonoids, phlobatannins, reducing sugar,
saponins, tannins and terpenoidal compounds; While the preliminary phytochemical screening
for the VLC fraction (L1 —L4) revealed the presence of flavonoids, plobatannins, reducing
sugar, tannins and terpenoidal compounds. The thin layer chromatography (TLC) sprayed with
chromogenic reagents (FeCls) also revealed the present of phenolic compounds. Antibacterial
susceptibility test of crude ethanol extract of the leaf of Ensete gelletii against Gram-positve
(B. subtilis, S. aureus, S. Pyogenes) and Gram-negative (E. coli, K. pneumonaie, S. Typh and
S. dysentriea) at (40, 80, 120 and 160 mg/cm?®) test bacteria isolates revealed a broad spectrum
of activity in dose dependent manner. The zone of inhibition ranged from (16 to 29 mm) in the
leaf extract (16 to 31 mm) which is significantly different from the standard antibiotics
(Ampiclox) at (40 mg/cm?®). S. pyogenes and S. dysentriea were resistant against the leaf
extract. The Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concetration (MBC) of the fractions were also observed to be lower when compared with the
leaf crude extract. The MIC ranged (25 to 100 mg/cm?®) while the MBC ranged from (50 to 100
mg/cmq) in all the susceptible organisms. The broad spectrum activity displayed than the
standard antibiotic drugs (Ampiclox) suggest that the leaf part of the plant could be used as
pharmaceutically important agents in drug formulation in the treatment of numerous diseases.

INTRODUCTION

Nature has endowed man with abundant natural resources, especially plants and their medicinal
potentials. Over the years, man has exploited these medicinal plants, some for therapeutic
purposes. Because of the unique medicinal potentials discovered from these plants, people have
been using these plants for their health care needs (Tee et al., 2015). Traditional medicines
have been universally employed for treatment of various ailments and as basic template for

many pharmaceutical drugs (Abbott, 2014). It has been reported that 80 % of the world’s
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population relies on medicinal plants for their primary health care needs (World health

Organization (WHO, 2014).

Therefore, continuing exploration for novel chemical classes derived from medicinal plants is
one of the practical and promising approaches that attract researchers in the quest for new
chemotherapeutics (Daniels and Malomo, 2014). Ensete gilletii is a wild banana (Family
Musaceae) commonly called wild banana (English), Ayabar daji (Hausa), Uhia unune (Igbo),
Egbo ogede (Yoruba), Ayabaladde (Fulani) and Gbmamiyai (Gbagyi) has a wide distribution
range (West Tropical Africa to Malawi, Nigeria, Benin, Cote d’ivore, Sierra Leon, Togo,
Central Republic of Africa, Cameroun and Democratic Republic of Congo) (Scott, 2013). E.
gilletii is a large monocarpic flowering plants and one of the three genera in the banana family,
Musaceae, with unbranched pseudo-stem of concentric layers of fleshy leaf-petioles arising to
1.5 meters high from a swollen base, not suckering like Musa specie, and dying after flowering.
It resemble banana plants (Tesfaye et al., 2016), but they have a long, paddle-shaped leaves
with crimson midribs. The fruits are similar in appearance to those of banana, but they are dry,
seedy plant. The seeds coats are black, ovoid, and have about 0.4 — 0.5 mm diameter
and 0.5 — 0.7 mm long with a conspicuous white, powdery endosperm. The entire plant dies
after fruiting and is widely used for household, domestic and personal uses (Afolayan et al.,

2014, Tesfaye et al., 2016).

Ensete gilletii is used by rural people for the treatment of various ailments. In Nigeria,
information from local sources revealed that the roots have reportedly been used to treat various
ailments such as dysentery, diarrhoea, stomach ache, digestive disorder, cholera, fever, urinary
infection, gonorrhea, malaria, menstrual pains, typhoid fever, insect bites, skin infections,
treatment of wounds and general weakness. The flower, stem and leaves and roots of musacea
family have reportedly been used in the treatment of diabetics, diarrhoea, dysentery and easy

delivery among pregnant women (Sethiya, 2016). Although much work have been carried out
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on the other species, Ensete superbum, Ensete ventricosum among others. Literature on Ensete
gilletii however, is scanty, although it has been reported that the ethyl acetate and ethanol seed
extracts of the plant have a promising antibacterial and fungal activities (Afolayan et al., 2014).
A review of literature reveals no work has been carried out on the leaf extracts and the fractions
of Ensete plant. This work therefore presents the results of the phytochemical and antibacterial
potentials of the extracts and fractions of both the leaf of E. gilletii against selected bacteria in

comparison with standard antibiotic drug.

Materials and Methods

Collection of Plant

Fresh leaves of Ensete gilletii were collected from a farmland in Sarkin Pawa in Munya Local
Government Area, Niger State, Nigeria in the month of December, 2018. The plant was duly
authenticated by the herbarium at National Institute of Pharmaceutical Research and
Development (NIPRD), Idu-Abuja, Nigeria, and a voucher specimen deposited (\Voucher no.
NIPRD/H/6991). The fresh leaf collected was cut into pieces, air-dried at room temperature.

The dried sample was then pulverized.

Extraction Procedures

Pulverized leaves (1 kg) of Ensete gilletii was exhaustively extracted with 70 % ethanol by hot
maceration continuously at water bath (temperature, 70°C) for several days until the extractant
became colorless. The resulting solution was decanted, filtered and then concentrated in vacuo
and finally dried over a water bath to afford a deep brown pasty mass coded ethanol leaf

extracts (L) (109.6 g, 10.96 % recovery).

Fractionation of Crude Extracts

Vacuum — Liquid Chromatography (VLC) of Crude Extracts L
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Ethanol leaf extract (L) (pasty brown mass, 20 g) was fractionated using vacuum — liquid
chromatography (400 g silica gel, mesh 60-120, increasing polarity of CHCl3:MeOH (100-0:
0-100). The resultant eluates were collected in factions of 100 cm? each and identical fractions
pooled based on TLC profile in various solvent systems to give four major fractions coded L1-
L4. The pooled fractions were sprayed using chromogenic reagents: FeClz (test for phenolic

compounds), Dragendorff’s (test for Alkaloids) and LiebermannBuchard’s reagents reagents

(test for steroidal compound). The chromatogram is shown on palate I.

A B C

Plate I: Chromatograms of the TLC (solvent system: Me.CO:MeOH (9:1) of the leaf fractions
(L1-L4) sprayed with Chromogenic reagents FeCls (A) (Bluish-black, Dragendorff’s (B) (no

colour) and LiebermannBuchard’s (C) reagents (no colour)

Qualitative and Quantitative Screening

SPSBIC2019 16|Page
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The various classes of the phytochemical present in the ethanol leaf extract of E. gilletii
detected using various standard methods (Sofowora, 1993; Harbone, 1998; Trease and Evans,

2002; AOAC, 2010).

Antibacterial Assay

Source of organisms and bacterial culture

Crude ethanol leaf extract (L) and Fractions (L1-L4) tested against overnight cultures of three
Gram — positive (Staphylococcus aureus, Bacillus subtilis and Streptococcus pyogens) and four
Gram — negative (Escherichia coli, Salmonella typhi, Klebsiella pneumoniae and Shigella
dysentriae) bacterial strains. All obtained from the Department of Microbiology, Federal

University of Technology Minna, Niger State, Nigeria.

The Antimicrobial screening of the crude ethanol leaf (L) extracts and the fractions (L1-L4)
were carried out using agar dilution method as described by Sofowora, 1993 and Trease and

Evans (2002).

Results and Discussion
Preliminary Phytochemical Screening

Results of preliminary phytochemical screening (qualitative) of crude leaf extracts of E. gilletii
is presented in Table 1 and 2.

Table 1: Quantitative phytochemical Screening of Ethanol Leaf (L) Extract of Ensete
gilletii

Concentation (mg/g)
Phytoconstituents
Extract Alkaloids Flavonoids  Phenolic compounds Saponins Tannins

L 3.97+0.00  3.548+0.33 12.712+1.32 0.419+0.89 18.857+0.19

Table 2.: Phytochemical Constituents of the Crude Leaf Ethanol Extracts and the various
Fractions of Ensete gilletii.
Phytochemicals  Test Observation L L1 L2 L3 L4
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pyogenes

Alkaloids Dragendorff’s Orange recipitate + - -
reagent
Anthraquinones Borntrager’s  Pink redclour - - -
test
Cardiac Keller Reddish-brown - - -
glycosides Killani’s precipitate
testtest
Flavonoids NaOH Intense yellow colour  ++ ++ +
reagent
Phlobatannins  Borntrager’s  Red precipitate ++  ++ +
test
Reducing sugar Fehling’s test  Brick red precipitate ++ o+ +
Saponins Frothing Test Persistent froth + - -
Steroidal Libermann Greenish colour - - -
compound Burchard’s
test
Tannins FeCls test Bluish-black colour ++ 4+ ++
Terpenes Salkwiski’s Layer of reddish brown + + +
test colour
Key: + = present, ++ = moderately present
Table 3: Susceptibility Test for Ethanol Crude Leaf Extracts of E. gilletti
Standard
) ) drug
Test Organisms Concentration (mg/cm?)
40 80 120 160 40
Bacillus subtilis NA NA 17 21 31
Escherichia coli NA 16 22 28 36
Klebsilla NA NA 21 27 31
pneumonieae
Salmonella typhi 17 21 23 29 29
Staphyloccus aureus NA 22 24 29 36
Shigella dysentriae~ NA NA NA NA 34
Streptococcus NA NA NA NA 26
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NA= No activity

Table 4: Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration
(MBC) of Ethanol Crude Leaf Extracts of E.gilletii.

Test Organisms MIC MBC Ampiclox
Bacillus subtilis 120 120 40
Escherichia coli 80 120 40
Klebsiella pneumoniea 120 120 40
Salmonella typhi 40 80 40
Staphyloccus aureus 80 120 40
Shigella dysentriae NA NA 40
Streptococcus pyogenes  NA NA 40

NA= No activity

Table 4: Susceptibility Test for Crude Ethanol Leaf (L) Fractions of E. gilletii

Organisms Standard drug

Fractions (Concentration 200 mg/cm?)

L1 L2 L3 L4 Ampiclox
Bacillus subtilis 24 NA ‘NA 18 31
Escherichia coli NA 19 18 21 36
Klebsiella pneumonia 20 18 23 17 31
Salmonella typhi 21 17 NA 21 29
Staphyloccus aureus 18 NA NA 17 36
Shigella dysentriae 19 22 20 20 34
Streptococcus NA 18 NA NA 26

pyogenes

NA=No activity

Table 5: Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) of Ethanol Leaf (L) Fractions of E.gilletii

(Concentration 200 mg/cm?d)

MIC MBC
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Test L1 L2 L3 L4 L1 L2 L3 L4  Ampiclox
Organisms

Bacillus 25 NA NA 100 50 NA NA 100 40
subtilis

Escherichia NA 100 100 50 NA 100 100 50 40
coli

Klebsiella 50 100 50 100 100 100 50 100 40
pneumoniea

Salmonella 50 100 NA 50 100 100 NA 50 40
typhi

Staphyloccus 100 NA NA 100 100 NA NA 100 40
aureus

Shigella 100 50 50 50 100 50 100 50 40
dysentriae

Streptococcus NA 100 50 NA NA 100 50 NA 40
pyogenes

NA= No activity

The quantitative phytochemical screening revealed the presence of alkaloids, flavonoids,
phenolic compound, saponins and tannins (3.97+0.00, 3.548+0.33, 0.419+0.89, 12.712+1.32,
and 18.857+0.19 mg/g, respectively) (Table 1).

Qualitative phytochemical screening of the crude leaf extract and fractions also revealed the
presence of alkaloids, flavonoids, phlobatannins, reducing sugar, saponins, Tannin and
terpenes (Table 2). Fractions L1- L4 also contains flavonoids, phlobatannins, reducing sugar,
saponins and Tannin. Afolayan et al., 2014 reported the presence of similar phytochemicals in
hexane, ethyl acetate and ethanol extract of E. gilletii. The used of chromogenic reagents

(FeCls) revealed the presence of Phenolic compounds (Plate 1).

Antibacterial susceptibility test of crude ethanol leaf (L) extract of E. gelletii against B. subtilis,
S. aureus, S. pyogenes, E. coli, K. pneumonaie, S. dysentriea and S. typhi at 40, 80, 120 and
160 mg/cm?® revealed a broad spectrum of activity in dose dependent manner. The zone of

inhibition ranged from 16 to 29 mm in the leaf extract which is significantly different from the
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standard antibiotics (Ampiclox) at 40 mg/cm?. S. pyogenes and S. dysentriea were resistant
against the leaf extract (Table 3.).

The Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration
(MBC) which is the minimum concentration required inhibiting the growth of the
microorganism or completely kill the microorganism respectively were also recorded. S. typhi
have the lowest MIC and MBC (40 and 80 mg/cm? respectively), S. aureus and E. coli have an
MIC of 80 mg/cm?® and an MBC of 120 mg/cm?® while B. subtilis and K. pneumoniae have the
highest MIC and MBC (120 mg/cm? each) in the leaf extract.

Antibacterial susceptibility test of fractions have a wider zone of inhibition in all the test
bacteria isolates at 200 mg/cm? than the crude extract with zone of inhibition ranging from 18
to 24 mm in fraction 1 to 4 of the leaf. S. pyogenes and E. coli were resistant against fraction
L1; B. subtilis and S. aureus against fraction L2, L3; S. typhi against fraction L3 (Table 4).
MIC and MBC of the fractions were also lowered when compared with the crude leaf extract.
The MIC ranged from 25 to 100 mg/cm® while the MBC ranged from 50 to 100 in all the
susceptible organisms (Table 5).

The curative properties of plants are due to the presence of various phytochemical constituents
such as alkaloids, flavonoids, phenolic compounds, saponins, steroidal compounds, tannins and
terpenoidal compounds (Kumar et al., 2013). These phytochemicals are known to have in vitro
antimicrobial/antibacterial activity (Mann et al., 2008; Doughari et al., 2010; Ahmad and
Wudil, 2013; Adesina et al., 2013).

2013). Therefore, the presence of this phytochemicals in the crude and fractions of the extract

may have contributed the observed spectrum of activity.

Conclusion
The studies revealed that the pathogens used in this study were susceptible to both the leaf and

the stem of E. Gilletii, thus suggesting the usefulness of this plant as pharmaceutically active
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agent in drug formulation in the treatment of numerous diseases. The fractions of the extracts
obtained from this plant could provide a basis for the isolation of active compounds of broad
spectrum antimicrobials.
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Abstract

The significant gap between demand and supply of Energy has led to recurrent power shortcuts
in Nigeria, resulting to persistent problem in sustainable energy production which further
affects the rate of Science and Technology Development in the country. This Paper sought to
assess The Role of Chemistry Education in sustainable Energy Production, Science and
Technology Development in Nigeria. The Paper further established the Relationship between
Energy Production, Science and Technology Development in Nigeria. Literatures on the state
of Energy Production, Science and Technology Development Plans, Challenges, Impacts of
Politics and Economy on Science and Technology Development in Nigeria were reviewed,
respectively. Heavy reliance on oil, Lack of adequate quality and quantity of chemistry delivery
to the needs of Nigerians and Nigeria, ineffective government agencies to supervise the rate of
science and Technology Development in Nigeria, were identified as some of the challenges
facing sustainable energy production, Science and Technology Development in Nigeria. The
Role of Chemistry Education identified includes but not limited to: Review of Chemistry
Curriculum, where chemistry is delivered as not only a body of knowledge but also a veritable
instrument for self — reliance, growth and development in the country. The Paper recommended
among others, the establishment of Programs such as Solar Energy Education Program
(SEEP),Biotechnology Energy Production Program (BEPP) and Nuclear Energy Education
Program (NEEP), which will be headed by the Ministry of education, Power and steel in
collaboration with Research institutes to Develop, Implement and Evaluate Chemistry
curriculum and Delivery in all schools Nationwide.

Keywords: Sustainable Energy Production, Science and Technology Development,
Chemistry Education,

Introduction
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On a Separate Research conducted by the Economic Community of West African Countries
(ECOWAS) and World Bank in Aliyu, et al, (2018) revealed that Nigeria has the largest
economy in Sub - Saharan Africa, but a limitation in the power sector declines its rate of growth
and development. This implies that, sustainable energy production has a great influence in
improving growth and development through Science and Technology. Nigeria is endowed with
large oil, gas, hydro and solar resources having potentials to generate 12,522 Megawatts (MW)
of electric power from existing plants, but unfortunate enough was only able to generate around
4,000MW at the end of 2016, which is insufficient for consumption (Daramola, 2015 & Ojo,
2016). These have However, affected investment, industrialization, science and technology
development and other sectors of the Economy. Various stake holders, pressure group, Unions
and other agencies protested on the state of energy production in Nigeria as the then Federal
Government under the leadership of the then President Good luck Ebele Jonathan had no choice
than to privatize its distribution companies which gave rise to a wide range of tariff thereby
affecting other sectors of the economy and standard of living among Nigerians (Sadig, 2017).
Stake holders have no choice than to seek for possible solutions to sustainable energy, Science
and Technology development in Nigeria.

Various Research findings (John, 2014; Adeoye, 2016 & Azare, 2017) have revealed that the
nature of Science is systematic in approach and tentative in content, which implies that science
have a defined process and product skills in arriving at a specific conclusion. Tentative nature
of sciences makes sciences to have applications in the Physical Sciences such as Physics,
Chemistry, Geography, Biology, Geology, Mathematics and other professions of human
endeavor such as Medicine, Education, Petrochemicals, Brewery industries, Engineering, and
Pharmacy. The knowledge or product of sciences can only be meaningful when it finds
application to the benefit of an individual and his entire community, this application is called
Technology (Adeoye, 2016), These revealed that Technology is a product of science which is
also dynamic in Nature, as all things been equal no society or nation develops technologically
above its quality of science delivery, so for any nation that aspires to be great must pay great
attention to the quality of its science and Technology development (John, 2014 & Jimoh, 2015).
Moreover, a society having scientifically literate or enlightened individuals through Chemistry
education, solemnly, do have a higher chance to develop progressively in the area of
sustainable Energy production, Science and Technology development, which will yield
significant result when Chemistry curriculum reflects the needs of the ever changing society
(Anne, 2017).
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Chemistry Education is a veritable instrument for the growth, development, survival and
emancipation of the human race thus, needs to be given good quality attention (Mogbo, 2014
& Anne, 2017).The importance of chemistry education in the development of any nation cannot
be underrated especially in Nigeria where the National income rests on Petroleum and
Petrochemical industries. Moreover, the Federal government of Nigeria seems to have realized
the importance of chemistry education as an important key for development by stating in its
national policy on education that the goals of science education shall be to inculcate inquiry
knowledge and rational mind for the conduct of a good life and democracy through science and
Technology (FRN, 2007).

The broad aim of Chemistry Education relates both to individuals and to society in general
(Anne, 2017). At the level of the individual it aims to prepare students to realize their full
potentials, function and participate responsibly in society as good citizens, agile workers,
enlightened consumers and family members having interest of the society at heart in the area
of science and technology development (Adeoye, 2016 & Azare, 2017). Thus, the ultimate
aims of Chemistry Education in every society is to provide people with knowledge of scientific
concepts needed for the fulfillment of the socio — economic and cultural needs of the society
among others includes, the Mining industries, Medicals, automobiles, Petrol and Petrochemical
industries, Textile industries, cement and glass industries and Brewery industries (Bichi, 2015
& Balogun, 2016).

The Proceeds from the work of the Scientists and Technologists are used up by the society.
However the Society itself is not stagnant, it is dynamic in Nature as Nigeria being a developing
nation cannot be an exception. However, for any nation to be developed it must be able to meet
the needs of the changing society in the area of science and Technology through effective
science delivery (Mogbo, 2014 & Anne, 2017). Therefore, this study intends to assess
Sustainable Energy, science and Technology Development in Nigeria: The role of Chemistry

Education.
State of Energy Production in Nigeria

The extent of energy production in the country needs to be evaluated base on the rate of demand
and supply. According to the International Energy Agency (IEA) in (Wakili, 2017), the total
Nigerian primary energy supply was 118,325 Kilotonnes of oil equivalent (Ktoe) excluding
electricity trade, in 2016 Biomass and waste dominated with 82.2%, renewable sources only

accounted for a small share of the energy supply that is, hydropower only accounted for 0.4%
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wind and solar are also utilized but at an insignificant level. At present, Biomass is the dominant
energy source for cooking and heating purposes in our households. According to the Global
Initiatives on Accessible, Clean and Efficient Energy (GIACEE), Sustainable for all (SE4ALL)
in (Sadiq, 2015 & Aliyu, et al, 2018) revealed that little progress has been made with regards
to providing access to non — solid cooking fuels since 1990 as only 26% of the population had
access to non — solid cooking fuel in 2010 with a big difference between urban and rural area.
Electricity having a share of 2% in the total final energy consumption, electricity remains a
marginal source of energy in Nigeria as it only represents 9% of the households total energy
consumption (Ojo, 2016). Electricity consumption from residential and commercial sectors
represented 80% of the total electricity demand; the rest was covered by the industries, street
lightening and special tariff sectors (Wakili, 2017). The share of large consumers such as
industry and large commercial areas only represented 15 of the total electricity consumption.
As a result of high economic growth and demographic pressure, in 2008, the energy
commission of Nigeria (ECN) together with the International Atomic Energy Agency (IAEA)
projected a demand of 15,730MW for 2010 and 119,200MW for 2030 under the reference
scenario (7%) yearly economic growth (Sadiq, 2015 & Aliyu, et al, 2018). Other actors like
the defunct Power Holding Company of Nigeria (PHCN) or world Alliance for Decentralized
Energy (WADE) have also developed scenario though, the results of these studies varies widely
but they all conclude that the current gap between supply and demand is already very
substantial and that it will become more entrenched under a business as usual scenario.
During the administration of president Umaru musa Yar’adua, vision 20 — 20:20 was designed
to ensure Nigeria becomes one of the top 20 economies of the world by 2020 (Ayomide, 2015),
it emphasizes the importance of the development of energy infrastructure as a means to attain
the final objective as the target of 40,000MW by 2020 was mentioned in the document. As part
of the sustainable energy for All (SE4ALL) initiatives (Sadig, 2015 & Aliyu, et al, 2018), the
Federal Ministry of Power (FMP) jointly with the Economic Community of West Africa States
(ECOWAS) centre for renewable Energy and Energy Efficiency (ECREEE) and the Nigerian
Energy Support Program (NESP) are on the process of elaborating National Renewable Energy
and Energy Efficiency Action Plans (Ojo, 2016 & Wakili, 2017).

Science and Technology Development Plan in Nigeria

Research findings (John, 2014; Jimoh, 2015 & Adeoye, 2017) have revealed that the level of
Science and Technological development of any society or country lies on the strength of its

economic base. Immediately after Independence in 1960, the Federal government of Nigeria
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seems to have realized the significance of showing more interest in its economic base, thereby
mapped out a development plan on Science and Technology development through its National
Economic Council (NEC) (Lewis, 2017). The NEC outlined its development plan from 1962 —
1985 which spread across four stages.

The first National Development plan started in 1962 — 1968 though the plan aim at a target
saving of about fifteen percent of the gross Domestic Product (GDP) by 1985, which was an
annual investment of 15% of the GDP during the period, the highest priority were accorded to
Agriculture accounting for about 65% of the GDP. However, Mining was the fastest growing
sector of the economy as various projects completed during the first development plan includes
the QOil Refinery, Niger dam, Sugar Mill, Paper Mill. Though, the plan had a major setback as
a result of the civil war which lasted from 1967 — 1970. However, the plan was judged to be
successful in the field of insurance through the establishment of Nigerian insurance Company,

Lagos Stock exchange and various chambers of commerce.

The second National Development Plan lasted from 1970 — 1974. The highest National priority
was accorded to Agriculture, Industry, Transportation and Man power development while at
the second order of priority were accorded to social services and utilities such as electricity,
communication and water supplies while in the field of education the goal was restoration of
facilities and services damaged or disrupted by the civil war, development, expansion, improve

quality and quantity of teachers all over the country.

The third National plan lasted from 1975 — 1980 the major objective of the plan includes but
not limited to diversification of the economy through the implementation of a wide range of
building materials, agro allied, petrochemicals and other industrial projects due to the
importance given to Oil sector government revenue increased. This gave rise to more foreign
exchange for the country. Large program of expansion of secondary, technical and university

were included and aimed at overcoming the shortage of high level manpower.

The fourth National Development Plan lasted from 1981 1985 the main goal of the plan among
others includes strengthening of the economic infrastructure particularly power, water supply,
telecommunication, land transportation with emphasis on the railways, housing and health,
efforts were also made to diversify the economy away from the overdependence on oil by
laying emphasis on export potentials of existing industries such as textile, tyres, coal, pulp and
paper industries, traditional crops such as cocoa, groundnut palm produce and rubber were

actively exploited, in the area of education more primary, secondary, pre — vocational, and
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technical schools were established, training and retraining of teachers in technical colleges and
vocational training schools for the training of craftsmen, artisan and technicians.

Impacts of Politics and Economy on Science and Technology Development in Nigeria

Immediately after the era of Nigerian Economic Development plan which was pioneered by
the National Economic Council (NEC) in 1984, Nigeria had witnessed a lot of political
reformations and economic changes as result of change in political mantra from 1984 to 2019,
which further influenced the level of Science and Technology Development to date.

During General Ibrahim Badamosi Babangida’s administration, various agencies and programs
were initiated among which includes the Federal Environmental Protection Agency in 1985,
Jibia water treatment plant and Challawa Cenga Dam Kano in (1992), Oil Mineral producing
Area Development Commission were constituted as share of oil royalties raise to state of origin
from 1.5% to 3% (Lewis, 2017), creation of economic policies through Structural Adjustment
Programs (SAP) in 1986 its policies among others includes but not limited to Privatization of
public enterprise, deregulation of the agricultural sector and relaxation of foreign investments
(Ajakaiye, 2013). Moreover, in 1986 — 1988 these policies were executed and the Nigerian
economy actually grow with some shortcomings which made the government return to an
inflationary economic policy and partially reversed the deregulatory initiatives following
mounting political pressure and economic growth slowed correspondingly as capital flight

resumes apace under the influence negative real interest rate (Ajakaiye, 2013).

During the reign of General Sani Abacha the Petroleum Trust Fund (PTDF) was established
and inaugurated on March 25™ 1995 under the chairmanship of General Muhammadu Buhari,
(Morris, 2012) the Fund was formed to undertake major economic issues which Nigeria was
suffering, major development plan were in road construction, provision of Drugs, restructuring
of major insurance companies that supports the Small and medium Scale enterprises across the
country (Lewis, 2017). The Policy of privatization halt privatization program of the previous
administration which reduced inflation rate of 54% inherited from the previous administration
to 8.5% between 1993 — 1998, while oil was at an average of $15 per barrel as Abacha’s
administration became the first to record unprecedented economic achievement which over
saw an increase in the country’s foreign exchange reserve from $ 494 Million to $ 9.6 Billion
by the middle of 1997, he further reduced the external debt from N36 Billion to N27 Billion in
1997 (Willian, 2014).
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On 29" May, 1999 when Nigerian political track drifted from Military to Democracy, Chief
Olusegun Obasanjo’s administration also brought in various programs and policies among
which includes the creation of Niger delta Development Commission, Resuscitated the
National Fertilizer Company in Kaduna and Onne, Port Harcourt, Independent Corrupt
Practices Commission (ICPC), Economic and Financial Crime Commission and his
administration also increased the share of oil royalties and rent to the state of origin from 3%
to 13% (Encyclopaedia Britannica). The economic growth and debt payment before his
administration revealed that the Gross domestic Product (GDP) growth had been painfully slow
since 1987 and only managed to increase to 3% between 1999 — 2000. However, the growth
rate doubled to 6% before 2007 (Lewis, 2017). The Nigerian foreign reserve rose from $2
billion in 1999 to $43 billion in 2007 and the naira exchange rate to the US dollar and other
major currencies during this period was highly regulated and artificially high (Morris, 2012).

In 2007, During Umaru Musa Yar’adua administration pointed out seven point agenda among
which includes critical infrastructural development in power and transportation, wealth
creation through diversification of the economy and focus on development issues in the Niger
Delta as solutions to the current developmental challenges facing country, but by 2010 the
country was struggling to realize to realize many of the stated goals as the power sector was
not adequately funded, infrastructural deficit was not closed down and the troublesome process

of reforming land use regulation hampered a reform of the land use law (Lewis, 2017).

During President Goodluck Jonathan’s administration a road map for power sector reform was
launched on 2 August, 2010. In a study conducted by the World Bank in (Sadig, 2015) revealed
that lack of access to financing and electricity were cited as Nigerian main obstacles to
Development surpassing corruption. The government then oversees privatization of the sector
to enhance efficient and reliable power infrastructure to Nigerians (Fashina, 2017). A Canadian
consultancy firm which specializes on transportation and energy infrastructure projects was
contracted to serve as transaction adviser for the handover of state electricity assets. On 13
December, 2011 the 2012 fiscal year’s budget removed any provision for the existing fuel
subsidy though about 80% of Nigerians opposed the plan to remove the fuel subsidy (ACE —
Nig). Prof. Tam David — West former petroleum minister expressed concern that the planned
removal of the fuel subsidy will squeeze the economy, increase inflation and hurt both

businesses and public while other view the action as ill —timed (Atanda, 2010).

During President Muhammadu Buhari administration 2015 — 2018, Nigeria suffered a decline

in commodity prices which triggered an economic recession (Akinrinade, 2016), naira
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depreciated in the black market leading to a gulf between the official exchange rate and the
black market rate, a resulting shortage in foreign exchange hit various businesses including
petroleum marketers (Fashina,2017). In May, 2016 the government announced a rise in the
official pump price of petroleum to curtail shortfall in the commodity as a result of foreign
exchange shortages (Odanyeo, 2017). In 2016, the country’s economy decline by 1.6 % and in
2017 per capital economic growth is projected to be negligible (Fashina, 2017). Though the
administration has not shown dedicated efforts to diversify sources of government spending as
the 2018 budget signaled an expansionary fiscal policy with funds dedicated to infrastructural
projects such as strategic roads, bridges and power plants (Aliyu, et al 2018). In Niger Delta
despite the amnesty program to ameliorate the conditions of the Peoples lives and settle militant
activities, there are still intermittent attacks on oil facilities by groups such as the Niger Delta
Avengers, this has significantly affected oil production leading to cuts in exports and
government revenue as the avengers are waging conflict for greater economy and political

autonomy (Adarmola, 2015).

Challenges to Sustainable Energy Production, Science and Technology Development in

Nigeria

The significant gap between demand and supply of electricity has led to recurrent power
shortcuts, thus the heavy reliance on gas, limited technical / technological know — how, lack of
energy efficiency practices and infrastructure maintenance, inadequate regulations and attack
on energy infrastructure, contributes to the challenges facing sustainable energy production in

Nigeria.

In the area of Science and Technology Development, despite the huge government revenue and
reliance on oil sector, diversification of the economy becomes necessary since oil revenue
alone cannot meet up with the needs of the ever changing and developing country like Nigeria,
especially in the area of Science and Technology Development. These reasons been that
government have shown little or no significant impact to provide facilities, materials to
influence effective learning of Sciences (Chemistry) using Science Technology and Education
(STE) models, lack of adequate training and retraining of workers, lack of adequate technical/
technological know — how and inadequate government agencies to supervise the rate of science
and technological development in the country and proffer solutions to relevant authorities
immediately. Therefore, this study will tend to evaluate the role of chemistry education in

ensuring sustainable energy, Science and technology Development throughout the country.
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The teaching of chemistry being the foundation and backbone of sciences at secondary school
levels have not being encouraging over the years, these makes most chemistry students not to
identify their divine potentials in terms of being creative and productive, which would have
helped them to be self reliant and useful to themselves and the society, but rather subject their
potentials to the streets by involving in social vices such as Destruction and Theft of oil
pipelines, Power plants, Drug addiction, Kidnapping thereby becoming a threat to the

government which further impedes development in the country.

The Role of Chemistry Education for Sustainable Energy, Science and Technology
Development in Nigeria

The need for chemistry curriculum changes by incorporating Science and Technology is
evident in the perception by science educationists, Government and other stake holders that
chemistry education have not in the past been relevant to the needs of the broad cross — section
of students and the society (Adeoye, 2016). Various research findings have attributed this to
the quality and quantity of chemistry delivery in the area of changing the existing chemistry
curriculum to meet the demand of the society as the chemistry teaching methods should be
student centered and not teacher centered where the students should be allowed to explore their
environment and take responsibility for their learning with little guide by a facilitator (John,
2014: Jimoh, 2015 & Adeoye, 2016).

It is now being argued that a chemistry curriculum that is more personally and socially relevant
would be more appropriate for secondary students, especially those who will be future
consumers of chemistry rather than the future producers in the area of energy production
(Akinrinade, 2016; Wakili, 2017 & Azare, 2017). Therefore, if Chemistry is presented as a
human endeavor which develops through the efforts of people and which affects the lives of
people through improved standard of living, then we can vividly accept the relevance of
chemistry education in the society. For instance, in Energy production the major goals should
be to teach basic principles and concepts relating to heat, light and other forms of energy, study
technological changes, adaptations and examine mankind’s need for utilization of energy.
Sustainable energy can be produced through chemistry education among which includes

Biotechnology Energy, Nuclear Energy, Solar Energy and Hydroelectric Power.

Biotechnology is being used to produce energy based on naturally produced organic materials
such as maize, cassava, though there are places in the world where industrial plants convert

sugar from cane into ethanol which can be used to fuel cars. In North America cereals such as
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Maize, Wheat, Barley are fermented to produce a variety of products including fuel (Ojo,
2016). However, alcohol is potentially a cleaner source of energy than fossils because it is
sulphur free. Therefore, During Chemistry learning all the necessary instructional and
improvised materials should be made available to the students whom will work as a team find
out how energy can be produced from Maize, Cassava or sugar cane. If this method reflects in
the chemistry curriculum throughout the nation may mean that every Nigerian chemistry
students will know how to produce energy from Maize or Cassava which will further improve

science and Technology development in the country.

The Nuclear Energy is the bedrock of nuclear technology, primarily responsible for production
of power (electricity) (Aliyu, et al, 2018). Today however, Man has produced and still
producing lots of destructive arms and ammunitions example includes Atomic bomb,
Hydrogen Bomb, missiles of all forms. Nuclear Chemistry is a concept taught in most
secondary schools in Nigeria, these explains how energy can be radiated or produced from the
nucleus of an atom, this can be taught effectively using a curriculum that outline modules of
activities which students will use to explore and take control of their learning with little guide
by a facilitator to identify how nuclear energy is produced from an atom, These will further

improve science and Technology Development in the country.

Water as a Chemistry concept can be outlined in the Curriculum on the principles of Damming
and Electrolysis on techniques and principles of power generation from water using improvised
material as outlined in the curriculum. These will improve Chemistry students’ potentials on
Hydro Electric Power (HEP) generation nationwide, thereby aids Energy Production potentials

among enlightened chemists, science and technology development nationwide.
Recommendations

i. Government and other stake holders should accept the fact that chemistry Education is a
vital tool for sustainable energy production, science and technology development in
Nigeria, by providing all the necessary materials for effective learning outcome.

ii. Government, international agencies and other stake holders should assist in funding
Chemistry Education Projects.

iii. Government should establish programs and institutions which should include but not
limited to Solar Energy Education Project (SEEP), Nuclear Energy Education Program
(NEEP), Biotechnology Energy Production Program (BEPP), Science Process Skills
Program (SPSP) and Chemistry Entrepreneurship Skill Acquisition Program (CESAP)
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headed by the Ministry of Education in collaboration with Ministry Science and
Technology, Ministry of Power Through Research Institute such as Energy Research
Institute of Nigeria (ERIN) or Institute of Science and Technology Development of Nigeria
(ISTDN) which should be saddled with the responsibility of developing, implanting,
supervising and evaluating a new chemistry curriculum Nationwide.

iv. International organization such as United Nations International Children Emergency Fund
(UNICEF), World Health Organization (WHO) and other stake holders should assist the
government in funding the program.

v. Effective and Regular Training and Retraining of workers at all levels.

vi. Most of the programs should be extended to higher institution of learning nation wide

vii. Improved incentives for Science Teachers on the basis of professional development index,
S0 as to encourage continuous research among chemistry Teachers.

viii. Free Education and scholarship should be given to students in the area of science and
Technology to increase students enrollment especially Females in Northern Nigeria.

ix. Government and other agencies should organize frequent and regular Seminars,
Conferences and workshops among stake holders Nationwide.

X. Government Policies and Programs should be reviewed from time to time in favor of
Energy Production, Science and Technology Development in not only Secondary Schools
but also higher institutions of learning.

xi. Curriculum change should not only be limited to Chemistry but also Physics and other

science related subjects.

References

Adaramola, M. S (2015). “On wind Speed Pattern and Energy Potential in Nigeria” Energy
Policy 39 (5), 2501 — 2506.

Adegbese, M. U (2015). Ibrahim Badamosi Babangida: The Military, Power and Politics.
Adonis & Abbey. Publisher, PP, 19 - 40.

Adeoye, M . | (2016). Science and Technology for National Development. The effects of
students interaction pattern on cognitive achievement in Chemistry. Perspectives on
crucial issues on Nigeria and African Education. Publication of Institute of Education,
University of Nigeria, Nsukka 1.1 — 6.

Ajakaiye, O. N (2013), The Structural Adjustment Program and changes in the structure of
Production in Nigeria, NCEMA Monograph series No, 20.

Akinrinade, S. P (2016). “Nigeria’s Economy — Weighing the Balance” Africa Today,
November/ December.



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Aliyu, G. N; Abubakar, H. A; Rufai, A. Y & Tukura, T. S (2018). “ A review of Renewable
Energy Development in Africa: A Focus in South Africa, Egypt and Nigeria”
Renewable and Sustainable Energy Reviews 81: 2502 — 2518.

Anne, O. S (2017). Enhancing Science Education through Professional Development of
Science Teachers on inquiry — based teaching strategy in a dwindling Economy, A
paper presented at the 5" School of Science and Technology Education Futminna
international conference oct, 3 — 6, pp, 120 — 128.

Ariyo, K. A. (2016) Effect of concepts maps on senior secondary students’ retention in
electrolysis concepts. Perspective on crucial issues on Nigerian and African education
(1) 112 — 127.

Atanda, O. G (2010). Nigeria Since Independence: The first twenty five years Vol 29 — Science
and Technology, Ibadan Heinemann Educational Books.

Ayomide, E. O (2015). Nigerian Government and Education since 1990s, Longman Publishing
company, Lagos.

Azare, G. D (2017). The Problems Hindering the effective Management of Education in
Nigeria. A paper presented at the annual national conference of education planners
and Managers at Ahmadu Bello University, Zaria. May 3™ — 10"

Balogun, T. O (2016). Interest in Science and Technology education in Nigeria. Journal of the
Science Teachers Association of Nigeria (STAN) 43, (1 & 2), 92 —99.

Baruwa, Y (2014). Intellectuals, Economics, Reforms and Social changes constraints and
Opportunities in the Nigerian Technocracy, Dakar, CODESRIA.

Bichi, T. A (2015). Science, Society and Science Teaching Effectiveness in Nigeria. Journal
of Science Teachers Association of Nigeria (STAN), (45) 14 — 20.

Fashina, O. J (2017). “ Economic Crises, Social Unrest and the Academia” in Ogunye, I. et al
(eds), Citadels of Violence, Lagos, Committee on the Defence of Human Rights
(CDHR) Lagos, pp 100 — 144.

Federal Republic of Nigeria (2004 — 2014). National Policy on Education, Lagos: NERDC
press National Policy on education (5™ Edition) NERDC Publishers.

First National Development Plan 1962 — 1968, Federal Ministry of Economic, Development
and Reconstructions, Lagos.

Fourth National Development Plan 1981 — 1985, Federal Ministry of Economic, Development
and Reconstructions, Lagos.

Jimoh, O. J (2015) Integrated science in Nigeria. A view of the problems and prospects led
paper | 45" annual conference proceedings of Science Teachers Association of Nigeria
(STAN), 209 — 219.

John, P. O (2014). Problems and prospects of science and technology education in Nigeria.
Journal of the science Teachers of Nigeria 49 (1 & 2) 92 — 99.



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Lewis, H. M (2017). Growing Apart: Oil, Politics and economic Change in Indonesia and
Nigeria. University of Michigan Press p. 178 ISBN 0-472-06980-2

Lewis, O. N (2017). “ From Prebendalism to predation: The Political Economy of decline in
Nigeria.” Journal of modern African Studies 34 (1). 79 — 103.

Mogbo, W. (2014), Science and Technology for Sustainable Growth and Development,
Federal University of Technology, Minna, News letter 3(8).pp 20. ISBN, 0795.1035.

Morris, J. 1(2012). “ Ideas & Trends: A Nigerian Miracle”, The New York times. Retrieved 9.
April 2012.

National Policy on education (NPE), (2014), Federal Republic of Nigeria, Lagos: NERDC
press (5", Edition).

Obotetukudo, S. H (2014). The Inaugural addresses and Ascension speeches of Nigerian
elected and Non — elected Presidents and Prime Ministers from 1960 — 2010. University
Press of America, P. 121.

Odanyeo, O. H (2017) A comprehensive History Textbook on Science and Technology.

Ojo, G. K (2016). “Prospects of Localism of Community Energy Projects in Nigeria” Local
Environment 19 (8) 933 — 946.

Okeke U. M. O (2015). Science education in Nigerian schools since 1960, A paper presented
at the international conference on comparative education for Nigeria. University of
Lagos, Lagos.

Olusegun Obasanjo Encyclopedia Britannica 21 May, 2014 retrieved 23 February, 2015.

Sadiq, Z. I (2015). “Current Status and Future Prospects of Renewable Energy in Nigeria”
Renewable and Sustainable Energy Reviews 48: 336 — 346.

Second National Development Plan 1970 — 1974, Federal Ministry of Economic, Development
and Reconstructions, Lagos.

Third National Development Plan 1975 — 1980, Federal Ministry of Economic, Development
and Reconstructions, Lagos.

Wakili, M. O (2017). ” Nigeria: Mambilla Power Projects Gets $5.79bn for takeoff. Daily Trust
(Abuja). Retrieved 2017 -11- 02.



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Optimization of some Selected Parameters in the Deacetylation Process of
Chitosan Extraction from African Giant Land Snail Shell
(Archachatinamarginata) using Response Surface Method

Kunle Isaac'” and Abdulfatai Jimoh?

12 Department of Chemical Engineering, Federal university of Technology,
Minna,Nigeria

1Ohimahisaac@gmail.com, fatai2011@futminna.edu.ng,* Corresponding author

Abstract

Chitin is the second most abundant naturally occurring polymer found on the earth after
cellulose, it’s commonly found in the exoskeleton and shells of insects, mollusks, crustaceans
and even in fungal cell walls. The partial N-deacetylation of chitin leads to the production of
chitosan, which is an improvement on the poor physiochemical properties of chitin thereby

ensuring that chitosan is far more advantageous in terms of application than chitin.

This study was undertaken to investigate the effect of some selected parameters on the
deacetylation process of chitosan extraction from African giant land snail shell
(Archachatinamarginata) using Response Surface Method. A chemical approach was utilized
in the chitin and chitosan production. The chitin was extracted from the snail shell after
deproteination and demineralization reactions were carried out while the chitosan was obtained
after deacetylation of the chitin. The deacetylation stage was optimized using four input
variables, viz. NaOH concentration, Chitin to Solvent ratio, Reaction temperature and Reaction
time with the aid of Design expert version 7 response surface method, where the central
composite design methodology was used to design the experiment. Thereafter the analysis of
results and optimization of the extraction process was carried out using the same Design expert
software. From the results obtained, it was discovered that the extraction process of chitosan
from African giant land snail shell (Archachatinamarginata) gave a DA yield 0f67.9%at NaOH
concentration, Chitin to Solvent ratio, Reaction temperature and Reaction time 0f40%, 1:13.50,
75°C and 120 minutes respectively. A good correlation exists between the experimental
chitosan yields and the predicted chitosan yields as was confirmed by validation experiment
carried out and also by the square of the correlation coefficient of the developed model which
was estimated to be 0.9293.
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1. Introduction

Chitinpolymer (poly (B-(1—4)-N-acetyl-D-glucosamine))is a natural polysaccharide, it is the
second most abundant natural occurring polymeron the earth after cellulose(lslem, and
Marguerite, 2015). This chitin polymer can easily be found in the skeletal or exoskeletal
structure of lower animals (particularly crustacea, mollusks and insects), fungi (where it exists
as the principle fibrillar polymer of the cell wall), yeast and green algae(Gbenebor,et al., 2017).

However, chitin’s poor solubility has placed a limitation in its applicationsince it is insoluble
in most solvents(Shanta, et al., 2015). The need to overcome this limitation has resulted in the
birth of chitosan which is derived by the chemical modification of chitin (Islem, and
Marguerite, 2015). Similarly, Islem, and Marguerite, (2015) reported that modified chitin
(chitosan) is far more advantageous to use and opens new frontiers for its application.

The cationic, non-toxic, biodegradable and biocompatible polyelectrolytic nature of chitosan
has made it one of the most widely distributed biopolymers (Enyeribe, et al., 2017). These
cationic properties of the chitosan imbue it with unique properties that can be exploited by
biotechnologists; including applications in the fields of medicine, material science and crop
science (Russell, 2013).

2. Literature Review

According to Russell, (2013)the steps leading to the extraction of chitosan include the
deproteination and demineralization of the snail shell which would yield chitin after which the
deacetylation of this chitin giveschitosan. However, several factors and process parameters
play an important role in each the stages involved.

Mahmoud, et al., (2007) and Wassila,et al.,(2013) reported that the biological approach or a
chemical approach could be utilized in the chitin extraction phase althoughlslem, and
Marguerite, (2015)reported that despite drawbacks associated in the use of the chemical
approach it is still the most widely utilized method in chitin extraction. A typical chemical
extraction of chitin involves the use of an acid reagent for the demineralization phase and an
alkaline reagent for the deproteination stage. Howbeit, extensive research has placed emphasis
on the use of HCI as the acidic reagent and NaOH as the alkaline reagent (Hongkulsup, et al.,
2016;Joshy, et al., 2016). Other organic and inorganic acids such as HNO3z, H.SO4, CH3COOH,
HCOOH, and CsHgO7have been used while successes in the use of other alkalines such as
Na,CO3, NaHCOs3, K>CO3, Ca(OH)., NazS, NaHSOs, and NasPO4 has also been reported
(Varun,et al., 2017 2013; Islem, and Marguerite, 2015).

The demineralization (decalcification) stage can be carried out before the deproteination stage
however as a rule of thumb it is preferable to carry out the deproteination stage first as this
sequence helps to control foaming which is a by-product of the release of CO. in the
demineralization stage (Joshy, et al., 2016). The application of the biological method in chitin
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extraction bypasses the need for individual deproteinization and demineralization steps since
the processes occur simultaneously unlike the chemical method in which each step
(deproteination and demineralization) occur separately (Shanta, et al., 2015). Despite this
advantage implementation of the biological approach to chitin extraction is still plagued by
factors such as the longer reaction time and the excessive amount of residual protein that is
generated as by-product(Hongkulsup, et al., 2016).

Table 2.1: Comparison of chemical and biological methods in chitin recovery (Wassila, et
al., 2013)

Chemical method Biological method

In-situ

Demineralization Mineral solubilization by acidic ~ This is carried out

treatment using an acidic by lactic acid

reagent such as HCI, HNOg3, produced by
H2SO4 CH3COOH and bacteria through
HCOOH. the conversion of

an added carbon

source.
o)
o
3
é Deproteination Protein solubilization by This is carried out
=
E alkaline treatment by proteases
(&)

secreted into the
fermentation
medium or by
adding exo-
proteases or

proteolytic bacteria
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Chitosan (modified chitin) is formed by the deacetylation of chitin. This deacetylation is simply
the removal of the acetyl groups from the molecular chain of chitin, leaving behind a compound
(chitosan) with a high degree chemical reactive amino group (-NH2). An advantage in the use
of chitosan over chitin is its solubility in most solvents thereby opening up new frontiers for its
application (Shanta, et al., 2015). However, no matter the method employed in the
deacetylation of chitin (enzymaticor alkali deacetylation) the most important factor to consider
is the molecular weight and the degree of deacetylation of the chitosan.

CH,OH CH,OH

0 ¢} NaOH. heat.N, O)[O
_—»
o deacetylation o
NHCOCH 3 NH;

m m

Figure 2.1 Chemical deacetylation of chitin using a Basic (alkaline) reagent (Shanta et
al., 2015)

The alkali deacetylationis the most preferred form of chitin deacetylation. During the course of
deacetylation, part of polymer N-acetyl links are broken with the formation of D-glucosamine
units, which contains a free amine group thereby increasing the polymer’s solubility in aqueous
medium(Nisha, and Pandharipande, 2016). In other words,chitosan can be defined as a co-
polymer of glucosamine and N-acetylglucosaminewhich is obtained by the removal of the
acetyl groups in the chitin during whichthe acetamide groups (-NHCOCHS3) of chitin are
converted into amino groups (-NH2) leading to chitosan formation (Ameh, et al., 2013; Nisha,
and Pandharipande, 2016).

The use of an acidic reagent in place of an alkaline reagent in the chemical deacetylation of
chitin would lead to the hydrolysis of the polysaccharide. As such only alkaline methods can
be employedwith the added benefit that the use of alkaline deacetylationprocess is favourable
industrially in that its low cost and ease of use makes it suitablefor the mass production of
chitosan commercially (Shanta, et al.,2015; Islem, and Marguerite, 2015).

Majekodunmi, (2016)reported that enzymatic deacetylation occurs when chitin deacetylase
catalyses the hydrolysis of N-acetamido bonds in chitin to produce chitosan. This enzymatic
activity has been reported in several fungi and insect species. Common examples of such
enzymes which have been extracted from fungi include Mucor rouxii, Absidiacoerulea,
Aspergillus nidulans and two strains of Colletotrichum lindemuthianum.

A major difference between chitin and chitosan lies in the fact that chitin is not readily soluble
in diluted acetic acid although it is soluble in highly toxic solvents such as lithium chloride and
dimethylacetamide. In terms of deacetylation Nisha, and Pandharipande, (2016) reported
thatchitin with a degree of deacetylation of 75% or above is known as chitosan.
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2.1Properties of Chitosan
2.1.1Degree of Deacetylation (DD)

The degree of deacetylation determines the content of free amino groups (-NH2) in the
polysaccharides and this can be used to differentiate between chitin and chitosan (Wassila, et
al., 2013). Ideally chitin with a degree of deacetylation of 75% or above is known as chitosan
(Nisha, and Pandharipande, 2016).Gbenebor, et al.,(2017) reported that properties such as
solubility, viscosity, ion-exchange capacity, flocculation ability, tensile strength, ability to
chelate metal ions, immune adjuvant activity and reaction with amino group are all dependent
on the degree of deacetylation with a higher the degree of deacetylation representing a higher
the number of amino groups present(Majekodunmi, 2016).

2.1.2 pH value

According to Kaewboonruang, (2016) chitosan has a typical PH value that falls in the range of
6.0 to 7.5 as chitosan’s with PH value within this range exhibit better physiochemical
properties.

2.1.3 Colour

Generally, a white chitosan is desirable due to aesthetics. Howbeit, the chitosan’s color does
not affect its properties (Islem, and Marguerite, 2015).

2.1.4Solubility

Chitosan should have a solubility of above 50% in 1% acetic acid as its solubility in 1% acetic
acid serves as a clear distinction between it and chitin (Shanta, et al., 2015).

2.1.5Molecular Weight

According toMahmoud,et al.,(2007) and Thillai, et al., (2017) the molecular weight of chitin
is always greater than that of chitosan with the molecular weight of chitin usually been over a
million Dalton's (>1 x 10°DD) and that of chitosan been classified as low MW (< 50 kDa),
medium MW (50 — 150 kDa) and high MW (> 150 kDa).

2.1.6 Viscosity

Hossain, and Igbal, (2014) reported that the factors that affect the viscosity of chitosan include
the degree of deacetylation, the molecular weight, pH, and temperature. They also reported that
smaller particle sizes resulted in chitosan of higher viscosity and molecular weight with a
higher molecular weight resulting in a higher viscosity.

2.2Importance of Chitosan
2.2.1 In Food Industry

The non-toxic nature of chitosan makes it applicable as a colouring agent, flavouring agent and
dietary fiber in food (Shanta, et al., 2015). it can also be applied to fresh food produce by
coating or spraying in other to increase the shelf life of such food produce and it has been tested
extensively on vegetables and fruits (Muxikaet al., 2017).

2.2.2 In Medical Industry

Chitosans attractive biological activities (antifungal, antibacterial, antitumor, immunoadjuvant,
anticholesteremic agent) and bioadhesivity (especially of chitosan and its derivatives) makes it
possible for them to be used as absorption promoters, for drug delivery in both implantable and
injectable forms, hydrating agents, as well as for film production and wound healing (Islem, &
Marguerite, 2015, Shanta, et al., 2015).

2.2.3 In Industry

Muxika et al., (2017) reported that an application of chitosan in industry is in 3D printing (also
known as Additive Manufacturing) where chitosan is mixed with other biocompatible
components such as gelatine and silica. Similarly, it can also be used in various industries as
fillers in bio-polymer composite materials (Gbenebor, et al., 2017).

2.2.4 In Wastewater Treatment
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In wastewater treatment chitosan act as chelating agent and heavy metals trapper where
chitosanhas been effectively used in the removal of arsenic, dies such as orange 3 (DO3) and
disperse blue 3 (DB3) and even select heavy metals such as Cu?*from contaminated wastewater
(Muxikaet al., 2017)

3. Methodology
3.1 Sample Preparation

The snail shells were scraped free of loose tissue, washed and dried. The product was
thenpulverized into fine snail shells powder

Snail Shell Washing Owven Size Deprotienation

Extraction Drying Reduction

Deminerali zation Washing and

/ Dirying

Washing and Deacetylation Washing and
Drying Drying

\ Characterization ‘/

Results

1

Figure 3.1: Schematic of chitin and chitosan recovery

3.20btainment of Chitin

Hongkulsup, et al.,(2016) reported that the deproteination stage and the demineralization stage
are the two phases required in the extracton of chitin.In this study chitin was obtained through
the stages of deproteinization which involves the extraction of protein matter in alkaline
medium mainly with NaOH and demineralizationstage involves acid treatment to remove
inorganic matters mainly calcium carbonate with HCI(Shanta, et al., 2015).

Similarly, according to Joshy, et al., (2016) the four major parameters affecting the extraction
of chitin include the reagent used, the reagents concentration, the reaction temperature and the
reaction time. The deproteination reaction was carried out at 4% NaOH concentration, 1:10
sample to alkali ratio, reaction temperature of 50 ° C and reaction time of 1 hour. Similarly, the
demineralization stage occurred at 2M HCI concentration, sample to acid ratio of 1:5, a reaction
temperature of 60 ° C and reaction time of 3 hours

3.30btainment of Chitosan
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The optimization of the deacetylation of Chitin(brings about the formation of Chitosan) was
carried out using design expert.This deacetylation stage was optimized using DESIGN
EXPERT (Version 7.0.0, Stat Ease, Inc., USA) software. The process parameters considered
for the deacetylation stage include the NaOH concentration, the Sample to Alkali ratio, the
Reaction Temperature and the Reaction time.This factors where chosen because they are the
main factors that affect the attainment of adequate molecular weight chitosan

Table 3.1: Process parameters under investigation

Variables Low High
NaOH Concentration (%) 30 50
Chitin to Alkali Ratio (w/v) 7 20
Reaction Temperature (° C) 90 120
Reaction Time (minutes) 90 150

3.4Chitosan Characterization
3.4.1Degree of Deacetylation (DD)

The degree of deacetylation determines the content of free amino groups (-NH2) in the
polysaccharides (Wassila, et al., 2013).The DD was determined from the Fourier Transform
Infrared Spectroscopy (FTIR) as reported by (Gbenebor, et al., 2017).

A1655)

— _ <A3450
DD =100 x (1 — ~25e/) (1)

Where the A1655and A3450 are the absorbance at 1655 cm™ of the amide | band as a measure
of the N-acetyl group content and 3450 cm™ of the hydroxyl band.
3.4.2pHvalue

The pH value was determined by the method reported by Kaewboonruang, (2016)where 5 ml
of distilled water is added to 20g of the air-dried chitosan and stirred using a glass rod after
which the electrode of the digital standardized pH meter is inserted into it and the pH read off
the meters display

3.4.3Solubility

19 of the chitosan was dissolved in 1M acetic acid and vigorously stirred for 30 minutes after
which the residue is filtered out and weighed (Majekodunmi, 2016).

Initial weight— Weight of residue
g ght of x 100% (2)

% Solubility =

Initial weight

3.4.4 Molecular Weight
The molecular weight was determined by employing Mark-Houwink equation

n=KM® 3)

Where 1 is the intrinsic viscosity, M is average molecular weight, K and a are constants, whose
values depend on the polymer type and the chosen solvent as reported by (Hossain, and Igbal,
2014).



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

3.4.5 Viscosity

The viscosity of chitosan samples was determined by a Brookfield viscometer. Where the
chitosan sample was dissolved in 1% of acetic acid at 1% concentration of the sample on a
dried basic.The chitosan viscosity was measured in centipoises (cps) (Hossain, and Igbal,
2014).

3.4.6 Moisture Content

This was determined by gravimetric method where the crucible was dried in an oven at 80°C
for 20 minutes, and then cooled in a desiccator and weighed (W1)g, 2g of the sample wasthen
placed into the crucible and reweighed (W2)g, the crucible with the sample was dried in the
oven at 105°C until a constant weight was obtained after successive cooling in the desiccator
and weighing.It was then transferred from the oven to the desiccator to cool and then quickly
weighed (W3)g. The percentage moisture content is calculated using formula (Enyeribe, et al.,
2017

% Moistue content = % x 100% 4)
2 -V

4. Results and Discussion
4.1 Optimization of Chitosan Production

The deacetylation of Chitin is what brings about the formation of Chitosan.This deacetylation
stage was optimized using DESIGN EXPERT (Version 7.0.0, Stat Ease, Inc., USA) software.
The process parameters considered for the deacetylation stage include the NaOH concentration,
the Sample to Alkali ratio, the Reaction Temperature and the Reaction time.

Table 4.1: Optimization of chitosan production from Snail shell

Run A: NaOH B: Chitin C: Reaction D: Actual Predicted
Number ?;Or;centratlon to Temperature Reaction DD DD Yield
Alkali o Time Yield
ratio (°C) (%)
(mins) (%)
(wiv)
1 50.00 20.00 90.00 150.00 74.3 74.16
2 50.00 20.00 90.00 90.00 77.3 75.60
3 40.00 13.50 105.00 60.00 84.0 85.64
4 40.00 13.50 105.00 120.00 82.7 81.53
5 40.00 13.50 105.00 180.00 83.2 83.49
6 60.00 13.50 105.00 120.00 76.5 78.74
7 30.00 7.00 120.00 150.00 82.0 82.90
8 40.00 26.50 105.00 120.00 70.0 73.20
9 50.00 7.00 120.00 150.00 82.0 82.11
10 50.00 7.00 90.00 150.00 84.0 82.88

o
o

30.00 7.00 120.00 90.00 84.6 83.61
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40.00
30.00
30.00
50.00
40.00
50.00
50.00
40.00
50.00
40.00
40.00
30.00
30.00
30.00
40.00
30.00
40.00
20.00
40.00

13.50
20.00
7.00

7.00

0.50

20.00
20.00
13.50
7.00

13.50
13.50
20.00
20.00
20.00
13.50
7.00

13.50
13.50
13.50

105.00
90.00
90.00
120.00
105.00
120.00
120.00
135.00
90.00
105.00
105.00
120.00
120.00
90.00
105.00
90.00
105.00
105.00
75.00

120.00
150.00
90.00
90.00
120.00
90.00
150.00
120.00
90.00
120.00
120.00
90.00
150.00
90.00
120.00
150.00
120.00
120.00
120.00

79.3
69.4
70.6
84.0
82.0
83.0
77.3
80.5
80.3
82.7
83.8
84.5
82.3
71.1
81.7
72.8
80.0
74.1
67.9

81.53
69.10
71.18
83.50
80.72
80.78
75.92
82.25
80.85
81.53
81.53
84.82
80.63
69.86
81.53
73.90
81.53
73.79
68.07

Table 4.2: Analysis of Variance (ANOVA) forchitosan production from snail shell

Source Sumof Squares Degree of Mean F Value p-value
Freedom  Square "Prob >
F
Model 740.35 14 52.88 14.09 <
0.0001
A- NaOH Concentration  38.00 1 38.00 10.13 0.0062
B- Chitin to Alkali ratio  86.64 1 86.64 23.09 0.0002
C- Reaction 298.21 1 298.21 79.47 <
Temperature 0.0001
D- Reaction Time 7.48 1 7.48 1.99 0.1784
AB 14.44 1 14.44 3.85 0.0686
AC 93.12 1 93.12 24.82 0.0002
AD 0.64 1 0.64 0.17 0.6855
BC 5.76 1 5.76 1.53 0.2344
BD 11.22 1 11.22 2.99 0.1043
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CD 10.89 1 10.89 2.90 0.1091
A? 51.86 1 51.86 13.82 0.0021
B2 39.50 1 39.50 10.53 0.0054
C? 74.67 1 74.67 19.90 0.0005
D? 15.95 1 15.95 4.25 0.0570
Residual 56.29 15 3.75

Lack of Fit 41.23 10 4.12 1.37 0.3834
Pure Error 15.06 5 3.01

Cor Total 796.64 29

R?=0.9293 C.V. % = 2.45
The analysis of the variance (ANOVA) for the response surface quadratic model is shown in

Table 4.2. The model expression developed that relates the Deaetylation (DA) yield and the
four reaction parameters considered (A, B, C, D) is considered suitable because its p-value is
less than 0.05. The model F-value of 14.09 implies the model is significant. The F-value is the
ratio of the Model SS / Residual SS and shows the relative contribution of the model variance
to the residual variance where large number indicates more of the variance being explained by
the model and a small number says the variance may be more due to noise (Shridhar, et al.,
2010). The model fit is also checked with the correlation factor R? which equals to 92.93%.

The significant factors from the ANOVA analysis are the quadratic effects of the NaOH
concentration (A?), the chitin to alkali ratio (B?), and the reaction temperature (C?) and with p-
values of 0.0021, 0.0054, and 0.0005 respectively. Other significant factors are the interaction
effect of NaOH concentration and Reaction Temperature (AC) including the linear effects of
the NaOH concentration (A), the linear effects of the Chitin to Alkali ratio (B) and Reaction
Temperature (C) with p-values of 0.0002, 0.0062, 0.0002, and < 0.0001 respectively. The other
factors have no statistically significant effect.

In this study the value of the determination coefficient (R? = 0.9293) indicates that the sample
variation of 92.93% is attributed to independent variables and 7.17% of the total variation is
not explained by the model. The value of the coefficient of variation (C.V. % = 2.45) gives the
precision and reliability of the experiment carried out where a lower value indicates a better
precision and reliability of the experiment. The models p-values of < 0.0001 shows that the
quadratic model is a suitable model for this study

The model equation governing the DA yield is represented by the following coded equation

DA Yield = 81.70 + 1.26A — 1.90B + 3.52C — 0.56D — 0.95AB — 2.41AC — 0.20AD + 0.60BC
- 0.84BD - 0.82CD - 1.38A% — 1.20B? - 1.65C? + 0.76D?

The linear effect of A, B and C, the Interaction effect of AB, AC, BD and CD and the quadratic
effect of A2, B2 and C? are the generally determining factors of the deacetylation of chitin
produced from snail shell. The quadratic effect of D? can be considered as the secondary factors
of the response. In this statistical analysis the linear effect of reaction temperature (C) has the
highest coefficient between the four independent variables. This implies that the response
depends largely on this factor.
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4.2 Effect of Interaction betwesn process parameters and chitosan yield
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Figure 4.5: Surface plot of DA Yield %

against the interaction effect of Chitin to PR
temperature and the Reaction time.

Alkali ratio and the Reaction time.

The surface plot of the DA yield % againstinteraction effect of NaOH concentration and the
Chitin to Alkali ratiorepresented by Figure 4.1 shows that there was an increase in the DAyield
as the NaOH concentration increased howbeit when the chitin to alkali ratio is considered there
was an increase in the DA yield as the chitin to alkali ratio decreased. In terms of the interaction
effect of NaOH concentration and the Chitin to Alkali ratioan optimum DA yield of 77% was
obtained at a 30% NaOH concentration and a chitin to alkali ratio of 1:20.

Figure 4.2 represents the surface plot of the DA vyield % against the interaction effect of NaOH
concentration and Reaction Temperature. From the plot it was observed that an increase in the
reaction temperature resulted in a similar increase in the DA yield %. Howbeit a drop in the
NaOH concentration resulted in a decline in the DA yield %. The interaction effect of the
NaOH concentration and Reaction Temperature resulted in a DA yield of 71.54% which was
obtained at a 30% NaOH concentration and a reaction temperature of 90 °C.

Figure 4.3 represents the surface plot of the DA vyield % against the interaction effect of NaOH
concentration and the Reaction Time. From the plot it was observed that an increase in the
NaOH concentration resulted in an increase in the DA vyield % while an increment in the
reaction time resulted in a dip in the DA yield %. However, at reaction time above 135 minutes
there was a slight increment in the DA vyield%. The interaction effect of the NaOH
concentration and the Reaction Time resulted in a DD yield% of 78.12% was obtained at a
30% NaOH concentration and a reaction time of 135 minutes.
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The surface plot of the DA yield % against the interaction effectof Chitin to Alkali ratio and
the Reaction temperaturerepresented by Figure 4.4 shows that anincrease in the reaction
temperature favors the increase of DA yield % while a decrease in the chitin to alkali ratio also
favors an increase in the DA vyield %. Theinteraction effect of Chitin to Alkali ratio and the
Reaction temperature resulted in an optimum DA yield % of 72.1% was obtained at a chitin to
alkali ratio of 1:20 and a reaction temperature of 90 °C.

From Figure 4.5 it shows the surface plot of the DA yield % against the interaction effect
ofChitin to Alkali ratio and theReaction time. From the plot it was observed that a decrease in
both the chitin to alkali ratio and the reaction time resulted in an increase in the DA yield %.The
interaction effect of Chitin to Alkali ratio and the Reaction time resulted in an optimum DA
yield % 0f78.12% was obtained at a reaction time of 150 minutes and a chitin to alkali ratio of
1:20.

The surface plot of the DA yield % against the interaction effect of Reaction temperature and
the Reaction time represented by Figure 4.6. From the plot it was observed that an increase in
the reaction temperature favored an increase in the DA vyield %. However, an increase in the
reaction time resulted in a slight dip in the DA yield %. This trend continued until a reaction
time of 120 minutes were further increment in reaction time resulted in a slight increment in
the DA yield %. The interaction effect of reaction temperature and the reaction time resulted
in an optimum DA yield % of 76.56% at a reaction temperature of 90 ° C and reaction time of
120 minutes.

4.3 Properties of Synthesied Chitosan
The properties of the synthesized chitosan are presented in table 4.3

Table 4.3 Properties of Synthesied Chitosan

Properties Result/\VValue
Colour White

pH 7.09
Solubility in 1 % acetic Soluble
%Solubility 87.2
Solubility in water Insoluble
Viscosity (cps) 220
Molecular weight (DD) 2.91 x 10°
Moisture content (%) 3.25

Ash (%) 1.42

% DD 75.85

Yield (per 1g of chitin) 0.531

% Yield (per 1g of chitin) 53.01
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Yield (per 100g of Snail shell) 7.04
% Yield (per 100g of Snail shell)  7.04

4.4 Structural analysis of Synthesied Chitosan

4.4.1Scanning Electron Microscopy (SEM) Analysis of Chitosan

300 v 0T - S 00w gt A = 502 Ot 13 Ape 767
1 woetimm Mag s $000K X Tove 115864

4

Figurel 4.7SEM micrograph of the synthesized chitosan

The SEM micrographs represented by Figure 4.7 shows the surface morphology of the
synthesized chitosan. Under the electron microscopic examination, chitosan showed non-

homogenous and non-smooth surface with straps and shrinkage which corresponds to the SEM
morphology of standard extracted chitosan (Islamet al., 2011).

4.4.2Fourier Transform Infrared Spectroscopy (FT — IR) Analysis of Chitosan
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Figure 4.8: FT-IR spectra of synthesized Chitosan

The FTIR spectra for the synthesized chitosan gave a characteristic wide band of NH at 3386.34
cm which corresponded to the N-H stretching vibrating band of free amino acids. Likewise,
the band observed at 1786.77 cm-1 corresponded to the carbonyl group band. The band at
3642.39 cm-1 is a result of the stretching primary hydroxyl groups of tertiary O-H stretching
as reported by (Thillai, et al., 2017; Abdulkarim, et al., 2013)

Table 4.13: Wavenumbers and chemical group of FT-IR absorption bands for chitosan

SIN Standard Chitosan Synthesized Chitosan Group
Wavelength in cm™? Wavelength in cm™
1. 3450 3642.39 OH hydroxyl group
2. 3360 3386.34 N-H group-stretching
vibration
3. 2920, 2880, 1430, 1320 2918.74, 2851.24 Symmetric or asymmetric
CHj> stretching vibration
4. 1275,1245 1245.79 Attributed to pyranose ring
5. 1730 1786.77 Carbonyl group vibration
6. 1660 1600.15 C=0 in amide group (amide I
band)
7. 1560 1473.19 NH-bending vibration in
amide group
8. 1590 1473.19 NH. in amino group
9. 1415, 1320 1245.79 Vibrations of OH, CH in the
ring

10. 1380 1473.19 CHs in amide group

11. 1255 1245.79 C-O group

12. 1150, 1040 1082.84 —C-0O-C- in glycosidic

linkage

13. 850, 838 861.60 CH3COH group
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5. Conclusion

Most of the process parameters have a significant effect on thedeacetylation (DA) yield %.
From the ANOVA analysis the significant factors are the quadratic effects of the NaOH
concentration (A?), the chitin to alkali ratio (B2), and the reaction temperature (C?) because
their p-values are less than 0.05 respectively. Similarly, the interaction effect of NaOH
concentration and Reaction Temperature (AC) including the linear effects of the NaOH
concentration (A), the linear effects of the Chitin to Alkali ratio (B) and Reaction Temperature
(C) can also be considered as having a significant effect in terms of DD yield %with p-values
less than 0.05 respectively. The other factors have no statistically significant effect.

The surface plot shows the interaction effect of the various process variables considered against
the DA yield %.The optimization data from this studyresulted in an optimum DA yield of at
NaOH concentration, Chitin to Solvent ratio, Reaction temperature and Reaction time of 40%,
1:13.50, 75 °C and 120 minutes.

The successful extraction of chitosan fromtheAfrican Giant Land Snail Shell
(Archachatinamarginata) and the optimization of process variables involved in its extraction
provides data on how these various process variables viz NaOH concentration, Chitin to
Solvent ratio, Reaction temperature and Reaction timeaffect the extraction of chitosan from the
African Giant Land snail shell. Similarly, it provides a market for the utilization of these snail
shell and also shows the viability of the theAfrican Giant Land snail shell as a suitable raw
material for chitosan extraction. The strutural analysis of the synthesised chitosan shows that
the synthesied chitosan has similar properties with standardied chitosan as reported in
literature.
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Abstract:

This work presents the determination of elemental and oxide composition of gold ores from
different mining locations in Niger State, Nigeria. The aim is to provide useful information on
the availability of elements and its oxides of high economic values that can serve as raw
materials for industrial applications. These ores samples were collected from four different
locations. The chemical analyses of the ores were carried out using X-ray fluorescence (XRF)
spectrometry. The results show that Paiko Ore consists essentially of Si (58 %), Fe (2.1 %), Au
(1.23 %), Mg (0.8 %), SiO2 (71.9 %), Al203 (7.1 %), Fe203 (2.9 %) and MgO (1.26 %) while
Garatu Ore consist mainly of Si (63.5 %), Fe (2.7 %), Au (0.7 %), SiO2 (53.7 %), Al,O3 (10.2
%) and Fe (3.9 %). The essential composition of Chanchaga ore are Si (75.4 %), Fe (7.7 %),
Ca (1.1 %), Au (1 %), SiO2(23.16 %), Fe203 (11.1 %), CaO (1.5 %) and TiO2 (1%) while Ore
sample from Maitunbi consists of Si (69.5 %), Fe (4 %), Au (0.88 %), SiO (40.7 %), Al203
(9.9 %). The high amounts of Au, Si, SiO2 and TiO in these ores show that they are suitable
raw materials for industrial applications.

Keywords: elemental composition, oxide composition, gold ore

1. INTRODUCTION

Currently, there is an increased search for locally available raw materials around the world.
This is in a bid to expand scope of industrial development, job creation and increase in gross
domestic products (GDP). One of the ways of achieving this is through quantitative and
qualitative analysis of these available raw minerals in their ores at various locations in the
country.

Niger State has the fourth largest gold deposit in Nigeria while the first, second and third are
in Zamfara, Kaduna and Kebbi State respectively (BluePrint, 2016). This deposit is in both
Primary (eluvia) and secondary (alluvia) (SRMEAMK, 1987). The primary deposit (i e. eluvia)
results from where there is chemical reactions between wall rocks in the Earth’s Crust and ore
bearing hydrothermal (hot fluid) mineralization solutions; metal bearing to form gold
precipitate (Weick, 1994; Zhu et al., 2011). Secondary (alluvia) deposit is formed from
mechanical and chemical process of weathering and erosion, and the physical re-concentration
of gold bearing sediment into placer deposits (Weick, 1994) and it is usually in free and native
form (Ogundare et al., 2014). The ore deposit in this region has similar elements composition
but different content with ore sample reported by Ayin and Gul (2014) from Canakkale,
Turkey. This is similar to gold ore sample reported by Ogundare et al. (2014) from Itagunmodi,
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Osun State of Nigeria. There are some similarities between oxide composition of ore from
Niger and that of Rio de Janeiro-Brazil by Rojas et al. (2015). Gold ore is usually associated
with several other mineral elements such as silver, silicon, magnesium, calcium and many
others (Ariffin, 2006; Marcello et al., 2006). It also has associate oxides such as silicon oxide
(Si02), aluminum oxide (Al203), iron oxide (Fe203). However, the percentage of these
elements and oxides varies from one location to another as a result of variation in geological
formation. The amount of Au, Cu and S present in the ore are usually a thing of concern as it
determine the viability, rate of recovery of gold, the ease and method of the ore processing.
The amount of gold present in any ore is the major factor local miners consider before going
into mining and processing of gold ore. The local miners by experience do a quantitative
determination of the amount of gold present in any ore by washing some collected samples
over slux box. If reasonable amount is recovered from washed samples, then mining and
processing continue otherwise, they stop and go to another location. Cupper and Sulphur are
less desired in gold ore as they reduces the recovery of gold. Large amount of sulphur in the
ore can make extraction by, coal-oil agglomerate, borax and cyanide method unsuccessful
(UNEP, 2012; Veiga et al., 2006).

The numbers of gold mining sites in Niger State is currently unknown however, new discovery
of gold deposits are made on daily basis by local miners in the region. Some of the locations
of ore within Niger State are: Chanchanga, Paiko, Maitunbi, Garatu, Rafi, Shiroro, Borgu,
Lapai, and Magama (SRMEAMK, 1987; IOEPN, 2016). Despite the abundance of gold ore in
Niger State, it is only the local miners that are currently exploring and mining the ore deposits.
The local miners only recover a portion of the gold from the ore and then discard the sand
without the knowledge of other associated minerals or amount of gold left in the ore. This
present study is aimed at the determination of the elemental and oxide composition of this gold
ore, with the interest of identifying possible raw materials from the ores.

2. Materials and Methods

Samples of the ores were collected from the mining sites at Maitunbi and Chanchaga (both in
Chanchaga LGA), Paiko, in Paiko LGA and Garatu, in Bosso LGA of Niger State. Samples
from Paiko and Garatu were in elluvia deposit while samples from Maitunbi and chanchaga
were in allovia deposit. The method used is described in Section 2.1

2.1 Method

Ore samples were pulverized and their particle sizes were reduced in order to enhance easy
liberation of gold and other associated minerals. The chemical analyses were conducted in
Spectrometry Laboratory Services, Kaduna, Nigeria using XRF (Nitron 3000) using Copper-
Zinc method. The XRF machine was powered on and initialized after which it was allowed to
stabilize for 5 minutes. The Cu-Zn method was chosen due to its wide coverage of elemental
and sesquioxide detection and intensity. The data were subjected to analyses in triplicates and
this automatically takes the average. This procedure was followed for all the samples to get the
percentage chemical composition in oxide and elemental form. Sieve analysis was carried out
in Civil Engineering Laboratory, Federal University of Technology, Minna, Niger State with a
set of eleven sieves. A know mass of ground samples were poured into the set of sieves and
shaken for ten minutes and each of the retained masses by the sieves were collected, weighed
and recorded for further computation and plotting of the particle size distribution curves.

3. Results and Discussion
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Table.1 is the results of the elemental composition of the ore samples from Paiko, Gurara,
Charchanga and Maitunbi with other reported results. The main elements in Paiko sample is Si
(33.6 %) followed by Al (3.8 %), Fe (2.1 %) and Au (1.2 %, element of interest). The result
from Garatu showed the main elements Si (25.1 %) followed by Al (5.4 %), Fe (2.7 %), K (1.4
%) and Au (0.7 %). Sample from Chanchaga has its main element as Si (10.8 %), followed by
Fe (7.7 %), Al (3.9 %), Ca (1.067 %) and Au (1.01 %, element of interest). The result of the
elemental composition of ore sample from Maitunbi shows that Si (19.0 %) is the main element
present in the ore followed by Al (5.2 %), Fe (3.99 %) and Au (0.88 %,). The detailed XRF
analysis of the samples shows that sample from Paiko has the highest percentage of Au
followed by ore from Chanchaga and Maitunbi while the least is from Garatu.

Tablel. Elemental Composition of gold ore in some sites in Niger State

Element Paiko Garatu Chanchaga  Maitunbi  Canakkale, Osun,
Present in Turkey. Ol\éigﬁgi;r'e
the Ores Ayin and et al.
(%) Gul (2014)  (2014)
Mg 0.759 0.598 <LOD 0.454 0.02 0.0000048
Si 58.054 63.59 75.473 69.505 - -
P <LOD <LOD <LOD <LOD 41 0.0002158
S 0.232 0.356 0.049 0.017 - 0.0000448
Cl 0.021 <LOD <LOD <LOD 0.8 0.0000399
K 0.776 1.144 0.175 0.614 - -
Ca 0.239 0.203 1.067 0.658 0.03 0.0000
Ti 0.126 0.19 0.576 0.35 0.05 0.0000219
\Y 0.006 0.009 0.027 0.012 - 0.003
Cr 0.009 0.008 0.02 0.009 - 0.0000233
Mn 0.047 0.085 0.059 0.047 - 0.0000
Fe 2.055 2.745 7.737 3.99 - 0.0000731
Co <LOD <LOD <LOD 0.016 3.51 0.0023
Ni <LOD <LOD <LOD <LOD 0.00418 0.0000
Cu 0.013 0.035 <LOD <LOD - 0.0000061
Zn 0.019 0.052 0.013 0.006 0.0182 0.0000067
As <LOD <LOD 0.002 <LOD 0.0079 0.0000102
Se <LOD <LOD <LOD <LOD 0.01375 0.0000

Rb <LOD <LOD <LOD <LOD 0.0051 -
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Sr 0.002 0.003 0.005 0.005 - 0.00000091
Zr 0.004 0.005 0.008 0.018 - -

Nb <LOD <LOD <LOD <LOD - -

Mo <LOD 0.003 <LOD <LOD - -

Pd <LOD <LOD <LOD <LOD - -

Ag <LOD <LOD <LOD <LOD - -

Cd <LOD <LOD <LOD <LOD 0.012 0.00000362
Sn <LOD <LOD <LOD <LOD - -

Ba 0.036 0.079 0.032 0.043 - -

W 0.007 <LOD <LOD <LOD - -

Au 1.231 0.724 1.010 0.875 - 0.0006119
Pb 0.226 0.397 <LOD <LOD 0.001885 0.0019
BI <LOD <LOD <LOD <LOD - 0.00000156
Bal 3.765 5.421 3.931 5.226 -
Total 99.997 99.997 99.996 99.997

* LOD: Low Detection  *Bal: Balance; amount of elements that could not be detected

The 33.6 % and 25.07 % silicon from Paiko and Garatu samples respectively could be of great
interest as silicon is considered to be the second source of industrial economy in the
manufacturing of computer. The high silicon was recorded in primary deposit of Paiko and
Garatu while lower silicon content was recorded in secondary deposit from Chanchaga (10.8
%) and Maitunbi (19 %), this is shown on Figure 1.
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Figure 1: Amount of Siin Gold Ore Samples

Lead, a radioactive element was found in ore samples from Paiko (0.226 %) and Garatu (0.397
%) while the presence of lead in Chanchaga and Maitunbi ore samples is at low detection
(Figure 2). Consumption of accumulated lead around gold processing areas of Paiko and Garatu
can lead to adverse effects on livestock and humans. A toxicological study may be required
within the gold mining and process areas of Paiko and Garatu in order to ascertain the safety
of people living around the area.

0 T 1

Paiko Gurara Chanchaga  Maitunbi

Locations of Ore Samples

Figure 2: Amount of Pbin Gold Ore Samples

The results indicate that sulphur is present in all the samples with Garatu having the highest
percentage of 0.35 %, and Maitunbi having the lowest of 0.017 % (Figure 3). The presence of
sulpur in the ore could make the extraction of the gold unsuccessful using borax (UNEP, 2012;
Appel and Na-Oy, 2012; Veiga et al., 2014) however, this can be overcome by calcination
(Robinson, 1988) of the ore followed by oxidation (Veiga et al., 2014).
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Figure 3: Amount of S in the Ore samples

From Figure 4 the ore sample from Chanchaga has the highest amount of iron (7.737 %)
followed by those of samples from Maitunbi (3.99 %) and Garatu (2.745 %) while Paiko (2.055
%) has the least amount of iron. The Brownish colour of the collected ore from the different
locations is also an evidence of the presence of iron is ore.
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Figure 4. Amount of Fe in the Ore Samples

It was noted that Paiko (1.231 %), Garatu (0.724 %), chanchaga (1.01 %) and Maitunbi (0.875
%) have higher percentages of gold compared to 0.0019 % gold in Osun, Nigeria, 0.0019 %
in Indonesia and 0.0018 % of gold in Canakare, Turkey. This higher percentage of gold content
in the ore samples from Niger state offer a better income for both Government and the local

miners if appropriate methods are used for the extraction, separation and purification (Figure
5).
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Figure 5: Amount of Au in the Ore samples

In Table 2, SiO> is the main component in Paiko sample having the highest percentage of
71.905 % followed by Garatu ore (53.658 %) and Maitunbi ore (40.717 %). while ore sample
from Chanchaga has the lowest percentage of 23.16 % silica, this is presented in Figure 6.

Table 2: Oxide Composition of Gold Ore in some Sites in Niger State

Oxide Paiko Garatu Chanchaga Maitunbi Rio de
Janeiro,
Content (%) Brazil
CuO 0.016 0.044 0 0 -
NiO 0 0 0 0 -
Fe20s3 2.939 3.925 11.063 5.705 7.66
MnO 0.061 0.11 0.076 0.061 0.08
Cr20s3 0.014 0.012 0.029 0.013 0.01
TiO2 0.21 0.318 0.962 0.584 0.94
CaO 0.334 0.285 1.494 0.922 0.48
Al203 7.115 10.246 7.43 9.877 15.95
MgO 1.26 0.992 0 0.754 1.35
ZnO 0.024 0.065 0.016 0.008 -
SiO: 71.905 53.659 23.16 40.717 62.33
Cr0 - - - - 0.01
K20 - - - - 4.6
P20s - - - - 0.13

SPSBIC2019 6l1|Page
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LOI - - - - 5.7
Total 83.878 69.656 44.23 58.641 99.84
Rajas et al.
(2015)

The high presence of silica in Paiko and Garatu Ore are about the average content in Maitumbi
ore which can serve as a good source of silicon for computer industry (Idrisa et al., 2015). This
will also maximize the use of the ore and bring about an increase in the income of the miners
and increased GDP. The local miners in the region are ignorant of the presence of silicon in the
ore as they discard the sand after extracting the gold by crude method.

80 -

Paiko Gurara Chanchaga  Maitunbi

Locations of Ore Samples

Figure 6: Amount of SiO2in the Ore samples

Alumina (Al,0z3) is an important raw material in engineering processes such as insulation of
materials, manufacturing of refractories. This alumina is found in all the samples collected.
Highest amount of Al>Os is found in Gurara (10.246 %) followed by Maitunbi (9.877 %) and
Chanchaga (7.43 %) while sample from Paiko has the least amount of Al.O3. This is clearly
shown in Figure 7. According to Report by Rajas et al. (2015) 15.95 % Al.Os was present in
ore sample collected from Rio de Janeiro, Brazil which is higher than the amount of Al>Os from
all the samples in this study.
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Figure 7: Amount of Al,Ozin the Ore Samples

The pH of ore samples helps to provide information on the acidity or basicity of the sample as
well as the right process rought to be adopted in the extraction process of the mineral
constituents. Table3 contain the pH of the four samples from Niger state which ranges between
6.55 to 6.80. The colour of the both samples from Paiko and Garatu is brow, this could be due
to the presence of iron in it while the deck-brow colour of chachaga ore is largely due to the
high percentage of iron and iron oxide in the ore. The black colouration of Maitunbi ore may
be likely do decayed organic materials.

Table 3: Physical Properties of Gold Ore.

Local pH Colour
Paiko 6.55 Brown
Chanchaga 6.93 Dark-Brown

Garatu 6.59 Brow
Maitunbi 6.80 Slightly black

The results of the particle size distribution for gold ore from Chanchaga, Paiko, Garatu and
Maitunbi are shown in figure 8. The particle size distribution for both Chanchaga and Maitunbi
has some sililarities as a result of the same method of manual granding of the ore while Paiko
and Garatu are abit different because the samples were collected from different milling
machine. It was noticed that in all the samples gold particles were clearly seen at 0.3 mm and
0.15 mm (more pronuced). Gold particles at other sieve sizes were not seen, this might be due
to poor gold libration at those particle sizes.
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Figure 8: Particle size distribution of gold ore samples from Niger State

4. Conclusion

The high presence of high percentage of gold in ore samples from Paiko (1.231 %), Garatu
(0.724 %), Chanchaga (1.01 %) and Maitunbi (0.875 %) are indications of the potentiality of
the ores for gold mining. These could be used as raw material for jewelry, medical and
electronic industries. The high percentage of the gold and low sulphur content in (Garatu, ,0.35
%, and Maitunbi, 0.017 %) shows that the extraction of gold from these sites can be done by
an environmentally friendly method using coal-oil agglomerate and borax method compared
to the current non environmentally friendly method of mercury extraction in Niger State.
Visible gold liberation was recorded at 0.3 mm and 0.15 mm. The high silicon (33.6 % in Paiko,
25.07 % in Garatu, 10.8 % in Chanchaga and 19 % in Maitunbi) and silica content (71.905 %
in Paiko, 53.658 % in Garatu, 40.717 % in Maitunbi and 23.16 % in Chanchaga) in the ore
samples is a great potential that the government can harness for economic purpose. As silicon
is one of the major components used in the production of computer processor in computer
industry and as well as the production of solar energy converter.
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Abstract

Different techniques such as hydrothermal, co-precipitation, chemical vapour deposition,
microemulsion and sol-gel among others have been used for the synthesis of titanium dioxide
nanoparticles (TiO2-NPs). Among these, the sol-gel synthesis is a promising method because
of its mild experimental conditions. This review summarized this commonly used technique
(sol-gel) and other steps via this, for the synthesis of TiO2-NPs and also facile factors which
include pH and calcination temperature that affect synthesized TiO2 nanoparticles. It was found
that these factors affect the agglomeration of titanium nanoparticles.

Keywords: Sol-gel, synthesis, calcination temperature, TiO2 nanoparticle

1. Introduction

Nanotechnology is a field of science and technology for the production of nanoscale materials
with unique properties which are widely used in modern material sciences research. The
synthesis involved in the production of these nanoscale-based materials using different
techniques including chemical, physical, irradiation, and biological methods have resulted in
environmental pollution [1]. Therefore, the quest for clean, safe, eco-friendly, and less or non-
toxic techniques for the synthesis of nanoparticles is insatiable. However, through academic
and technological research approach, the use of non-toxic, inexpensive, highly photoactive,

and easily synthesizable nanoparticles could be obtained.

Titanium oxide (TiO2) has been considered a non-toxic nanomaterial that possesses a high
concentration of hydroxyl groups, stability and catalytic efficiency [2]. Titanium dioxide is
also known as titania naturally exists in three forms namely anatase, rutile, and brookite. Both
the anatase and rutile forms have tetragonal shapes while brookite has orthorhombic shape.
Other phases that can be produced synthetically are TiO2B, TiO2H (hollandite-like form),
TiO2R (ramsdellite-like form), TiO-II (a-PbO2-like form), akaogiite (baddeleyite-like form, 7
coordinated Ti), TiO20, cubic form, and TiO2 Ol (cotunnite PbCl; like) [3].
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There are copious methods of preparing titanium oxide nanoparticles, including sol-gel,
hydrothermal, precipitation, chemical vapour deposition, microemulsion, laser ablation and
thermal decomposition of organometallic precursor etc. The commonly used methods were
hydrothermal, co-precipitation, sol-gel and microemulsion. Among these, the sol-gel method
has been found to be the most outstanding due to the generation of high-quality surface
morphologies [4].

Titanium dioxide nanoparticles (TiO2-NPs) have been utilized in industrial and commercial
applications for solar cells, memory devices, adsorption of pollutants and wastewater
purifications [5-7]. Although, numerous investigations have been carried out on the practical
applications of these nanoparticles. The major setbacks have been the cost of the preparation
processes. The production of TiO, nanoparticles equally faced with these problems. Here, we
reported a short review on the commonly used technique for the synthesis of TiO>
nanoparticles.

2. Methods for TiO2 Nanoparticles Synthesis

Several techniques have been employed for the synthesis of titanium oxide nanoparticles which
include laser ablation, solvothermal, precipitation, sol-gel, hydrothermal, hydrolysis,
microemulsion and chemical vapour deposition. These methods have been categorized into

three major classes: (1) liquid phase (2) gas phase and (3) vapour phase.

The production of TiOz is being certified by their properties, economical operations, and
environmental friendliness during application. Thus, among these techniques, wet chemical
methods have been known to be the best and these include microemulsion,
hydrothermal/solvothermal, precipitation and sol-gel which have been well studied. But the
sol-gel method is reported to be simple, economical and most often used to synthesize TiO>
nanoparticles. However, there are still ongoing researches on the synthesis of TiO2 using sol-
gel. Scholars came up with logical steps in the production of these nanoparticles and were
found indomitable in various forms of applications.

2.1 Sol-gel method

Among the wet chemical methods, sol-gel is a sophisticated method for the production of
titanium dioxide. The method helps to control the stability and phase formation of the
precursor. During this process, an integrated network gel is produced while the metal alkoxides
serve as the typical precursor on the addition of water to form a colloid. The formation of

colloid is as a result of hydrolysis and polycondensation reactions. However, the four stages



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

that occur during sol-gel formation are hydrolysis, condensation, growth, and agglomeration
of particles.

This process proceeds by hydrolytic polycondensation of titanium precursors being alkoxides
or chlorides in the presence of solvents, modifiers, and organic templates. The reaction starts
with hydrolysis, which is the formation of Ti-OH moieties by the substitution reaction of water
with Ti-OR groups. The precursors undergo condensation reactions to produce Ti-O-Ti by
oxolation or Ti-OH-Ti bonds by olation[8]. The mechanisms for the formation of TiO>
nanoparticles are presented as follows:

Ti(H;C—CH—0), +4H0 — Ti(OH) 4 + 4H,C—CH—OH (Hydrolysis step)

HO O
_ . \_~ _
2[Ti(OH) )] — /TI TI\ +  HyO (Condensation step)
HO \OH HO/ OH
SO\
\Ti Ti —» 2Ti0, + 3H,0 (Condensation step)
AU AN
HO OHHo  OH
CH, CH3

Ti(HBC—CH—O)4 + 2H,0 — TiOy + 4H,C—CH—OH (Overall reaction)

Scheme 1: Hydrolysis and condensation reactions of titanium isopropoxide for TiO>
production [9].

In general, the sol-gel method consists of the transformation of a system from a liquid phase
(sol) toward a solid phase (gel).The various precursors such as organic alkoxides and acetates,
in addition to inorganic salts like chlorides, are utilized for the synthesis of nanoparticles.
Alcohols are greatly used among various kinds of solvents, although some other solvents could

be used for some alkoxides as depicted in scheme 2.



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Precursor

pH Gel
‘Temperature -

s |

Stirring speed

Washing and drying| Calcination

i

TioO,
Nanoparticles

(Anatase, rutile and
brookite)

Solvents e.g water and
ethanol

Scheme 2: Preparation of TiO2 nanoparticles using Sol-gel technique

Some parameters such as the order of addition of reactants, the temperature, stirring time, the
ratio of water to titanium, the solubility of reagents in the solvent and the pH affect the
homogeneity of the gel. Calcination temperature and pH are paramount factors which help in
giving the nanoparticles better surface areas. Among the researchers who worked on the
production of TiO2-NPs using the sol-gel method to examine some of the properties of the
produced nanoparticles using various instruments such XRD (X-ray diffraction), SEM
(scanning emission microscope), PL (photo-luminescence), HRTEM (high-resolution
transmission microscopy), BET (Brunauer Emmett Teller), TGA (thermogravimetry analysis)
and SAED (selected area (electron) diffraction) were Sharma et al. [4], Kashyout et al. [9],
Phonkhokkong et al. [10], Khan et al. [11], Vijayalakshmi and Rajendra [12], Kavitha et al.
[13], Salah et al. [14] and Bessekhouad et al.[15].

3. Factors affecting TiO2 nanoparticles
The forms of TiO> depends on the arrangement of titanium and oxygen atoms in the crystal
lattice. Therefore, it has been reported that the solvent, precursor type, particle size, calcination

temperature, pH, additives, and stirring time affect sol-gel synthesized TiO> nanoparticle
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phases [16-17]. It has been reported that the particle sizes of the synthesized nanoparticles
produced increase just as their surface areas increase [18-19].

3.1 Effect of calcination

Calcination is a thermal treatment process in the absence or a limited supply of air required for
thermal decomposition. The effect of calcination temperature on the phase of TiO2 from 100
to 1000 °C was evaluated by Pavel and Radovan [19]. The authors reported that at 500 °C, the
observed peaks conform to anatase phase but as the peak grows to 800 °C, the anatase phase
was transformed to rutile. They concluded that 600 °C was convenient to achieve higher
efficiency nanoparticles due to the finer grains of the anatase phase of TiO2 synthesized.
Abdullahi et al. [20] demonstrated the effect of calcination temperature on nanocomposite used
in the photocatalytic degradation of phenol under the visible light. The nanocomposite
(ZnO/TiOy) at 600 °C was found to be more effective in the destruction of the pollutant as a
result of the formation of hydroxyl radical on the surface of the nanocomposite. They also

deduced that the formation of anatase phase enhanced the degradation of the targeted pollutant.

Aphairaj et al. [21] calcined TiO2> powder at 300-1000 °C. At a temperature of 300-500 °C, the
length of the nanotubes-nanofibers structure of the calcined samples was smaller than the
sample before calcination and was aggregated. As the temperature increased, the surface
morphology of the calcined sample had increased particle sizes attributable to the phase

transformation change from anatase to rutile.

Thus, calcination temperature controls the crystalline phase of a nanoparticle of its
homogeneity and surface area. Also, the particle size of TiO, was found to increase with
calcination temperature, suggesting that the effect of different calcination temperatures could
help in the degradation of pollutant substances.

3.2 Effect of pH

The pH medium significantly affects crystal structure and surface morphology such as the size
and the entanglement of TiO2 nanostructures [22-24]. Due to the small particle size, the Van
der Waals interaction is significant; this interaction increases exponentially as the particle size
decreases. These facts favour the growth of clusters. Ibrahim and Sreekantan[25] reported that
lower acidity promotes anatase structure while high acidity results in rutile phase formation.
This shows that the degree of crystallinity of anatase is pH dependent and lower acidity
enhances the crystallinity, which also promotes the formation of big crystallite size. Mutuma
et al. [26] reported the formation of pure TiO> rutile phase calcined at 800°C and mixed phase

(anatase and brookite) at 600 °C in a strongly acidic medium. While in the investigation
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reported by Cassaignon et al. [27], a rutile crystalline phase was formed at the pH conditions
less than 4.5 and only anatase structure formed at pH greater than 4.5.

However, the possibility of anatase structure in acidic medium is apparent. Therefore,
investigation of TiO, nanoparticles synthesized by a facile sol-gel method under acidic and
basic medium is necessary for the clarification of the crystal forms, microstructure and optical

properties of TiO2 nanoparticles.

4. Conclusion

TiO2-NPs have been extensively investigated during the last decade due to their wide view of
applications. In summary, it is observed that the synthesis of this nanomaterial was mostly done
using the sol-gel technique due to the high quality of TiO2 nanoparticles produced. The sol-gel
technique has emerged as a promising processing route for the synthesis of nanosized particles
because of the simplicity and high purity nanopowders resulting from the availability of high
purity chemicals raw materials. Changes in composition, structure, and morphology of the TiO>

nanoparticle are strictly dependence with the pH and calcination temperature.
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Abstract
Soil is an essential component for growth of plants and survival of organisms. In this work, the

soil samples are forty forest surface soils of Kogi state randomly collected at the depths of 0—
20cm and subjected to physicochemical examination using standard routine laboratory tests to
assess the quality of soil. In addition, mean, range and Pearson’s moment correlation were
employed to analyze the data. The results showed that sand, silt and clay contents ranged from
51.80 % - 94.00 %, 3.50 % - 31.00 % and 2.00 % - 22.60 % respectively. Texturally, the soils
were predominantly sandy loam and loamy sand with sand dominating the particle fractions of
the soil. Soils were moderately acidic with mean pH values 5.46 ranging from 4.47-6.84.
Electrical conductivity mean value of the saturation extract was 0.237 dSm™ which ranged
from 0.036 dSm™? to 0.574 dSm? indicating non-saline nature of the soils and suitable for
plants growth and soil microbial processes. The soils were non- calcareous in nature and having
calcium carbonate content ranges from 0.08 % - 2.00 %. The available mean of soil organic
matter was 8.85 % (ranged from 3.19 % - 13.35 %) indicating high soil organic matter. These
results showed that organic matter is better protected and had potentials for storing organic
carbon of appreciable concentration. Similarly, the mean of cation exchange capacity showed
15.01 cmolckg™ (ranged 12.20 cmolc.kg?-18.60 cmolckg™) indicating moderate. Finally, pH
showed strong positive correlation with soil organic matter, cation exchange capacity and
calcium carbonate content while soil electrical capacity showed negative correlation with pH,
soil organic matter and calcium carbonate content. From this study, it was ascertained that these
forest soils possess potential to hold nutrients and make it readily available for plant to absorb
which in turn possess the capacity to support ecosystems.

Keywords: forest, physio-chemical properties, soil nutrient, surface soil

Introduction

Soil is a vital part of the Earth. It serves as a natural medium for plants growth (Osuocha
etal., 2016). Soils are the naturally occurring physical materials covering of the earth’s surface
and a mixture of organic matter, minerals, gases, liquids and organisms that together support
life. The earth’s body of soil is the pedosphere (skin of the earth), which has four functions
namely: a medium for plant growth; a means of water storage, supply and purification; a

modifier of earth’s atmosphere and a habitat for organisms. All of which, in turns, modify the
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soil. Soil, as an integral element of the natural environment, is a non-renewable resource
(Massas et al., 2013). According to Keesstra et al. (2016), soils play an important role in global
food security, water security, biofuel security and human health. To Decock et al. (2015), soil
is a key component of the earth system as it controls the geochemical, biological, erosional and
hydrological cycles and offers services, goods and resources for human kind.

Soil is a significant determinant of the economic status of nations. Soil ecosystem
services fulfils human needs (Robinson et al., 2012), assigning economic value to things that
contribute to human well-being. Based on this, soil quality has received great attention in recent
years (Sinha et al., 2014). Specifically, Khormali et al (2009) refers to soil quality as a concept
that includes soil physical, chemical and biological factors and it is used as a framework for
the evaluation of soil. The quality of soils does not depend on its ability to supply adequate
nutrients alone but the nutrients must be in the right proportion as needed by plants (Ayeni and
Adeleye, 2011). In addition, high quality soils not only produce better food and fibre, but also
help to establish natural ecosystems and enhance air and water quality (Griffiths et al., 2010).

The quality of growth and reproduction of forest cannot be understood without the
knowledge of its soil nutrient. The soil and vegetation have a complex interrelation, because
they develop together over a long period of time, the selective absorption of nutrient elements
by different tree species and their capacity to return them to the soil brings about changes in
soil properties (Sharma et al., 2010). Soil helps secure and renew the forest. Forests also help
secure and renew the soil. The forest covers and protects the soil from extreme heat and cold
while slowing the natural forces of erosion like water, wind, and gravity. The nutrients strength
of a forest soil to maintain and support the plant growth generally depends on its physical,
chemical and biological properties. Researchers have reported that the nature of parent material
has been found to influence development and characteristics of soils (Umeri et al., 2016). Soil
sustains the forest and provides raw materials for its life: fallen leaves, woody debris, and dead

animals recycle through the soil.

The estimation of soil available nutrient contents in a complex heterogeneous system
is of a great pedological as well as ecological importance (Olojugba and Fatubarin, 2015).
Trees affect the forest ecosystem by manipulating its constituents prominent to changing future
forest vegetation (Frouz et al., 2013c). Tree cover in turn, influences the growth and
development of physical and chemical properties of soil. These properties sustain and support
the plant growth in forest soil. Soil physical and chemical properties play a central role in

transport and reaction of water, solutes and gases in soils, their knowledge is very important in
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understanding soil behaviour to applied stresses, transport phenomena in soils, hence for soil
conservation and planning of appropriate agricultural practices (Olorunfemi et al.,2018).

A good knowledge of the variations of soil physical and chemical properties their
interactions as it relates to micronutrient status is essential for good land evaluation which is a
pre-requisite for sound land use planning (Lawal et al., 2013). Assessing soil physicochemical
properties are used to understand the potential status of nutrients in forest soils. This knowledge
can ascertain whether the forest soils are useful to meet plants requirement for rapid growth.
For this reason, the present study attempts to evaluate the physiochemical properties of forest
surface soils in Kogi state of Nigeria.

Materials and Methods
Description of the Study Area

This research was conducted in the forest vegetative sites of Kogi state, Nigeria. The
capital of Kogi state (Lokoja) is located on the confluence of Rivers Niger and Benue at Lokoja
on Latitude 6° 44’ North and Longitude 7° 44’ East. Going by the present composition of the
state, Kogi State is quintessentially Nigeria, with three dominant ethnic groups namely; Igala,
Ebira and Okun (Yoruba) and several minorities (Omotola, 2008). Kogi state has a total land
area of 28,313.53 square kilometres and on the basis of the 1991 Nigerian national population
census, the total population of Kogi state was 2,141,756 (Ali et al., 2012).

Kogi state just as many other states in Nigeria is blessed with natural resources. It has
expensive fertile land for agriculture all over the state, coal at Okobo, Ankpa, huge deposits of
iron ore at Ajaokuta and limestone at Obajana. The climate of the Kogi state is a tropical climate
with two distinct seasons [rainy season (March — October) and dry season (November —
March)]. The rainfall regime shows double maxima which is separated by a comparatively low
rainfall period (dry period) in August called August Break. The mean annual rainfall ranges
from 1,560mm at Kabba in West to 1,808mm at Anyigba in the East. Average monthly
temperature varies from 17°C to 36.2°C. The temperature shows some variation throughout the
years. The state is known for cultivation of arable crops such as yam, cassava, maize,
groundnut, cowpea etc (Omotola, 2008).

Sample Collection and Preparation

A total of 40 composite soil samples were collected at forty forest locations within
villages of East, Central and West of Kogi State and used for this study. These forests are
uncultivated and comprise of shrubs, woodlands and deciduous trees without the protection of
the state forest reserve agency. From each forest location, five soil samples were randomly
collected in different points and pooled together to form a composite sample for that location.
They were collected from surface at the depths of 0—20 cm by scooping surface soils of the
sampling areas using a stainless steel hand trowel. After collection, each composite was then
labelled, transferred to a separate clean plastic container and transported to the laboratory.
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Prior to analysis, the composite soil samples were air- dried at room temperature for
two weeks in the laboratory, ground (using a ceramic mortar and pestle), sieved (using a 2-mm
sieve) and stored in well labelled sample plastics for laboratory analysis. The prepared soil
samples were analyzed by means of internationally-accepted classical methods.

Determination of Physico-chemical Properties

Soil particle sizes were determined using the hydrometer method described by Gee and
Or (2002) and classification was carried out using the USDA classification system (Soil Survey
Staff, 2009). The pH and Electrical conductivity of the soil samples were measured in distilled
water at ratio 1:1 as demonstrated by Osayande et al. (2015). Calcium carbonate content was
estimated following the procedure described by Rowell (1994). The organic carbon was
determined using the Walkley - Black wet oxidation procedure and the soil organic matter
content was determined by multiplied organic carbon with 1.724 (Nelson and Sommers, 1982).
The cation exchange capacity (CEC) at pH 7.0 was determined following the procedure
described by Chapman (1965).

Quiality Control

All reagents and chemicals were of high analytical grade and high purity distilled water
was used for all dilutions. All glassware and plastic containers used were soaked in 10% v/v
HNO:s solution overnight (Onianwa, 2001) and rinsed thoroughly with distilled water before
used to avoid contaminants.

Statistical Analysis

Data obtained was statistically analyzed using mean and range. Pearson’s correlation
analysis was also used to establish significant relationship between the selected physiochemical
properties of soils.

Results and Discussion

Table 1: Particle Size Distribution of the Experimental Forest Surface Soils

Sampling Site  Sand (%) Silt (%)  Clay (%) Texture Silt/Clay Silt and Clay
(%)
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

60.50
62.50
86.00
55.50
62.10
90.00
82.00
54.90
63.20
67.50
56.90
77.00
80.10
85.40
71.50
92.00
58.90
52.10
75.00
59.30
56.90
94.00
59.60
73.90
66.80
76.00

93.00

25.00
20.50
8.50

25.90
21.00
6.00

10.00
28.50
18.90
17.30
26.40
12.90
10.90
8.90

15.80
4.70

30.00
31.00
14.50
26.40
26.00
3.50

22.00
18.00
18.30
13.00

5.00

14.50
17.00
5.50
18.60
16.90
4.00
8.00
16.60
17.90
15.20
16.70
10.10
9.00
5.70
12.70
3.30
11.10
16.90
10.50
14.30
17.10
2.50
18.40
8.10
14.90
11.00

2.00

Sandy loam
Sandy loam
Sandy

Sandy loam
Sandy loam
Sandy

Loamy sand
Sandy loam
Sandy loam
Sandy loam
Sandy loam
Loamy sand
Loamy sand
Sandy

Loamy sand
Sandy

Sandy loam
Sandy loam
Loamy sand
Sandy loam
Sandy loam
Sandy

Sandy loam
Loamy sand
Sandy loam
Loamy sand

Sandy

1.72
1.21
1.55
1.39
1.24
1.50
1.25
1.72
1.06
1.14
1.58
1.28
1.21
1.56
1.24
1.42
2.73
1.83
1.38
1.85
1.52
1.40
1.20
2.20
1.23
1.18

2.50

39.50
37.00
14.00
44.50
37.90
10.00
18.00
45.10
36.80
32.50
43.10
23.00
19.90
14.60
28.50
8.00

41.10
7.90

25.00
40.70
43.10
6.00

40.40
26.10
33.20
24.00

7.00
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28 66.50 21.30 12.20 Sandy loam 1.75 33.50
29 69.50 18.80 11.60 Sandy loam 1.62 30.40
30 71.20 14.90 13.90 Loamy sand 1.07 28.80
31 90.10 6.00 3.90 Sandy 1.54 9.90
32 76.20 13,80 10.00 Loamy sand 1.38 23.80
33 51.80 25.60 22.60 Sandy loam 1.13 48.20
34 81.00 11.00 8.00 Loamy sand 1.38 19.00
35 72.10 18.50 9.40 Loamy sand 1.97 27.90
36 89.40 6.40 4.20 Sandy 1.52 10.60
37 79.10 12.50 8.40 Loamy sand 1.49 20.90
38 68.10 18.90 13.00 Sandy loam 1.45 31.90
39 82.90 10.00 7.10 Loamy sand 1.41 17.10
40 57.40 24.00 18.60 Sandy loam 1.29 42.60
Overallmean  71.70 16.77 11.53 Loamy sand 1.50 28.35
Overall range  51.80- 3.50- 2.00- 1.06-2.73 6.00-48.20
94.00 31.00 22.60

Soil particle distribution of Kogi State forest surface soils in Table 1 showed that, the overall
mean of sand fraction was 71.70% (ranged 51.80%-94.00%), silt had 16.77% (ranged 3.50%-
31.00%) and clay had 11.53 % (ranged 2.00%-22.60%). Thus sand fraction was the highest,
followed by silt and then clay. This was in agreement with the findings of Adugna and Abegaz
(2016) that found sand content of soils of forestland to be the highest. The results revealed that
the textures of Kogi state forest soils are mainly sandy loam and loamy sand textured at the
surface. This was in conformity with what Uquetan et al. (2017) reported.

The silt/clay ratio ranged from 1.06 - 2.73 with mean 1.50 was above 0.15 indicating that the
soils are relatively young with high degree of weathering potential. This is in harmony with
report from Sharu et al. (2013) and Jimoh et al. (2016) on the soils. More so, the finding showed
that mean of 28.35 % silt plus clay content ranged 6.00% - 48.20%. This is because about 48%
of the soil samples contained more than 30% (clay + silt) contents. This has shown that silt
plus clay content is a relatively important determinant of soil organic matter level in soils. The
capacity of soils to maintain organic carbon is influenced by its clay plus silt content (Bationo
et al., 2007).



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Table 2: pH, Electrical Conductivity (EC), Calcium Carbonate Content (CaCO3),
Soil Organic Matter (SOM) and Cation Exchange Capacity (CEC) of the
Experimental Forest Surface Soils

Sampling pH EC (dSm™) CaCOs3(%) SOM (%) CEC (cmolckg-1)
Site

1 4.64 0.456 0.20 5.01 12.50
2 5.65 0.141 1.30 9.93 15.80
3 4.81 0.343 0.43 6.62 13.30
4 5.78 0.124 1.43 9.98 16.20
5 5.85 0.114 1.50 10.09 16.60
6 5.33 0.255 0.83 8.38 14.30
7 6.39 0.070 1.80 11.67 17.40
8 4.49 0.574 0.18 3.19 12.00
9 4.46 0.538 0.08 3.31 12.20
10 5.91 0.105 1.63 11.49 17.00
11 6.33 0.076 1.75 11.63 17.30
12 4.79 0.372 0.40 6.59 13.10
13 6.46 0.062 1.85 11.68 17.50
14 5.51 0.177 1.13 9.86 15.20
15 4.73 0.414 0.33 6.51 12.80
16 6.07 0.080 1.68 11.62 17.20
17 5.43 0.202 0.95 9.83 14.80
18 4.49 0.478 0.10 3.35 12.30
19 5.29 0.301 0.73 8.32 14.00
20 4.70 0.450 0.28 6.49 12.60
21 5.48 0.187 0.98 9.83 14.90
22 5.21 0.309 0.63 8.19 13.70

23 6.84 0.036 2.00 13.35 18.60
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24 5.57 0.150 1.23 9.91 15.60
25 6.02 0.087 1.65 11.60 17.10
26 5.78 0.132 1.35 9.97 16.00
27 5.83 0.128 1.43 10.00 16.40
28 4.74 0.401 0.38 6.57 12.90
29 4.59 0.476 1.25 4.97 12.40
30 5.51 0.167 1.08 9.85 15.00
31 5.26 0.308 0.63 8.24 13.80
32 6.63 0.046 1.80 11.73 17.80
33 5.40 0.237 0.88 8.41 14.50
34 5.41 0.212 0.90 8.61 14.70
35 4.81 0.361 0.48 6.71 13.40
36 5.52 0.158 1.18 9.90 15.40
37 6.70 0.043 1.90 13.26 18.30
38 4.93 0.328 0.55 8.17 13.50
39 5.88 0.108 1.57 10.91 16.80
40 5.31 0.282 0.78 8.38 14.10
Overall Mean 5.50 0.237 1.03 8.85 15.01
Overall 4.47-6.84 0.036- 0.08-2.00 3.19- 12.20-18.60
Range 0.574 13.35
Soil pH

The results in Table 1 also, show that the overall mean pH of studied Kogi state forest surface

soils ranged from 4.47 to 6.84 with a mean value of 5.50 indicating that the soils were

moderately acidic to almost neutral. The mean value reported in this study is within the range

for optimum plant growth and in almost the same range with pH of some selected soils of rain

forest zones of Delta state, Nigeria which ranged from 4.72 to 6.52 at the surface soils reported

by Umeri et al. (2017). Also, these pH values are within those obtained by Osakwe and

Akpoveta (2012) and consistent with findings of Uquetan et al. (2017) who observed pH of

4.2- 6.0 in natural forest of Akamkpa, Cross River State, Nigeria. In addition, the mean pH of
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5.50 obtained is within the ideal pH range of 5.5-7.0 for optimum growth and nutrient
availability to plants (Brady and Weil, 2010).

Electrical Conductivity (EC) of the soil

The overall mean EC of studied Kogi state forest surface sampled soils was 0.237 dSm
(ranged 0.036 dSm™* to 0.574 dSm™). Here, all the soil sampled (100%) were salt free (i.e. no
saline). However, the EC values recorded from these forest surface soils were within the normal
range of less than 1 dS/m which are considered non-saline and suitable for plants growth and
soil microbial processes according to Deshmukh (2012) and Nachtergaele et al. (2009). Similar
result was also reported by Jimoh et al. (2016) in Northern Guinea Savanna zone of Nigeria.

Calcium Carbonate Content of the soil

The overall mean CaCO3 content of the studied Kogi state forest surface soils showed 1.03%
(ranged 0.08% to 2.00%). On the basis of CaCOs3 rating suggested by Nachtergaele et al.
(2009), the soils of the studied soils were non- calcareous in nature.

Soil Organic Matter (SOM) content

Additionally, the overall mean percentage of soil organic matter of studied Kogi state forest
surface soils was 8.85% (ranged 3.19% to 13.35%). These values of organic matter contents
are considered high for forest soils. The higher SOM content exhibited by the topsoil in this
study is also consistent with that demonstrated by Ahukaemere et al (2012); Straaten et al,
(2015) and Adugna and Abegaz (2016) in forestlands. The higher organic matter under these
forest lands might be attributed to continuous accumulation of un-decayed and partially
decomposed plant and animal residues mainly in the surface soils of forestland.

Cation Exchange Capacity (CEC) of the Soil

The overall mean of CEC of the studied Kogi state forest surface soils was 15.01cmolc.kg™
(ranged 12.20 cmolc.kg?-18.60 cmolc.kg?). Soil CEC has been classified as very low
(<10cmolc.kg-1), low (10-15cmolc.kg™), moderate (15-20cmolc.kg?) and high (>20cmolc.kg"
1) (Abe et al., 2010). On the basis of this classification, 50% of the surveyed forest sites have
CEC values >15 cmol kg™and 50% have moderate CEC. CEC is an important property of soil
because it is a useful indicator of soil fertility and nutrient availability for flora growth
(Hazelton and Murphy 2007). Thus high SOM increases cation exchange capacity (CEC).

Table 3: Correlation between Studied Physico-chemical Properties of Soils

physico-chemical properties Correlation
coefficient (r)

Soil pH and SOM 0.92

Soil EC and pH -0.59
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Soil CEC and SOM 0.95
Soil pH and CEC 0.95
Soil pH and CaCOs 0.98
Soil EC and SOM -0.98

Table 3 showed relationship existed among soil physicochemical properties which
positively or negatively, interfered with nutrient availability (Onwudike, 2015).

Based on the Pearson correlation coefficient data analysis, the observed soil pH showed
significant positive correlation with SOM and the correlation coefficient is 0.92 which
indicated the higher the pH ( i.e. the lower the acidity level of the soil), the higher the SOM.
Also, soil EC showed negative correlation with pH (r=— 0.59). This means that at low soil pH
value, there is high soluble salt content and therefore high electrical conductivity. The research
findings consistent with the study of Nur Aini et al. (2014) who reported that soil EC had
significant negative relationship with the soil pH.

In addition, soil CEC was correlated with SOM for all the soils which showed correlation
coefficient of 0.95. This means that, there is a strong correlation between the CEC values, and
the amount of organic matter present in the soil as Organic matter is a major source of negative
electrostatic sites. The research findings conform to the works of Olorunfemi et al. (2018) and
Fasinmirin and Olorunfemi (2012) who all reported that soil samples with higher values of
CEC were found to have high levels of organic matter and pH levels. More so, there is a
significant positive correlation between soil CEC and pH with correlation coefficient of 0.95.
This finding conform to the works of Olorunfemi et al. (2018) who all reported that soil samples
with higher values of CEC were found to have high pH levels.

Further more, a positive correlation existed between soil pH and CaCO3z with correlation
coefficient of 0.98. This relationship was strong and significant which indicated that pH
increased with increased in the amount of CaCO3 present. Finally, organic matter was shown
to correlate negatively with electrical conductivity (r = -0.98) suggesting that soils high in
organic matter tend to favour the immobilization of soluble ions in soils. This indicated that
soil EC decreased with an increased in SOM. This finding is supported by the works of Nelson
et al. (2017) who all reported that SOM had significant strong negative relationship with the
soil EC.

Conclusion and Recommendation

In conclusion, the forest soils in this studies area contain significant quantities of all the
nutrients analysed. These forest soils proven to contain high soil organic matter, non-saline (i.e.
free from salt) and non- calcareous in nature. Also, the soils were predominantly sandy loam
and loamy sand and possess suitable pH for normal forest ecosystems. These soils have
moderate CEC values and this might be due to their high organic matter, presence of low
amount of CaCOz and very low soluble salt in the soil.
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In addition, pH showed strong positive correlation with SOM, CEC and CaCOs. Also, soil EC
showed negative correlation with pH and SOM. Correlation results showed that relationships
existing among soil physicochemical properties interfered with nutrient availability. This
conforms to the findings of Tsozue et al. (2016) who showed that plant nutrient availability
depends on relationships among soil physicochemical properties.

It is therefore recommended that, the conservation of these forests in Kogi state is an urgent
need for the proper management practices of the forests which will in turn increase the quality
of soils and the forest. This will reduce indiscriminate destruction of forest cover and protection
of the top soils.
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Abstract

The kinetic study of the thermal degradation of NaOH modified Gmelina arborea sawdust was
investigated by thermogravimetric analysis (TGA). Samples were treated with 4% NaOH
solution for a period of 30 and 90 minutes. Thermogravimetric analysis was carried out at five
different heating rates of 10, 20, 30 and 50°C min™* from a temperature range of 50 to 650C°®
at a constant nitrogen flow rate of 20 ml min™. The activation energy and other Kinetic
parameters of the decomposition process were calculated by model free Kissinger and Ozawa
methods. TG and DTG analysis revealed that sample treated for 90 minutes presented the
highest onset and peak degradation temperature of 274.04°C and 372.11°C respectively. The
activation energy (Ea) obtained by Kissinger and Ozawa methods were 183.32 and 184.69
KJ/mol, while the pre-exponential factor (InA) was 6.97 x 10* and 7.00 x 10* min' respectively.
Therefore, alkali treatment with 4% NaOH solution for 90 minutes imparted a significant
improvement on the thermal stability of Gmelina arborea sawdust. This implies that this
sample will withstand higher temperature without appreciable degradation when compounded
with a thermoplastic polymer in polymer matrix composites.

Keywords: Chemical Modification, Activation energy, Thermal Degradation, Kinetic
parameters and Thermogravimetric analysis.

1. Introduction

Wood sawdust is a natural polymeric material that is obtained as by-product of the timber
milling processes. It is naturally abundant, light weight, renewable and of low cost. Despite
these advantages, wood also suffers a number of disadvantages. First, it is hygroscopic,
absorbing moisture from the surrounding environment. This leads to poor resistance against
fungal and insect attack, swelling and shrinkage resulting from water absorption and desorption
(Kokaefe et. al., 2018). In addition, wood is very polar due to the presence of hydroxyl groups
in the cellulose. This leads to poor adhesion or compatibility when compounded with a non-
polar thermoplastic resin in composites applications (Yang et. al., 2007). Furthermore, wood
is thermally unstable, degrading at temperatures above 200°C. Therefore, lower processing

temperatures are generally needed because of the possibility of lignocellulosic degradation
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and/or the possibility of volatile emissions that could affect composite properties (Sanadi et.
al., 1997). Therefore, there is need to alter the cell wall chemistry in order to achieve the
properties of interest. One modification method used in wood is the alkaline treatment
(mercerization). Alkaline treatment results in the disruption of the hydrogen bonding in the
network structure of the wood polymers, thereby increasing the surface roughness. It reduces
fibre diameter, increases aspect ratio, increases the amount of crystalline cellulose and removes
natural and artificial impurities (Kalia et. al., 2009). In addition, it increases the thermal
stability of the wood samples by degrading the heat sensitive components (Olakanmi et. al.,
2015).

The effect of alkaline treatment on the thermal stability and the degradation kinetic analysis of
the devolatilization of wood can be monitored by thermogravimetric analysis (TGA). In the
literature, the TGA analysis and behavior of different materials such as agricultural residue,
plastic, rubber-derivative, natural fibers, and various types of biomass during thermal
degradation has been described. The measurements are used mostly to determine the
composition of wood sawdust and to predict their thermal stability at temperatures up to 650°C
(El-Sayed, and Mostafa 2014). Usually biomass decomposition is discussed in terms of its three
main components namely lignin, cellulose and hemicelluloses (Gasparovic et al., 2009).
Slopiecka, et al. (2012), examined the pyrolysis of wood and main wood compounds through
thermogravimetry and revealed that the thermal decomposition of wood by TGA proceeds via
three stages namely, water evaporation, active and passive pyrolysis. Kumar et al., (2010)
investigated the thermal decomposition of corn stoves by TGA in nitrogen and air atmospheres
and concluded that there are three distinct stages of weight loss in both conditions and that the
kinetic parameters were similar only at slow heating rates. At higher heating rates, the second
stage occurred very rapidly and activation energy was higher than activation energy in nitrogen

atmosphere.

As a result of the simplicity of the Ozawa and the Kissinger models and the fact that they
require fewer data and have fast procedures for their calculation, these models have been used
extensively to study the thermal degradation kinetics of biomass (Gasparovic et al., 2009; Lv
et al., 2010; Okoroigwe, 2015). It is therefore in order to adapt these models for this research
work to study the kinetics of thermal degradation profile of alkali modified wood sawdust.
Therefore, this study aims to determine the kinetics parameters that define the thermal
degradation process of alkali treated wood sawdust. The study compares Kissinger and Ozawa

methods of kinetic models for wood sawdust and provides evidence for further applications of
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the thermochemical conversion of alkaline modified wood sawdust as potential filler in

polymer matrix composites production.

2 Literature review

2.1  Kinetics Study

The rate of wood sawdust modification can be associated with its chemical composition
through evaluation of the kinetic parameters. The aim was to ascertain the extent to which the
modification of OH groups on the wood components with NaOH contributes to the thermal
stability as well as improvement on the performance and applications of such a renewable
lignocellulosics materials. Radhakumari et al., (2015) investigated the kinetic study of the
pyrolysis process of Algal biomass using a thermogravimetric analyzer. The samples were
heated over a range of temperature from 200 to 1000 °C at three different heating rates of 5,
10, and 30 °C/min at a constant N flow rate of 30 mLmin™. The result obtained from thermal
decomposition process indicates that there are three main stages of events such as dehydration,
active and passive pyrolysis. The maximum decomposition of the biomass samples occurred
between 220-650 °C. In the DTG thermograms, the temperature at maximum weight loss rate
changed with increase in heating rate. The activation energy of the pyrolysis reaction was
determined by model free Kissinger-Akahira-Sunose and Ozawa-Flynn-Wall methods. The
Coats-Redfern method was used to obtain kinetic parameters such as activation energy, pre-
exponential factor, and reaction order. Pyrolysis process was simulated with the obtained

kinetic parameters and results obtained were in good agreement with experimental data.

2.1.2 Kinetics models
There are many models employed in the analysis of non-isothermal solid-state kinetic data
obtained from thermogravimetry analysis (TGA). The models are separated into two major
groups namely, Model- fitting method: which involves appropriating a given kinetic data to the
thermogravimetric curves obtained so that the model used will be one that gives the most
suitable statistical fit, through which the kinetics parameters could be evaluated. The broad use
of this method is attributed to the fact that it had direct capacity to calculate the activation
energy and pre-exponential factor from a particular thermogravimetric analysis. The limitation
lies in its inability to determine reaction mechanism (Slopiecka et al., 2012).
This method includes the Friedman model which obtains (-E«/R) value for a given value of
conversion (a) through a graph of In(do/dt) against I/'T from equation 1

In (do/dt) =In [Af(a)] — E/RT (1)
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Where f(a) is the reaction model which depends on the reaction mechanism and o is the
conversion rate which depends on the initial and final mass of the sample.
Another is modified Coats-Redfern model which is multi-heating rate application of the
equation below

In[p/T?(1-2RT/Es)]=IN[-AR/(Ealn(l-a)]-Eo/RT
)
In applying the modified Coats-Redfern method in equation 2, it encompasses a plot of [In
(B/T?)] against 1/T since (1-2RT/E,) on the left- hand side of the equation is a constant. The

slope of the plot is equal to
-Ed/R.

Model-free method: This method requires many kinetics curves to perform the investigation.
The model has numerous advantages over the model fitting method which includes its
simplicity and error free quality. It allows measurement of activation energy from a given
degree of conversion. Also, the method gives polymer scientists opportunity to find the reliance
of activation energy with conversion factor using thermogravimetric and differential
thermogravimetric thermograms obtained at various heating rates with no prediction of the
reaction mechanism and order of the reaction. The model-free approach does not require
assumption of specific reaction models, and yields unique kinetic parameters as a function of
either o conversion (isoconversional analysis) or temperature (non-parametric kinetics). Of the
two methods, the isoconversional approach is more frequently implemented, and is
increasingly being used in biomass thermochemical conversion study (Poletto et al., 2012;
Jayabal et al., 2012).

2.2.3 Theoretical approach of the kinetics study

Thermodegradation performance of natural biomass could be explained through a simple rate

equation of,

do/dt =k(T)f(a)
©)
In the equation above a is the degree of conversion, t is the time, k stands for rate constant
while f(a) stands for the reaction model which depend upon the mechanism of the degradation
reaction. The value of a typically reflects the progress of the overall conversion of a reactant
to products which is defined as:
a = (mi-my)/ (mi-my)

(4)
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where mj stands for the initial mass of sample, myis the mass at temperature T and msis the mass
for final sample. The rate constant k is usually defined by Arrhenius equation as,

k= A exp (-E4/RT)

(%)
The Ea in the equation is the apparent activation energy in KJmole™, A is pre-exponential factor
in min, R is gas constant which is equal to 8.314 JK*mole™, while T is absolute temperature
in Kelvin. Combination of equation 3 and 5 gives rise to the fundamental equation 6 below
which is used to calculate the kinetic parameter.

do/dt = A exp(-Eo/RT)f(a) (6)
For an active thermogravimetric analysis, incorporating the non-isothermal heating rate (f =
dT/dt) into equation 6 generates another equation,

do/dT=(A/B)exp(-E«/RT)f( ) )
Finally, equations 6 and 7 are the basic equations used in analytical process to calculate
activation energy and pre-exponential factor from TGA results (Poletto et al., 2012; Slopiecka
etal., 2012).

3. Methodology

3.1  Materials

The Gmelina arborea sawdust was collected from wood sawmills in the Federal Capital
Territory (FCT), Abuja, Nigeria during milling operation. The sawdust was cleaned manually
and dried at 105°C for 24 hours. It was then ground using a local milling machine into powder.
Finally, the sample was sieved to obtain particles between 40 and 100 meshes (150-400um)

and kept in air tight desiccators.

3.2  Modification with NaOH

About 2.00 g of the sawdust sample each was separately soaked in 100 cm?® of 4 % NaOH
solution for different times of 30 and 90 minutes using a magnetic stirrer (Jayabal et al., 2012).
The samples were neutralized with 2% H2SO4 to remove excess NaOH. Then washed several
times with deionized water until a pH of 7 was obtained and dried in an oven at 105°C until a

constant weight was achieved.

3.3  Thermogravimetric analysis

Thermogravimetric analysis of treated and untreated sawdust was performed using a Perkin—
Elmer Pyris TG 6 (USA) thermogravimetric analyzer. The thermogravimetric (TG) analysis
was carried out with 5 to 7 mg of the sample. The sample was heated from 50°C to 650°C

under a nitrogen atmosphere at a flow rate of 20 cm®min™. TGA and DTG curves were obtained
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and sample weight loss as a function of temperature was recorded at five different heating rates
of 10, 20, 30, 40 and 50°C min. The results obtained were used in the kinetic analysis.
3.4 Kinetic methods
3.4.1 Kissinger model
This model enables polymer scientists to estimate the kinetic parameters of a solid-state
reaction where the reaction mechanism is not known. According to Slopiecka et al. (2012),
Kissinger formed a model free non-isothermal technique for the determination of the kinetics
of biomass degradation, which does not require the calculation of activation energy (Ea) for
every conversion value. The equation is;

In (B/Tp?) = — Eo/ RTp + In (AR/Ea) (8)
The Kissinger model gives researchers opportunity to get the value of activation energy from
a linear plot of In (B/Ty?) against 1/T, for a chain of analysis at different heating rates
(°C/min). T, is the maximum degradation temperature of sample on the DTG curve. The
activation energy (Ea) was calculated from the slope of the plot, which is equal to —Ea/R while
the intercept is equal to In (AR/E.) and was used to calculate the pre-exponential factor.

3.4.2 Flynn Wall Ozawa model

This is an integral model that involves a plot of Inf against 1/T at a fixed value of conversion
(o) rate to obtain a slope which is equal to —1.052Ea/R where g(a) is fixed for a given value of
conversion. From the slope the activation energy can be calculated. The equation is given as
follows; In(B) = In [AE/Rg(a)] — 5.331 - 1.052 Eo/RT

(9)

4 Results and Discussion

4.1  Effect of modification on thermal characteristics

The thermal stability of unmodified and modified sawdust samples was obtained by TGA
measurements. The thermograms of mass loss at five heating rates (10, 20, 30, 40, 50 °C) and
derivative curves in relation to temperature are shown in Figures 1- 3. Data extracted from
these curves are presented in Table 1. There are two main stages of mass loss as shown in the
DTG curves. The first stage occurred between 50°C and 150°C which can be related to
evaporation of water and possibly, the volatilization of extractives from the wood sawdust. The
results show that the unmodified sample had the highest percentage weight loss of 1.88%
around this temperature region when compared with the modified samples that recorded weight

loss as low as 0.13%. The high extractives content in unmodified sample promotes its thermal
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degradation at lower temperature due to their high volatility and could be responsible for this
observation. Also, the presence of higher number of OH groups on the surface of untreated
sawdust could be responsible for the high % moisture content at this degradation temperature.
In addition, research has shown that the free OH groups in wood are reduced with alkali
treatment (Olakanmi et al., 2015). Therefore, a reduction in the moisture content of the NaOH
treated sample is expected. The second stage with a major weight loss occurred within the
range of 220°C and 400°C could be attributed to the degradation of hemicellulose, cellulose,
and lignin. It has been observed that lignocellulosic materials, being chemically active,
decompose thermo-chemically in the range of 150°C to 500°C. Hemicellulose degrades
between 150°C to 350°C, cellulose between 240°C to 350°C and lignin between 250°C and
500°C (Lafia-Araga et al., 2017; Mohammed et al., 2017; Lafia-Araga et al., 2018).
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Figure 1: TGA and DTG curves of unmodified sawdust sample
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Figure 3: TGA and DTG curves of sawdust sample soaked for 90 minutes

Table 1: Thermal Degradation data for unmodified and sawdust modified for 30 and 90

minutes
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Samples Tonset T, (°C) Ts0% (°C) Degradation Moisture
(°C) temperature  range (%)
(°C)
Unmodified 230.33  260.20 265.00 220.20---358.12 1.80
30 min 256.37 337.04 345.33 220.10---401.22 1.57
90 min 274.04 37211 361.15 226.22---413.34 0.13

Although, the samples displayed a general increase in onset temperature, Tonset and degradation
peak temperatures, Tp, the T, of the samples increased from 260.20°C in unmodified sample
to a highest value of 372.11°C in sample treated for 90 minutes sample, while samples soaked
for 30 minutes had Tonset and Tp 0f 256.37 and 337.04°C respectively. This shows improvement
in thermal stability which could be due to hemicellulose removal from the wood sawdust by
alkaline treatment. This is expected to have possibly improved the thermal properties by
reduction in heat transfer coefficient (Mishra, and Bhaskar, 2014). The high T, value for wood
flour treated for 90 minutes is in agreement with the findings of Abdullah et. al. (2019).
Olakanmi, et al., (2015), also investigated the use of alkaline treated Daniela oliveri wood flour
as reinforcement in virgin HDPE and reported that wood flour treated with 4% NaOH solution
for 150 minutes produced composites that exhibited the highest Tonset and T, of 375°C and
495°C respectively. Also, Zierdt et al., (2015), reported the results of the TGA investigations
that showed that the application of 10 % NaOH alkaline treatment for 60 min effectively
enhanced the thermal stability of beech fibers. In general, it has been observed that alkalination
of wood flour with NaOH at specified concentration and time has the ability to improve the
thermal properties of wood flour (Choudhury, 2007; Okoroigwe, 2015; Mohammed, et al.,
2017; Lafia-Araga, et al., 2017). It is therefore necessary to note that samples modified for 90
minutes can be conveniently compounded with a polymer matrix at temperatures as high as
250°C to 300°C. Furthermore, the rate of wood degradation showed an increase with increase
in heating rates. This is due to the higher thermal energy given to the samples which led to
improved heat transfer between the surrounding and inside the samples. At low heating rate,
the decomposition is influenced by volatilization of water, extractives degradation, breakdown

of hemicellulose and degradation of lignin and cellulose (Poletto et al., 2012).

4.2 Kinetic analysis using Kissinger model
The results extracted from thermogravimetric analysis were elaborated according to model free

methods to calculate the kinetic parameters. When the decomposition temperature of wood
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sawdust reached its degradation peak, the influence of the heating rates upon the maximum
degradation temperatures obeys the Kissinger method according to equation (8). The Kissinger
plots of Inf/T? against 1/T,, for the decomposition process of unmodified and modified sawdust
are shown in Figures. 4-6. The regression equations and the square of the correlation coefficient
(R?) are also presented. The activation (Ea) and pre-exponential factor (A) were derived from
the slope and intercept of plotting regression line, respectively. The results obtained from
Kissinger methods for activation energy and pre-exponential factor are presented in Table 2.
The unmodified sample has activation energy of 69.96 KJ/mole, pre-exponential factor of 1.50
x 10* mint. Sample treated for 30 minutes has activation energy of 102.93 KJ/mole and pre-
exponential factor of 2.84 x 10* min! while that treated for 90 minutes displayed an activation
energy of 183.32 KJ/mole and pre-exponential factor of 6.97 x 10* min™. This implies that
samples soaked for 90 minutes will withstand a higher energy barrier than that soaked for 30
minutes when subjected to thermal degradation reaction. Lv et al., (2010), investigated the
thermal degradation kinetics of hemicellulose from corn stalk and reported higher activation
energy of 213.3 KJmol™ and pre-exponential factor of 46.2 min™ using the Kissinger model.
The calculated squares of the correlation coefficient R?, corresponding to linear fitting in
Figures 4-6 are higher for all sample and are in the range of 0.960 to 0.990 except the
unmodified sample that had the least value of 0.789. This could be due to alkaline modification
of sawdust which led to improved thermal stability. The observed increase is in agreement with
the finding of Slopiecka et al., (2012) , who reported higher correlation coefficient in the range
of 0.975 to 0.996.
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Figure 4: Linearization curve of Kissinger model for unmodified sample
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Figure 5: Linearization curve of Kissinger model for sample treated for 30 minutes
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Figure 6: Linearization curve of Kissinger model for sample treated for 90 minutes.

4.3  Kinetic analysis using Ozawa model

The impact of heating rate, (), on the maximum temperatures of the DTG curves was given
by the Ozawa formula in equation (9). Ozawa plot of In and I/Tp for all the samples are
presented in figures. 7-9. Kinetic parameters obtained from Ozawa equation for all samples are
given in Table 2. The unmodified sample showed activation energy of 75.26 KJ/mole, pre-
exponential factor of 2.74 x 10* mint. The sample treated for 30 minutes presented an
activation energy of 74.61 KJ/mole and pre-exponential factor of 2.88 x 10* min! while sample
treated for 90 minutes sample showed a higher activation energy of 184.69 KJ/mole and pre-
exponential factor of 7.00 x 10* min. Again, correlation coefficient, R?, corresponding to
linear fitting in Figures. 7-9 are higher for all sample and are in the range of 0.970 to 990 except

the unmodified sample that had the least value of 0.827.
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Table 2: Summary of kinetic parameters obtained by Kissinger and Ozawa Models for
unmodified and samples modified for 30 and 90 minutes

Kissinger Ozawa
Samples E, (kJmole!) A (minl) R? Ea A(min!) R?
(kJmole!)
x 10* x 10*
Unmodified 69.96 1.50 0.789 75.26 2.74 0.827
30 minutes  102.93 2.84 0.958 7461 2.88 0.966
90 minutes  183.32 6.97 0.995 184.69 7.00 0.996

The Kissinger and Ozawa models are differential and integral thermal analysis model which
have been widely applied in the calculation of kinetic parameters of lignocellulosic materials
at different heating rates. Though there are varieties of kinetic models used in calculation of
kinetic parameters of biomass, only Kissinger and Ozawa models do not require prior
knowledge of reaction mechanism before calculation of activation and pre-exponential factors.
From the results in Tables 2, it was observed that the unmodified sample recorded the least
activation energy in both Kissinger (69.96 KJ/mole) and Ozawa (75.26 KJ/mole) model. This
is in line with the findings of Mohammed et al. (2017), who reported activation energy of wood
fiber as low as 24.59 KJ/mol. This implies that unmodified sawdust is thermally reactive as
confirmed by the thermogravimetric analysis in Figure 1 and will readily undergo thermal
degradation reaction. From the results, all the kinetic parameters progressively increased with
an increase in duration of treatment. However, sample treated for 90 minutes had the highest
activation energy (183.32 and 184.69 KJ/mole), pre-exponential factor (6.97 x 10* and 7.00 x
10* min) with a better linear fit factor of (0.995 and 0.996) using the Kissinger and Ozawa
models respectively. The value of correlation coefficient (R?) was found to be equal to 1 which
shows that both Kissinger and Ozawa kinetic models can adequately be used to determine the
Kinetic process the thermal degradation of wood sawdust. In addition, this could imply that
treatment of wood sawdust with NaOH solution for 90 minutes duration enhances their
resistance to thermal degradation to an extent, since higher activation energy implies slower
reaction. This is in line with the results of previous researchers (Gasparovic et al., 2009; Lv et
al., 2010, Jayabal et al., 2012). It was also observed that values obtained by Kissinger model
for treated samples was lower than those from Ozawa model except in samples treated for 30
minutes that had an activation energy value as low as 74.61 KJ/mole. This could mean higher

thermal reactivity of the sample. The observed differences could be due to differences in
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modification duration and calculation methods employed (Yao et al., 2007, Okoroigwe, 2015;).
Furthermore, higher activation energy value for samples treated for 90 minutes could mean that
this sample will withstand higher temperature without appreciable degradation when
compounded with a thermoplastic polymer. It is worth to note that this samples also possessed
the highest onset and peak degradation temperatures.

The reason for the calculation of the activation energy and pre-exponential factor of samples
was to help wood polymer composites industries to develop a simple approach that will be of
benefit in having an improved perceptive on thermal degradation profile of wood sawdust
especially the Nigerian wood which is deficient in most literature. The values obtained in this
study agree with those in previous research works (Radhakumari et al., 2015; Okoroigwe,
2015; Yao et al., 2008), hence future potential use of NaOH modified Gmelina arborea

sawdust in wood reinforced polymer composite as filler could be considered.

5 Conclusion

Highest thermal stability was found in wood sawdust treated with at 90 minutes. Also, the
activation energy obtained in this study ranged from 69.96 - 183.32 KJ/mole in Kissinger
model and 74.61 - 184.69 KJ/mole in Ozawa model for untreated and samples treated for 30
and 90 minutes respectively. This information will help wood processing factories and chemist
to understand the thermal decomposition of wood sawdust which can then be employed in
wood thermoplastic composites industry. From these results, it can be concluded that treating
wood flour with 4% NaOH at 90 minutes had significant improvement on the thermal
properties and thermal decomposition kinetic of Gmelina arborea sawdust. This could mean
that this sample will withstand higher temperature without appreciable degradation when
compounded with a thermoplastic polymer and so encourages its use as filler in polymer matrix
composites. Finally, the results of this study on kinetic parameter is vital since activation
energy is the energy barrier reactants must overcome to form the product. Knowledge of the
activation energy will provide useful information on the optimum energy required to start a

reaction; in this case, thermal degradation.
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Abstract

Diabetes mellitus, a human metabolic disorder affects about 10% of the world population and
is a major global concern. Conventional treatment for the disease using synthetic drugs
(chemotherapy)poses serious challenge. The study of plants with potential antidiabetic activity
may give a new lead in the treatment approach of diabetes. The study is aimed at evaluating
the antidiabetic effect of gymnemic acid isolated from Gymnemasylvestreaerial parts sourced
from the Nigerian ecosystem,Tafa Forest, Baddegi, Katcha Local Government area of Niger
Stateon alloxaninduced diabeticrats.Defatted methanol aerial parts of G. sylvestre was
precipitated which is the gymnemic acid and this was evaluatedfor its antidiabetic activity.
Rats weighingbetween 120-200 g weregrouped into six and fasted overnight with blood
withdrawn from their tail at regular intervals and the GA effect on blood glucose measured
using glucometer.Administration of alloxan results in hyperglycaemic state as evident in the
significant raise in blood glucose level in untreated diabetic rats (496.78 - 588.04 mg/dL) when
compared to theuninduced group (109.56-110.64 mg/dL). However, dose dependent reduction
in BGL was observed in diabetic rats treated with GA (411.34 - 209.40 mg/dL at 150 mg/kg,
459.32 - 159.27 mg/dL at 300 mg/kg and 506.68 - 86.53 mg/dL at 600 mg/kg). The blood
glucose reducing activity was also accompanied by improvement in body weight of rats. TheGA
showed a significant suppressive rate (82.92% at 600 mg/kg) when compared with lower
dosage (49.33%at 150 mg/kg and 65.33% at 300 mg/kg). The suppression rate of GA at higher
dosage was high in comparison to that of the standard drug (81.53% at 5mg/kg). It is concluded
that GA shows a significant hypoglycemic activity at 600 mg/kg bodyweight dose in alloxan
induced diabetic rats.

Keywords: Gymnemic acid, Gymnemasylvestre, Antidiabetic, Diabetes mellitus, Blood
glucose level

INTRODUCTION

Diabetes mellitus (DM), a human metabolic disorder results when the insulin producing f cells
in the pancreas is damaged- type | diabetes and or a decline in the sensitivity of the body
muscles and liver cells to insulin action- type 11 diabetes (Oyedemiet al., 2009); due to the body
inabilityto produce enough insulin to compensate for the impaired ability to use insulin
(Deshpande et al., 2008). The disease affectsabout 10% of the world population. Symptoms of
diabetic patient include; frequent urination, are susceptible tothirst and hunger (Tedong, 2006).

Other symptoms are;numbness, loss of sensation and coordination, imbalance and feet
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pains,imbalance in carbohydrate, protein and lipid metabolism resulting to chronic blood
glucose (sugar) leading to severe complications which could result to death (Ghorbaniet al.,
2010). With treatment, complications such as blindness, atherosclerosis, and impotence may
occur. For the treatment of this disease, market is filled with different synthetic anti-diabetic
drugssuch as insulin sensitizers (biguanides, thiazolidinediones), insulin secretagogues
(sulfonylureas, meglitinides), a-glucosidase inhibitors, incretin agonists and dipeptidyl
peptidase-4 inhibitors (Lorenzatiet al., 2010), but the associated side effect of these drugs with
long term use has paved way for plant-based products.lt is estimated that 3.4 million patients
died from diabetes-related complications in 2004. According to a report by World Health
Organization (August, 2011), about 346 million people have diabetes worldwide.According to
a recentresearch conducted by the International Diabetes Federation (IDF), about 425 million
persons are said to be living with DM worldwide, with nearly 50% of these population
undiagnosed (IDF, 2017). With Africa and Asia contributing a significant fraction to this
population with over 151 million of people who lived with diabetes in year 2000, 194 million
people in 2003, 246 million in 2006, 285 million in 2010 and 415 million in 2015 (Adeloyeet
al., 2017) and 425 million in 2017 with an estimated increase to 629 million in 2045 (IDF
2017). In Africa, there are over 16 million people with the burden of diabetes and this number
is likely to increase to 41 million by 2045. The estimated prevalence of diabetes in Africa is
1% in rural areas, and ranges from 5% to 7% in urban sub-Saharan Africa (Ogberaet al., 2014).
Without serious action, this number is likely to double by 2030, there is a need to look inward

and proffer drastic measures to control the prevalence of the disease.

The first anti-diabetic drug, metformin, isolated from Galega officinalis, is an herbal
formulation (Tiwari etal., 2014). Various plant extracts like aloe (Aloe vera L), bitter Melon
(Momordica charantia), fenugreek (Trigonellafoenumgraecum), Asian ginseng (Panax
ginseng) and American ginseng (Panax quinquefolius L), gymnema (Gymnemasylvestre), milk
thistle (Silypummarianum), nopal (Opuntia streptacantha), salacia (Salacia oblonga;
SalaciaReticulate), and formulations like those of chromium have been used and clinically

tested for their anti-diabetic activity as well as their potential side effect (Shane, 2009).

Gymnema sylvestre(Retz.) R. Br. (Asclepiadaceae) also popularly known with these local
names:kashezaki (Hausa) andenugi-bata (Nupe)in Nigeria, is well distributed across a large
area, occurring from East Africa to Saudi Arabia, India, Sri Lanka, Vietham and southern

China, as well as Japan (Ryukyu Islands), Philippines, Malaysia, Indonesia and Australia. In
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addition, it occurs throughout most of West Africa and extends to Ethiopia and South Africa.
In Niger State, the plant is often found around river coasts of adjoining forests especially River
Gbako in Katcha Local Government, Niger State, Nigeria.G.Sylvestrehas long been used as a
treatment for diabetes (Vishwa, 2015). Popularly known as sugar destroyer(Kashezaki in
Hausa) due to its ability to suppress sweetness of sugar in traditional medicine practice and
most notably in the control of blood glucose. A number of studies have evaluated the effects
of G.Sylvestreon blood sugar in animals (Thakur et al., 2012). Scientific investigations
conducted onthe herb proved it as a lipid-lowering agent, for weight loss and for the inhibition
of caries primarily in rodent studies. This planthas good prospects in the treatment of diabetes
as it shows positive effects on blood sugar homeostasis, controls sugar cravings, and promotes
regeneration of pancreas.Indigenous medicinal plants are interestingly and largely
underexplored source for the discovery of potential “lead” for chemotherapy drug
development. Within the last 10 years, a number of Gymnema products, including Gymnema

capsules, Gymnema tea, Bioshape®, and Diaxinol® have appeared in the world market.

Chemotherapy, the conventional treatment for diabetes is of health concern owing to some
factors including; drug resistance, cost, adverse side effects and inaccessible nature of the
available anti-diabetic drugs especially for a developing country like Nigeria. Despite the fact
that Nupe ethno-medicine is very rich in recipes such as chewing the leaves of G.Sylvestreto
suppress Sweet-taste, these claims have not been supported with pharmacological
investigations. To the best of our knowledge from available literature, gymnemic acid is yet to
be reported to be isolated, evaluatedand purified from indigenousG. Sylvestreaerial parts
sourced locally from Nigerian ecosystem particularly fromTafa Forest, Baddegi, Katcha Local

Government, Niger State, Nigeria.

Sample collection and Identification

Freshand healthy-looking aerial parts ofG. Sylvestrewere collected from their natural habitat
atTafa Forest near Baddegi, Katcha Local Government, Niger State, Nigeria in the month of
January, 2018.The material was identified by chewing few leaves of the plant for a minute or
two and the mouth rinsed with clean water, few grains of sugar was placed in the mouth.
Disappearance of the sugar sweetness confirms it to be G. Sylvestre.For further identification,
the plant was identified by a plant taxonomist at the National Institute for Pharmaceutical
Research and Development, Idu-Abuja, Nigeria and a voucher specimen kept for future

reference.
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Extraction, Isolation and Purificationof Gymnemic acidbyHoopers’ Method as
reportedby Krishna et al.(2012) with slight modifications

Processing of G.sylvestreAerial Parts

Aerial parts of G. Sylvestrewere collected from its natural habitat in the morning by hand
picking and kept in plastic sealable bags. The parts werewashed thoroughly under running tap
water and air-dried under shade for about two (2) weeks. About 500 g of the washed air-dried
aerial partswas and finally crushed and pulverized into powdery form, sieved with a 40 sieve
mesh and kept in plastic sealable bags for further use. The woody fibres of the stem was

discarded and the powdered material stored in air-tight container for further use.

Extraction and Isolation of G.sylvestreAerial Parts

The dried powdered aerial parts were subjected to Soxhlet sequential extraction with petroleum
ether and methanol in acontinuous hot extraction as shown in step 1 to 3 below. The solvent
soluble extracts collected, filtered and evaporated to fine dry precipitates using Rotary

gvaporator.

Step 1: Extraction with Petroleum Ether

About 350 g of dry aerial parts powder was packed into a cleansoxhlet extraction unit. 3.5 liters
of petroleumether (60-80°C) added and extracted for 24-36 h till all the components soluble
inpetroleum ether are removed. Petroleum ether extract was then collected andevaporated using
Rotary evaporator.Petroleum ether extraction is only used for defattingdried aerial parts

powder.

Step 2: Extraction with 90% Methanol

The resultant defatted powdered dry aerial parts extract from step 1 above was then packed in
a soxhlet thimble and extracted continuously with 90% methanol until the material was
completely exhausted. The solvent, methanol was afterwards removed from the methanol

soluble extract under reduced pressure using rotary evaporator to give thick paste (brown gum).

Step 3:Isolation of Pure Gymnemic Acid from Methanol Extract

A known amount of the thick paste(brown gum) of the methanol extract from step 2 above was
dissolved in 1% aqueous KOH solution and continuously stirred for 45 min to 1 h. The solution
was then filtered using filter paper to separate the undissolved particles and dilute HCI added

slowly under constant stirring, during whichthe gymnemicacidwas precipitated.



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Precipitatedsolution was filtered under suction and the precipitate(greenish amorphous
powder) was dried. The greenish amorphous powderprecipitateobtainedis thepure gymnemic
acid.

Tests for Identification of Gymnemic Acid:

The identification of theisolated gymnemic acid was carried out and noted for its
abilitytoabolish the sense of sweetness, froth test, test for acidity, Liebermann-Burchard color
test, phenolic test, melting point and solubility test.

Evaluation of the Antidiabetic Activity of Gymnemicacid Isolated from the Locally
Sourced G.sylvestreAerial Parts.

Toxicity Study:

Toxicity study was carried out according to the OECD guidelines. Precipitate dissolved in
DMSO was administered to 6 rats at different dosage (1600 mg/kg body weight, 1900 mg/kg
body weight and 5000mg/kg body weight) and observed for 24 h for any change in autonomic
or behavioral response to determine the safe dose (Khatuneet al., 2016).

Induction of Diabetes

Freshly prepared solution of alloxan monohydrate (110mg/kg) was injected intra-peritoneally
in overnight fasted rats. After 3 days, blood sample was collected from the tail-vein of
overnight fasted rats and measured using a glucometer.Animals with marked hyperglycemia

were selected for the study (Lenzen, 2008).

Experimental Design:

The experimental rats were divided into six groups with three animals in each group: Group I-
Diabetic, treated with gymnemic acid (150mg/kg body weight/15 days) orally. Group Il-
Diabetic, treated with gymnemic acid (300mg/kg body weight/15 day) orally, Group-I1I-
Diabetic, treated with gymnemic acid (600 mg/kg body weight/15 days) orally,Group 1V—
Diabetic, treated with standard drug (Glibenclamide (10mg/kg bodyweight/15 days),Group V—
Control (diabetic), Group VI — Control (Uninduced).Rats were fasted overnight and blood was
withdrawn from the tail on the 3™, 6™ 9™ 12" and 15"days. The changesin body weight was
observed throughout the treatment period at five day interval in experimental animals. After the
15" dose of treatment with the precipitate, the rats were sacrificed and blood samples collected

in centrifuge tubes for lipid profiling.
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Determination of Blood Glucose Level

The blood glucose level in mg/dl was determined during the periods of treatment within three
days intervals using finetestautocoding glucometer which was done by collecting the blood
through orbital puncture of the tail-vein of rats (Khatuneet al., 2016).

Collection of Blood Sample

Collection of sample for biochemical analyses was as described by (Yakubu et al., 2003).The
animals were anasthesized with chloroform and blood was collected through cardiac puncture
into a clean, dry centrifuge tubes. The blood sample was allowed to stand for 10minutes at
room temperature and then centrifuged at 1000rpm for 15min to get the serum for the
determination of; serum lipid profile (plasma cholesterol concentration, triglyceride
concentration, serum HDL-C and LDL-C)

Statistical Analysis

Values were analyzed using statistical package for social science (SPSS) version 16 and
presented as means + SE of the mean. Comparisons between different groups were carried out
by one-way analysis of variance (ANOVA) followed by Duncan’s Multiple Range Test
(DMRT). The level of significancewas set at P < 0.05 (Adamu and Johnson, 1997) as reported
by Shittu and Tanimu 2012.

RESULTS AND DISCUSSION

Phytochemical composition

Table 1 present the qualitative phytochemical compositions of methanolaerial parts extract of
G.sylvestre. The results revealed the presence of terpenoids, alkaloids, phenols,tannins,
flavonoids, saponins and reducing sugar but steroids &phlobatannins were absent.

Table 1. Quatitative phytochemical composition of methanol aerial parts extract of G.sylvestre

Phytochemicals Inference
Terpenoids +
Alkaloids +
Phenols +
Tannins +
Flavonoids +
Reducing sugar +

Saponins +
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Steroids -
Phlobatannins -

Key: + = present, - = absent

Fasting Blood Glucose (FBG)

The effect of the precipitate from methanol extract of G.sylvestreaerial parts (gymnemic
acid)on fasting blood glucose level of alloxan induced diabetic rat is presented in Table2. A
significant (P<0.05) and progressive increase in blood glucose level was observed in diabetic
untreated rats throughout the experimental period. The group of rats treated with gymnemic
acid at dosage 150, 300 and 600 mg/kg produced 49.33%, 65.33% and 82.92 % hypoglycemic
effect compared with 81.53% recorded for glibenclimide treated rats (Table 2).

Serum lipid profile

Table 3 shows the effect of gymnemic acidon serum lipid profile of alloxan induced diabetic
rat. A significant (P<0.05) increase in triglycerides (292.85, 210.71,192.87 and 309.83in
mg/dL) and total cholesterol(77.77, 77.77, 83.33 and 98.90 in mg/dL) and reduction in high
density-lipoprotein (96.42, 117.85, 12857 and 98.78 in mg/dL) and lowdensity-
lipoprotein{65.78, 51.92,45.97 and 72.34 (mg/dL)}levels were observed in diabetic untreated
rat when compared with the normal glycemic rats and other experimental group.
Administration of gymnemic acid at dosage of 150, 300 and 600 mg/kg triggered a significant
(P<0.05) and dose dependent decrease in the elevated triglycerides, total cholesteroland
increase in high and low density-lipoprotein comparedtodiabetic  untreated rats.

Table 2:Effect of gymnemic acidon fasting blood glucose level of alloxan induced diabetic

rat in mg/dL

Post Induction Days

3 6 9 12 15 % Glucose

reduction

150 mg/kg 411.34+3.44® 356.35+5.43° 380.45+8.94° 299.26+4.32® 208.40+3.89% 49.33+5.20°
300 mg/kg 459.32+7.56°  357.68+4.32° 213.90+9.34° 177.38+1.89° 159.27+2.89% 65.33+5.2°
600 mg/kg 506.68+9.45°  482.16+6.23° 317.26+8.34% 150.90+1.89° 86.53+1.45°  82.92+5.47¢

Standard ~ 591.18+11.97¢ 382.90+3.24® 320.68+8.09% 278.31+2.89% 109.19+0.67° 81.53+5.37¢
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Control 496.78+8.09°  497.37+2.89° 513.89+8.35¢ 578.69+13.45° 588.04+11.89

Uninduced 109.56+1.86%  110.35+0.89° 109.24+0.97%° 108.36+1.78%  110.64+0.67°

Data are MEAN<SEM of triplicate determination. Values along the same row with different

superscript alphabet are significantly different (p<0.05)

Table 3: Lipid Profile

Cholesterol Triglyceride  HDL- LDL-Cholesterol

(mg/dL) (mg/dL) E:nr:;lzsl_t)erol (mg/dL)
150 mg/kg 77.77+2.93%  292.85+3.21° 96.42+0.89° 65.78+1.87°
300 mg/kg 77.77+1.98% 210.71+2.34% 117.85+1.90°  51.92+2.13°2
600 mg/kg 83.33+0.97P  192.87+4.32% 128.57+0.34°  45.97+1.902
Standard 66.89+0.89%  197.08+1.90% 138.90+3.43  48.09+1.032
Control 98.90+1.92¢  309.83+3.43° 98.78+1.89° 72.34%2.34°¢
Uninduced 58.88+1.90°  201.98+2.87% 150.54+4.34¢  45.34+2.21°

Data are MEANZSEM of triplicate determination. Values along the same row with different

superscript alphabet are significantly different (p<0.05)

Table 4: Body weightin g

0 5 10 15
150 mg/kg 161.78+3.45 158.93+3.24 154.34+3.45 156.83%3.45
300 mg/kg 157.90+2.98 155.08+2.84 151.98+2.98 155.90+2.94
600 mg/kg 161.89+3.95 158.76+3.90 158.62+3.90 164.90+5.43
Standard 159.78+4.45 156.97+2.34 159.76+3.56 165.78+4.32
Control 161.75+3.89 158.68+3.54 149.89+2.89 124.53+3.97
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Uninduced 158.97+2.89 161.97+2.34 167.98+5.67 171.90+4.97

Discussion

Blood glucose is a key marker for the diagnosis and prognosis of diabetes mellitus. Alloxan
selectively destroys the pancreatic insulin secreting B-cell leaving the less active cell behind
thus, making diabetes to set in. The evaluation of hypoglycemic activity of antidiabetic agent
using alloxan-induced hyperglycemia model has been widely accepted (Etukand Muhammed,
2010). Results from the present study revealed that administration of alloxan results in
hyperglycaemic state as evident by a remarkedelevation in blood glucose level from normal to
the range of 411-591 mg/dL. However, dose dependent reduction in blood glucose level was
observed in alloxan-induced diabetic rats treated with gymnemic acid as obtained from the
study (from 411.34-208.40 mg/dL at 150 mg/kg15 days body weight and 506.68-86.53 mg/dL
at 600 mg/kg/15 days body weight of rats). The blood glucose reducing activity was
accompanied by improvement in the body weights of the rats during recovery (154.34-156.84,
151.98-155.90, 158. 62-164.90 weight in g). Possible mechanism for the reduction in blood
glucose level-body weight improvement could be as a result of increased insulin secretion by
the pancreatic stimulation and the prevention of absorption of glucose in the gut
(Borhanduddlinet al., 1994). The insulin deficiency cause drastic elevation in glucose level due
to excessive production of endogenous glucose and cause changes in body weight
(Ramachandranet al., 2011) which may be due to excessive breakdown of tissue protein and
lipid caused by insulin defficiency as observed in diabetic untreated rats.

Since, lipid abnormalities accompanied with atherosclerosis is the major cause of
cardiovascular disease in diabetes, for ideal treatment of diabetes, in addition to glycemic
control, there need be apositive effect on lipid profiling. High level of TC and LDL are major
coronary risk factors (Temmeet al., 2002). Furthermore, several studies suggested that TG
itself is independently related to coronary heart disease (Khatuneet al., 2016). The
abnormalities in lipid metabolism lead to elevation in the levels of serum lipid and lipoprotein
that in turn play an important role in occurrence of premature and severe atherosclerosis, which
affects patients with diabetes (Khatuneet al., 2016). Hence, measurements of biochemical
parameters are necessary to prevent cardiac complications in diabetes condition (Ravi et al.,
2005).

In the present study, administration of alloxan revealed a significant increase in cholesterol,

LDL and triglyceride. However, administration of the gymnemic acid from G.sylvestre tend to
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restore the elevated parameters towards normal level thereby reflecting the hypolipidemic
property of this compound.The reduction in total cholesterol concentration (when compared
with 98.90 mg/dL for control diabetic rat to 83.33mg/dL for diabetic rat treated with 600 mg/kg
body weightin serum of rats following the administration of the gymnemic acid) might have
resulted from inhibition of cholesterol biosynthesis in the liver (Sinclair et al., 2001), and the
inhibition of the absorption of cholesterol via the small intestine (Evers, 2008). The dose
dependent reduction in triacylglycerol recorded in this study (309.83mg/dL for control diabetic
rat to 192.87mg/dL for diabetic rat treated with 600 mg/kg body weight gymnemic acid) could
also be attributed to the presence of alkaloids and saponins, which could result in the reduction
of the absorption of dietary glucose in the gastrointestinal tract due to ‘autointoxication’ or

“leaky gut’ (Evers, 2008).

The dose dependent increase in serum HDL levels of rats (98.78 mg/dL for control diabetic rat
to 128.57 mg/dL for diabetic rat treated with 600 mg/kg bodyfollowing the administration of
gymnemic acid)suggested a possible boost of HDL-C biosynthesis in the liver promoted by the
presence of flavonoids (Renaud et al., 1999). Therefore, more cholesterol would be transported
from peripheral tissues to the liver for excretion and could be the reason for the reported trend

in the serum cholesterol concentration.

The observed increase and decrease in the serum HDL-C and LDL-C levels respectively as
compared to diabetic untreated rat (98.78 mg/dL), suggests a reduced risk of developing

atherosclerosis following repeated administrations of gymnemic acid to diabetic rats.

CONCLUSION

Although there are many phytoconstituents that could combat diabetes, a single
phytoconstituent that could be used in the treatment of the disease would be a plus
andgymnemic acid fulfills this criteria. The masses needto be made aware of the factthat
diabetes mellitus could result from over-accumulation of sugar molecules especially sucrose
along with fat molecules(especially in the northern part of Nigeria with high level of sugar
consumption) since they are posing a big threat after cardiac problems and cancer. From
thisresearchwork, it can be concluded that gymnemic acid (a precipitate from the methanolic
extract of G.sylvestre aerial parts sourced locally from Nigeria ecosystem) might be that single
phytoconstituent needed to combat diabetes and is a safe and effective ethno-medicinal

compound for the treatment of diabetes.
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Abstract

Ethnomedicinally, the leaves of Lantana camara (family: Verbenaceae) has a lot of
applications, some of which includes in the treatment of bacterial infections. Successive and
exhaustive partitioning of the crude methanol extract of the leaves (L) gave rise to the
chloroform (Lc) and ethyl acetate (Le) fractions which both revealed the presence of terpenes
and steroidal nucleus. Fractionation and purification of the ethyl acetate fraction (Le) led to the
isolation of two long chain terpenols which were structurally elucidatedas 3, 7, 11, 15-
tetramethyl-2-hexadecen-1-ol (2-Phyten-1-ol) and 3, 7, 11, 15- Tetramethylhexadeca- 2, 6, 10,
14- tetraen-1-ol (geranylgeraniol)using physical, chemical and spectral properties in
comparison with literature data. Antibacterial assay of the crude extract, L (2500-10,000
pg/cm?®), its two fractions, Lc and Le (2500-10,000ug/cm® each) and the two isolated
compounds (100 pg/cm?®) in comparison with amoxillin and ampiclox (100ug/cm®) against
selected Gram positive and Gram negative oral pathogens revealed that L and Lc exhibited no
inhibitoryactivity; Le displayed a broad spectrum activity, while, the isolated compounds
inhibited growth of only Gram positive pathogens.The results obtained from this study have
provided some evidence for the ethnomedicinal use of the Lantana camara leaves as an
antibacterial agent.

Keywords: Isolation, Lantana camara, Leaves, Oral pathogens, 2-Phyten-1-ol,
Geranylgeraniol

Introduction

Natural products, such as medicinal plants have over the centuries been a source of very active
therapeutic agents due to the presence of various secondary metabolites. These metabolites are
known to display extensive range of bioactivities, thereby enhancing immune systems and
giving resistance against several diseases in order to protect the body from harmful pathogens
(Khalid et al., 2018). The emergence of bacterial resistance strains to most antibacterial agents
has made it pertinent to keep investigating natural products, especially plants, as possible
alternatives because of their availability, cheapness and low toxicity (Patilet al., 2015). Lantana
camara Linn (Verbenaceae) is an ornamental evergreen, perennial, aromatic shrub. Though
considered a noxious weed, it is a medicinal plant that possesses much potential (Mamtaet al.,
2012). It is commonly known as Red sage/Lantana weed/Wild sage/Curse of Barbados

(English), Kashinkuda (Hausa), Anya nnunu (Igbo) and Ewonadele (Yoruba). It is native to the
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tropics and sub-tropics, highly invasive in many countries, growing up to a height of 1-3 mand
a width of 2.5 m. Leaves are oppositely arranged, ovate in shape, rough, scabrid, bright green,
hairy and aromatic when pulverized; stems possess prickles; flowers are small, clusters, most
often orange/bright yellow in color with other varieties, such as white, blue, pink red and dark
red, changing color with age and occurs year round. Fruits are also small, drupaceous, shinning
and are either dark purple, greenish-blue, dark blue or black having two nutlets that are often
dispersed by birds (Burkill, 1985; Ghisalberti, 2000; Lonareet al., 2012; Vedavathiet al., 2013).
Traditionally, various organs of the plant are useful in different parts of the world in the
treatment of different diseases, such as asthma, ulcers, rheumatism, malaria, dysentery,
toothache, epilepsy, leprosy, itches, chicken pox, eczema, cataract, flu, yellow fever, skin
problems, blood pressure and as an abortifacient (Burkhill, 1985; Abdullah et al., 2009;
Hiteshiet al., 2012; Ingawale and Goswami-Giri, 2014). There has been a great variation in the
phytochemical constituents of L. camara which differ for different climates and geographical
region (Musyimiet al., 2017), but generally, a significant presence of phenolic compounds,
especially flavonoids and tannins, alkaloids, sterols, terpenoids, fatty acids, aromatics and
glycosides (Burkhill, 1985; Mamtaet al., 2012; Kalitaet al, 2012; Vedavathiet al., 2013;
Ingawale and Goswami-Giri, 2014; Charan and Kamlesh, 2015; Jafaaret al., 2018) has been
reported and several classes of these compounds have been isolated from different organs of
the plant. One of the commonly isolated compounds from the plants is the triterpenoids (Lai et
al., 1998; Misra and Laatsch, 2000; Sharma et al., 2000; Wahabet al., 2003; Yadav and
Tripathi, 2003; Hiteshet al., 2012; Ingawale and Goswami-Giri, 2014; Patilet al., 2015).The
plant has antimycobacterial (Begum et al., 2008), antibacterial (Patilet al., 2015), analgesic
(Kalyaniet al., 2011), antifungal (Das and Godbole, 2015; Fayazet al., 2017), antioxidant
(Anwar et al., 2013), wound healing (Swamyet al., 2015), mosquito repellant (Akumuet al.,

2014) and antimicrobial (Lyumugaheet al., 2017) properties to mention a few.

Terpenes /Terpenoids are small molecules synthesized by plants and are the largest and most
diverse group of bioactive compounds, mostly made up of essential oils. They are made up of
units of five carbon atoms in the order Cs, C1o, C1s, C20, C25, C30 and Cao Structures, where they
exist as either acyclic or cyclic (Seigler, 2012). They are known to exhibit significant
antimicrobial, antibacterial, antiviral, anti-inflammatory and anticancer potentials (Mahato and
Sen, 1997).This study presents the isolation and characterization of two of the terpenols of the

plant, as well as investigation of the antibacterial potentials of the crude methanol extract, its
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chloroform and ethyl acetate fractions and the isolated terpenolsagainst some oral pathogens

in comparison with amoxillin and ampiclox.

Materials and Methods
Extraction of plant material

The leaves of L. camara were collected from Kakuri, Chikun Local Government Area of
Kaduna State in the month of February, 2018. The leaves were air-dried, pulverized and 700
gwas cold macerated with methanol for a week until a colorless extractant was obtained. The
resulting solution was filtered, concentrated in-vacuo and brought to dryness over a water bath.
Crude MeOHextract was labeled ‘L’ (17 % recovery).

Preliminary qualitative screening

) Liebermann-Burchard’s test: Addition of few drops of acetic anhydride to a chloroform
solution of the extract, L followed by addition of 1 cm? of conc. H2SO4 down the side of
the test tube. Formation of a pink, purple or blue-violet color/green, greenish-blue color
after a few minutesis indicative of terpenoids and steroidal nucleus respectively.

i)  Salkowskii’s test: Addition of few drops of conc. H.SO4 to a chloroform solution of
extract, L. Formation of a yellowor red coloration in the lower layer indicates the

presence ofterpenoids and steroidal sapogenins respectively.

Thin Layer Chromatography (TLC)
Stationary phase: Silica gel 60 F2sspre-coated TLC sheets (0.25 mm thickness)
Mobile phases: (a) Hexane: CHClIs (4: 1), (b) hexane:EtOAc (9:1) and (c)CHCls: EtOAc (9:1)

Chromogenic reagents: All chromatograms were (i) viewed under UV light (254 and 366 nm)

and developed with: (ii) 1> vapor and (iii) Liebermann-Burchard’s reagent and heated to 120°C
Solvent partitioning

A portion of extract L (90 g) was solubilized in 500 cm? of distilled water, homogenized and
allowed to stand for an hour. The resulting mixture was filtered and the filtrate partitioned
exhaustivelyand successively in a separatory funnelwith chloroform (100 cm?® x 7)and ethyl

acetate (100 cm® x 10) until the extractant was colorless. Both mixtures were concentrated in-
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vacuoand dried at room temperature to afforda fraction labeled as the CHCI3 fraction (Lc, dark
green gummy mass, 0.98%) and EtOAc fraction (Le, blackish-green gummy mass, 1.7%). Both
fractions were screened for the presence/absence ofterpenes and steroidal nucleus.

Isolation and characterization of compounds

The ethyl acetate fraction, Le(1.5 g) was applied to the surface of a prepared flash column
packed with silica gel (60-120 mesh, 30 g, wet method) and eluted sequentially with varying
proportions of increasing polarity of petroleum ether: EtOAc (100:0 to 0:100). Similar fractions
were pooled based on their TLC profile and concentrated in-vacuo to yield 5 major sub-
fractions, Lel — Le5. Sub-fraction Lel (obtained from pet. Ether: EtOAc, 19: 1) yielded a
significant yellow spot along with some steroidal and terpenoidal spots on TLC. Further
subjection of fraction Lel to a shorter column (silica gel, mesh 230-400 nm, increasing polarity
of petroleum ether: CHClIz afforded yellow oil (compound 1) from pet ether: CHCIz (9:1). From
a mixture of pet ether: CHCIs (4: 1), a sub-fraction which revealed a major and minor spot on
TLC was purified by washing severally with methanol to which the minor spot was soluble.
The insoluble major spot revealed a single spot on TLC (compound I1). Both compoundswere
subjected to physical, chemical and spectral characterization.IR and UV were both recorded in
CHCls using FTIR 8400 spectrometer and UV-3101PC spectrophoton respectively. *H-NMR,
13C-NMR and DEPT-135 spectra were recorded in CDCls on Jeol 400 Brukerspectrometer
operating at 400 MHz, while, GC-MS was recorded using Agilent Model 7890 GC with
split/splitless injector interfaced to an Agilent 5975 mass selective detector. The MS operating
condition was ionization voltage 70eV and ion source 240°C. GC was fitted with a DB-5 fused

silica capillary column (30 x 0.32 mm, film thickness 0.25 pm)
Antibacterial Assay
Sources of organisms

Samples from dental abscesses and tooth decay were collected from patients who presented
pathological symptoms at dental unit of General Hospital Minna, Niger State, Nigeria, by
rubbing the lesions with sterile swab sticks. The swab sticks were then transferred to sterile
normal saline containers and transported in ice pack to the Microbiological laboratory, Federal

University of Technology, Minna, Niger State, Nigeria.

Identification of clinical isolates
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The identity of each strain was confirmed by standard bacteriological methods (Cheesebrough,
2010) and 16s rRNA gene sequencing. The organisms, include, Gram positive strains:
Micrococcus luteus, Streptococcusmutans, Streptococcus pneumoniaeand Streptococcus
pyogenes; Gram negative strains: Klebsiellapneumoniae and Pseudomonas aeruginosa

Standardization of test organisms

The method of Collins et al., (1995) was employed. Sterile nutrient broth (5 cm®) was
inoculated with a loopful of each organism and incubated for 24 h. 0.2 cm? of the 24 h culture
was then sub-cultured into a 20 cm?® sterile nutrient broth and incubated at 37°C for 5 h to
standardize the culture to10%cfu/cm®/organism. A loopful of each standardized culture was then
used for the assay.

Antibacterial testing

The antibacterial activity of crude methanol extract of L. camara leaves, L, its chloroform (Lc)
and ethyl acetate (Le) fractions all at concentrations ranging from 2500 -10,000 pg/cm’were
tested against the oral pathogens using the agar dilution test (Collins et al. 1995). The activity
of each test compound was compared withplates for standard control (amoxicillin and
ampiclox; 100 pg/cm?® each). Extract sterility control (ESC), organism viability control (OVC)
and medium sterility control (MSC) were also prepared. All plates were incubated aerobically
at 37°C for 24 h and checked for growth/no growth of organism.

Determination of minimum inhibitory concentration (MIC)

The MIC of theethyl acetate fraction (Le) was determined by microbroth dilution technique as
described by (Collins et al., 1995). Under septic condition, a loopful of each standardized oral
pathogen was inoculated into nutrient broth containing 2500, 3000, 4000, 4500, 5000 and
10,000 pg/cm?® of fraction Le. All were incubated for 24 h at 37°C. The MIC was determined
by observing tubes with lowest concentration of fraction Le that inhibited the growth of each

organism.

Determination of minimum bactericidal concentration (MBC)
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The MBC ofethyl acetate fraction (Le) was determined using the Collins et al (1995). A loopful
of each MIC tube was inoculated into solidified sterile nutrient agar and incubated at 37°C for
24 h. Plates that failed to show any visible growth after 24 h were recorded as MBC.

Results and Discussion

Subjection of ethyl acetate fraction (Le) to gas chromatography-mass spectrometry revealed
the presence of fifteen major compounds: germacrene D (a sesquiterpene), diazoprogesterone
(steroidal), santolinatriene (a monoterpene), lilac alcohol A and C (monoterpenes), phytol
(diterpene alcohol), (Z, Z) - o- farnesene (a sesquiterpene) and geranylgeraniol (a
monoterpene), while others were long chain fatty acids,fatty acid methyl esters, some steroidal,
phenolic and alkaloidalcompounds.

Characterization of compound |

Physical properties: Light yellow viscous oil, 23 mg, 296 gmol™* and CxH40O (both as
revealed by GC-MS). Chemical properties: Single spotted on TLC (Hex: CHCl3, 4: 1, R¢0.55)
(Hex: EtOAC, 9: 1, Rf 0.59), blue fluorescence spot under UV, bright yellow (I2) and purple
(Liebermann-Burchard’s reagent). Compound was soluble in petroleum ether, CHCls, Me2CO,
EtOH; insoluble in water. Spectral properties:FTIR (cm™): 2924.5 (C-H stretching), 3310.8
(broad, O-H intermolecular stretch), 1558.1 (C=C stretching) and 1325.0 (C-H bending). UV
(Amax, nm): 177 (non-conjugated C=C) and 179 (-OH). GC-MS (m/z, intensity, %):296
(C20H400", 15%, M™), 278 (M-H.0, 10%), 263 (M-H20 + CHs, 10%),123 (CoH15", 30%), 71
(C4H;0%,100%, base peak), 57 (CH3CH.CH,CH,*, 35%) and 43 (CH3CH,CH,*, 40%). H-
NMR (6 ppm): Most of the peaks appeared as clusters and were upfield indicating the presence
of quite a number of methylene and methyl groups. The most de-shielded peaks were weak and
ranged between 63.78 - 4.91indicating the presence of nucleophilicgroups, -OH and alkene
(Table 1). 3C-NMR (8 ppm):revealed eleven proton de-coupled peaks of which peak at C-6,
C-8, C-10 and 12 was of highest intensity/bolder singlet; followed by peaks atC-16 and C-20,
C-18 and C-19, indicating that there were more than one carbon atoms resonating at those
frequencies. Downfield peaks at $121.5 and 128.9 are indicative of a methine anda quaternary
carbon at C-2 and C-3 respectively, while a peak at 650.4 indicates a primary alcohol (Table
1). DEPT (8 ppm): revealed that of the 11 peaks displayed by 3C-NMR (though a total of 20
carbons), one was quaternary (nulled), four were methine (positive), ten were methylene

(negative), while, five were methyl (positive).
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Table 1: H-, *C- NMR and DEPT-135° of compound | in comparison with literature

values*

Position  H (ppm) H (ppm)*  3C (ppm) 13C (ppm)* DEPT (ppm)

1 3.97 (d) 418 50.4 (H.C-OH)  58.9 50.4 (neg.)
4.22 (s) 5.05

2 4.91 (1) 5.39 121.5 (HC=) 123.8 121.5 (pos.)

3 - - 128.9(= C-) 139.2 Null.

4 1.90 (f) 1.94 37.4 (-CHy) 39.6 37.4 (neg.)

5 1.22 (m) 1.31 23.5 (-CH,) 24.9 23.5 (neg.)
1.28

6 1.08 (m) 1.19 34.8 (-CH2) 37.8 34.8 (neg.)
1.01

7 1.25 (m) 1.40 30.8 (-CH-) 33.3 30.8 (pos.)

8 1.08 (m) 1.19 34.6 (-CH2) 37.7 34.1 (neg.)
1.01

9 1.17(m) 125 23.2 (-CH2) 24.6 23.2 (neg.)

10 1.08 (m) 1.19 34.1 (-CHy) 37.7 34.1 (neg.)

11 1.25 (m) 1.40 30.5 (-CH-) 33.2 30.5 (pos.)

12 1.08 (m) 1.19 34.6 (-CHy) 37.7 34.1 (neg.)

13 1.17 (m) 1.25 23.0 (-CH2) 24.3 23.0 (neg.)

14 1.08 (t) 1.19 37.8 (-CHy) 39.9 37.8 (neg.)

15 1.35 (1) 1.62 26.9 (-CH-) 28.1 25.9 (pos.)

16 0.90 (d) 0.01 21.9 (-CHa) 23.2 21.9 (pos.)
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17 1.40 (s) 1.79 15.5 (-CHa) 16.3 15.5 (pos.)
18 0.81 () 0.87 20.7 (-CHs) 21.0 20.7 (pos.)
19 0.83 (s) 0.89 20.7 (-CHa) 21.0 20.7 (pos.)
20 0.88 (s) 0.91 21.9 (-CHa) 23.2 21.9 (pos.)

Keys:s, singlet;d, doublet; t, triplet; m, multiplet;pos., positive peak; neg., negative peak; null,
nullified peak; *ACD/ChemDraw (Product Version 15)

A comparative study of the obtained physical, chemical and spectroscopic data of compound |
with those published in literature, revealed to be 3, 7, 11, 15-tetramethyl-2-hexadecen-1-ol/ 3,
7, 11, 15-tetramethylhex-2-en-1-o0l/2-Phyten-1-olas shown in Figure 1

HO 17

20

8 19
Figure 1: Structure of Compound I (3, 7, 11, 15 -Tetramethyl-2-hexadecen-1-ol)

The compound,2-Phyten-1-ol is an acyclic diterpene unsaturated alcohol (aliphatic diterpenoid
alkene alcohol) commonly found in plants, a building block of the chlorophyll molecule and a
precursor for the manufacture of vitamins E and K1 (Byjuet al., 2013). It is useful as a food
additive and exhibits significant biological activities, such as anti-spasmodic (Pongprayoonet
al., 1992), anti-cancer (Lee et al., 1999), anti-tubecular (Saikaiet al., 2010), anti-convulsant
(Costa et al., 2012), anti-mycobacterial (Bhattacharya and Rana, 2013) and anti-schistosomal
properties (de Moraeset al., 2014). The compound has been isolated from several plants
(Mcneilet al., 2012; Passoset al., 2012; Thakoret al., 2016; Phantangareet al., 2017).

Compound 11

Physical properties: A colorless viscous volatile oil, 18 mg, 290.5 gmol™ and Cz0H340 (both
as revealed by GC-MS). Chemical properties: Single spotted on TLC (Hex: CHCls, 4: 1, R¢
0.58) (Hex: EtOAc, 9: 1, Rf 0.61), blue fluorescence spot under UV, bright yellow (12) and

purple (Liebermann-Burchard’s reagent). Compound was soluble in petroleum ether, CHCls,
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CHClz, Me2CO, slightly soluble in EtOH and insoluble in water. Spectral properties:FTIR
(cm™): 3321 (broad, O-H intermolecular stretch), 3079 (=C-H stretch), 1640 (C=C stretching)
and 1452 (C-H bending).UV (Amax, nm):184 (-OH) and 201(C=C). GC-MS (m/z, intensity,
%): 290.5 (C20H340%, 10%, M"), 273 (M-H20, 10%), 258 (M-H.0 + CH3, 15%), 69 (CsHs0",
100%, base peak), 81 (CsH,O", 52%), 55 (C4H7", 25%), 41 (C3Hs", 58%) and 31 (CH.OH").
!H-NMR (8 ppm): The most de-shielded peak at 5.11 ppm (a weak triplet) was assigned to the
sp? hybridized methine carbon atom at C-2 neighboring the C-OH group at C-1, followed by a
very weak triplet at4.99 ppm which was also assigned to sp? hybridized methine carbon atoms
at C-6, C-10 and C-14;while a weak singlet at 4.88 ppm and a doublet at 4.04 ppm were
assigned to the —OH group and hydroxylic proton at C-1 respectively. Shielded peaks of which
most were sharp singlets were attributed to methylene peaks at 1.90 ppm (C-4, C-5, C-8, C-9,
C-12 and C-13), while, peaks at 1.53 ppm was assigned to methyl peaks at C-17, C-18 and C-
19) as shown in Table 2. *C-NMR (8 ppm): This revealed thirteen proton de-coupled peaks
of which peaks at C-4, C-8 and C-12, C-5 and C-9, C-6 and C-10, C-7 and C-11, C-17, C-18
and C-19 were of higher intensities, indicating that more than one carbon atoms were
resonating at those frequencies. The most de-shielded peak at 139.5 ppm was assigned to the
tertiary carbon atom bearing a sp? and sp® hybridized carbon atoms at C-3.0ther de-shielded
peaks ranged from 133.8 to 120.2 ppm, all peaks of high intensities,indicating the presence of
several sp? hybridized carbon atoms in the molecule (C-2 and C-3, C-6 and C-7, C-10 and C-
11, C-14 and C-15). Another de-shielded peak at 51.4 ppm was assigned to a carbon atom
bearing a nucleophilic —OH group (C-1). Other peaks which were more shielded were assigned
to methine, methylene and methyl carbons respectively (Table 2). DEPT (6 ppm) revealed that
of the 13 peaks displayed by **C-NMR (though a total of 20 carbons), four were quaternary
(nulled), four were methine (positive), seven were methylene (negative), while, five were

methyl (positive).

A comparative study of the obtained physical, chemical and spectroscopic data of compound
Il with those published in literature, the compound was identified as 3, 7, 11, 15-
Tetramethylhexadeca- 2, 6, 10, 14- tetraen-1-ol/tetraprenol/Geranylgeraniol/Geranylgeraniol

as shown in Figure 2
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Figure 2: Structure of compound Il (Geranylgeraniol, GGOH)

The compound, geranylgeraniol is a long chain diterpene alcohol/isoprenoid/ polyprenol that
has been isolated from some plants and is involved in various physiological processes (Ho et
al., 2018). The compound reportedly exhibited bactericidal activity against S. aureus (Inoue et
al., 2005), anti-mycobacterium and anti-leshmanial activities (Viket al., 2007). The volatile

nature of the compound makes GGOH a valuable starting material for perfumes and

19

pharmaceutical products (Tokuhiro et al., 2009).

Table 2: *H-, *C- NMR and DEPT-135° of compound Il in comparison with literature

values*

Position *H (ppm)  H (ppm)*  3C (ppm) 13C (ppm)*  DEPT (ppm)

1 404(d) 418 51.4 (-CH.0H) 589 51.4(neg.)
488(s)  5.05

2 511()  5.39 120.7 (-CH) 124.6 120.7 (pos.)

3 - - 133.8 (-C-CHs)  139.5 Null.

4 1.90(s)  2.00 36.9 (-CHo) 39.7 36.9(neg.)

5 1.90(s)  2.00 25.8 (-CH>) 26.7 25.8(neg.)
1.81

6 499 ()  5.20 121.1 (-CH) 1243 121.1 (pos.)

7 - - 132.4 (-C-CHs)  135.7 Null.

8 1.90(s)  2.00 36.9 (-CHo) 39.7 36.9(neg.)

9 1.90(s)  2.00 25.8 (-CH>) 26.7 25.8(neg.)

1.81
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4.99 (t)

1.90 (s)
1.83
1.90 (s)
1.81

4.99 (s)

1.65 (s)
1.53(s)
1.53 (s)
1.53 (s)

1.44 (s)

5.20

2.00

2.00

5.20

1.82

1.79

1.79

1.79

1.70

120.7 (-CH)
132.4 (-C-CHa)

36.9 (-CHy)

25.1 (-CHy)

120.2 (-CH)
129.9(-CH-CHs)
22.5 (CHs)

15.8 (CHs)

15.8 (CHs)

15.8 (CHs)

17.2 (CHa)

124.3

135.7

39.7

26.4

123.5

132.0

24.6

16.4

16.4

16.4

18.6

120.7(pos.)
Null.

36.9(neg.)

25.1(neg.)

120.2(pos.)
Null.

22.5 (pos.)
15.8 (pos.)
15.8(pos.)
15.8(pos.)

17.2(pos.)

Keys: s, singlet; d, doublet; t, triplet; pos., positive peak; neg., negative peak; null, nullified
peaks; *ACD/ChemDraw (Product Version 15)

Table 3: Antibacterial activity of ethyl acetate fraction of Lantana camaraleaves (Le)

Test Organisms

Concentration (ug/cm®) of test compounds against test organisms

**Ethyl acetate fraction (Le)

Ampiclox Amoxicillin

2500 3000 4000 4500 5000 10,000 100

100

Gram positive

M. luteus

S. mutans
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S. pneumoniae - - - - 4% + + +
S. pyogenes - - +* + + + + +
Gram negative

K. pneumoniae +* + + +

P. aeruginosa - - - - + + + +

Keys: +, activity; -, no activity, *, MBC, **the fraction was only static on P. aeruginosa, but

cidal on all other test organisms

Table 4: Antibacterial activity of the terpenols from the ethyl acetate fraction of Lantana

camara leaves (Le)

Test Organisms Activity of test compounds against test organisms at 100 pg/cm®

Compound | Compound Il Ampiclox Amoxicillin

Gram positive

M. luteus + + + +
S. mutans + + + +
S. pneumoniae + + + +
S. pyogenes + + + +

Gram negative
K. pneumoniae - - + +

P. aeruginosa - - + +

Keys: +, activity; -, no activity

The crude methanol extract (L) and the chloroform fraction (Lc) of the leaves of Lantana
camara from concentrations ranging from 2500 to 10,000 ug/cm? displayed no activity against
any of the tested oral pathogens, an indication that the extract and CHCIs fraction might not be
useful in the treatment of oral infections and other infections caused by such organisms. The

EtOAc fraction inhibited the growth of all oral pathogens tested. The fraction was cidal on all
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the test organisms, except on P. aeruginosa, supporting the ethnomedicinal uses of the plant.
The observed inhibitory effects may be due to the presence of mid-polar bioactive compounds
which all probably acted synergistically (Doughari and Obidah, 2008). Although, the activity
displayed by the fraction was at higher concentrations in comparison to that exhibited by the
standard drugs at 100 pg/cm® (Table 3); sometimes the antibacterial activity of a fraction could
be enhanced at lower concentrations with further fractionation and purification (Ndipet al.,
2009).

The two oils isolated from the ethyl acetate fraction of the plant (compounds I and I1) both
inhibited the growth of the Gram positive oral pathogens only in comparison to the standard
drugs all at 100 pug/cm?® (Table 4); an indication that both compounds do not possess broad
spectrum activity or might become enhanced at higher temperature. Long chain diterpenes
possessing the —OH group(s) have been reported to exhibit good bactericidal activity against
some Gram positive strains at very low concentrations (Inoue et al., 2005, Viket al., 2007).

Conclusion

The ethyl acetate fraction (Le) at concentrations ranging from 4000 — 10,000 pg/cm?® exhibited
a broad spectrum activity against the oral pathogens, while, and the two long chain terpenols
isolated from it; 2-Phyten-1-ol (compound 1) and Geranylgeraniol(compound I1) both inhibited
the growth of Gram positive oral pathogens. The results obtained from this study have provided

some evidence for the ethnomedicinal use of the leaves of L. camara as an antibacterial agent.
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Abstract

In this study, activated carbons were produced from Terminalia avicennioides pods by
chemical activation using 50% ortho-phosphoric acid and 1M NaOH labeled as Acid treated
Terminalia avicennioides activated carbon (ATAC/H3PO4) and Base treated Terminalia
avicennioides activated carbon (BTAC/NaOH) respectively. The activated adsorbents were
used for the removal of Ni, Cd, Fe and Zn ions from an electroplating effluent using batch
adsorption process. Physico-chemical properties such as pH, bulk density, moisture content,
ash content, volatile matter and fixed carbon analysis were carried out. The effects of the
process parameters such as the solution pH, contact time, adsorbent dosage, and temperature
were studied. Increase in pH of solution between 3 to 7 led to increase in the percentage
removal and subsequently decreased above 7. Zn had the highest percentage removal of 95%
at 35°C using ATAC/H3PO4 and 93% using BTAC/NaOH. The contact time shows highest
percentage removal of 78.30% and 85.72% for Zn and Fe using ATAC/H3PO. and
BTAC/NaOH respectively at solution pH of 7. The results showed that the removal efficiency
of the metal ions by ATAC/H3PO4 and BTAC/NaOH still increases at 0.9g of the sample dosage
but declines with continuous increase in temperature. However, higher percentage removal of
the metal ions was observed at 0.9g sample dosage and 35°C temperature.

Keywords: Adsorption, Heavy metals, electroplating effluent

1.0 Introduction

Heavy metals are class of pollutants which are very poisonous to the environment even at very
low concentrations (Srivastava and Goyal, 2010). They are very toxic to both animals and
human beings (Jaishankar et al., 2014), and are non-biodegradable and persistent in the
environment (Haware and Pramod 2011).

Pollution by heavy metal has become one of the most serious environmental concerned due to
their persistence and toxicity (Jaishankar et al., 2014). These metals sometimes act as a pseudo
element of the body while at certain times they may even interfere with metabolic processes.
Heavy metal pollution is caused through various sources, including, industrialization
population growth, climate changes and domestic activities. Some of the industries which
generate effluent containing varieties of waste products especially heavy metals generally get
discharged into the water bodies (Nargawe and Sharma, 2016).

Many industries discharged effluent containing heavy metals into the environment due to the
high cost of treatment and lack of effective materials and treatment methods (Gangadhar et al.,
2012). The heavy metals in the effluent, if not properly treated are transported from the
industrial sites by run-off water to contaminate water sources, downstream and become major
contaminants of marine, ground, and even surface water (Neeta and Gupta, 2016).
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Conventional methods employed to remove heavy metals such as reverse osmosis, ion
exchange, chemical precipitation, electrodialysis, solvent extraction, electrochemical reduction
and membrane separation are expensive and inefficient when treating effluents with low
concentration of heavy metals (Norhafizah et al., 2011).

In addition, some of these methods generate secondary wastes and in some cases are not
effective in the removal of contaminants especially heavy metals. Thus, the demand to develop
technologies that will lead to an effective removal of these ions from industrial effluent has
become a great challenge.

2.0 Methodology

2.1 Sample Collection and Preparation

Terminalia avicennioides seeds were collected from Tswachiko village, in Agaie Local
Government Area of Niger state. Seeds were washed severally with tap water in order to
remove dirt’s and dusts. The sample was further sun-dried for 2 weeks, squashed with hand
slightly to remove the excesses of leaves attached to the seeds and later ground using wooden
mortar and pestle to reduce the particle size and to obtain a fine powdery form of the sample.
Metal plating effluent was collected from the effluent storage point of the electroplating section
at the Scientific Equipment Development Institute (SEDI), in Niger State. It was carefully
bottled in a plastic container and stored in the laboratory for analysis.

2.2 Digestion of electroplating Effluent

10cm?® of the electroplating effluent was measured into a 250cm?® beaker. 2cmé of conc. HCI
and 5 cm® of conc. HNO3 were then added, heated in a fume cupboard on a hot plate for about
15 minutes to a final volume of 5cm®. 15cm® of deionized water was added to the resultant
solution and filtered with whatman filter paper No. 45. The filtrate was made up to 50cm? with
deionized water. This process was repeated until the desired volume was obtained, and was
analysed for the heavy metals content using Atomic Absorption Spectrophotometer (Varian
AA 240 FS, USA) in a Multi-User science laboratory of the chemistry department, Ahmadu
Bello University Zaria.

2.4 Carbonization

2.4.1 Chemical Activation and Carbonization with Acid

100g of the powdered material to be carbonized were weighed and partially treated with
400cm® of 50% ortho-phosphoric acid for 24hours. The steeped sample was sun-dried and then
carbonized in a muffle furnace at the carbonization temperature of 490°C for 40 minutes to
produce an activated carbon. The activated carbon produced were first washed in 0.5M KOH
and rinsed thoroughly with excess distilled water until a pH of between 7.0-7.5 was attained,
oven dried for 30mins, powdered well and labeled as Acid treated Terminalia avicennioides
activated carbon (ATAC/HsPOgs) before storing in an airtight container ready for analysis
(Hesham et al, 2012; Zalilah et al., 2015).

2.4.2 Chemical Activation and Carbonization with Base

100g of the powdered Terminalia avicennioides seeds were weighed and partially soaked in
400cm® of 1M NaOH for 24hrs in order to activate the sample prior to carbonization. The
steeped sample was sun-dried and then carbonized in a muffle furnace at the carbonization
temperature of 490°C for 40 minutes to produce an activated carbon. The activated carbon
produced were washed with 0.5M acetic acid and further rinsed thoroughly with distilled water
until a pH of 7.5-8.0 was attained, oven-dried for 30mins and powdered well, labeled as Base
treated Terminalia avicennioides activated carbon (BTAC/NaOH) and stored in an airtight
container ready for use (Madu and Lajide, 2013 ; Zalilah et al., 2015).

2.5 Determination of Percentage % Yield of Activated carbon
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The percentage (%) yield of the activated carbon produced is the ratio of the weight of the
resultant activated carbon to the original precursor weight on a dry basis which was determined
using the relation (Ambursa et al., 2011).

% Yield = =2 X 100

Where; Xo = Original mass of precursor on dry basis, and X1 = Weight of sample after
activation, washing and drying.

2.6. Activation Burn Off

Burn off refers to the weight difference between the original samples and activated carbon

divided by the weight of the original samples. It was calculated using the equation; (Ambursa
etal., 2011).

% Burn off = Xo0-X1X 100

Xo
Where; Xo = Weight of sample before activation and carbonation and X; = Activated carbon
weight.
3.7 Physico-chemical Tests

The activated carbon produced were subjected to preliminary physico-chemical tests such as
the pH, bulk density and proximate analysis (moisture content, ash content, volatile matter and
fixed carbon) using standard procedures as described in the literature for each of the parameters
with little modifications in some cases.

3.7.1 Determination of Activated Carbon pH

The standard pH test method for the determination of activated carbon (ASTMD3838-80) was
employed. 1.0g each of the ATAC/H3PO4 and BTAC/NaOH was weighed using a Metler
analytical weighing balance and transferred into a separate 25cm? beakers. 100cm? of distilled
water was added and stirred for one hour. The samples was allowed to stabilize, then the pH
was measured using a pH meter (Ekpete and Horsfall, 2011)

3.7.2 Determination of Bulk Density

5¢g of the activated carbon; ATAC/H3PO4s and BTAC/NaOH were weighed separately and
transferred into a 10cm? graduated cylinders. The cylinder was tamped gently on a cotton wool
while activated carbon was being added until the entire original sample was transferred
completely into the cylinder. Tamping was continued for 5 minutes until there was no further
settling produced. The volume was recorded and the apparent density was calculated on the
dry using the formula below:

Bulk Density = Sample weight(g) X 100
Sample volume (cm?)

3.7.3 Determination of Moisture Content

Determination of the moisture content was carried out using the thermal drying method. 1.0g
of the dried activated carbons were weighed and placed in a washed, dried and weighed
crucible. The crucibles were left open and placed in an oven and dried at 105°C for 4 hours
until a constant weight was obtained (Ekpete and Horsfall, 2011). The percentage moisture
content was thus calculated as follows:

% Moisture content (M) = (X-Y) X 100
(X-2)
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Where X = Weight of crucible +original sample, Y = Weight of crucible + dried sample and Z
= Weight of empty crucible.
3.7.4 Determination of Ash Content
1.0g activated carbon was placed in a crucible of a known weight, heated at 750°C for 2 hours
while the crucible was left open. The sample was then cooled in a desiccator and weighed
afterwards. The weight of sample before and after heating was used to determine the ash
content using the equation below (Smrutirekha, 2014).
% Ash content =  Ash weight (g) X 100

Sample weight ()

(%) Ac = (X-2)/(Y-2)100
Where Ac = Ash content, Z = Mass of empty crucible, Y = Mass of crucible + sample and X =
Mass of crucible + ash sample.
3.7.5 Determination of Volatile matter
A known quantity of sample was taken in cylindrical crucible closed with a lid. It was then
heated to 925°C for exactly 7 and half minutes in a muffle furnace. Then the crucible was
cooled in a desiccator and weighted.
Volatile matter (VM) on dry basis
VM = 100[100(Y-X)-M(Y-Z)] X 100
[(Y-2)(100-M)]
Where Y = Mass of crucible, lid and sample before heating, X = Mass of crucible, lid and
contents after heating and Z = Mass of empty crucible and lid
M = % of moisture determined above.
3.7.6 Determination of Fixed Carbon
Fixed carbon content (FC) was determined using the formula:
FC= 100 - (Ash content + Moisture content + VVolatile matter)
3.8 The effect of Process Parameters

The activated carbon was employed for the batch adsorption study to evaluate for its efficiency
on the removal of heavy metals with emphasis on the effects of the pH, contact time, adsorbent
dosage and temperature. The process were carried out at a constant pH of 7.0, adsorbent dosage
of 0.5g, contact time of 120mins, agitation speed of 200rpm and at room temperature except
otherwise mentioned.

3.8.1 pH

Adsorption experiments were carried out at solution pH of 3, 5, 7 and 9. The acidic and alkaline
pH of the effluent was maintained by adding the necessary amounts of 0.1M hydrochloric acid
and 0.5M potassium hydroxide solutions (Nazar et al., 2013). 100ml of the effluent were
transferred into 250cm? conical flasks, and agitated at 200rpm for 120 minutes with 0.5g of the
adsorbent (Chigondo, 2013). The mixtures were filtered and analyzed for residual metal ions
using AAS.

3.8.2 Contact Time

In order to determine the optimum time for the adsorption of Fe, Cd, Zn and Ni, using
Terminalia avicennioides seeds, 50ml of the effluent was contacted with 0.5g of the adsorbent,
pH of the effluent adjusted to 7.0 respectively, the solutions were agitated at 200rpm for
different contact time (30mins, 60mins, 90mins and 120mins). The mixtures were filtered and
analyzed for residual metal ions using AAS.

3.8.3 Dosage

Different doses of the adsorbent (0.1, 0.5, 0.9) was mixed with the effluent and the agitated in
a mechanical shaker at 200rpm for 120mins at the pH of 7.0. The percentage of different
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adsorption doses were determined by keeping all other factors constant (Nazar et al., 2013).
The mixtures were filtered and analyzed for residual metal ions using AAS.
3.8.4 Temperature
The adsorption experiments for temperature variation was carried out at pH of 7.0 using 0.5g
sample, 120mins contact time, but different temperatures between (25°C-55°C). The mixtures
were filtered and analyzed for residual metal ions using AAS.
3.8.5 Removal Efficiency
Optimal process conditions will be used for the adsorption equilibrium and Kinetics
justification. The effect of the adsorption properties such as the adsorbent dosage, contact time
and the pH on the removal efficiency was determined using the formula below as presented by
Said et al. (2014).
Removal efficiency (%) = Co— Ce X 100

Ce
Where C, = heavy metal concentration (mg/L) at initial time, Ce = heavy metal concentration
(mg/L) at the equilibrium condition.
3.0 Results and Discussion

Table 3.1 Effluent Initial Metal lon Concentration before Treatment

Metal Concentration (mg/L) WHO/UNICEF (2010) Permissible Limit (mg/L)

Cadmium 0.260 0.003
Iron 4421.111 0.30
Nickel 288.176 0.02
Zinc 27.289 3.00

(WHO/UNICEF, 2010).

Table 3.1 Shows the initial metal ions present in the digested effluent sample collected as
revealed by the Atomic Absorption Spectroscopy (AAS). This result revealed higher
concentrations of heavy metals (Cadmium 0.260mg/L, Iron 4421.111mg/L, Nickel
288.176mg/L and Zinc 27.289mg/L) as compared to the WHO/UNICEF permissible limit.

3.0 Physico-chemical Analysis

Parameters ATAC/H3PO4

BTAC/NaOH
Percentage Yield (%) 62.50 43.20
Percentage Burn off (%) 56.90

37.66
pH 7.18

7.64

Bulk density (cm®/g) 0.83

0.59
Ash Content (%) 9.20

13.47
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Moisture Content (%) 4.20 4.60
Volatile Matter (%) 17.28

12.42
Fixed Carbon (%) 69.32

6951

3.1 Percentage Yield and Percentage Burn Off

Activated carbon yield in any particular chemical process is an important variable when scaling
up the process (Abechi et al., 2013). The ATAC/H3PO4 sample yielded better (62.50%) than
that of BTAC/NaOH with a percentage yield of (43.20%). However, the percentage burn off of
ATAC/H3PO4and BTAC/NaOH were found to be 37.66% and 56.90% respectively.

3.2. Characteristics of ATAC/H3PO4 and BTAC/NaOH Activated Carbons

The physico-chemical characteristics such as pH, bulk density, the moisture content, ash
content, volatile matter and fixed carbon describe the ATAC/H3PO4 and BTAC/NaOH
suitability as an adsorbent for the adsorption process and also an indication of whether the
activated carbon can be used commercially.

3.2.1 pH of ATAC/H3PO,4 and BTAC/NaOH

The pH value of activated charcoal is its acidity or basicity with the value of 6-8 usually
acceptable for most applications (Egwu et al., 2015). Studies revealed that the values of pH
affect the surface and binding capacity of adsorbent due to exchange of H* ions with metal
ions. However, different pH values favors different adsorbent or metal of interest as lower pH
can favor the removal of some metal ions (Sheel et al., 2016). The surface of ATAC/H3PO4 and
BTAC/NaOH revealed an alkaline pH of 7.18 and 7.64 respectively. Too high or too low pH
indicates that acid/base wash was incomplete.

3.2.2 Bulk Density

The bulk density test shows the flow consistency and packaging quantity of an activated carbon
sample (Smrutirekha, 2014). Bulk density measures the weight of material that can be
contained in a given volume under specified conditions. The macro-porous carbon has a bulk
density above 1cm?/g (pore space volume for gram of carbon). The meso-porous carbon has a
bulk density ranging between 0.85-1.0cm®/g. The micro-porous carbon has a value less than
0.85cm?®/g (Sabino et al., 2016). Since ATAC/HsPO4 and BTAC/NaOH sample bulk densities
are 0.83cm®/g and 0.59cm®/g respectively, it revealed that ATAC/HsPO4 and BTAC/NaOH are
both expected to have a good efficiency in the removal of heavy metals.

3.2.3 Ash Content

Ash is the non-carbon or mineral additives that do not combine chemically with the carbon
surface. For activated carbons, an ash content of between 1-20% is better and primarily depends
on the type of raw material. High ash content above 20% is undesirable for activated carbon
since it reduces the mechanical strength of carbon and affects adsorptive capacity (Smrutirekha,
2014). Another study revealed less than 15% ash content to be more efficient (Sabino et al.,
2016). High ash content in precursor materials contain high levels of impurities that lead to the
blockage of pores, thus reducing the surface area of the activated carbon produced. Lower ash
content of ATAC/H3PO4 should impact positively on its quality. Therefore, the lower the ash
value, the better the activated carbon for use as adsorbent (Atef, 2016). ATAC/H3PO4 and
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BTAC/NaOH activated carbons are expected to be a good adsorbent because of their low
percentage ash content of 9.20 and 13.47 respectively.

3.2.4 Moisture Content

The moisture contents for ATAC/H3PO4 and BTAC/NaOH were 4.20 and 4.60% respectively
as shown in Table 3.1. However, the general expected moisture content for an ideal activated
carbon is that it should be less than 3% (Atef, 2016). If the percentage moisture content of
activated carbon becomes too high, micro-organisms especially fungi will degrade the carbon
during their metabolic processes. In addition, micro-organisms can multiply within the macro
and micro-pores of an activated carbon, blocking the pore structure, thus, the absorptive
capacity of the carbon is reduced. When activated carbon is exposed to air, it adsorbing
moisture from atmosphere thereby increasing its moisture content (Atef, 2016). Low amount
of moisture is an indication that the activated samples would be good adsorbents for use for
adsorption (Egwu et al., 2015).

3.2.5 Volatile matter and Fixed Carbon

Volatile matters are those products with the exception of moisture, given off by a material as
gas or vapor during the carbonization process. Physico-chemical analysis data on Table 3.1
showed that the samples treated with ATAC/H3PO4 and BTAC/NaOH contained 17.28% and
12.42% volatile matter and yielded 69.32% and 69.51% fixed carbon respectively.
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Fig:3.2: Effect of pH on heavy metal removal by BTAC/NaOH

It is clear from figures (3.1 and 3.2) that the percentage removal is higher at acidic pH (5.0 —
7.0), reaching maximum of about 95% and 93% for Zn for both acid and base treated adsorbents
respectively. The higher percentage removal of the Zn could be attributed to its smaller atomic
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size in comparison with Ni, Fe and Cd respectively. However, the percentage removal
decreased gradually with the decrease in pH. The maximum adsorption capacities observed at
pH 7.0. Adsorption values at pH greater than 7.0 gives rise to lead precipitation, so that active
sites would have achieved saturation above a certain range of pH values. The results obtained
are in close agreement with reported studies (Mutasim et al., 2017). These obtained results
could be explained as, in acidic media i.e. when the pH of solution were less than 4, the elevated
hydrogen ions (H+) rival the metal ions from reaching the free available sites on the adsorbent
surface and prevent the ions from bounding with activated carbon surface due to the repulsive
forces. Besides that, it is also noted when the pH values reaches 5 and above, the adsorption
process were enhanced and removal percentage get maximum quantities due to the lower
hydrogen ions (H+) that exist, Hence, these ions got better chance to occupy the free sites of
the active surface. Later on, when the pH precede toward basic region, the recorded values of
removal ions increased significantly specifically at pH of 7. However, pH 9 mostly recorded
lower values and shows a decline in the percentage removal. This can be attributed to ions
precipitated by the formation of hydroxide anions due to their dissolution reaction (Mutasim et
al., 2017 and Barkat et al., 2009).
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Fig:3.3: Effect of Contact time on heavy metal removal by ATAC/H3PO4
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Fig:3.4: Effect of Contact time on heavy metal removal by BTAC/NaOH

The effect of contact time on the removal Ni, Cd, Zn and Fe on acid and base treated AC are
shown in Figures 3.3 and 3.4 respectively. The amount of the adsorbed metal ions increases
with increasing time having a higher percentage removal at 90mins until it began to decrease
after 120mins. A decrease in the adsorption capacity is indicative of equilibrium due to
saturation of adsorption sites. Rapid adsorption of metal ions during the initial stages was due
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to the large initial concentration gradient between the adsorbate in solution and the number of
available vacant sites on the adsorbent surface (Mutasim and Yusuf, 2015).
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Fig:3.6: Effect of dosage on heavy metal removal by BTAC/NaOH

The effect of adsorbent dose on the removal percentage of Ni, Cd, Fe and Zn ions using
ATAC/H3PO4 and BTAC/NaOH was illustrated in Figure 3.5 and 3.6 respectively. Different
doses of adsorbents ranging from 0.01 — 0.9g were considered and other process parameters
were maintained constant (pH — 7.0, Agitation speed of 100rpm, contact time — 120mins and
at room temperature. An increase in adsorption capacity with increasing adsorbent dose up to
a maximum of 0.9g giving the corresponding optimum percentage removal of Ni (91%), Cd
(50%), Zn (79%) and Fe (92%) on ATAC/H3PO4 and Ni (79%), Cd (69%), Zn (91%) and Fe
(91%) on BTAC/NaOH. On the other hand, it was found that further addition over 0.9g made
little or no enhancement in the adsorption process, because there was almost negligible increase
in the removal efficiency over the specific adsorbent dose. The initial increase in adsorption
capacity as adsorbent mass increases may be due to the increase in the number of exchangeable
sites for metal ion adsorption, after which equilibrium was reached (Mutasim et al., 2017).
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Fig:3.8: Effect of Temperature on heavy metal removal by ATAC/H3PO4
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Fig:3.9: Effect of Temperature on heavy metal removal by BTAC/NaOH

Effect of temperature on the removal percentage of Ni, Cd, Fe and Zn ions on ATAC/H3PQO4
and BTAC/NaOH are shown in Figures 3.8 and 3.9 respectively. Temperature range of 25-55°C
were used for the experiments, adsorbent dose 0.9g, contact time of 120mins and pH 7.0.
Adsorption of these metals by the adsorbent witnessed increase in removal percentage and
adsorption capacity at 35°C, while as from 45 to 55°C, no significant change with further
increase of temperature. Higher rate of adsorption were observed mostly at 35°C with Ni
(80%), Cd (47%), Fe (87%) and Zn (90%) for ATAC/H3POs whereas Ni (76%), Cd (42%), Fe
(71%) and Zn (76%) were observed for BTAC/NaOH. However, low rate of adsorption was
generally observed at 55°C within the studied range of temperatures. This indicates that the
removals of these metal ions are exothermic (Mutasim and Yusuf, 2015). The high removal
percentage may be due to the high diffusion rate of metal ions into the pores as the surface area
and pore volume of the adsorbent were large, However, at high temperature the kinetic energy
of the species is low and hence contact between the metal ions and the active sites of activated
carbon is not sufficient, resulting in reduced removal efficiency (Mutasim et al., 2015).

4.0 Conclusion

Extensive research and knowledge about these low cost adsorbent such as activated carbons
from plants materials for the removal of heavy metals will make them more productive and
allow their full scale application in the industrial effluent treatment. The prepared activated
carbon, ATAC/H3PO4 and BTAC/NaOH used in this study is found to have a high capability
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for removing Ni, Cd, Fe and Zn ions from aqueous solution with ATAC/H3PQO4 being more
effective in the process. Adsorption method was successfully applied for the removal Ni, Cd,
Fe and Zn ions from aqueous solution. However, the removal efficiency of the ions were found
to dependent largely on various parameters such as pH of the solution, contact time, adsorbent
dosage and temperature. The pH of the solution played a key role in enhancing the ability of
adsorbents towards the metal ion. Increase in the pH of solution from 3 to 7 led to increase in
the removal efficiency and subsequently decreased above 7. The results obtained showed that
the removal efficiency of these ions by ATAC/H3PO4 and BTAC/NaOH increased with time,
which is significant in the first stage but decreased subsequently. The experimental results
showed that the removal efficiency of the metal ions by ATAC/H3PO4and BTAC/NaOH will
decreases with increase in adsorbent dosage, and temperature respectively.
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Evaluating Chemical Composition and Biogas Generation from
Rothmannia Longiflora (Gaude) Fruit Peel

Kwazo H.A., Muhammad M.U., Mohammed S., and Hadi B.A.

Abstract

Many researches on biogas have lately gain large interest particularly on the less known and
underutilize waste plants parts in order to exploit their energy potential. This waste discarded
plant fruits being an energy carrier as the society is replacing fossils fuels with renewable
alternatives due to its market stability, low cost, sustainability, substitute fuel energy
composition, greener output and colossal fossil fuel depletion and decrease the massive usage
of fossil fuels. This study is aimed at evaluating the biogas potential of fruit peels for their
possible utilization as means of energy. The results obtained from proximate analysis were;
moisture content (27.33+£0.47%), ash content (13.17+0.47%), crude protein (2.51+0, 04), crude
lipid (2.33+0.24%), crude fibre (3.67+0.47%), carbohydrate (78.32+0.41) and energy value
(344.29). The peel was also found to contained 0.29 + 0.02 mg/100g phosphorous, 376.67 +
62.35mg/100g potassium, 59.5 + 0.82% organic matter, 29.75 + 0.71 % carbon, 0.8 + 0.05 %
Nitrogen and 43.14 + 0.07 C:N. The average volume of biogas obtained from the peel of
Rothmannia longiflora fruits from digesters A to E were 912.8, 950.0, 550.0, 925.0 and 1475
cm?® respectively at an average temperature of 30° and pH of 5.3. The preliminary test shows
that only digester A and E gave blue flame while B, C and D does not show any flame when
the flame test was carried out on the produced biogas. Blue flame obtained were persistence
for more than 10 minutes on the biogas produced. The results indicated that the fruit peel could
be a potential viable energy source.

Key words: Proximate, Biogas, Rothmannia longiflora fruit peel, flammability.
Introduction

Rothmannia longifloa is a member of the family Rubacea which is a shrub or small tree up to

9m tall. The fruit is a globose to ellipsoid berry, 3.5-7cm x 5-6¢cm, green-blackish; with 10
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indistinct ribs, glabrous, many-seeded, the calyx persistent. Seed lens-shaped, 6-8mm x 1-
1.5mm, brown-red (Jansen, 2005). The plant is known locally as “Gaude” or “Katambiri” in
Hausa, “Obesaledo” in Edo, “Nwaebotri” among the efik “Aberekamwo” in igbo land and
“Iroro” at Yoruba land (Awosan et al, 2014). The fruit is commonly used in africa to make
blue-black mark-ings on the hands, face and body, sometimes to imitate tattooing. In Nigeria a
dye and an ink-like extract (Katambiri) is made from finely crushed seed (Bringmann et al
,1999). This study is therefore aimed at evaluating the energy potential of this fruit peels in
order to establish purposeful utilization of this less known or underutilize plant fruit of

Rothmannia longiflora.

Materials and Methods

Rothmania longiflora fruits were randomly plucked from different trees at Wanke bush along

Lungu road in shagari local government of sokoto state, Nigeria.

The fruits were collected from different branches of the selected trees using method adopted
by Ayaz et al, (2002), Asaolu and Asaolu, (2002). The fresh fruits samples were authenticated
at the Herbarium unit of the biological science department Usmanu Danfodiyo University,
Sokoto. The seed were separated manually from the peel, the peel were air dried and
mechanically grounded into fine powder using blender. The powder was stored in a covered

plastic container for analysis.

Proximate Analysis

The moisture content was determined at 105°% in an oven, Ash content was determined at
550%. Crude protein, lipid and fiber were determined according to the AOAC (1990)
procedures. Crude nitrogen was determined using the Kjeldahl procedure and crude protein
value was obtained by multiplying nitrogen value by a factor of 6.25, while available

carbohydrate was estimated by difference according to the equation below:
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CHO = 100 — (%Ash + % crude protein + % crude lipid + % crude fiber)
Energy value (Kcal) = [(% CHO X 4) + (% crude protein X 4) + (%crude lipid X 9)]
(Hassan et al., 2008)

Mineral Analysis

The sample 0.5g was put into Kjeldahl digestion flask to which 24cm?® of a mixture of
concentrated nitric acid (HNO3z), Conc H2SO4 and 60% HCIO4 (9:2:1 V/V) was added. The
flask was allowed to stand overnight to prevent excess foaming (Sahrawat et al, 2002). The
flask was put on a heating block and digested to a clear solution, cooled and the content filtered
into 50cm® volumetric flask. The solution was then diluted. Blank solution was prepared in
similar manner without sample being added. The solution was used for mineral analysis. The
mineral content (calcium, magnesium, iron, zinc, copper, manganese, lead, chromium, cobalt
and cadmium) were analyzed using AAS. Sodium and potassium were analysed using atomic
emission spectrometry while phosphorous was determine by colorimetry using

Vanadomolybdate (blue) method (AOAC, 1990).

Determination of nitrogen content

Two gram (2g) of the dried sample was weighed into Kjeldahl digestion flask and 0.5g of
Kjeldahl tablet was added followed by addition of 10 cm® of concentrated tetraoxosulphate
(V1) acid. The content was then heated in Kjeldahl digestion unit until the digest became clear
(approximately 2hours). After the digest had been completed, the flask was cooled diluted with
10cm? distilled water and filtered with a Whatman Nol1 filter paper in a 100cm?® volumetric
flask and made up to the mark with distilled water. 10cm?® of homogenous aliquot solution was
pipette into distillation flask and 20cm?® of 45% NaOH solution was added. The content was
diluted to about 200cm?® with distilled water and distilled using micro-kjeldahl distillation
apparatus. The distillate was collected in receiving flask containing 10cm? boric acid indicator

solution. After the distillation, the distillate was titrated with standardized 0.01M HCI to the
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end point. Blank was determined using all the reagents in the same quantities as described
above. The process was carried out in triplicate and the crude protein (CP) calculated using
equation. (AOAC, 1995)

(S—B) x 0.1M HCl x 0.014 x D x 100

LN =
o weight of sample XV

Determination of Organic Matter

The organic matter (Volatile solid) was determined by subtracting the percentage of moisture
and ash content from 100% (Garba, 1999).

Organic matter = 100% — (%Ash + %Moisture content)
Determination of percentage carbon
The percentage carbon was estimated using equation as adopted by Abba et al (2014)
%C = 0.5 X organic matter
Determination of Carbon-Nitrogen Ration

The carbon to nitrogen ratio was evaluated by calculating the ratio of organic carbon content

to that of nitrogen content (Bagudo, 2008)

C:N = % Organic carbon in the sample

% Nitrogen in the sample

Biogas Generation

The four (4) cylindrical tins, 500cm? capacity were used as digesters for this batch anaerobic
digestion. A hole was based on the top of the cap of the digester, tube of urine bag was inserted
through the hole and glued using araldite to make it air tight. The first set of digesters A was
loaded with 100g of substrate and 200cm3 of distilled water (100% sample). The second set of
digesters (B) were loaded with the mixture of 70g substrate and 30g cow dung the homogenized
with 200cm?® water while third set of digesters were loaded with 50g substrate and 50g cow

dung and finally the set of digesters (E) were loaded with 100g of cow dung and homogenized
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with the same quantity of distilled water (200 cm?®). The volumes of the biogas generated were

collected continuously in the urine bag for 30 days. Whenever the urine bag is filled it contents

will be transferred into a fresh bag and kept as adopted by Abba et al, (2014).

Results and Discussion

Table 1-4 present the results of proximate, element composition, volume of biogas generated
and percentage yield on average volume of Rothmannia longiflora fruit peel.

Table 1: Proximate Composition of Rothmannia longiflora Fruit Peel

Components Peel (%) dry weight
Moisture 27.33 £ 0.47

Ash 13.17 £ 0.47

Crude protein 2.51+£0.04

Crude lipid 2.33+£0.24

Crude fibre 3.67 +0.47
Available CHO 50.99 + 0.41
Organic Matter 59.50 + 0.82
Energy 234.97

Table 2: Elements composition of Rothmannia longiflora fruit peel (mg/100g dry weight)

Minerals elements

Concentration

Nitrogen (%) 0.80 £0.05
Carbon (%) 29.75+£0.71
Phosphorous (mg/100g) 0.29 £0.02
Potassium (mg/100g) 376.67 £ 62.35
CIN 37.19

Table 3: Volume of Biogas Produced
Week Biogas volume (cm?®) Temp.%
Sample A B C D E 31
15 week 150 400 0 500 700 30
2" week 600 700 200 800 1200 29
3" week 1400 1300 1000 1100 2000 30
4™ week 1500 1400 1000 1300 2000 30
Average 912.5 950 550 925 1475 30

Table 4: Results of percentage yield on average volume

Digester

Average Volume (cm?®)

Percentage Yield (%)
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A 912.5 18.96
B 950 19.74
C 550 11.43
D 925 19.22
E 1475 30.65
TOTAL 4812.5 100

Discussion

During anaerobic digestion, microorganisms action indicated that the relative moisture, ash and
volatile solid in a given plant material influences the amount of biogas produced (Abdulrahim
et al., 2015). Table 1 and figure 1 shows the results of proximate composition obtained from
the peel of Rothmannia longiflora fruit. The percentage moisture, ash, crude lipid, crude fiber,
crude protein, organic matter, available CHO and energy present in biomass are some of the
key parameters that influence heating values of solid fuels. The moisture content present in the
biomass determine combustion tendency of solid fuels. However, biomass sources that contain
higher moisture content proved less efficiency during combustion and hence, to have low heat
value which may be attributed to higher use of heat to remove water from the biomass during
combustion process. Higher moisture content results to significant amount of heat loss, which
eventually does not encourage the solid biomass fuels. Considering the amount of moisture
content from fruit under study 27.33+0.47% proves efficient during combustion and hence has
more heat value. This value was higher than 2.52+0.14% L. siceraria, 2.61+0.03% J. curcas,
2.04+0.01% A. indica, 1.52+0.02 R. communes all of defatted cakes (Baki, 2015) and lower
than tomato having 83.15% and breads 55.82%. ( Leta et al., 2015). The ash content was found
to be (13.17+0.47 %) in the peel of Rothmannia longiflora, this indicates that the sample has
less impurity that may cause problem to the furnace when stirring heating is applied. High ash
content grant valuable substrate for biofertilizer (Ezeonu et al., 2002).This value was lower
compared to Grewia Mollis (43.14%), Lannea sp (44.23%), Sterculia setigera (41.18%), Ficus
capensis (48.08%), Ficus trichopofda (49.02%) and Piliostigma thonnigii (47.06%) as stated

by Ubwa et al, (2013). Generally the ash content obtained from fruit peel of Rothmannia
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longiflora proved to be efficient for biofuel production although less efficient while compared
to others.

The percentage crude proteins obtained in Rothamannia longiflora fruit peel was 2.51 +0.04%
It is generally accepted as a fact in the biogas technology that protein-rich biomass substrates
should be avoided due to inevitable process inhibition and Rothmannia longiflora contain low
protein content and become suitable for biogas generation. Rothmannia longiflora has C/N of
37.19% and substrate compositions with a low C/N ratio are considered difficult to handle and
may lead to process failure (Kovécs et al., 2013). The optimum yield of biogas is in the range
of C/N ratio of 20 — 30 (Dioha et al., 2014) which will make it suitable in biogas production.
The crude lipid content of the fruit peel was 2.33+0.24%, the lower the crude lipid present in
the biomass the more the biodegradability of cellulose for biogas production. This revealed that
Rothmannia longiflora fruit peel has more efficiency; this disagreed with the findings by Dhana
et al., (2010) on Com stover (64.31%) as less effective in biofuel production as opined by
Damirbas (2007).

As shown in table 2 the carbon content of the analyzed was found to be 29.75 + 0.71% higher
than Neem leaves (14.00%) and lower than Bagasse with 53.27% (Dioha et al., 2014). Carbon,
nitrogen, potassium and phosphorus from Rothmannia longiflora fruit peel, were found to have
important role in viability of biomass for fuel production. Carbon influences the combustion
process and calorific value of the solid fuels, also known to have undergone oxidation with
hydrogen and exothermically releases thermal energy which is more intense with high carbon
contents in a sample (Abdullah, 2013).

The microbial population involved in the bioconversion of organic materials into biogas
requires sufficient nutrients to grow and multiply. Each specie required both a source of carbon
and nitrogen. The nitrogen contents in the sample indicates that Rothmannia longiflora fruit
peel (0.80 £ 0.05%) may have lower emission of NOx upon combustion while compared with

the nitrogen content from groundnut and Rape seed cake with higher content, which could be
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attributed to the protein nature of the cakes that could also prolong combustion that affect the
environment as reported by Maishanu and Hussein, 1991.

The role played by potassium in the synthesis of carbohydrates cannot be over emphasized, it
assist in the synthesis of proto plasmic protein and is believed to increase vigour in plants
(Abdulrahim et al., 2015). This research showed that the potassium level for Rothmannia
longiflora fruit peel is high for use on farm land in order to become more fertile and increase
crop production as well as healthier growth as stated by Baki et al., (2004). Even though, the
nitrogen and phosphorus content in this study shows the reduction in nutrient of the plant part.
Taking in to consideration of their analyzed compositions they still satisfy the requirement for
use as biofertilizer.

In an attempt to biogas generation from fruit peel, the average volume of biogas obtained from
digesters A to E were 912.8,950, 550,925 and 1475 cm?® respectively at an average temperature
of 30°C and pH of 5.3. The results obtained indicate that the peel of Rothmannia longiflora
produced appreciable amount of biogas (912.5cm?®) which has 18.96% yield compared to the
biogas produced by cow dung (1467cm?®) with percentage yield of 30.65 % been used as control
in this study. Preliminary assessment of biogas produced was carry out where by a flame test
were employed to evaluate the biogas produced, digesters A and E shows a persistent blue
flame for more than ten (10) minutes while in the remaining digesters no flame was observed.
Therefore, observation of the blue flame on digester A which is 100% Rothmannia longiflora
fruit peel indicate that the peel could be a good potential sources of biogas energy generation.
realize

Conclusion

The results obtained from the study shows that the peel of Rothmannia longiflora contained
considerable amount of carbohydrate, moisture, ash content organic matter and total solids.
However crude protein, crude lipids and fiber were found in lower percentage which shows
that the percentage compositions of the parameters are accepted for biogas generation.

Similarly, the significant concentration of Carbon, Nitrogen, Potassium and Phosphorous were
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found to have an impact role in viability of biomass for fuel production. Inaddition the peel has
display to be a good potential for energy generation. Further works are on for the analysis of
biofuel generated from the peel.
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Abstract

Concentrations of Cd, Fe, Ni, Pb and Zn in soil and water collected within and around local
artisanal gold mining sites in Jatau — GarinGabas village of Rafi Local Government Area of
Niger State were determined using Atomic Absorption Spectrophotometry (AAS) technique.
The mean concentration for Ni was 103.38 and 186.11 mg/kg for the soil samples and between
0.01 and 0.23 mg/l for the water samples; Fe, between 273.35 and 476.71 mg/kg for the soil
samples, and 0.28 and 2.87 mg/I for the water samples; Zn between 49.90 and 117.47 mg/kg
for the soil samples, and 1.05 and 2.08 mg/I for the water samples; Pb varied widely from 19.0
and 28.39 mg/kg for the soil samples, while for the water samples it ranged between 0.17 and
0.58 mg/l; Concentration of Cd in soil samples ranged between 0.22and 0.85mg/kg and 0.001
and 0.003 mg/I for the water samples. The order of occurrence in the soil samples were Fe >
Ni > Zn >Pb> Cd for the soil samples, and Fe > Zn >Pb> Ni > Cd for the water samples. All
heavy metals tested in the soil samples except Pb were found to have exceeded the permissible
limits set by the World Health Organisation. Similarly, Pb and Fe in the water samples tested
exceeded the permissible limits. The study revealed that the water bodies and the soil around
the mining site were polluted with tailings from the mines during the process of washing the
minerals,and therefore not fit for drinking and agricultural activities respectively. Regular
monitoring of mining activities should be carried out from time to time to ensure a safe

environment for man and other living organisms in the area.
Introduction

Mineralexploration and exploitation have been identified as one of the anthropogenic activities
contributing significantly to environmental degradation and deterioration due to the release of

potentially toxic elements into soil, water and air (Udosenet al, 2018).
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According to report by expert committee on metals, all essential elements become toxic at high
intake and the margin between levels that are beneficial and those that are harmful may be
small (Abdallah, 2014). Copper, zinc, cobalt, nickel, chromium, manganese, iron, selenium,
silicon, tin, fluorine, iodine, molybdenum and vanadium are essential trace elements, while
lead, cadmium, mercury are non-essential. Heavy metals are natural component of the earth
crust; they enter our bodies via food, drinking water and air (Uzairuet al., 2015). Some heavy
metals (such as copper, selenium and zinc) are essential to maintain the metabolism of the

human body. However, at higher concentration, they can lead to poisoning (Tijjaniet al., 2014).

Soil is a very important natural resource to man as it is a source of his life on this planet.
Without soil the earth would be lifeless (Ujohet al., 2014). Water plays an important role in the
world economy, as it functions as a solvent for many chemical substances and facilitates
industrial cooling and transportation. Approximately 70% of the freshwater used by man goes
to agriculture. However, pollution of water by natural and anthropogenic means is a source of

worry globally, and as such, requires adequate attention (Tijjaniet al., 2014).

The aim of this research is to determine the effects of mining activities on the levels of heavy

metals in soil and water around Jatau-GarinGabas local mining site.

Methodology

Sample Location

Jatau — GarinGabas, is located between latitudes 10°11'04"N and longitudes 6°15'12"E. It is
an agrarian community in Rafi Local Government Area of Niger State, Nigeria (NIGIS, 2013).
It is 104 km from Minna the state capital. The area enjoys both wet and dry seasons with a total
annual rainfall of between 804.5-1767.1 mm (NIGIS, 2013). Mean annual temperature is about
27.7°C with a relative humidity of 30% in dry season and 70% in wet season. Average daily
wind speed is 89.9km/hr. Average daily vapour pressure is 26Hpa (Niger State Ministry of
Information, 2009). The land rises from about 300 m along the Niger valley to between 300-
900 m above sea level in the uplands (Niger State Ministry of Information, 2009).

Sample Collection
Soil and water samples were collected at various points from the mining site. Water samples
were collected from 3 different points along the river around the mining sites. The first water

sample labelled A was collected approximately 100 m before the mining site, and B from the
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actual mining site, and C, 100 m after the mining site. Each water sample was acidified with
dilute HNO3 to avoid oxidation and stored for laboratory analysis (Amadiet al., 2015).

Soil samples were collected at a depth of 0-15 cm and 15-30 cm according to the method
reported by Agbalaje (2015), making 2 different samples from each point. The soil samples
were collected from three different points; the actual mining site, approximately 100 m before
it and 100 m after it. The 2 samples from the same point were pulled together to form a
composite for each of the sampling points. They were stored in a black polythene bag, labelled
and transferred to the laboratory for further analysis (Musa et al., 2016).

Sample Digestion

The procedure reported by Chiromaet al. (2014) with some modifications was used for the
digestion of the water samples. 50 cm?® of the water sample was accurately measured into a 100
cm?3beaker.10 cm?® of concentrated HNO3z was added to it. The solution was heated on a hot
plate at 95°C. The solution was then reduced to 30 cm?®. It was allowed to cool before being
filtered using Whatman No. 1 filter paper and then transferred into a 100 cm? standard flask.
The solution was then diluted to the mark with distilled water and stored for analysis. The
digested samples were analysed for 5 heavy metals, namely: Ni, Pb, Fe, Zn and Cd using
Atomic Absorption Spectrophotometry (Buck Scientific 210VGB). Same procedure was

applied to all the water samples collected.

The procedureby Raoet al. (2017) with some modifications was used for digestion of the soil
samples. 2.0 g of the soil sample was weighed into a 100 cm? beaker and 8.0 cm® of aqua-regia
(1:3 HNOs and HCI) was added. The mixture was heated on a hot plate for 30 minutes at 90°C.
The sample was dissolved after evaporation to near dryness with 10 cm?® of 2% nitric acid and
then filtered through Whatman No. 1 filter paper into a sample bottle before itwas then diluted
to the mark with distilled water. It was stored and later analysed for selected heavy metals (Ni,
Pb, Fe, Zn and Cd) using Atomic Absorption Spectrophotometry (Buck Scientific 210VGB).
Results and Discussion

From the results on the physicochemical properties of the water sample (Table 1), it can be
observed that the pH of the water samples ranged from 5.33 to 6.34, which indicates that the
samples were fairly acidic; this could be attributable to the mining activities going on at the
locations. The value of COD ranged between 115.15 and 135.80. According to Odukoya
(2015),the concentrations of COD observed in surface waters range from 20 mg/L or less in
unpolluted water to greater than 200 mg/L in waters receiving effluents. According toTsafeet

al. (2016), industrial wastewaters may have COD values ranging from 100 mg/Lto 60,000
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mg/L. The concentrations of COD observed in this study showed that the water may be polluted
with discharge from the mining site. The BOD levels obtained ranged from 51.29 to 60.89
mg/L. The BOD levels of the samples are also high. However, COD levels are generally higher
than the BOD (Musa and Jiya, 2014).

Table 1: Physicochemical Properties of Water Samples

Location pH COD (mg/L) BOD (mg/L) TOC (mg/L) Turbidity
(NTU)

A 6.01+0.01 13580%+22 5743%12 2.61+0.3 0.56 +0.8

B 533+0.04 126.21+24 60.89%17 2.99+0.6 0.85+0.7

C 6.34+0.03 11553+15 51.29+14 221%0.2 0.46 £ 0.5

Where A, B and C are 100 m before, at and 100 m after the local mining site located at Jatau
village respectively.

Organic carbon in freshwaters arises from living material (directly from plant photosynthesis
or indirectly from terrestrial organic matter) and also as a constituent of many waste materials
and effluents (Alhassanet al, 2016). Consequently, the total organic matter in the water can be
a useful indication of the degree of pollution, particularly when concentrations can be
compared upstream and downstream of potential sources of pollution, such as sewage or
industrial discharges or urban areas. The TOC in the analysed water samples from the mining
site ranged from 2.21 to 2.99 mg/L. This high concentration of TOC may be due to the presence
of tailings in the water. TOC concentrations in municipal wastewaters range from 10 to > 100
mg/L (Adelekan and Abegunde, 2015). The type and concentration of suspended matter
controls the turbidity and transparencyof the water. Turbidity values from the study were
between 0.46 and 0.85 NTU. Turbidity results from the scattering and absorption of incident
light by the particles, and the transparency is the limit of visibility in the water.

Concentration of nickel in the water samples ranged between 0.01 and 0.23 mg/L, which
wereabove the permissible limit of 0.02 mg/L set by WHO (1993). The values of Ni in this
present study were similar to those obtained by Wong et al.(2016) which ranged from 0.15 —
0.21 mg/L for water samples. The values of Fe in the water samples ranged from 0.28 to 2.87

mg/L (Table 2). They were slightly higher than the limit of 0.2 mg/L set by WHO in 1993.
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Concentration of Zn in water samples ranged between 1.05 to 2.08 mg/L as shown in Table 2.
The permissible limit of Zn in water according to WHO (1993) standards is 2.6 mg/L (Adelifaet
al., 2016). In all the collected water samples, concentration of Zn was obtained below the
permissible limit. In all the collected water samples, concentration of Pb ranged between 0.17
and 0.58 mg/L as presented in Table 2. According to WHO (1993) standards, permissible limit
forPb in water is 0.01mg/L (Mutuneet al. 2014). Concentration of Pbin the water was above
the permissible limit. Pb as a water contaminant accumulates with age in bones, kidney and
liver. It can enter the human body through uptake of food (65%), water (20%) and air (15%)
(Nkwochaet al., 2014).

Table 2: Heavy Metal Concentrations in the Water Samples (mg/L)

Sample Ni Fe Zn Pb Cd

location

A 0.10+0.01° 0.55+0.20° 1.474+0.32° 0.28+0.44° 0.001+0.00%
B 0.23+0.00° 2.87+0.75° 2.08+0.59° 0.584+0.15° 0.003+0.01°
C 0.01+0.00* 0.2840.23* 1.05+0.25* 0.174+0.12% 0.002+0.02°
WHO 0.02 0.2 2.6 0.01 0.005
Standard

(1993)

Values with different superscripts on each column are statistically significant at (p < 0.05).

A is a well before the mining site, B is a water body at the actual mining site in Jatau village
and C is a well located after the mining site.

Concentration of Cd in all the collected water samples ranged between 0.001 and 0.003 mg/L
as shown ontable 2. Inall the collected water samples, concentration of Cd was recorded below
the maximum permissible limit of 0.005 mg/L set by WHO (1993).

For the physicochemical properties of the soil samples presented on Table 3, the pH of all the
samples were found to be acidic (between 6.00 and 6.40); this may be as a result of the sorption

of metals in the soil (Mordiet al., 2013). The electrical conductivity values were found to vary

significantly across the sites; 2.94 uScm™ (for point A), 3.46 uScm™ (for point B) and 2.48
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uScm? (for point C). The variation observed in electrical conductivity between sites could be
attributed to soluble salts in the soil samples. The organic matter content ranged from 1.74 to
2.89. This relatively high value could be due to the lower soil moisture contents during the dry
season which retards the activities of the micro-organisms involved in the organic matter
decomposition, thereby accumulating more organic matter (Gyang and Ashano, 2014).

Table 3: Physicochemical Properties of Analysed Soil Samples

Location pH Organic matter (g/kg) CEC (cmol/kg) Electrical
conductivity
(dsm™)

A 6.20 £0.04 2.87£1.24 4.12+1.25 294+ 171

B 6.00 £0.02 1.74 £ 0.90 218+ 1.11 3.46 £1.82

C 6.40 + 0.03 2.89 £ 1.08 528 +£1.36 2.48 £1.63

Where A, B and C are 100 m before, at and 100 m after the local mining site located at Jatau
village respectively.

The levels of Cation Exchange Capacity (CEC) ranged from 2.18 to 5.28 cmol/kg. This high
CEC value could influence the ability of the soil to hold onto essential nutrients (Amadi and
Nwankwoala, 2015).

The concentration of Ni in soil samples collected within the mining site varied between
103.38and186.11 mg/kg. The permissible limit set by WHO (1993) is 35 mg/kg, the
concentration values were all above the permissible limit especially at point B with a value of
186.11 mg/kg which was highest. The values of Ni in this present study were similar to those
obtained by Wong et al.(2016) in a study carried out around Pearl River Delta in China, which
ranged from 98.50 — 165.00 mg/kg for the soil samples studied. Although Ni has been
considered to be an essential trace element for human and animal health,it is absorbed easily

and rapidly to harmful levels by plants (Wong et al., 2016).
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Concentration of Fe in all the collected soil samples ranged between 273.35 and 476.71 mg/kg
(Table 4). In all the soil samples, concentration of Fe was above the permissible limit of 200
mg/kg set by WHO (1993).This could pose perilous threats to residents in the locality.

Excess amount of Fe causes rapid increase in pulse rate and coagulation of blood in the blood
vessels, hypertension and drowsiness(Gyanget al., 2014).

In this study, the concentration of Zn in the soil (Tables 4) at the actual mining site and at
locations approximately 100 m before and after it varied between 49.90and117.47 mg/kg. It
showed the highest concentration of 117.47 at point B which is the actual mining site. This is
higher than the results obtained by Souravet al. (2014) which stood at between 25.95 and 72.22
mg/kg. The WHO (1993) standard for Zn is 50 mg/kg. This high concentration could be
attributed to the anthropogenic activities like breaking up ores around the gold mine that also
contain Zn, which are subsequently translocated to areas close to the mine by erosion or human
activities. The values in this study were however lower than the results obtained by Tsafeet al.
(2016) who got values ranging from 185- 373 mg/kg for evaluation of heavy metals uptake and
risk assessment of vegetables grown in Yargalma in Northern Nigeria.

Zn is one of the important trace elements that play a vital role in the physiological and
metabolic process of many organisms. Nevertheless, higher concentrations of Zn can be toxic
to living organisms (Nkwochaet al., 2014).

The concentration of Pbin the soil samples from the study area also varied widely from 19.00—
28.39 mg/kg (Table 4). The WHO (1993) recommended limit forPb is 85 mg/kg.The values
were fairly low and below the recommended limits. The low concentration indicates that the
environment is relatively safefrom the adverse effects of Pb which may result from the mining
activitiestaking place around the area, which is usually accompanied by other harmful by-
products (Odukoya 2015).

Table 4: Heavy Metal Concentration in the Soil Samples (mg/kg)
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Sample  Ni Fe Zn Pb Cd
location

A 120.15+1.05° 378.25 +1.3° 49,90 +0.22 24.55 +0.9° 0.22+0.17°
B 186.11 +2.5¢ 476.71 +2.1° 117.47 +1.6° 28.39 +0.5¢ 0.85+0.51°¢
C 103.38 +2.02 273.35 +2.22 61.20 +0.1° 19.00 +0.12 0.31+0.28°
WHO 35.00 200.00 50.00 85.00 0.80
Standard

(1993)

Values with different superscripts on each column are statistically significant at (p < 0.05).
Where A, B and C are 100 m before, at and 100 m after the local mining site located at Jatau
village respectively.

Concentration of Cd in soil samples ranged between 0.22and 0.85 mg/kg (Table 4).The
maximum permissible limit for Cd in soil is 0.8 mg/kg according to WHO (1993). From the
results of the soil samples collected, concentration of Cdobtainedfrom all locations were below
the WHO permissible limit, except for point B, which is the actual mining site. Consequently,
the mining activity at point B had given rise to pollution of the soil within the environment,

which could expose the inhabitants to various environmental hazards caused by Cd.

Conclusion

The study shows that heavy metal pollution of water and soil is of environmental concern
within the perimeter of the gold mining site in Jatau village. The heavy metal concentrations
in the soils varied significantly by sampling sites and metal type. The soil samples from the
mining site are more contaminated with heavy metals with maximum concentrations of 186.11
mg/kg Ni; 476.71 mg/kg Fe; 117.47 mg/kg Zn; 28.39 mg/kg Pb and 0.85 mg/kg Cd. The
surface water around the mining site had concentrations of 0.23 mg/L Ni; 2.87 mg/L Fe; 2.08
mg/L Zn; 0.58 mg/L Pb and 0.003 mg/L Cd. This research also revealed that heavy metals at
location B (Table 4) had the highest concentration of iron (476.71 mg/kg).

From this study, it was observed that the most polluted soil is that of the actual mining site, as

it had the highest concentration of all the heavy metals analysed. The results imply that
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pollution of such environment by heavy metals could have adverse effect on human health and
the environment, and cultivation of crops around the area may result to significant

bioaccumulation of the heavy metals into the food chain.

References

Abdallah, M. 1. M. (2014). Evaluation of some heavy metals residue in whole milk powder
used at confectionary plant regarding the public health significance. Animal research
institute, agricultural research center, Giza Egypt, 88, 375-384.

Abera, M. (2014).Determination of levels of some heavy metals (Pb, Cr and Cd) in three
commercially available brands of milk powder found in Harar town, Eastern Hararge,
Ethiopia.Spanish Journal of Food Science and Technology, 34, 441-449

Adelekan, B. A, and Abegunde, K. D (2015).Heavy Metals Contamination of Soil
Groundwater at Automobile Mechanic Villages in Ibadan, Nigeria. Int. J. Phy. Sci.
6(5):1045-1058.

Adelifa, E.O., Onwordi, C.T., and Ogunwande, I.A. (2016). Level of heavy metals uptake on

vegetables planted on poultry dropping dumpsite. Archives of Applied Science
Research, 2(1), 347-353.

Agbalaje, O.L. (2015). Assessment of heavy metals in soils around Etelebou flow station in
Bayelsa State, Nigeria. Unpublished M.Sc. thesis, Dept of Environmental Technology,
Federal University of Technology, Owerri, Nigeria, pp.129.

Alhassan, S., Abdul, N., Nazeef, U., Ali, R., Muhammad, A., Muhammad, Z., & Muhammad
(2016).Comparative study of heavy metals in soil and selected medicinal plants.Journal
of Chemistry, 2013, 5.

Chiroma T. M., Ebewele R. O., and Hymore F. K. (2014).Comparative assessment of heavy
metal levels in soil, vegetables and urban grey waste water used for irrigation in Yola
and Kano. International Refereed Journal of Engineering and Science (IRJES), pp. 01-
09

Gyang, J.D., and Ashano, E.C. (2014). Effects of mining on water quality and the
environment: A case study of parts of the Jos Plateau, North-central Nigeria. The
Pacific Journal of Science and Technology, 11(1), 631-639.

Mordi, R. I., Udom, G. N., and Zuofa, K. (2013).Properties, classification and management
implication of soils in the backswamps of the upper deltaic plain.Science
forum.Journal of pure and applied sciences, 5(2), 171-182.

Moses, Y. (2016). Evaluation of levels of heavy metals in soil and well water within selected
automobile mechanic workshops in Lokoja, Nigeria.Soil Science, 163, 463-471

Musa, H. D., andJiya, S. N. (2014).An assessment of mining activities impact on vegetation
in Bukuru, Jos-Plateau State Nigeria using Normalized Differential Vegetation Index
(NDVI).Journal of Sustainable Development, 4(6), 150-159.



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Mutune, A. N., Makobe, M. A., andAbukutsa-Onyango, M. O. O. (2014). Heavy metal
content of selected African leafy vegetables planted in urban and peri-urban Nairobi,
Kenya. African Journal of Environmental Science and Technology, 8(1), 66-74.

Nazir, R., Khan, M., Muhammad, M., Hameed, R., Naveed R., Surrya, S., Nosheen, A.,
Muhammad, S., Mohib, U., and Muhammad, R., Zeenat, S. (2015). Accumulation of
heavy metals (Ni, Cu, Cd, Cr, Pb, Zn, Fe) in the soil, water and plants and analysis of
physico-chemical parameters of soil and water Collected from Tanda Dam kohat. J.
Pharm. Sci. & Res. Vol. 7(3), 2015, 89-97.

Ndana M (2010). ED-XRF analysis of tantalite deposit of Mai-Kabanji, North -Western
Nigeria, J. Environ. Chem. Ecotoxicolo. 2(6):185-188.

NIGIS (2013): Niger State Geographic Information System; an overview of Niger State and its
25 local government areas, Vol. 1, 22-25.

Nkwocha, E. A., Dakiky, M. K., Khamis, M. H., Manassra, A. N., and Mereb, M. R. (2014).
Selective Adsorption of Chromium (V1) in Industrial Waste Water using Low-Cost
Abundantly available Adsorbents. Journal of Advance in Environmental Research, 6,
533-540.

Odukoya, A. M. (2015).Contamination assessment of toxic elements in the soil within and
around two dumpsites in Lagos, Nigeria.lfe Journal of Science, 17(2), 351-361

Rao P. S., Tarence T., Amreen H., andAshish D. (2017).Determination of heavy metals
contamination in soil and vegetable samples from Jagdalpur, Chhattisgarh State,
India.International Journal of Current Microbiology and Applied Sciences, 6(8),
2909-2914.

Sourav, C.,Obasi, N. A., Akubugwo, E. 1., Ugbogu, O. C., &Chinyere, G.C. (2014). Heavy
metals bioavailability and phyto-accumulation potentials of selected plants on burrow-
pit dumpsites in Aba and Ntigha dumpsite in IsialaNgwa of Abia State, Nigeria,
Nigerian Journal of Biochemistry and Molecular Biology, 27(1), 27-45.

Tijjani, M. N., Kenneth, J., and Yoshinar, H. (2014).Environmental impact of heavy metals
distributions in water and sediments of Ogunpa River, Ibadan Area, South Western
Nigeria.Journal of Mining and Geology, 40(1), 73-83.

Tsafe, A. I., Hassan, L. G., Sahabi, D. M., Alhassan, Y., and Bala, B. M. (2016).Evaluation of
Heavy Metals Uptake and Risk Assessment of Vegetables Grown in Yargalma of
Northern Nigeria.J. Basic and Appl. Sci. Res. 2(12): 6708-6714.

Uba, S., Uzairu, A., Harrison, G. F. S., Balarabe, M. L., and Okunola, O. J.
(2014).Assessment of heavy metal bioavailability in dumpsites of Zaria metropolis,
Nigeria.African Journal of Biotechnology, 7(2), 122-130.

Ujoh, F. I., and Alhassan, M. M. (2014), Assessment of Pollutants in Streams around a
Cement Plant in Central Nigeria, International Journal of Science and Technology,
Volume 4, 3.



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Udosen, E, D., Benson, N. U. Essien, J. P. and Ebong, G. A. (2018).Evaluation of selected
heavy metalswithin artisanal mining site in SuleTankarkar.International Journal Soil
of Science. 1, 27-32.

Uwumarongie, E. G., and Okieimen, F. E. (2016). Spatial distribution and speciation of
arsenic, chromium and copper in CCA contaminated soil in Bende, Southeast Nigeria.
Journal of Chemical Society of Nigeria, 33(1), 112-121.

Uzairu, A., Uba, S., Sallau, M. S., Abba, H., and Okunola, J. O., (2015). Seasonal
fractionation of metals in some dumpsite soils in Zaria metropolis, Nigeria. Journal of
Environment and earth Science, 2(3), 2224-3216.

Wieczorek, J., Wieczorek, T., and Bieniaszewski, T. (2014). Cd and lead content in cereal
grains and soil from cropland adjacent to roadways. Polish Journal of Environmental
Studies, 14, 535-540.

WHO (1993). World Health Organisation, Guidelines for drinking-water quality, World Health

Organization, Geneva.

Wong, C. S. C,, Li, X. D., Zhang, G., Qi, S. H., and Peng, X. Z (2016).Atmospheric
depositions of heavy metals in the Pearl River Delta, China. Atmosphere and
Environment, 37, 767-776.

Yusuf, A. A., Arowolo, T. A., and Bamgbose, O. (2014). Cadmium, Copper and Nickel levels
in vegetables from industrial and residential areas of Lagos City, Nigerian. Food Chemical
Toxicology, 41, 285-291.



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Persulfate and Ferrioxalate as Solutions of Electron-Hole Recombination in
Tioz and Zno Photocatalytic Degradation of Malachite Green: Process
Intensification

Dalhatou Sadou’*, Tarkwa Jean Baptiste?, Mohamed Raoul Ibrahim! and Yaya Sali*
!Department of Chemistry, Faculty of Sciences, University of Maroua, Cameroon.

2Department of Inorganic Chemistry, Faculty of Sciences, University of Yaoundé I,
Cameroon.

*Corresponding author: dalsaous@yahoo.fr

Abstract
In this work, the effect of persulfate and/or ferrioxalate on the photocatalytic
degradation of malachite green was studied. The results obtained showed, firstly, that the
degradation efficiency of MG by the different systems were such that UV/TiO2<
UV/Ti02/S208% < UV/TiO2/Fe*/S,0s%. In fact, the addition of persulfate and/or ferrioxalate
oxidants hinderedelectron-hole recombination and intensified the TiO2 and ZnO photocatalytic

process.

Keywords:Electron-hole pair, Malachite Green, Photocatalytic degradation, radical sulfate,

Semi-conductor.

1. Introduction

In the recent literature, the performances of the semiconductors TiO, and ZnO for the
photocatalytic degradation of organic substances are known. However, their yield is limited by
the recombination phenomenon of the electron-hole pairs. On the other hand several works
have shown that the doping of these semiconductors by certain metals decreases this
phenomenon, but this solution was laborious and the percentage of recombination remained

always high.

2. Literature Review

Semiconductors based photocatalysis has known as an environmental friendly, cost
effective and green process for effective degradation of harmful organic contaminants in
aqueous solution in recent decades. In heterogeneous photocatalysis for water treatment, TiO>
and ZnO semiconductors were widely used photocatalysts because of their excellent UV
absorbency and high photocatalytic activity, as well as their low cost and non-toxicity (Sajan

et al., 2016; Czech and Hojamberdiev, 2016). In the photocatalytic process, the organic
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contaminants were degraded under a light irradiation sufficient for the activation of the
photocatalyst material. However, under light irradiation, electron-hole pairs were formed and
then in a reaction with adsorbed molecules (O2, H20 etc...) produced highly reactive species
such as superoxide ions O2" and hydroxyls radical HO" (Nosaka and Nosaka, 2017). These
reactive species can oxidize most of the organic pollutants in the solution until the high
mineralization yield (Gaya and Abdullah, 2008).). Unfortunately, the fast electron-hole (e-/h+)
recombination is a major problem for practical applications as it hindered significantly the
overall photocatalytic efficiency (Li et al., 2015).

Therefore, to overcome this drawback several strategies based on thermodynamic
requirements and Kinetics processes taking place in photocatalysis were explored such as
coupling two or more semiconductor, supporting of a semiconductor onto a suitable support
with strong electric field strength, the doping of these semiconductors by certain metals etc...
[Li et al., 2018, Ramirez and Ramirez, 2016).But these solutions were laborious and the
percentage of recombination remained always high.Hence, the main objective of this study is
to investigate on the effect of persulfate and ferrioxalate ions in the degradation of MG via
TiO2 and ZnO photocatalysis processes. Moreover, plausible mechanism of photogenerated
charges separation and MG oxidation will be proposed to deepen the understanding of the

system.

3. Methodology

A follow-up by UV-visible spectrophotometry of the decolourisation of Malachite
Green (MG) was performed. For these experiments, a batch photoreactor with a capacity of
250 mL has been used. This cylindrical reactor is double-jacketed in order to maintain the
system at a constant temperature (25 x+ 1°C) to avoid thermal fluctuation. A stirring system of
the solution with a magnetic bar ensures the homogenisation of the reaction medium. In
addition, the photoreactor is provided with a low-pressure mercury vapour pencil UV lamp
emitting a monochromatic radiation of wavelength A = 365 nm (Pen-ray Lamps Group). This

lamp is protected by a quartz tube to avoid any contact with the solution.

4. Results and Discussion

Three systems: UV/TIO> alone, in the presence of persulfate (UV/TiO2/PS), then in the
simultaneous presence of persulfate and ferrioxalate (UV/TiO2/PS/FQO), were studied for the
degradation of 250 mL of MG (10 mg/L). The evolution of the concentration of MG versus

time is presented in Figure 4.1.
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Figure 4.1: Effect of PS and FO on the concentration of MG versus time; [MG] = 10 mg/L;
[PS] =2 mmol.L?, [FO] = 0,1 mmol.L*?, pH =6,8;V =250 mL.

According to this figure, the presence of PS and OF enhancedthe degradation yield of
MG by 21% and 15.34% respectively within 10 min of irradiation.

Indeed, the acceleration of MG decolourisation can be attributed to the additional
production of hydroxyl radical OH® and sulphate radicals SO4~. The production of
OH'resultedfrom the decomposition of H,O, during the photoreduction of ferric ions Fe3*(1)
whereas SO4™ resulted from the activation of persulfate S;0s? by Fe?* ions (2). In addition, the
semiconductors photogenerated electrons can reduceFe®*ions into Fe?* ions (3), which can
decompose hydrogen peroxide via classic Fenton reaction (4)to produce supplementary HO®
radicals. Moreover, these photogenerated electrons reduced persulafte ions to generate SO4™
radical (5). Thus, the increase of these species results in the improvement of MGdegradation
(6) & (7).

Fe* + Hy02+ hv— Fe?* + HO™ + HO" (1)
Fe** + $,0s% — Fe®" + S04~ + S04 (2)
Fe** + e — Fe? (3)
Fe** +H,0; — Fe®* + HO™ + HO" (4)
$:08% + & — S04 + SO (5)
MG + HO"— Products — — CO2+ H20 + mineral ions (6)

MG + SO4"— Products — — CO2 + H,O + mineral ions @)
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It follows that the S;0s* and Fe3* ions react with the electrons expelled towards the
conduction band (3) & (5), limiting the hole-electron recombination phenomenon (h * +¢°). In
addition, Fe*" ions generated fromPhoto-Fenton reaction (1) and Fe®‘reduction with
photogenerated electrons (3) also activate the S,0s* ions (2). Figure 4.2 summarizes the
different reactions that took place in the solution.

%
3

. v hv
0, 0," HO; 12. H0, ., HO CO, + H,0

Figure 4.2:Different reactions that took place in the reaction medium

5. Conclusion

The SO4 radicals are powerful oxidants in the same way as the HO" radicals, and have the
advantage of being non-selective, highly mobile and more stable. Therefore, these oxidants
species demonstrated an effective degradation of MG from aqueous solution.From this work,
two main advantages emerged from the addition of PS and FO in the photocatalysis process:
(1) Optimal production of oxidizing species (SO4* and HO"), which increased the removalrate
of the organic pollutant; (ii) High reduction of electron-hole recombination rate, improving the
efficiency of the process. To know the role played by each species in the rest of this work, we

intend to carry out complementary experiments of the scavenger effect.
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Abstract
The preparation and antibacterial potential of chitosan stabilized silver nanocomposite is

reported. Chitosan-Silver nanocomposite was prepared by incorporation of silver nanoparticles
onto chitosan polymer matrix by reduction method. The nanocomposite wascharacterized by
UV-visible spectroscopy, Fourier Transform Infrared (FTIR) spectroscopy, X-ray Diffraction
(XRD) analysis and High-ResolutionScanning Electron Microscopy (HRSEM). Antibacterial
activity of the chitosan stabilized silver nanocomposite against K. pneumoniae, P. aeruginosa,
S. aureus and S. Pyogimasewas carried out by Agar — well diffusion method. The UV-visible
spectrum at maximum absorption band of 426.5 nm andXRD analysis demonstrated the
formation of semi — crystalline chitosan stabilized silver nanocomposite.The nanocomposite
exhibited strong antibacterial activity against all the tested bacteria than chitosan and silver
nanoparticles alone but most active against K.pneumoniae and P. Aeruginosa.

Keywords: Chitosan, Nanosilver, Incorporation, Characterization, Antimicrobial activity

Introduction

Chitosan is a second most abundant low — cost natural biopolymer after cellulose (Hajji et al.,
2014). Chitosan is prepared by deacetylation of chitin, which is the structural component in the
exoskeletons of crustaceans, radulas of molluscs and beaks of cephalopods (Yang, 2011).
Recently, chitosan has attracted significant interest due to its antimicrobial activityin the field
of biomedicine which is influenced by a number of factors such as the species of bacteria,

concentration, pH, solvent and molecular mass (Mahmoud and Seid, 2016).

The antimicrobial properties of chitosan can be improved by doping with nanoparticles of
metals and metal oxides such as copper, gold, titanium, zinc and silver (Sharma, 2015).0Of all
these metals, antimicrobial of silver is the one whose nanoparticles is well known due to its
strong toxicity against a wide range of microorganisms other advantages include stability at
high temperature and low volatility (Sharma, 2015). Thus, this study report the preparation and
antibacterial activity of chitosan stabilized silver nanocomposite. The preparation
nanocomposite was characterized by FTIR, XRD, Uv-visible spectroscopy and HRSEM. In
order to evaluate the antibacterial activities, K. pneumoniae, P. aeruginosa, S. aureus and S.

pyogimase were selected as the tested bacteria.
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MATERIALS AND METHODS

Materials

Leaves of Nicotiana tabacum wereobtained from a vegetable farm in TungaAwaje area of
Paiko, Niger State Nigeria. Chitosan was extracted fromcrab shells via the methods reported
by Hajji et al., (2014). Silver nitrate (AgNO3) and glacial acetic acid with percentage purity of
99% were obtained from Sigma Aldrich Chemicals Limited. All chemicals and reagents used

in this work were of analytical grade and used as received without further purification.

Method

Preparation of Aqueous Leaf Extract

The fresh leaves of Nicotiana tabacum were washed with distilled water, sun dried and later
ground to fine powder. To 10 g of the leaves, 100 cm? distilled water, was added and boiled at
80° C in water bath for 15 minutes. This was allowed cools and subsequently filtered through
Whatmann No.1 filter paper and stored at room temperature for further use.

Phytochemical qualitative analysis
The phytochemical screening of aqueous leaf extract of Nicotiana tabacum was doneusing

standard procedures earlier employed by Okereet al., (2016).

Preparation of Chitosan - Silver Stabilized Nanocomposite

For the preparation of chitosan — silver stabilized nanocomposite, 40 cm? of 1.0 wt% chitosan
solution and the 40 cm® of 1M AgNOjs solution were mixed in the 100 cm?® conical flasks. To
this mixture, 5 cm® aqueous leaf extract of Nicotiana tabacum was then added. The mixture
was stirred on a magnetic stirrer at 250 rpm for 2 hours and subsequently allowed to age for 24
hours. The changes in colour from colourless to pale brown then to dark brown, signifies the
formation of nanosilver. The obtained chitosan — silver nanocomposite was freeze dried at -

42°C and then characterized.

Antibacterial activity of chitosan — silver stabilized hanocomposite

The antibacterial activities of chitosan — silver nanocomposite were analyzed by agar well
diffusion method on Muller- Hinton plates against K. pneumoniae, P. aeruginosa, S. aureus
and S. pyogimase. Individually, single colony of bacterial strain was grown in nutrient broth

and maintained on a shaker at 37 °C for 24 hours. After 24 hours incubation,each bacterial
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strain was spread into the Muller-Hinton agar plates using sterile cotton swabs. The control and
synthesized nanocomposite of the same concentrations (250mg/l) were poured into the wells
and the plates were incubated at 37 °C for 24 hours. After incubation, the zone of inhibition

was measured.

Results and Discussion

Results of Phytochemical Screening of Aqueous Leaf Aqueous Extract

In this study, the qualitative and quantitative phytochemicals analysis of the aqueous leaf
extract of Nicotiana tabacum was done and the result is presented in Table 1. Table 1shows
presence of alkaloids, flavonoids, phenols and tannins and their respective amount and absence
of reducing sugars, steroids and saponins in the extract.

Table 1: Qualitative and quantitative phytochemical analysis of agqueous leaf extracts of
Nicotiana tabacum (mg/g)

Class of compounds Aqueous extracts Amount (mg/g)
Total Alkaloids + 72.722

Steroids + 65.223

Total Phenols + 135.405

Total Flavonoids + 23.667

Tannins + 45.704

Reducing sugars - -

Saponins - -

Key: Positive (+), Negative (-)

Previously, aqueous leaf extracts of Nicotiana tabacum have been positively tested for steroids,
flavonoids, tannins, phenols and alkaloid by Sunil et al. (2010), Shekinset al. (2016) and Patil
et al. (2015) and their results were in agreement with the outcome of this study. From the
Table 1, it can be seen that total phenols compared to other phytochemicals has the highest
amount of 135.405 mg/g, followed by alkaloids with a concentration of 72.722 mg/g and an
considerable amount of tannins (45.704 mg/g) while total flavonoids was in a appreciable
amount of 23.667 mg/g. Therefore, the presence of this phytochemicals in good amount is an

indication of their impact on the biosynthesis of silver nanoparticles as reducing agents.

UV-visible spectroscopy analysis of chitosan — silver stabilized nanocomposite
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The formation of the nanosilver by reduction of AgNOs in the acetic acid solution of chitosan
in the presence of aqueous leaf extract of Nicotiana tabacum ion was monitored by UV-visible
spectroscopy. During the reduction process, colourless solution of chitosan containing AgQNOs
gradually changed to brown, which signifies the conversion of Ag* into Ag® (Geet al., 2014).
The presence of nanosilver in the composite was confirmed by UV-visible spectrum (Figure
1) with a maximum absorption band at426.5 nm, which corresponds to the typical plasmon
resonance band of nanosilver (Sotiriou, et al., 2010).
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Figure 1: UV-visible spectra of chitosan — silver nanocomposite

FTIR of chitosan stabilized silver nanocomposite

FTIR analysis was carried out to identify the functional groups developedfor the interaction
between the chitosan polymer matrix and the nanosilver. The FTIR spectra for the chitosan
stabilized silver nanocomposite are shown in Figure 2. As shown in figure 2, a characteristics
absorption band was observed at 1646.82 cm™ which was assigned as C - Nstretch while N -
H was at observed at 3290.80 cm™. The C—H bond interaction due to Amide Il band was at
1396.04 cm™t and the C—O skeletal stretch characteristic of polysaccharides was observed at
1019.88 cm™L. The band at 2858.91 cm™* wasassigned to the alkane C-H-stretching respectively
(Wang, et al., 2016). The single peak at 3290.80 cm ™ corresponds to N — H is in agreement
with the previous studies resultreported (Ahmad, et al., 2011).
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Figure 2: FTIR of the Synthesized Chitosan — Silver Nanocomposite

XRD study of the prepared chitosan — silver nanocomposite

The phase structure of the prepared chitosan — silver nanocomposite was investigated using

XRD technique. Figure 2 shows the diffractogram of the prepared nanocomposite. The

presence of chitosan and nanosilver were apparent from the diffractogram, while other peaks

may be attributed to the impurity phases due to biomolecules of the leaf extract (Astalakshmi,

et al., 2013)
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Figure 3: XRD pattern of chitosan-silver nanocomposite

The diffraction peaks observed at 20 values of 9.29° and 19.30°with crystal plane (020) and

(110) correspond to a diffractogram of a typical chitosan, while the diffractogram at 20 of
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38.04°, 44.65° and 64.45° indexed (111), (200) and (220)miller indices are assigned to silver
nanoparticles (Shameli, et al., 2011).

High Resolution Scanning Electron Microscope (HRSEM) of chitosan stabilized silver
nanocomposite
Surface morphology of prepared chitosan stabilized silver nanocomposite was analyzed using

the HRSEM technique. The HRSEM image of the nanocomposite in Figure 4 showed
distribution of silver nanoparticles on the chitosan surface and embedment of some of the
nanoparticles into chitosan to create pores.

Mag= 20.00KX

Figure 4: HRSEM image of chitosan stabilized silver nanocomposite

Electron Dispersive Spectroscopy (EDS)

Electron Dispersive Spectroscopy (EDS) is ananalysiscarried out to scanfor elementsthat made
up a sample through amplitude of wavelength for the x-ray emitted after the electron was hit
by the electron beam. X- rays can only be emitted by atoms that contain minimum of K - shell
and L - shell where the electron is allow to displace from one energy level to another. EDS
could not determine hydrogen because atom of hydrogen contains only K - shell is not
detectable (Swapp, 2012). Figure 5 is an elemental dispersive spectrum showing the main
elements that made up chitosan — silver nanocompositewhile Table 2shows the weight percent
of the element.
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Figure 5: EDS Spectrum for Chitosan — silver nanocomposite
Table 2: Elemental weight (%) composition of chitosan — silver nanocomposite
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Atomic number Element symbol Name of element Weight %
4 C Carbon 15.50

7 N Nitrogen 12.98

8 @) Oxygen 40.67

11 Na Sodium 26.87

14 Si Silicon 0.43

108 Ag Silver 3.55

Antimicrobial activity

The ability of chitosan — silver nanocomposite to inhibit growth of the tested strains is shown
in Table 3. The inhibitory activity was measured based on the diameter of the clear inhibition
zone. The results from this study revealed that chitosan - silver nanocomposite clearly
showedbetterinhibitory effect against all the tested bacteria strains compared to chitosan and
silver nanoparticles alone.

Table 3: Antimicrobial activity of chitosan — silver nanocomposite film forming solutions
Inhibition zone diameter (mm)

Indicator organisms  Chitosan - silver Chitosan Silver
nanocomposite nanoparticles

Klebsiella 27.00 - 26.00

pneumoniae,

Staphylococcus 29.00 10.00 25.00

aureus

Streptococcus 28.00 - 23.00

pyogimase

Pseudomonas 24.00 11.60 20.00

aeruginosa,

ND: not detected

Conclusion
The present study reported the greensynthesis of chitosan stabilized silver nanocomposite and
its application in antimicrobial activity. The aqueous leaf extracts Nicotiana tabacum was used

as reducing agent and the presence of silver nanoparticles on the surface of chitosan was
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confirmed by XRD result. The nanocomposite exhibited efficient activity against all the tested
bacterial strains.
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Abstract

The changing in our climate as a consequence of anthropogenic activities which fossil fuel
exploration and usage has contributed significantly is becoming a global phenomenon. This
has underpins our current way of life and hopes of people in the developing countries for
improved lives. Biofuels — bioethanol and biodiesel derived from plants seem to be an elegant
solution to this dilemma because they decrease dependency on fossil fuels and only return
recently sequestered carbon dioxide to the atmosphere. The governments of many
industrialized and developing countries are therefore creating and expanding policies and
research programmes to increase the production and use of biofuels. Nevertheless, the growing
demand for biofuel to be produced from crops previously used for food has raised concern
about the long-term economic, environment and social sustainability of the alternative fuels.
With particular focus on developing Africa countries, this paper discusses the viability of
biodiesel and bioethanol as a substitute for fossil fuels especially providing energy from local
crops, creating jobs and alleviating poverty, and most important reduction in green house gas
(GHS) emissions. However, sustainability of these potentials will not be realized without
careful and thorough assessment and regulations.

Keyword: Biodiesel, Bioethanol, Substitute, Fossil fuels

Introduction

High economic growth, underway for several decades in most developing countries across the
globe, has resulted in robust demand for various energy sources. A greater need for mobility
and peoples’ aspirations for improved living conditions have together become the main driver
for increasing primary oil demand, which is projected, according to most recent energy
“outlooks” by the IEA and OPEC, to rise by about 1.0% per year, reaching approximately 105
million barrels per day (mb/d) level by 2030 (OFID/IIASA, 2009).

The transport sector, in particular, relies almost entirely on oil supplies for fuel. Several factors,

including energy price increases, increased market volatility, in particular during 2008 and
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2009; heavy dependence of many countries on imported oil; lingering debate about the ultimate
size of remaining, recoverable fossil fuel reserves; and, not least, growing concerns about the
environmental impact of fossil fuel usage have provided the impetus for the current strong
interest in, and support for, biofuels in many parts of the world. In developing African
countries, the contribution of biofuels as an alternative energy source is currently very small,
but this may change, should the high growth rates of the last few years be sustained in the
coming years and decades (Mandil and Adnan, 2010).

What are Biofuels?

Biofuels are combustible materials directly or indirectly derived from biomass, commonly
produced from plants, animals and micro-organisms but also from organic wastes. Biofuels
may be solid, liquid or gaseous and include all kinds of biomass and derived products used for
energetic purposes (2). This “bioenergy” is one of the so-called renewable energies. Besides
the traditional use of bioenergy (3), ‘modern bioenergy’ comprises biofuels for transport, and
processed biomass for heat and electricity production. Biofuels provide an opportunity for
agriculture to work with the energy sector in a mutually beneficial way. In tropical sub-Saharan
Africa, the biofuels market is still at its infancy and requires much needed attention from policy
makers and financial institutions to develop and grow this industry to fruition so that we do not
eventually end up as importers, like we do for other sectors.

Energy consumption is today regarded globally as an index of development. On the overall,
energy consumption in Africa is less than 5% of the global consumption, though 13% of the
world’s populations and 10% of the world crude oil reserves are in Africa (Bugaje and
Mohammed, 2008). Also, 85% of the people in Africa still live in rural areas without electricity
access. Yet Africa is fortunately blessed with not only abundant sunshine (solar energy), but
plentiful wind energy, wood and biomass resources, etc more than most other continents of the
world. These could be mobilized to address the eminent energy crisis facing the continent in a
sustainable manner.

Biofuels, such as biodiesel, and bioethanol (all sourced from renewable agricultural resources),
have great potentials of not only providing an alternative automobile transport fuel but also
creating other downstream industries utilizing ethanol as raw material. Falling back to
agriculture to provide fuel using non-edible raw materials such as seed oils of Jatropha caucus
(bini-da-zugu), Ricinus communis (castor), Lannea microcarpa (African grapes), Vitex
doniana (African olive), etc and the less edible ones such as sugarcane molasses, would not

only be sustainable sources but will help check desertification and reverse the green house
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effect. Plantations of Jatropha in the Southern fringes of the Sahara, for example, will surely
reduce the desertification process and ensure environmental sustainability (Bugaje, 2010).
Global trends in biofuels demands and supply

Global production of biofuels has been growing rapidly in recent years, more than tripling from
about 18 billion litres (10 million tonnes of oil equivalent {Mtoe}) in 2000 to about 60 billion
litres (42 Mtoe) in 2008. Supply is dominated by bioethanol, which accounted for
approximately 84% of total biofuel production in 2008. Despite this exponential increase,
biofuels still represent a very small share of the global energy picture. Total biomass accounted
for 3.5% of total primary energy supply in 2007, according to the OPEC World Oil Outlook
(OPEC/ WOO, 2009), with liquid biofuels accounting for about 0.28% of total energy demand
and about 1.5% of transport sector fuel use (IEA /WEO, 2009).

Currently, production is concentrated in a small number of countries (Table 1). Together the
US and Brazil account for about 81% of total biofuel production and about 91% of global
bioethanol production Since 2005, the US has surpassed Brazil as the largest bioethanol
producer and consumer, accounting for 50% of global production in 2008 (SCOPE, 2009). The
EU follows as the third major producer with 4.2%. In contrast, about 67% of biodiesel is
produced in the EU, which is also the largest consumer, with Germany and France combined

accounting for 75% of total EU production and 45% of global production.

Table 1 Biofuel production in 2008
billion litres Bioethanol Biodiesel Totalbiofuels Sharein total

World 67.0 (32.8) |12.0 (9.4)|79.0  (42.2)] 100.0%
us 340 (167) |20 (16)|36.0  (18.2) 45.6%
Brazil 27.0 (13.2) |12 (09)|28.2  (14.2) 35.7%
EU 28 (1.4)|80 (6.3)|108 (7.6) 13.7%
China 1.9 (09)]o1 (0.1) 2.0 (1.0) 2.5%
Canada 09 (04)|o1 (0.1) |10 (0.5) 1.3%
India 03 (0.1)]0.02 (0.0)fo.32 (0.2) 0.4%

Source: REN 21 (2009). Note: units are billion litres; Mtoe (in brackets) was calculated. Share in total is in
volume.
[Other countries not named in Table 1.1 have a combined 0.8% share of the world total.]

According to a recent study by Hart's Global Biofuels Center (Hart/GBC 2009), global demand
for ethanol and biodiesel combined is expected to nearly double between 2009 and 2015 from
95.3 to 183.8 hillion litres (50.5 to 100.8 Mtoe) (Tables 1.2a and 1.2b). Ethanol, while
accounting for 80% of this latter figure, will only represent 12% to 14% of total global gasoline
demand. Although global ethanol supply generally matches demand in 2009 and 2010, it is
expected to exceed it in 2015, reaching 168.6 billion litres (82.6 Mtoe) compared to expected
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demand of 147.3 billion litres (72.2 Mtoe). Similarly, biodiesel supply is projected to almost
double by 2015, reaching 94 billion litres (73.6 Mtoe), and will also exceed the estimated
demand of 36 billion litres (28.2 Mtoe) that year. Hart/GBC estimates supply based on current
capacity and projected capacity to be in place by the 2015 time frame. Hart/GBC based their
demand figures on the assumption that policy requirements and targets will be implemented
and fulfilled and by using gasoline and on-road diesel demand figures estimated in another
Hart/GBC study. The apparent supply/demand imbalance, according to Hart/GBC, will be
taken care of by 2015 through some or all of several expected routes; 1) governments increasing
blending limits; 2) many proposed projects cancelled; 3) continued low utilization rates; and
4) many existing plants scrapped. Interestingly, projected supply is well above targeted
demand, which increases uncertainty in the motor fuels market, and creates a disincentive to
invest in both the upstream and downstream of this domain. The supply/demand medium-term
outlooks (2009, 2010 and 2015) for major ethanol and biodiesel producers and consumers are

summarized in Tables 2 and 3.

Table 2 Global ethanol medium-term supply and demand
billion liters 0 2010 2015
Country Supply Demand Supphy Demand Supply Demand

World * 83.4 (40.9)|82.2 [40.3)|101.4 (49.7) |99.4 (48.7)|168.6 (82.5) |147.3 (72.2)
UsA 424 (208424 (208)[49.2 (24.1)[492 (2a1)|61.7 (30.2)[605 (296)
Brazil 275 (13.5]22.0 (108 f2e7 (14e)fse  (127)]540 es)fearz (233)
EU 34 (17fae  eafea  22)]e0 B I EE {4.5)
China 31 (Ls)fes @2 |3a (17 |es [a3)fize  B3)|1is (5.6
India 17 ioafos (a8 i @08 |Le osfes @e|z1 (10}
Indonesia 07 (o3foas a2 @afos  3)fes @il (0s)
[Mzlaysiz 0 0 0 0 | o 0
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Table 3 Global Biodiesel medium-term supply and demand

billion liters 2009 2010 2015
Country Supply Demand Supply Demand Supply Demand
Waorld* 48.2 (37.7)113.1 (10.3)|59.6 {46.7) [18.3 (14.3)|94.4 {73.9) |36.5 (28.6)
LISA 2.8 (2.2)]2.8 (2.2)]3.1 [(2.4)]3.1 (2.4)18.4 ([b6.6) |B.4 (6.6]
Brazil** 29 (2.3))1.0 (0.8) |45 (35)|1.8 {1.4)|6.0 (4.7)]2.1 (1.6)
EL 18.6 (14.6) 9.6 (7.5)|21.5 ([16.8)|12.8 (10.0))28.1 (22.0)|16.1 (12.86)
China 3.3 (4.1) 0 6.3 (4.9 0 11.5 (9.0)]3.5 (2.7
India 1.8 (1.4) [u] 2.0 (1.B6) 0 4.2 (3.3) 4.1 [3.2)
Indonesia 29 (23)j0.08 {0.1) (7.4 (5.8)|0.2 (0.2)]10.4  [8.1)]0.5 (0.4]
Malaysia 4.3  (3.4)00.25 (0.2)]35 [(4.3)]0.25 0.2) J10.5 (8.2)]0.3 (0.2)

Source: Hart/GBC 2009. Note: Units are billion litres, Mtoe (in brackets) was calculated. *World was calculated
as the sum of regional supply/demand data provided in the above source **Petrobras has set a target of 0.8 billion
litres (0.6 Mtoe) per year by 2011 (Biodiesel magazine, August 2006)

Over the medium term, the US and Brazil are likely to continue to dominate ethanol supply
and demand. However, their combined share of production may decrease to 73% of the global
total, as the role of countries in the Asia-Pacific region, mainly China, India, Indonesia and
Malaysia, rapidly increases. By 2015, the latter region’s total production could represent about
22% of global supply.

With respect to biodiesel, the EU is assumed to continue dominating consumption in 2009 and
2010, but its share is also projected to decrease, from 60% to 40%, by 2015 as consumption in
Asia-Pacific grows steadily. This region also captures a significant share of biodiesel
production, about 50%, by 2015. Table 4 provides a comparison between the outlooks for
biofuel supply provided by Hart/GBC, EIA, and OPEC.

Table 4 Comparison of medium-term outlooks for biofuel supply

2007 2008 2009 2010 2015
Hart/GBC, billion literyr 1316 (78.6)[161 (96.4)[263 (156.5)
Ela, mby/d 1.1 (37.0) 19 (63.9)[2& (94.1)
OPEC,  mb/d 1.3(43.7) |15 50417 (57.0)f22  (74.0)

In a detailed analysis of biofuels for transport, the OECD and FAO (2008) expect the global
use of bioethanol and biodiesel to nearly double from 20052007 to 2017 (Table 5). Most of this
increase will be due to biofuel use in the US, the EU, Brazil and China. But other countries not
yet considered could also develop towards significant biofuel consumption. Indonesia, India,
Awustralia, Canada, Thailand, the Philippines and Japan are all likely important producers and
consumers in the foreseeable future. The OECD and FAO (2008) also evaluated the role of
feedstocks for the global production of biofuels until 2017 (Table 6) by taking policies in place
in early 2008 into account and assuming them to be constant over the period to 2017. In total,
biofuel feedstocks would increase from 50 Mt in 2005 to 193 Mt in 2017. As a result 9% of the
global production of wheat and coarse grains plus oilseeds and vegetable oil would supply 5%

of global gasoline and diesel demand with biofuels.

SPSBIC2019 187 |Page



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Biofuels in Africa

Biofuel expansion drivers in Africa

The European Union has proposed mandatory biofuel blends with petroleum of five per cent

by 2015, and 10 per cent by 2020 (to be reviewed in 2014), as a mechanism to reduce carbon

emissions. Since the EU is unable to meet its biofuel target due to insufficient agricultural land

available in Europe, this has created an international market for biofuels. European and other

investors are placing strong pressure on African countries to make more land available for

biofuel feedstock to meet European biofuel and global carbon reduction targets.

Table 5 Increase of biofuels use from 2005 — 07 to 2008 and projection to 2017

Australia
Brazil
Canada
China
Columbia
Ethiopia

EL Total
India
Indenesia
MMalaysia
Mozambique
Peru
Philippines
South Africa
Tanzania
Thailand
Turkey

Usa

World Total

Source: UNEP, 2009

PJ
26
104
20
12

0.02
135

0.05
0.04

0.24

0.32

361
T

200507 to 2008

J23%
117%
37%
156%
32%
B0%
0%
180%

163%

259%

179%
71%
35%
76%
3%

PJ
46
435
63
98
12
0.83
520
20
71

0.54
0.04

1.44
26
0.42
758
2071

2005-07 to 2017

)
| 2R

150%:
371%
297 %
206%
1240%:
231%
137%
A4522%

1617%

101 0%:

1085%
925%
A7%
160%
193%

Table 6 Global demand and area for biofuel feedstocks until 2017
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2005 2007 2017 2005 to 2007 2007 to 2017
absclute % % p.a. absoluta o

Total demand, Mt 1622 1702 1930 80 4.90% 250% 228 13.40% 1.30%
of which, bicfuel Mt 46 83 172 a7 102.20% 51.10% 7o 84,9074 8.50%:
of which: biofuals, % 2.80% 5.50% B8.90%

Total production, Mt 1615 1681 1906 46 2.80% 1.40% 245 14.80% 1.50%
Arga harvested, Mha 525 531 539 L 1.10% 0.60% 8 1.50% | 0.20%
Yield, tha 308 313 3536 005 1.70% 0.80% 041 13.00% 1.30%
Total demand, Mt 96 105 143 9 B.40%  4.70% 38 36.20% | 3.60%
of which, biofuel, Mt 4 2] 21 5 125.00% 62.50% 12 133.30%  13.30%
of which: bicfuels, % 4,200 B.60% 14.70%

Total production, Mt 93 106 143 7 FAM%  3.50% ar 34.890% 3.50%
Area harvested, Mha | 145 142 164 -3 ~240%  <1.00% 22 15.50% 1.50%
Ylald, tha 0.68 075 0872 0.06 8.30% 4.70% 013 16.80% 1.70%
Total dermand, Mt 1718 1807 2073 89 5.20% 260% 266 14.70% 1.50%
of which, biofuel, Mt 50 102 193 52 104.00% 52.00% o1 89.20%  8.90%

of which: biofuels, % 2.90% 5.60% 9.30%

OECDI/FAO (2008)
Africa’s interest in this market is driven predominantly by the need for economic growth,

especially among rural communities. Biofuel production represents an opportunity to boost
rural economies by supplying international markets for fuel crop products and, in turn, opening
markets for agricultural surpluses. The concern is that the economic benefits of biofuels to
African countries may be minimal, especially if raw feedstock is exported for processing
elsewhere (von Maltitz and Brent, 2008; Haywood et al., 2008). Of the 40 countries within
sub-Saharan Africa, 14 are landlocked. Further, nearly 40 per cent of Africa’s population lives
in landlocked countries where transport costs on average are 50 per cent higher than in coastal
countries. Biofuel production offers African countries importing petroleum a means to achieve
energy security and the possibility of reducing the foreign currency demands for importing oil.
However, as a continent, Africa has the lowest per capita energy consumption. Low
consumption levels reflect low economic development, and also hinder economic
development. Biomass in the form of charcoal and fuelwood continues to be the main fuel
source for most sub-Saharan countries (see Table 7). Biofuels are a relatively new concept and
although bioethanol was used as a petroleum supplement in the past in countries including
Malawi, South Africa and Zimbabwe, it is only in the last few years that large-scale biofuel
production has been seriously considered.

Table 7. Annual energy consumption characteristics of some Africa and to global trends
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Energy use per Total energy from Electricity Liquid fuel
capita (kgoe) biomassand wastein %  consumption per consumption

capita (kWh) per capita*
World 1796 9.7 2678 751
Sub-Saharan Africa 681 56.3 542 117
Ghana 397 66.0 266 122
Tanzania 530 92.1 61 45
Kenya 484 74.6 138 101
Mozambique 497 85.4 450 39

Source: Compiled from World Bank 2008
*Calculated from 2004 oil consumption and population data at www.eia.doe.gov/emeu/international June 2009

Biofuel projects in Sub-saharan Africa

It is impossible to obtain an accurate figure for the status of biofuel projects across Africa. The
situation is very dynamic with new investments being announced monthly, often to simply
disappear. A large number of projects are in the planning phase, but few are fully operational.
Hagan (2007), for instance, suggests that current projects in 10 West African countries
represent an investment of US$126 million, with plans to install processing capacity for 70
million litres of biodiesel and 165 million litres of bioethanol per year. But, as far as can be
ascertained, none of these projects are operational. On an Africa-wide scale, the proposed
biofuel expansion equates to tens of millions of hectares.

African biofuel projects can be divided into four basic types based on the scale of production
and intended use of the biofuels (see Figure 2).

Scale of the project

v

Small-scale growers on 1-99 ha and Large industrial farms of
outgrowers 100 ha or more
Fuel used by Type 1% Type 2
producers at the ) X . . :
village or farm level = * Mali Folkeceptre : Commerc[al farmers in South Africa
- Dumpong Biofuels in Ghana and Zambia

+ Mines in Zambia

National and Type 3 Type 4
international : : - : -
liqui « Outgrowers linked to commercial Large-scale commercial plantations in
iquid fuel blends . - :

plantations Tanzania, Mozambique and Madagascar

- Small-scale farmers linked to commercial | growing for EU markets
biofuels fuel-processing plants

Markets and primary end users

r

Figure 1 Typical biofuel projects grouped by scale of farming activity and intended use
of the biofuel product
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In Type 1 and 2 projects, biofuels are produced to meet local needs. These projects are typically
small and have been initiated in several African countries including Mali, Ghana, Mozambique,
Tanzania and Zambia. These projects are often initiated by nongovernmental organisations
(NGOs) and supported by national governments or international donors. Although mostly
based on small growers who provide the feedstock (Type 1), some largescale farmers and
mining companies are also planting biofuel crops to meet their own fuel requirements (Type
2). Biofuels are commonly part of a mixed cropping system for both small and large-scale

farmers.

In contrast, Type 3 and 4 projects are dedicated biofuel production enterprises established
specifically to meet the demands for national and international fuel blends. As such, armers
benefit from cash income rather than fuel security. Large corporations are the main investors
in these types of projects. In Mozambique, Nigeria, Zambia, Tanzania, Ghana and other
countries, large jatropha (for biodiesel) and sugarcane (for bioethanol) plantations ranging from
thousands to tens of thousands of hectares are currently being planned and planted (Type 4).
Similar trends are evident in West Africa with palm oil. Malawi has been producing bioethanol
for the past 20 years and currently uses a 10 per cent blend with petrol (see Box D). Industrial
sugar production is already practised in most countries with suitable climates, and bioethanol
production can build on this as a basis, possibly by just using the molasses, which is regarded
as a waste product. In other places, such as in Zambia, companies are attempting to initiate
industries based entirely on small-scale farmers (Type 3). However, smallscale farmers are
most commonly involved as outgrowers linked to larger industrial plantations (Type 3). In
these instances, a proportion of the farmer’s landholding is converted to feedstock production.
The biofuel industry provides support and inputs, financing, technological assistance and a
market. Arguably, biofuels are an attractive farming option on account of the assistance
received by the farmers, rather than the intrinsic value of the biofuel crop itself (Haywood et
al., 2008).

Since Type 1 and 2 projects are aimed at only meeting local fuel needs, they are not considered
to have major negative social or environmental impacts; indeed, their proponents see potential
positive impacts. If these projects prove to be non-viable, the repercussions will be minimal.
By contrast, the magnitude of Type 3 and 4 projects could result in extensive land
transformation and consequential biodiversity loss. In addition, unless well managed, there is

a high risk of unintended negative social consequences, such as food insecurity and
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communities displaced from their land. In Type 3 and 4 projects, there are also concerns that
industrial plantations provide either a large number of poorly paid job opportunities if not
mechanised, or better-paid but fewer opportunities if mechanised.

Competing biofuel feedstocks

Sugarcane, Jatropha curcas and palm oil are the three main feedstocks being promoted and
grown in Africa, but other feedstocks are also being considered such as sweet sorghum, cassava
and cashew apples (Table 8). Sugarcane is grown in many African countries, and is a well
understood and established crop. Sugarcane produces more biofuel per hectare than any other
currently used biofuel crop. Areas in Africa have high sugarcane potential: Zambia has reported
production of up to 200 tonnes per hectare (t/ha), which is three times the international norm
of 65 t/ha. Malawi and Ethiopia already produce bioethanol from sugarcane and many other
countries are considering the option. In addition there is the potential for cogenerating
electricity from sugarcane bagasse (and presumably sweet sorghum) as an added benefit
(Naylor et al. 2007).

Table 8 Indicative yields and fuel equivalents from common biofuel crops

Sugar Sugar Sweet Maize Cassava Jatropha® Palm oil Soybean Canola Sunflower
molasses  sorghum
Litres fuelit §0-80 240 40 366-470 160 350 230 227 400 400
Tonnes/ha' 13-105 45 60° 1-5 3-8 2-8 20 257 14 125
(USA} @ [Thai) 80

Biofuel yield 780-8400 1080 2400 ¥6-3760  4B0-1280  70D-2B00 4735 445 552 400-1000
I'ha
Petrol 3833 756 1680 X525 1304
equivalent'ha
Diesel 690 4451 420 550 660
equivalent'ha
High protein na g no YES g no no YES YES5 YES

animal feed as
a byproduct

! Yields vary with location and management. All yields are based on commercial agricultural values. Where
possible, the petrol or diesel equivalent is based on data from best practice situations as given by Naylor et al.
2007.

2 These relatively conservative estimates for jatropha are yet to be verified in production systems.

3With new varieties and where two crops can be grown per year, yields of sweet sorghum may be much higher.

Jatropha has sparked major interest throughout Africa, with projects currently being
implemented in many African countries with suitable climates. South Africa does not support
growing jatropha as the country fears that the plant may become a noxious weed. Enthusiastic
claims for jatropha’s drought hardiness and yields are being tempered by the realisation that
jatropha is only likely to yield more than one t/ha of oil in areas with more than 800 mm of
rain and where plantations are well managed. Despite the large-scale plantings, and high

expectations, many uncertainties still surround the long-term viability of jatropha (Jongschaap
et al. 2007; Achten et al. 2008).
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African palm oil can produce up to 20 t/ha of fruit which gives about 4.5 t/ha of oil. It has been
extensively grown for cooking oil, especially in West Africa. Palm oil plants require high
rainfall and humidity; this limits plantations to tropical rainforest areas and raises concerns
about deforestation (Naylor et al., 2007).

Sweet sorghum, though not currently produced for biofuels, is generating widespread interest
as it approaches sugarcane production levels, but in areas of lower rainfall and possibly with
less fertilisation. Extensive agronomic trials are being undertaken by the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT), for instance in Zambia and Botswana.
A further advantage is that it may be possible to produce both sorghum grain for food and sugar
for ethanol concurrently from the same field (Woods, 2001).

Maize is the key bioethanol crop in America but although farmers are promoting it as a biofuel
crop for South Africa, the Government has discouraged its use because of concerns about food
security (Department of Minerals and Energy, 2007). Most African maize is a staple food crop
and too important as a food to be seriously considered for first-generation biofuel.

Biofuels for Sustainable Development

Land needed to meet fuel security

On a global scale, biofuel production using first generation technologies can only realistically
replace a small percentage of fossil fuel. For many African countries, the situation is very
different and even first-generation biofuels can provide full fuel self-sufficiency from very
limited land areas (see Table 9). Land availability varies widely: countries such as Malawi,
Rwanda, Burundi and South Africa have limited land, while countries such as Mozambique,
Angola and Zambia have extensive land available. One must use caution in interpreting
‘availability,” however, because much of this land is forested and is subject to customary
claims. Reliable statistics on land availability are scant and most land is currently being used
in some way. Agricultural productivity per hectare in Africa currently falls way below
international norms (see Figure 2). It is therefore possible that agricultural intensification could
generate an extensive agricultural surplus that could be diverted into biofuels without affecting
local food security. However, caution must be used in ensuring families negatively affected by
biofuel expansion are able to benefit in meaningful ways.

Table 9 Rough estimates on land needed to meet five per cent (two per cent for South
Africa) biofuel targets and total fuel needs (based on von Maltitz and Brent 2008)



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Botswana Mamibia Tanzania 5. Africa Mozambique Zambia

Diesal usain |fyr = 10% 281 445 667 7987 381 327
Petrol use in Iiyrx 102 301 325 202 10 289 o7 210
Fercent of total land needed to 0.9 0.8 1.2 14.5 0.8 0.8
meet transport fuel needs

Land needead to meet biafuel 26078 38917 53 855 307 375 30 631 56 286
targatsin ha

Estimates of jobs created to 12 251 18 508 263099 142919 15 036 27 0458

meet bicfuel targets?

Estimates of jobs created to 245028 F2 160 527 980 nia 300712 270458
meet naticnal fuel usage®

LAl calculations based on sugarcane and jatropha as feedstock, as per Table 2. Values are not linked to specific
country or growth conditions and assume suitable land is available.

These figures are based on 0.5 jobs per hectare for biodiesel and 0.33 jobs per hectare for sugarcane, as used in
Econergy 2008. Most would be low-paying labourer jobs.

500 4 - 1000 000
5.00 4 L 100 000
— 400 4 L 10000
=
51 3
35 z
Bs 200 1000 £ 2
[= £
3 2
i :
= 300 4 - 100
- W N
0.00 g T T 1
1481-1970 1971-1880 1HE1-1980 2004
Malawi — Mozambique —South Africa — Zambia — Global

Figure 2 Maize productivity in some Africa countries
Source: von Maltitz et al. (2009)

Second-generation biofuels would have even greater benefits as they achieve significant
‘wellto-wheel’ reductions in greenhouse gas (GHG) emissions and require dramatically less
land when compared with first-generation biofuels. This is because most biomass, including

many organic wastes, can be used as feedstock. Additionally, second-generation biofuels

perform better as internal combustion (IC) engine fuels, as they do not have any of the
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technical problems of degradation and material incompatibility associated with first-
generation biofuels (DTI 2006).

Social Consideration
Globally, the most serious concerns about biofuel expansion focus on the potential impact on
global food prices and thereby poverty (Eide 2008; Royal Society, 2007). At the global level,
the immediate net effect of higher food prices on food security is likely to be negative (FAO,
2008). Although sub-Saharan African countries are feeling the pinch from rising food prices,
biofuel production at regional and national levels need not diminish regional food security. It
has been suggested that biofuel production may help stabilise agricultural food production by
giving farmers assured markets for their surpluses, stimulating changes in food aid policies and
stabilising agricultural production (von Maltitz and Brent 2008; Haywood et al., 2008). A Food
and Agricultural Organisation report (2008) states that while higher agricultural prices could
revitalise the role of agriculture as an engine of economic growth over the medium- to long-
term, urban residents and the large number of net food buyers in rural areas are likely to be
negatively affected, with the poorest households the most affected. Other sources provide
evidence for localised food insecurity where land has been converted from smallholder
agriculture to commercially produced biofuels (ABN, 2007). Depending on the global market
prices of biofuels, and the feedstock and production model (and therefore the net area of
agricultural land diverted from food to fuel), such impacts could play out at the national level
through reduced food self-sufficiency at household or national levels.
Land Dispossession
Dispossession of land or resources is another key potential concern in sub-Saharan Africa.
Most available land is communal and governed by customary law. Communal land users do
not have secured individual tenure to the land’s resources. Large-scale biofuel plantations may
displace current land users. Where land is governed by a chief or traditional authority,
economic benefits to the traditional authority or community as a whole may well overrule
existing resource use rights enjoyed by individual members. Caution must be used, however,
given increasing evidence that local or customary leaders do not always act in the community’s
best interest when there are personal benefits to be gained (Brockington 2007; Oyono et al.,
2006). Conversion of land for new uses must be based on adequate prior information as well
as representative consultation.
Gender Inequalities
Women make up most of Africa’s agricultural workforce as they are responsible primarily for

growing food crops in rural areas whereas men are responsible for cash-generating crops such
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as cotton and tobacco. Even though women play the prominent role in agriculture, there is
much inequality. From an African perspective this inequality stems from traditional socio-
cultural roles, and results in women being denied equal access to means of production such as
land, credit, appropriate technology and extension services. It is anticipated that in small-scale
production, the emerging biofuel industry will have the greatest labour impacts on rural
women. Converting land used by women predominantly for food crops to growing energy cash
crops instead might cause the partial or total displacement of women’s food-growing activities
towards increasingly marginal land or divert their labour towards activities whose proceeds
they have less access to or control over. This would undermine the ability of women to ensure
a secure food supply to feed their families (Kajoba, 2002; Rossi and Lambrou, 2008). In
addition, if land traditionally used by women is switched to energy crops, women may then be
marginalized in household decision-making about agricultural activities because they control
less land.

Disease

HIV/AIDS is another serious challenge to agricultural development and, in turn, sustainable
biofuel production. HIV/AIDS tends to affect the most productive age group and is
characterized by repeated periods of illness. This affects the available agricultural workforce
and increases medical expenditure. The extent and severity of HIV/AIDS impacts are most
pronounced where periods of sickness or death coincide with peak agricultural seasons. If
Africa is to be a global biofuel player, it needs to develop and implement robust policy response
options to promote equal opportunities for women and men within the context of HIVV/AIDS.
This applies particularly to access to food and resources such as assets, capital, technology,
agriculture and rural development services, as well as employment opportunities and decision
making processes.

Financial Viability

The factors and criteria affecting biofuels’ economic/financial viability are national and local
in their scope and specifics. Factors include: (a) the cost of biomass materials, which varies
depending on land availability, agricultural productivity, labour costs, etc; (b) biofuel
production costs, which depend on the plant location, size and technology; (c) fossil fuel costs
in individual countries, which depend on fluctuating global petroleum prices and domestic
refining characteristics; and, (d) the strategic benefit of substituting imported petroleum with
domestic resources. The economics of biofuel production and use will therefore depend upon

the specific country and project situation (Thomas and Kwong 2001).
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Biofuel production is often a high up-front cost venture, and many programs require
government support in the initial start-up phases. Access to affordable financing is a major
constraint. Traditional banks are unwilling to provide financing due to market uncertainties and
perceived high risks. Investors and financiers have limited data and information on which to
base sound judgments and decisions. Biofuels require a ready market both locally and
internationally to guarantee economic viability. Reliable and competitive markets are not yet
fully developed in Africa, and the continent has limited access to international biofuel markets.
Market prices for feedstock and fossil fuels largely determine biofuel competitiveness. Given
that these prices are highly volatile, investing in biofuel requires closer examination of the
longterm market potential and other determinants to minimise the risks. This is particularly
important for smallholders, who have limited capacity to weather failed investments. Investors
need the security of markets and if the market is to be national, then they may need the
assurance of mandatory blending with petroleum products. Economies of scale are also crucial,
as is having the knowledge and capacity to select the appropriate feedstock and technology.
Lessons can be learned from economic analyses undertaken for selected feedstocks in various
countries. This means that the users of renewable energy technologies, and the suppliers of
these systems, must all see a financial benefit. This will enable the optimum growth of
renewable energy markets; otherwise, renewable energy will always depend on external
finance, grants and short-term policy obligations. For smallholders, evidence suggests that an
outgrower approach will generate greater returns to poor people than a more capital-intensive
plantation approach due to the greater use of unskilled labour and accrual of land rents to
smallholders (Arndt et al. 2008).

In all, links between biofuels and sustainable development are varied and complex. On
the one hand, biofuels may imply improved energy security, economic gains, rural
development, greater energy efficiency and reduced GHG emissions compared to standard
fuels. On the other hand, production of energy crops could result in the expansion of the
agricultural frontier, deforestation, monocropping, water pollution, food security problems,
poor labour conditions and unfair distribution of the benefits along the value chain. The positive
impacts and trade-offs involved vary depending on the type of energy crop, cultivation method,

conversion technology and country or region under consideration.

Conclusion
Our conclusion that biofuels are potential substitute for fossil fuels is a future prediction. There

exist a number of sustainability issues that need to be resolved. Questions often raised include:
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‘How much land is required to meet current policy targets?’; ‘What volume of biofuels can be
produced globally, regionally and nationally?’; and ‘What implications will biofuels have on
land use and local livelihoods?’ Establishing accurate answers to these questions is difficult
because they are dependent on a number of interacting scientific, social, environmental and
economic factors such as the yield of the feedstock, the conversion efficiency, the location of
the end user and the type of end use. Hence, where land is available, it is important to ascertain
that biofuels are the most appropriate land use and will provide greater benefits to the current

land users and owners.
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Abstract

The phase equilibria in the two quaternary Na,K//SO4Bs0;—H,O and
KCI-K>S04—K2B407—H.0 systems at 25°C were investigated by means of translation method.
There are 3 points saturated with 3 solid phases, 7 curves saturated with 2 solid phases and 5
fields saturated with 1 solid phase in the Na, K//SO4, B4sO7—H>O system. The quaternary
KCI-K>S04—K2B407—H.0 system contains only one invariant point saturated with 3 different
solid phases and 3 monovariant curves saturated with 2 different solid phases. Closed phase
equilibria diagrams for both of the systems were constructed by means of translation method
on the basis of obtained data.

Introduction

The two quaternary Na,K//SO4,B407—H20 and KCI-K>SO4—K>B407—H>0 systems are the
subsystem of the more complex quinary Na,K//Cl, SOa4, B4O7-H20O system whose phase
equilibria data facilitates extraction of solid phases from the natural brines and industrial wastes
containing sulfates, chlorides and borates of sodium and potassium at the isotherm of 25°C.
Experimental determination of phase equilibria in quaternary systems is a tedious work which
requires considerable amount of time, large amounts of analytical chemicals and relevant
workforce, while preliminary prediction of phase equilibria in systems by means of translation
method provides roadmaps which facilitates further comprehension of the phase equilibria and
exploitation of the resources. The translation method which is explained in more details in
literature! obeys the three main principles of the physicochemical analysis consistency,
continuity and compatibility principles and derived from the third compatibility principle?.
This work presents the results of determination of phase equilibria and construction of closed
phase equilibria diagrams for the two quaternary Na,K//SO4,BsO7—H.0O and
KC1-K2S04—K>2B4s07—H20 systems at 25°C by means of translation method. The method
which has already proven its advantages was used in determination of phase equilibria in
several multicomponent water-salt systems®.

Methodology
The main operation of the method is the determination of the invariant points on the overall
(n+1)-component system by the techniques of the method that ensure the formation of the rest
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of the geometrical figures namely the curves, fields and volumes etc. of the overall
composition. There are three main techniques of the method used for the determination of the
invariant points of the overall composition:

i.  Determination of the invariant points of (n+1)-component system which are generated by
the simultaneous translation that is extension of invariant points of the relevant n-
component subsystems. This technique allows extension of two and three different curves
from different subsystems depending on the solid phase composition of the overall system.

ii. Determination of composition of invariant points of (n+1)-component system generated
from unilateral extension of points of n-component subsystems into the overall
composition. This technique allows the extension of the invariant points of the subsystems
that are not extended along with other points simultaneously.

iii. Determination of the intermediate points that enclose the curves and the fields of the
overall (n+1)-component composition which are formed from the two initial techniques.
The intermediate points form at the intersection point of the curves of overall composition
that are not linked with each other.

Points, curves and fields of the n-component subsystems transform into the curves, fields and
volumes of the overall (n+1)-component system respectively when the subsystems enter into
the composition of the overall system. Because the method fully obeys the Gibbs’ phase rule,
the intersection and linkage of the generated curves by extension of the invariant points along
with the ones extending between them, take place in consistence with the reduced Gibbs’ phase
rule for the isothermal-isobaric processes.

Consequently by the determination of phase equilibria by means of translation method; closed
phase equilibria diagrams for quaternary systems and total phase equilibria diagrams for
quinary and higher component systems are obtained that can be used in utilization of the
complex natural resources.

The phase equilibria in quaternary systems are determined on the basis of data on relevant
ternary subsystem. For the determination of phase equilibria in the quaternary
Na,K//SO4,B407—H20 and KC1-K2SO4—K:B407—H.0 systems at 25°C the available data in
relevant ternary subsystems were used®.

Prediction of phase equilibria and construction of quaternary phase equilibria diagrams
The quaternary Na, K// SO4, B4O7 —H20 system at 25°C

The quaternary Na,K//SO4,B407—H20 system is composed of four Na;SOs—K>SOs—H?0,
Na;BsO7—K2B407—H20, NaSOs—Na;B4s07—H>O and K:S0s,—K:B:s07;—H,O  ternary
subsystems

There are 5 solid K2SO4 — arcanite (KS), K2B4O7-4H.0—(KB4), Na:B4O7:10H.0—-(NB10),
Na2S04-10H20—(S10) and NaxSO04-3K2SOs—~(GS) phases in equilibrium in the
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Na,K//SO4,B4s07—H20 system at 25°C. All of the four listed ternary subsystems of the
quaternary Na,K//SO4,B407—H-0 system are well investigated by means of solubility method®.
The Table 1 shows the list of invariant points at the ternary subsystems of the quaternary
Na,K//SO4,B407—H-0 system along with their relevant equilibrium solid phases.

Table 1. Ternary invariant points and relevant equilibrium solid phases in the quaternary
Na, K//SO4, BsO7—H-0 system at 25°C°

Invariant Equilibrium
Ternary Subsystem : .
y Stbsy Point Solid Phases
ES S10 + GS
Na>SO4—K>S04—H>0 3
E, GS + KS
NazB407—-K2B407-H0 B KB4 + NB10
Na;SOs—~NazBs07—H0 ES S10 + NB10
K2S04—K2B407-H20 ES KS + KB4

The capital letter E, whose; subscript shows the serial number and superscript shows the
complexity of the relevant systems denote the invariant points throughout this work. The
extension of points as quaternary curves is indicated by arrows whose directions show the
direction of the extension of the generated curves. Because the curves formed from the latter
extension and the curves that extend between the determined quaternary points vary from each
other they are represented by arrows and solid curves respectively.

The Figure 1 shows set of ternary phase equilibria diagrams arranged on an unfolded prism
that reflects the ternary composition of the quaternary Na,K//SO4,B4s07—H>0 system. The
diagram in Figure 1 is constructed on the basis of the data in Table 1. Three of the ternary
subsystems contain one invariant point saturated with two different solid phases each, while
the fourth ternary Na>SO4—K>SO4—H>0 system includes two invariant points.
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H,O
S10 NB10
NaSO Na2B4O7
E’
S10
B NB10
H,O GS H>O
E; E;
KS KB4
E:
K2SO4 KS KB4 K2B4O7
H-.O

Figure 1. Unfolded prism reflecting the ternary composition of
the quaternary Na, K//SO4, B4O7—H20 system at 25°C

The Figure 2 shows the schematic phase equilibria diagram of the system obtained by folding
the prism in Figure 1. The extensions of the ternary invariant points as the quaternary
monovariant curves into the quaternary composition are shown with arrows whose directions
are shown by the direction of the arrow. Two quaternary points in equations (1) and (2) are
generated as a result of extension of 2 ternary invariant points, while the third point in the

system is generated as independent translation of the ternary E§ point. The Na2B4O7-10H.0

phase completes the composition of the quaternary point generated from extension of the latter
E§ point as given in equation (3).
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ES + B E, = $10 + NB10 + GS @)
El + EI  » E4 = NB10 + KS + KB4 @)
EJ + NBLO —» E;= GS+ KS+NBL0 ©)

Na;SO4 E; Na,B4O

SlO;
Eifl---»E! NB10
GS \ e
Edp--------- »E! E;‘
T
KS KB4
KZSO4 E3 KzB4O7

Figure 2. Schematic phase equilibria diagram of the quaternary
Na, K//SO4, B4O7—H20 system at 25°C constructed by
translation method’.

The quaternary KCl-K>SO4—K;B407—H>0 system at 25°C

The quaternary KCI-K>SO4—K>B4O7—H20 system is composed of three ternary KCI-K>SO4—
H20, K2S04—K2B407—H20 and KCl- K2B4O7—H20 subsystems which are well investigated
by the solubility method at 25°C®. There are three solid K,SO4— arcanite (KS), KzB4O7:4H,0—
(KB4), and KCI-(KC) phases in equilibrium in the KCI-K2SO4—K>B407—H,0 system at 25°C
and each ternary subsystem includes one invariant point saturated with the relevant solid phases
given in Table 2. Every ternary invariant point in Table 2 is saturated with two different solid
phases along with a liquid phase in equilibrium.
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Table 2. Ternary invariant points and relevant equilibrium solid phases in quaternary
KC1-K2S04—K2B407—H20 system at 25°C®

Ternary Subsystem In;z::int SE(?I?(QI I;:;;Z]S

KC1-KSO4~ H,0 ES KC +KS
K2S04~K2B4s07-H:0 |  E3 KS + KB4
KCI- K2B4O7—H20 ES KC + KB4

The unfolded prism in Figure 3 which is constructed on the basis of data in Table 2 shows the
ternary composition of the quaternary KCI-K>SO4s—K2B407—H>0 system at 25°C.

H.O

KS KB
K2SO K2B4O7

H: PKCI H,0

Figure 3. Unfolded prism reflecting the ternary composition of
the quaternary KC1-K2SO4—K>B4O07—H-0 system at 25°C

The schematic phase equilibria diagram in Figure 4 is constructed by folding the prism in
Figure 3. The arrows represent the monovariant curves formed as a result of transformation of
the relevant ternary invariant points. The only one quaternary E { invariant point is generated
from extension and intersection of the quaternary curves formed from the ternary invariant

points. The equation (4) shows the generation of the latter quaternary invariant point along with
its equilibrium solid phases from the combination of ternary invariant points.
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E. + EJ + EJ —»E/=KS+ KC+KB4 (4)

K2S0O4 K>B407

E:
H

E;“
KC

2KCl

Figure 4. Schematic phase equilibria diagram of the
quaternary KCI1-K>SO4—K>B407—H>0 system at
25°C constructed by translation method’.

Results and discussion
In this section the constructed diagrams in the previous section will be simplified for better

visualization and readability. The invariant points represented by E and the arrows that show
the directions of the translation of the points as curves into the overall composition will be
shown as the only intersection points of the relevant curves and the plain solid curves
respectively. The Figure 5 and Figure 6 give the final version of the phase equilibria diagrams
of the quaternary Na, K//SO4, B4O7—H>0 and KCI-K>SO4—K>B407—H20 systems at 25°C.
There are 3 points, 7 curves and 5 fields in the quaternary Na, K//SO4, BsO7—H20 system,
while the quaternary KC1-K>SO4—K2B4O07—H20 system contains only 1 invariant point and 3
monovariant curves on the overall composition at 25°C.

Na2SO4 Na,B4O
S10
NB10
GS
KS KB4
K2SO4 K,B407

Figure 5. Final version of phase equilibria diagram of the
quaternary Na, K//SO4, B4O7—H>0 system at 25°C
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K2S0O4 K>B407
KS KB4

KC

KCI

Figure 6. Final version of phase equilibria diagram of
the quaternary KC1-K>SO4s—K>B407—H20 system at
25°C.

Two of the curves in KCI-K2SO04—K2B407—H20 system have different history of formation
than the other 5 curves in the system. They extend between the quaternary invariant points and
5 curves are generated from the extension of the ternary invariant points into the quaternary
composition. All of the 3 curves in the KCI-K2SO4—K>B407—H20 system form as a result of
extension of the relevant ternary points into the overall composition of the system.

The obtained results in this work guide tracking of crystallization and dissolution pathways in
the investigated quaternary systems and can be used in utilization and comprehensive
exploitation of the natural sources that contain chloride, sulfate and borates of the sodium and
potassium’

Conclusions

There are three quaternary invariant points saturated with three different solid phases, seven
monovariant curves saturated with two different solid phases and five divariant fields saturated
with one solid phase in the Na, K//SO4, B4O7—H20 system at 25°C. Two of the curves have
different nature of formation as they extend between the quaternary invariant points while the
other five curves generate from the extension of the relevant ternary points into the overall
quaternary composition of the system. The quaternary KC1-K>SO4—K>B407—H>0 system 25°C
is characterized to possess three monovariant curves saturated with two different solid phases
and one invariant point saturated with three solid phases. All the three curves are generated
from extension of the relevant ternary points into the overall quaternary composition of the
system.  The result obtained in this work will pave the way for further experimental
investigation of the systems and guide crystallization and dissolution processes in the
investigated systems.
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Abstract

Zirconia supported clay catalyst, a heterogeneous solid catalyst was produced by wet
impregnation at different proportions of 1:2 and 1:1 tagged A and B respectively. The
properties of the catalysts were characterized using Brunauer-Emmett-Teller (BET), Scanning
Electron Microscopy (SEM), X-Ray Diffraction (XRD), Energy Dispersive X-ray (EDX), and
Fourier Transform-Infrared Spectroscopy (FT-IR). The characterized catalysts showed
improved and enhanced catalytic properties for reaction. The synthesized catalysts A and B
were used for biodiesel production through Transesterification reaction using castor oil, at a
reaction time of 3hr, temperature of 60°C, catalyst loading of 2.5wt/wt% and methanol to oil
ratio of 6:1. Both catalysts showed catalytic activity, however catalyst B had a better percentage
yield of 91.4 % biodiesel as compared to that of catalyst A of 88.8% biodiesel.

Keywords: Catalyst, Castor Oil, Biodiesel, Transesterification, Zirconia
Introduction

For several decades, energy crisis have being confronting the world due to the excessive
utilization of the world’s depleting oil reserves by the ever-increasing human population. The
world’s economy is largely dependent on the transportation of goods and services, while
transportation itselfisdependent on energy from petroleum. In fact, the transportation sector is
96% dependent on fossil fuels with an annual worldwide fuel consumption of 62% (Yahaya et
al., 2014). This is despite other sources of energy such as coal, natural gas, hydroelectricity
and nuclear power. Apart from the ever-increasing prices of petroleum fuels, more worrying
issues associated with utilizing these fuels include health standards and environmental
degradations. These concerns have led to the search for sustainable alternatives; biofuel
(‘Yahaya et al., 2014).

Generally, biodiesel is mainly produced by Transesterification process. Transesterification is
the reaction of lipid with an alcohol in the presence of a catalyst to form esters and a by-product;
glycerol. It is, in principle, the action of one alcohol displacing another from an ester, referred

to as alcoholysis (cleavage by an alcohol) (Eterigho et al., 2017). In transesterification
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mechanism, the carbonyl carbon of the starting ester (RCOOR?) undergoes nucleophilic attack
by the incoming alkoxide (R?0") to give a tetrahedral intermediate, which either reverts to the
starting material, or proceeds to the transesterified product (RCOOR?). Transesterification
consists of a sequence of three consecutive reversible reactions. The first step is the conversion
of triglycerides to diglycerides, followed by the conversion of diglycerides to monoglycerides,
and finally monoglycerides into glycerol, yielding one ester molecule from each glyceride at
each step (Deepak et al., 2016). Feedstocks for biodiesel production can be classified into
edible and non-edible oils. Examples of the edible oils are soybean, corn and canola. Non-
edible oils such as animal fats, castor oil, jatropha curcas, and waste oils such as yellow grease
and soybean soap stock have been used in the production of biodiesel. Results have shown that
these sources serve as good replacement for diesel.

There are basically two types of catalysts that are used in the production of biodiesel namely
homogenous and heterogeneous catalysts (Hilary, 2013).Homogenous and heterogeneous
catalysts have their unique differences in terms of advantages and disadvantages. The
advantages of heterogeneous catalysts include but not limited to non-corrosiveness,
environmental benign, ability to catalyze esterification and transesterification reaction
simultaneously (Hilary, 2013),and can be recycled. However, the disadvantages are: high
reaction temperature, pressure and more process time as they have low micro porosity and

therefore, low diffusion limitation.

Clays have attracted increasing interest due to their application as heterogeneous catalysts in
both gas and liquid systems; their innate surface acidity play an important role in many
reactions (Fatimah, 2014). Clay’s structure collapses at high temperatures and must be
stabilized (Egi et al., 2012). Kaolinite is a clay mineral material of an industrial kaolin group;
it is the principal clay mineral substance existing in kaolin mineral group (Olu et al., 2017).
Kaolinite clay is the most essential and useful kaolin used industrially in term of clay that
consist of primarily minerals with properties variation that is amenable; hence making it very
useful for various industrial applications. The chemical compositions of kaolinite clay varies
from colocations in term of the ratio of alumina : silica and the degree of purity (Olu et al.,
2017). Zirconium dioxide presents considerable interest in the field of heterogeneous catalysis,
due to its original acid—base and redox properties. Zirconia (ZrO) finds extensive use as a
ceramic material, it also has important applications in catalysis. Due to its unique chemical
properties (i.e., surface acidity and basicity), it is a valuable catalyst for reactions involving

elimination, dehydration, hydrogenation, and oxidation (Mohammed et al., 2014). Zirconia has
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great contribution towards catalysts’ activity improvement in the production of biodiesel

(Eterigho et al., 2017).
Methodology

The raw clay was obtained from Enhandiagu, Enugu State while the castor oil was obtained
from NARICT (National Research Institute for Chemical Technology). Zirconium
Oxochloride was obtained from Panlac Chemicals.

Sample Preparation and Pre-treatment

The clay was sieved using 250 um mesh sieve. 300 g of the clay was suspended in a 1000
cm3beaker containing distilled water for 6 hours. Moore and Reynolds technique of soil
minerals purification was utilised to treat the clay in order to remove any organic particles left
in the clay(Moore and Reynolds, 1998; Olu et al., 2017). This method involves the treatment
of the sample with 30 % hydrogen peroxide solution until all effervescence stopped. The pre-
treated clay was allowed to stay overnight after which the supernatant was decanted. The slurry
was oven dried at 100°C for 24 hr.

Chemical Modification of Clay

200 g of the clay sample was added to 1.0 L of 0.50 mol/L of hydrochloric (HCI) acid and
thoroughly mixed using magnetic stirrer for 4 hours at 300 rpm. The mixture was centrifuged
for 20 minute at 1000 rpm. This was washed with distilled water to remove any trace of CI
ions, and was dried at of 100°C for 24 hr.

Zirconium Synthesis.

According to Eterigho et al. (2011) and Hasanudin (2016), Zr(OH)4 catalyst was prepared by
dissolving ZrOCl.-8H>0 into demineralized water followed by hydrolysis with addition of
NaOH to form Zr(OH)4 gels at a pH of 10. The resulting zirconium hydroxide was washed
thoroughly to remove CI" ions from the gels. This was confirmed by argentometric titration of
the solution using potassium chromate (K2CrO4) as an indicator, filtered and dried in an oven
at 100°C for 24 hours.

Preparation of Zirconium Supported Clay Catalyst

The zirconia was impregnated by introducing it into the modified clay and allowed to age at
room temperature for 18hr. This was dried in an oven at 120°C for 24 hours. Finally, the solid
was calcined in a muffle furnace at 600°C for 5hr to obtain zirconia-clay catalyst. (Eterihgo et
al., 2017).

Characterization of Catalyst
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The prepared catalysts were characterized using Fourier Transform Infrared Spectroscopy
(FTIR), X-ray Diffraction (XRD), Brunauer-Emmet-Teller (BET), Scanning Electron
Microscopy (SEM) and Energy Dispersive X-ray (EDX).

Characterization of Castor Oil

The castor oil was characterized for its specific gravity, density, flash point, kinematic
viscosity, acid value, iodine value, moisture or water content and free fatty acid (FFA).
Determinations of these properties were carried out using the experimental description reported
by the American Standards and Testing Materials (ASTM).

Transesterification of Castor Oil

The Transesterification reaction of the castor oil was carried out using the synthesised A and
B catalysts. The catalyst was placed in a 250 cm? round bottom flask withmethanol to oil molar
ratio of 6:1, catalyst loading 2.5 wt/wt %, at a reaction time of 3hr and temperature of 60°C,
under constant stirring. After completion of the reaction, the products were allowed to settle
overnight in a separating funnel and the biodiesel was sequestrated and washed (Nurdin et al.,
2015; Yacob et al., 2017).

Results and Discussion
Catalyst Characterization

The results of the characterization of the synthesized catalysts (zirconia supported clay catalyst)
areas presented in Table 1 indicating their surface area, functional group, its surface

morphology and its crystallinity.
Brunauer-Emmet-Teller (BET) Analysis

Table 4.1: BET Analysis for Catalyst A and Catalyst B

Sample Surface area Pore volume Pore size
(m?/g) (cc/g) (nm)

Catalyst A 360.526 0.2300 2.433

Catalyst B 360.526 0.2300 2.433

The BET analysis of both catalyst A and B produced no appreciable difference in their surface
area, pore volume and pore size. It also showed that the surface area, pore volume and pore

size of the synthesised catalysts was greatly improved, seeing that there was great improvement
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from the known surface area of zirconia (120m?/g) as reported by Dominik and Reinhard
(2002).
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Figure 4.1: FTIR Spectra of Catalyst A Figure 4.2: FTIR Spectra of
Catalyst B

The observed FTIR absorption peak at about 457 cm™* regions is due to the presence of Zr-O
vibration, which confirms the formation of ZrO. structure, the prominent peaks observed at
1019 cm* is attributed to the presence of O—H bonding. The peaks observed at 1558 cm™ are
due to presence of adsorbed moisture in the sample and the presence of peaks at 3425-3495
cm* could be due to the stretching of O—H groups which is a characteristic of a highly hydrated
compound (Singh and Umesh, 2014). The similarity in the FTIR spectra of both catalyst A and
B reveals that both catalysts have the same functional groups. However, the peak intensity of
catalyst B are higher as such indicating the presence of more zirconia in catalyst B as confirmed
by its impregnation ratio of 1:1 when compared with catalyst A with an impregnation ratio of
1:2.

4.2.3 Scanning Electron Microscopy (SEM)
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Figure 4.3: SEM micrograph of Catalyst A (a, b and c¢) and Catalyst B (d, e and f)

Both SEM micrographs of catalyst A and B exhibited well-shaped particles that are crystalline
in shape which is as that reported by Eshedet al.,( 2011) and Omaret al.,(2011). However, a
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closer look at the SEM micrographs of catalyst A and B reveals the presence of more well-

shaped spherical particles in catalyst B and this can be attributed to the fact that there is a higher

ratio of ZrO in catalyst B.

Table 4.2: Elemental Weight Composition of Catalyst A (EDX)

Element Atomic % Weight %
Al 26.53 19.27
Si 51.05 38.59
Zr 13.39 32.88
S 1.23 1.06
K 7.80 8.21

Table 4.3: Elemental Weight Composition of Catalyst B (EDX)

Element Atomic % Weight %
Al 22.40 13.98
Si 47.62 30.94
Zr 23.18 48.92
S - -
K 6.80 6.15

SPSBIC2019
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The Energy Dispersive X-ray (EDX) of both catalysts (A and B) reveals the presence of several
elements. The Energy Dispersive X-ray (EDX) confirmed the presence of zirconium in the both
catalysts. However, the Energy Dispersive X-ray (EDX) shows that twice as much zirconium
in catalyst B as there is in catalyst A which is as a result of the ratio of impregnation. It also
reveals the presence of other compounds like Al, Si, K, and S for both catalysts with the
exception of sulphur that was not present in catalyst B. Catalyst A show more presence of silica
and alumina than that of catalyst B which might be as a result of the clay content/dosage ratio.
Whereas the presence of potassium and sulphur are more in catalyst A which is impurities

associated with clay.
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Figure 4.6: X-ray Diffraction (XRD) analysis of Catalyst A
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Figure 4.7: X-ray Diffraction (XRD) analysis of Catalyst B

The characteristic peaks at 20 value obtained from the XRD diffractograms of both catalyst
samples (A and B) at 22°, 28°, 30°, 50° and 60° are similar as the typical zirconia peaks
reported by Saniet al.,\ (2011). The XRD patterns of the synthesized zirconium oxide catalyst
(A and B) are also similar to that reported by Omar, et al. (2011) and Sani et al. (2011). Omar,
et al. (2011) reported that the crystal structure of ZrO, remained the same because the
crystalline structures of modified zirconia are the same with parent ZrO; in pattern. Both
catalyst A and catalyst B exhibited predominantly peaks of similar monoclinic ZrO2. The XRD
diffractograms of both catalyst samples revealed a tetragonal-monoclinic phase transition. This
is because the tetragonal peak at 26 = 30°, 34° and 50° was prominent alongside those of the
monoclinic phases. Where typical tetragonal phase of zirconia occurs at 20 =24°, 28°, 34°, and
50° (Omar, et al., 2011; Sani, et al., 2011).

Comparing the produced biodiesel with standard revealed that it conforms with standard as

shown in Table 4.5.

Table 4.5: Comparism between Synthesized Biodiesel and Standard Biodiesel properties

Properties Units Castor Oil Castor Oil ASTM D6751
Biodiesel using Biodiesel using

catalyst A catalyst B

Density 40°C g/lcm?® 0.944 0.945 -
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Kinematic mm?/s 5.3 4.7 1.9-6.0

Viscosity at 40°C

Flash Point - 138 162 130 min

Pour point °C -5 -8 -

Cetane Index - 51 63 47 min

Cloud point - 7°C 3°C -

lodine value mg 1/100g 87 83 -

Ester value wt. % 99.4 169.12 -

pH Value - 7.41 7.15 -

Biodiesel Yield % 88.8 91.4 -
Conclusion

The characterization of both catalysts A and B showed the presence of more of zirconia in
catalyst B than in catalyst A. This fact was corroborated by the FTIR analysis where higher
peak intensities of catalyst B indicated the presence of a higher concentration of Zr-O
vibration, which confirm the formation of ZrO. structure.

The use of chemically modified clay as support was very good as evident in the surface area of
the synthesized catalysts where it showed the presence of silica which has good surface area
helping to increase the surface area of the synthesized catalysts

In terms of biodiesel synthesis, catalyst B could be said to be better in the production of
biodiesel as a yield of 91.4% was obtained as against a yield of 88.8% obtained when catalyst
A was used. It was observed that the biodiesel produced using catalyst B showed a higher
cetane number of 63 as against that of 51 when catalyst A was used. Other biodiesel properties
such as flash point, kinematic viscosity at 40°C and the ester value are all favourably in terms
of the use of catalyst B for biodiesel production.
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Abstract

An adsorbent was developed from the bark of Alstonia boonei for removing Pb, Ni and Fe ion
from brewery wastewater using a batch adsorption process. Various process parameters that
include adsorbent dosage, contact time, solution pH and temperature where studied. For the
effect of temperature, Pb had its highest percentage removal of 80.48% at 40°C, for Ni 90.26%
at 60°C and Fe 98.76% at 50°C. The effect of solution pH shows highest percentage removal
of 98.39% and 99.85% for Fe and Ni respectively at solution pH of 10 while Pb had its highest
percentage removal of 79.9% at the solution pH of 2 The result also shows highest percentage
removal of 76.01% and 99.19% at adsorbent dosage of 1.5g for Pb and Fe respectively, and
96.8 % at 0.5g for Ni. Also, the highest percentage removal of Pb and Ni was at 60 minutes
indicating 82.48% and 96.19% respectively while Fe showed highest percentage removal of
99.12% at contact time of 30 minutes. Negative values of entropy change AS° and Gibbs free
energy change AG® indicate that this adsorption process is spontaneous. The adsorption process
follows pseudo second-order kinetics. The surface functional groups and surface area of the
adsorbent was examined by Fourier Transformed Infrared Technique (FT-IR) and Brunauer
Emmett Teller (BET).

Keywords: Adsorption, Heavy metals, wastewater

1. Introduction

Water bodies have been contaminated due to increase in population and rapid industrialization
which is a major concern to the environment (Gunatilake, et al., 2015). These industrial
effluents are likewise the principal source of heavy metals in wastewater (Malu et al., 2014),
these heavy metals are hazardous and courses different disorders which include cerebrum, brain
and liver damage (Srivastava et al., 2015 and Wang et. al., 2015). Heavy metals get into the
brewery wastewater through the grains which are utilized as basic materials, since they are
typically developed with herbicides, fungicides and bactericides that contain heavy metals
(Cejka et al., 2011).

Several techniques such as precipitation, filtration, ion exchange, advanced oxidation, reverse
osmosis and so forth have been used for the removal of heavy metals from aqueous solution.
However, these techniques have their very own current restrictions such as high operational
cost, delicate working conditions, low efficiency (Sud, et. al.,, 2011). Adsorption using
activated carbon is recognize to play a great industrial significant in removal of heavy metals
from wastewater, due to its accessibility, sustainable, low cost, and high efficiency (Abdel-
Fattah, et al., 2015).

Due to these facts researchers all over the globe have fused on the development of alternative
method, as well as more environmentally friendly process. Activated carbon has been
recognized as an important material in purification of water, due to its unique properties such
as high porosity and high surface area, has been known as an (Silgado et al., 2014). However
commercial activated are costly which has necessitated the development of activated carbon
from a cheaper materials (Samson, 2015), such as Alstonia boonei which is an agricultural by-
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products that are available at little or no cost that can be used for preparation of the activated
carbon.

Activated carbon have various application which include recovery of solvents, removal of odor
medical application, color removal, water purification, desalination, purifying agent in food
processing and catalyst support (Yahya et al., 2016). The production of activated carbon from
agricultural byproducts has potential economic and environmental impacts by converting
unwanted low-value agricultural waste to high-value adsorbents (Ekpete et al., 2017).

2. Methodology

2.1 Sample Collection and Preparation

The Cheese wood (Alstonia boonei) was gathered from Kure Market in Minna Niger
State,Nigeria. The Cheese wood was then thoroughly washed twice with distilled water and
dried for 3 weeks in the laboratory at room temperature. The sample was crushed with mortar
and pestle and sieved with 63pum mesh to obtain a fine sample. The industrial effluent was
collected from the Nigerian Breweries, Kakuri, Kaduna State, Nigeria.

2.2 Carbonization (Pyrolysis) and Activation of the Adsorbent

A known amount of Cheese wood (5.00 g) was weighed inside a crucible and then placed in a
muffle furnace and heated at a temperature of 600°C for 15 minutes. The sample was then
removed and placed in a desiccator to cool. This process was repeated severally until a desired
quantity of the sample was obtained. 30.00g of the carbonized sample was added to 500cm?® of
0.5mol/dm® HNOs in 1000 cm? beaker and was allowed to stay for 24hours to ensure activation
of the sample. It was washed severally with deionized water until a pH value of 7 was obtained
(Narin et. al., 2005). It was then filtered and the residue was oven dried for 24 hours at 110 °C
and then cooled and stored in a polyethene bag for further use.

2.3 Digestion of Industrial Effluent for the Heavy Metals Analysis

10cm?® of the industrial effluent was measured into a 250cm? beaker. 2cmd of conc. HCI and
5cm? of conc. HNOs were added into the beaker and the solution was heated on a hot plate for
15 minutes to a final volume of 5cm? in a fume cupboard. 15cm? of deionized water was added
to the solution in the beaker and filtered with whatman filter paper No. 45. The filtrate was
made up to 50cm?® with deionized water. This process was repeated until the desired volume
was obtained, and was taken to the Atomic Absorption Spectrophotometer for analysis.

2.4 Batch Adsorption Experiment

2.4.1 Adsorbent Dosage Effect

50cm?® of effluent was measured into a 250cm? conical flask and 0.5g of activated carbon was
added to it and shaken on a mechanical shaker for 60 minutes. This process was repeated for
the dosage of 1.0g, 1.5¢, and 2.0g activated carbon. The content of each conical flask was filtered
and the filtrate taken for AAS analysis.

2.4.2 Contact Time Effect

The effect of contact time 30, 60, 90, and 120 minutes were experimented respectively. 0.5g
activated carbon was weighed into four different conical flasks containing 50 cm?® each of the
effluent and were placed on a mechanical shaker. After each time, the samples were filtered
with Whatman filter paper and the filtrates were taken for AAS analysis.

2.4.3 Solution pH Effect

50cm?® of the effluent was measured inside four different conical flasks. The pH of the effluent
in the I* conical flask was made to 2, the pH of the 2" conical flask made to 4, the pH of the
3" made to 6, and the pH of the 4" made to 8 using either 0.IM HCI or 0.IM NaOH (Nasrabadi
et. al., 2010). 0.5g of activated carbon was introduced into each conical flask and macerated
with a glass rod and placed on a mechanical shaker for 60 minutes. The samples were then
filtered, and the filtrate taken for AAS analysis.

2.4.4 Effect of Temperature
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50Cm? of the wastewater was placed into four different 250cm?® conical flask. 0.5g of the
activated carbon was added to the effluent in each flask. A series of the flask was placed in a
water bath shaker at temperatures of 30°C, 40°C, 50°C, and 60°C respectively for 30 minutes
each. The content was then filtered with filter paper and the filtrate was analysed using Atomic
Absorption Spectrophotometer (AAS).

2.5 Data Analysis

The adsorption capacity ge (mg/g) of the raw sample and activated carbon were calculated using

the expression;

Ge- (Co—l\;e)V (1)

where Co is the initial concentration in mg/dm?, Ce is the final concentration in mg/dm?3, V is
the volume of effluent in dm?®, and M is the mass of the adsorbent in grams. The percentage
removal of heavy metals was calculated using the expression:

%removal of heavy metals = <==¢ X 100 (2)

Co
2.5.1 Adsorption Kinetics
Two kinetic models were used to examine the adsorption mechanism of the heavy metals.
2.5.2 Pseudo First Order

This is given as: % = K1 (e — Q) (3)
The integral form of this equation is (Santhy and Selvapathy 2006)
In(Qe - Q) = INge— kit 4)

where ge (mg/g) and q:(mg/g) are the amounts of adsorbed adsorbate at equilibrium and at time
t, respectively, and ki (min) is the rate constant of pseudo first-order adsorption.
2.5.3 Pseudo second-order equation
The sorption kinetics can also be described by pseudo second-order model. The linear form of
pseudo second- order equation is expressed as (Bulut and Ozacar 2008).
t/0t = 1/k2Q%e+ t/0e (5)
where ko (g/mg min) is the equilibrium rate constant of pseudo second-order adsorption.

The applicability of the two models above can be examined from the linear plot of
In(ge - qr) against t, and t/ge against t, respectively.

2.5.4 Thermodynamic parameters
The value of AH and AS were calculated from the slope and intercept of the linear van Hoff’s

plot respectively, using the relation:

InK == (6)

RT
Where:
AS = entropy change for the process
AH = enthalpy change for the process
R = gas constant
T = absolute temperature
The distribution coefficient (Kd) of the activated charcoal surface was calculated using the
equation,

Where Ci= the initial concentration of the metal ion, Ce= the equilibrium concentration of the
metal ion, V = the volume of the solution equilibrated in cm® and m = mass of the adsorbent in
g

The change in free energy (AG) for the specific adsorption has also been calculated using the
equation

AG= -RT InK (8)
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3. RESULTS AND DISCUSSION

Results

Table I: Results of the physicochemical properties of the adsorbent
Parameters Values
Bulk density (g/cm3) 0.26
Ash content (%) 6.00
Moisture content of Activated Adsorbent (%) 0.1
Electrical conductivity (uS/cm) 2.8 x10?
lodine number (mg/g) 110.48
Volatile matter (%) 2.17
Fixed carbon (%) 91.63
Micro pore width (nm) 6.538
Pore diameter (nm) 2.427
Pore volume (cc/g) 0.2158
Surface area (m?/g) 418.3-1344

Table 2: Adsorption kinetic constants for activated carbon

Metal ions  Pseudo-first order

In (Ge — ) = Inge — Kit

Pseudo second order

t/qt = 1/Koqe? + t/e

R? Ge(mg/g)  Ki
Pb 0.0228 1.1630  -0.0210
Ni 0.1401 0.0501 -0.0454
Fe 0.5889 0.0021 -0.0760

R? ge (MY/g) K2

0.954 454.55 0.00017
0.8668 125 -0.00035
1 500 -0.01000

The experimental adsorption capacity ge (mg/g) for Pb, Ni and Fe are 445.598mg/g,

239.138mg/g and 499.878mg/g respectively.

Table 3: Thermodynamic parameters Enthalpy Change, AH®, and Entropy Change, AS°.

for Pb, Ni and Fe

Item Pb Ni Fe

R? 0.1495 0.5666 0.3008
AH®° KJ/mol -12.8 -19.37 -31.68
AS° (J/mol.K) 0.0054 0.1164 0.0316
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Table 4: Gibbs free energy Change (AG®°) for Pb, Ni and Fe

AG® (kJ/mol)
Temp. (k) Pb Ni Fe
303 -14.44 -54.64 -41.25
313 -14.49 -55.8 -41.57
323 -14.54 -56.97 -41.89
333 -14.59 -58.13 -42.2
120
100 N
8
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X 40
20
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Figure I: Effect of Temperature on Pb, Ni, and Fe
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Figure 2: Effect of solution pH on Pb, Ni, and Fe adsorption
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Figure 3: Effect of Adsorbent Dosage on Pb, Ni, and Fe Adsorption
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Figure 6: Pseudo second order kinetic plot for Pb, Ni, and Fe adsorption
10

0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335

Pb Ni

Fe
y= 125i10x +0.649 y= —2?30x +14.002 UT(K-1) - 3810x-3.799
R2=0.1495 R%?=0.5666 ®Pb @Ni R?=0.3008

Figure 7: Van Hoff’s thermodynamic plot for the adsorption of Pb, Ni and Fe
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Figure 8: FTIR spectrum of Activated Carbon Prepared from Alstonia boonei
3.2 Discussion

From the result of the physicochemical analysis in table 1 6% ash content was obtained for this
study; good activated carbon is expected to have low ash content (Abubakar et al., 2012). The
ash content is linked to the pore structure of the activated carbon and also reflects the purity of
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the activated carbon (Nworu et al., 2018), which greatly influences the adsorptive capacity of
the prepared activated carbon (Ahmed et. al., (2008).

The result of the moisture content of the activated Alstonia boonei was 0.1% as presented in
table 1.1t has been reported by Shaarani et al. (2010) that a good activated carbon must have a
low moisture content to avoid water vapours competing in adsorption process and fill the
adsorption sites within the pores, thus reducing the efficiency of the activated carbon. The
moisture content obtained in this study is lower than the 4.20 % reported Maina and Anuka
(2014).

The range of particle size and degree of activation affects bulk density, which have an effect
on adsorption per unit volume. Bulk density of 0.26g/cm? was obtained for this study which is
lower than the 0.509g/cm® reported by Olafadehan et al. (2012). TIGG Corporation, (2012)
reported that higher density provides greater volume activity and indicates better-quality
activated carbon.

The iodine number of 110.48 mg g * was obtained from the analysis.lodine number is directly
linked to the adsorption capacity of an activated carbon since It is a measure of the microspore
content of the activated carbon and is obtained by the adsorption of iodine from solution by the
activated carbon sample (Lillo-Rodenas et al., 2003). It is used to measure the porosity and
adsorbent capacity of activated carbon (Ekpete and Horsfall, 2011).

Volatile matter of 2.17 was obtained. The study revealed fixed carbon of 91.63 %. Surface
properties of the of the activated carbon (BET surface area, pore volume, and pore size
distributions) were evaluated by nitrogen adsorption-desorption isotherm the result revealed
micro pore width of 6.538 nm, pore diameter 2.427nm, pore volume of 0.2158 cc/g
and surface area 418.3- 1344 m?/g for BET and Langmuir model respectively. The result is in
similar to the 311 to 1044 m&/g surface area and 0.18 to 0.59 cm3/g pore volume obtained for
Spent Tea Leaves activated carbon by Singh et al. (2015). The result is higher than 179.7 m2
/g and micropore volume 0.081 cc/g (Yakout et al., 2015).

The result of shows that the as the temperature increases from 30°C to 40°C the percentage

removal of Pb increases from 60.40% to 80.48% and Fe ion also increases from 97.59%

t098.78% as the temperature increases from 30-50°C as shown in figure 1 This phenomenon

is attributed to the increased kinetic energy of the metallic ions due to the increase in

temperature of the system which leads to the increased mobility of the Pd and Fe ions to the

adsorption sites.

Meanwhile, there was decrease in percentage removal of Ni from 86.83% to 81.13 %. As the

temperature increases before an increase in percentage removal from 81.13% to 89.13% and

respectively. From the result It is observed that the percentage removal of Pb < Ni < Fe which

may be attributed to their atomic size.

The effect of solution pH on adsorption of Pb, Ni and Fe is shown in figure 2. The highest

percentage removal of Pb was at solution pH of 2, while Ni and Fe highest percentage removal

was at pH 10. The low bio-sorption of Fe and Ni at lower pH may be attributed to the higher

concentration and greater mobility of H*.

The highest percentage removal of Pb, Ni and Fe are 81.94%, 99.85%, and 98.39%

respectively.

The result in this study shows an increase in percentage removal of Pb ions from 47.49% to

67.64% to 76.015% as adsorbent dosage increases from 0.5g to 1.0g to 1.5g respectively. This

continuous increase percentage removal with increasing adsorbent dosage is due to the

increased surface area of adsorbent dosage with increasing amount of adsorbent. Ranjan and

Krishna (2014) gave a similar report using activated carbon from polyathia longifolia for the

Kinetic studies on bio-sorption of fluoride.
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The lowest percentage removal of Pb, Ni and Fe was observed at the highest adsorbent dosage
of 2g. This phenomenon can be attributed to the agglomeration of the adsorbent due to the
large quantity of activated carbon, forming clusters which tends to reduce the surface area of
the adsorbent and block the its pore space.

The result obtained for the effect of contact time on Pb, Ni and Fe as presented in figure 4.7
shows the rapid adsorption of Pb and Ni in the first 60 minutes and Fe in the first 90 minutes
of the adsorption process. This is due to the availability of free pore space in the adsorbent in
the early minutes of contact time and so these metals will readily fill up those spaces. The
maximum percentage removal for Pb and Ni was 82.48% and 96.19% respectively at contact
time of 60 minutes, while the maximum percentage removal for Fe was 99.96% at contact
time of 90 minutes.

The thermodynamic parameters, namely free energy (A G°), enthalpy (AH®) and entropy (AS°)
have an important role in determining spontaneity and heat change for the adsorption process.
The values of entropy change (AS°) and enthalpy change (AH®) were obtained from intercept
and slope of the plot of InK versus 1/T (K™).

The estimated values of the thermodynamic parameters for the four operation temperatures
were calculated and presented in table 4 and 5. The negative values of the change in free in
energy (AG®) confirms the adsorption process is spontaneous and does not require energy input
outside the system while the positive value of the entropy change (AS°) confirms the
spontaneity of the adsorption process (Zhou et al., 2014). The negative value of AH® -12.6, -
19.37 and -31.69 kJ/mol for Pd, Ni and Fe respectively indicates that the adsorption is
exothermic in nature, and in such instance, increase in temperature leads to increase in
adsorption rate since the adsorbed molecules gain more Kinetic energy and are readily
desorbed. In other words, in exothermic adsorption process, the rate of adsorption-desorption
increases.

In adsorbed state, the adsorbate is held on the surface of the adsorbent by attractive forces
(bond). Depending on the nature of attractive forces, adsorption can be classified as physical
adsorption (physisorption) or chemical adsorption (chemisorption) as reported by Alzaydien
in 2016. The AH® values for physical adsorption is in the range of -10kJ/mol to 40kJ/mol
(Alkan et al, 2004), this shows that the adsorption in this study is physical adsorption since
the AH° values obtained is less than 40kJ/mol, while it has been reported that chemical
adsorption are rarely less than 80kj/mol and sometimes exceed 400kj/mol (). Chemisorption
has higher enthalpy of adsorption values because in chemisorption, the chemical bonds are
stronger, while the physical adsorption has lower enthalpy of adsorption because weak forces
such as vanderwaal’s forces exist.

Fourier transform Infrared spectroscopy was used to study the functional group and obtained
information on the chemical structure of the prepared activated carbon. The surface chemistry
of the activated carbon was determined by the type, quality and bonding of the functional
groups. Figure 8 from the result shows the spectra of activated carbon from Alstonia boonei.
The broad band around 3100-3600 cm™ is attributed to the presence of hydroxyl group, either
aliphatic alcohol/phenol or adsorbed water molecule. The 2200-2000cm™ is possibly caused
by C=C stretch. The band around 1650-1500 cm™ is possibly caused by the stretching vibration
of C=0 in carboxyl, ketones, aldehydes or lactone group. The band around 1400 cm™ is
attributed to the presence of NO, 1400-1000 cm” indicates C-F bond and 800-600 cm’
indicates C-Cl bond.

The mechanism of the adsorption of Pb, Ni and Fe ions by activated carbon from Alstonia
boonei were examined by using the pseudo-first and pseudo second models. The pseudo-
second order kinetics has higher correlation coefficient (R?) values in comparison to the
correlation coefficient values of the pseudo-first order. Also, the calculated adsorption
capacity (ge) values for the pseudo-second order kinetics for Pb, Ni and Fe were found to be
454.55mg/g, 125mg/g, and 500mg/g respectively, which are very much closer to the
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experimental adsorption capacity (qe) values of Pb, Ni and Fe, which are 445.598mg/qg,
239.138mg/g and 499.878mg/g respectively, while the calculated ge values for the pseudo-
first kinetics for Pb, Ni and Fe which are 1.1630mg/g, 0.050lmg/g, and 0.0021 mg/g
respectively, are nowhere close to the experimental ge values. Therefore, the pseudo second
order model best fits the experimental data than the first order and is more relevant to this
study.

4.0 Conclusion

Activated carbon prepared from Alstonia boonei bark which is abundant in Nigeria can be
used as effective sorbents for purification of drinking and waste waters. From the results
obtained, it is evident that activated carbon produced from Alstonia boonei bark can remove
80.48%, Pb, 99.19% of Fe and 99.85% of Ni ions which also dependent on parameters such
as time, adsorbent dosage, pH and temperature.

The thermodynamic parameters indicated that the adsorption process is spontaneous. .
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Abstract

This study examined the effect of weather variable on reservoir inflow for hydro-electric power
generation in Jebba Dam, Nigeria. The study utilized monthly rainfall, temperature,
evaporation, reservoir inflow and outflow from 1993 to 2017. The study objectives were
achieved by analysing mean annual trend of rainfall, temperature, evaporation, reservoir flows,
for 25 years. Hypothesis was tested for relationship between the weather variables (rainfall,
temperature, evaporation) on the amount of reservoir inflow, while the effect of reservoir
inflow, and reservoir outflow on the amount of energy generated was tested using correlation
coefficient at 5% significant level. The amount of energy generated for the period of study was
analysed on monthly basis to know the season more electricity was generated. From the study
it reveals that the month of March generate more electricity of (273724 mwh) and the lowest
in the month of July (155098mwh). All the weather variables show an increasing trend, while
the reservoir inflow pattern exhibit fluctuations at various levels. The results also revealed that
rainfall, temperature, evaporation, has a direct effect on the reservoir inflows and subsequently
on dam levels and also that reservoir inflow, and outflow have strong relationship with the
amount of energy generated which signify that climate variability has a big impact on reservoir
inflow and energy production. It was recommended that future hydropower plant investments
in the country should take careful consideration into the climatic variables impact on the
potential for energy generation.

Keywords: Reservoir inflow, reservoir outflow, temperature, evaporation, rainfall,
hydroelectric power generation

1. Introduction

Water is a vital resource to support life on earth. Unfortunately, it is not evenly distributed over
the world by season or location; it is also a critical limiting factor for economic and social
development in many parts of the world. The recent rapid growth in human population and
water use for social and economic development is increasing the pressure on water resources
and the environment, as well as leading to growing conflicts among competing water use
sectors (agriculture, urban, tourism, industry) and regions (Gleick et al., 2009; World Bank,
2006). One of the most efficient ways to manage water resources for human needs is by the
construction of dams that create reservoirs for storage and future distribution (ICOLD, 1999;
Asmal, 2009). Large dams constitute a significant tool for the economic development of
nations for years. Globally, there are 5000 large dams as at 1950 (ICOLD, 1998); three quarters
of these were in North America, Europe, and other industrial regions. By the year 2000, the
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number of large dams had risen to more than 45,000, and these were spread among more than
140 countries (ICOLD, 1998). On average, two large dams were built per day for half a century
(WCD, 2000). Today, the number of large dams exceeds 50,000 (Berga, et al., 2006).

Nigeria as a nation has more than four decades of history on hydro-electric power development
in Africa South of Sahara starting with the Kainji Dam on the lower part of River Niger. The
primary purpose of these dams (Jebba, Kainji on River Niger and Shiroro on River Kaduna)
was to serve as engine of growth and development. This role has been performed creditably
well by supplying not only Nigeria but also those neighboring countries for which River Niger
is a common wealth, with the needed energy to power the growing economy. In this study we
are concern with the hydro electric power generation dam, the reservoir and climatic elements
that are of interest are rainfall, Evaporation, temperature and reservoir inflow and outflow
pattern.

2. Literature Reviews

Kabo-Bah, et al. (2016) studied Multiyear Rainfall and Temperature Trends in the Volta River
Basin and their Potential Impact on Hydropower Generation in Ghana. The effects of
temperature and rainfall changes on hydropower generation in Ghana from 1960-2011 were
examined to understand country-wide trends of climate variability. Moreover, the discharge
and the water level trends for the Akosombo reservoir from 1965-2014 were examined using
the Mann-Kendall test statistic to assess localized changes. The annual temperature trend was
positive while rainfall showed both negative and positive trends in different parts of the
country. However, these trends were not statistically significant in the study regions in 1960 to
2011. Rainfall was not evenly distributed throughout the years, with the highest rainfall
recorded between 1960 and 1970 and the lowest rainfalls between 2000 and 2011. The Mann-
Kendall test shows an upward trend for the discharge of the Akosombo reservoir and a
downward trend for the water level. However, the discharge irregularities of the reservoir do
not necessarily affect the energy generated from the Akosombo plant, but rather the regular
low flow of water into the reservoir affected power generation.

Kachaje, Kasulo, and Chavula (2016) assessed the potential impacts of climate change on
hydropower: on micro hydropower scheme, Malawi. The study reveals that Climate change
has the potential to affect hydropower generation by either increasing or reducing flows
(discharge) and the head. The study analyzed trends in weather time series (air temperature and
rainfall) data from 1980 to 2011 in connection to changes in river discharge and their associated
impacts on hydropower generation profile. The Mann-Kendall (MK) test was used to detect
trends in air temperature, precipitation and discharge. Correlation analysis was also used to
uncover the relationship between discharge and precipitation as well as between discharge and
temperature. The MK results highlighted significant rising rates of air temperature,
precipitation and discharge in some months and decreasing trend in some other months,
suggesting significant changes have occurred in the area.

Bekoe & Logah (2013) assessed the impact of droughts and climate change on electricity
generation in Ghana, Ghana has occasionally being experiencing harsh weather conditions such
as flooding and hydrological droughts. Electricity power for the country depends mainly on
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hydropower generated from a hydropower dam at Akosombo built in 1965. The 2006/2007
electricity power rationing, equating to about 24hrs light in 48 hrs was the severest power
rationing ever witnessed in Ghana and the consequences were catastrophic. Out of about
1180MW generated by the two hydropower dams, only about 400MW was produced. This
affected all sectors of the economy including industry, mining and domestic. Manufactures
were reducing output, this paper analysis 37 years of rainfall in the VVolta basin and intake water
levels in the Dam site on the Volta lake for hydropower generation to establish whether in
reality, the main causes of the power rationing due to low water levels in the Akosombo dam
was due to drought. The paper establishes that the 1983, 1997 and 2006/7 power rationing was
truly as a result of hydrologic drought whereas the 2003’s was not. The paper also suggests
that if climate change effects on the water resources of the country are not managed sustainably,
drought and floods could affect hydropower generation in future.

3. Methodology

Mean monthly rainfall, evaporation, temperature, reservoir Inflow, outflow, and amount of
energy generated for a period of twenty five (25) years from 1993-2017 over the study area
were obtained from the hydroelectric-dam Jebba Station in their hydrological unit and
generation room. The statistical techniques that were use are all toward establishing
relationship between hydropower generations, and weather variables on reservoir for electricity
generation in Jebba dam and these includes, time series analysis, Pearson Product moment
correlation analysis, using Statistical Package for Social Scientists (SPSS) tool. These methods
are briefly discussed in following sections:

3.1 Trends of weather variables

This was achieved using time series analysis to detect the trend in weather variables. Trend
analysis presents the long term movement of the time series to detect the patterns of weather
variables (temperature, evaporation, and rainfall), and reservoir inflow over the hydro station
presented using graphs.

3.2 Effects of weather variables on reservoir

This was assessed using correlation analysis as shown in equation 1. This was meant to
determine the degree of relationship between climate variables and reservoir inflow.

I (2= %) (Vi-Y)

Ry, =
B0t e 2

eqgn (1)

Where, R,,, is the correlation coefficient, n is the sample size, x;and y; are the variables being
correlated and x and y are the mean values of variables being correlated. The computed
correlation values were tested for statistical significance at 5% significance level.

3.3  Analysis of the mean monthly reservoir inflow and outflow, and mean monthly
energy generated
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This was analyse using trend analysis and the variation on amount of energy generated in the
study area by getting the overall mean of energy generated for the time frame of study (1993-
2017) for each month .

3.4  Examine the relationship between the reservoirs inflow, outflow patterns on the
amount of energy production

This was achieved using Pearson Product moment correlation co-efficient using Statistical
Package for Social Scientist (SPSS) version 20.0 software package. The test was tested at 0.05
level of significance.

4. Results and Discussion
4.1 Analysis of rainfall trend over the study area

The rainfall data collected from the study area was subjected to linear trend analysis in order
to show the trend of rainfall for the time frame of study (1993-2017). The trend in figurel
graphically shows that rainfall in the study area has been fluctuating and the pattern shows
gradual increase over the years reaching its zenith in the year 2013 with 122.20mm, although
there is also a wide range of fluctuation in the amount of rainfall ranging from the lowest which
is the year 2009, 2005, and 2006 with 77.81mm, 78.10mm, 81.07 respectively. With an
increase in 2016, 2003, and 2000 with about 115.35mm, 111.54mm, 103.38 accordingly. The
study area does not seem to have a major shortage in amount of rainfall as shown in figure 1.
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Figure 1: Mean Annual Trend of Rainfall in Jebba Dam (1993 to 2017).
Source: Authors’ Data Analysis, 2019.
4.2 Analysis of temperature trend over the study area

shows the Trend of Temperature in the study area for the period of twenty five years (1993-
2017) it shows that the temperature of the study area has been on the increase and has been
fluctuating, with the lowest annual recorded in the year 1993, 1994, 1995, and 1997 with
28.58°C, 28.63°C, 28.75°C, 28.71°C, respectively showing a sharp drop to 31°C below average.
With the increase starting from 29.04°C year 1999, reaching it highest in 2010 with 30.75°C.
This increase could be as a result of climate change. An increase in temperature is capable of
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increasing evaporation rate and it is also capable of increasing precipitation which might lead
to flooding thereby causing destruction and break down of equipment required for electricity
generation. This further proves the claim made by Cole, Elliot and Strobl (2014).

Similarly, Salami, Sule and Okeola (2011) who worked on same Kainji dam noted that the
value of (Mann-Kendall) was positive which demonstrates an existence of a positive trend that
is statistically significant and indicates that an increase in temperature would be noticeable. In
view of the above it is important to note that regulating global temperature will amount to
checking and maintaining the factors responsible for climate change more seriously as
suggested by Salami, et al. (2015).
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Figure 2: Mean Annual Trend of Temperature in Jebba Dam (1993 to 2017)
Source: Authors’ Data Analysis, 2019.
4.3 Analysis of evaporation trend over the study area

The evaporation data collected from the study area was analyzed in order to show the pattern
of change for the time frame of study for twenty five years (1993-2017). Figure 3 shows that
the evaporation in the study area for the time frame of study has been fluctuating though not
too significant because at the year 2002, despite increased evaporation rate of about 19.45mm,
which mark the highest amount of evaporation within the study period the station was still able
to generate an annual mean power generation of 173869.3mwh which is high when compared
with the average amount the station has been generating using the time frame of study.
Similarly, the rate of evaporation in the year 2011 dropped sharply to an average of 16.16mm
and the power generated was still about 213942.5mwh which is above average. Also, the
average evaporation for 2012 is 16.19mm while the amount of power generated in 2012 is
among the highest with the figures of about 224478.4mwh in the period of time under study.
High rate of evaporation is capable of reducing the amount of water in the reservoir, thereby
resulting to shortage in power generation. Though, it can cause increment in precipitation. Cole,
Elliott and Strobl (2014) also observed that the greatest loss of potential water resources from
hydroelectric facilities comes from the evaporation of water from the surface of reservoirs.
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Figure 3: Mean Annual Trend of Evaporation in Jebba Dam (1993 to 2017)
Source: Authors’ Data Analysis, 2019.

4.4 Analysis of Trends in reservoir inflow over the study area

The reservoir inflow data collected from the study area was also subjected to time series
analysis to show the pattern of reservoir inflow for the time frame of study as shown in Figure
4 shows the Trend of reservoir inflow in the study area for the period of twenty five years
(1993-2017).

The graphs provides visual presentation of reservoir inflow pattern which has been within and
out of the country. It is important to note that reservoir inflow in Jebba dam is a major factor
that determine the amount of power generated. In river Niger in Jebba we have two patterns
which brings about reservoir inflow. In the months of May to October precipitation in the
northern parts of Nigeria south of Niamey produces flood that quickly reaches Jebba area with
a peak of 4,000- 6,000 m®/sec in the second flood originates from the rivers headwater region
fromrivers of high annual rainfall in the Fouta Djallon highlands in Guinea and passes through
sub-arid region and deltaic swamps in Timbuktu. These floods lead to high water levels which
always give rise to water release at the dam sites which eventually have negative consequences
on the study area. The flow regime of the River Niger below the Jebba dam is governed by the
operations of the Kanji and Jebba. The study reveals that the reservoir inflow exhibit a negative
trend though with various degrees of fluctuation from the year 1993, which record the lowest
inflow with about inflow of 714.166. And with much increament in the second year of the study
period 1994, with an inflow of 1287.333 and a sudden decrease in 1996, and 1997 with inflow
of this 934.6667, and this 915.75 respectively while year 1998 to 2017 exhibit tremendous
fluctuation at various levels.
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Figure 4.Mean Annual Trend of Reservoir Inflow in Jebba Dam (1993 to 2017)
Source: Authors’ Data Analysis, 2019.

45  Analysis on the Effect of Weather Variables (Evaporation, Rainfall, and
Temperature) on the Reservoir Inflow Pattern

Table 1: Correlation between Rainfall, Temperature and Evaporation on Reservoir

Inflow
Variables Rainfall Temperature Evaporation
Reservoir Pearson 467" 301 -.326
Inflow Correlation
Sig. (2-tailed) .019 144 112
N 25 25 25

* Correlation is significant at the 0.05 level (2-tailed).

Table 1 show that the correlation between rainfall and reservoir inflow is 0.467* this shows
that there is a positive significant relationship between rainfall and reservoir inflow which
signify that an increase in rainfall will lead to increase in the amount of water which will be
available for energy generated and vice versa.

Temperature also shows it in positive direction with the r value between temperature and
reservoir inflow in the study area been 0.301. This implies that it is positive but not very strong
at 0.05 level of significant and changes in temperature since climate change will certainly
increase global air temperature, considerable regional impacts on the availability of water
resources will occur concerning quantity and seasonality (IPCC, 2007b). At first glance,
increased global precipitation would appear to suggest more water available for hydroelectric
power production. However, higher temperatures will lead to increased evapotranspiration
levels thus reducing the runoff (Harrison et al., 1998).

Lastly table 1 evaporation shows it have strong negative correlation relationship with reservoir
inflow at 0.05 level significant as the r value between them is -0.326 which indicate a strong
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negative relationship between evaporation and reservoir inflow. This means an increased in the
amount of evaporation will lead to decrease in the reservoir inflow but not statistically
significant.

4.6 Analysis of mean monthly inflow and mean monthly outflow

The summary of mean monthly reservoir inflow, and outflow on the study area is presented in
figure 5 and figure 6 respectively during the 25years of the study. The peak reservoir inflow
occur during the month of September which is 2058.2 m3/s and October with 1989.84m3/s,
and the low flow occur during the months of July and June with values of 843.16m3/s and
897.28 m3/s respectively, also from January to may, august and November, December exhibit
fluctuations across the months
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Figure 5: Mean Monthly Trend of Reservoir Inflow in Jebba Dam (1993 to 2017)
Source: Authors’ Data Analysis, 2019.

While reservoir out flow record it peak in the month of October with 2037.04 m3/s and
September 1949.24 m3/s respectively and the lowest reservoir out flow was on the month of
July 842.88m3/s and various fluctuation across the remaining months from January, to
December as shown in figure 6
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Figure 6: Mean Monthly Trend of Reservoir Outflow in Jebba Dam (1993 to 2017)
Source: Authors’ Data Analysis, 2019
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4.7 Analysis of mean monthly energy generated

The mean monthly energy generated was obtained after analysing data on the amount of energy
generated and used to plot the graph in figure 7, various degree of fluctuation are observed.
From January to February, March and April with an average mean of 226278mwh,
207603mwh, 273724mwh, and 197979mwh, respectively. The month of May with
183595mwh, marks the period of decline in the amount of energy generated to the month of
July with an average of 155098mwh which is the lowest as the study reveals. While the month
of June generates 162045mwh Although the month of August with a mean of 195274mwh
marks the period of increase in energy generation and this increase continues to September,
with October, and a down word decrease from November to December having an average of
249887wmwh, 266122mwh, 223790mwh, and 218711 respectively. And the months with
highest amount of energy generation accordingly are march, October, September, November,
January, This is so because of the inflow pattern of the Jebba reservoir which is as a result of
the river flow regime characterized by two distinct flood periods occurring annually, namely
the white and black floods. The black flood derives its flow from the tributaries of the Niger
outside Nigeria (flows from October-May, though the flow will have been drastically reduced
in May). It arrives Jebba reservoir in November while the White flood is a consequent of flows
from local tributaries especially the Sokoto-Rima and Malendo River systems. The White flood
is heavily laden with silts and other suspended particles (flows from June to September) and
arrives Jebba in August. So the low flow period in Jebba reservoir is between April and July
of each year and April is the beginning of the wet season period in the study area. This must
have contributed to the low amount of power generated during the April to July period.
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Figure 7: Mean Monthly Trend of Energy Generated in Jebba Dam (1993 to 2017)

Source: Authors’ Data Analysis, 2019
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4.7  Correlation Between Reservoir Inflow and Outflow on the amount of energy
generated

The effect of reservoir inflow and out flow patterns on amount of energy generated was
assessed using the Pearson’s Product Moment correlation co-efficient using SPSS version 20,
software package at 0.05 level of significance and result presented in table 2.

Table 2: Correlation Between Reservoir Inflow and Outflow on the amount of power

generated
Variables Reservoir Inflow Reservoir Outflow
Energy Pearson Correlation 637" 634"
Sig. (2-tailed) .001 .001
N 25 25

* .Correlation is significant at the 0.05 level (2-tailed).

Table 2 shows that reservoir inflow and the amount of energy generated have correlation of
0.637* The result shows a significant positive relationship at 0.05 level of significance. This
implies that a change in reservoir inflow will definitely affect the amount of energy generated.
This findings is in agreement with Jimoh (2008), who revealed that reservoir inflow in Kainji
dam is a major factor that determines the amount of energy generated because rainfall and
inflow covering 4,000 km and over nine countries across West Africa is being received at the
dam.

Lastly From table 2 also shows the r value between the reservoir outflow and amount of energy
generated is 0.634* the result shows a significant positive relationship at 0.05 level of
significance which means that it is a strong positive relationship, that implies the more the
reservoir outflow the more amount of energy generated since the reservoir outflows is crucial
to reservoir balance, the reservoir useful life, as well as reservoir discharge. And the amount of
electricity to be produced by a hydropower facility will mainly depend on the volume of water
passing through the turbine in a given amount of time, the water head and efficiency of the
turbine. While the fluctuations in the quantity and timing of river discharge rate affects much
the production of hydroelectric power (Koch, et al., 2011).

5. Conclusion

Hydropower generation is highly dependent on available water resources. The impact of
rainfall, temperature, evaporation, variability has a direct impact on reservoir inflow which in
turn have much effect on amount of electricity generation. This study examined the historical
rainfall, temperature, evaporation, reservoir inflow, and outflow data across twenty five years
in jebba reservoir to understand specific trends over time. The study also examined the
discharge irregularities of the Jebba Reservoir from 1993-2017 as way to contextualize the
implications of climate variability on the performance of hydropower plants.

Weather variables (rainfall, temperature, evaporation,) and the hydro meteorological
parameters (reservoir inflow, reservoir outflow) within Jebba Dam were subjected to multiple
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analyses. The trends of the weather variables and hydro parameters for the time frame of study
were shown using trend line. Rainfall, temperature, shows an increasing trend, except for
evaporation which shows a downward decrease while the reservoir inflow and outflow pattern
show a steady fluctuation in the movement of the flow sometimes increase and decrease trend.
Mean while all the variables and the parameters exhibit fluctuations at various levels while
statistical analysis revealed that there is increased electricity generation during the dry season
than the rainy season. However, the amount of energy generated in March, August, September,
and October is high and can be comparable to the amount generated in the dry season months.
Pearson correlation co-efficient shows that reservoir inflow and outflow have significant
relationship with the amount of energy generated, while rainfall also have a significant
relationship with the amount of reservoir inflow temperature have little significant relationship
with the amount of reservoir inflow and evaporation have negative relationship to reservoir
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Abstract

Nigeria in recent times has continued to witness the influx of foreign multinational drilling
companies into the country. The multinational water borehole drilling companies are currently
in our country in their numbers. They have continued to carry out their drilling activities
without supervision from any quota. Our young geologist, hydrogeologist, geophysicist and
water engineers have remained unemployed. Little is done on groundwater development by
government and non-governmental organisations saddled with the responsibility. There is an
increase in the numerical strength of hydrogeologist, geophysicist and water scientist and
engineers within the country as more than 20 institutions of higher learning turn out graduates
in their hundreds every year. It is sad to say, while we have qualified professionals and well
trained graduates in search of job opportunities, these foreign hydrogeology related companies
have deliberately refuse to employ Nigerian geologist and hydrogeologists except as casual
staffs. This makes one conclude that there exist a high level of contemptuous disregard for
Nigerian laws by these foreign hydrogeological companies and also the relevant law
enforcement authorities within the country are not leaving up to their responsibilities in
penalizing such illegal act. As at this moment the unprofessional, deliberate, manipulative and
explosive activities of the multinational water borehole drilling companies as it affect the
hydrogeology profession in Nigeria have remained unchecked.

Key words: Multinational drilling companies, hydrogeologist and unprofessional practices.

Introduction

Nigerian is the most populous black nation in the world and one of the fastest growing nations
in the African continent in particular and the world in general. The demand for potable water
is quite high in response to increase in human population (Amadi et al., 2017). To bridge the
gap in water supply and demand, it is crucial that wells/boreholes are delivered in a cost
effective manner. Cost effectiveness does not necessarily mean cheaper boreholes but rather
optimum value derived over long term compared to money invested. This should result in
boreholes continuing to function through their designed lifespan of 20 to 50 years (Olabode
and Bamgboye, 2013).
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There is an increase in the numerical strength of hydrogeologist, geophysicist and water
scientist and engineers within the country as more than 20 institutions of higher learning turn
out graduates in their hundreds every year. The hydrogeological sector of Nigerian has
witnessed the influx of foreign water borehole drilling companies, a development which
ordinarily should be a plus to the hydrogeologists, but instead, what is obtained leaves one in
doubt. On the contrary, majority of these foreign companies do not contribute significantly to
the hydrogeology profession in Nigeria. The aggregate drilling companies coming into the
country ideally should be a major source of revenue for the country through the Ministry of
Water Resources via the National Water Resources Institute (NWRI), Standard Organisation
of Nigeria (SON), Council of Nigerian Mining Engineers and Geoscientists (COMEG) and

other relevant government agencies.

One of the fundamental benefits of foreign investment should be technology transfer
(Lukeman, 2015). It is sad to say, while we have qualified professionals and well trained
graduates in search of job opportunities, these foreign hydrogeology related companies have
deliberately refuse to employ Nigerian geologist and hydrogeologists except as casual staffs
(Plate 1). An average of 20 personnel is what an average water drilling company is supposed to
engage. These employees consist of professionals, administrative staff, drivers, security and
cooks among others. Against this, the existing foreign drilling companies which are now
numbering up to 150 have deliberately refused to engage indigenous professionals, you can
now imagine the number of graduate that should have been employed. Instead, these foreign
companies under the pretence of visitation, tourism visas or work permits bring in their
nationals to take up relevant positions at the expense of Nigerian professional hydrogeologists
(Lukeman, 2015). Most times on the expiration of their visa duration they are returned back to
their country only to be replaced by a new set of their nationals. Permit me to say is that the
salaries of these nationals working in Nigeria are been paid to their families back in their home
countries, living them with little or no money to put back into the Nigerian economy from

where the money is been generated.
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Plate 1. Drilling Operations by Artisans

One wonders why this kind of dubious, callous and malicious practice by these foreign
companies has remained unchecked by the agencies of government responsible for the
correction of such anomalies. Despite the huge income these foreign companies make from
water borehole drilling in Nigeria, little or nothing is put back into the economy by them. As a
matter of fact, most of the materials the used are imported from their country of origin even

when we have them available in our country.

This makes one conclude that there exist a high level of contemptuous disregard for Nigerian
laws by these foreign hydrogeological companies and also the relevant law enforcement
authorities within the country are not leaving up to their responsibilities in penalizing such

illegal act.

Recently investigation reveals that averages of 5 boreholes are drilled daily in many states of
the country underlain by Basement Complex. For the past four years borehole drilling rigs with
the capacity of drilling up to 300m depth in Basement Terrains have found their way and some
are still finding their way into the country in their numbers. This is coupled with the fact that
few indigenous water borehole drilling rigs available cannot attain reasonable drill depth
recommended by professionals most times in the basement areas. This has given room to the

influx of foreign drilling rigs invading the country.

The expatriate quota administration which should have taking care of the expatriate quota
position and monitoring of expatriate quota to be jointly carried out by the Interior Ministry
and the Nigerian Immigration Service has not been effective in the hydrogeologic sector. The

local content initiative make room for indigenous professionals; that for every expatriate
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position, there must be at least two Nigerian with relevant basic academic qualification
understudying the position held by the expatriate (Lukeman, 2015).

Aim

The aim of this study is to unravel the unchecked, unprofessional, deliberate manipulative and
explosive activities of the multinational water borehole drilling companies as it affect the
hydrogeology profession in Nigeria.

Code of Conduct and Ethics

Professionally the activities of these drilling companies is worrisome, considering the fact that
professional ethics to be considered before, during and after borehole development are often
deliberately been ignored. The Nigeria Code of Practice for Water Well Construction (Nigerian
Industrial Standard NCP 027:2010) approved by the governing council of SON clearly spells
out best practices for drilling sustainable boreholes. According to unofficial report none of
these current multinationals companies in the country are in compliance with this code and

little or nothing is been done to correct the wrong.
Pre-drilling Geophysical Investigation

Pre-drilling geophysical investigation is a prerequisite to drilling activities. It enables one to
locate a feasible point(s) for groundwater exploitation. The formation type, aquifer type and
drill depth are some of the inferred products of geophysical investigation. In Nigerian most
often the electrical resistivity method is mostly used for groundwater investigation, employing

simple arrays of Wenner or Schlumberger.

The case is not the same with most of the multinationals carrying out drilling activity in Nigeria.
In difficult terrains they just prefer drilling alone without involving themselves in pre-drilling
geophysical investigation, so as not to take any responsibilities for abortive boreholes. In areas
were groundwater are easily accessible at proximate depth they unprofessionally used the
‘water witching” method, using brass or copper lines (Plate II). This unconventional and
deceptive kind of survey has no scientific base as the principle behind the survey cannot be
defined. No data is generated during the survey; therefore reference cannot be made to any of

such manipulative practice, courtesy of the multinational water drilling companies.
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Plate I1. ‘Water witching’
Borehole Drilling

The major functional area of these multinational companies is the drilling aspect which most
of them refer to as ‘punching’, this is due to their possession of modern rigs with mounted

compressor which have the capacity of drilling up to 300m in the basement terrain (Plate I11).

Most of the foreign drillers are not licensed by the NWRI as specified by the code of conduct,
and to the best of our knowledge no penalties has been visibly melted on any of the companies
in accordance with provision related to breach of grant of license under rules made pursuant to
the code of practice. The requirements for water well drilling as specified by the code of
practice is not even known by these multinationals, such as the siting distance requirement as
specified in the code and shown in Table 1. The most frequently problem associated with the
current multinationals are drilling without well design, record keeping, sample logging and

proper development.

SPSBIC2019 248 |Page



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Plate 111. Borehole Drilling Rig

Table 1. Minimum Sitting Distance Requirements for Standard Well Construction
(Nigerian Industrial Standard, 2010)

Separation of Well from Minimum Separation

Distance (m)

Water Supply boreholes 50
Hand dug water wells 20
Septic drain field 35
Septic tank 20
Drain field of system with more than 10,000L/day of sewage inflow 100
Permanent building or structure 3

Livestock pen 75
Streams, canals, irrigation ditches or laterals, and other permanent, 20

temporary, or intermittent body of water
Approved solid waste dump including burial ground 1000
Coastlines 1000

Well Design and Well Development

Well development as defined in the code of practice for water well construction is “the act of

bailing, jetting, pumping or surging water in well to remove drilling fluids, fines, and
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suspended materials from within the well screen, gravel pack, and aquifer to establish the

optimal hydraulic connection between the well and the aquifer” (Figure 1).

The current practice of the multinational drillers does not put into practice this well
development code as stated above. The only practice visible in site from these drillers is
blowing or air lifting with air compressor which in most cases hardly exceeds 20 minutes, not
minding weather the hole is clean or not they pull out their equipment unchallenged and
proceed to continue in another site. Grouting of well is not been practiced by these drillers not
to talk of approved grouting materials. Pumping test of no kind is performed after drilling
because hydrogeologists and water engineers are not often involved in the development
processes.

Earth surface

Grout (cement)

Gravel packing

& Blind casing
Unplastized Polyvinyl Chloride)

o Screened casing
8% (Unplastized Polyvinyl Chloride)

Sump

Figure 1. Well Design for Basement Complex Terrain

Gravel Pack Design

The major reason behind water well gravel packing is to ensure that optimal efficiency of water
well completed in any aquifer is reached. Under section 5.8.1 of the code of practice for water
well construction, it is stated that “the gravel used in gravel-packed wells shall come from clean
sources and shall be thoroughly sieved, washed and disinfected before being placed in the well.

Under no circumstances shall crushed rock and/or laterite be used as gravel pack material”.
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The above is not in view with the current type of foreign drillers that we have in the country.
Crushed rocks are not only been used by these set of driller but weathered crushed rocks and
sometimes the cuttings from the drilled holes are being pushed back into the annulus as grave

pack materials.

With the inappropriate use of crushed rock without known average specific gravity and
uniformity coefficient, disinfection of the gravel with a free chlorine residual of at least 50ppm
as specified in the code of practice is not being carried out by these companies (plates 1V and
V).

It is noteworthy that many younger hydrogeologists are asking many pertinent questions that

have remained unanswered. Where do we go from here?

Plate IV. Granite Chippings for gravel packing. Plate V. Inappropriate Gravel packing of a

borehole

Professional Bodies

The drilling business is not unconnected with the activities of government and non-
governmental professional bodies and institution such as Council of Nigerian Mining
Engineers and Geoscientist (COMEG), National Water Resources Institute (NWRI), Nigerian
Association of Hydrogeologist (NAH) and Nigerian Association of Hydrological Sciences

(NAHS) among others. All these associations and agencies of government are responsible to
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the public in discharge of their professional duties, for instance rule 6 of COMEG clearly state
the responsibility of the function of its members to the public;

The inadequacy and short coming of our professional bodies to defend and protect our
professional practice has given rise to unprofessionals (quacks) to dominate and to an extent

Council of Nigerian Mining Engineers and Geoscientists (COMEG)
Rule 6: Responsibility to the public

6.1 In discharging his/her responsibility to his/her employer and to the profession, a member
shall have full regard to and protect the public interest as much as possible.

6.2 A member shall maintain dignity and interest in the welfare of the community and shall
endeavour to assist the public to arrive at a correct general understanding of the technical phases
of issues of public interest related to his/her discipline. He/she shall discourage and challenge
every untrue, unfair and exaggerated statement on technical subjects especially when such
statement leads to uneconomic public enterprise.

6.3 A member shall promote public appreciation of the profession through advancing the state
of knowledge in his/her own efforts and by his/her encouragement of sound technical training

control the drilling business in Nigeria (Olasehinde and Amadi, 2009). Unions and associations
such as; The Borehole Drillers Association of Nigeria (BODAN) and Association of Water
Well Drilling, Rig Owners and Practitioners (AWDROP) have unapologetically taken up the
responsibility of the professional bodies. Sad to say is that some so called professionals have

comfortably aligned them self’s with this unions.
Conclusion and Recommendations

The multinational water borehole drilling companies are currently in our country in their
numbers. They have continued to carry out their drilling activities without supervision from
any quota. Our young geologist, hydrogeologist, geophysicist and water engineers have
remained unemployed. Little is done on groundwater development by government and non-

governmental organisations saddled with the responsibility.

It is high time the Nigerian Association of Hydrogeologists and other agencies of government
saddled with the responsibility of water resources in Nigerian wake up and hear the cry of
younger hydrogeologists and water engineers watching the deterioration of the highly exalted

profession before their own eyes is unacceptable by the young geoscientist.
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Abstract

Over the years, the rainfall trend couples with urbanization as a result of increase in
population have been going on in the study area. The increasing population and demand for
land is threatening the existence of vegetal cover which demands effective measurement and
understanding of the health dynamics of vegetal cover in the study area. The study analyses
trend dynamics of rainfall on Vegetation pattern over Mokwa Local Government Area. Gridded
satellite daily rainfall data for the periods of 1987-2017 and data from remote sensing images
for 1987, 2002 and 2017 were extracted and used. The satellite image was used for Land Use
Land Cover (LULC) change and Normalized Difference Vegetation Index (NDVI) analysis,
while gridded satellite data was used for Standardized Precipitation Index (SPI) and simple
linear regression was used to depict correlation in rainfall and vegetation. Findings revealed
that the year 1994 had the highest positive value of SPI (1.62) and lowest value in 2000 (-
2.75), four years were observed to be above normal wetness with five years below normal
dryness. The NDVI value was observed to be between 0.81 and -1 in 1987 but decreased to
between 0.405 and -0.12 in 2017. The results of LULC change show a decrease of 15.5% in
vegetation cover from 1987 to 2017 with an increase of 15.42% in non vegetation areas and
0.13% increase was observed in the water body during the study period. The linear regression
of R?=0.743 indicated a positive relationship between rainfall and vegetation cover. It was
concluded that the spatial trend in rainfall are not spatially distributed along longitudinal or
latitudinal directions. However vegetation cover was found to be decreasing throughout the
study period. The study recommends further investigation on urbanization and agricultural
activities responsible for vegetation dynamics in the study area.

Keywords: Dynamics, Land Use, Rainfall, Trend, Vegetation

1. Introduction

Over the years, the rainfall trend coupled with urbanization as a result of increase in population
has been going on in the study area. The increasing population and demand for land is
threatening the existence of vegetal cover which demands effective measurement and
understanding of the health dynamics of vegetal cover across the country. In recent times, the
dynamics of Land use Land cover and particularly settlement expansion in the study area
requires a powerful and sophisticated system such as remote sensing and geographic
information system (GIS), which provides a general coverage of large areas analysis. The study
aimed at analysis of trend in rainfall and Vegetation dynamics over Mokwa Local Government
Area (LGA). Land cover pattern of a place is an outcome of natural and socioeconomic factors
and their utilization by man in time and space. Studies have shown that there remain only few

landscapes on the earth that is still in their natural state. Man’s activities on earth have had a
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deep effect on the natural environment thus resulting into a non observable pattern in the land
use land cover over time. Investigating the state or the amount of vegetation is one of the
paramount objectives in the field of land surface related remote sensing applications.

The availability of frequent data that are internally consistent over a sufficient period and
provide information on the spatial complexity as well as on the temporal dynamics of
vegetation is prerequisite for successful monitoring of vegetation cover (Seiler, 2010). Remote
sensing of the vegetation condition is based on the fact that healthy plants have more
chlorophyll and therefore absorbs more Visible (VIS) radiation and reflects more Near-

InfraRed (NIR) radiation (Rimkus, et al., 2017). High spatial and temporal rainfall trends have
been a big problem in monitoring agricultural phenomenon over Africa, because any excessive
or deficit of rainfall amount may result to change in vegetation and or failure. It is necessary to
emphasize that the vegetation (and hence Normalized Difference Vegetation Index (NDVI)
values) response to the meteorological conditions in a given year depends on the geographical
region and environmental factors such as vegetation type, soil type and land use (Usman et al.,
2013). Poor land utilization practices, especially in subsistence farming and nomadic pastoral
economies in the majority of the African countries have accelerated the loss of natural
vegetation and exacerbated the problem of climate change (Bamba, 2015).

Historical baselines of forest cover are needed to understand the causes and consequences of
recent changes and to assess the effectiveness of land-use policies (Kim et al., 2014). There are
now more concerns about vegetation changes and its attendant consequences on the
environment. It is evident that the Nigerian natural vegetation if not conserved and sustainably
managed will lose its natural state (Fashae, et al., 2017). There is therefore an urgent need to
create awareness about the consequences of these changes and bring a halt to the trend. Also
increase in population has resulted in increase in consumption of wood for domestic purposes
aggravate the environmental degradation and land use change. Bush burning and uncontrolled
grazing are carried out elsewhere in the study area thereby contributing immensely to the
vegetation dynamics.

Many methods and in particular various vegetation indexes have been introduced to quantify
certain vegetation parameters. However, all of them take into account that vivid green
vegetation shows a specific reflection signal in the red and near infrared part of the
electromagnetic spectrum (Seiler, 2010). Therefore, in most cases NDV1 values are complexly
analyzed with meteorological and agro-meteorological drought indicators such as the
Standardized Precipitation Index (Gebrehiwot et al., 2011; Gaikwad and Bhosale, 2014; Stagge

et al., 2015). For the analysis of LULC change supervised classification developed spectral
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signatures of known categories and each pixel allocated to the cover type to which it is most
popular. Image classification methods are many, but there is no single “best” method to image
classification. However the choice depends on available algorithms within the image-
processing software (Horning et al., 2010).Supervised classifications using Maximum
Likelihood Classifier (MLC) was used because of its popularity, simplicity and above all its
proven high degree of accuracy. The classified land use and land cover maps may contain some
sort of errors because of several factors, from classification technique to the method of satellite
data capture. This study analyses trend dynamics of rainfall on vegetation pattern over Mokwa
LGA of Niger State, Nigeria.

2.0 Study Area

Mokwa Local Government Area (LGA) in Niger state, is located between Longitude 4°45°00”
to 5° 45’05’ East and Latitude 8°45” 00’ to 9° 40’ 00”North and covers a total land area of
4,338km?. The population by 2006 national population census is 242,858 with a projected
population of 341,200 by 2016 (National Population Commission of Nigeria) (Figure
1).Meteorological research confirms that Rainfall is highly seasonal and controlled by the
irregular movement of the Inter-Tropical Discontinuity (ITD). Onset is usually by April/May
and cessation in October with an average record of 200 days of rainy days for year with an
average mean annual rainfall of 1,300mm (Adefolalu, 1986). However the temperature rarely
falls below 20°C. The wet season average temperature is about 20°C. The peak is 38°C in
February to March and 35°C in November to December while the mean relative humidity is
33-83%.The vegetation of the study area falls within the vegetation zone of Guinea Savanna
which is a major vegetation zone across Niger state. It consists of wood land and light forest.
The common tree found in this zone are; Sheabutter, Neou oil, African locus bean or Niffa,
Axle-wood and thinning’s piliostigma tree. Agriculture is the main economic activity of the

people in the study area.
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MNokwa LGA

Figure 1 The Study Area (Mokwa Local Government Area, Niger State).
Source: Niger State Geographic Information System (NIGIS)

3. Materials and Methods
3.1  Data Acquisition
The research used daily satellite grid rainfall estimates data and satellite imagery. The data

were source from www.globalweather.tamu.edu. The datasets has a spatial resolution of 0.25°

consisting of three (3) hourly/daily rainfall estimates from 1979 to 2017. LandSat-5 image
Thematic Mapper (TM) for 1987, LandSat 7 Enhance Thematic Mapper Plus (ETM™) for 2002,
and LandSat 8 Operational Land Imager (OLI) 2017 all with 30m Resolution, sourced from
United State Government via www.usgs.gov were used.

3.2  Methodology

The annual mean rainfall amount for the entire study area data record (1987-2017) were
computed and analyzed. The annual rainfall values were computed for each data point from the

daily rainfall amount using equations 1.

AR= Y24 R (1)
Where, AR is the annual rainfall amount at each data point.

R is the daily rainfall amount at each data point,

d is the number of days, and

I is the months of the year.

n is the total number of years.
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SPI is a normalized index representing the probability of occurrence of an observed rainfall
amount when compared with the rainfall climatology at a certain geographical location over a

long — term reference period.

The Standardized Precipitation Index (SPI) is expressed in the form ? 2

Where o is the standard deviation

X is annual rainfall for a given period.

X is annual mean rainfall for a given period

Negative SPI value represent rainfall deficit (dryness), while positive SPI values indicates
rainfall surplus (wetness). The SPI values ranges from -2.00 to 2.00 representing extremely dry
and extremely wet respectively. From the mean annual rainfall values from 1987 — 2017, the
average rainfall for the study area were computed. For the mapping of spatial pattern of trends
from point data, Inverse Distance Weight (IDW) was the interpolation method adopted to
monitor the distribution of rainfall which was acquired from nine rainfall data points within the
study area. The analysis was done using ArcGIS 10.3 analysis tool. NDVI was calculated as

the difference between reflectance in Near Infrared and Visible radiation.

_ (NIR-VIS)
NDVI = (NIR+VIS) (3)

Where NIR is Near Infrared (fourth band of landSat images) and

VIS is Visible band (third band).

The final NDVI products were depicted in the geographic grid with equal latitude and longitude
intervals. The NDVI values ranges from -1 to +1. The negative index value can be recorded
over the clear water bodies while values are close to 0 over the land without vegetation. The
index value equal to 1 indicates perfect growing vegetation conditions. Rainfall and vegetation
value were analyzed by the use of simple linear regression. To Examine the LULC Changes
over the Study Area from 1987 — 2017 the images were subjected to the following procedures
Image analysis involves Information extraction from satellite imagery which is preceded by
Image Pre-Processing steps such as image registration, radiometric correction, image
enhancement and display (Rodriguez-Galiano, et al., 2012). Image registration is meant to
correct image displacement, while radiometric correction is meant to adjust the radiation values
to the standard values. Failure to observe them or observance with imprecision may render
change detection meaningless.

Image Classification Three land cover types were analysed for this research as adopted by

Agboret al., 2012 (Table 1). Supervised classifications using Maximum Likelihood Classifier
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(MLC) were used because of its popularity, simplicity and above all its proven high degree of
accuracy.

Table 1 Land Use and Land Cover Classification

S/M0O Land Cover Type Description of the Land Cower Types

1 Vegetation All Agricultural lands, forest, grasslands, trees, shmb land,
natural and semi- natural vegetations

]

Non Vegetation All residential, commercial and mndustnal areas, roads,
Settlement and infrastructures

3 water Body Rivers, streams, dams, lakes and ponds

Source: Ahmad (2018)

Accuracy assessments produce information that describes reality on the study area.
References (sample) were identified from Google Earth and using a different training site. This
were done using Kappa coefficient (k). The kappa coefficient is a measure that considers
significantly unequal sample sizes and likely probability of expected values for each class.

Mathematically the equation is express in equation 4

K:d;q 4
N-q

Where d = total number of cases in diagonal cells of the error matrix,
N = total number of samples.
In order to assess the impact of rainfall trend on vegetation dynamics, the NDV1 and SPI values
were statistically analysed through the use of simple linear regression to know the level of
impacts if there is any in the study areas. The linear regression equation is express in equation
S as:
Y =a+bx 5
Where Y is the dependent variable;  x is the independent variable

b is the slope of the line; a is the y intercept
4.0  Results and Discussion
4.1 Results of SPI values for the study area.
The computation of Standardized Precipitation Index for the study area (Figure 2) revealed an
increase in rainfall from 1987 to 1996. The year 1994 had the highest positive value of SPI
(1.62), while lowest value was in year 2000 (- 2.75), four years (1988, 1989, 1994 and 1995)
were observed to be above normal wetness with five years (1999, 2000, 2001, 2011 and 2012)
below normal dryness. The temporal trend in rainfall for the study area indicates that the first

decade of the study period witness normal wetness of positive SPI value. While the second and
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third decade witness an alternate positive and negative SPI value meaning that some years were

wet while others were dry.
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Figure 2 SPI values over the study area

Source: Ahmad (2018)

4.2 The results of spatial trends in mean rainfall from 1987 — 2017 in the study area.

The maps of spatial trend (Figure 3) indicates that the mean annual rainfall from 1987 — 2002
(a) indicates a value of 1500.16mm as the highest occurring in the north — eastern part with the
lowest value of 1108.02mm in the north — western parts of the LGA; 2002 — 2017 (b) shows a
value of 1275.15mm as the highest occurring in the south — eastern part with the lowest value
of 769.08mm in the north — western part of the LGA and 1987 — 2017 (c) revealed a value of
1390.49mm as the highest occurring in the south — eastern part with the lowest value of
946.007mm in the north — western part of the LGA. The spatial trends in annual mean rainfall
from 1987-2017 shows a wider range of trend of about 444.483mm. This wider range of trend
contributes to the fact that some parts of the LGA may witness wetness while other parts may
be witnessing dryness. This trend may be attributed to the large area coverage of the LGA. The
spatial trend in rainfall may not be attributed to the longitudinal or latitudinal variation as some
area of the same longitude and latitude has different amount of mean rainfall. This signals that
there may be other factors like temperature variation contributing to increase in rainfall in such
areas. Urbanization and deforestation are visibly taking place in the study area as a result of

increase in population as confirm by LULC change analysis.
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Figure 3 The spatial trends in mean rainfall from 1987 — 2017 in the study area.

Source: Ahmad (2018)

4.3 Results of NDVI analysis in the study area

The NDVI analysis (Figure 4) indicates a value between 0.81 and -1 in 1987 (a). In 2002 (b)
the NDVI value was observed to be between 0.52 and -1. It further decreases to between 0.405

and -0.12 in 2017 (c).

a) (NDVI 1587) b) (NDVI 2002) <) (NDVI 2017)

Figure 4 NDVI analyses in the study area

Source: Ahmad (2018)

NDVI values in the analyzed area were determined by the amount of rainfall and other factors
such as urbanization, population increase and agricultural activities. On average, the active
rainy season in the study area lasts from the end of April or beginning of May until the middle
or end of October. The spatial pattern of the NDVI trend is closely related to the spatial trend
of rainfall. The NDVI1 analysis indicates that a high value of NDVI 0.8 in 1987 was drastically
decreased to 0.4 in 2017. This high rate of decrease in vegetation cover may not be unconnected
to the fact that since late 1990°s rapid urbanization as a result of population increase have been

going on in the area. The population increase also resulted to mass deforestation in the area as
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people compete for fire wood for both domestic and commercial purposes. The rate of
deforestation in the LGA took a different dimension in late 2000 as some group of individuals
settled around Mokwa — Bokani axis of the local government. These groups of people source
their income from fire wood sales in commercial quantity most at time load of trailer for onward
movement to other parts of the country. The wide use of charcoal from early 2000 to date has
also contributed a lot in time of decrease in vegetation cover. Although government has put in
place some agencies to control the trend, however their active control of tree falling has not
yielded any positive result.

4.4 The LULC Changes in the study area for 1987, 2002 and 2017

From the various spatial temporal analysis of categorical LULC of the LGA it is obvious that
the land use has been changing in size noticeably over the years.

The result of LULC in Table 2 shows a decrease in vegetation cover from 2999.43KM?
(69.12%) in 1987 to 2615.81KM? (60.30%) in 2002 (Figure 5). As the vegetation cover
decreases, the non vegetation areas continue to increase from 1008.42KM? (23.20%) in 1987
to 1344.78KM? (31.00%) in 2002, while Water body was observed to have increase from
330.55KM? (7.62%) in 1987 to 376.10KM? (8.67%) in 2002. The vegetation cover further
decreases to 2326.03KM? (53.62%) in 2017, while the non vegetation areas further increased
to 1675.33KM? (38.62%), however, the water body was observed to have decreases to
336.19KM?(7.75%) in 2017. This high percentage of vegetation cover is in agreement with the
work of Suleiman, et al. (2014), Agbor et al. (2012) and Mansur et al. (2017) who reported

high rate of vegetation cover in most parts of guinea savanna of Nigeria in 1980ce.

1987LULC 2002LULC 2017LULC

Figure 5 LULC Change analysis in the study area
Source: Ahmad (2018)
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Table 2 Summary Statistics of LULC Distribution of Mokwa (1987, 2002 and 2017)

(Classification
Type 1087

AreaCoverin (EME)

2002 2017 Change
(o) (KM) (o) (BM) (o) (KM (%)

Vegetation 2000 43
Non Vegetation  1008.42

Water Body 330.55
Total 4338

69.12 261781 603 232603 3362 67230 155
2326 134478 31 167633 3862 66892 -1542

16 3761 867 33619 775 564 -0.13
100 4338 100 4338 100 1347

Source: Ahmad (2018)

A decrease of 15.5% was recorded in vegetation class from 1987 to 2017. However increase

of 15.42% in non vegetation areas was observed from 1987 to 2017. While 0.13% increase was

observed in the water body.

Accuracy assessment of the classified Images of 1987, 2002 and 2017 in the Study Area
The overall accuracies of the classified images (1987, 2002 and 2017) were 77%, 78% and
80% with Kappa coefficient of 0.712, 0.738, and 0.760 respectively.

recooo reoooo - oo o

Figure 6 Accuracy assessments of the classified images

Source: Ahmad (2018)

4.5 Results of Linear Regression for the study area.

SPSBIC2019
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The linear regression analysis (Figure 7) revealed a value of R? = 0.743 which indicates a
positive relationship between rainfall and vegetation dynamics which is in agreement with the
work of Bamba, (2015) who found linear correlation between rainfall and NDV1 to be high in
large areas of the savannah region mainly it achieve 0.8 over Ghana and Nigeria. The high
values are mainly observed in region where the annual rainfall is around 1000 mm. So the

vegetation growing depends directly on rainfall.

0.8
y = 0.7663x + 0.0381
0.6 R*=0.7434
E 04
0.2
O T T T T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
NDVI

Figure 7 Linear Regressions for the study area.
Source: Ahmad (2018)

5. Conclusion and Recommendations

The study was able to analyze rainfall trend and vegetation dynamics in Mokwa LGA and
observe that there has been different pattern for the entire study period. There was a decrease
in rainfall in the second half of the study period and a decrease in (NDVI) for that region
concurrent with rainfall decrease. The map of spatial trend in rainfall revealed that rainfall over
the study area is not spatially distributed. The temporal trend in rainfall shows a positive trend
in the first decade of the study period and was characterized by alternation of positive and
negative trends in the last two decades of the study period. The NDVI analysis indicates that
the vegetation cover over the study area has continued to decrease throughout the study period.
Positive linear relationships were observed between rainfall and vegetation dynamics in the
study area.

The study recommends further investigation on other factors such as urbanization, population
increase and agricultural activities as rainfall alone cannot be responsible for vegetation
dynamics in the study area.

The State Ministries of Environment and Agriculture with other relevant agencies should

advocate for afforestation practice in the study area so as to reclaim the lost forest.
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Urban expansion due to population increase should be checked through re-planning of town so
as to fill the undeveloped areas within the town.
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Abstract

In this work, agro-climatic factors were used in the selection of suitable sites for sugarcane
production in the southern parts of Adamawa state of Nigeria. Eleven local government areas
were covered with total area of about 20,739.30 Km.? Data on rainfall, temperature, relative
humidity, sunlight, soil, relief and drainage were transformed into spatial datasets and
integrated in the process of Weighted Sum overlay in ArcGIS 10.2 and in line with the FAO
guidelines on suitability analysis for the sites selection. Following the analysis and integration
of the agro-climatic factors used, four degrees of suitability were arrived at, which are, Most
suitable, Moderated suitable, Marginally suitable and Not suitable sites for sugarcane
production. The final results revealed that, Most suitable sites for sugarcane production in the
study area cover total area of about 880.93 Km? (that is 4.25% of the study area), Moderately
suitable sites cover about 11,808.08 Km? (56.94%), Marginally suitable sites cover about
5,927.10 Km? (28.58%) and sites that are Not suitable cover about 2,123.19 Km? (10.23%).
Therefore, sites that are considered good for sugarcane production in the study area (that is
Most suitable and Moderately suitable degree of suitability combined) cover about 12,689.01
Km?. This is about 61% of the total area of study. These sites are vast enough to support
production of sugarcane in a quantity that can boost the economy of Adamawa state and the
country at large. It is therefore, advised that, the state government as well as all the stakeholders
in the business of sugarcane production, should key into this finding with the aim at promoting
sugarcane production in the state. The business should be encouraged, by making the
environment conducive for both foreign and local investor in sugar production. Experts in the
business of sugarcane should be partnered to devise ways of booting the production of
sugarcane in the state and that will strengthen the already weak economy base of the state.

Keywords: agro-climatic, site suitability, sugarcane, suitability analysis, spatial data
Introduction

For maximum crop production, especially commercially inclined ones, the knowledge of areas
that will be good for the cultivation of the crop in questions is paramount. Sugarcane and any
other crop, yield best on a certain climatic environment. Srivastava & Rai (2012) agrees with
that, as noted in their words: climate plays an important role in all the phases of sugarcane crop
(and of course any other crop). They stressed further that, sugarcane stands in the field for 12-
24 months, therefore it passes through all possible limits of weather parameters such as rainfall,
temperature, sunshine, and humidity. Consequently, all climatic parameters have significant
role in the crop’s growth, yield, quality and of course juice content.

The major source of income in Adamawa state is the monthly federal allocation and that is not
the best for the state’s economy. The state is blessed with vast arable lands that could be used
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for agriculture (Federal Republic of Nigeria, 2017). The federal allocation must not blind us
from seeing some other potential source of revenue, such as agriculture. Therefore, Adamawa
state needs to look into this sector with the aim at augmenting her economic base for the good
of the citizens of the state and the country at large. Consequently, in this work, is an effort
made in the area of agriculture, to encourage the government and the farmers in the state to
invest in the cultivation of sugarcane so as to diversify the state’s source of income. The
researchers are positive that, by studying the agro-climatic factors and to use them in selecting
sites suitability for sugarcane growth in the study area, one of the most important steps would
have been taken.

In this study, two objectives were pursued to come up with sites selection for sugarcane
production in the southern parts of the Adamawa state. These are: to analysed the major agro-
climatic parameters that influence the optimum growth of the sugarcane crop and to come up
with a comprehensive sites selection for sugarcane cultivation in the study area.

1. Literature Review

Srivastava & Rai (2012) stated that, sugarcane is a taxa represented by stout, jointed, fibrous
stalk of 2-6 m with sugar is a tall perennial grass of the genus Saccharum of family Poaceae.
Sugarcane is a perennial crop with determinate growth habit; its yield is located in the stem as
sucrose and the yield formation period is about two-thirds to three quarters of its cultivated life
span (Vooren, 2008). There are six species that are included in the classification of sugarcane.
Among the species known are officinarum, spontaneum, barberi, sinense, edule and robustum.
These species survive in both tropical and sub-tropical regions (Tarimo & Takamura, 1998).
According to Letstalkagric (2017), sugarcane is used as a sweetener in beverages and various
foods. It is also used in making confectionaries, example bread, cakes and biscuits. In the
production of alcohol example ethanol, sugarcane is useful too. The by-productions of the
processing are used in the following ways: cane residue (bagasse) can be used as fuel, manure
or fodder.

The concept, “land (site) suitability” is a measure of how well the qualities of a land unit match
the requirements of a particular form of land use (FAO, 1976). Land use evaluation is a
procedure that involves a lot of information which is distinguished by its geographical and
multivariate character (Daniel et al., n.d.). ). Land use suitability assessment provides important
reference for planning, planning management, planning implementation and planning
evaluation (Lingjun & Yan, 2008). Methodology

3.1 Preamble

Both climatic and physical parameters were integrated to achieve the aim of this study. The
climatic parameters used were rainfall, temperature, sunlight and relative humidity. However,
physical parameters include the soil types, relieve and drainage. These were used based on the
fact that, they are the major parameters that have great influence in the growth of the crop.
These parameters were converted to spatial datasets in Geographic Information System (GIS)
environment and were integrated to select sites that are good for the growth of sugarcane. In
the end, quantitative agro-climatic map of the study area showing spatial distribution of the
degrees of site suitability for sugarcane production were produced.

Study Area
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Adamawa state is one of the states in north eastern Nigeria with its capital Yola. It is one of the
largest states in the country and occupies about 36,917 square Kilometres. It is located between
latitudes 7°N and 11°N and longitudes 11°E and 14°E. The state has common boundaries with
Taraba state in the south-west, Gombe state in the north-west and in the north with Borno state.
In the eastern part, the state shares an international boundary with the Republic of Cameroon
(Adebayo & Tukur, 1999). However, the study area, that is the southern parts of the Adamawa
state consists of only eleven (11) Local Government Areas and lies between latitude 7°N and
10°N (Field work, 2019).

According to Adebayo & Tukur (1999), Adamawa state is characterised with varied rainfall
ranging from 700mm in the north-western part to 1600mm in the southern part. By and large,
the mean annual rainfall is less than 1000mm in the central part of the state. This region
includes, Song, Gombi, Shelleng, Guyuk, Numan, Demsa, Yola and part of Fufore Local
Government Areas (LGAs). Northern strip and southern part have over 1000mm in the other
hand. This variation of the annual rainfall amount is as the result of the altitudes of the stations.

The major vegetation formation of the state is divided into three zones: The Southern Guinea
Savannah, the Northern Guinea Savannah and the Sudan Savannah. However, each formation
is characterised by interspersion of thickets trees Savannah, open grass Savannah and fringing
forest in the river valleys (Adebayo & Tukur, 1999).

Data Source and Analysis

The dataset used for the study are grouped in two; as pointed earlier: the climatic data and
physical data. Climatic data used include: Rainfall, Temperature, Sunlight, and Relative
Humidity (RH); while physical data are soil, Relief and Drainage. Therefore, their source
varied. Data on rainfall, temperature, sunlight and RH were obtained from Global Weather
Data for SWAT (GWDS) and NASA Prediction of Worldwide Energy Resources (POWER).
The data from GWDS were from 1979 to 2014 (35 years). NASA POWER data also covered
a period of 35 years, which is from 1982 to 2017. All the climatic data were in numeric forms
which were later processed into spatial datasets for this work. Dataset on soil type were
obtained from Global Soil Survey and NRCS (Natural Resources Conservation Service) map
of 2005 from United State Department of Agriculture (USDA). For the Relief of the study area,
http://data.biogeo.ucdavis.edu/data/diva/ alt/NGA_AIlt.zip was the source used to obtain the
related data. Drainage dataset was extracted from Google.com.ng/maps. These data were in
JPEG formats and imagery and added (imported) in the Arc Map environment where they were
geo-referenced and captured for used in the study.
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Source: MNap and Research, 2017

Preparation and Creation of Criteria Maps

The four climatic data used in this work, were analysed in the Microsoft Excel to produce
tabular datasets for use in the Arc Map (ArcGIS 10.2) environment. Averages for each point
(coordinate) in the study area captured for the period of 35 years were computed. Subsequently,
the tables were added in the Arc Map environment, where the Display XY Data command, was
used to display the values computed for all the points. These points and their values for each
dataset were displayed across the study area automatically. In order to produce a spatial
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representation of the datasets over the study area, interpolated command were used on each of
the climatological dataset. Therefore, on each dataset, a map was produced showing various
units depending on the range of values computed and they served as criteria used for further
analysis. The other three physical data (soil, relief and drainage) which were in form of
thematic maps for soil and drainage, and imagery for relief were geo-referenced following their
retrieval from the sources stated early to come up with compatible datasets for used in ArcGIS
environment. In the end, seven (7) datasets were produced for this study (figures 2-8).

3.5 Reclassification of Datasets
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The climatic datasets having been produced through the process of interpolation in Arc Map
environment are automatically in form of raster map and can be used directly for further
analysis. However, the physical data needed to be converted into raster maps by digitising
them. Therefore, various units on the physical datasets (maps) were digitised as polygons. In
the Arc Map10.2 environment, each unit digitised, a value is assigned on the attribute table for
each dataset. For instance, the various temperature regions have their attribute tables produced
and each region’s value recorded against it on the table.
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All the datasets were further reclassified for integration in the weighted sum overlay process.
On each dataset’s attribute table, areas that meet the required condition for sugarcane
cultivation were reassigned value 1, while areas that do not were given 0. The reclassification
process was guided by the requirements in table 1. The datasets which were initially having
various units shown by different colours (figures 2-8) now were changed to two (2) units, that
is areas that are suitable and areas that are not suitable for sugarcane cultivation in the study
area. These two units were depicted with green colour for areas that are suitable and red colour
for areas that are not suitable (figures 9-15). It was this analysed agro-climatic parameters
(reclassified datasets), that were integrated to come up with the final result (figures 16 and 17).

=

Figure 9 Raclassifisd Figure 10 Reclassified Figure 11 Reclassifiad
Rainfall Temperature Sunlight

Figure 12_ Reclassified

Relative Humidity Figore 13 Reclassified Soil  Figure 14 Reclassified

Relief

Figare 15 Reclassified
Drainags

Table 1: Conditions for Agro-Climatic Site Selection for Sugarcane Production in the

Study Area
Serial Criterion Ideal Condition for Source
Number Sugarcane Cultivation
1 Mean  Annual Between 750 to 1500 mm Mondale (2017)

Rainfall
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2 Mean  Annual Between 25 to 40°C Directorate of Sugarcane
Temperature Development (2013);
Asiafarming.com (2018)

3 Relat_iv_e Al least 70% Srivastava and Rai (2012),
Humidity Binbol et al.
4 Sunlight 18-36 MJ/m? Daily NETAFIM (n.d)
5 Soil Types Deep loamy soil, heavy SC (2012), Letstalkagric
clay soil, sandy loam soil  (2017), Republic of South
Africa (2014)
6 Relief Highland and Medium Sugarcane Production
highland (2012)
7 Drainage Well drained Land, Rhum  Agricole (n.d),
(Tarimo & Takamura
Not waterlogged (1998)

Source: Field work, 2019
Weighted Sum Overlay

Weighted Sum is a data analysis process which works by multiplying the designated field
values for each input raster by the specified weight. It then sums (adds) all input raster datasets
together to create an output raster (Esri, 2016). Weight here, means importance attached to a
criterion, which could be in percentage or ratio. For this study, the value of 1 was assigned to
each of the reclassified dataset used, signifying that equal importance were given to each.

The seven reclassified criteria (figures 9-15) were integrated through the process of Weighted
Sum overlay explained in previous paragraph of this section. This process could be expressed
mathematically as follows:

Weighted Sum output = wightedSum (weighted Sum Table[Criteria 1, Value *weight Value],
[Criteria 2, Value*weight value], [Criteria 3, Value*weight value].....[Criteria N,
Value*weight value]) (Esri, 2016)

Overlay in more clear terms means that units on the reclassified maps which have only values
Os and 1s were all combined so that, where for instance 1 and 1 meet the resultant value will
be 2, and where 1, 1, and 1 meet the result is 3. Therefore, On the overlaid map, the maximum
value on the weighted sum table (also on the map) is 6, meaning that; the area(s) in question
meet(s) all the six conditions with the exception of drainage, which is the seventh criterion
used. This was later superimposed on the overlaid map to remove places with major water
bodies which are considered not suitable. Therefore, some places meet five, others four, three
and zero respectively as shown in figure 16.
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In line with the FAO guidelines on land suitability analysis, areas that have value 6, were
assigned S1, areas with value 5 were assigned S2; while areas with 4 were assigned S3; and
areas with values 3 and O were assigned N. Consequently, the final result generated from
weighted sum overlay (integration of all the datasets used in this study) shows only four (4)
degrees of site suitability for sugarcane production in the study area. These are:

Most suitable (areas with S1),

Moderately suitable (areas with S2),
Marginally suitable (areas with S3), and
Not suitable (areas with N) (figure 17)
Results and Discussions

Results of the Analysed Datasets

The analysed datasets are shown in figures 9 to 15. These are the reclassified datasets as
discussed in section 3.5 of this work. They display the areas that are good and areas that are
not good for sugarcane growth in the southern parts of Adamawa state. The area coverage for
each unit of suitability on the maps is computed and the result displayed in table 2 as explained
earlier. This is the transformation of the initial criteria dataset used for this study, from multi-
units maps to di-unit maps showing only areas that are good with value 1 (green in colour) and
areas that are not good with value 0 (red in colour) for sugarcane growth. These nevertheless,
are the maps that were combined through the process of weighted sum overlay to come up with
agro-climatic site selections for sugarcane production in the study area.

Table 2: Area Coverage for Reclassified Datasets

SUITABILITY
SIN DATA - .

Suitable Not Suitable

Km? % Km? %
1 Rainfall 20,008.99 96 730.31 4
2 Temperature  20,048.59 97 690.71 3
3 Sunlight 20,739.30 100 0 0
4 RH 6,621.21 32 14,118.09 68
5 Soil 12,888.40 62 7,850.90 38
6 Relief 14,667.20 71 6,072.10 29
7 Drainage 19,867.40 96 871.90 4
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Source: Field work, 2019
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Figure 16 Integrated Datasets for Sites Suitability
Selection

Datasets Integration and Degree of Suitability

Following the integration of all the analysed dataset as explained in section 3.6 the result of the
finding is shown in figure 16. On the map, values for degree of suitability for each site are
shown. That is, 6, 5, 4, 3, and 0 depending on the number of conditions a given area meets for
sugarcane growth. This map is further analysed to come up with four degree of suitability as
discussed in 3.6 of this work, that is Most suitable, Moderately suitable, Marginally suitable
and Not suitable for sugarcane production.

As can be seen in figure 17, the areas that are Most Suitable for sugarcane growth are spread
over places like Toungo and partly in Ganye, Jada and Mayo-Belwa Local Government Areas
(LGASs). Moderately suitable areas cover the largest area, and these areas are spread across all
the LGAs in the southern parts of Adamawa state, however, are more pronounced in the central
part and towards the northern part of the study area. The Marginally suitable areas for sugarcane
growth in the study area are mostly located in Toungo, Ganye, Fufore, Numan, Demsa,
Lamurde and Girei LGAs axis. Finally, areas that are Not suitable for sugarcane growth are
dotted in Southern part of Toungo, Jada, Fufore, Yola-North, Yola-South, Girei, Numan,
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Demsa and Lamurde LGAs. The area coverage of each degree of suitability is shown in table
3.
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Figure 17. Degree of Suitability for Sugarcane Production in Southern Parts of
Adamawa state

Table 3: Degree of Suitability for Sugarcane Production in the Study Area

Degree of Weighted FAO Area Coverage Percentage

Suitability Sum Value  Classification (Km?) Coverage
(%)

Most Suitable 6 S1 880.93 4.25

Moderately 5 S2 11,808.08 56.94

Suitable

Marginally 4 S 5,927.10 28.58

Suitable
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Not Suitable 3,0 N 2,123.19 10.23
Total 20,739.30 100
Source: Field Work, 2019

Conclusions and Recommendations

This study leaned on the agro-climatic factors in selecting the site suitability for sugarcane
production in the southern parts of Adamawa state of Nigeria, and result shows the spatial
distribution of the degree of site suitability. These are Most suitable, Moderately suitable,
Marginally suitable and Not suitable sites for sugarcane growth in the study area.

From the finding, the sites that are suitable for sugarcane production cover the greater part of
the study area, that is about 12,689.01 Km2 (61%) see table 3. These areas encompass the Most
suitable and Moderately suitable degree of suitability in the study area. This size of land as
suitable for sugarcane growth in more than 450 Km? (45, 000 hectares) used by Zimbabwe to
produce 600,000 tons of sugar annually before land seizure in 2002 (Tyler, 2008). These lands
are underutilised for sugarcane cultivation in the state. The authors believe that, if this land
could be put to use for sugarcane production, the state as well the country’s economic base
could be strengthened. Because it could result into chain-benefits, ranging from job creation,
infrastructural development, and most importantly source of revenue for the state and all the
stakeholders.

Therefore, this large area of land as suitable for sugarcane production shows that, the southern
parts of Adamawa state, is one of the right places to invest in sugarcane business. Presently,
the only company that produces sugar and its by-products is the Dangote Group of Company
which bought the forma Savannah Sugar Company Limited, and it has not being able to utilise
the whole area. This shows that, there is room for more investors.

The authors therefore, recommend that, the state government should spare headedly key in to
this finding in this work. They should take it serious, if they really strive to diversify the
economy of the state, because depending on federal allocation is a risky idea. Even the federal
government depends majorly on the oil, which price in the international market affects it. When
the price of oil falls in the market, it usually affect our economy, thus there are urgent need to
find other source of revenue.
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Abstract
Leachate is extremely polluted wastewater which is regardedto have potent pollution treat on
water resources in the environment.Heavy metal, microbiological, physico-chemical and
nutrient parameters in leachate samples collected from municipal solid waste dumpsites in the
FCT were analyzed and reported to assess the pollution potential of leachate on the biophysical
environment of the study area. The results obtained were compared to NSDWQ standard to
check the risk of leachate on the environment. The range concentration of heavy metals in
leachate are Fe-0.2265mg/L (KUJ) to 10.3971mg/L (GSA), Cd-0.0069mg/L (ABJ) to
0.3857mg/L (MPP), Cr-0.1050mg/L (MPP) to 0.7776mg/L (KWL). Cu-0.0057mg/L (BWR)
to 0.5261mg/L (KWL), Pb-0.0672mg/L (AJT) to 1.5071mg/L (KWL), Mn-0.0408mg/L
(TGM) to 1.0026mg/L (GSA), Ni-0.0051mg/L (GLD) to 0.3646mg/L (KWL) and Zn-
0.0024mg/L (KWL) to 0.4897mg/L (KSH).Concentration of Cd, Cr and Pb in leachate from
the dumpsites were above the permissible level by NSDWQ for surface and groundwater while
Cu and Zn were within the tolerable limit. Reported range concentration of Microbiological
and Nutrient parameters in leachate samples were: Total coliform-126.33CFU/100mL (KUJ)
to 205.33CFU/100mL (KWL), E.coli-122.00CFU/100mL (DTS) to 161.00CFU/100mL (AJT),
CI-2.83mg/L (KWL) to 560.11mg/L (MPP), NOz-0.31mg/L (KSH) to 2.08mg/L (MPP) and
S042-0.26mg/L (DTS) to 728.67mg/L (MPP).Concentration of Total Coliform and E coli were
above the NSDWQ guidelines in leachate from all the dumpsites in the study area. The

concentration of NOz'was within the NSDWQ guidelinesin leachate from all the dumpsites.
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Physico-chemical parameters in leachate characterized shows pH values of 6.78 (GSA) to 8.60
(AJT), DO-4.27mg/L (TGM) to 5.94mg/L (KWL), BOD-3.02mg/L (KWL) to 8.27mg/L
(AJT), TS-1.26mg/L (KUJ) to 9.81mg/L (KWL), TSS-1.89mg/L (MPP) to 8.32mg/L (GLD),
Alkalinity-1.04mg/L (MPP) to 3.07mg/L (DTS) and EC-512.33us/cm (BWR) to
1051.33ps/cm (AJT). The results show that the leachate from the dumpsites has potential to
impact water resources in the study area. As such, there is need for government to overhaul her
approach towards management of waste dumpsites whether they are open or closed and also to
develop better waste management practices to mitigate anticipated impact and its attendant
implications.

Keywords: Leachate, Waste dumpsite, Municipal Solid Waste Management, Pollution,
Impact.

Introduction

The symbiotic relationship between man and the environment and the equilibrium between the
two is the prime need of the present day’s sustainable life. However, rapid urbanization and
fast lifestyle have led to the formation of various types of toxic compounds within the
ecosystem which are less degradable and harmful to living things. Uncontrolled and
unscientific garbage or solid waste disposal systems with the associated problem of infiltration
of solutes (pollutants) into the soil and accumulation at any particular depth of soil leading to
the contamination of the groundwater reserves is a major problem nowadays and it is expected
to increase with time if no proper precautions are taken.

The FCT is located between latitude 8°25and 9° 25North of the equator and longitude 6°45and
7% 45East of Greenwich Meridian (Figure 1). The territory covers approximately an area of
8,000 square kilometres and occupies about 0.87% of Nigeria. The territory is bordered by four
states namely; Niger to the West, and North West, Nassarawa to the East, Kogi to the South

and Kaduna to the North of the territory (Magaji, 2009).
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Figure 1. The Study Area (Federal Capital Territory, Abuja, Nigeria indicating the

designated Dumpsites)

Table 1 gives a summary of the locational attributes of the dumpsites and the selected research
control sites, there are also information about the waste dumping methods implored in the
dumpsites as well as the status of the dumpsites.

Table 1 Dumpsites with their Locational Attributes

Classification Elevation

Dumpsite Remarks Code Latitude Longitude (m)
KUJE +, o KUJ 8.89392  7.19637 314
TUNGAN MAJE +, o TGM 9.05452  7.20566 332
DUTSE +, o DTS 9.17816  7.38310 475
AJATA * 0 AJT 8.93323  7.56084 416
KARSHI +, o KSH 8.83053  7.55398 400
BWARI +, o BWR 9.29340  7.38813 565
GOSA + U GSA 9.02511  7.3399%4 387
MPAPE * U MPP 9.11455  7.48980 568
KWALI +, o KWL 8.79805  7.10252 190
GWAGWALADA +, o GLD 8.96625  7.06330 218
ABAJI +, o ABJ 8.46129  6.98303 172

Source: Oluyori, 2018

Key:
= Status of Dumpsite
* = Dumpsites that have been closed, investigation was on post closure impact.
+ = Dumpsites that are open and active, measured for current impact level.
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= Methods of Waste Dumping
o= Open Dumping
p= Controlled Dumping
Literature Review

Pollution occurs when a product added to our natural environment adversely affects nature’s
ability to dispose it off. A pollutant is something which adversely interferes with health,
comfort, property or environment of the people. Generally, most pollutants are introduced in
the environment as sewage, waste, accidental discharge and as compounds used to protect
plants and animals (Misra& Mani,1991).

Open dumps are the oldest and the most common way of disposing of solid waste, although in
recent years thousands have been closed, many still are being used. In many cases, they are
located wherever land is available, without regard to safety, health hazard and aesthetic
degradation. The waste is often piled as high as equipment allows. In some instances, the refuse
is ignited and allowed to burn while in others, the refuse is periodically levelled and compacted.
As a general rule, open dumps tend to create a nuisance by being unsightly, breeding pests,

creating a health hazard, polluting the air and sometimes polluting groundwater and surface

water (Keller, 1982).

Leachate corresponds to atmospheric water that has percolated through waste, interacting with
bacteriological activity and especially organic substances. Its composition is a function of the
nature and the age of the landfill, the type of wastes, the method of burying, the geological
nature of the site, the climate (Amina et al., 2004).Leachate varies widely in composition
depending on many interacting factors such as the composition and depth of waste, availability

of moisture and oxygen, landfill design, operation and age (Reinhart and Grosh, 1998).

This study is aimed at assessing the pollution potential of leachate from government approved
and operated dumpsites in the FCT as it relates to water resources component of the

environment.
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Methodology

Eleven (11) government approved and operated dumpsites covering the entire FCT was
considered see Table 1. The choice of the leachate was based on the view that leachates in
dumpsites ultimately leak, percolate, and contaminate the groundwater; hence its analysis can
give an indication of a potential for environmental pollution.

Leachate samples were collected from the 11 dumpsites in the May, 2017 from randomly
selected leachate drains at the dumpsites as adapted from Ubaet al. (2008), Adeoluet al,
(2011).The samples were collected in well-labelled clean polythene bottles rinsed with the
leachates prior to the sample collection. Randomly sampled leachate from different locations
within each dumpsite and were thoroughly mixed and composite samples taken for analysis.
The samples for microbiological analysis were aseptically taken in 50ml sterile universal
containers.Samples were analyzed using standard procedures defined by APHA, (2005).

Physico-chemical parameters like Electrical Conductivity (EC), temperature, total suspended
solids (TSS) and pH were measured in-situ with the aid of JENWAY 4590 meter. The
composition of parameters such as Dissolved oxygen (DO), Biochemical Oxygen Demand
(BOD), Total solids, Alkalinity, Total coliform, E coli, Nitrate, Chloride, Sulphate and Heavy
metals (Fe, Cu, Cr, Cd, Pb, Zn, Mn and Cu) were determined in the laboratory using AAS
Thermo Scientific ICE 3000 at the National Advanced Laboratories, National Science and
Technology Complex, Sheda, Abuja.

The evaluation of potential risk of leaching to groundwater and surface water was performed
by the pollutant concentrations in the leachate being compared directly to the applicable water
quality standards, such as the Nigerian Drinking Water Standards (SON, 2007), with the
appropriate consideration of dilution that may occur, and also to establish the pollution
potential and strength of the leachates from the selected dumpsite.

Results and Discussions

The physico-chemical characteristics of leachate depend primarily upon the waste composition
and water content in the total waste (Mohan and Gandhimathi, 2009). The characterization of
leachates (Heavy metals, Microbiological, Nutrient and Physico-chemical parameters) across
the dumpsites are presented in Tablesl to 3.

Table 1 Mean values of Heavy metals in dumpsite leachate and NSDWQ Acceptable
Standard

Fe Cd Cr Cu Pb Mn Ni Zn
Dumpsites (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
KUJ 0.2265 0.1386 0.1428 0.0059 0.2390 0.0614 0.0163 0.3158
TGM 8.2612 0.0530 0.1763 0.0824 0.5524 0.0408 0.0078 0.2755
DTS 0.9410 0.0526 0.1451 0.0610 0.4683 0.2879 0.0749 0.2829
AJT 1.4273 0.0348 0.2517 0.3440 0.0672 0.0955 0.0986 0.285
KSH 8.2721 0.0418 0.2011 0.2274 0.3128 0.9627 0.1438 0.4897
BWR 7.3291 0.0784 0.1330 0.0057 0.2519 0.2313 0.1067 0.4053
GSA 10.3971 0.0518 0.1784 0.0243 0.7849 1.0026 0.1353 0.3039
MPP 45780 0.3857 0.1050 0.1483 0.2276 0.3036 0.2241 0.1248
KWL 7.2233 0.0000 0.7776 0.5261 15071 0.2340 0.3646 0.0024
GLD 0.3515 0.1136 0.2059 0.0158 0.2189 0.1089 0.0051 0.1935
ABJ 6.4288 0.0069 0.6921 0.4683 0.2005 0.1932 0.3245 0.0021
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NSDWQ 0.3 0.003 0.05 1 0.01 0.2 0.02 3
STANDARD
Source: Oluyori, 2018

Table 1 shows the mean concentration of Fe in leachate ranged from 0.2265mg/L (KUJ) to
10.3971mg/L (GSA). The ranking order of mean Fe concentration in dumpsite leachate show
that GSA>KSH>TGM>BWR>KWL>ABJ>MPP>AJT>DTS>GLD>KUJ. The relatively high
value in GSA is attributable to the dumping of iron and steel scraps in large quantities alongside
waste stream in this dumpsite, a reasonably evident presence of ‘sharps’ and ‘medication
materials were sighted in the raw wastes characterized from this site. The concentration of Cd
was undetected in the leachate samples from KWL, while the mean value ranged from
0.0069mg/L (ABJ) to 0.3857mg/L (MPP) in the remaining dumpsites. Mean values for Cr in
the leachate samples was between 0.1050mg/L (MPP) and 0.7776mg/L (KWL). The recorded
values for Cu were in the range of 0.0057mg/L (BWR) and 0.5261mg/L (KWL). Level of Pb
in the leachate samples collected across the dumpsites ranged between 0.0672mg/L (AJT) and
1.5071mg/L (KWL). The recorded values for Cu was in the range of 0.0057mg/L (BWR) and
0.5261mg/L (KWL). The range of mean concentration values for Mn are from 0.0408mg/L
(TGM) to 1.0026mg/L (GSA). The Concentration range for Ni in the leachate samples are
0.0051mg/L (GLD) and 0.3646mg/L (KWL). The mean values of Zn are between 0.0024mg/L
(KWL) and 0.4897mg/L (KSH).

The mean concentration of Cd, Cr and Pb in leachate from all the dumpsites were all above the
permissible level by NSDWQ for either surface or groundwater while Cu and Zn were within
the tolerable limit, this is indicative of potential for heavy metal pollution to surface or
groundwater through surface runoff or leaching as the case may be. However, Fe, Mn and Ni
in leachate showed divergent concentration pattern in which values exceeded NSDWQ
guidelines in some dumpsites and were within the guidelines in other dumpsites (Table 1).

Table 2 Mean values of Microbiological and Nutrient parameters in dumpsite leachate
and NSDWQ Acceptable Standard.

Total coliform E.coli CI NOs" SO4*
Dumpsites (cfu/100ml)  (cfu/100ml) (mg/L) (mg/L) (mg/L)
KUJ 126.33 139.00 23.93 0.5587 1.2533
TGM 154.33 125.00 15.43 0.432 2.5667
DTS 131.67 122.00 17.57 0.6147 0.2620
AJT 151.00 161.00 25.83 0.4680 3.1967
KSH 143.67 144.33 19.07 0.3113 1.1433
BWR 128.67 149.67 14.50 0.4187 1.5600
GSA 134.33 145.33 15.30 0.3187 1.3600
MPP 156.33 145.33 560.11  2.0800 728.67
KWL 205.33 158.33 2.83 ND 639.67
GLD 135.67 145.67 15.90 0.8147 1.8833
ABJ 182.77 153.09 2.67 0.1306 569.40
10 0 250 50 100

NSDWQ STANDARD

Source: Oluyori, 2018 ND = Not Detected
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Table 2 shows concentration level of Microbiological and Nutrient parameters in leachate
samples from the dumpsites. Total coliform was observed to have a minimum concentration
value of 126.33CFU/100mL (KUJ) and a maximum concentration value 205.33CFU/100mL
(KWL). The concentration of E.coli ranged between 122.00CFU/100mL (DTS) and
161.00CFU/100mL (AJT).Total coliform and E.coli are used as indicators to measure the
degree of pollution and sanitary quality of well water, because testing for all known pathogens
is a complicated and expensive process. The concentration of Total Coliform and E coli were
above the NSDWQ guidelines in leachate from all the dumpsites in the study area. Total
coliform bacteria are not likely to cause illness, but their presence indicates that your water
supply may be wvulnerable to contamination by more harmful microorganisms. E.coli in
drinking water indicates the water has been contaminated with fecal material that may contain

disease causing microorganisms, such as certain bacteria, viruses, or parasites.

Analysis of Nutrients parameters in leachate showed the following range of values from the
waste dumpsites, CI” showed a concentration range between 2.83mg/L (KWL) to 560.11mg/L
(MPP). The mean levels of NOs'was in the range of 0.31mg/L (KSH) and 2.08mg/L (MPP).
The concentrations range for SOs*was from 0.26mg/L (DTS) to 728.67mg/L (MPP). The
concentration of NOswas within the NSDWQ guidelinesin leachate from all the dumpsites,
while if similar for CI except in MPP where the value was above the guideline. In the case of
SO4%, the concentration at KUJ, TGM, DTS, AJT, KSH, BWR, GSA and GLD were within
stipulated NSDWQ guideline while the concentration at MPP, KWL and ABJ were outside the

NSDWQ acceptable guideline.

Physico-chemical parameters that were analyzed are summarized in Table 3, which shows that

pH values of the leachates from the various sites range from 6.78 (GSA) to 8.60 (AJT) which
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generally indicates slight acidic and alkaline conditions of the leachate, with the GSA dumpsite
characterized with the most acidic pH value while AJT dumpsite had the most alkaline pH
character, the observation at AJT can be attributed to the methane fermentation phase of the

dumpsite which has already been closed as observed by Adeoluet al., (2011).

Table 3 Mean values of Physico-chemical parameters in dumpsite leachate and NSDWQ
Acceptable Standard.

DO; BOD TS TSS  Alkalinity Conductivity Temperature

Dumpsits P (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (uslcm) oC
KUJ 7.49 5.02 5.66 1.26 5.58 2.05 844.67 28.67
TGM 8.14 4.27 6.31 2.06 6.47 2.16 907.33 28.03
DTS 6.84 5.52 8.09 2.45 4.72 3.07 961.33 28.13
AJT 8.6 5.92 8.27 2.11 5.12 2.52 1051.33 27.80
KSH 7.33 5.36 7.23 2.55 4.24 2.47 706.67 27.43
BWR 7.23 5.12 6.89 2.49 4.76 2.20 512.33 27.67
GSA 6.78 5.81 7.15 3.10 5.23 2.33 905.67 28.83
MPP 7.11 5.02 3.15 6.24 1.89 1.04 1038.33 27.03
KWL 7.49 5.94 3.02 9.81 6.81 2.94 1023.33 27.23
GLD 6.84 5.52 5.09 1.89 8.32 2.72 965.67 28.60
ABJ 7.01 5.36 2.85 8.73 6.06 2.73 910.77 24.24

6.5 -
NA NA N/A 500 N/A 1000 AMBIENT
NSDWQ 8.5
STANDARD
Source: Oluyori, 2018 N/A = Not Available

As landfill age increases, the biodegradable faction from organic pollutants in leachate
decreases due to anaerobic decomposition occurring in the landfill site. The minimum
concentration of DO was 4.27mg/L at TGM while the maximum concentration was 5.94mg/L
at KWL. The concentration level of BOD ranged from 3.02mg/L (KWL) to 8.27mg/L (AJT).
The mean value of TS was reported to range from 1.26mg/L (KUJ) to 9.81mg/L (KWL). TSS
reported a value in the range of 1.89mg/L (MPP) to 8.32mg/L (GLD). Alkalinity ranged from
1.04mg/L (MPP) to 3.07mg/L (DTS). EC showed variation in sites though the range
512.33us/cm (BWR) to 1051.33us/cm (AJT). A pattern of decrease in the level of conductivity
as observed was AJT>MPP>KWL>GLD>DTS>TGM>GSA>KUJ>KSH>BWR. Temperature
range was from 27.03°C (MPP) to 28.83°C (GSA).

The value of pH in leachate from all the dumpsites was within the NSDWQ guideline except
in the case of AJT which was above the permissible range for pH. The concentration of TS in
leachate from all dumpsites was within prescribed limits, while the concentration of EC in
leachate from KUJ, TGM, DTS, BWR, KSH, GSA, GLD and ABJ were with the permissible
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limit the concentration of EC in leachate from MPP, KWL and AJT was above the threshold
level.

The relatively high concentration of Pb, Cu, Cr in KWL shows that the dumpsite receives waste
streams from batteries, florescent tubes as well as the location of the site in the proximity of
right of way of a recently constructed power transmission line with part of the metallic
construction waste still in place. AJT recorded maximum mean values for E. coli, pH, BOD
and Electrical Conductivity, this could be adduced to the operational state as a recently closed
dump site with significant reduction in the concentration of hydrogen ions. MPP recorded the
highest mean value for all the nutrients analyzed in this study (CI, NOsandSO4?%), this
dumpsite was closed in 2005 is still actively releasing the water-soluble salts to the
environment as a result of surface water ingression and age. GSA reported maximum mean
values for Fe, Mn and Temperature, while also recording the lowest pH value of all the
dumpsites which is tending toward acidity.

Figures2 to 5 indicates the overall pattern of leachate characterization within the study area.
Average characterization of leachate quality of Heavy metals showsthe following values: - Fe
(5.0396 mg/L), Cd (0.0870 mg/L), Cr (0.2735 mg/L), Cu (0.1736 mg/L), Pb (0.4391 mg/L),
Mn (0.3202 mg/L), Ni (0.1365 mg/L) and Zn (0.2437 mg/L) as seen in Figure 2. When
compared with the NSDWQ guidelines for drinking water, the overall concentration of Fe, Cd,
Cr, Pb and Mn in leachate of the study area were above the threshold limit while the

concentration values of Cu, Ni and Zn were within tolerable limits. On the whole Fe, Cd, Cr,
Pb and Mn are characterized as toxic for the water resources in the study area.
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Figure 2 Overall picture of Heavy Metal in Leachate in the study area
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Figure3 Overall picture of Microbial Parameter in Leachate in the study area

Microbial Parameters showed that average concentration of Total Coliform was 146.73
cfu/100ml and E.coli was 143.57 cfu/100ml (Figure 3). Average concentration of both
microbiological parameters in the study area falls outside the allowable limit prescribed by
NSDWQ guidelines, hence the pollution potential of microbiological parameters is highly
probable. The mean values for physico-chemical parameters are as follows: - pH (7.35), DO
(5.35 mg/L), BOD (6.09 mg/L), TS (3.39 mg/L), TSS (5.31 mg/L), Alkalinity (2.35mg/L),
Electrical Conductivity (891.67 us/cm) and Temperature (27.94°C) as seen in Figure
4.Nutrients recorded overall mean values of Chloride, 71.05 mg/L, Nitrate, 0.6017 and
Sulphate, 138.16 mg/L (Figure 5). Average mean values when compared with available
standard benchmark for physico-chemical and nutrient parameters were observed to be within
allowable limits.
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Figure 4 Overall picture of Physico-chemical Parameters in Leachate in the study area
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Conclusionand Recommendations

The concentration level of leachate quality parameters in the dumpsites within the study area
was found to vary over locations (spatially) and seasons (temporal). Parameters like Heavy
metals (Cd, Cr and Pb), Microbiological content in leachate from all the dumpsites in the study
area exceeded the permissible limit allowed by NSDWQ standard. The high concentrations of
the pollutants in the leachate have potential to reach and contaminate water resources within
the study area and thus threatening sustainable development. Therefore, there is an urgent need
for strategy to be put in place for leachate collection and treatment as part of dumpsite
management strategy to deal with active and post closure impact of dumpsite leachate to
mitigate potential impact water resources.
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Abstract

GIS modelling is gaining wide application in providing solutions to wide—ranging geoscientific
problems. A knowledge based Mineral Prospectivity Mapping (MPM) using Fuzzy Logic has
been adopted in this study for a regional scale mapping of mineral potential in Sheet 185 Paiko
SE, North—Central Nigeria. Mineral Prospectivity Mapping (MPM) is a multi-step process that
ranks a promising target area for more exploration. This is achieved by integrating multiple
geoscience datasets and using mathematical tools to determine spatial relationships with known
mineral occurrences in a GIS environment to produce mineral prospectivity map. The study
area is bounded within Latitudes 9° 00" N to 9° 15’ N and 6° 45" to 7° 00" E. The study area is
underlain by rocks belonging to the Basement Complex of Nigeria which include migmatitc
gneiss and schist, granites of different compositions and textures and alluvium. The datasets
used in this study include aeromagnetic, aeroradiometric, structural, satellite remote sensing
and geological datasets. Published geologic map of the Sheet 185 Paiko SE was used to extract
lithologic and structural information. Landsat images were used to delineate hydroxyl and iron-
oxide alterations and to identify linear and fault structures and prospective zones at regional
scales. ASTER images were used to extract mineral indices of the OH-bearing minerals
including alunite, kaolinite, muscovite and montmorillonite to separate mineralized parts of the
alteration zones. Aeromagnetic data were interpreted and derivative maps of First Vertical
Derivative, Tilt derivative and Analytic signal were used to map magnetic lineaments and other
structural attributes while the aeroradiometric dataset was used to map hydrothermally altered
zones. These processed datasets were then integrated using Fuzzy Logic modelling to produce
a final mineral prospectivity map of the area. The result of the model used predicted well the
known deposits and also highlighted areas where further detailed exploration may be
conducted.

Keywords: Geophysical methods, Mineral exploration, Fuzzy logic models, Geographic
Information Systems, Remote sensing

1.0 Introduction

Modern mineral exploration efforts in recent times have adopted the integration of different
datasets from various sources and surveys. Therefore, an important phase in mineral
exploration should involve the collection, analysis, interpretation and integration of remotely
sensed, geological, geophysical and geochemical datasets. This is done in order to map
prospective areas for further more detailed investigations. Mineral Prospectivity Mapping
(MPM) is basically classified into empirical (data driven) and conceptual (knowledge driven)
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methods (Bonham-Carter, 2009, Yousefi and Carranza 2016). In the data driven method,
known mineral deposits are used as ‘training points’ for examining spatial relationships
between the known deposits and geological, geochemical and geophysical features of interest.
The identified relationships between the input data and the training points are quantified and
used to establish the importance of each evidence map and finally integrated into a single
mineral prospectivity map. Examples of the empirical methods used are weights of evidence,
logistic regression and neural networks.

However, in the conceptual (knowledge driven) method, conceptualisation of knowledge about
the mineral deposit is devised in order to create a mappable criterion. These include making
inferences about threshold values in criteria that control the mineralisation style. The areas that
satisfy most of these criteria are delineated as being the most prospective. These methods are
subjective based on the geologist’s input and the proposed exploration model. By selecting a
conceptual method one can benefit from the expertise of the geologists during the modelling
process exceeding the capabilities of pure statistics. The methods belonging to this branch
include Boolean logic, index overlay (binary or multi-class maps), the Dempster-Shafer belief
theory, and fuzzy logic overlay.

Hence, the choice of methods to be applied are often made based on the availability of disparate
datasets and modelling goals (Nykanen and Salmirinne, 2007). The fuzzy logic method has
been recently widely implemented for the data integration and MPM purposes (Bonham-Carter
2009; Carranza and Hale, 2001; Masoud et al., 2014; Zhang et al., 2007). The fuzzy method
enables evidence maps to be combined into a series of steps regarded as an inference net
(flowchart), instead of combining them in a single operation. The inference net is a simulation
of the logical process defined by a specialist (Quadros et al. 2006).

In this study the fuzzy logic technique was selected due to its flexible capability to demonstrate
its potential for exploration of the hydrothermal and structural controlled mineralization in the
study area located within the Federal Capital Territory (FCT) Abuja, North-Central Nigeria.
Several studies have shown the feasibility of multispectral remote sensing for mapping the
hydrothermally altered rock (Adegoke and Bulus. 2015; Aliyu et al. 2018; Ejepu et al., 2018).
Spectral discrimination of potential areas of gold mineralization (hydrothermal alteration
zones) is a common application of remote sensing data analysis (Gabr et al., 2010). Here,
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) data was
processed and analysed for gold mineralization mapping in the study area.

Structural controls and the distribution pattern of hydrothermal alteration zones have been used
as indicators of mineralized zones within the study area. Hence, a GIS-based spatial analysis
was applied to evaluate mineral potential in the study area by using mineral favourability maps
in order to define areas for detailed investigations.

2.1  Study area
2.2 Geology of the area

The study area forms part of reworked part of the West African Craton and underlies about
60% of Nigeria’s land mass (Odeyemi, 1993). The Basement Complex has been described by
Rahaman (1988), as a heterogeneous assemblage, which includes migmatites, gneisses, schists
and a series of basic to ultrabasic metamorphosed rocks. Pan African Granites and other minor
intrusions such as pegmatite and Aplites dykes and quartz veins have intruded these rocks
(Figure 1).
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All these rocks were affected and deformed by the Pan-African thermotectonic event. Detailed
reports of the lithological description, age, history, structure and geochemistry of the basement
complex of Nigeria are given in Oyawoye (1964), Black (1980), Ajibade, Woakes and
Rahaman (1987), Rahaman (1988), Caby et al., (1981) and Dada (2006).

2.2.1 The Metasediments

The Metasedimentary/Metavolcanic series consist of phyllites, schists, amphibolites, quartzites
and serpentinites. The series comprises low grade, metasediment-dominated belts trending
north- south and considered to be Upper Proterozoic super crustal rocks that have been infolded
into the migmatite-gneiss complex. The lithological differences include fine to coarse grained
clastics, politic schists, phyllites, carbonate rocks (marble and dolomitic marbles) and mafic
metavolcanics (amphibolites). Rahaman and Ocan (1978) and Grant (1978) suggested the
existence of many basins of deposition while Oyawoye (1972) and Mc Curry (1976) considered
the schist belt as relict of a single supracrustal cover. Olade and Elueze (1979) considered the
schist belt to be fault-controlled rift-like structures.

2.2.2 The Migmatite — Gneiss Complex

The Migmatite-Gneiss complex comprises the most widespread group of rocks and is
considered as the Basement Complex sensu stricto (Rahaman, 1988; Dada, 2006). It comprises
migmatites, orthogneisses, paragneisses, quartzites, calc-silicate rocks, biotite-hornblende
schist and amphibolites. On account of petrography, the Pan African orogeny culminated in
the recrystallisation of many of the constituent minerals of the Migmatite-Gneiss Complex by
partial melting with most of the rocks showing medium to high grade amphibolites facies
metamorphism. The Migmatite-Gneiss Complex displays ages varying from Pan African to
Eburnean with three main geological phenomena recorded (Dada et al., 1987); the first at 2,500
Ma, involved in initiation of crust forming process and of crustal growth by sedimentation and
orogeny; the second event was the Eburnean; 2,000 + 200 Ma, marked by the granite gneisses,
which structurally obliterated the older rocks and reset the geochronological clock to give rise
to granite gneisses, migmatites and other similar lithological units.

2.3 Structural Geology of the Region

The structural elements in Nigerian Basement include joints, fractures, lineations and folds
(minor and major). The E-W trending structures are deep seated in origin and ancient in age
and resulted from various thermotectonic deformational episodes mostly of the Eburnean and
Pan-African Orogeny (Oluyide, 1988), (Olasehinde, 1999 and Olasehinde et al., 2013). The
dominant surface structural trend in the basement is essentially NE-SW trends in common with
the tectonic grains of the schist belt. The NW- SE and E-W trends are locally dominant. Several
sets of fractures having NW-SE, NNW-SSE, NNE-SSW and NE-SW directions were produced
by transcurrent movement and shearing (Olasehinde, 2010) were also observed in the study
area.
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Figure 1: Geologic map of the area. Some fault lines are digitized from published geologic
map. (Source: Nigerian Geological Survey Agency (NGSA), 2009).

3. Materials and Methods

In mineral exploration studies, method selection and tools to be applied are often dependent
upon the mode of occurrence and formation of targeted mineral deposits (Gupta, 2003). This
research has its target on Gold occurrences, which occur in fractures and are related to shear
zones. Therefore, the best surface indications for these features are structural controls and
hydrothermal alterations. These features are usually expressed as lineaments and lithological
contrasts, respectively.

3.1 Satellite Imagery
3.1.1 Landsat 8 OLI

The satellite imagery used was clipped from the Landsat 8 scene LC81890542018016LGNOO,
from 20 January, 2018 from the earthexplorer.usgs.gov website, collected by sensors OLI
(Operational Land Imager) and TIRS (Thermal Infrared Sensor). Landsat 8 band specifications
are presented in Table 1. This scene was chosen due to its near perfect quality (9/9), the
virtually non-existent cloud coverage (0.98/100) and due to the relatively low solar elevation
(49.55°).
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Table 1: Landsat band specifications. Source: USGS/NASA, 2015.

Sensor  Band Spectral Resolution Spatial

{(pm) resolution (m)
Band 1 - Coastal 0.435-0.451 30
Band 2 - Blue 0.452-0.512 30
Band 3 - Green 0.533-0.590 30
Band 4 - Fed 0.636-0.673 30
OLI Band 5 - NIF. 0.851-0.879 30
Band 6 - SWIR-1 1.5686-1.651 30
Band 7 - SWIR-2 2.107-2.294 30
Band 8 - Pan 0.503-0.676 15
Band 9 - Cirrus 1.363-1.384 30
Band 10 - TIR-1 10.6-11.19 100
s Band 11 - TIR-2 11.50-12 51 100
3.1.2 ASTER

The extent of the study area was clipped from the ASTER Scene
AST_L1T_00301282002100954 20150424050755 62951 of 28" of January, 2002 from
https://earthdata.nasa.gov/. The scene has solar elevation of 59° and perfect cloud cover cloud
cover of 0%. ASTER band specifications are presented in Table 2. It provides higher spatial,
spectral, and radiometric resolutions than traditional Landsat data (Abrams and Hook, 2001).
The ASTER channels are more contiguous in the shortwave infrared region than those of
Landsat, yielding increased accuracy in the spectral identification of rocks and minerals (Crésta
and Filho, 2003). More spectral bands provide a better understanding of the geology and soils
of the earth surface. This is what makes ASTER data superior over other sensors for lithological
mapping (e.g., Ninomiya et al., 2005, 2006, Gad and Kusky, 2006, 2007).

The digital pre-processing, processing and preliminary lineament mapping of the SRTM,
Landsat 8 and ASTER data were executed using ENVI software. Atmospheric correction of
Landsat 8 OLI and ASTER images were performed using the FLAASH module of ENVI
software. Spectral resampling has been used to downscale the spatial resolution of the SWIR
bands of the ASTER datato 15 m.

Table 2. ASTER band specifications
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System Band Spectral range Spatial Radiometric
(pm) resolution resolution
VNIR I 0.52 - 0.60 15 m 8 bit
2 0.63 - 0.69
3 0.78 - 0.86
SWIR B 1.60 - 1.70 30 m 8 bit
5 2.145 - 2,185
6 2.185 - 2.225
7 2.235 - 2.285
8 2.295 - 2.365
2.360 - 2.430
TIR 10 8.125 - 8.825 90 m 12 bit
11 8.475 - 8.825
12 8.925 - 9.275
13 10.25 - 10.95
14 10.95 - 11.65

3.1.3 SRTM DEM

The National Imagery and Mapping Agency (NIMA), National Aeronautics and Space
Administration (NASA) and German Aerospace Centre (DLR) collaborated to launch the
SRTM Mission on February 11, 2000 with the primary objective of acquiring elevation data
on a near-global scale and generate the most complete high-resolution digital topographic
database of the Earth. Using the Space borne Imaging Radar-C and X-Band Synthetic Aperture
Radar (SIR-C and X-SAR) hardware, SRTM collected data that were used to generate a digital
elevation model with data points spaced every 1 arc second of latitude and longitude
(approximately 30 metres at the equator). The absolute horizontal and vertical accuracy is
better than 20 metres and 16 metres, respectively. SRTM uses radar interferometry. The 30 m
SRTM data was downloaded from http://dwtkns.com/srtm30m/. This site is an interface that
attempts to ease the pain of downloading 30-meter resolution elevation data from the Shuttle
Radar Topography Mission website.

High-pass convolution filters (directional edge) from a Kernel 3 x 3 matrix were applied to the
SRTM DEM image to emphasize the structures parallel to the direction of each filter (Drury,
2001). The directional filters were applied for the azimuths 0°, 45°, 90°, 135°, 180°, 225°, 270°
and 315° for a comprehensive cover of the area using the ENVI software (Exelis Visual
Information Solutions, Boulder, CO, USA)

3.1.4 Aero geophysical Data

The aeromagnetic inversion method is based on processing of the total field magnetic anomaly.
Total magnetization is the rock property associated to its magnetic anomaly and geologic origin
([35]) in the direction of the earth’s field. The total field aeromagnetic anomalies include both
induced and remnant magnetic fields. This is a reflection of variations in the amount and type
of subsurface magnetic minerals, hence, important for geophysical prospecting of mineral
resources. The aeromagnetic data was obtained from Nigeria Geological Survey Agency
(NGSA). The data were captured for NGSA from 2005 to 2010 by Fugro Airborne Surveys as
part of nationwide airborne geophysical surveys. The data were acquired along a series of NE—
SW profiles with a flight line spacing of 500 m and terrain clearance of 80 m. For this study
one half degree sheet covering the study area was utilised. The total magnetic intensity field
was International Geomagnetic Reference Field (IGRF, 2009) corrected and a super-regional
field of 32,000 nT was deducted from the raw data. Oasis montaj software was used to grid the
data at 125 m spatial resolution using the minimum curvature gridding method (Briggs, 1974)
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and subsequently subjected to Reduction to the Magnetic Equator (RTE) and further processing
were carried out in order to investigate the presence of buried structures that might be relevant
in mineral exploration.

The aeroradiometric data was acquired using a high-sensitivity 256-channel airborne gamma
ray spectrometer. The data of the survey was available in the form of total count, Potassium,
equivalent Uranium, and equivalent Thorium data in a digital form. Enhancement and
interpretation processes was done by using Oasis montaj software.

3.2  Data processing
3.2.1 Alteration mapping

The most important mineralogical difference between altered and unaltered rocks is the
abundance of alteration minerals such as alunite, montmorillonite and kaolinite in the altered
rocks. Furthermore, the difference between mineralized and non-mineralized altered rocks is
the presence of abundant secondary iron minerals such as goethite, hematite, limonite and
jarosite in association with other alteration minerals. In altered rocks, the change in abundance
of any of the above-mentioned alteration minerals would lead to a slight change in the
reflectance value that depends on that mineral's spectral characteristics.

3.2.2 Landsat 8 OLI

The following common digital processing techniques were used: Red, Green, Blue (RGB)
colour composites, Principal Component Analysis (PCA), directional spatial filters and band
ratios. Rationing is a common procedure used for feature enhancements based on the division
of every pixel value of one band by the homologous pixels of the other band (Prost, 1983). A
ratio is created by dividing brightness values, pixel by pixel, of one band by another so as to
enhance spectral differences and suppress illumination differences. Band ratios of Landsat 8
OLI data are used to enhance rock alteration. Ratios exaggerate some subtle differences in
spectral response. A false colour composite can then be made in such a way that to each ratio
band is then assigned one of the three primary colours with the lighter parts (high DN values)
of the band contributing more colour to the composite.

In this study, band ratios 4/2, 5/6, and 6/7 (RGB) has been used. This combination is selected
for their sensitivity to lithologic variables, and for their lack of statistical redundancy (Crippen
et al.,1990). The ratio of bands 4/2 enhances rocks with an abundance of ferric iron oxide
(limonite) responsible for the hydrothermal alteration or the oxidation of Fe-Mg silicates. The
ratio of bands 5/6 enhances rocks which are rich in ferrous iron and band ratio 6/7 enhances
rocks having Al-OH, such as those clay and sulphate minerals produced from hydrothermal
fluids.

3.2.3 ASTER data

A hybrid method based on the combination of band ratio images and the PCA method of Zhang
et al., (2007) who used the four mineralogical indices proposed by Ninomiya (2003) for
hydrothermal alteration mapping. The formulae of Ninomiya (2003) indices are listed below:

OHI = (band 7/band 6) (band 4/band 6)
KLI = (band 4/band 5) (band 8/band 6)
ALI = (band 7/band 5) (band 7/band 8)
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CLI= (band 6/band 8) (band 9/band 8)

where OHI is the index for OH-bearing minerals, KL1I is the kaolinite index, ALI is the alunite
index, and CLI is the calcite index. Each index was thresholded and then merged spatially to
map the alteration zones using the mineralogical indices for each alteration mineral. Results
obtained from these indices include feasibility-abundance maps of the OH-bearing minerals
including alunite, kaolinite, muscovite and montmorillonite from the SWIR surface reflectance

data.

An ASTER band ratio image (bands 4/8, 4/2, and 8/9 in RGB respectively) has been created
for better separation of the mineralized parts of the alteration zones (Figure 4). The ratio 4/8
was chosen to increase the response of the iron oxides in the altered mineralized rocks. The
ratio 4/2 separates altered mineralized rocks from all the other background materials (both
altered non-mineralized and the unaltered rocks). Finally, and for better contrast for the
resulting image, 8/9 ratio was chosen to make an image for averaged values from all the rock
units in the image area.

3.3  Aeromagnetic data
3.3.1 Vertical, total gradient and Tilt derivatives

First vertical derivative can be applied either in space or frequency domain. It is proposed by
Nabighian (1984), using 3D Hilbert transforms in the x and y directions. It is used in this study
to supress deeper anomalies while enhancing shallow features with their boundaries so as to
make lineaments extraction easier. This is achieved by the vertical derivative amplifying short-
wavelengths at the expense of longer ones, therefore making it easier for shallower causative
sources to be mapped. Also, the analytic signal (total gradient) can be calculated either in space
or frequency domain, producing a maximum directly over discrete bodies as well as their edges.
Analytic signal is formed through the combination of the horizontal and vertical gradients of
the magnetic anomaly (Ansari and Alamdar, 2009) and its amplitude is independent on the
magnetisation direction. This filter applied to reveal the anomaly texture and highlight
discontinuities also enhance short- wavelength anomalies (Roest et al., 1992).

The amplitude of the signal peak of analytic signal is directly proportional to the edge of
magnetization. Hence source edges are easily determined. The magnetic tilt derivative (TDR)
combines all three gradients (X, Y and Z) to produce what is a called a tilt angle. This product
highlights very subtle, near surface structures in the dataset where the zero-contour line of the
grid is said to represent geology contacts or edges of bodies.

3.3.2 Aeroradiometric data

Gamma-ray spectrometry (GRS) can be very helpful in mapping surface geology. The method
provides estimates of apparent surface concentrations of the most common naturally occurring

radioactive elements comprising potassium (K), equivalent uranium (eU), and equivalent
thorium (eTh). The use of the method for geological mapping is based on the assumption that
absolute and relative concentrations of these radio elements vary measurably and significantly
with lithology. The aeroradiometric technique assists considerably in mapping surface
structure, lithological units and identification of hydrothermal alteration zones. The radiometric
data are gridded to obtain total count, potassium, equivalent thorium and equivalent uranium
maps to show the surface distribution of these elements. Also, producing K/eTh ratio map help
to map hydrothermally altered zones, since a reduction in eTh and a rise in K is an indicator of
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alteration environments in an ore deposit (Ostrovskiy, 1975). Finally, A ternary map is created
by combining the three radioelements concentration in the RGB colours.

34 Lineament extraction
3.4.1 Surface lineament extraction

In order to extract lineaments from the remotely sensed datasets, directional spatial filters are
applied so as to modify pixel values of the remotely sensed images based on the values of
neighbouring pixels using 3X3 kernels allowing for edge enhancement in a particular direction
(Gupta, 2003; Lillesand and Kiefer, 2004; Schowengerdt, 2007). The main applications of this
type of filters include: obtaining sharper and more detailed images, edge enhancement and
reducing local illumination effects (Gupta, 2008). Four directional filters depicted in (Figure
2) were applied to the Landsat 8 OLI, ASTER and SRTM DEM datasets. All lineaments from
various remotely sensed datasets were merged to form a composite surface lineament map of
the study area and subsequently plotted as a Rosette diagram. To group these features, the
classification used by Batista et al,. (2014) was adopted, where the N-S and E-W limits
comprise a margin of 10° in clockwise and anti-clockwise directions.

-1 -1 -1 -1 0] 1 -1 -1 0 0| -1 -1
0 0] 0 -1 0] 1 -1 01 1 0 -1
1 1] 1 -11 0] 1 0 11 1 1 0

Figure 2. Directional spatial filters applied to Landsat 8 imagery Richards and Jia, 2006.

3.4.2 Magnetic Lineament extraction

Magnetic lineaments were delineated using the CET Grid Analysis plugins included in Oasis
montaj software. The CET grid analysis is a new technique developed by Centre for
Exploration Targeting (CET), University of Western Australia consists of a number of tools
that provide automated lineament detection of gridded data, which can be used for first-pass
data processing. As explorers often have large volumes of gridded data to interpret, these tools
provide a rapid unbiased workflow that reduces the time with which one can interpret gridded
data.

The extension is specifically designed for mineral exploration geophysicists and geologists
looking for discontinuities within magnetic and gravity data. The CET Grid Analysis provides
a step-by-step trend detection menu which offers two different approaches to trend estimation.
The first method, Texture analysis-based image enhancement, is suitable for analysing regions
of subdued magnetic or gravity responses where texture analysis can first enhance the local
data contrast. The second method, Discontinuity structure detection, is useful in identifying
linear discontinuities and edge detection. These methods use a phase-based approach will
ensure that even features lying in low contrast regions will be detected. Edge detection proceeds
with Lineation Detection, to find edges in magnetic or data irrespective of their orientation or
contrast with the background and Lineation Vectorisation, to generate trend line estimates from
the edge information detected by the phase congruency transform. The phase congruency
transform is a contrast-invariant edge detection method based on observing the local spatial
frequencies (Kovesi 1997, 1999).

35 Final fuzzy integration procedure
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The fuzzy logic method allows weights to be assigned to each evidential layer based upon
informed decisions and opinions. The fuzzy-set theory defines a degree of membership in a set
represented by a value between O and 1. The value of the membership function can be
determined by two methods. One method is to calculate according to the membership function
curve; the other is to assign values artificially according to geological knowledge. The fuzzy
model in mineral prediction consists of two steps: (1) fuzzification of data (2) fuzzy synthesis
of fuzzified data. Fuzzy synthesis is executed using the operator. The most basic fuzzy
operators are: fuzzy AND; fuzzy OR; fuzzy algebraic product; fuzzy algebraic sum; and fuzzy
gamma.

The fuzzy Sum operator highlights the maximum values available for all input criteria. The
sum fuzzy operator assumes that the more favourable input is better. The resulting sum is an
increasing linear combination function that is based upon the number of criteria entering the
analysis. The fuzzy gamma operator was used to calculate the final prospectivity map in the
present study. The fuzzy Gamma type is an algebraic product of fuzzy Product and fuzzy Sum,
which are both raised to the power of gamma. The generalize function is as follows: u(x) =
(FuzzySum)y * (FuzzyProduct). The final prospective map was prepared with fuzzy y = 0.9
operator.

4.0 Results and discussion

4.1  Alteration mapping: Hydrothermal deposits develop along faults and fractures.
Increased permeability along faults probably controlled the pathways followed by fluids that
deposited metals and gangue minerals (Boleneus et al., 2001). Therefore, faults and major
fractures are considered as potential localizers for ore deposition. The major faults were
delineated from enhanced aeromagnetic data, Landsat 8 OLI, SRTM satellite image and
geological map of the study area.

The detection of alteration zones using Landsat 8 OLI images marked by the presence of iron
oxides, hydroxyl- bearing minerals and hydrothermal clays was made possible from false
colour composite image band ratios of 6/4, 4/2 and 6/7 in red, green and blue (Sabins, 1997;
Knepper, 1989; Khalid and AbdelHalim, 2014; Pour et al., 2014; Ducart et al., 2016). Primary
colours of red, green and blue are indicative of high ratio value band ratios of 6/4, 4/2 and 6/7
respectively. High band ratio values of two colours are depicted in the pixel as a combination
of two colours proportional to their values. High 6/4 values (red) give a high composition of
iron oxides (both ferric and ferrous); large 4/2 values (green) represent a large component of
ferric oxides associated soils. For example, iron oxide-rich parts of the alteration are considered
to be the main target for gold exploration.

Furthermore, high 6/7 values (blue) represent the presence of hydrothermal clays since the band
6 covers the reflectance peak of hydrothermal clays whereas band 7 contains a reflectance
trough of the clays. A large 6/4 and 4/2 band ratio values in the same pixel will display as
yellow, while high band ratios of 6/4 and 6/7 value in one pixel will be displayed as pink. The
largely blue areas in the study area of the band ratio composite map correlates well with areas
having high lineament densities. These are areas are rich in iron oxide minerals and
hydrothermally altered clays (Figure 13). Ferric minerals are found doting around other parts
of the study area.

The method for Landsat OLI was adapted also to create the ASTER alteration images. In this
case, iron oxides, hydroxyl- bearing minerals and hydrothermal clays as possible false colour
composite image band ratios of 4/8, 4/2 and 8/9 in red, green and blue were created. A large
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4/8 and 4/2 band ratio values in the same pixel will display as yellow, while high band ratios
of 4/2 and 8/9 value in one pixel will be displayed as blue. Mapped mineralogical units related
to gold deposits maybe used as an exploration tool in areas around the study area where
promising locations are expected. It is to be noted that several field visits were carried out for
updated lithological mapping resulting in the production of the geological map that provided
useful information for this study.
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Figure 3: Landsat False Colour Composite
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Figure 4: ASTER False Colour Composite
4.2  Aeromagnetic data analyses

Residual magnetic anomaly image (Reduced to Equator (RTE) (Figure 4) shows an amplitude
variation in the range of -481 to 336 nT in the study area due to wide variation of susceptibility
values of various lithologic units (magnetic/moderate-magnetic basement). High amplitude,
short wavelength anomaly pattern in the north-eastern and north-western part of the area
shallow nature of the basement. Since the contact is unconformable, the boundary in magnetic
anomaly image is gradational. The magnetic bodies are oriented in the NE-SW direction
marked in the magnetic anomaly image. This is also evident in the hill shade image of the
residual magnetic anomaly map.
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Figure 5: Total Intensity Magnetic Anomaly map of Sheet 185 (Paiko SE). Areas in magenta
are of high magnetic intensity, while blue coloured areas have low magnetic intensities. Data
was processed using Oasis montaj software.

Detailed structural fabric has been deciphered based on study of First vertical derivative image
(Figure 6) and tilt derivative image (Figure 7). All zones of magnetic minima as well as
displacements/discontinuities of magnetic anomalies were interpreted as linear structures.
Some of these negative anomalies have remarkable positive anomalies at the edges, though not
all of the structures are lined with these positive anomalies. The presence of linear, negative
and positive anomalies next to each other is due to the general geometry of magnetic anomalies
(Telford et al., 1990).

First vertical derivative image indicates that magnetic linears generally trend NE-SW sectors
with minor NE-SW and E-W components. Linears along NE-SW directions are dominant with
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minor E-W and NW-SE components. Here, the basement faults (NE-SW) are better resolved.
The amplitude of the signal peak of analytic signal is directly proportional to the edge of
magnetization. Hence source edges are easily determined. The analytic signal has a form over
causative body that depends on the locations of the body (horizontal coordinate and depth) but
not on its magnetization direction. of magnetization. Analytic signal is often effective at
highlighting geologically meaningful subtle anomalies (Lyatsky et al.,2004). Tilt Derivative
revealed short wavelengths and enhanced the presence of magnetic lineaments as well as
boundaries of magnetic bodies within the study area using its zero-crossing.

The radiometric response in the ternary map (Figure 10) to some extent corresponds with the
surface rock units of the study area and shows a close spatial correlation with the rock units.
The visual inspection of this map shows that high concentration of K, eTh and eU radioactive
elements are displayed in lighter colour and related to Older Granites.

The composite image does not provide colour discrimination between older granites (OGp)
and the (OGm). This can be discussed to the resemblance of radioelement content and the
redistribution of radioelements concentration in the overburden because of high weathering
process. There was however, a discrimination between the Migmatitic rocks (MG).

4.3  Fuzzy integration

The fuzzy logic technique was used to construct a prospectivity mapping model for
hydrothermal gold deposits and highlighted potential exploration targets in the study area.
Some evidence maps were used for evaluating the importance of each data set in data analysis
algorithm. The prospectivity map highlighted three potential exploration targets for gold
mineralization within the study area. The predicted favourable zones coincide spatially with
anomalous zones for stream sediment Au, Ag, Zn and Pb contents (Figure 10) and suggested
for future detailed exploration.

5.0 Conclusion

Satellite imagery and aerogeophysical datasets were used to map hydrothermal alteration zones
and extract the structural lineaments. Based on the exploration model considered for the study
area, appropriate evidence maps include hydrothermal alteration, host rock and structural maps
were developed, weighted and reclassified. Finally, fuzzy operators are applied to produce
mineral prospectivity map. Mineral prospectivity map comparison with field studies and this
revealed that the fuzzy logic model describes fairly well the favourability of the hydrothermal
gold deposits in the study area. All produced maps in this study should be perceived as the
preliminary evaluation of the study area in a reliable manner. The maps are a valuable data
source for the detailed studies to be conducted in the future.

The results of remotely sensed images, aeromagnetic, aeroradiometric datasets and geology
were integrated to produce a composite favourability map of the study area (Figure 10). The
predominant tectonic trends are NE — SW, NW - SE and the E — W. The NE-SW (the
predominant in the Basement Complex areas) was the most developed one among these trends
and represents the preferred orientation of ore deposits. Also, a number of hydrothermally
altered zones are mapped from the Landsat OLI and ASTER images. Since these zones have
one or more structures associations, they serve as channel pathways for migrating hydrothermal
fluids that contemporaneously reacts with rock formation which got altered subsequently. The
alteration zones marked by low magnetic intensity and significant radiometric response lie
within or close to a structure that has a NE — SW trend identified previously. The coincidence
areas of these alteration zones and high complexity lineaments indicated a high possibility for
the occurrence of gold mineralization in other similar locations. Thus, as mentioned previously,
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the close concordance between these known mineralization locations and the interpreted
structural complexities sheds a light towards the similar mapped features that may be new
promising sites. However, precise detection and evaluation of these ores need more geological
and geophysical follow up survey with finer spacing.

As a consequence, the use of satellite images for hydrothermal alteration mapping and spatial
data modelling during the early stages of mineral exploration has been found to be very
successful in delineating the hydrothermally altered rocks. Conceptual fuzzy-logic method also
gives a flexible tool to test exploration models in an easily understood manner for geologists.
The uncertainties of the fuzzy-logic modelling could not be estimated easily, but an expert
validation process would in many cases be appropriate and lead to reliable results.
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Figure 6: Analytic Signal map of Sheet 185 (Paiko SE). Data was processed using Oasis montaj
software. Maxima, represented by areas in magenta, show edge/contact of discreet bodies.
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Figure 7: Tilt Derivative map of Sheet 185 (Paiko SE). Data was processed using Oasis montaj
software. Minima, represented by areas in blue, allowed for the delineation of magnetic
lineaments.
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Figure 8: First Vertical Derivative map of Sheet 185 (Paiko SE). Data was processed using
Oasis montaj software.
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Figure 9: Ternary Map of Sheet 185 (Paiko SE). Data was processed using Oasis montaj
software. Areas in magenta represent zones of high K content. Areas in green represent zones
of high Th content while areas in blue highlight areas enriched in U.
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more favourable to mineralisation. Green areas have been adjudged unfavourable.
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Abstract

Ecotourism is considered as the most attractive subset of tourism industry which can contribute
to natural resource conservation and local development under proper management.

This paper is centers on Identification and Mapping of Suitable Ecotourism site in Old Oyo
National Park(OONP) Using Geospatial Techniques. The research used satellite data and
weighted overlays ofthe suitable ecotourism sites gotten using geospatial techniques of land
use land cover analysis and weight analysis in ArcGIS after the criteria had been determined
through consultation with the experts. The auxiliary data from analytical hierarchy process
were then integrated with other GIS datasets to mapsuitable ecotourism sites in Old Oyo
National Park Oyo state Nigeria. Theanalysis indicates that the highly suitable areas are mainly
located at Mguba and Tede range which is located at the south western andsouth-east of the
study area characterized by some historic features such as ibuya pool, vast terrain and abundant
of wildlifeThe moderately suitable areas are mostly located in Tede and Maguba range of the
reserve which is abundantly blessed with great terrain and vegetation, since most of these are
largely free from urban settlements with a unique and outstanding natural beauty, diverse
attractions and great tourism potential. The marginally suitable areas arelocated in Sepeteri and
Oyo ile range which houses the relic historical site of old Oyo settlement such as defense
wall,Agbaku cave, Majiro cave,Majiro grinding industrial siteand different rock view and
shape.These area are majorly rocklike in terrain. The non-suitable areas of the forest are at the
extremely southern part of Tede range which is made up of water body and extreme north of
Oyo ile range which is majorly rock.The study recommends that in order to optimally use the
area and preserve the natural environment, proper holistic management and policies that will
involve the surrounding communities should be put in place while the highly suitable
ecotourism sites should be made biodiversity hot zone within the reserve

Keywords:GIS, LULC, Ecotourism, Potential sites and OONP

1. Introduction

In recent years, ecotourism sector, as a subset of tourismindustry, plays a great role in
improving the economy of developed countries and their local people. Moreover,
ecotourismpreserves the natural, bioenvironmental and cultural values of those areas (Sharpley,

2000).
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Ecotourism is a form of tourism in which the main motivation of the tourists is the observation
and appreciation of nature as well as the traditional cultures prevailing in natural areas. It also
contains educational and interpretation features thereby generating economic benefits for the
host communities, organizations and authorities managing natural areas with conservation
purposes,providing alternative employment and income opportunities for local communities;
and Increasing awareness towards the conservation of natural and cultural assets, both among
locals and tourists according to United Nations World Tourism Organization(UNWTO, 2002).
Ecotourism can be defined as an opportunity to promote the values in the protected areas and
to finance related stakeholders. Ecotourism means “responsible travel to natural areas that
conserves the environment, sustains the well-being of the local people, and involves
interpretation and education” according to The International Ecotourism Society (TIES, 2015).
Ecotourism is as old as man itself because the first ecotourism site in the world was planted by
God and it served as a source of employment to the first man in the world history apart from

its leisure nature.

Ecotourism, or ecological tourism, has been a growing phenomenon since the 1950s and 1960s
as the First World grew in its appreciation of nature and its vulnerability to human development
and population growth (Roche and Wallington, 2014).Ecotourism emerged as an alternative
form of tourism in the 1990s to mitigate the faults ofconventional (mass) tourism in meeting
the needs of sustainable development. It has since become widespread in Thailand and is
adopted not only in natural areas (Leksakundilok, 2006)

Ormsby et al. (2006) found out that ecotourism ventures have sustained the economy of most
nations, for example, East African countries like Kenya, Tanzania and part of West Africa like
Senegal. Ecotourism accounts for a large share of some countries’ Gross Domestic Product
(GDP) and so contributes to livelihoods of many people, as in Kenya, Madagascar, Nepal,

Thailand and Malaysia (Isaacs, 2000). When ecotourism is supported in protected areas, it is
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often argued that economic benefits will accrue to local communities (Marsh, 2000). Some of
the economic benefits which local communities can derive from ecotourism are employment
opportunities, development associated with infrastructure (e.g. better road network and water)
and ecotourism businesses (Hall, 2006a; Marsh, 2000; Weiler and Scidl, 2004).

Old Oyo National Park (OONP) is a 2512km?expanse of conserved natural landscape which
ishaving its fair share of deforestation and forest degradation (Chibuzor, 2017 in press). Despite
it being a conserved area, forest degradation is still taking its toll on it, which call for a need of
prompt action to save the naturalness and biodiversity of the forest of which ecotourism will
play a big role. This can also serveas source of income generation to the state and nation if it
is fully harnessed. Old Oyo National Park has different ranges that comprise criteria tenable
for ecotourism, hence necessitated the need for this research work. The study sought to identify

and map suitable ecotourism sitesin Old Oyo National Park..

2. Literature Review

Xiang (2017) examined ecotourism development evaluation and measures for forest parks in
Chinabased on the principles of ecotourism, by developing an evaluation index systemto assess
the current situation and problems of ecotourismdevelopment in forest parks from a national
perspective. Adopting the Delphi Method; a forest park ecotourism development evaluation
index system was established. Theindex contains 57 indicators including ones for the number
of ecotourism and ecotourism revenue, ecotourism productsdevelopment, ecotourism
interpretation and education,green infrastructure development, environmental quality
andprotection, community participation, ecotourism management using a field survey and a
mail survey to obtain data.

The forest park survey consisted of an on-the-spot survey and a survey conducted by post.There

were 382 questionnairesaltogether (of which, about 89% were field survey). Atotal of 354



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

copies were responded to by the manager of forestpark, achieving a validity of 92.67% using
SPSS18.0 software. The questionnaire was analyzed by means of <0.05 forsignificant
difference and F test. When choosing surveysamples, the number and proportion of forest parks
in eachprovince was taken into consideration. The questionnaire was tested by Cronbach's a
reliability analysis and obtained the a coefficient of 0.870, indicatingthat the questionnaire data
have a high degree of credibility.

He concluded that China's ecotourism in forest parks is undergoing a stage of steady
development and ecotourism products available are rich and distinctive. More attention is paid
to the construction of environmental interpretation systems thereby green infrastructure is
making progress and the natural ecological tourism environment is good while communities
that participatein ecotourism receive economic benefits and ecotourismmanagement continues
to improve.

Bhaya and Chakrabarty (2016) considered a GIS based ecotourism infrastructure planning for
Promotion of tourism in Jungle Mahal of West Bengal, India in order to identify potential
ecotourism sites through the use of remote sensing and GIS techniques in forest dominated area
of West Bengal. They used LANDSET- 8 satellite imagery to generate the land use and land
cover through classified supervisedtechnique using maximum likelihood classifier
specification and relative relief of the area gotten from the ASTER(Advanced Space borne
Thermal Emissionand Reflection Radiometer) while the Digital Elevation Model (DEM) was
generated. Various criteria such as spot height of 702 — 0 m elevation, dense to moderate forest
cover, water bodies’ availability, road network, soil type were used to identify ecotourism
potential site selection which led to generation of various maps that were overlain in ArcGIS
to identify the ecotourism potential sites. The study concluded thatjungle Mahal appeared as
an ideal ecotourism destination where thousands of local people could be employed.They also
pointed out areas that should be afforested immediately,where expansion of settlement and

cultivation should be restricted, instead of large - scale cultivation, thrust area should be
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forestry and forestbased economic activity like agro forestry, horticulture,
sericulture,aquaculture, animal husbandry to meet the demand of tourists as well as the local
tribal people of the jungle so that Mahal will see the new path for socio- economic

development..

Onojeghuo and Onojeghuo (2015b), applied remote sensing techniques in mapping and
showingthe distribution and structure of forest landscapes across protected areas in two states
(Cross Riverand Delta) within the Niger Delta. It was observed that the total area of forest
landscape for 1986,2000 and 2014 across the identified protected areas were 535,671 ha,
494,009 ha and 469,684 ha(Cross River) and 74,631 ha, 68,470 ha and 58,824 ha (Delta)
respectively. The study showed that annual deforestation rates for protected areas across both
states from 1986 to 2000 were 0.8%.However, the overall annual deforestation rate between
2000 and 2014 was higher in Delta (1.9%)compared to Cross River (0.7%). The study showed
accelerated levels of forest fragmentationacross protected areas in both states as a side effect

of the prevalence of agricultural practices andunsupervised urbanization.

The study area for our study is located in Oyo State, South West part of Nigeria at latitude
8° 10’ N and 9° 05’ N and longitude 3° 35’ E and 4° 42’ E with ‘Saxophone’ shaped like and a
total land mass of 2759.052km? making it the fourth largest national park in Nigeria. Old Oyo
National Park is surrounded by Eleven (11) Local Government areas out of which Ten (10) fall
within Oyo State and one (1) in Kwara State. There are Atisbo( Tede/Ago-Are), Atiba (Oyo),
Irepo ( Kisi), Oorelope (Igboho), Saki East ( Ago-Amodu), Iseyin ( Iseyin), Orire (lkoyi),
Itesiwaju (Otu), Olorunsogo ( Igbeti), Saki West( Saki), and bounded by Kaima (Kwara

state).(Oladeji et al., 2012)
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Fig 1:0: Map of Nigeria showing Oyo State and map of Oyo state showing the study Areas.
Source: Authors’’ fieldwork, 2018

3. Methodology

A combination of different approaches was used during the analysis of the data using the spatial
analysis of the ArcGIS tool box. This was made easier with data gathered during the field work.
A classification scheme of Anderson et al. (1976) level 1 classification was adopted and
modified into five classes representing forest land, rock out crop, shrub land, water body and
open space. The supervised maximum Likelihood image classification was used to generate
the land use and land cover map, some factors (Landscape/Naturalness, Topography and road)
and criteria (land use and land cover, Elevation/slop, road proximity to cultural site). These
wereconsidered for determining ecotourism sites. The Model(DEM) was used to generate the

elevation and slope map.The proximity to cultural site was done through buffering which were
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then integrated into to map in ArcGIS togenerate the ecotourism site map through weight
analysis.

3.1 Data collection

Satellite image of Old Oyo National Park (OONP)was downloaded from the United States

Geological Survey (USGS) website (http://glovis.usgs.gov/). OLI satellite image of 2018was

used of 30m resolution and spectral range of 10.4 -12.5, band 5, 4, 3 for land use land cover

image classification.

Table 1:0: Factors and Criteria for Land Suitability Analysis of Ecotourism

Factors Criteria  Unit High Moderate Marginal Not suit
Landscape/  Land Value Near range Middle range Far range Not visible
use/land range ) )

Naturalness cover High Moderate Marginal Not
Topography Elevation  Meter 0-100m 100-300m >400m  0-100 m
Slope degree 0-5° 5-25° 25-35° > 35°
Road Proximity Kilometer 0-15km 15-30km 30-45km > 45 km
to
cultural
sites

Source: Authors’ fieldwork, 2018

4. Results and Discussion

The land use change map of OONP in figure 2.0, shows that forest land was the dominant land
cover features of about 1321.9254 km? (47.35 %) of the total area,and covers majorly the
central and northern part of the study area. This is followed by shrub and fallow land which
covers an area of 857.9682km? (30.73 %) predominantly at the south west and south east of

the study area. The bare soil and open space areaaccounts for about 225.7713km? (8.09 %)
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majorly visible at the south-western area of the reserve. Rock out crop is 196.9083 km? (7.05%)
well pronounced at the northern part of the study area and are made up of caves such as Agbaku
cave and some historical sites of Old Oyo lle relics, Koso relics. Water covers about 189.2934
km? (6.78%) abundantly found at the southern part of the study area. A quick glance at the

forest reserve, forest vegetation still carries the largest part of the reserve.
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Source: Authors’ work, 2018

4.1:  Mapping potential areas of ecotourism in the study area.
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For mapping potential areas for ecotourism in the study area, some factors and criteria were
used such as land use and land cover type, elevation/slope, road proximity to cultural site.
Thesewere prepared as map layers as shown in figure 3.0. Based on the ecotourism area
mappedusing weighing analysis from the criteria, the highly suitable areas for ecotourism site
is found at the south westernpart of the study area which contains historic ibuya pool, which is
traditionally significant for Sepeteri people as part of traditional worship center of one of their

gods in the olden days, and some part of south-east of the map.(seefigure 3.0)
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Fig 3.0Criteria for ecotourism mapping in map layers
Source: Authors’ work, 2018.
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% of the total land mass of 2759.052km?,

accounts for 95.6157km?(3.4%).(see table 2.0).

Table 2.0 Ecotourism suitability area

Table 4.1 shows the area of land covered by each ecotourism area in the order of their
suitability. The most highly suitable area covers a total land mass of 57.35km?, that is, about
moderatelysuitable area carries
1053.905km?(38.2%) the second highest in land mass of the study area, while marginally

suitable area carries the highestland massof 1552.184km?(56.3%), and not suitable area

324 |Page
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Weight Analysis scale Area (km?) Percentage (%)
Highly suitable 57.34698 2.078503
Moderately suitable 1053.905 38.19809
Marginally suitable 1552.184 56.25788
Not suitable 95.6157 3.465528

Source: Author’s fieldwork, 2018

5. Conclusion

Ecotourism development is visualized as a development tool — not just in promoting tourism
growth but also to conserve biodiversity of species in area where it is established and also aid
in climate change regulation.It also has capacitytoreduce poverty particularly in the rural areas.
Poverty is widespread as pervasiveeconomic pursuits in those areas are limited to agriculture,
livestock, and trans-boundary trade. All these activities suffer from low productivity, and are
subsistence oriented. Ecotourism is expected to preserve forest reserve against forest
degradation and also engage neighboring communities in higher productivity by linking them
to more commercial activities.In order to optimally use the area and preserve the natural
environment, a proper holisticmanagement and policies that will involve the surrounding
communities should be put in place while the highly suitable ecotourism sites should be make
biodiversity a hot zone within the reserve. The study has also shown that GIS and remote
sensing are an indispensable tool for mapping suitable ecotourism sites.
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Abstract

The research analyzed the spatial distribution of public primary schools and a total of 53
primary schools were identified with the population of pupils at 13,753 across the study area.
All the schools in the study area were purposively sampled and used in the study. Most of the
attribute data were obtained at the State Universal Basic Education Board (SUBEB) Maryland,
Ikeja and also Local Government Education Authority, Gbagada phase 11, Somolu. The study
also revealed inequality firstly in the distribution of schools in the study area with wards like
(Bariga ward D, Somolu ward H etc.) having none, secondly , the Nearest Neighbour Index
and Point Density Analysis revealed the cluster pattern of the distribution of schools resulting
to inequality in the distribution of schools in the study area. An administrative map of the study
area obtained from the Local Government Area was geo-referenced and digitized in ArcGIS
10.3.1 for the base map through digitizing process. An overlay analysis was performed and all
the coordinates of the UBE primary schools were displayed on the composite map. A GIS
database was created where the spatial and attribute data were encoded and query analysis was
carried out.

The study recommends among others, provision of functional facilities (especially the
recreational facilities) by the Lagos State Ministry of Education and the Local Government
Area of study.

Keywords: Spatial Distribution, Public Primary School, Map, GIS, Analysis, Education,
Teachers.

1. Introduction

In regards to public services, Educational services can be said to be one of the most important
on the provision list to members of any locality. The efficiency of the educational sector is
strongly advocated by both the promoters of social equality, social justice and modern day
democracy, who view education as a precondition for advanced development and competitive
edge (Taiwo C.O. 1980). So governments are striving to provide educational institutions of all
levels (nursery and primary, secondary, universities) in order to accelerate progress and
prosperity (Fuende HD et al 2013).
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The Universal Basic Education, UBE, came as a replacement of the Universal Primary
Education as an innovation to enhance the success of the first nine years (6 years of Primary
School, 3 years of Junior Secondary School education) of schooling. This scheme is monitored
by the Universal Basic Education Commission, UBEC, and has made it "free", "compulsory"
and a right of every child. (Aderinoye, 2007).

World Bank recommended that the following data were needed for rationalizing and drawing
up of both the urban and rural school map. Schools which includes physical aspects, site, type
of building, usage, capacity, teachers (numbers, qualification, and age), students enrolment in
school, individual data on age, sex, previous schools, home, location, mode of transport, time
taken in home/school journey, parental background, rural and urban area data which include
land use administration map on a large scale, planning reports, settlement patterns etc. The
facility also includes classrooms, toilets, furnishings, materials and supplies, fire suppression

systems, security, information technology etc. (World Bank, 2014).
1.1 Scope and Limitation

The scope of this research is formal education and it is limited to the distribution of public
primary schools in Shomolu Local Government Area, Lagos State. The content scope of the
research covered the location, mapping, and generating of geo-database of the primary schools

infrastructure in the study area.
1.2 Aim and Obijectives
Aim:

The aim of the study is to examine the spatial distribution of public primary educational
institutions in Shomolu Local government area in Lagos state, Nigeria and identify the factors

associated with the observed pattern.
Objectives:
The specific objectives in achieving the aim of the study include:

= To identify and map the locations of Public Primary Schools in the study area.

= To determine the spatial pattern of public primary educational facilities in Shomolu

local government.
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= To compare the Teacher to Pupils population ratio with the set standards of UNESCO
and UBE.

= To examine the characteristics of the educational facilities (which includes: Type of
building, numbers of classrooms, classroom situation, type of toilet, roof condition,

play room, playground facilities etc.)
= To create a Web-Based Geo-database for the public primary schools in Shomolu LGA.

1.3 Justification for the study

The primary education level, which acts as a very vital aspect of the nation's educational system
that deserves to be handled with great care and caution. Errors committed in the organization
and management of this level of education might affect other levels and thus seriously mar the
lives of the people and indeed the overall development of the nation. This is one good reason
why all the stakeholders must show enough concern for those issues that concern the organizing
and managing of our primary system (Durosaro, 2004).

Unavailability of data that shows the distribution pattern of the schools in the study area has
made it very difficult for people to see at a glance how these schools are spread. Also, in taking
sound decisions on the management of primary education in Nigeria, there is the need to ensure
availability of accurate data on the system (FGN/UNESCO/UNDP, 2003). A GIS database
provides a comprehensive framework and organization of spatial as well as non-spatial data.
Such as a map that will show the distribution pattern of the public primary schools in Shomolu
L.G.A of Lagos State

As a step towards improving the standard of public primary schools’ education in the study
area, it will be necessary to provide the public and decision makers of the state with information
such as location, staff strength, available facilities, status of public primary school, to enhance
proper planning and decision making. The information provided will enable the government
and educationists in policy and decision making such as planning for the future expansion,

distribution of materials or facilities among these schools in the study area.
1.4 Study Area

The area known today as Shomolu Local Government area was formerly known as Mushin
East Local Government area when it was carved out of the defunct Mushin Town Council in

1976. On December, 1996, Kosofe Area was again carved out and became Kosofe Local
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Government while the remaining area retained Shomolu Local Government Which lies
between latitude 6°31°12”’N and 6°33°36”°’N and Longitude 3°22°22”°E and 3°24°36”’E.
Bordered by Kosofe Local Government in the north, Lagos Island in the West, Lagos Mainland
in the South and Mushin Local Government in the East. The population of Shomolu Local
Government according to the 2006 census stands at 402,673 person, with an area of 106.5km?.
The Local Government Headquarters is located at Number 2, Durosinmi Street, Shomolu, off
Oguntolu Street. The present Shomolu Local Government comprises areas like the community
road, Akoka, areas East of Ikorodu up to Anthony, Oke side interchange, including Somolu
Bashua, Bariga, part of Akoka, Igari, Obanikoro, pedro village, Abule Okuta, Seriki village,
Apelehin and Ilaje.
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Figure 1. Study area map of Somolu LGA showing the distribution of the wards
2. Literature Review

2.1  Millennium Development Goal

In this priority area the millennium development goal is to ensure that by the year 2015,
children everywhere, boys and girls alike, will be able to complete a full course of primary
schooling and those girls and boys will have equal access to all levels of education (Susan,
2004).
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2.2 Definition of Basic Education

United Nations Economic, Scientific, and Cultural Organization (UNESCO) define basic
education as the first nine years of schooling; the first five or six years are often identified as
primary education and the rest as lower secondary education. It also includes basic education
for youth and adults who did not have the opportunity to complete a full cycle of primary
education (Ikpasaja, 2014).

The agency which coordinates the affairs of this sub sector is the Universal Basic Education
Commission (UBEC). Other coordinating agencies in this sector include National Commission
for Nomadic Education and National Mass Education Commission.

2.3 National Policy on Education
Universal Primary Education (UPE)

Universal Primary Education (UPE) is a goal stated in many national development plans and
pursued with vigour by governments of most developing countries. Primary education is seen
as the first step in laying the foundation for future educational opportunities and lifelong skills.
Through the skills and knowledge imbued, primary education enables people to participate in
the social, economic and political activities of their communities to their fullest potential
(Globalisation of Education Policies, 2000).

In 1976, the Universal Primary Education (UPE) programme was introduced in the country
and was launched on Monday 6" September by the Olusegun Obasanjo Military Administration
at Oke Sunna Municipal Primary School, Lagos to provide free and compulsory education to
children at the primary school level. Unfortunately, the Scheme was faced with several
challenges because structures were hurriedly put in place, teachers were trained haphazardly
and there was an inadequate funding of the primary education sector. This however, brought
about declining enrolment in public primary school. Teachers to pupil’s ratio were high and at
the long run, education was meant only for the wealthy children (not for all the children as
proposed earlier). Children who are supposed to be in the school learning are outside the street
hawking goods for their parents. The vision of Education for All (EFA) regardless of their

socio-economic background was ignored (Omotere and Adunola, 2010).
Universal Basic Education (UBE)

Universal Basic Education (UBE) is a reformed programme in Nigeria’s basic education
delivery (from primary one, all through to junior secondary school class 3) and is to reinforce

the implementation of the National Policy on Education (NPE) in order to provide greater
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access and ensure quality throughout the Federation as it is free and compulsory (Adomeh et
al, 2007).

Nigeria is adopting Universal Basic Education (UBE) and as a process of fulfilling the aim of
Education For All (EFA) as endorsed at the World conference on education held in Jomtien,
1990 (Arhedo, 2009). The UBE Programme is a nine (9) year basic educational programme,
which was launched and executed by the government and people of the Federal Republic of
Nigeria to eradicate illiteracy, ignorance and poverty as well as stimulate and accelerate
national development, political consciousness and national integration. Former President
Olusegun Obasanjo flagged off UBE on 30" September 1999 in Sokoto State.

According to Omotere and Adunola (2010), Universal Basic Education is broader than
Universal Primary Education of the 1970s, which focused on providing educational
opportunities for primary school age children. Universal Basic Education stresses the inclusion
of girls and women and a number of non-privilege groups: the poor, street and working
children, rural and remote populations, nomads, migrant workers, indigenous people,
minorities, refugees and the disabled. It also extends to the first level of secondary education
(JSS 3).

2.5  Laws and other Basic Regulations Concerning Education in Nigeria

The National Policy on Education was enacted in 1977 and undergone three revisions, the most
recent one in 2003. Since 1981, a number of decrees have been passed providing the legal
framework of education in the country (International Bureau of Education (IBE) - UNESCO,
2006).

i.  The Decree No. 16 of 1985 places special emphasis on the education of the gifted and

talented children within the National Policy on Education.

ii.  The National Commission for Mass Literacy, Adult and Non-formal Education, which
was established by Decree No. 17 of 26 June 1990 and formally inaugurated on 5 July
1991, is charged with the responsibility of developing strategies,
coordinating programmes, monitoring and promoting literacy and  post-

literacy programmes nationwide.

iii. In1993, the National Minimum Standards and Establishments of Institution
Amendments Decree No. 9 was promulgated. It provides for religious bodies, non-
governmental organizations and private individuals to participate in the provision of

tertiary education.
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iv. By arecent decree, all companies operating in Nigeria which have up to 100 employees
on their payroll shall contribute 2% of their pre-tax earnings to the Education Tax Fund

for the funding of education.

v. The most crucial strategy for sustainable education development in Nigeria is the
Universal Basic Education (UBE) Scheme, which was launched in 1999. In May 2004,
the Nigerian Legislature passed the UBE bill into law. The Universal Basic Education
Act represents the most significant reform and addresses comprehensively the lapses of
the Universal Primary Education (UPE) and the issues of access, equality, equity,

inclusiveness, affordability and quality.
2.6 The State of Education in Nigeria of the Nation

The federal government reported that the falling standard of education in Nigeria is caused by
"acute shortage of qualified teachers in the primary school level.” It is reported that about 23%
of the over 400,000 teachers employed in the nation's primary schools do not possess the
Teachers' Grade Two Certificate, even when the National Certificate of Education (NCE) is
the minimum educational requirement one should possess to teach in the nation's primary
schools (Africa Economic Analysis (2008). Due to lack of teachers, however, holders of the
Teacher’s Grade II Certificates (TC I1) are still allowed to teach in some remote primary

schools (Better Future Foundation Amodu (BFFA) — Nigeria, (2014).

2.7 Standards

Standards are set of yardsticks in the units of measurement of variables which appear in the
statement of principles. Standards are not absolute but relative and are more or less a form of

guides.
Standards for Setting of Public Primary School:

i.  United Nations Education Scientific and Cultural Organization (UNESCO) standard
(1996): (UNESCO) prescribed the ratio of 1:25 in public primary schools. (Chukwu,
2011).

ii.  Universal Basic Education Plan, (2010-2019): reveals that, for effective teaching and
learning, the teacher/pupils ratio shall be 1.35 in primary schools (Kakuri, nd), and with
the walking distance (3-4km) for all learners of primary school-going age Federal Ministry
of Education - FMoE