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ENGINEERING, AHMADU BELLO UNIVERSITY, ZARIA. IN PARTIAL
FULFILMENT OF THE REQUIREMENTS FOR THE AWARD OF MASTERS
DEGREE IN ENGINEERING MANAGEMENT SUPERVISOR: DR. D.O. OBADA
MAY, 2019 CHAPTER ONE INTRODUCTION 1.1 Background to the study
Emission manage catalysts constitute a crucial part of today’s automobiles
powered via inner combustion engines, mitigating the harmful
consequences of pollution inside the exhaust which includes carbon
monoxide, hydrocarbons, nitrogen oxides, and particulate be counted
(Heck et al, 2009). The increasing awareness of the impact that car
exhaust emissions have on the environment has led many countries to the
adoption of emissions rules. Most of these policies, that are becoming ever
stricter, dictate that at present exhaust catalytic converters are the best
practical solutions to the emissions problem (Clarksonet al., 2014). The
pollution have undesirable effect on air great, environment and human
health that hints in stringent norms of pollutant emissions. A numbers of
different technology like upgrading_in engine design,_fuel pre-treatment,
use of opportunity fuels, fuel flavors, exhaust treatment or advanced
tuning of the combustion procedure etc. are taken to lessen the emission
degrees of the engine. Out of many technology to be had for vehicle
exhaust emission control, a catalytic converter is determined to the
excellent option to be manipulate HC, CO and NOx emissions from petrol
pushed vehicles at the same time as diesel particulate filter out and diesel
oxidation catalysts have to this point been the maximum possible choice
to control particulates emissions from diesel pushed cars. The catalytic
technology used nowadays is part of an integrated emission manage
generation system that regularly consists of more desirable engine and
gasoline management strategies (Mizanuzzaman, 2013) .A catalytic
converter is located within the tailpipe through which lethal exhaust gases
containing HC, CO, NOx are emitted. The feature of the catalytic
converter is to convert those gases into CO2, H20, N2 and O2 (Patel et
al., 2012). Fleet control is the function that oversees, coordinates and
allows various transport and transport related sports. Latest generation
has been gaining attractiveness as more automobile users are getting
privy to the essential position sure gadgets play in the typical performance
of automobiles. Fleet management is utilized by agencies to ensure
accountable vehicle use, affirm safety amongst others, hence, effective
fleet control targets at reducing and minimizing basic expenses via most,
cost powerful utilization of assets along with vehicles, gas, spare parts and
the use of catalytic converters that's one component of fleet management
in vehicle upkeep (Patel et al., 2012). Over the years, an increasing
number of vehicle users and personnel of PAN have subscribed in large
part to the usage of those converters in that it ensures group of workers
protection, protection at the roads; automobile safety; and overall
performance control. 1.2 Problem Statement There has been a false
impression of using catalytic converter. Many see it as a gas reduction tool
whilst many don’t even are aware of it as a catalytic converter and many
others. During the last years, with the awareness of dangerous exhaust
gases growing because of old era cars with incorrect tuning, there was a
pressing need of reducing those effects which has been of super issue to
state and federal governments in Nigeria, as an instance, Kaduna state.
This has necessitated the usage of catalytic converters. Despite this effort,
there has been a misconception of the use of catalytic converters. Many
see it as gasoline lowering tool, whereas many don’t even are aware of it
as a catalytic converter. The inadequate awareness of catalytic converters
has hindered the use, the safety to automobiles and guarantees
environmental safety. 1.3 Aims and Objectives The aim of this study is to
carry out a study on the level of awareness and usage of catalytic
converter among vehicle users of Peugeot Automobile Nigerian Limited
Kaduna. The specific objectives are: i. To pick out the extent of awareness
of catalytic converters amongst automobile customers ii. To pick out the
belief of vehicle users on the usage of catalytic converters in PAN iii. To
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perceive the function of fleet managers in making sure retrofits of catalytic
converters 1.4 Research Hypotheses For the reason of reading the records,
the subsequent hypotheses have been examined: HO1: there is no full-size
courting among the level of awareness of catalytic converters and
automobile customers. HO2: there may be no considerable relationship
among the belief of vehicle users and use of catalytic converter in PAN
HO3: there may be no widespread dating among the position of fleet
managers in ensuring retrofits and catalytic converters. 1.5 Research
Questions The look at intends to answer the subsequent questions: i. what
is the level of awareness of catalytic converters amongst car customers? ii.
what is the belief of automobile customers on the use of catalytic
converters in PAN? iv. what is the role of fleet managers in making sure
retrofits of catalytic converters? 1.6 Significance of the Study The findings
of this examine are predicted to assist become aware of elements that
restriction the use of catalytic converters with the aid of some car
customers. The have a look at is predicted to help to be greater proactive
within the use of such devices. It will cope with those observed to have
terrible attitudes in the direction of its use and they can encouraged to
create the means to make it a part of a maintenance way of life. 1.7 Scope
of the Study The examine included Peugeot car Nigeria in Kaduna state of
Nigeria. The emphasis is on level of focus of the usage of catalytic
converters in fleet management. CHAPTER TWO LITERATUREREVIEW 2.1
Review of Fundamental Concepts On this segment, standards fundamental
to the research, such as fuel combustion, exhaust pollutants, size of
pollutant, styles of catalytic converters, approach of operation, amongst
others are reviewed. 2.2 Combustion of Fuel In an internal combustion
engine, petrol is used as a fuel that provides power to power the vehicle.
There is a layout based totally air-fuel mixture that produces the vital
ignition. In a ‘perfect’ gadget, combustion could be whole so that the
simplest exhaust merchandise could be carbon dioxide and water /steam.
In practice, the complete oxidation of the fuel depends on a range of
things: one of the factors is the fact that there should be sufficient oxygen
present; similarly, there must be adequate blending of the petrol and air;
lastly, there ought to be enough time for the aggregate to react at high
temperature before the gases are cooled. Dongarra et al., 2002 mentioned
that, in internal combustion engines,_the time available for combustion is
restricted via the engine’s cycle to only some milliseconds. There is
incomplete combustion of the fuel and this results in emissions of the
partial oxidation product, carbon monoxide (CO), and an extensive variety

aromatics and oxygenated species. Those emissions are mainly high in
the course of each idling_and deceleration, when inadequate air is taken in
for whole combustion to arise. Oxides of Nitrogen are produced as by way
of-merchandise of the combustion technique all through acceleration of the
vehicle. Such oxides includes nitric oxide (nitrogen mono-oxide NO)_and
nitrogen dioxide (NO2). Conventionally, those oxides of nitrogen are taken
into consideration collectively and represented as NOX. On the high
temperatures concerned (in excess of one 500 °C) nitrogen and oxygen
inside the air drawn in with the gasoline may additionally combine
together to shape NO. On leaving the engine, this monoxide cools down
and is oxidized through oxidants within the ecosystem to shape the
dioxide. Despite the fact that the ‘solving’ of nitrogen from the air is the
primary source of NOX,_ it can also stand up from the oxidation of any
nitrogenous components in the gasoline (logo et al., 2000). All through
combustion, a ramification of pollution launched are either primary
pollutants or secondary pollutants. The primary pollution are defined as
those gases emitted immediately from the exhaust of a car. None of these
is a suitable addition to the atmosphere, but perhaps the most notorious
outcome of exhaust emissions is their function in the formation of
photochemical smog - a mixture of ozone, nitrogen dioxide, other
secondary products and small particulates. those secondary pollutants can
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reason extreme damage to human health. The position of an emission
manipulate catalyst is to concurrently put off the number one pollution
CO,_VOCs and NOX by way of catalyzing_their conversion to carbon dioxide
(C02), steam (H20)_and nitrogen (N2). 2.3 Exhaust pollutants 2. 3 .1
Hydrocarbons Hydrocarbon emissions result while gas molecules in the
engine do now not burn or burn most effective partially. Hydrocarbons
react within the presence of nitrogen oxides and daylight to form ground-
stage ozone,_a chief factor of smog. Ozone irritates the eyes, damages the
lungs,_and aggravates respiratory problems. It' s far our maximum
massive and intractable urban air pollution trouble. A humber of exhaust
hydrocarbons also are toxic, with the capability to purpose most cancers
(Brandt et al., 2000). 2.3 .2 Nitrogen Oxides (NOx) Under the high stress
and temperature conditions in an engine, nitrogen and oxygen atoms
within the air react to shape numerous nitrogen oxides, together referred
to as NOx. Nitrogen oxides,_like hydrocarbons, are precursors to the
formation of ozone. In addition they make a contribution to the formation
of acid rain. 2. 3 .3 Carbon Monoxide Carbon monoxide (CO) is a made
from incomplete combustion and takes place whilst carbon inside the
gasoline is partially oxidized instead of absolutely oxidized to carbon
dioxide (CO). Carbon monoxide reduces the go with the flow of oxygen
within the blood flow and is in particular dangerous to folks with heart
disorder. 2. 3 .4 Carbon Dioxide In recent years, the U.S. Environmental
protection employer (EPA) has began to view carbon dioxide, a made of
“ideal” combustion, as a pollution situation .Carbon dioxide does not
immediately impair human health, but it is a “greenhouse gasoline” that
traps the earth’s warmness and contributes to the capability for global
warming. 2. 4 Measurement of Some Pollutants in Vehicle Exhaust The
energy saved in chemical bonds is converted by using vehicle engines into
mechanical strength at some point of the controlled combustion of
gasoline in air (G. Balaji et al, 2014) as shown; CxHy + 02 — CO2 + H20
F WAIMNESS ...ooiciieiecieeecieeesieeesieeesee s s e e s s e eee e e eeen 0 1L Whilst there's
the precise stability of 02 and hydrocarbons within the combustion
chamber (i.e., underneath “lean” situations), complete combustion
happens and CO2 and H20 are emitted in the exhaust. While the
aggregate is not in balance, including the case whilst there may be too
much gasoline and no longer enough oxygen (i.e., beneath “wealthy”
situations), combustion is incomplete and the exhaust can comprise CO
and extra hydrocarbons. Given that each nitrogen and oxygen are found in
air used for combustion, the subsequent reactions might also take vicinity
inside the engine, specially while the combustion temperature is high: (G.
Balaji et al, 2014). O_2+heat—20
............................................................................................... 2

O+N 2 5NOHN. . tiieiiiiiiiiist sttt .3

4

2NO4+0 292NO 2.ttt e iaeas 5
As a result, nitrogen oxides (NOx = NO + NO2) also are gift at excessive
concentrations in vehicle exhaust. Traditional untreated automobile
exhaust can also contain CO concentrations of one-2% via extent,
unburned hydrocarbons levels among 500-a thousand ppm and NOx
ranges between one hundred-3000 ppm. The unit of ppm, or elements-
per-million, is called a mixing ratio. In reality, scientists prefer to degree
the amount of hint pollution inclusive of NOx or ozone within the air in
phrases of ppm or even parts in step with billion (ppb), which might be
described as follows: 1 ppm = 1 molecule mentioned per a million
molecules of different gases within the air 1 ppb = 1 molecule mentioned
in line with 1,000,000,000 molecules of different gases in air. With
approximately 1million motors in Kaduna city, human health, agricultural
activities and natural places depends on human potential to lessen to a
few level or cast off emissions of toxic gases like nitrogen oxide (NOx),.
carbon monoxide (CO)_and hydrocarbons from automobile gadgets. One of
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the troubles related to those pollutants is the incidence of smog in city
regions. Photochemical smog is the brown, noxious haze that obscures the
view of humans the primary situations required for smog to increase
encompass the presence of; 1. Large amount of sunshine 2. Air with a
temperature greater than 290 K or 63 °F 3. Hydrocarbons, carbon
monoxide and nitrogen oxide sources 4. A steady air mass 2.5 Type of
Catalytic Converters Catalytic converters are labeled based at the variety
of simultaneous duties they carry out. Generally, catalytic converters are
categorized into two categories (Singhet al, 2016). 2.5.1 The two-way
catalytic converter A 2-way (or"oxidation", every so often called an" oxi-
cat") catalytic converter has simultaneous obligations: 1. Oxidation of
carbon monoxide to carbon dioxide: 2CO + 02—-2C0O2 2. Oxidation of
hydrocarbons (unburned and partially burned gasoline) to carbon dioxide
and water: CxH2x+2 + [(3x+1)/2].02—-xC02 + (x+1)_H20 (a combustion
response) this sort of catalytic converter is widely used on diesel engines
to lessen hydrocarbon and carbon monoxide emissions. They have been
also used on fuel engines in American-and Canadian- marketplace motors
till 1981.because of their inability to control oxides of nitrogen;_they were
outmoded with the aid of 3-way converters. Figure 2. 1: way catalytic
converter (Singh et al, 2016) 2.5.2 The 3-way catalytic converter three-
manner catalytic converters (TWC)_have the additional advantage of
controlling_the emission of nitric oxide and nitrogen dioxide (both
collectively abbreviated with NOx and now not to be burdened with
nitrous oxide), which can be precursors to acid rain and smog. in view
that 1981," 3- way" (oxidation-reduction)_catalytic converters have been
utilized in car emission manipulate structures within the united states of
America and Canada; many other countries have also followed stringent
vehicle emission policies that in effect require 3-manner converters on
gas online -powered cars. 3-way catalysts may be implemented in
applications wherein the engine operates in a stoichiometric circumstance
(near perfect balance of available oxygen and unburned fuel). The discount
and oxidation catalysts are commonly contained in a commonplace
housing;. but, in a few times, they will be housed separately. A three-
manner catalytic converter has three simultaneous duties: 1) Reduction of
nitrogen oxides to nitrogen and oxygen: 2NOx —X02 + N2 2) Oxidation of
carbon monoxide to carbon dioxide: 2CO + 02— 2C 3)_Oxidation of
unburnt hydrocarbons (HC) to carbon dioxide and water: CxH2x+2 +
[(3x+1)/2] 02-5xCO2 + (x+1)_H20. These three reactions occur most
efficiently when the catalytic converter receives exhaust from an engine
running_slightly above the stoichiometric point. For gasoline combustion,,
this ratio is between 14.6 and 14.8 parts air to one part fuel, by weight
(Singh et al, 2016) Figure 2.2: Three- way catalytic converter (Singh et
al, 2016)_2. 5.3 Catalysts used in Catalytic Converters There are mainly
three catalysts that are used in a catalytic converter - i. Palladium (pd) -
it's far utilized in oxidation reactions ii. Rhodium(Rh) -it's miles used in
reduction reactions iii. Platinum (pt ) -it's far used is both oxidation and
reduction reactions as nicely. 2.6 Mode of Operation of a Catalytic
Converter Catalytic converters are located beneath the car between the
engine and the muffler. When the automobile is cold commenced (i.e.
“first begin”), the converter is bloodless and the catalyst does no longer
effectively dispose of the nitrogen oxide (NOx) and carbon monoxide (CO)
from the exhaust. When the engine warms up, the catalytic converter
warms as much as a high temperature to provoke the catalytic reactions
that eliminates the pollutants. The catalytic reactions occur
heterogeneously and convert deadly gases into less dangerous substances.
a number of the energetic components of catalytic converters are
treasured metals which include Rh, Pd and Pt, deposited on to the
excessive surface vicinity ceramic monolith that's honeycomb shape like.
The honeycomb support will have a diameter of 10 inches, length of 7
inches and containing about 10 to500 cells per rectangular inch, and is
housed interior a steel casing. The honeycomb structure manner that
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exhaust gases travel via the converter at the quickest possible price at the
same time as on the identical time hitting loads of catalyst blanketed floor
on their manner out. This design aims at preserving gas efficiency and
preventing a lack of power that would occur if the exhaust gases build up
stress going thru the converter. In a 3-manner catalyst (TWC), oxidation
of hydrocarbons and CO vyields carbon dioxide (CO2) and water (H20) as
shown: CwHw + (1 + w4) 02 — XCO02 + Y2 H20..ceeeiieeieeeeneens
........................... 6 CO + 1202 — XC02 + Y2

7 71 0 PRSPPI A .\ o T B s [ u goTe [ 3|
oxide (NOXx) is reduced to harmless nitrogen gas (N2); NO (or NO2) + CO
S N2 + CO2 .o s 8 NO2or (NO) +
CWHW — N2 4 CO2 4 H20 .ottt 9 those

reactions are unbalanced intentionally due to the fact the system of
catalysis is a complex one). The metals and steel oxides that gift inside the
ceramic monolith functions to adsorb each 02 and NOx, after which breaks
the nitrogen-oxygen or oxygen-oxygen bonds. The ensuing oxygen atoms
at the surface react with CO or hydrocarbons, whilst the Nitrogen atoms
recombine to form nitrogen gas (N2).The whole system is catalytic; that
means that the steel species do not themselves completely alternate their
identity during a single catalytic cycle, however serve to lessen the
strength barrier (Activation energy, Ea.) to the reaction and pace the
reaction up to shape more benign gases via their interplay with the
reactants,. The two conditions that have to be satisfied for the converter
to work properly include 1. The temperature of the catalyst must be large
enough. This stems from Arrhenius equation: Ea K = A(—RT) Which shows
the relationship between the temperature and the rate of a chemical
reaction, of the reaction,

and for reaction. 2.
The engine’s combustion chamber should be operated near the
stoichiometric air to-fuel ratio. This is feasible due to the fact there's a
slim range of air-to-gas ratios wherein each NOx discount and CO or
hydrocarbon oxidation occur quite simply at the floor of the catalytic
converter simultaneously. If there is an excessive amount of oxygen (02)
gift, the nitrogen oxide reduction does now not arise. At the opposite, if
there is insufficient 02 gift, the CO and hydrocarbon oxidation will now not
arise. This quality stability to keep the gasoline combinations inside the
best range is constantly adjusted by an oxygen sensor and engine
comments device placed earlier than the catalytic converter in the exhaust
manifold. 2.7 Ageing control of a Catalytic Converter Ageing control is a
program that monitors and continues safety-related features and
additives, that are difficulty to put on and other age-related changes. The
purpose is to govern age-associated degradation and prevent system from
disasters due to growing older, via keeping this gadget in “as new”
circumstance so it continually operates at height overall performance
(Anton Erhard et al, 2010). Screw ups of catalytic converters because of
ageing of its components might also have a right away poor impact on
cars reliability and availability and also have an effect on lengthy-time
period car performance and safety. getting older management
technologies based at the prediction of disasters and getting old
mechanisms ought to permit the optimization of preventative renovation
activities and scheduling by assisting outline cost-powerful condition-based
totally preservation programs. 2.8 Review of works on Catalytic Converter
A whole lot of milestones had been achieved on the use of catalytic
converters for petrol pushed motors. Wojciech et al, (2002) supplied a
theoretical solution together with experimental paintings of an analyzed
exhaust system with catalytic converter in a two-stroke engine. The goal
of the idea of application of catalytic converter in exhaust systems is to
apply the possibility of lower the engine emission inside the entire range of
engine pace without decreasing of engine performances. The following
observations were made within the studies; i. Application of large size
catalytic converter decreases considerably emission of carbon monoxide
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and hydrocarbons in steady work circumstance. ii. Growing old technique
lasted very quick approximately 100 s attaining discount performance
approximately 80%. iii. Leaner mixture assures less attention of CO and
HC and permits to apply of enterprise catalytic converters. iv. Longer time
of the usage of catalytic converter in -stroke engine without modifying of
lubrication machine can reason clogging of the cells. v. Simulation manner
can help to research chemical tactics taking place within the catalyst and
assessment of designed exhaust machine. Results received from
simulation do not deviate from experimental outcomes. Bharat et al,
(2012) review paper on catalytic converters for vehicle applications. of
their work, they said that through the year 2030, vehicular population
increases to 1300 million. because the pollution norms are becoming an
increasing number of stringent, quantity of change technology like
development of engine layout, fuel pretreatment or higher tuning for green
and complete combustion are being considered to reduce emission levels
further. They located that amongst all technology, catalytic converter using
platinum group of metals as catalytic materials were determined to be
greater powerful. Mohinuddin and Ataur Rehman, (2012) have discussed
approximately simulations for development of low value catalytic
converter. They mentioned use of non-precious metals in catalytic
converters to carry down expenses. Copper and nickel energy were chosen
as opportunity catalysts that have proven that they're powerful in
reduction of NOx in wealthy air/ gasoline mixture and discount of CO and
HC in lean aggregate situations. They used business software program like
COMSOL and FLUENT and confirmed improvement in catalyst conversion
efficiency and reduction in back pressure on the engine. Gary, (2013)
mentioned regarding materials used in car catalytic converters. He said
that the middle is normally ceramic monolith with a honeycomb shape.
Steel foil monoliths are made of iron-chromium- aluminium combos, which
can be much less luxurious. Each these are designed to provide a high
floor place to support the catalyst wash- coats. The catalyst wash coat is a
carrier of catalytic substances, that's used to disperse them over a large
surface region. Titanium dioxide, aluminium oxide, silicon dioxide or an
aggregate of silica and alumina may be used.In some programs, cerium,
iron and manganese are also used. Prashant, (2013) provided a review
paper on catalytic converter for car exhaust emission. His evaluate paper
deals with the car exhaust emission and its results, automotive exhaust
emission manage by way of use of catalytic converters, catalysts utilized
in catalytic converter, production of catalytic converters, kinds of catalytic
converters, running of conventional catalytic converters. Additionally they
diagnosed that pollution have terrible outcomes on air great, surroundings,
and human health as nicely. He identified numbers of strategies like
improvement in engine layout, gas pre -remedy, fuel components, and
better tuning of combustion technique etc. as a way of minimizing the
emission of pollution to be able to reduce harmful emission. Juhi, (2013)
exact the function of engine design, car operating variables, gasoline high-
quality, and emission control gadgets in minimizing pollution identification
petrol and diesel pushed vehicles. In his paintings one-of-a-kind
measurement strategies used to degree pollution like, Non Dispersive
Infrared Analyzed (NDIR), Differential Absorption LIDAR (DIAL),.
Chemiluminescence NOx detection, Orsat fuel analyzer and gasoline
Chromatography have been mentioned. He concluded that an intensive
analysis of electricity utilization and pollutants suggests that alternative
power structures are still an extended manner at the back of the
conventional ones. Similarly developments in petrol and diesel engines,,
mixed with upgrades in the automobiles, will make fuel consumption
discount of 40% or extra within the destiny cars. This, in turn, will reduce
the CO2 emissions, a gasoline that's liable for greenhouse effect. Srinivasa
et al, (2014) reviewed how the present day catalytic converter used in
vehicles has evolved in the remaining four a long time. In their paintings,
about one hundred fifty technical papers published in diverse journals have
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been studied. A few 52 papers had been defined in brief which indicated
the furtherance inside the stated studies. Essential conclusions drawn from
a few papers are mentioned ultimately. Anupam et al, (2016) recognized
the use of noble organization metallic just like the platinum group metal
as a way for decreasing the exhausts as an powerful way for powerful
combustion. With the assist of secondary measures efficiency of the
engine is advanced as nicely. They concluded that the strategies are
nevertheless underneath improvement due to the fact there are a few
boundaries of the catalytic converters which are had to be treated
however the application of this method has higher success factors as well.
Singh et al, (2016) illustrates the layout of pollutant manage system this
is catalytic converter having twin bed with air injection for application in
fuel engine. In their work, they evolved a catalytic combustion version for
a mixture of CO, NO and air, the usage of the stagnation-factor go with the
flow geometry .They concluded that the proposed chemical reaction
mechanism is able for lowering NO and oxidation of CO. Obada et al,
(2016) characterized industrial grade zeolites are expecting which has
extra suitable houses for use as environmental materials. There work was
inspired via the development of extremely-solid kind zeolites with lots
stepped forward thermal and hydrothermal stability, and such zeolites
display suitable ability for his or her use as wash coat substances. They
concluded that the thermal stability of these zeolite samples as
characterized by thermo gravimetric is because of the purity of the
industrial grade zeolites which is devoid of organic impurities and to
massive quantity bodily absorbed water. 2.9 Research Gap All the
literatures reviewed are normally concerned with popular aspects like
gasoline first-rate, widespread automobile layout and engine tuning,
design and production of catalytic converters, enhancing catalytic
converters among other popular issues. One crucial difficulty this is
additionally vital is the extent of recognition amongst automobile
customers which may be very crucial in identifying the function vehicle
person have performed in reducing the impact of environmental pollutants.
This study will inspect the humans’ degree of awareness on using catalytic
converters in cars in PAN. It will additionally identify approach via which
vehicle customers may be knowledgeable on the danger related to
neglecting the usage of catalytic converters and reluctance to replacing
broken ones. Judgmental sampling method might be adopted through
using information accrued from vehicle users in PAN. A complete of
80correspondences will be sampled from distinctive vehicle users the use
of sampling strategies and questionnaires as information collection tool.
Facts amassed can be analyzed through descriptive facts and the
hypotheses formulated might be examined the usage of chi-rectangular
check of independence. The study will identify whether or not the adoption
of the usage of catalytic converters has undoubtedly and significantly
stepped forward the overall performance of automobiles as well as reduced
problems associated with environmental pollutants. CHAPTER THREE
MATERIALS AND METHOD 3.1 Introduction This chapter presents the step
by step procedures which were adopted for and the study is as follows i)
Data collection through primary sources using questionnaires ii)
Descriptive statistics was to show relationship between data sets iii) The
chi-square technique

these to be
will be set percent level 3.2 Research

Design The research design adopted for this paintings is survey studies
design based totally on particular evaluation standards for figuring out the
notion on using catalytic converters. Sample of the population of the PAN
vehicle turned into drawn. The pattern of respondents was taken from the
population of the management and non-control workforce in the business
enterprise. These samples were drawn the use of suitable sampling
strategies and methods. The observe made use of questionnaire to gather
records on automobile customers. The questionnaire items have been
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finished via customers and had been supposed to evaluate elements that
have an effect on great use of the catalytic converters. The structure for
the studies layout is provided. The selection of design changed into
knowledgeable with the aid of the want to evaluate factors figuring out the
extent of awareness profiles. The observe was mainly quantitative,
exploring numerous questions and hypotheses. 3.3 Population of the study
and sampling technique The population of this study was members of
body of workers of PAN automobile in Kaduna State. The population
distribution of the respondents consequently includes essential staff of the
corporation. The issue considered for the sample population is automobile
ownership to allow the collection of dependable information. The
population of the observe became 80 personnel which consist of 30
management team of workers and 50 non-management personnel and
their percentages as provided in table 3.1. The selection of sampling was
based totally on nature of appointment and period of provider. i.
Management = 30 x 100 = 37.5 80 ii. Non-management= 50 x 100 =
62.5 80 Table 3.1: Population Distribution PAN AUTOMOBILE POPULATION
PERCENTAGE % Management Non-management

3.4 Sample size determination The selection of sample from
the population was through cluster sampling before a further random
selection of each tribe. Asika, (1991) identifies steps to be taken in cluster
sampling as follows: Step 1: identification of the population to be
sampled; Step 2: identification of salient characteristics such as gender,
tribe and school location that would enhance representation; Step 3:
location of areas where subjects with the characteristics are and to know
their respective sizes (population subsets); and Step 4: use of random
sampling procedure in selection of sample units or subjects from each
cluster. In determining the sample size of the study, Taro, (1964) formula
was used. The formula is given thus: n = 1 +N( E
)2 e . 10 N Where N=
population size n= Sample size E= error limit or margin of error of level
of significant (accepted level of 5% i.e. 0.05) Therefore, n =
14+808(00.05)2= 80 = 66 approximately 1+80(0.0025) Therefore the
sample size is 66. The determination of each of the category’s sample size
is presented as; iii. Management = 37.5 x 66 = 25 100 iv. Non-
management= 62.5 x 66 = 41 100 The sample size distribution of the
listed category is presented in Table 3.2 Table 3.2: Sample Size
Distribution PAN POPULATION PERCENTAGE % Management Staff 25 37 .5
Non-Management Staff 41 62.5 Total 66 100 3.4 Method of Data
Collection The data collection changed into predominantly done through
primary assets. The method of accumulating humber one records and
techniques adopted consists of; 1. A have a look at on the notice and
usage of catalytic converters in fleet control system 2. Adults of both
ladies and men of the look at regions 3. In phrases of educational
qualification, human beings with national diploma and above have been
involved 3.6 Instrument for Data Collection The studies instruments used
turned into a researcher-designed questionnaire. Records have been
accumulated from staff thru questionnaire. The questionnaire changed into
evolved to comprise the relevant questions that would elicit important
responses from the respondents and to help in efficient series of statistics.
It consisted of 25 objects to test vehicle users perceptions of the use of
catalytic converters of their automobiles and the dangers related to non-
utilization if any. The effect and level of recognition within the use of
catalytic converters has covered numerous regions with corresponding
quantity of variables (see Questionnaire in Appendix A). 3.7 The Chi-
Square Model The version examines the level of consciousness and use of
catalytic converters in fleet control gadget in Nigeria thru the usage of
statistical tool to test the hypotheses developed. First, evaluation was
performed to apprehend the connection amongst variables, and to provide
reliability analysis of the gadgets. To check the developed hypotheses, the
chi-rectangular take a look at turned into used. 3.8 Variables Measurement



javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

The study adopts the chi-rectangular layout analysis in which the
secondary source of statistics became employed via the usage of
questionnaires. The populace of the have a look at includes the 2 (2)
categories of group of workers of PAN car in Kaduna as at 2018.
Systematic sampling technique become used to reach on the sample size
of sixty six (66) participants. Chi-square approach is used for the analysis
after administering the questionnaire. 3.9 Reliability/Validity of test To
enhance reliability/validity of the statistics generated, the have a look at
best take into account the respondents who fall within the recognized
organization (i.e., PAN group of workers). This institution had been given
the questionnaire on the grounds that they are certain would provide the
relevant responses. Similarly to that, the sample size and plan as
empirically decided were saved. these kinds of, no longer -withstanding,,
the studies has a tolerable blunders margin of 5%. Validity refers to
whether a take a look at or an instrument measures exactly what it
purports to measure (Hughes, 2003) but, validity can in no way be
“validated” however evidence of its attention must be provided. It turned
into intended to envision the content validity for the adequacy of content
material insurance of variables within the studies topic. CHAPTER FOUR
RESULTS AND DISCUSION 4.1 Introduction This chapter deals with the
systematic presentation of statistics, its analysis and discussions springing
up from the responses from the questionnaires, to access the level of
attention and usage of catalytic converters in PAN car in Kaduna 4.2 Data
Presentation and Interpretation The subsequent segment will gift the
statistics containing the facts of the respondent as well as their responses
to the variables within the questionnaires. 4.2.1 Demographic Data This
phase is describing the form of pattern, which took component within the
look at. The goal organization become body of workers of PAN automobile
in Kaduna nation. The variables that were addressed in the questionnaire
beneath the demographic records were: class, intercourse, Qualification
and the duration of carrier of employee. 80 questionnaires had been
administered and all of them had been retrieved from the respondents.
The questionnaires had been analyzed using frequency counts and tables
4.2.2 Background of the Respondents Table 4.1-4. 4 suggests the
distribution of respondents through class, qualification, period of service
and gender with their corresponding bar charts respectively. Fig. 4.1: Bar
chart for Category Number of Staff Staff by Qualification Fig.4.2: Bar chart
for Qualification Fig. 4.3: Bar chart for Duration 4.2.3 Data Presentation
The table in 4.5 presents the research questions to address the level of
awareness and usage of catalytic converters in fleet management. The
various responses in the form of Likert scale are presented for analysis. 30
25 Number of Staff 20 15 10 SA A 5 IN D 0 The use Aof A majorBpart of I
regularlyCcheck The usDe of EmphasisEon the SD catalytic the air
pollution my catalytic catalytic use of Catalytic converters is caused is due
to converters to converters converters does significant in vehicular avoid
reduce the not play a improving the emissions RmEaSIfEuAncRtiConH
QUhEoSrTseIOpoNwSer of significant role quality of fuel vehicles in
emission combustion control in PAN and so should not be a serious issue
Fig.4.4: Bar chart for frequency of responses Where A. The use of catalytic
converters is significant in improving the quality of fuel combustion B. A
major _part of the air pollution caused is due to vehicular emissions C. I
regularly check my catalytic converters to avoid malfunction D. The use of
catalytic converter s reduce the horse power of vehicles E. Emphasis on
the use of catalytic converters does not play a significant role in emission
control in PAN and so should not be a serious issue 35 30 25 Number of
Staff 201510 50 F GHIJSA AIN D SD RESEARCH QUESTIONS Fig.
4.5: Bar chart for frequency of response Where F. Vehicle users are yet to
fully buy into the use of catalytic converters in Peugeot Automobile. G.
Catalytic converters have experienced low patronage due to inadequate
awareness and education of the vehicle users. H. There is a ban on cars
without catalytic converters by the government as an emission control
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standard. I. Most users of catalytic converters in PAN are not literate
enough to understand the importance of catalytic converters. J. The use of
catalytic converters has not been enforced in other companies in fleet
management to the best of my knowledge 25 20 15 Number of Staff 10 5
0 Only moKdern The usLe of Use of cMatalytic The remoNval of The useOof
cars need catalytic converters has catalytic catalytic catalytic converters
increased the converters is converters help converters to should be
maintenance more beneficial in reducing fuel function well encouraged
only cost for vehicle to the vehicle consumption in modern owner in PAN
users than the rate vehicles RESEARCH QUpErSoTbIlOemNSarising from it
SA A IN D SD Fig. 4.6: Bar chart for frequency of response Where K. Only
modern cars need catalytic converters to function well L. The use of
catalytic converters should be encouraged only in modern vehicles M. Use
of catalytic converters has increased the maintenance cost for vehicle
owner in PAN N. The removal of catalytic converters is more beneficial to
the vehicle users than the problem arising from it O. The use of catalytic
converters help in reducing fuel consumption rate 25 20 Number of Staff
15 SA 10 AIN 5 D SD 0 The UsPe of The reQmoval of Cars doRn‘'t need
TestinSg and TherTe is a catalytic catalytic the catalytic inspection of the
reason for not converters converters converter, so presence of having a
improves vehicle possibly will give should work just converters is catalytic
performance better fuel fine without it part of the converter mileage
vehicle RESEARCH QUESTrelOgisNtrSation renewal process in Kaduna
state Fig. 4.7: Bar chart for Frequency of response Where P. The use of
catalytic converters improves vehicle performance Q. The removal of
catalytic converters possibly will give better fuel mileage R. Cars don’t
need the catalytic converters, so should work just fine without it S. Testing
and inspection of the presence of converters is part of the vehicle
registration renewal process in Kaduna state. T. There is a reason for not
having a catalytic converter 25 20 Number of Staff 15 10 SAAS5IND O
SD Cost as anUissue There wVill be a FailurWeof a There arXe better
StrYict may jeopardize huge cost catalytic alternative for government the
use of implication for converter could reducing policies is a sure catalytic
incorporating prevent other emission in way to enforce converters catalytic
systems and petrol driven the use of converters in structures from vehicles
than catalytic your company RsaEfSetEyAfuRnCcHtioQnUESTtIhOeNusSe
of converters in vehicles performance catalytic vehicles converters Fig.
4.8: Bar chart for Frequency of response Where U. Only modern cars need
catalytic converters to function well V. The use of catalytic converters
should be encouraged only in modern vehicles W. Use of catalytic
converters has increased the maintenance cost for vehicle owner in PAN X.
The removal of catalytic converters is more beneficial to the vehicle users
than the problem arising from it Y. The use of catalytic converters help in
reducing fuel consumption rate TABLE 4.2: Mean score table of responses
6.7.8.9.10.11.12. 13. 14. 15. 16 17 18 19 20 21 22 23 24 25 TOTA L
1426978101523581726510152648101828188822186
122510245452018121010510122415208101518 12135
10182210151814920131410151814111413 13251225513
16201822612211911881210221212101812 13 14 18 264
337 296 421 Sectional mean = 71.74 = 1. 77 14 10 225 10 181 10 170 10
172 26 144 4 256 8 232 25 133 32 128 16 204 15 164 13 216 8 217 11
1719201 10 197 8 200 15 191 22 138 12 177 8 228 7 207 14 176 14
188 9 199 326 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66
66 66 66 66 66 66 66 3.41 2.74 2.58 2.61 2.18 3.88 3.52 2.02 1.94 3.09
2.49 3.27 3.29 2.59 3.61 2.99 3.03 2.89 2.09 2.68 3.46 3.14 2.67 2.85
3.02 Indifferent Indifferent Indifferent Indifferent Disagree Agree Agree
Disagree Disagree Indifferent Indifferent Indifferent Indifferent Indifferent
Agree Indifferent Indifferent Indifferent Disagree Indifferent Agree
Indifferent Indifferent Indifferent Indifferent From the table 4.2, we can
see that the sectional mean is 2.87, which are approximately 3.00. This
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means that the overall response of the section is Indifferent 4.3 Validity of
Variables To test the validity of each argument, question 1 to 25 is used
and the expression to determine the chi square test is presented as; X2 =

S (EL7EC) 2ttt 11 Ec Where
X2 is chi-square Fo = observed frequency Fe= expected Frequency Fe =

CUTIL TIral X RIW TIFAL.......coooeeeeeeeeei e 12 Eralc riral
Fe = Eralc 117al AlSO .....ccoovueieeieeeie ettt e .13 Nl lc Irclr

Decision Rule Reject Null Hypothesis (Ho)_if the computed chi-square is
greater than the tabulated or critical value. Otherwise accept Ho. The
degrees of Freedom in all case = (R -1) = (5 -1) = 4 and the level of
significance at 5% (0.05). 4.4 Testing_of Research Hypothesis HO1: There
is no significant relationship between the level of awareness of catalytic
converters and vehicle users. Table 4. 3Chi -square test on the level of
awareness of catalytic converter and vehicle users

146.405a 135.464 57.746 66 16 16 1 .000
.000 .000 a. 21 cells (84.0%)_have expected count less than 5. The
minimum expected count is .36. The test revealed that 66 respondents
were sampled. The observed chi square calculated is 146.405 which is
greater than the chi square critical of 26.296 and the degree of freedom is
16. The probability level of significance observed in the test is 0.000 (P
<0.05). This indicates that there was significant relationship between the
level of awareness of catalytic converters and vehicle users. Therefore,
the null hypothesis that there is no significant relationship between the
level of awareness of catalytic converters and vehicle user was therefore
rejected. HO2: There is no significant relationship between the perception
of vehicle users and use of catalytic converter in PAN Table 4.4Chi-square
test on perception vehicle users and catalytic converter

132.000a 143.554 46.106 66 16 16 1 .000
.000 .000 a. 22 cells (88.0%)_have expected count less than 5. The
minimum expected count is .36. The test revealed that 66 respondents
were sampled. The observed chi square calculated is 132.000 which is
greater than the chi square critical of 26.296 and the degree of freedom is
16. The probability level of significance observed in the test is 0.000 (P
<0.05). This indicates that there is significant relationship between the
perception vehicle users and the use of catalytic converter. Therefore, the
null hypothesis that there is no significant relationship between the
perception of vehicle users and use of catalytic converter in PAN was
therefore rejected. HO3: There is no significant relationship between the
roles of fleet managers in ensuring retrofits of catalytic converters. Table
4. 5Chi -square test on the role of fleet managers in ensuring retrofits of
catalytic converter

118.528a
118.932 54.981 66 16 16 1 .000 .000 .000 a. 22 cells (88.0%)_have
expected count less than 5. The minimum expected count is .48. The test
revealed that 66 respondents were sampled. The observed chi square
calculated is 118.528 which is greater than the chi square critical of
26.296 and the degree of freedom is 16. The probability level of
significance observed in the test is 0.000 (P <0.05). This indicates that
there is significant relationship between the role of fleet managers in
ensuring retrofits and catalytic converters. Therefore, the null hypothesis
that there is no significant between the role of fleet managers in ensuring
retrofits and catalytic converters was therefore rejected. 4.5 Discussion of
Research Hypotheses From the result shown in the chi-square tables , the
calculated chi-square is seen to be greater than the tabulated value for
the first and second hypothesis and less for the third hypothesisat level of
0.05(5%). So, the Hoi hypothesis is rejected in cases 1 and 2 while H1 is
accepted and Ho is accepted in case 3. The decision arising from this
statistical relationship is presented thus; Table 4.6: Decision table
Hypotheses N x2 calculated x2 table value Df Decision H(O1) 66 37.18
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36.42 24 HO is being Rejected H(0O2) 66 87.22 36.42 24 HO is being
Rejected H(O3) 66 17.66 21.03 12 HO is being Accepted Decision 1 Since
the computed chi-square of 37.18 is greater than the tabulated or critical
value of 36.42, we reject the null hypothesis (that there isno difference
between the observed and expected) in favour of the alternative
hypothesis (that there is a difference between the observed and expected)
and conclude thatthere is a significant relationship between the use of
catalytic converters and vehicle users. Decision 2 Since the computed chi-
square of 87.22 is greater than the tabulated or critical value from the chi
square distribution table of 36.42, we reject the null hypothesis (that
there is no difference between the observed and expected) in favour of
the alternative hypothesis ( that there is a difference between the
observed and expected) and conclude that there is a significant
relationship between the level of awareness and undesirable effect of
pollution on air quality, environment and human health. Decision 3 Since
the computed chi-square of 17.66 is less than the tabulated or critical
value from the chi square distribution table of 21.03, we accept the null
hypothesis (that there is no difference between the observed and
expected) and conclude that there is no significant relationship between
the type of vehicle and the quality of combustion 4.6 Summary This
chapter presented the data and its interpretation to help the researcher
draw a meaningful conclusion on the subject matter. Result from the data
analysis shown in the chi-square tables confirmed that the calculated chi-
square is seen to be greater than the tabulated value in cases 1 and 2and
so, the Ho hypothesis is rejected in both cases while in case 3, Ho is
accepted since the p-value is less than 0.05. CHAPTER FIVE SUMMARY,
CONCLUSION AND RECOMMENDATIONS 5.1 Summary The topic of this
study is the level of awareness and usage of catalytic converters in fleet
management in PAN Automobile, Kaduna. The purpose emanates from the
researcher’s desire to investigate, uncover and describe usage habits of
vehicle users with a view to improve the information level on the
contribution to limiting environmental pollution. The belief is that if vehicle
users have positive habits towards the use of catalytic converters, it will be
transferred to other individual who have every prospect of owning one in
the future. The investigation was carried out through formulation of three
research questions with their corresponding null hypotheses. The research
questions were designed to find out the vehicle performance, |level of
awareness and type of vehicle with respect to the use of catalytic
converters. The research questions also sought to find out whether there
significant relationship between the use of catalytic converters and
performance of vehicle or not and the extent to which level of awareness
affect air quality, environment and human health is also investigated.
Three corresponding hypotheses were formulated for the study. Data
collection was carried out through administration of questionnaire and
observation. Eighty staff was randomly selected from each of the two
categories. The findings authenticates that there is no significant
relationship between the type of vehicle and the quality of combustion. It
also indicates that the use of catalytic converters improves the
performance of a vehicle, reduce fuel consumptions and the level of
awareness has a way of reducing environmental pollution contributed by
automobiles. Result also shows that there will be a huge cost in
incorporating the catalytic converters in vehicles that lack them. In an
organization like PAN, it will translate to a huge cost of production. Use of
catalytic converters has increased the maintenance cost for vehicle owner
in PAN and such additional cost users say is an issue which may jeopardize
the use of catalytic converters 5.2 Conclusion This final chapter
summarizes the study and its main findings. It discusses the implications
of the study for vehicle users, companies that are into fleet management
business, industries manufacturing catalytic converters and the general
public. The conclusion is based on the three findings which is in line with
the objectives and these are: i) From the findings there is high level of
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awareness of catalytic converters among vehicle users as shown in table
4.3. This means that vehicle users know the importance of catalytic
converter in the vehicles. ii) There is the perception of vehicle users and
the use of catalytic converter on vehicle fuel consumptions. iii) The roles of
fleet manager in ensuring retrofits of catalytic converters and the chapter
proposes solutions in the form of recommendation 5.3

enable all players make
decision that will be used to emphasize the need to either adopt the use of
catalytic converter or not. The recommendations are as follow; 1. Testing
and inspection of the presence of catalytic converters should be part of the
vehicle registration and registration renewal process. 2. Strict government
policies should be adopted as a way to enforce the use of catalytic
converters in vehicles 3. There should be a ban on cars without catalytic
converters by the government as an emission control standard 4. Several
studies should be conducted with emphasis on ageing management
system of catalytic converters. Table 4.1: Frequency Table on a study of
the level of awareness and usage of catalytic converters in fleet
management S/No Items SA A IN D 1. The use of catalytic converters is
significant in improving the quality of fuel 14 26 9 7 combustion 2. 3. 4. A
major part of the air pollution caused is due to vehicular emissions I
regularly check my catalytic converters to avoid malfunction The use of
catalytic converters reduce the horse power of vehicles 8 55 10 8 10 15
17 15 23 26 26 5. Emphasis on the use of Catalytic converters does not
play a significant role 4 8 10 18 in emission control in PAN and so should
not be a serious issue 6. Vehicle users are yet to fully buy into the use of
catalytic converters in 28 18 8 8 Peugeot Automobile 7. Catalytic
converters have experienced low patronage due to inadequate 22 18 6 12
awareness and education of the vehicle users 8. There is a ban on cars
without catalytic converters by the government as an 2 5 10 24 emission
control standard 9. Most users of catalytic converters in PAN are not
literate enough to 5 4 5 20 understand the importance of catalytic
converters 10. The use of catalytic converters has not been enforced in
other companies in 18 12 10 10 fleet management to the best of my
knowledge 11. Only modern cars need catalytic converters to function well
510 12 24 12. The use of catalytic converters should be encouraged only
in modern vehicles 15 20 8 10 13. Use of catalytic converters has
increased the maintenance cost for vehicle 15 18 12 13 owner in PAN 14.
The removal of catalytic converters is more beneficial to the vehicle users
than 5 10 18 22 the problem arising from it 15. The use of catalytic
converters help in reducing fuel consumption rate 10 15 18 14 16. The Use
of catalytic converters improves vehicle performance 9 20 13 14 17. The
removal of catalytic converters possibly will give better fuel mileage 10 15
18 14 18. Cars don't need the catalytic converter, so should work just fine
without it 11 14 13 13 19. Testing and inspection of the presence of
converters is part of the vehicle 2 5 12 25 registration renewal process in
Kaduna state 20. There is a reason for not having a catalytic converter 5
13 16 20 21. Cost as an issue may jeopardize the use of catalytic
converters 18 22 6 12 22. There will be a huge cost implication for
incorporating catalytic converters 21 19 11 8 in your company vehicles 23.
Failure of a catalytic converter could prevent other systems and structures
8 12 10 22 from safety function performance 24. There are better
alternative for reducing emission in petrol driven vehicles 12 12 10 18
than the use of catalytic converters 25 Strict government policies is a sure
way to enforce the use of catalytic 12 13 14 18 converters in vehicles SD
1010101026482532161513811910915221287 14149
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1231 - 4005 APPENDIX A:(STUDY QUESTIONNAIRE) (A case study of some
selected vehicle users in Peugeot Automobile Nigeria, Kaduna State)
CONFIDENTIAL Dear sir/ma, This questionnaire is to seek your opinion
about the usage of catalytic converters in your car. Any information will be
treated confidentially and will be used for the purpose of recommendation
to relevant authorities after the completion of the study Thank you.
.............................. Tajudeen Muideen Bidemi APPENDIX A: (SAMPLE
QUESTIONAIRE) SECTION B :( PAN) Please tick accordingly Strongly
Agreed (5) Agreed (4) Indifferent (3) Disagree (2) Strongly Disagree (1)
1. The use of catalytic converters is significant in improving the quality of
fuel combustion 2. A major part of the air pollution caused is due to
vehicular emissions 3. I regularly check my catalytic converters to avoid
malfunction 4. The use of catalytic converters reduce the horse power of
vehicles 5. Emphasis on the use of Catalytic converters does not play a
significant role in emission control in PAN and so should not be a serious
issue 6. Vehicle users are yet to fully buy into the use of catalytic
converters in Peugeot Automobile 7. Catalytic converters have experienced
low patronage due to inadequate awareness and education of the vehicle
users. 8. There is a ban on cars without catalytic converters in PAN as an
emission control standard 9. Most users of catalytic converters in PAN are
not literate enough to understand the importance of catalytic converters
10. The use of catalytic converters has not been enforced in other
companies to the best of my knowledge 11. Only modern cars need
catalytic converters to function well 12. The use of catalytic converters
should be encouraged only in modern vehicles 13. Use of catalytic
converters has increased the maintenance cost for vehicle owner in PAN
14. The removal of catalytic converters is more beneficial to the vehicle
users than the problem arising from it. 15. The use of catalytic converters
help in reducing fuel consumption rate 16. Use of catalytic converters
improves vehicle performance 17. The Removal of catalytic converters
possibly will give better fuel mileage without sacrificing performance of the
vehicle 18. Cars don’t need the catalytic converter, so should work just
fine without it 19. Testing and inspection of the presence of converters is
part of the vehicle registration renewal process in Kaduna state 20. There
is a reason for not having a catalytic converter 21. Cost as an issue may
jeopardize the use of catalytic converters 22. There will be a huge cost
implication for incorporating catalytic converters in your company vehicles
23. Failure of a catalytic converter could prevent other systems and
structures from safety function performance. 24. There are better
alternative for reducing emission in petrol driven vehicles than the use of
catalytic converters 25. Strict government policies is a sure way to enforce
the use of catalytic converters in vehicles Thank you. APPENDIX B Chi-
square Distribution Table
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Introduction

One of the man cawses of falure of compacted clay barmer his been due o interaction of keichae with the
barrier materials, Most barrier materials are permeable 10 some degree becasie some soil particles used as
compacted clay barrier are extremely valnerable 1o changes due o physico-chemical meractions with the
liguid o be comtained {Shackellord eral., 20060; Egloffstzin, 20 Frempong and Y anful, 2008; Csimibi
amd Moses 2015; Osinubd e al., J017a). Several resgarches (Daniel and Benson, 1990 Edil e al,, 19932)
suggested that the selection of 4 suitable material for wiste containment facility should be based on the
compatibility of such materiol with Municipal solid waste leachate (MSW), Compatibility of o waste
containment system is sitained when impedanee to leachse transport or waste witer is retpinedmaintained
less than or equal to 1 m/s avernge permeability criterion (the specified boundary limit) throughoit the
design span or wseful life of the barrier system and 2 structeral intzgrity intact s well {Shackelford et al.,
2000, Osinubi et al., 2020 Adevemi et al., 3022, Accordingly, bamrier failure ensues as spon as overall
permeability is compromised due to increase beyond the design value or speeified spper limit {Peterson and
Gee |985: Osinubi et al, 2020,

The advection and diffusion mechanisms ane mostly the primary movemen! phenomenon of contaminast
transport through samrated clayey barriers of the matix of an intact rock {e.z.. shale), The movement of
leachate generated from o municipal solid waste landfill {contaminanis) w =0l and  groundwater
iransference ix more often than net reduced and or mitigated by multilayered boftom liners and top covers
o the lundfill scheme constrocted from differeot matenal of very low permeability, The boiom liners and
top covers multiBayer laveur mostly made up of natural or compacted clay or mixtures of clavey soils,
granular filters and geosyntetics {Francisca and Gilasiein, 2000, Ozcoban of af,, 2006; Petroy and Rowe
F99T, Toure- Foliz o ol 206 are designed primartly to regulate advection and diffusson podentials with
purpose of controlling the contaminan Gue transport by difTusion troagh sdsorprion deserplion (sorpiicn )
capacity for cations and anions, hydrwlic conductivity snd chemical compatibilicy, throsghout its service
and post-cbosure life of the system.

Stwtement of Problem

Reveral soil stabilizersSechniques of soil improvement have emerged 1o enbance engineering properties of
deficient soils as well as regulate the advection and diffusion potentials with purpose of carolling.,
mitigating and limiting the contaminant fransport theough adsorprion desomption mechanism, The use of
indlustrially manufaciuned chemucal additives Dike hime and cement has not only increased the cost of
imprisving deficient soils but has implacit segative impact on the environment due o s carcinogenc e fect
and emission of gresnhouse gas duang their production. Also, the use of agre-based or bio pozallan have
been apglied as admixre in compacted clay for waste contaimment schemes, However, the open and o
elosed buming of bio-industnal and agriculiural wasies {e.g.. nce hosk, sugarcane bagasse, locust bean
pods, ete.) o obtan natoral ashes with pozalamic properties for use in soil improvensent, equally emit carbon
{1y axide (000 to the envinonment ihat could pose a negative impact on humans health and environment.
The paradigm shift in soil improvement which considers the use of urcase producing micre-organisms in
soil improverment have been adopied in quite o nomber of studies ( Whiffin et al., 2007 Delong et al., 2006
Delong et al., 2000; Wen et al., 2020, Xino cf al., 20207 Osinubi et al., X020ab; Osinubi of al., 2021), o
mitigate some of e probleas associated with the wse of coment and other relatcd additives for soil
enhancement. However, not much studies reponed or relate the besefit or potential of MICP in sust@ning
the bydesulic compatibility over an extended duration or long eem as well o sorpiion and diffusion
properties o= applied to waste containment facilities. Also the applicason of opimizaion prnciples in
MICT based studies is up 1w date still imited. The foces of this feseanch is i assess the companbality and
sorption peoperties of lateritic <ol treated with B megoterivm in stepped suspengion densities of 0, 1 5w 10¢,
i 105125 10% 18x 107 and 2.4 x 107/ mi respectively, with municipal solid waste leachate for possible
application in fand fill Bamier svsem,




Aim and Objectives
The ehjectives of this study 15 o evalunte the long term hivdrulic performance ond sorption characteristics
of lieritie snil - B, megomier i mixtore
The ehjectrves inclode:
. Todetermine the long-term hydraulic canductivity of bio-treated lateritic soil
2. To determine the sorption performance of Isteritic soil — B, meparerivm mistures
3. To carmy out oplinuzation technigues on the lshoratory results.

Materials and method

Sodl: The rest soil was obtained from Abagana (6% 10°G0.00" N and 6°58°30.90" E), Anambra state, Migera,
Samples were well preserved and sealed in water-proof bags, The soil samples in their modsr forms were
died, and then passed through sieve with 4,75 mm opening and preserved for use,

Bacteria: The microorgamsm emploved in this study i B, megaterivn in varving cell concentration. The
bacteriais aerebic, urease and gram-positive ol can form endospores, Seres of biochemical es1s standards
was userl For isolating the baciena from the latentic soil (Sum and Hirmsih, 200%; Osinebi ef of,, 201 %),
The isolated bocterin were cultured in nuinent agar petni dishes, The function of the microorgenism
{Bacillus megateriom ] was 10 supply enzyme urcase during its biochemical activity under approprisic
condition, The charucteristic mechanism of MICP is represented by Equation (1) and (2}, in which pH is
increased and thus act to make the enviconment bess favourable for precipitation of caleiie.

Urndsr pax i
COCNH, )5 + 3H,D IMHE + HODZ + OH- (1}

Ca* + HEDG + OH- — CaC0, + H,0 (2

Cementation reagent: The cementation reagent is a cementation source that provides appropriate Ca™ and
ample urea for micraorganisms 10 produce caleite, Composition of, 3003 ¢ COMMHa 12012 g NaHCOs,
10 g MH«Cl, 554 ¢ CaCl: and 3 g nutrient brodh by mass per 1000 ml de-ionised water constitute 0.5 M
eoncentration of cementation soletion wsed in this smdy,

Batch Equilibrium Adsorption Test (BEAT)

Sarple pre el ion

The preparation of samples for Batch Bquilibrium Adsoerpiion Test (BEAT)Y was considerad hased the
outcenme of Atterberg limit tes1 which was made possible from two different method= with varying
proporticaing catic of bactern suspension density and cementatioa soluwecn [Osinubi et al., 20019, Wik
reference to the improverment method, the most excellent method and optimal preportioning ratio of bactena
suspension density and cementation concenteation was used. The Amerberg limit test of 75 % of liguid limit
az B, meegaterion suspension and 25 % af liguid limit as cementanon soluton, making aiotal of 100 % LL
{75 % of LL B. saegaterivm + 25 % of LL Cermentation reagent) bacteria suspension and cementation
solution mixture yielded the excellent result and was contineed for BEAT,

BEAT procedure

The BEAT was implemented m compiiance with methods designated by Shackelford and Daniel (199120,
The discharge, leaking, percolating and filtering processes that summarizes the keachability potential of the
various cations and anions (Na*, K*, Ca**, S0 and C1° from MSW leachate ino the environment wis
studiediestimated’performed using the batch equilibrium tests for the lateritic soil — B, megaterien
suspension densities mixture. Five keachate samples of differentvarying concentrations of ions were used
to assess the leaching potential of higher candidite wns of Na*, K°_Ca™_ 804 and C1 from MSW into the
environment, The experiment consist of @ single batch extraction best sample caried owt by
formulaing/constituting in successions & series of 120 ml of Jleschate LE L2, L3, L4 and L3 respectively,
comprising bio-treated soils (30g dey weight) at varying B, megaterfon sospension densities oft 0, 15, 6,




12, 18 wnd 24 [x 10F)ml, respectively, in 1:4 mixing rotio, The resultant constituted mixture were moath-
senled wnd or closed tight and were tronsferred 10 0 mechonical shaker where spmiples were agitaied for o
time duration of 48-hovrs wntil o comphete slurry paste weas formed . The slurry was transfemed mto o cone-
shaped filter paper ploced inside a funnel and the bio-frested soil-leachate comtaminant solutions (i.e..
salute) eollected i clean botthes as filtatesiresidues were gradoally decanted and Hiltered vsing filter paper
{Plate 4 9. The solute were taken for laboratory snalysis and the squilibrium concentrations of the cations
were carmied out uwsing UNIC AM96% Atomic Adsorption Spectrometer (AAS). The pH of the samples were
alse measured. The mass of solute adsorbedidesorbed per mass of sodl solid was calculated vsing the
expression of Eg. (3

(C=CnV
7]

a

L= (3}
where: §, = Mass of solute pdsorbed/desorbed per mass of soib solid {mg/1b, € = Initial congentration of
msunicipal soled waste leachate (mgl) determined from the AAS analysis of leachate 1-5.Cr = Equilibrivm

eoncentration of solute (mg1), V= Volume of municipal solid waste leachate used (cm”'), M. = Mass of dry
sl dg)

Mlate 1 Photograph representatson of sampde filtration for Atomic Adsorption Spectoodnete

Diffosion

The single - reservoir, decresing source tests i compliance with the implemented procedure and method
specified by Shackelford and Daniel (19891 ; Shackelford and Danied {1991 by, Oluremi, A4 5; Osim, 2017;
Sani 2019; Yohanma (202 1) was utilized for the diffusion amalysis. The systematic set-up of diffusion test
prodocod is made up of soil compacted to s height of abowt 12 cm inside a polyviny] chonde (PYC) pipe of
025 m hedght and 0.1 m diameter.

Sarmple preporainm

Sodl samples were Tirst bio-treatéd at one-thind pore volume B, megaterinm suspension densities of 0, 1.5,
6, 12, 18 and 24 [x 10F)/ml (as recommended by Rowshanbakhta e of., 20 6) before compaction using
OMC relative 10 B3H compactive eflfor o ke up the same volune and density of the sunphes wased Tor
permeability test, (0.5 M cementation solution was introduced in three cyveles inte the soil afler compaction
and allow o suffuse freely by gravity for gradual activation of MICP protocol. After 24-howes of dee thisd




evele. the preporad sumple wis satursted from the top column with distilled water for the durotion of the 21
duys 50 68 fo mimmize miss solute mass trnspon of condidwie contominants, The waler was thereafter
transterred out and the ditfusion set-up were sealed at the top with Perspex mutenal such that a tiny hole
{5mm) fitted with & hose comnected 1o a funnel is provided . Leachate sample T was then gradually poared
into the sample through the pipes o cimmiste saturated feld condition of waste containment bnmier material
under sorption of leachite. The set-up were allowed on the laborsory tble undisturbed for the period of
O0-days soas o allow the chemical species (candidate jons) in the leachate to diffuse through the saturated
compacted bio-treated soils peofile wider free hvdraulic concentration gradient a1 laboraiory femperaures
of around 25 1w 27 *C, The diffusion process wene terminated af the end of 90 days, and the compacted soil
in each cells were extruded, placed horizontally and divided across equally imo slice portions of
approximaiely 1.Iem thickness (height), The sectioning wis camied our o provide data for undersstanding
the profile pattern of water distribution before drving and 1he chemical ions concenteation profile needed 10
evaluate the effective diffusion coefficiems. Each of the shices were then divided into two parts For whilch
dfe sar of the et Wiks used for Water codtent determnation and the second lof foil enncentiaton, The
nsisture content along the vertical profile of the dilTusion column =etup wis determined by oven drying
while the level of concentrations of the various selected candidates ions is in the pore fluid of the specimen
were air dried under laborstory condition (e . room temperaturs) prior to e xtraction snd determination and
measurement of targeted ions coandidates using UNICAM 969 Atomic Absorption Spectrophotometer,
The effective diffusion cocfficient wes then evalusted using equations 4, 5 and & respectively,

X
oxz=01 a N i 2 . Dz th cos {Q'm [:1 -I}]_ o~
Cq T l4a J 1+a+qiat R, lL? cos(g,, )
=
where all gm values were assumed non zere positive roods Tor the following functions:
tanlge ) = — 0w (5)
were d in the above equation is expressed a5
Hy,
“ = mR,L (&)

where Fluwmd L= Beight of the ligud amd the seweroe meservoir iand kength ol the soil specimen. respectively samd
n = ioci] porosity of the soil specimen.
Thie Retardation Gsctor (Ra) obtained [rom the kich studies resull which is as reported by Shackelfond,
19594; Sheckelford md Doneel, 19215 and Yohana (2021) wes colculnted using equation 7.
Ra=1+50K, (7)
i
where; K = diztrbation/partstion ceefficient: n. = Effective porogity; pa-dey density of soil.

The tormecsiry factor, €. defined as the ratio of effective diffusion coefficient o the free solufion {aguenus)
diffission coefficient of the solute was computed vsing equation .

N Effective diffusien coelficient
~ Free solution {agqueous) diffuson coefficient

(2)

I
Bacteria Foraging Optimization Procedore
Besules for all experiments were measured during laboratory work, Measured 00l factors include;

coefficient of permeability (hyvdraulic conductivity) as dependent Tactor and B, sregaterinm suspension
aerixity (o), vord ratio (dip, bulk density (dz), witer content relative [o oplimum {ds}, compactive effor {ds),




pH ids}, degree of swiwrotion {de), plastcily index (d7), ligusd Timit (dep omd viscosity {do) as: self=
determinimgiindependent) factors, GeneXproTools 50 wos wed todevelop the fitness (objective) function
use for Buacterin Foraging Optimization to predict hydrnulic condsctivity of treated lateritic soil with 8,
coagnlons suspension density. The fitness fonction was miegrated with codes in Matlab 2016 version to
predict the minimum hvdraulic conductivity for a given set of seli-determining factors. The fitness function
is shown in egquation 9. The Fitness function was obtasined with the sid of gene expression trees made of
four generations as shown in Figare 1, The flow chart for Bactenial Foraging optimization used is shown in
Figure |

Fitness/Ohjective lunction

{210 + 10.83) : e
e -1 * F— -—
¥ = t@an (_'—Iu Py +x, + tan(—196.06) T L'.I-+ Eaks
(e} { 21y — X7 5)]
-1 — gtz 4+
+tan { s (e*2 4+ 2x,) mn{ms DB A0 (%)
Where!

& =8 megorerinm spapension density (Bameg), xp=di= void nsten (e}, x9= dry densily {pdd, x4= water
content relative o optimum {WC RO, £c= compestive effort {CE), x5= pH, 2= degree of saturation (517,
xg= plasticity idex {PL, x5= ligoid limit (LL}. xyp= visoosity (Vs), Y = lfHC l=hydraulic conductavity.
Constraints

133E = 10 =y = 4.05E = D& Hydraulic conductivity
=x = 2I4E—00 Bomegaterium suspension density
=l tx, 52 Compactive effort

TE=x, =1T7H moulding water conient
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Figure 1; Flowehart of the bacterial foraging algorithm,
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Figure 3: GenXprolool expression tree for four generations

RESULTSAND DMSCUSSIOMN
Chembcal constitments of leachates samples

The chemical constituents of the five leachates samples used are as shown in Table 1. Leachate samples

s for both chemical compatibality and long term tests were samulated mn the Saboratory.




Table 1: Chemical composition of kachate generated and used in this study
Concants fion i {1mg/L

Mensured coment L L L ot LS
Sodium. Ma R40 TX) 503 A4 350
Potass ium, K 210 180 | 35 108 87
Magnesium, Mg 9.4 |4734 | 2.641 |1552 | 1244
Calciom, Ca 68567 | 35624 | 39803 | 21317 5416
Iron. Fe |3se0  |00604 | 00473 (00217 | 00134
Cadriwm, Cd (L3585 [(hO03] ] OUAMEZE | AN S [} ANED6
Chromium, Cr 0205 |* | 00018 00073 | DO04s
Zinc, Zn 0147 | 00T 00063 | 00007 0032
Lead, Ph 0.216 | 00052 00025 (00019 | 00031
Sulphate 505 23500 18000 | 14832 (8063 5725
Mitrate NO3Z (.073 (038 s 1146 R
Chioride CI 13530 | 1053 k4.2 574 il4d
Dissolved oxygen, DO 257 255 | 280 260 1270
Tatal dissolved solid, TDS 1630 | 1500 1380 [ 1205 1100
Total hardness. TH 224 203 | 184 15h |13
Turbaclay (NTL as 28 25 14 21
Chemical oxygen demand, COD | 1385 | 1380 11579 11613 | 1467
Biolozical oxyecn demand, BOD | 120 200 LT 30 275
pH 72 |74 K 6.5 68
Electrical conductivity., E (ps'cm) | 3.2 2 13 1.6 2.4

* - Trace quanticy, L1, L2 13 1.4 13- Leachate samples 1,23, 4 and 5 respectively.

Compatihility

Effect of municipel solid wadte leachate on long-tevm hydraalic conducrivity

The cementation concentration which offered effective siffening and strength of bicgemented specimen
formed & base line for the long term permeability. Therefore, MICP specimens for long-term hydraulic
conductivity were prepared for the various bacterial suspension densities fic.. 0, 15,6, 1.2, 158 and 24] =
[0% cells/ml and 0.5M cementation concentration. The long-term hydraulic conductivity of bio-treated
specumdns senally permeated with only water, watér and leachate and coly leachate is presented in Figure
2-5. In the case of permeation with only water, the bascline bydraulic conductivity values of specimen
permeated are |44 = 100%, LIH: s 10 1500% 108, 177 % 1KY, 147 % 107, 281 % 107", which varied up
1o the o0 day at | 60 x ik ST e 1O A 55 2 107, | 48 x IO 240 10§ A0 % 107 s for stepped
suspension densities of [0, 1. £ 6,12 !IH and 24] = 107 cellsfml, ra:pe-:-tmzl}' The variation in hydraulic
conductivity showed a decreme that correspond to absolute values of |08, 696, 1 64, 795 and 500 for [,
| Sl 00F @ 0¥, 1, 2 0F, 1R, and 2 4107 cells'ml bacterial cell suspension density, respectively, The
redustion in hydrauhic conductiviey eould be due to plugging of the soil pores due 1o either increased calcite
formatien from the Bio-tréated specimen or microbial growth as a resull of bioactivity in the sofl-water-
bacteriginicraction ( Frempong and Y antul 2008; Francisca and Glatstein 2000k Rowe 2005 Chsinubi et al..,
20200, The alkaline pH emphasis and resultant microbial calcium metabolism are fundamental facts in the
precipitation mechanism (Hammes and Verstracte 2002). The sudden spike in hydraolic conductivity can
be due 1o the recharge of the permeability tube with the permeant percolating freely by gravity, while the




ermatic hydroulic conductivity suggests switt ond random pore plugging vp of micto, mini and macre pore
sizes within the soil fabric {Reboato-Lands and Sontamarning 2006, Nikolova-kusco et al., 2013),
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Figure 3; Wariation of hydrmulic conductivity of laentic soil = bio-treated B, megaferiomn mixiures with time
{permedted with water only)

The permeahility values of bMo-treated specimen serially permeated with water vp to the first 215t
day and then with leachate up to the next 69th day is presented in Figure 4. The trend of initial increase in
hydraulic conductivity =p to the initial 21 days and thereafter decreased continuously for the following 649
days was recorded. This initial increase may be doe to rapid flow through soil clods which offers least
resistance o liguids passage. The coefficient of permeability plotted with variation of time in days of
compacted bio-treated specimen with sepped 8. megaterinm suspension density of [0, 1.5 .6, 1.2, I8 and
24] » 1P cells'ml, decreased from baseline values of 375 x 10 502 = 107", %13 x 107", 1 A5 x 107, 380
w10 459 % 107" mys o4 30 e 107 T4 x 10 101 % 107 239 107, 246 % 107 663 x 100" mis,
respectively; and in terms of absoluie order of magnitode they also gave values of 585, 848, 889, 8535,
935, wsld .56, respectively. I is noted that the hyvdrsulic conductivily decreased significamly with time
when compared with when it was permcated with water onldy. This could be as result of high akalinry of
the medivm (higher pHJ that favoured biosctivities e, build-up of biofilms such as extracelular polymenc
subsiances (EPS) in the leachate ond soil, Wen et al.. (2031 reported that the availability of nutrients was
responsible for the formation and stimulation of yeast and bacteria colonses that partly clogged the soil
pores rendening thie soil fabric non-passible to flusd. Osinubd et al_, (2300 7) also reported similar mechznism
of pare blockade by bioactivities of bactenin colony, Also, the bioactivities breakdown of unclassified
oroanic substance in the leachate enabled the peneration of 0k (ag) that ienized into OO and reacted
with the Ca** at high pH concentration in the leachate to form insoluble carbonate precipitate {Xie et al..
20200. The precipitate is deposited on the surface and into soil pores that mitigate drainage of fid thereby
contribute 1o decreasing porosity and permeability of the specimen which causes clogging in the long term.
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Figure 4: Vamation of hydmulic conductivity of lateritie soil - bic-treated B, megarerinm mixiures with time
{sequentially permented with waler nnd leschake),

In the case of bio-reated sampe permeated with leachate onlvizee Figure 55, the coefficient of
permeability plotted with variation of time in days of compacted bio-treated specimen with stepped
suspension density of [0, 1.5 .6 1.2, 18 and 24] = 10* cells’'ml B. megaterium, decreased from baseline
values 1103 x 10", 8.34 x 10", 458 » 10", 230 x 10", 894 x 10" and 557 »x 10" mfs 10 7.71 x 10",
489 % 10 206 10, 176 % 10', 430 x 10', and 3.22 x 10" m/s in absolute ceder of 353,441,528,
233.5.19 and 421, respectively. The results of hydraulic conductivity of specimen permeated with only
leachate are generally lower in contrast to other results previeusly obtained for specimen successively
permeaied with water and leachate snd specimen permeated with oaly water. This can be explained by the
biological . chemical and phy=ical effects which induced biofilm, inorganic precipitate C2C00 and trapped
suspended solids (35), respectively { Nikolova-kuseo et al., 2003 Lin et al, 2008, Stibinger 2016 Yo and
Bovwe 2013}, These effects are noted o resultin clogging micre pones of the soil structure thereby offering
higher vesistasce o Qow and causing redoection in hydraulic conductivity. It is alse keown o significantly
reduce bydraulic conductivity owing to microorgenizms’ growth inside the soil pores under prolonged time
frame. The decrease in k due to bioactivity can be relsted to the presence of biofilms accumulation and
associated bioclogging mechsnisms contmolled by the rzlative size of micro-srganisms with respect to pore
and throat sizes (Osinubi et al., 20208, Rebats-Lands and Santsmarinn, 2006). Bio-clogging is vinble
process to build low-cost snd low-hydraulic conductiviey barriers in soils (Tang etal., 2006}, Francisca and
Cilatstein (2010 vsed regression model to confirm that microorganizsm i5 responsible for the controlled
displicement of quid in soils permested with leachate. Nikolova-kEuseu et al (200 3) reported the presence
of COD and Ca* in higher amount me/L in leachate is responsible for biological clogeing (hofilm) and
chemical clogging (CaCh).
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Figure 5; Yariation of bydrawlic conductivity of laeritie soil - biv-tresied 8, megaterinm mistures wilh
time (permested with leachare only).

Caleite content

Calcite content {CC) wis studied using the washing method. The variow specimen from demoulded long
term permeahility sample of the vanous, treament were sliced info three equal sections representing top,
centre and hortam, The samples were air-dned under labagatory condition 25+2°C. The result of CaC0s
gontent (CC) obained by washing methosd for amcum&u permeated with water caly is shown in Flﬂure &
The CC increased with increase in bacteria suspension density, The calcite content for top specimen
increased from 3.7 % for Ocelliml to 5.0% for 2.4 = 10" cells/ml B, meparerim suspension densary, Similar
trends were observed for centre and bottom specimens ., although each having calcite coment of lower values
in contrast o top specimen, This could be associaed with the plugging of the soil surface fabric of the
compacted specimen which offered higher resistance o non-uniform percolation of cementation reagent,




Pan et wl { 2K reported that the distibation of calcite i using hiogrout throogh MICP technigue decrensed
from top 1o base due to ageregation of caleite crystol duning percolotion through soil paricles,
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Figure 6- Yariation of calcite content with B, megaveriom suspension density for sample permeated with
water only.

In the case of sample sequentinlly permeated with water and leachaie, the vanation caleste distribution with
hacterial suspension for is presented in Figure 7. The CC for top sample increased from 4.0 to 5.15% for 0
1o 600 x 107 cells'ml B. megaterioon suspension density. respectively . and thereafter decreased to 4.2 % at
24 » 10" cells'ml B. megareriiom suspension density, Similar trends were obtained for centre and bottom
samples.

= o
5 _,f"d- :i—_':'_-hh“;'l—:-.. B

45 -‘:.F‘ —

—i— Top ‘W&t and LEachabe
—— ey iy aml LepcFalp

i Boavorn waiee and Lo hate
5=

1.0 =00 605403 25 +0s | RE+0s 7 4+

(b} & megateriun [suspension density/mi
Figure 7: Vriation of calcite content with B. megaterium suspension density for sample permeated
sequentially with water and leachate

Calcite Content [%]

The CC for top, centre and bottom in the case of sample permeated with leachate enly (Figure 8), generally
decreased with mcreased B, megoterim suspension density, The feachate concentration from the onset of
permeation may have speedily activated the growth of biofilms and EPS which predominated calcite
formation thereby leading to the reduction in CC. The CC ranged from4 0 5.8 %, 3 054 % and 3610 3.3
S for top, centre and bottom samples, respectively. The slight varintion for esch of the section considencd
cantld be related o the non-unifomm precipitaton of caleie o bacterial cell surface within the inver-gramlar
pore spaces af the soil fabne. The non-uniform discribution of caleiie with depth for the specimen could be
dise 1o (1) the increased Wosctvities {biafilm) aclivated by the leachae which elimimted the possible
uniformuty in calcite distribution and {2) the alteration of inftial bis-cemented soil strecture following the
permeaton sequence. This mdicated that the relative pore size detribution of specimen decreaged with
increasing clagging with lofilm formed (Rowe ac al 20035).
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Figure 8 ¥aration of calcite content with &, megateriam suspensaon density for sample permented with
leachate only

Sean eleciron microscopy

The SEM image of MIC P-trented somples permented with water only, had mixed stroctorsl morphology mi
different surface sections on the mapped output micrograph a5 shown in {Figure 9%, The momphaiony
possessed flaky . rongh and smooth structure st different surtace segments and also had pores and mixed
print of soil-calcite. The flaky and rough morphology of the MICP treated sample permeaied with water
could be due 1o the hardening behaviour of the soil due to deposition of calcite (W hiffin 2004; Whittin et
al., 2007; Dejong X000: Van Passsen et al., 2000,
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Figure 2. SEM/EDS with corresponding atomic concentration dnd weight peroenlage ol elemenial
pompasition of bio trented somple permented with (o} water only ot 100 gm optimum resolution, S00x
magnification, 153k image mode and BED full detector

The micrograph of MICP-treated specimien sequentially permested with wester and leschate (Figere

3 had predomimstely smooth momphalogy probably doe to caleite formation and biofilm coverage. I is
mostly expected that the prolonged permeation period could have led to the formation of biofilm doe o the
leachate interuction with =oil (Francisea and Glatstein 200100 Francisca and Glatstein 2000 Thullner et al .
HM¥2a b). It has been reported for this specimen that the content of caleite increased initially and then
decreased with increase in concentration ©of 8. megoterium suspension density as biofilm formation in the
lomg run predominated calcite formation. This possibly suggest that the reduction in hydraulic funductlwt}'
may noi necessanly be due to calcite tormation s would be ordinarily thought of based on previous report
on permeability reduction from MICP tréated sample (Whittin ct al., 2007; Dejong et al.. 2010; Chu et al.,
2002y, but rather by beofilm formation. This therefore suggests th-.u the criticil assessment of hydriilic




conductivity of MICP trented sample subjected to proleng permeation penod, provide o better criterion for
compatibility nssessment,
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Figume 10, SEMEDS with vorresponding atomic concentrstion and waight percentage of elemental
cormprosition of e reated saople permeted swith (b water and leachate ar 100 gm optimom resolution,
S0k magmification, 15k image mode and BSD full detecio

The SEM mecrograph of MICP-treated specimen permeated with only leachate (Figure 11} had
microspores) clay silt-clay structure, intergeanular pores, caleite pring; smooth silt-clay surface. The scaly
surface could be the result of disselution and precipitation of clay minerals within the soil fabrics, A self-
modification from an aggregated strocture o008 matnx -dominated strocture upon permeation with only
leachate. The morphology could be related to: 1) leachate interaction with soil clay minerals, (i} activation
of mineral clogs, i) formation of, gelatinous biofilms seereted by extrmcellular polymeric substance (EPS)
i.e., microorganisms. This suggest that the decreased hydroulic conductivity in MICP treated. specimen
permeated with only leachate may not be solely doe o caleite formation but on the viabitity of nutrient
solution which aided bioactivitics that sltimately induced biofilm formation.

feh
Figure 11, SEM/EDS with corresponding atomic coneentration afil weight percentage of eleméental
carmposition of ko treated sample permeated with (¢ leachate only & 100 jrm optimom resoletion, S00x
magmfication, 15kY image maode and BSD full detecior




Batch Equilibrinm Adsorption Test

Effect of pH on batch equilibr um adsompdion

The pH of lateritic soil characternstically determined on lenchate sonkedisaturated exteacte/filirate of clay
soils 15 an inclusive compositional dynamics essentiale’ elements which can show/offer s far-reaching or
significant role that helps regulote adsorption potential of cotions in keachste-soil interactions during/in &
butch equilibrium adsorption test {Mitchel 1993). This is possible because inter-particle associations snd
repulsions mainly oceurs in reasonable high pH medium/condition. while also maingaining positive charged
edges at low pH, thies increase in jons concentration in leachate, leads (o increase in sorption of leachare
by the soil Fraction. The variation of pH of sml-leachate interaction Nlirate with B, megoterivm suspension
density in batch equilibrivm adsorpon tests mixiures is shown in Figune 12, The pH of the mixture (laeritic
soil - B, megateritom ) decreased with incressed bactena suspension demsity except for few case where a
deviation for increase was observed, The pH of the mistuee vares in the cange from 10,00 - 988; 10,19~
QA8 10,11 - 947, 981 —9.32 and from YB3 — 935 for MSW leachaie 1.2, 3,4, and 5, respectively, The
observed/recorded decreased in pH might be as a results of a sorption (adsorprigin of heavy metals while
the sprprion (desorplion) of sob-heavy metals was probably due o incresse pH (Abodling el al., 203,
Angelicn e al,, 2015}, Furthermore, the changes in the pH of treated seilSspecimen could be due o the
interactions between the respective leachate, B, megaterivem and cementation solution used {Yohanna, K21 ;
Sani, 200191, Also, calcite content, micro-sized organic content in either leachate or soil, dissolved and

soluble salts, CEC and exchangeable cotions, ond specific surdace ares are compoesitional factors that could
affect the adsorption protocol in a BEAT expeniment {Miichel. 1993; Page eral., 1982},
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Figure 12: Yaristion of pH of lateritic soil-with 8. megarerion suspension demity fileate with 8.
megateriun suspenson density exposed w individual leachates dudng batch equilibrium adiorption test.

Effect of electrcal conductivity on batch equilibrium adsorprion

The wamation of elecirical conductivity (EC) of biotreated Imeritic sodl-leachate mixmures with 8.
megoterun spspenson density for five individual leachate concentrations in BEATS is shown in Figure
13, The EC of the mixture increased non-linearly with incressed bactera suspension density, The EC varies
in the range from 15— 188; 14 - 17.8, 13- 17; 12 = 165 and from 12 - 16 for MSW leachate 1,2, 3.4,
and 3, respectively., Peak BEC value of 18.6 was recorded at 24 =107 cells/ml for soilleachate | while lowest
EC walue of 12 was recorded ar 0 cell/ml, The increased in BC s a response o increpse salinity which isa
functeon of mcreased dissolved lons (Ghosh e al., 20035 Olerem, 2005 Yohanms 20210 i the sail-
Borregenterivm-leachate solutons,
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Figure 13: Variation of electrical conductivity of lateritic soil with 8. me goieniem suspension density during
batch equilibrium adsorption test

Sorpion performance sssessmient lotentic soll — B, megarerivm mixtures

Sorpion (adsorplion of absorplion) assessment performs 4 fundamental pan in conminunts suenuston in
a soil-leachate system and 15 & major factor amengst several factons that regulace and oF coitrals the level
or extent of contamination or polluton of underground water. Characterization of the sdserption ability of
spils (i respect o candidare ions) s typically performed using batch equilibrium testing procedures. Batch
equilibrium adsorption tests (BEATs) were performed oo the bio-teated sl —leachate specimens to
evaluate sorption potentials of some ideniified cations and anion: mamely Sodivm (MNa®), Potasiom (K7),
Calcium {Ca*), Chioride (C17 and Sulphate (805, dominant in the leachate, Adsorpiion reactions ane
proesses by which contaminant seluies in sodution become aitached (o the surfaces of the varkous soil
fractions, These reactions are basically governed by the surface properties of the soil fractions {laertic soil-
B, e geterim suspension medivm), the chemisiry of the polluants and the porewater, as well as the pH of
the enviconment of ineraction, The capacity of Aow of candidate cations and anions in the soil is
represented or designated by the retardation factor (Ra), while the partitioning/distribution cogfficient kais
used to describe contaminant or pollutant partitioning between liquid {leachate) and solids. K is the slope
of an adsorption isotherm for a linear adsorption isotherm, or a section along fis curve in a nonlinear
adsorption isotherm: The reaults of the BEATS which shows the patiern of chemical sorption by soil-#,
megateriyn sspension blends are presented as ad=orption isotherms for each selected/considered cations
and anigns. An adsorption isotherm shows the amount of chemical sorbod as a function of its equilibrium
solution concentration. Depending on the affiniy of the varioes composition of the leschae oo the
biatreated soil surface and the cmire surface isteraction propertics, a number of varying adsorption isatlsnm
shape is possible (Stravwn ot al., 20200, The sdsoepion isethermn may vary i shape and could be cither lineas
ar non-lisear, The son-linear which is sigmoidal 5 or & —shape, or sometioes conves or concave shape
{Strawn et al., 20200, Pozitive isotherms defines the occurmence of adsorpiion. while negative isothenn
proposes the incidence or occumence of desorption of the ions under corsiderstions (Shackelford and
Damiel, 190h; Shackelford. 1994 Boateng of al., 20009, The adsorption isotherm considersd in this study
for cations ( Sodium { Na*). Potassium (K. Caloium (Ca™*)) and anions (Chloride (C1) and Sulphate (5055

Adserption of sodim

The phet of equilibrium concentration against the sorhed concentration for sodium jon (Na*) = shown in
Figure 14, The adsomption isotherm is non-linear (concave shape) which is & common trend in cations as
recammendedsugeestad by (Shackelford and Danse] 1945 1h: Hong and Shackelford, 2017 and Strawn et
il 200, The values of adsorbed Na® won concentration varies in e ranges rom 239 =276, 165 - [9.8;
1272 — 1502, 84 - 1136 and 6 — 9.3 mg for leachates 1, 2, 34 and 3, respectively. when lateritic soil
wirs hio-treated with 8. megaierium suspension densitics up i 2.4 = 10° cells/ml. Generally, adsorption of
sndium Bon ancreascs with incrcasc bacteris suspensson densitics. The level of Nas adsorbed can be
wansidered or regarded incomeguential bocause the recorded values were below the mukimum allowable
regulatory limits values of Ximple and 230 mg'g cemified by World Health Organization (WHO) and




Nigenan Standord for Drinking Water Quality (N5DWOQ) (McGmley and Kmet, 1984; Lee wnd Jonos,
19910, by Amadi, 2006; Eberemu, 2008; limdiya, 2000; Limdiva omd Osinubi, 2001; Moses, 2012;
DHuremi, 2015; Ozim, 201 7. Therefore the quamtity of sodivm ion sssessed/found may nat amount to any
environmental threat to ground water on exposure when wsed ina liner sysiem. Also, the presence of sodium
in the soil-bacterial interaction could encourage an increased diffuse double layer inthe soil and thereby
give risé 1o dispersion of the =oil fabnc (e.g., McGregor, 199 Lee and Jones, 1991a, b; WHO, 2006;
Osinubi et al., 200 4; Scalia et al.. 2018). The recorded retardation factors (Rd); 45.61. 4221, 45965, 51.46,
30,72 and 34,16, of sodium ion increased with increased bio-rreatment (populaton of microbes)] of lteritic
soil, when bictreated with (0, 1.5, 6, 12, 18 and 24) x10" cella'm| suspension densities, respectively. The
general increase of retardation Facior suggest the reduction or decremse rate or percentage of sodiom ion
adsorbed, This occurrence might be associated with the decrease in pH of the mixture thereby result in
weakening of the wn concentraion as well as reduction in the binding electrosiatic atraction between
oppositely charged adsorbate,
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Figure 14: Yoristion of sorbed concentristion with equilibrium concentration for sodium ion

Advarpiion of peote i

The vanation of egquilibrivm copcentration with sorbed concentration for potassium ion (K*) 15 shown in
Figure 15. The adsorption isotherm is non-linear {sigmoidal 5-shape) which is a commaon trend in cations
as recommendedsuggested by (Shackelford and Daniel 19%91ab; Hong and Shackelford, 2007 and Strawn
etal., 2000). On one hand, the sorbed concentrafions increase with equilibrium concentration of the leachate
regardless of the bacteria cell densities. while on the another hand, it marginally decrease with increase
hacteria suspension densities. The values of adsorbed Na® ion concentration vanes in the ranges from 2 88
-3535 17327 1.3- 1 84:0L82 - 145 and .75 — 1.42 mg/l tor leachates 1,2, 3. 4 and 3, respectively,
when lateritic bio-treated with 8. megaterium suspension densities of up to 2.4 = 107 cells/ml. Also, the
retardation factors (Ba) values of; TET, 821, 807, B8, 853 and 520 were recorded for specimen
biotreated with; 0. 15, 6, 12, 18 and 24 [« 10" cellsm] suspension densities . respectively. This indicates an
increase in the amount of Na®absorbed owt of the solution as the bacteria population increased. The resulis
is consistent with thot of Yohanne {2021}, The equilibrium isetherm for K* had o strong Freundlich model
shape as descnbed by Hong et al., (20163,
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Figure 15: Yariation of sorbed concentration with equilibrium conceniration for potassium ion




Ailserpiion af Calcivm

The adsorption isotherm for {Ca®*) shown in Figure 16 revealed non-linesr L-shape for all (0, 1.5, 6,12, 18
and 24 [x107]) cells/mi suspension densities treated soil, The sdsorbed Co® jon rnged from 0035 mg/g to
[ 3210 1.56 mgfy for leachate sample 1, 12200 144 meie for leachate sample 2. 1,17 to 1.2 for leachate
sample 3, 063 to (73 for leachate sample 4 and 031 60 0.33 maip for leachate sample 5 for latemtic soil
hio-treated with up 2.4 x 107 cells/mi. Returdgtion factors values recorded are 797 861,971, 11,03, 11.42
and 11.0% for lateritic soil when treated with 8. pegarerivm suspension density of (0. 1 5,6, 12, 14 and 24)
% 10 cells/md, respectively. This confirms tofal adsorption of Ca™ from flirate solution, The Ca®f
absorption is due 1o the role of Bavegarerium in biogeochemical MICP interactuion leading o precipitation
of calcium ions by enzymatic membolic action of unease, This resulis is consistent with the report of
Cindzama (2021},
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Figure 16: Yariation of sorbed concentration with equilibrium concentration for calcium ion

Adsorption of sulphaie

The adsorption isetherm of sulphste ions shown in Figure 17, exhibat pon-linear shape which is a commen
trend in cations os proposed by (Shockelford and Danicl 19%1b; Hong ond Shackelford, 2007 and Strown
et al,, 20200, The values of fdsorbed suphate jon concentration varies in the ranges from 0.214 to 0,246
mg for keachate 1, 0,136 40 0,193 ma for leachate 2, 00108 1o 0,145 mgfl for leachate 3, -0,107 1o 0,005
g/l for leachate 4 and -00.144 to -00KT mg'l for leachate 5 when lateritic bio-treated with up 1o 2.4 « 107
cellaml (B, megarerivm suspension densities). Also, the retardation factors (Ra) values of ] 1147, 11.36,
HOLEZ, 1057, 1055 and 1045 were recorded for specimen biotreated with; 0, 15,6, 12, 18 and 24 116t
cellsiml suspension densities respectively, The retardation factor which decrease with increise bacteria
suspension density signifies reduction in the rate of Mow of sulphate iens and of course depend on the pH
of the medium (Sam 2019, Stawn et al.. 2020, Yohanna 2021},
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Figure 17: Variation of sorbed concentration with equilibrim concentraton for sulphate ion

Ailserpifon af Clicring

The wisorption isotherm of Chlorine ions shown in Figure 18 exhibit non-linesr shape which is @ comiman
irend in cations o8 proposed by (Shackelfond and Daniel 1991 Hong and Shackelford, 2017 and Strawn
et ol., 20200, The adsorbed chlorine decreased with incressed equilibrivm concentration, which signifies o




negative distribotion coctticient and low affinity sdsorption site of chlorine ions to form stronger complex
ions, The values of sdsorbed chiorine ion varies in the mnges from 5051 to 5042 mg/l for leachate 1, 3,536
1o 3,775 mgl for leachate 2, 1,108 to 1,346 mg/l for feachate 3, 1,155 to 1.361 mg for leachate 4 and -
01604 10 -0.322 mg/l for leachate 5 when Iateritic bio-treated with up to 2.4 = 10° cellsml (B. megaterinm
suspension densities]. Also, the retardation factors (Radvalues ranged from -41.58 to - 36,68 when specimen
were treated with up to 24 = 10F cells/ml suspension densities (Sani 201% Strawn et al., 2020; Yohanna
2021y Amongst all ions measured in the bio-trested sample mixture, It was observed that only Cl recorded
retardation factor of less than 10, The Bd values greater than 10 implies that the jonic relardation or
attzenuation had occurred in the specimen. These resulis are consistent with those reported in literature
{e.g., Muhammed, 2004, Frempong and Yanful, 2008 Himdiys and Osinubi, 2001 Belle and Dsinuls,
2000, 20111,
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Figure 18: Yariation of sorhbed concentration with equilibrium concentration for chlorine ion

Rerardution fociar

The varintion of retardation factor of loteritic soil with 8, e gaterioon suspension density is shown in Figure
19, Ad=orption interactions {positive retardation factor) was predominsnt For mast candidate ioms. The
recorded results indicate that adsgrption occurred for the three cations and one of anions while desorption
took plece on only chlerine fon, The retardation factor (Ha) which is & function of portioning/distribution
coeflicient (Ka), increased with corresponding increase bacteria suspension density for all (K™, Na®, Ca®",
Mga'. Cl'y individual ions except for sulphate jons which decreased with increased bacteria suspension
density. For example the By obtained for the natural Isteritic soil (e, 0 cellfml) and bintreated zoil {e.g.
soil reated with B, segaterium suspension density of 2.4 = 107 cellsmly were 45,61, TRT, 797, 11.47. -
.71 and 54.16, 820, 1109, 10,48, -39.6 respectively, for K=, Na*, Ca™, Mg, CI'. 5047, respectively,
While desorpiion occurred for-only chomne ims in both cases (e, nafural and biofreated specimen),
specimen bio trepfed with ighest/masimum B, megoterivm suspension densily reconded a comparative
higher retardation factors for all the studied fons except sulphate ions, The higher refardation factor might
be associated with release of vrease enzyme for wrea hydroly s, The enzyme rebeased then alters the specific
surfoce aren of reaied soil fabmc, reduced the miargind micropoms m the matnix and resolied in the
incrsised adsorpion of the jods, Micosboactavities of e microbes (e, bocioping ) might alse be
accountable for the recorded end (lves and Pienvichite, 1963, Clement et al., 1996; Froncisca and
Cilistatein, 2000 Dejong et al., 2000, 2003 Csinebi eial,, 200 %), Alse, the decrease retardation factor of
S04 jons might be due to: 1) 504 easly displaced CF nnions adsorbed on o positively charged imon oxide
mineral surface of the soil and 2} soluble sulphate resct/interact swiftly with positive charged sites of
mineral particle and other fres o exchangesble cations in the soil 3) eo-ion interusction and 1omnic transfer,
surface precipitation and or formation of complexes (Strawn et al., 20207,
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Basically, retardution factor value more than 1.0 is a =sign that reactive (adsorbing | selutes are ransported
ata very slow rate relative o non-reactive solutes (non-adsorkng) {Bello and Osiaubi. 200 1 Osim, 2007,
Sani 29} Therefore, the process of ionic retardation or attenuation of K7, Ma®, Ca™ and S04 jons must
bave taken place within the latentic soil - B, wiegaterian mixtures with retardation factor greater than | as
reporied by Bello and Db (2001} as well as Moses and Osiaubi {3015}, The least retardation factor
vilue obtained for sepped B, megateriion suspension densities for Cl- showed that thers was n minimusm
resistance o desorbed fow.

Dilfosion analysis of bio-treated lateritic soil

The possible pollution o contamination of ground water a5 well as the evaluation of the fate of transpormed
efffuent contaminant from o MSW containment structure is occasionally associzted with advective-
disoersive rapspoct taken place adlong woeious iterconnectad fraciured micro and macro pores within the
isernal matnx of composite (Sudicky and Frind, 1982; Rowe and Booker, 1989, Fitvus ef af,, 19549,
Neretmieks, J2002; Sivakumar, 201 1, Barone er of,, 1990; Shackeiford, 1991 Liu ¢? of,, 2002; Sivakumar,
2001y, Diffusive comaminant wansport & also possible through frectures or micmpores of adjoming
interconnaiied permeable marix {Barone et dl., 1990 Sheckelford, 1991 Livecal ., 2002 Sivakumar, 2001 ;
Eberenw. et al., 2003; Scalia et al., 208; Boateng et al. 2019,

High concentration candidate metallic cations {K*, Na®, Ca®*}and nons-metallic amions (S04 and C1)
{cations and @ions) in the leachates were consdered in estumating the adsorplion capacity of bie-ireated
lateritic 4ail {lateritic =0il - B. megaterium mixtores) column. Their effect in hydraulic barner system was
examine in paiurd agquecns systerms and polluted groundwater, as well o landfill leachare diffusing through
soil matrix was evaluated, In estinaring the adsorpion capacity of metallic and non-metallic jons {(cations
amd amions) for bio-treated latennic soil (lweritic soil - B, megaferiom mixmresh Polassium. Sodium,
Calcium; Sulphate and Chiloride (K* . Na* . Ca™*. 304" and C1') respectively were chosen to ¢ xamine their
effects in natural aqoecus systiems and polluted geoundwater, as well as landfill leachate diffusing through
so0il matrix. B. megarerium treated soil specimens compacted into PYCs column sequentially saturated with
tap water for 21 days and afterward substituted/replaced with MSW leachate for another 90 duay to
limit'mitigate contaminants solutes mass transport which could have occurred in the ussaturated state, Free
downward gravity diffusion was utilized through the 90 days duration of diffusion.

Effect of pore water content

The pove water selution content distibution after diffusion st generally decreased with column depth of
wil slices us shown in Figure 20, The decredse coukd perhaps be associaied with decreased degree of
saturaticn of the bio-treated soil depth OY ohanma 20213 The percentage pore solution recosded at the top
slice {ie., shice 1) is comparativel ¥ greater than those secordid for the succeeding slices dwe to s straight
interaction with the inlet surface leachate. Also, the increase B, seegarorfmn suspension demsity up o 2.4 =




10% ml. hed no marginal difference or order with depth of soil slices. Apart from the top slice. the lowest
or bottom slice in the column recorded marginally increpsed pore water content relmive to the other slice
depth spart from the top slice, The reconded inerense cowld be due tothe fact that the bottom slice functioned
15 4 collector reservoir that enclosed all diffused leachate from the slices shove it Similar observation was
reporied by Oloremmi (3H015) and Yohanna (2021).
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Figure 20; Variation of pore water content with depth ofter diffision testing for all seds used

Effect of pH of pore solution

The pH of the wntreated soil (O cellimly shghtly decreased with depth of soil column while the specimen
bio-reated with up to 24 = 10" cells'ml initially mncreased from 0 to 20 mm depth and Eaver increased
significantly to 100 mm {Figure 21}, The untreated kaolinite soil is and acidic seil. The opening increase in
PH recorded from depth 0 -20 mm might due to urea hydrolysis brought about by the interactive metabolic
activity initiated by the bacteria urcase enzyme. Ina more general scope, it was largely observed that the
elfect of bo-treaiment using & wiegorerfom ransiae w & reduction o pH with depth from 20— 100 mm.
The decrease in pH values with depith was probably due to the replacenent of protons {He) on the faces of
the clay mincrals with the metallic cations in the MSW leschate {Yohanna 2021},
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Figure 21: Variation n.[-pH valucs with ril]ii.l'j.l:pii:l after di ffusion

Effect of pore solution on electrical conductivity

The vanation of electrical conductivity (EC) with depeth/slices (0 - [0 mm) of soil pore solution recorded
after diffusion for the variow bic-treated soil depth is shown in Figure 22, Regardless of the weasement
concentration, the BEC geserally decreased nonddinearly with increasing depth of the various slices in
contrast to the maturilly untreated soal (0 celPml). The EC of nataeal soil (0 cell/md b initially mcreased from
0 1o dy mm depth comesponding 10 increase EC from 0.1 10 0,19 and Ixter decreased margimally o 0.1 &
WM} mm depth. The BC of pore solution of bio-treated lateritic soil {ie. latentic soil — B.megaterinn
suspension density mixture) recorded after diffusion which generally decreased non-linearly with depth of
slices as carlier stated ranged from; 0.44 @ 0.64, 054 to 062, 037 t0 063, 037 to 055, and G410 to 062
within depth 0-100mm for 1.5, 6. 12, 1¥ and 24 (x10° cells'm| suspension densities), respectively, The




chunges in EC 15 associnted with the interaction between jon concentration of leachate and the jon exchange
ot the surfuce structure of the soil mineral {Eberemu et al., 301 3; Bosteng et al,, 201%), which probsbly
influenced the degree of salinity of the resultunt pore solution al varions depth after an extended diffusion
of leachate {Ghosh et sl 2013; Yohanaa 20273
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Figure 22: Variation of electrical conductivity values in soil after diffusion

Effect of pore solution concentrations

The variation of pore sedution concentration of latentic sml — B, megaferiem miziores with sodl column
depth for Na*, K*. Ca®, $04% and CI” are shown in Figure 23. The plots of apparent diffusion coefficient
{D*)and tortuosity factor (ta) are shown in Figures 24 and 25, respectively .
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Figure 23: Variatien of pope solution ¢oncentration of lateritic ssil — B, mepoterive mivture with soil
column depth for different jons: (A) Sodium (Na*) (B) Potassium Ky (C) Calcium (Ca®) (D) Sulphate
{504") (E) Chlorine (C17)

The apparent diffusion coelficient {D*) tor Na+ increased from 3.2 2% 107 m™s o 0 cell/ml 1o peak value of
663 10" mis o 1.2 x10° cellsiml sespension densitvisee Figure 5.88), The corresponding. ioreosity
fisctor (1) follows the same trend and increased from 3,93 at 0 cell/ml w peak value of 4,98 m?/s at 1.2 % 100
* pelts'ml suspension density (see Figure 23a).

In the cise of potassium, the apparent diffusion coctficient (%) show an initiel morgingl increase
from 110 =10 m¥s at 0 cellml 1o 1.14x 10" m¥s at 1 5 =10" cells/ml suspension dessity and then
thereafier decreased linearly to its least value of 10210 at 2.4 10" cells/ml suspension density (see Figure
5.5R]. Similarly the rortuosity factor (ta) for sodim fallowed the same pattern and was in the same mnge
of marginal increase from 00,56 00,58 for ap 1o 1.3 <107 cells/m| suspension demsity and margiml linear
decrease from 0,58 10 052 for up o2 4= 107 cells/m] suspension density{see Figure 23b)

The apparent diffusion coefficient (D#) for calicium increpsed linearly in the sange 1.00x 10

| 53 10F" m*'s with increase in B, megaterivm suspension density up o 24 x 107 cells/ml (see Figure
558, in like manner, the the oruosity factor (1a) increased with walues of 1L3E 150, 1.68, [.E5, 1.93 and
| B8 recorded for B, megarerinm suspension density of 0, 15,6, 12, 18 and 24 (= 10" cells'ml), respectively
{see Figure 23c),

The apparent diffusion coefficient (D) for sulphate show an initil decrease from 153 107 méls
at 0 celliml re 138 107" m%s ar e 107 cells'ml and thereafier vanes shghtly with values of 1.44% 107,
143 10 ms and 1.42 x 10" m*fs recorded at 122 107, 18 10F and 24x 10° cells'ml suspension density.
respectively (see Figure 588} Similarly, the woiuosicy facior (1a) for sulphate varies slightly with treainent
concentration and vulues recorded were 145, 144, 130, 136, 135 and 134 for B. megareriim suspension
density of 0, 15,6, 12, 18 and 24 (% 10F cellsml), respectively {see Figure 23d).

In the cose of chlorine  recorded apparent diffusion cocfficient {DF) of -3 545 107 me/s was coastant
froms 0 cell/ml to 1.3« 10° celldfiml suspension density of 8. megateroem and thereafier mereased slightly
to o marginal values of 250107 mi/s and -2.50=10% m¥s at 1Bx 107 calls/ml and 24% 105 cellsiml,
respectively (see Figure 5. 88). Similarly, the cortesponding tortuosity facior {za) followed the saine pattern
and <175, 1,74, <1 .56, 1,20, <1 .23 and - 1.28 womuesiny values were recorded at B, megotesivo suzpension
densities of 0, 1.5, 6. 12, I8 and 24 (= 10" calls/ml), respectively {see Figure 237),
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Bacterial Foraging Optimization

Optimizations approach involves the selection of o best possible optom of choice from a number of availabie
aprions wsing & mobast mathematical computer programs and approach, The best chaice option also known
ax opirmal value 15 wsadly o value relaiive fo exieme minimum ol maximum in an arcy of saicomes, A
witde rmge of many engineering specializations has successtully used Bacterial foraging optimization
{BECH technigue (Passino, 2002; Bodamchizodeh ef al., 2000; Dharminder and Y moey, 200 2; Gaotam and
Sourmyn, 20003 Kitin and Dripak, 2004; Yohanne 2021, Godzama 2021},

Bacteninl foraging optimization (BFO) technigues s use in this study o determine the minimum
hydmulic comductivity based on outcome of s combination self-determining laborsory measured varinbles
{x, =B. megarerivm suspension densty (B.meg), xo=di= void ratio (2], x.= dry density {pa). x,= water
content relative o optimum (WCRO), ¥o= compactive effort (CE), x.= pH, x-= degree of saturation (S1),
xp= plasticiey index (P, xo= liqusd Bmic (LL) and x, 5= viscosity (V1) that produced the munimum fab
bydraulic conductivity valse, The fitness {objective ) function for optimizing hydraulic conductivity given
in Eg. 7 was developed vsing GeneXproTools 50, The various output for the model developed and s
corresponding validation resulis are contained in Table 2,

= f.Tm + .H:IEI .‘t'] i . Xz
¥ = tan —_— + an[—196.06) — + T3,
Ty CORS Xy logx;,

)|

7
=6 1xg cos —6.06 (7)

Ty
= tan™1 [(EI—} - (g% % EL}I + tan [ms{
B




Table 2: Voriables messured for Fitness function generated by GeneX proTools 500 for fraining
imodel) and validation dats

S5Mao Variahle Training (model| Valldation output
1 Fitness 5853013 . 442003 |
2 MSE 01,5002 | 552
3 REMSE {1,700 1 258
4 MAE 1543 [ M
5 RSE {17 047
f RRSE 0.254 0497
7 RAE (1223 1484
) Correlation CosfTacient 01,9468 NE7S
g R-square 0.5936 1RO

I M umber of pens 4 4

The relotionship between predicted hvdraulic conductivity ( Target) against the measured loboratory values
from the loborstory use for the model (model) 15 shown in Figure 26 and 27, The result shows o strong
associntion between the predicted values ond the mensured values in the lnboratory wsing o regressed line
with coefficient of determination R=.4936. This indicate that the self determinning vanables use to develop
the mode] has strong effect on the hydraokic conductivity of latentic soil-B. megateriem mixtures and showld
be carcfully studied and considered during the design and construction phase of 2 waste containment
system,
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Figure 26: Scatter plot abtained froan GenX prood Model
.1||
“ 1‘1. ! | ,-'I:II | i
- . i 1 : \ ’.__ I| i |I i
!“ 1__""“. rasllt .'. l|l P 0 ..-'"' |
§u b4 i R 1
ie II ! i | . \
" . L

— s =

Figure 27: Plot of observed value against observation from GenXprool Model




The pls of hydmulic conductivity agninst eration mumber using bacterial foraging optimization { BFC
algorithm, Particle swarm optimization (PS5O alporithm smell agem optimization (5AC) algocicthm are
shown m Figures 28, 20 and 30, respectively. The detail mindowns and sommaries of the optimization
resulls wsing the algorithm under selected varied iterations numsber of 10 =300, 10= 000 and 100 2000 for
BFO, PRS0 and SAC algorithm, are presented in Table 3, 4 and 3. respectively .
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Figure 28: Plots of hydraulic conductivity against varying iteration numbers using Bacterial foraging
optimization algorithm for {A) 10 (B) TO00C) 200 (1) 300 (E) 400 and {F) 500 iteratons,
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Figure 28: Plots of hydraulic conductivity against varying iteratson numbers using smell agent
optimization sleonthm for (A 1000EY TODC ) 1000 and (D) 2000 itermtions,

Basad on all the optimization resulte, it s recommended that Iateritic soil be prepared at 118 - 13.8%

manisture, content when trested with B, megaterium suspension density in the range 1 5x107 - 24 z 107

cella'ml and compacted using Brtish standard heavy {BSH) energy. The results fall within the range of

optimal values from overall scceptable zome (OAZ) pemerated from laboratory result, Therefore, the

compactive effon, moisturs content and B. megatenum suspension density should be considered primanly

during design and construction of the compacted cloy liner in the field or in any reloted peotechnicnl

engineering applications.

Table 3: Bacieria Foraging

ization resulis

:I[LJ-'.::rI:IIIHr- H (mvs) %1 X3 X3 % %2 X6 X7 X % X
10 27001 | BOMY | D725 | 1900 | 3999 | 1OM [ B 100 ) 99900 | 25630 [ 44500 [ 19683
i) 2.60E-080 | 700 | (0.T28 | LS00 | 4000 | TOM | 8100 [ 08558 | 25627 | 44500 | 18.543
100y 2TOE-09 | 8000 [ 07X | 1900 | 3.0060 | 1000 | 8100 | 89472 | 25375 44500 | 18218
200 2TOE-09 | 8000 [ 0728 | 1900 | 3905 | 10 | E.100 | 99900 | 25630 | 44500 | 19682
A0 200600 | 7000 | 0.TZ8 | F5N | 4000 | 100G | B 100 | 89099 [ 24921 | 44500 | 15061
40 270E-09 | B0MY | DUT2E | 1900 | 3.999 | 100 [ B 100 | B8.99% | 25272 [ 44499 [ 17894
S0 2. TOE-K J SUMEE | TS ] LR | 30U | DODHD | BLTOD | RESG | 25272 | 44490 [ 17 806

Table 4: Particle Swarm Optimization resalts

]t::aliﬁuﬁ H (m's) xi X X3 Xa 5 1 nr X5 Xy X
10 239E-10 ] 2770 0491 | 1900 | 1,007 | 1000 | 5,000 § BT, 795 ) 214971 | 42381 | 23035
i) 2E9E-11 | 4300 | 0591 | LS00 | 1088 [ 100 | 8. 000 § B3 A48 | 23426 ( 42668 | 10000
100k 23ME-11 | 4530 ) Q705 [ 1900 ) 1332 | 1000 | 8,000 ) 95069 | 22733 | 41621 | 10008




200k 22TE-11 | 4679 | OF28 | 1500 1936 | 1000 ) B 1000 § 9900l | 16,232 1 44 343 | 100000
kT 22TE-1L ) 1a05 ) 0723 | 1900 1939 | 1.00¢ | 8. 000 | 99000 | 241859 ) 42 822 | 10000
400 (227611 | 1sos | o728 ] 1s00] 1939 1000 | s000 ] seson] 20295 | 44060 | 10000
500 | 227611 | 4678 ] 0728 ] 1900] 1939 | 1000 | 800 99000 24347 | 42981 | 10000
TN 227E-11 ] 4677 OF28 | 1000 | 19395 | 1000 | S 000§ 90000 ) ITA427 [ 41495 | 10000
00 [ 227611 ] 4679 o728 | 1900 | 1939 ] 1000 | 8000 ) woon | 23808 | 43644 | 10,000
Table 5; Smell Agent Optimization Algerithm resulis
emons | O | M| | % | w s | | oW | | m | we
10 f;.:‘:EEaI.]| ESIH}U.?EZ 1A95 | 0309 | (0.962 T:?Et‘- ':"EIJ.I'}'?. 21978 [ 433 [1.15?;3
Al G E4E-IT | ZEE0 | 0549 | LA6G6 | D966 | 076D | BOTT | 93396 | 20681 | 43088 I6.772
1CHE 456E-11 1 3473 0544 | 1ART | 1035 0700 | 8025 [ 93232 | 18180 | 41424 L2004
200 | 355E-11| SKI6 | 0.544 | LR85 | 0602 | 0020 | BOK3 | 91115 | 18664 | 44.340 | 10338
00 | 402E-11 | 3451 0610 | 1878 | 0430 | 0959 | 7974 | 97347 | 19087 | 43062 | 10050
400 TAGE-11 | 3422 | 0710 1886 O705 | 0975 | RDES | 95820 | 22022 | 42084 | 17.127
S0 4ASE.LL | TOR% | 0481 | 1890 | 0368 | 0667 | BR[| 81786 | 23760 | 42278 [058
] LISE-11| 3280 | 0.724 | 1893 | 0525 | 087 | 8081 | 95456 | 24219 | 42,058 o431
JO0 | 37SE-11 | 6916 | 0.719 1894 | 0032 | 0870 | 8065 | 94067 | 23589 | 42063 | 10,002
R{HE 3-.'."3[:5-!15 275060 U.-Iﬁ-'n'l LARS | 1008 | O.RER | BOSE | 92360 | 2302 | 43,525 [ 3,804
SO Z.HHE-I.J! 1 T58 U.Eﬁﬂ 1898 | 0738 | 0847 | 8084 [ 93041 | 18620 | 43,173 [LAANEE]
10EEE 4 31E-11 | 403 LA [J'I'I?-I'E.I| LIBS | Q791 | B050 | 97143 | 184953 | 43521 | 26403
o0 [ 393E-11 | 3144 | 0.597 | 1891 0463 | 0924 | BD1T | 97753 | 16549 | 43.943 | 13435
1200 | 342E-11| 3£86 | 0487 | 1891 0993 | 0913 | RDpES | 91862 | 23257 | 43504 | 16,208
1500 | 285E-11 ] 3045 0720 1898 | 0od4a | 0878 | #nke [ 80351 [ 17370 [ 42602 | 10327
UKD FA0E-L1 | 3412 | D536 1888 | 0431 | 0o | £08d | 92881 | 22081 | 41493 13325

Where v = Least Hydraulic conductivity (mJs), x; = B megaterivn suspension density (B.meg). x;void
ratio{e), xy= dry density (pd). x, = water content relative to optimuam (WCRD), x.= compactive effort (CE],
Xp= pH, o= degree of saturation (56}, ry= plasiciny index (P1, = lguid limit (LL ) and ¥, 5= viscosiny

(V=)

Coanc lusion

I, The long-term hydraulic condoctivity (k] of compacted big-treated speamens decreased with time

for most part of the test for all cases of permeation in the order; water only = for serial permeation

with water and Icachste > leachaie permeation only. The compatibility increased with leachate

Hter acian,

e

MICPareated  specimiens were chemically compatible with the leachate, having k values design

eriterion of < 147" m's for most peints except for a few cases for which the values were slightly

grester than the maximum regulatory for liners.




1, The study aisoshowed that compotibility is not only dependent on the physicochemical interactions
and chemical precipitation of carbonaes cabeite, but on bicfilm formation.
4. Repardless of the incrense in B, megareritn suspension density, there was g general reduction in
e sorpiion capacily of cations and anions with.
5. P8O and SAD algorithm are ressonable optimization technique that can be wsed to obtain minimum
hvdroulic comductivity volues which falls or converges within the overall scceptable zone,
Recommendation
Based on the results, litentic soil be prepared of 118 - 13.8% mostore content when treated with 8,
iegalenum suspensacn density n the range 1,53 107 - 24 s 10" cells/ml and compacted using British
standard heavy {BSH) enesgy is recommended for constroction of liner and cover in a wasie containment

scheme.,
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