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Abstract

Routinely in Nigeria, elemental quantification of environmental samples such as soil samples is
often done using standard techniques such as atomic absorption spectrometry (AAS). Despite the
extensive application of AAS due to its relatively low cost and accuracy, the main standard
operation procedure (SOP) involves the use of non-environmentally friendly chemicals like
HNO3; and high energy. Consequently, the SOP exposes the users and the environment to the
detrimental effects of such chemicals. Additionally, AAS is a cumbersome, destructi hnique
that requires the use of lamps which are often not available at the time of analy® ence this
study assessed the potential of Portable X-Ray Fluorescence (p-XRF) as an alt e technique
to AAS by statistically comparing elemental results obtained from both te ﬁsg . In total, 66
grab soil samples were randomly collected from a minimum of two geo- enced points at a
depth of 0-15 cm each from solid waste dumpsites, auto-mechanic wotkshops and farmlands in
the Ibadan metropolis in June 2021. The analytical techniques wer %aed via recovery tests
(= 96.5 %). The results of the T-test analysis showed that A d p-XRF interchangeably
quantified Cu (p = 0.06) and Zn (p = 0.14) in the dumpsite, CL%& .96), Zn (p=0.98), Cd (p =
0.16), Pb (p = 0.30), Ni (p = 0.10), Mg (p = 0.16), Mn* .23) and Fe (p = 0.08) in auto-
mechanic and Ca (p = 0.16), Cu (p = 0.25), Cd (p = nd Pb (p = 0.06) in farmland soil
samples. Although statistical data from this study shoywed that there were some similarities in the
two techniques, suggesting that some elements cansbe quantified with either p-XRF or AAS, the
overall result indicates that p-XRF can be us K\l%;creening for all these studied elements in
these environmental samples. 9'\

Keywords: Correlation study, Envir tal samples, Elemental analysis techniques, Non-
destructive elemental quantiﬁcat% ssion analysis, Statistical analysis.
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Chapter One
Introduction
1.1 Background to the Study
The campaign for safe environment has necessitated alternative ways of analyzing different
forms of objects and materials (soils, water, and air) in the environment. It has become necessary
for scientists and technologists to put the safety of the environment and all its i%&lts into
consideration when thinking about methods or techniques to be used in @%ut analytical
procedures. Universally, Spectrometry techniques like Atomi:: %)g\p ion (AA), Atomic
Fluorescence (AF), Inductively Coupled Plasma Optical Emiss'%% -OES) and Inductively
Coupled Mass (ICP-MS) are conventional techniques used @gﬂy laboratories and industries for
elemental quantitative analysis!**#, These conventim%‘%ques of evaluation involve usage of
toxic as well as hazardous mineral acids i @S:xtraction and digestion of samples to be
analyzed. This technique gives room fo%@uch as parallax errors. The procedures for these
types of methods take a long time a%(hé chemicals involves are very expensive which makes
the cost of analysis to be hi M of these techniques has several merits and demerits which
3

'\
engender the analyst t&)@

ility of choosing the best equipment for the elemental analysis of
interest. \

Most recogn%ka oratories in developing countries such as Nigeria use acidulous chemicals
like }@Qd H>SO4 for preparation of sample materials and destructive methods like Atomic
Absorption Spectrometry (AAS) for all forms of empirical procedures for elemental evaluation
in different sample matrices®>®’. These mineral acids are toxic and hazardous to the user and the
environment at large. The normal convention is to take precautionary measures while handling

these chemicals in the laboratory as well as while disposing them in the environment. Despite all



the recommended precautions and procedural handling of mineral acids, oftentimes users fall
victim to their toxicity by way of accidents, mishandling and carelessness®.

The use of alternative means of determining metals especially trace and heavy metals in soils
apart from conventional means requires in-depth study. In developing sustainable
environmentally friendly analytical methods, precision and accuracy of the parameters being
evaluated are of high priority to the scientists and environmentalists; hencez)ike\need for
comparison with the already established conventional techniques of analytic , 'pg@dure in order
to calibrate and validate the new technique. It also involves the dras&r%duction of the use of
toxic concentrated minerals acids and other hazardous chemica’@‘nrthermore, this method is

highly repeatable and reproducible, unlike conventional meth@

Contrary to other routinely used methodologies suc@s, AFS, ICP-OES and ICP-MS, XRF

spectroscopy does not require sample dissol ﬁg@digestion, thereby sample materials are not
destroyed in the event of running the anal ié—ray fluorescence is an atomic emission method,
similar in operation to optical emiss@‘pectroscopy, and neutron activation analysis (gamma
spectroscopy). This method a@z‘[ed the wavelength and intensity of ‘light’ evolved by
energized molecule i t@e. X-ray fluorescence has grown over years from instance to
being one of the mﬁ%rteghniques being engaged in field geochemical analyses in the mining and
environmen\ﬁ%hcationsm. XRF notwithstanding may not totally displace atomic spectrometry
technh as ICP-MS for light level analyses, but it significantly has some merits including,
little or no sample preparation, combination of high capacity, output, efficiency, productivity and
performance. These analyzers have been consistently used for geological, environmental and

industries matters in the past'!'%!3, By circumventing the possibilities for inexactness caused by

partial dissolution and large dilutions, the complete analysis by XRF helps to ensure the accuracy and



repeatability of results. Until quite recently XRF machines were limited to bench-top units which
often required that samples be removed from an object for analysis. Nevertheless, the portable X-
ray fluorescence (p-XRF) machine ensure a fast and cheaper alternative to some other established
techniques such as AAS, and ICPs**. XRF can be engaged when demanding limits of quantifications
that are above 1 ppm (ug/g), or when sample materials is to be preserved, especially when analyzing
solids, powders, slurries, filters and oils that are in smaller quantities. Q’)&\

In the recent happenings, soil heavy-metal pollution was observed to be .A%everal global

.3

problems confronting the environment. Heavy metal Pollution of soil }%‘[ributed exceedingly to
attention®. The need for

its deterioration, and its remediation and risk management ne@t

intentional risk control and methodical repair requireg;&s%&-precision characterization of

pollution’. @

1.2 Statement of Problem C._)@

Although there are many established sci@ﬁc spectrometry techniques like Atomic Absorption
(AAS), Atomic Fluorescence ( S),&Ray Fluorescence (XRF), Neutron Activation Analysis
(NAA), Inductively Coupledg‘%laqma Optical Emission (ICP-OES), and Inductively Coupled
Mass (ICP-MS). In dée)@n countries like Nigeria, AAS is one of the vastly used technique
for the assess r@ﬁi evaluation of heavy metals of environmental matrices. This is as a result
of AAS be@%tantiated to be accurate, relatively cheap, non-time consuming, and easy to
operate@'l other spectroscopic techniques for elemental analyses. Despite these advantages, the
AAS standard operation procedure (SOP) involves the use of toxic concentrated mineral acids
such as HNO; and H2SOj4 that are toxic and hazardous to the user and the environment at large.
Additionally, AAS is a destructive technique with a cumbersome procedure for different heavy

metal specie. It requires the availability of lamps for different metal specie which is most often



not available at the time of analysis. On the other hand, the alternative technique being study is a
non-destructive technique with a relatively simple SOP and sample preparation. It is generally
used in the analysis of rock samples with little application in routine laboratory analysis.
Therefore, in this study, AAS and p-XRF techniques were used to quantitatively analyze the
heavy metal contents of soil from different sources in Ibadan. (b
>
&

In Nigeria, elemental analysis is often done using atomic absorption spectro bg@try (AAS) as

1.3 Justification of the Study

it is the preferred technique. However, the initial cost, as well 2.1s t ogerational cost (acids,
gasses, lamps, electricity and fume hoods), make usage im@ for some laboratories.
Additionally, the cumbersome of the SOP and non-envimn@ ly friendly practices expose the
operator to toxic and harmful chemicals but, the X trophotometry technique can offer a

comparative alternative. X-Ray Fluoresceice@strophotometer is producing good results

without costing a lot of money than AAS, It*dees not require any use of toxic acids, gasses and
fume hoods. Its only require basic e@(b'bity, calibration and in some cases helium to enhance

the sensitivity of light elemen ir% the sample. Additionally, the individual components in XRF

spectrometers are not @Q friction or heat and in effect can last for many years.

Decades ago@as metamorphosed from being a prototype to being a key technique used
in areas s@ s geochemical and mining analyses but, with little application in routine
enviro&tal analysis, especially in Nigeria. P-XRF does not need daily routine calibration as a
result of non-usage of gasses or liquids in operation which may introduce impurity and instability.
Similarly, oils evaluation only requires the use of disposable liquid cups that are cheap and solid

samples, like metals, can be scanned directly without necessarily preparing the object of analysis.



Hence, this study was conducted to comparatively explore p-XRF with an established atomic
absorption spectrophotometry (AAS) technique to determine selected metals in diverse samples
of soils from auto-mechanic workshops, solid waste dumpsites and agricultural farmlands

located in Ibadan, Oyo State.

1.4 Aim and Objectives of the Study ¢ &

The research aims to assess concentrations of selected metals, heavy m inclusive in
potentially polluted diverse soil samples collected from auto-mechanic @hops, solid waste
dumpsites and farmlands located in Ibadan, Oyo State using AAS Q@SQF techniques.

The specific objectives were: &%

N

1. determine the concentration of selected heavyge;@in potentially polluted soil types

using the p-XRF technique. %

ii.  determine the accuracy and pre 'si(Qg} the p-XRF technique by comparing its results
with the conventional atomic ion spectrometry (AAS) method.

iii.  determine if the two method$(AAS and p-XRF) are not significantly different.

’Q |
S

N
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Chapter Two
Literature Review

2.1 Digestion-Based Technique for Elemental Analysis

Compounds of metals are abundant in our environment and so many kinds of metals have been
discovered over time and grouped together. Heavy metals like lead (Pb) and chro%@? (Cr), are
one of such group and are reconned as toxic if found in abundant in the .G*. he excess of
heavy metals in the body typified bioaccumulation, which mee:ns )% %oncentration of such
metallic elements in the body increases over time. Bioaccumu of metal in the body can
occur as a result of eating foods contaminated by heavy me&z&qa)s well as drinking heavy metals
polluted water!. However, some metals are also nd@% life sustainability, for example iron
(Fe) and copper (Cu). The Scientist reported ﬁl@% in trace levels is necessary for maintaining
good metabolic health, and that Fe carrie$,0 n to all the cells inside our bodies. Metals play a
major role in global technological ad@ment, and mining companies routinely search for it in
other to drive world economies!. .

Generally, elemental u@@on required the sample to be in solution forms by means of
digestion for a widb%ai'g[y of analytical sample materials, hence standard scientific procedure is
to be follow{ﬁ%[ore analysis. Sample matrix digestion for metals investigation in qualitative
and q@@ve evaluation play a significant role. This is also referred to as the step-by-step
sample preparation technique that involves decomposition and dissolution of organic and
inorganic materials prior to detection and quantification?*#. The basic reagents used for breaking

down metal-containing materials are concentrated mineral acids such as hydrogen trioxonitrate

(HNO:3), hydrogen chloride (HCI), dihydrogen sulfate (H>SOs), hyperchloric acid (HCIO4), and



hydrofluoric acid (HF). These forms of acids can be use single or can be combined to digest
multifarious of samples and release the metals within. Also, these four acids can be combined
together in the digestion of the toughest compounds like silica!. The knowledge of which acids to
combine in order to obtain optimal results when digesting metals is very important.

2.1.1 Microwave Acids Digestion

Microwave digestion is now being engaged in digesting organic and inorganic %@es and it
has become a routine method of analysis. This improved type of digestion y %nerit of high
sample output, loss of volatile species is drastically reduced and of little contamination levels®.
“Microwave acid digestion is a technique to dissolve metals, bo@‘.}rithm a sample matrix, into
liquid”. This is realized by subjecting a sample to a strong @%ﬂ a closed vessel and raising the
temperature and pressure through microwave glow 4@% in Figure 2.1. Microwave enhanced

the speed of heat decomposition of the samp:e @e dissolution of heavy metals are increased.

The quantification of heavy metals reldagsed™intto solutions is accomplished through elemental

techniques®. The microwave debonc@‘nethod involves the use of a blend of some mineral

acids that are freshly prepare fo}gample: concentrated HNOs—H>0,, HNO3—HCI, and HNO3
)

in accordance with th; s@

acids respectively, Q

perating procedure of recommended 6:2, v/v and 8 mL of the
is blend are freshly prepared mixture each time to be used®’. These
mixed mineraliacids usually added to certain specified milligrams of sample to be digested and
placed@%crowave. The temperature can be adjusted to 120 °C in 5 min with a power not
exceeding 1000 W, and this can be maintained at 120 °C for 2 min. Then the temperature is
increased to 210 °C in 10 min, and allow to remain at 210 °C for 15 min. At the end of the

heating procedure, vessels are allowed to stabilize at room temperature for about 15 minutes,



however, the oven is not allowed to exceed 1600W throughout the process. Digested samples are

usually marked up to 25 mL with ultrapure water®.

/C?

'&

Figure IQ pical Microwave Digestor

Source®.

10



As reported in the determination of “multi-element contents in Tamarind (Tamarindus indica),
star fruit (Averrhoa carambola), golden berry (Physalis peruviana), kumquat (Citrus japonica),
dragon fruit (Hylocereus undatus), and passion fruit (Passiflora edulis)”. "The six procedures
used to determine the element contents of these fruits includes; 8 mL HNOs, 6 mL of HNO3 + 2
mL of H,O3; 6 mL of HNO3s + 2 mL of HC1, 8 mL of HNO; + 4 mL of H,O», 8 %@03 +4
mL HCI, and, 12 mL of HNOs-2. The acid mixture of 6 mL of HNOs + .f$@ H,0; in the
experiment indicated the best digestion for all the fruits®. Mic.:rov‘v%\/ewassisted digestion as
described here has been successfully applied to biodiesel digesti ior to the determination of

trace elements®!’. Moreover, it was reported that digest&%nethod, based on microwave-

assisted in closed vessels offers advantages over cod@%al open systems wet digestion that is

@gestion minimizes the risk of analyte loss,

N

characterised with loss of species, this method
h is improved, and digestion effectiveness is

ameliorate contamination, sample thrd&
enhanced”!°. Q)(b‘
2.1.2 Coldblock Digestion })
Coldblock digestion Q@(

sample and provisiiq}o

e use of short-wave infrared radiation to precisely heat the
cooling block to improve condensation of fumes, thereby minimizing
volatile comﬁ%ls loss (Figure 2.2)!. Infrared radiation has attracted growing recognition based
asa re@g‘[s fast heating of solutions, as it quickens the vibratory and rotational motion of the
molecules!!'2. The additional advantage of Coldblock digestion system is the volume of acids
being used for digestion as a result of heating the sample directly and often times usage of
dangerous acid like hydrogen fluoride and hypochlorite are removed!. Coldblock digestion

system uses focused short-wave infrared lamps as a heat source, this heat source allows common

11



aqua-regia to be used in digestion thereby eliminating hazardous chemicals!. The time required
for Coldblock digestion is in minutes, speed of processing is coupled with reliability. The system
is consistently accurate and precise across a range of sample types. Figure 2.2 show the
application of Coldblock digestion.

2.1.3 Microwave Assisted Ultraviolet Digestion

“Ultraviolet radiation is the portion of the electromagnetic spectrum extending fro@&olet, or
short-wavelength, end of the visible light range to the X-ray region” as sho .N igure 2.313:14,
The production of ultraviolet radiation is from sun of high-temper.atu@%faces, in a continuous
spectrum and also by a gaseous discharge tube where atomic e§®ion takes place as a single
spectrum of wavelengths!®, Ultraviolet radiation has alwa %@n in used in research and as a

sterilizer, as well as in fluorescent lamps a more%‘%-efﬁcient form of artificial lighting
compared with flickering lamps'?. . @

Ultraviolet radiation situates between about nanometers (nm) and 10 nm wavelengths on the
visible-light side and on the X-ray espectively, though some scientists extend the short-
wavelength limit to 4 nm. The lt;.e)l%)let radiation is conventionally split into four regions: near-
infrared (400-300 n @ared (300-200 nm), far-infrared (200-100 nm), and extreme
(below 100 nm)”&i&velengths of UV radiation has been categorized into three: UVB
radiation wh’ﬁ%ge up about 5% of the UV rays but very high in energy is effect affected most
organi@% UVA radiation that make up 95% of all the UV rays that reaches the earth, this
kind can penetrates deep into human’s skin resulting in a tan and the third one is called UVC

which is the highest energy portion of the UV radiation spectrum and it is blocked from reaching

the earth surface by the ozone layer'?.
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It has been reported that ultraviolet digestion method is not used solely but in combination with
another method like microwave digestion'®. The system set up revealed the introduction of an
electrodeless discharge lamp directly into the digestion vessel, while under a microwave field
region the emission of UV radiation is triggered'®!”. The following radicals are formed as a result
of decomposition process in a microwave ultraviolet digestion; hydroxyl radicals (OH") from the
water (H20), hydrogen peroxide (H20z) or nitrate ion (NOs) as a result of additio@tric acid.

These OH: radicals, that was generated during photochemical proces@he oxidation

reactions, thereby accelerating the breaking down of the organic ma}t%g»n whereby releasing
the analyte from the matrix'®. Relationship effect of the simult \s application of ultraviolet
and microwave-assisted digestion reduces the sample pr %?on time, thereby becoming an
option to increasing the effectiveness of digestim@% minimize the use of concentrated
reagents. This method has been used succes@sin the process of digesting the biodiesel
matrices for evaluation of trace elements‘%'geétrometric methodology!%-%.

2.1.4 Dry Ashing Digestion2.1,4 Q)(b'

0\

Dry ashing digestion is mostly.used for the digestion of food items as well as plant materials, the
number of chemical i; @quired for the method of digestion is minimal as well as the
olved;

related hazards 1 ; this method requires simple equipment and better recovery is
achieved?!.

High-@gure muffle furnace is usually set at 500°C to ash a sample placed inside a platinum
crucible for at least 5 hours until the sample turns to white or grey ash residue, this procedure
converts most minerals to sulfate, phosphates, oxides or silicates in dry ashing technique. In this
digestion procedure new reagents are required; many samples can be analyzed simultaneously

and it is not laborious??. The muffle furnace in dry ash method make room for large samples to
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be process at the same time and removal organics in the cause of ashing reduces the use of strong
oxidizing acid and allow high sample processing?>. However, this method requires relatively
expensive apparatus like platinum crucibles and muffle furnace, some losses also occurred due to
volatilization, some materials are difficult

to ash as well as dissolved and also high contamination is inevitable’*. Research had been
carried out to evaluate the effect of the dry ashing method on Cd isotope measu@e(bs of soil

and plant samples?>. ‘\QO

Keshun Liu, has used the effect of dry ash temperature, sample si%e a d%ration in determining
ash content of algae and other biomass, and, it was discovere \at all the three factors had
significant effects (p < 0.05) on ash measurement of algae ga\ﬁp@sﬁ.

2.1.5 Wet Acid Digestion QQ

“Wet digestion methods for elemental ana si\&‘ﬂsolve the chemical degradation of sample
matrices in solution, usually with a c%’icftion of acids to increase solubility”?. It is a
decomposition method of transformi@ elements of a matrix into simple chemical forms. The
decomposition takes place b %ﬁ of mineral acids, or by supplying heat energy, or by
combining the both. I tl@%t od of digestion, the choice of reagent to be used will depends
upon the nature o%g% matrices The amount of reagent used is consequent upon the size of
the sample, W%i%so depends on the sensitivity of the method of determination. Generally, wet
deco technique will always use combination of some oxidizing acids such as
concentration HNO3, concentrated, HCIO4, as well as concentrated H>SO4, and nonoxidizing

acids like HCI, HF, H3POs, dilute H>SOs4, dilute HCIO4 including hydrogen peroxide. Wet

digestion has an advantage of being effective on both the inorganic and organic materials. Most
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often matrix in the sample is destroyed or remove thereby helping to eliminate some kinds of
interference.

The procedures of conducting wet digestion often times are dangerous considering the high
temperature involves and the kinds of reagents to be used®®. In carrying out this digestion
materials such as flasks, crucibles, etc., to be used are chosen carefully according to the
particular procedure to be employed. Dissolution/desorption of elements happ%{ﬁom the
surface?’. It has been established that when considering materials to be .QS@t resistance,
conductance, mechanical strength, resistance to acids and alkaline as el% as surface properties
and reactivity of that materials must be considered, and the or @&and inorganic material as
well should be given consideration. The nitric acid is accepk%universally to be disintegration
agent and it is widely used as primary oxidizer for@olution of organic matter because it
does not interface with most results and com % available?’. The combination of hydrogen
peroxide and hydrochloric acid with ni 'ci&é

enhances the quality of a decomposition. The

general rule in wet digestion is to mi@%rochloric acid with other acids for samples containing

0\

decompose silicate ins:lv@n he other acids?’.

Digestion method Qg ihed above has been used to digest several sample matrixes in different

kinds of reseﬁ%vorkzg’”’”’“’”.
2.2 @iqnes for Elemental Quantitative Analysis

Techniques used for elemental quantitative analysis are generally based on atomic spectroscopy

principally inorganic matric@)combinations of this with hydrofluoric acid are used to

in the form of absorption, emission, and fluorescence?.

2.2.1 Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
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Inductively coupled plasma mass spectrometry (ICP-MS) is a multi-elements technique that can
detect majority of the periodic table elements at milligram to nanogram levels per liter. “ICP-MS
is a type of mass spectrometry that uses an inductively coupled plasma to ionize the sample™*, It
works on the principle of sample atomization that creates atomic and small polyatomic ions,
which are then detected. ICP-MS is used to detect metals and several non-metals as well as
different isotopes of same elements in liquid samples at very low concentrations 34&
ICP-MS is highly precise, sensitive and of great speed in analyzing elemen s '?g@nlike atomic
absorption spectrophotometer. ) .

The plasma in ICP-MS is inductively heated by the gas with @tromagnetic coil thereby
ionizing the plasma that contains a sufficient concentration,iﬁ%ﬂs and electrons to make the gas
electrically conductive from where it derives its n%‘% has been reported that little gas is
needed for ionization to take place in order t 4@} characteristic plasma®*. Electrically neutral
plasmas is used in the spectrochemical a l}iv,) with each positive charge on an ion balanced by

a free electron, there are almost eq@hﬁmbers of ions and electrons in each unit volume of

34

plasma-*. ﬁ,'\

The ICPs operate und @t' ¢ (E) mode with low plasma density and inductive (H) mode
with high plasma d%@ and the transition of these two modes occurs with external inputs®. In
the case o S, inductive mode is operational. ICP-MS differs from other forms of
inorga@gs spectrometry because of its ability to auto-sample analyte continuously, without
interruption’,

The coupling of mass spectrometry with ICP is such that the ions from the plasma are extracted

through a series of cones into a quadrupole usual called mass spectrometer®®. The separation of
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ions is on the basis of their mass-to-charge ratio and the signal receives by a detector
harmonious with the concentration as shown in Figure 2.4.

The concentration of a sample can be determined through calibration using certified reference
material such as single or multi-element reference standards. ICP-MS through isotope dilution
also lends itself to quantitative determinations, a single-point method based on an isotopically
enriched standard. Data in ICP-MS is generally analyzed either quantitati%q' r semi-
quantitatively, as isotope ratio measurements or in isotope dilution analys .’\ loudness of
ICP-MS includes its multi-elements capability for almost all element ig3 the periodic table at
concentrations in the low ng/L range with a high dynamic rangg&®h‘§d sample output is another
specialty which is particularly important in industrial a@ ions. Low quantity of sample
volumes, often with reasonably simple preparation &@’% are usually adequate to produce the
required results®®. The method also has the a@of characterizing isotopes, both stable and
radioactive, for high-precision measurd&@f isotope ratios. Furthermore, ICP-MS is also
qualified as a selective detector in hy@‘dted methods using some form of separation technique
to allow the determination of%a.l)\ye)species. Its constraints include the relatively high cost of

the equipment which ;e@

problems related t\‘

high level of staff proficiency. Some of the most common
-MS usually are at the nebulizer or the cone ion optics elements,
peristaltic pﬁ%which may lead to inconsistencies in the ion count rates and precision
repea@asured from the same sample are likely to be observed if these elements are dirty
or damaged’®%°. As the technique is so sensitive and at the same time it may be prone to memory
or carryover effects whereby the detection limits for an analyte may be artificially increased by
its residual presence in the instrument resulting from previous analysis of samples or calibration

standards with high concentrations of that same element. Though collision and reaction cells in
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single quadrupole systems are effective at eliminating elemental and molecular ion mass
interferences, they are far less effective when it comes to eliminating isobaric mass interferences
(two elemental ions with the same isotopic mass e.g., **Ni and **Fe) or interferences at m/z
caused by doubly charged ions (z = 2; eg.°Fe’" and 28Si"). Separating these types of
interferences typically requires triple quadrupole systems>°.

ICP-MS was explored in the quantitative assessment of trace elements in serum a \()le blood,
classification of wines according to several factors, heavy metals concg@ soil, heavy

metal contents of different cereals and so many other elemental analys 0,41,42,43
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2.2.2 Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES)

Inductively coupled plasma atomic emission spectroscopy (ICP-AES), also known as inductively
coupled plasma optical emission spectrometry (ICP-OES), is an analytical technique used for the
detection of chemical elements. This is a type of emission spectroscopy that utilizes
the inductively coupled plasma to produce excited atoms and ions that emit electromagnetic
radiation at wavelengths characteristic of a particular element. The plasma is a hi%‘%ﬂperature
source of the ionized source gas and relies on optical emission for ana .58@16 plasma is
sustained and maintained by inductive coupling from cooled .elec iC%I coils at megahertz
frequencies. The source temperature is in the range of 6000 to %%\k)f) . The intensity of the

emissions from various wavelengths of light is proportion'a}{&%é concentrations of the elements

within the sample®*. @

The ICP-OES is composed of two parts: thjﬂ@\@?d the optical spectrometer. The ICP torch

consists of three concentric quartz gl&& es®. The output or "work" coil of the radio
frequency (RF) generator surrounds ;@b‘f this quartz torch.

The torch is operated in the }ﬁo)de just like ICP-MS. When the torch is turned on, an
'\

intense electromagn@ is generated within the coil by the high-power radio

frequency signal ﬂw} in the coil. This RF signal is prompted by the RF generator which is,
effectively, @power radio transmitter driving the "work coil" the same way a typical radio
transQrives a transmitting antenna. Typical instruments run at either 27 or
40 MHZ**7, The argon gas flowing through the torch is kindled with a Tesla unit that creates a
brief discharge arc through the argon flow to initiate the ionization process. Once the plasma is

kindled, the Tesla unit is turned off.
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The ionization of argon gas takes place in the intense electromagnetic field and flows in a
particular rotationally symmetrical pattern towards the magnetic field of the RF coil. A 7000 K
of a stable and high temperature plasma is then generated as the result of the inelastic collisions
created between the neutral argon atoms and the charged particles®*.

An aqueous or organic sample is pumped into an analytical nebulizer by means of a peristaltic
pump where it is transformed into mist and migrated directly to the plasma ﬂar@’xe sample
immediately collides with the electrons and charged ions in the plasma and . Qg@broken down
into charged ions. These various molecules break up into their resg«:tive atoms which then
lose electrons and repeated recombination occurred in the pla%%vmg off radiation at the
characteristic wavelengths of the elements involved4. One g& transfer lenses are then used to
focus the emitted light on a diffraction grating&@&t is separated into its component
wavelengths in the optical spectrometer. At th@fal chambers, the light is separated into its
different wavelengths (colours), the ligl%g%ity is measured with a photomultiplier tube or
tubes physically positioned to ide‘@ﬂ the specific wavelength(s) for each element line
involved, or, charge-coupled ( %{with an array of semiconductor photodetector in a more

»

modern equipment peio)@

arrays, the intensiQe‘ of all wavelengths within the system's range can be measured

s functions of colour separation. In units using these detector

simultaneou@owing the instrument to analyze every element to which the unit is sensitive
all at this, samples can be analyzed very quickly*.

ICP-OES is presently being employed in pharmaceutical analysis due to its accuracy and
sensitivity*®. Also, it is beneficial for sample preparation because making multiple dilutions is
eliminated as it can detect multiple elements from an analysis. Besides, it is being successfully

used in the analysis of DNA, protein, and trace elements in the human body*>>°. The ICP-OES
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has been reported to have played a major role in the analysis of complex samples and has been
used in procedure for trace elements analysis in the human brain, determining the chemical
composition of electronic cigarettes, screening of pesticides and assessing the purity of
pharmaceutical compounds®'2, The technique has also found routine utility in the analysis of
drinking water, wine, petrochemicals composition of crude oil, contaminated soil and heavy
metal mixtures, all of which would be difficult to analyze by other methods>233-433 &
Notable among ICP-OES merits include the ability to identify the types an é&g%f elements in
complex samples, as well as the ability to detect multiple elemen.ts @ganeously, researchers
reported analytical procedure where ICP-OES was able to detg@&to 19 elements °%7. ICP-
OES was generally accepted because of its ability to aero %)a wider variety of samples and
also has advantage in spectral deconvolution and %9% procedures to facilitate effective
detection’®*, Moreover, ICP-OES can still K{%to determine the elemental composition of
radioactive samples®®. One of the limlt ICP OES include the fact that samples must be
aerosolized, though aerosolization px@‘bres have taken new trends, it means solid and liquid
samples cannot be analyzed ‘%h}%hey are still in their solid and liquid forms. Moreover,

analytical procedure i)@)

meaning that the sehq)‘

S does not take preservation of samples in consideration,
Cannot be recovered after analysis®>. As a result, highly valuable or rare
samples canﬁ%analyzed via this method. Moreover, method development using ICP-OES can
be a tuming process, as it necessarily involves multiple steps: like doing crude analysis
to obtain a basic idea of the elements present in the sample; initial knowledge is needed to be
able to select wavelength; separation optimization to prevent signals from the various
wavelengths from overlapping; an internal standard is required to validate the method and

system performance; and analysis for spectral interferences and ways to eliminate those from the
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read-out without eliminating target signals some of the drawbacks®. Finally, ICP-OES requires
costly instrumentation for plasma generation, sample aerosolizing, and signal analysis, albeit at a
relatively lower cost than other comparable methods such as ICP-MS, which means that access to
this technique is necessarily limited>2.

It offers the least detection time, lower detection limits, a broader linear dynamic range, and
greater matrix tolerability as well as negligible chemical interferences. Beyond thi@'@aﬂ handle
multiple varieties of samples including aqueous, inorganic, organic liquids ; G\%@ls as well61:62,
Among other things poor precision, sample drift, non-ideal detecti l%mits, and inaccurate
identification are familiar problems with ICP-OES®. Figure 2.{@3&\/6 a typical part of ICP-

OES in diagram. . QQ
N

Q‘Q
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2.2.3 Atomic Emission Spectrometry (AES)

Atomic emission spectroscopy (AES) is a chemical method of analysis that uses the intensity of
light emitted from a source (flame, plasma, arc, or spark) at a particular wavelength to determine
the quantity of a metal in a sample. The atomic spectral line wavelength in the emission
spectrum gives the identity of the element while the intensity of the emitted light is proportional
to the number of atoms of the element**. Atomic emission occurs when a Valen@qon in a
higher energy atomic orbital return to a lower energy atomic orbital®. .%ﬁc emission
spectrometer is similar in design to the instrumentation for atomic absS)%tion and it is convenient
to adapt most flame atomic absorption spectrometers for ator&%\mssion by turning off the
hollow cathode lamp and monitoring the difference in the @%&)n intensity when aspirating the
sample and when aspirating a blank. Many atofgic ’e%ission spectrometers, however, are
k@ of features unique to atomic emission,

N

asers as atomization and excitation sources, and

dedicated instruments designed to take a

including the use of plasmas, arcs, sparl%if!

an enhanced capability for multi-ele@ analysis®. Atomic emission uses flames and plasmas

for converting a solid, liquid, %i)on analyte into a free gaseous atom as shown in Figure 2.6.
™

The same source of th Q

analyzed by dissoiKi‘n in a solvent and using a flame or plasma atomizer®®. The same

y usually serves as the excitation source. Solid samples may be

nebulization‘%spray chamber assembly used in atomic absorption for atomization and
excita@gsed in flame atomic emission®. The main components of AES are the same as
atomic absorption spectrometry (AAS), the difference is that in AAS, the amount of absorbed
energy is measured whereas, in AES, the amount of emitted energy by the atoms is measured?*.
The wavelength of the atomic spectral radiation informs the identity of each element’*. AES

most of the times is used in combination with other equipment like ICP%>66,
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2.2.4 Atomic Absorption Spectrometry (AAS)

Atomic absorption spectrometry (AAS) is an analytical technique used to determine the
concentration of metal atoms/ions in a sample by measuring the absorbed radiation by the
metal®®%, Metals make up around 75% of the earth’s chemical elements. Metal content in a
material in most cases is desirable, but can also be contaminants, and, as a result, measuring
metal content is critical in many different applications. To measure the metal content in a
sample is by reading the spectra produced when the sample is excited by radiation.The atoms
absorb ultraviolet or visible light and make transitions to higher energy. levels®. Atomic
absorption methods determined the amount of energy in the form of photons of light that are
absorbed by the sample. The light transmitted by the sampleds=measure by a detector and
compares them to the wavelengths which has passed through the sample initially. A signal
processor then incorporates the changes in wavelength absorbed, which appear in the readout
as peaks of energy absorption as single wavelengths. The energy needed for an electron to
leave an atom is known as ionization‘energy and is specific to each chemical element®’.
When an electron moves from one energy level to another within the atom, a photon is
emitted with energy. Every atom has its own distinct pattern of wavelengths at which it will
absorb energy, due, to the“unique configuration of electrons in its outer shell®®. A typical
atomic absorption, spectrometer consists of four main components: the light source, the
atomization system, the monochromator and the detection system®s.

Atomization of solid or liquid materials is done either in the flame or graphite furnace. The
free atoms are then exposed to light, typically produced by a hollow-cathode lamp, and
undergo electronic transitions from the ground state to excited electronic states. The light
produced by the lamp is emitted from excited atoms of the same element that is to be
determined, therefore the radiation energy corresponds directly to the wavelength absorbed

by the atomized sample®®. A monochromator is placed between the sample and the detector,
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whose function is to measure the intensity of the beam of light and converts it to absorption
data. Monochromator was so positioned to reduce the background interferences. AAS is used
mainly to analyze metals atoms this is because metals have narrow, bright and clear single
emission and absorption lines®®. The process of turning a liquid sample into an atomic gas are
desolvation, vaporization and volatilization. Desolvation is the evaporation of liquid solvent
into the dry sample, which vaporizes to a gas, while volatilization is the breakir.lg down of
compounds that compose the sample into free atoms®. Flame and furnace spe@)py has
been used for the analysis of metals over the years, and nowadays t .N ng used in
materials and environmental applications. This is due to the need lq\wer detection limits
and for trace analysis in a wide range of samples®®. AAS has K@spemﬁc:lty that ICP does
not have®

Light of a specific wavelength, selected approp@}rgfor the element being analyzed, is

given off when the metal is ionized in the Q@% absorption of this light by the element of

interest is proportional to the conce of that element. Quantification in AAS is

accomplished by preparing sta ar@%he elements.

2.2.5 Flame Atomic Absor &ectrometry

Flame atomic abso '@hods are referred to as direct aspiration determinations and is a
very common tec)&qique for detecting metals and metalloids in environmental samples. They
are normally.completed as single element analyses and are relatively free of interelement
pe@%rferencesw. In this method, the temperature or type of flame used for some
elements is sacrosanct. It is also important that flame and analytical conditions are met for
elements to be determined so as to prevent chemical and ionization interferences. Different
flames can be achieved using different mixtures of gases, depending on the desired

temperature and burning velocity. Some elements can only be converted to atoms at high

temperatures. Even at high temperatures, if excess oxygen is present, some metals form
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oxides that do not re-dissociate into atoms. To inhibit their formation, conditions of the flame
may be modified to achieve a reducing, non-oxidizing flame. The flame is produced by a
burner for atomization as shown in figure 2.7. Methods used in the determination of metals in
flame AAS could be one of the three pattern-matching; calibration curve generated by a
series of patterns, standard addition and internal standard. The most widely used method is
calibration curves generated from a series of patterns, which involves measuring.the sample
of interest in a series of samples of known concentration prepared und%'% same
conditions®. . N

Flame atomic absorption spectrophotometers are being used wi.del%qle determination of

A\
&

various chemical and environmental materials’%71:72.73,
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2.1 Difference between Atomic Absorption Spectrophotometer and Atomic Emission

Spectrophotometer
S/N  Atomic Absorption Spectrophotometer (AAS)  Atomic Emission Spectrophotometer (AES)
1. It depends upon the number of atoms in It depends upon the number of atoms present
ground state in excited state
2. It measures the radiations absorbed by the It measures the radiations emitted from atoms
atoms in ground state in excited state
3. Light source is present Light source is absent
4. There is a separate chamber for atomization of Atomization takes place step by step upon the
the sample. introduction of the sample to the flame
5. AAS employs the method of absorption of In AES, the light emitted by the atoms is
light by the atoms. what is taken into consideration.
Source”.
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2.3 Drawback of Digestion Based Technique

The reagents used in digestion-based techniques are potentially hazardous as well as
instruments and operations employed, even when used as directed’®. It is paramount that the
operator must put on laboratory protection like coat, gloves, and safety glasses properly when
handling wet digestion procedures”. A well-ventilated hood is needed when using
concentrated fuming acids (HF, HNOs, HCI), while oxidizing acids (HNOs3, HC.IO which
are more hazardous than non-oxidizing acids like HCI, H3POs, and HF are pron@}plosion,
especially in the presence of reducing agents like organic matter. : \

Digestion of acids that are conducted in a fume cupboard must. be naplned with efficient
scrubbers. It is reported that great care should be taken w@z\using pressure digestion
methods because pressure digestion vessels (bombs) coﬁ@acid fumes which are useful for
rapid, one-step digestions without losses, but in @'%s that are spontaneous, potentially

explosive gases are produced that may exc ég@safety limits of the vessels thereby leading
a;d

to explosion’s. For instance, nitric ac especially the spontaneous HNO; and H>O»
decomposition of organic ma@% closed vessel may result in an explosion due to
'\

unintended pressure build-upiwithin the vessel. These systems produce high-pressure spikes,

which can be avoidt@easing the sample weight or by applying a gradual temperature

increase. \

24 Alterna%lvlethod for Elemental Quantitative Analysis

2.4.1@1ys Absorption Analysis Method

Wilhelm Rontgen in 1895 discovered X-rays and it was defined as a short wavelength form
of electromagnetic radiation’”’. An X-ray is a high-frequency electromagnetic radiation of
energy intertwined between the far ultraviolet and gamma-ray regions of the spectrum’s. X-
rays evolved from electron transitions between discrete orbitals shells of an atom, for

example, gamma-rays are emitted by the nucleus’®. An X-ray's energy is measured in unit of
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an electron volt this presupposes that one electron volt is an energy impacted to an electron
after acceleration through a potential field of one volts.
X-ray waveform is sinusoidal in nature like every other electromagnetic radiation’®. As a

result of this, an X-ray can also be typified by its wavelength.

E=hv="hv/A
Where E is energy, 1 is wavelength and / are the Planck constant = 6.626 X 10-3 jo%lebs shc
is the velocity of light in vacuum = 2.998 x 108 ms™!, and v is the frequency of veform

(cycles per second)’®. \

X-ray fluorescence analysis is consistent and predictable when it @@ to variation in the
energy of X-ray emissions from atom to atom when compar: Xth other X-ray analytical
techniques’. Moseley (1913, 1914) observed this uniqﬁc@s and formulated a formular that

related the wavelength of an X-ray emission (A.) f@a omic number of an element (Z)7.

I/ =k (Z- 6)*> where k is a constant for a Cﬁﬁg% series of lines (K, L, M, etc.), and ¢ is a

shielding constant. '6'

Moseley findings were eventually L@t‘o confirm the atomic number of new elements in the
Periodic Table (from their{g{opriate X-ray signature) and can be appropriated as the
foundation of analyti y spectrometry’®. This fundamental is related to transitions of
electrons betweeQ rbitals of discrete energy in an atom.

X-rays forr‘r%l of the electromagnetic spectrum and are characterized by energies lying
betv@%aviolet and gamma radiation. Wavelengths are usually in the range of 0.01 to 10
nm, which is equivalent to energies of 125 keV to 0.125 keV™.

Generally, in society today X-rays are used for medical imaging in hospitals and airport
baggage screening at gates. It is being used for elemental and structural analytical techniques
in science®’. X-rays are produced when accelerated electrons within an X-ray tube

interacted’®. X-ray absorption spectroscopy (XAS) is a widely used technique for determining
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the local geometric and/or electronic structure of matter®!. The analysis is usually performed
at synchrotron radiation facilities, which provide intense and tunable X-ray beams. Samples
are usually in the gas, solutions, or solids phases®!.

X-ray spectroscopy run on the principle of the excitation of core electrons that are rotating in
the subordinate shell(s). As the electron absorbs X-rays, it becomes excited and hop to a
higher level. The X-ray zone used ranges from 1 to 100 nm. When X-rays ass.oci(atbe with
electrons it excites them to higher levels. Energy absorbed by the electrons l@\peculiar
value for each element one can differentiate with the X-ray absorption s@v

2.4.2 Genesis of X-ray Fluorescence (XRF) . \ N

X-ray fluorescence is now a popular well-known method of @is in both the laboratory
and industry®’. X-rays were first identified by the Ge physicist Wilhelm K. Rontgen
(1845-1923), for which he won the Nobel Prize ii@'%charles, G. Barkla in 1909 found a
connection between X-rays radiating from ’@y and the atomic weight of the sample. In
1913, Henry G. J. Moseley helped nun%r' elements with the use of X-rays, by observing
that the Kline transitions in an X-r. ctrum moved the same amount each time the atomic
number increased by one, a im;;try theoretical precept in XRF physics. He demonstrated that
when a chemical el e@mits certain characteristic X-rays, the frequencies of these X-rays
are proportional &ge) square of a number close to the element’s atomic number. This
became Mo ’s Law. He later laid the foundation for identifying elements in X-ray
spec@apy by establishing a relationship between frequency (energy) and atomic number,
which form the basis of modern X-ray spectrometry®.

Scientists experimented with primary x-rays instead of electrons to excite samples in the
1920s, and in 1928, pioneered XRF as a means of performing the quantitative analysis of

materials.

36



However, it was not until the 1940s that detector technology developed to an extent that
turned XRF into a more practical technique for elemental analysis®*.

By the 1950s, there were the first commercially-produced X-ray spectrometers using crystals
to separate X-ray energies as their wavelengths with simple X-ray detectors.

The development of a high-tech lithium-drifted silicon detector took place in 1970 and this
inform the basis for detecting energies of x-rays directly as Energy Dispe.rsive XRF
technology still in use today®*. Qh)(\

2.4.3 Categories of XRF Spectrometers : \QO

XRF is classified into energy dispersive (EDXRF) and wavel?ng di.ipersive (WDXRF).
Energy-dispersive X-ray spectroscopy (EDS, EDX, EDXS &%DS), sometimes called
energy dispersive X-ray analysis (EDAX or Em@@r energy dispersive X-ray
microanalysis (EDXMA), is an analytical tech(ﬁ%’%ed for the elemental analysis or
chemical characteristic of a sample®>. It e!k&g‘%n an interaction of some source of X-
ray excitation and a sample. Its char%e'r tion capabilities are due in large part to the
fundamental principle that eac ele@g% has a unique atomic structure allowing a unique set
of peaks on its electrogg}etlc emission spectrum (which is the main principle
of spectroscopy)®. e@%positions are predicted by Moseley’s law with accuracy much
better than the experimental resolution of a typical EDX instrument. Energy Dispersive X-
Ray Fluor@e (ED-XRF) is an express, multi-element and non-destructive analytical
tech@Qat does not involve sample preparation or any pollution due to the use of
chemical extractant®®. EDS makes use of the X-ray spectrum emitted by a solid sample
bombarded with a focused beam of electrons to obtain a localized chemical analysis. All
elements from atomic number 4 (Be) to 92 (U) can be detected in principle, though not all
instruments are equipped for 'light' elements (Z < 10). Qualitative analysis involves the

identification of the lines in the spectrum and is fairly straightforward owing to the simplicity
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of X-ray spectra. Quantitative analysis entails measuring line intensities for each element in
the sample and for the same elements in calibration Standards of known composition®’.

The wavelength-dispersive X-ray spectroscopy (WDXS or WDS) is a non-destructive
analysis technique used to obtain elemental information about a range of materials by
measuring characteristic X-rays within a small wavelength range. The technique generates
a spectrum in which the peaks correspond to specific X-ray lines and elements can be easily
identified. Q}i\

WDS is primarily used in chemical analysis, wavelength-dispersiv .?sﬁuorescence
spectrometry, electron microscope, scanning electron micr(.)s&.\and high-precision
experiments for testing atomic and plasma physics®®. &%'\
This technique is complementary to energy-dispersivé@%%oscopy (EDS) in that WDS
spectrometers have significantly higher spect@%ution and enhanced quantitative
potential. Many scanning electron microig@%EM) and electron probe micro-analyzer

(EPMA) instruments have EDS system ted to the column, and an EPMA typically has

an array of several WDS spectrométers’ for simultaneous measurement of multiple elements.
%gs is used for quick elemental scans to find out what
material contains, a@)@ is then used to acquire precise chemical analyses of selected
phases®’. 6\‘

The main @tce between EDS and WDS is that energy dispersive spectrometers (EDS)

In typical EPMA applicat%w,

sort@-rays based on their energy; while wavelength dispersive spectrometers (WDS) sort
the X-rays based on their wavelengths®. A wavelength dispersive spectrometer distinguishes
X-rays by moving a crystal through a range of angles until the Bragg angle is matched for the
wavelength distinguished. Only one element per spectrometer can be measured at a time. An
energy dispersive system uses solid-state detector and associated electronics to sort the entire

range of emitted X-rays by their energy®’. With both methods, the energy (or wavelength) of
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an X-ray "peak" is characteristic of the emitting atom and the intensity is proportional to that
atom's weight fraction in the sample. In general, WDS provides higher peak-to-background
ratios than EDS and therefore lower detectability limits and is thus preferred for work
involving near-trace concentrations’!.

Some of the advantages and disadvantages of modern EDS and WDS includes: (a) Elemental
detection range; EDS is usually limited to elements heavier than Na, WDS will dgtect(bmetals
down to Be with introduction of appropriate crystals, (b) Limits of detection: d%% on the
smallest weight percent detectable depends upon operating conditi .ﬁs?@e chemical
matrix of the specimen, WDS will normally detect lower conce atigms in sequence of
importance. (c) Operating sensitivity: Solid-state EDS detector&@hore sensitive than WDS
detectors; as a result, beam currents can be 30x to 50x° @x@rhis risk of damage to beam-
sensitive samples is being reduced by this de%'.g(d) Instrument adaptibility: Most
scanning electron microscope(s) (SEM) r ‘d'\@fept an EDS system, whereas some may
not have the proper ports or geometry S. In addition, some smaller SEMs may not be
able to generate beam current{i)@ough for WDS?!. In terms of cost WDS cost much
more than EDS. The low Rrice and the portable and simultaneous multi-elemental

capabilities of ED)ﬁ)@e energy-dispersive system several steps ahead of the WDXRF
1

in environmentalkgg cations®2.

244 Basﬁ%lnciples of XRF Spectrometers

Q
XRF@(S on techniques that engages interactions among electron beams and X-rays with
samples. This is made possible by the atoms’ behavior when they interact with radiation.
When materials are excited with high-energy, short-wavelength radiation such as X-rays,
they can become ionized. An electron is in motion to higher energy level from the inner shell
of an atom when excited by the energy of a photon. When it returns to the low energy level,

the energy which it previously gained by the excitation is emitted as a photon which has a
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wavelength that is specific for the element under investigation. Thus, atomic X-rays are
emitted during electronic transitions to the inner shell states in atoms of modest atomic
number. These X-rays have characteristic energies related to the atomic number, and each
element, therefore, has a characteristic X-ray spectrum which can be used to identify the

element®’.

2.4.5 X-ray Acquisition Q‘&

X-rays make up X-radiation, a form of electromagnetic radiation. . Néﬂbys have a
wavelength ranging from 0.01 to 10 nanometers, corresponding t.o fr eqcies in the range 30
petahertz to 30 exahertz (3x1016 Hz to 3x1019 Hz) and energ%}the range 100 eV to 100
keV, produced by the deceleration of high-energy elec’td\kkg'.)An X-rays tube is a vacuum
tube that uses a high voltage to accelerate the eléetrons’released by a hot cathode to a high
velocity thereby generating X-ray. The hi ’-@%y electrons collide with a target metal in
the sample, the anode, creating the X-%i)l‘he production of X-rays passes through three
stages: the charged particle is acce d, atomic transitions between discrete energy levels,
and some atomic nuclei ay\ radioactively. Each mechanism leads to an identifiable
spectrum of X-ray (@%9 . As noticed in the theory of classical electromagnetism,
accelerating elec?@i@arges emit electromagnetic waves. In the most common terrestrial
source of X-rays, the X-ray tube, a beam of high-energy electrons collides on a solid target.
As @Qmoving electrons in the beam interact with the electrons and nuclei of the target
atoms, they are repeatedly deflected and slowed. During this abrupt deceleration, the beam
electrons emit bremsstrahlung (German: “braking radiation”) — a continuous spectrum
of electromagnetic radiation with a peak intensity in the X-ray region. Most of the energy

radiated in an X-ray tube is contained in this continuous spectrum®>**. Far more powerful

and far larger sources of a continuum of X-rays are synchrotron particle accelerators and
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storage rings. In a synchrotron, charged particles normally electrons are accelerated to very
high energies of billions electron volts and then captured in a closed orbit by strong
magnets®®. In an X-ray tube, in addition to the continuous spectrum of radiation emitted by
the decelerating electrons, there is also a spectrum of distinct X-ray emission lines that is
characteristic of the target material. This “characteristic radiation” results from the excitation
of the target atoms by collisions with the fast-moving electrons. Most commonly,. a collision
first causes a tightly bound inner-shell electron to be ejected from the atom; a ]@% bound
outer-shell electron then falls into the inner shell to fill the vacan : process, a
single photon is emitted by the atom with an energy equal to. th if,f\erence between the
inner-shell and outer-shell vacancy states. This energy diff@ usually corresponds to
Q

photon wavelengths in the X-ray region of the spectru’r@iscrete X-ray radiation can also

evolve from a target material when it is exposed@nary X-ray beam. In this case, the

primary X-ray photons initiate the sequencfg@éstron transitions that result in the emission

of secondary X-ray photons. '6'

2.4.6 Instrumentation Q)

Handheld/Portable XRF is %,) mobile, high throughput, and potentially cost-effective
instrumental analytj l@ique capable of elemental assessment. It is widely used for
environmental as@men‘t of soils in a variety of contexts such as agriculture and pollution
both in-sitﬁ%&x-situ, to varying levels of success®. The process of X-ray Fluorescence as
shm@%gure 2.7 commences with an excitation X-ray which is normally generated using
an X-ray tube. This excitation X-ray collides with an inner shell electron of the atom and
displaced the electron from the atom. The vacant position is filled by an electron from a
further outer shell and fluorescence radiation is emitted®®. The power of this radiation is

unique to the specific atom and indicates what atom is present in the sample. X-rays with
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different energies will be emitted, notwithstanding the number of atoms contained in a
sample.

Relating to an energy-dispersive XRF instrument, the fluorescence radiation is collected by a
semi-conductor detector. The X-rays create signals in the detector, which are dependent on
the energy of the incoming radiation. The signals are collected using a multi-channel-
analyzer, and converted into a spectrum. These spectral are inform of peaks in.counts per
seconds and emission energies. Using the energies of the peaks, the elements %s}ft in the
sample can be identified. The process handles each X-ray one by one u. %igh speed.
Modern detectors can handle 1 million counts per second and rqore%@equent upon which
the spectrum can be recorded quasi-simultaneously. Even wit measurement time, the
spectrum can give sufficient information to calculaté f\h&nsities, which can be used to
determine the composition of the sample®. Caliﬁ%&nachine for a longer measurement
time allows for better statistics resulting in @@cision as well as peak-to-background thus
resulting in improved detection limits. '6'

Modern energy-dispersive X-r&) scence is available as a portable instrument with a
tube-based X-ray source, as p%sed to a radioactive isotope source shown in Figure 2.8. The
introduction of Pel*@) ’%e silicon drift detectors (SDD), has helped in the effective
measurement of )%oming photons energy via the ionization produced in the detector and
accomplishe pressive resolution and can identify elements as light as carbon®’. A
hand@%@ is capable of detecting low atomic number elements as low as to either Mg or
Na, depending on the configuration of the system cum type of matrix. The presentation of
portable ED-XRF systems, also known as p-XRF, affords new opportunities for rapid, low-
cost plant nutritional analysis, both as a traveling laboratory system and as an on-the-spot

analyzer?®,
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Sample preparation of XRF techniques is characterized by sample homogenization, while the
processing is fast and capable of multi-elemental analysis over a large concentration range,

which makes the procedure fast and cheap, and therefore suitable for application to a large

number of samples®’.

&
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[ ) ﬂ

43



Figure 2.8: Handheld TRACER S5i XRF

Source!%,
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The technique involves a procedure in which electrons of a given e&gx range interact with
an X-ray source called anode to produce an X-ray spectrum,&ebe configuration of p-XRF
devices is more or less the same like that of benchtop@“ﬁmments except for their sizes.
Photons are emitted from an X-ray tube using RQ%O Cr, or W, as an anode. These

photons interact with the atoms within a t?‘%uch in turn emit photons specific to each

element. These photons then pass thro eltier-cooled SDD to reach a detector, where
photons are identified as counts v@% a particular channel, which can be converted in a
computer into a spectrum of e;gy with elements clearly identifiable as peaks.

The range of elem ently analyzable using the p-XRF method range from neon to
plutonium and oﬁ‘{g synthetic elements. Detection of lighter elements requires modification
of atmosp‘%parameters as the nitrogen and oxygen in the air readily absorb their
rela@gower energy emissions.

It has been accounted for that sample preparation is required for optimizing the sensitivity,
reliability and elemental detection from p-XRF. Though applications of p-XRF to
archaeology, geochemistry and other disciplines show a range of sample preparations

available and may use reduced protocols when analyzing soil. Some studies reported that p-

XRF can be used directly on object of analysis in-situ!®'. However, a researcher was of the
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opinion that the comparison of different sediment preparations when interplaying with p-XRF
will give a reasonable result!®2, Three clear-cut procedures: in-situ, in-field and ex-situ can be
used to analyze archaeological soil using p-XRF. The in-situ technique had been done by
some researchers and it is carried out by holding the p-XRF pointedly against the soil and
analysis is done without extraction or sample preparation'%*»1941>_Some researchers reported
that the in-field method involves extracting a soil sample into a clear plastic (l%g and
analyzing it with the p-XRF in contact with five different locations of the bag&@m. The
ex-situ method involves extracting, fully drying, sieving and hom: e.}%gsoil before
putting it into plastic XRF sample cups, typically in lab-base.d ‘a& liQ?,tiOIlS102’105’106’107’108.
There is a range of protocols encapsulated within ex-situ met@Such as milling, pressing
and pelleting!%-11°, ‘ $%

The ex-situ procedure used in this research in V'Qmanual grinding without pelleting
because this does not require access to addi 1(;@%strumentation. The in-situ method is used
for applications such as archaeometr%e ogy, mapping contaminated soils and sample
screening due to the desire to 6{1) e rapid, simple and portable nature of p-XRF in site-
wide analyses as comment w scientists'%®110  Also, some researchers, commented that
moisture enhances @%tlon of X-rays and scatters the primary X-rays, which together
attenuate the refracting X-rays and effectively under-detect the ‘true’ value!'?. However,
several invle%ions into moisture content suggested that the matrix effects and moisture in
unp% soil have more impact than reported, but can be accounted for with correction
formulae irrespective of the soil and archaeological site as commented!!. Figure 2.9 showed

how a typical X-ray passed through a sample material and detected on a detector.
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2.4.7 Sample Preparation

The sample preparation procedure as regards p-XRF is as important as the analytical
technique itself and it has powerful influences on the final quantitative result. The use of an
inappropriate sampling or sample preparation method can introduce large errors in the final

114

results''*. The acceptable sample for XRF analysis must have a perfectly flat surface, taking

into account that XRF systems are calibrated based on a fixed geometry (sampl.e-to-source
and sample-to-detector distances). Even for largely flat samples, the surface ﬁn%vi? affect
the analysis results, particularly for lighter elements. Another impo .Nf?ﬂre in XRF
analysis is the effective thickness of the measured samples WhiC}.I is %tr\olled by the density
of the sample and its ability to absorb the characteristic @cence X-rays from the
elements present. Pressed pellet is the usual and well-‘e.@hshed XRF sample preparation
technique, in which the final analytical result is o@% best in terms of repeatability. For

the pelletization of some types of samplesqh)%g%soil and geological ones, the addition of a

binder like; wax, cellulose, boric acid, starchis usually required to avoid pellet breakage. As
highlighted earlier, another tec%@cb‘to point the machine to powder materials directly to
the as loose powders, packed in cells or spread out on film materials. Although the
repeatability of the Q&amed by the loose powder method is not as good as in the case
of pressed pellets&@e to surface prone effects, the time-saving in the sample preparation is
significant a is a method for consideration. Samples exhibiting difficulties to go into
solu@asily or tending to remain heterogeneous after grinding and pelletizing are often
treated by the technique of flux fusion. This sample preparation method is mostly applied for
geological and soil sample analysis!'*. This method affords the most homogeneous sample
preparation and additionally offers matrix effect diminishing. Meanwhile, the fusion
techniques have the demerit of the time and material costs involved and due to the dilution

effects, and thus the trace determination in the sample is critically constrained!!*. Therefore,
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this sample preparation strategy is mostly reduced to the determination of major components
in solid samples.

2.4.8 XRF Calibration

Calibration is the way and process by which one can confirm that the measurements are true
by measuring against a standard. XRF calibration is normally done on the instrument before
it is shipped from the manufacturer to the end user. The p-XRF analyzers are expegtedly quite
rugged, especially since they are sometimes used in harsh environments, equiprqhgg}egrades
over time and should be periodically recalibration'!>. : \

It is important then, to check, adjust, or determine by comI:.)ari With a standard the
accuracy of your instrument on a regular period basis, and \'esult the manufacturer’s
recommendation for recalibration, operating environme’r@he extent of use, and the history
of the instrument should be strictly followed. S@%es is expected to comply with a
calibration schedule to ensure complianc \7{&% ISO Quality Document. For instance,
ISO/IEC 17025:2005 specifies “the gemeral*requirements for the competence to carry out
tests and/or calibrations, includin pling. It covers testing and calibration performed
using standard methods, nc&stg\n ard methods, and laboratory-developed methods™!'>. The
recalibrations shoul @se annually to ensure that measurements are accurate within the
specification lim&Qt led you to selecting the instrument in the first place. The
manufacturer’s, calibration is consequence upon the purpose for which the machine was
req@gor; for instance, over 3000 different soil standards and fertilizers were used to
calibrate Tracer5 portable XRF from Brokers.

2.4.9 XRF Limitation

The fluorescent x-rays from lighter elements (Z<18) are less energetic and are greatly
attenuated as the x-rays pass through air, meaning analysis of these elements with handheld

XRF can be challenging.
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Spectral effects are a form of limitation to XRF due to overlapping lines that some elements
have, which can make detection challenging — especially when two overlapping elements are
present. This limitation can be removed with the introduction of software that will separate
out and correct most of these overlaps assuming the interfering element is in the mode being
used. Another limitation is matrix effects, this refers to any other element present in the
sample, other than the one element being considered. The use of fundamental Par(%eters-
based calibration with all the necessary elements present, enhancement and abs%'&"p\[ effects
are typically taken care of in the software!!®, : \QO
Enhancement effects are also some of the limitations of XRF, sE)m%Q{escent X-rays have
more energy than the binding energy of other elements presen@é sample, so their energy
will excite those other elements. These elements willé a greater signal return to the
detector, therefore “enhancing” the reading. A@%n effects can also occur if the
fluorescent X-ray is scattered or absorbedﬁ@ylements present in the sample, it will not
reach the detector so the signal is weaken!!°,

XRF is a surface analysis tech iq@ if the surface of the material being analyzed is not
representative of the entire Knpsle i.e., particle size, in homogeneity, surface contamination
among others, the r I@be skewed and this will result in sample effects.

The single rnos‘[Q ective method of enhancing the quality of X-ray fluorescence technology
results is ‘wfilizing robust sample preparation methodologies to remove complex
hete%ies that could cause undesirable attenuation or enhancement of the emission
spectrum. Using a eutectic flux, small volumes of sample material can be fused into a glass
bead or pellet which eliminates matrix effects while offering an almost perfect homogenous

representation of the raw sample material'!’.
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2.4.10 XRF Detection Limit

An XRF spectrometer detects and measures X-rays emitted from atoms of a sample that has
been irradiated.

Some atoms in a sample are stimulated to a greater energy level using a beam of X-rays
directed into them. It is related to the concentration of the element in the sample, but the
intensity of the fluorescent radiation depends on several factors. Detection limi.ts (fobr most
elements are 2-20 ng/cm? for micro samples, thin samples, aerosols, and liq@ Most
metals and elements starting with Titanium (Z = 22) exhibit detectio .%S@the 10-150
ppm range if they are present in a material consisting mainly of li.ght er;\entsl 17,

In the case of a heavy element mixture, such as an alloy, the lq@f detection can be higher.
For example, while lead in soil can be detected below 20@ in the absence of interferences,
lead in tin becomes hard to detect below 500 .05%), based on experiments with

standards in Analytical Mode. For stand@ical mode, a number of metals in alloys

appear to have a level of detection in%’ -ppm range (acquisition time of 180 s) based

on analysis of certified referen% rds, but there is significant variability depending on
the specific metal and alloAKD'e\tection capability of ED XREF is typically in the low-ppm
(pg/g) range in the l@erial. Furthermore, it can achieve lower detection limits if the
measurement tim&is extended. Typical measurement times are in the range of 10-30s, but a
fivefold to@ld increase in integration time can show an improvement''8, However, it
sho eémphasized that this represents detection capability directly in the solid material.
For plasma spectrochemistry to achieve similar performance, the solution detection limit

must be in the order of 10 ppb (pg/L), if the EDXRF detection limit is 1 ppm, assuming a

sample weight of 1 g is digested and made up to 100 mL (100-fold dilution factor)!!8,
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2.4.11 Applications of XRF

XRF is emerging as a promising method for the rapid quantification of heavy metals in
vegetables due to its non-destructive nature of analysis as demonstrated by recent work that
showed that lead and heavy metals are taken up and translocated from soil into consumable
vegetable tissues!!%120,

The United States of America Environmental Protection Agency, recognized the.p-XRF for
the determination of elemental concentrations in soils and sediments (method '}and the
USDA established the protocol method for using it'?h!22, Weind, : hakraborty
published the chapter Portable X-ray fluorescence spectrome‘ErK al;gsis of Soils in the
Methods of Soil Analysis by the Soil Science Society of Amer&@

X-ray fluorescence as a nondestructive analytical techh@qlé mostly being used in many
areas. It had been used for elemental and chemi@%sis in the investigation of metals,
glass, ceramics and building materials, an&@grch areas such as geochemistry, forensic
science, archaeology and art proj ectslz%

One of the applications of the R@knique is in the determination of the chemistry of a
sample by measuring the fl rﬁ;§cent X-ray emitted when it is excited by a primary X-ray
source. However, f&)@% -rays from each element correlate with the intensity of the
primary X-ray soKQe and the element concentration in the sample. This juxtaposed that each
of the elements present in a sample produces a set of characteristic fluorescent X-rays called
“a frlnt” that is unique for that specific element!?>. This makes XRF spectroscopy an
excellent technology for qualitative and quantitative analysis of material composition.

p-XRF was reported to be the first analytical technique that was able to provide relevant
information on-site to field geochemists, and as a result broke the time barrier between
sampling, results and decisions, first in environmental investigations, then in mineral

exploration!?S.
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Portable XRF which offers multi-element analysis had been found to be capable of giving
results at all stages of any food production process, from the presence of required elemental

nutrients to threats from elemental and metal contaminants'?’

. Energy-dispersive XRF which
was used to determine the elemental concentration of olive oil has revealed that EDXRF can
be an effective tool to discriminate olive oils of Maltese origin'?8.

Some researchers also indicated that ED-XRF can be used as a rapid ofﬂlne analytlcal
technology for minerals like Na, Mg, K, P, and Ca in skim milk powders'%. Xl@fv}proven
to be a good tool for routine analysis in the dairy industry'3°. QO

Scientist has analyzed the heavy metals concentration using ED X m,\soﬂ and food crops
and found that the elements are highly related to mining actlv®hlch might pose a threat
to human health!3!,

In a study on heavy metal contamination of soils @% facilities, determining Pb, As, Cu
and Zn concentrations were analyzed by usi %%SRF and AAS. The result demonstrated an
excellent correlation of FPXRF with th! i)methodm.

Robert H. Tykot, reported the use @QF to determine different components in artifacts in-
situ'32. Scientists had informed_that sources of heavy metals in soils are manifold. Heavy
metals are naturally @ in the ecosystem with huge concentration variations as retorted
by researchersm.\

Atomic abs n spectroscopy techniques in comparison with XRF are the main focus of
this . The quantity of interest in atomic absorption measurements is the amount of
light at the resonant wavelength which is absorbed as the light passes through a cloud of
atoms. As the number of atoms in the light path increases, the amount of light absorbed
increases in a predictable way. By measuring the amount of light absorbed, a quantitative
determination of the amount of analyte element present can be made. The use of special light

sources and careful selection of wavelength allow the specific quantitative determination of
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individual elements in the presence of others. Many authors had used AAS in the quantitative
determination of individual elements from different materials media; such as water, foods, air,
and soil etc., this research intends to use atomic absorption spectrophotometer to elucidate
individual elements present in soils from three different sources.

Soil is the material that is found on the earth's surface and is made of organic and inorganic
materials. The typical soil consists of about 45% mineral, 5% organic matter, 20-?02%water,
and 20-30% air. It is a blend of natural issues, minerals, gases, fluids, and livi@'\lhgs that
together help to the existence of many life forms that have evolved on o . \?0

The Earth's body of soil is the pedosphere, which has four vital .fun ng: it is a medium for
plant growth, it is a means of water storage, supply and purif@h, and it is a modifier of
Earth's atmosphere. It is natural surroundings for living{élngs. It would be very wrong to
think of the land as a simple collection of fine rﬂ@'%articles. The soil also contains air,
water, dead organic matter and various typ @%g organisms. The soil interfaces with the
lithosphere, the hydrosphere, the atmo% and the biosphere®. Soil is a major component
of the Earth's ecosystem. Q:b‘

Different analytical technigesﬂhave been employed for heavy metals determination in
biological samples e include Atomic Absorption Spectrophotometry (AAS) and
inductively couI%Qipqgsma atomic emission spectrometry (ICP-AES)'**. Atomic absorption
spectrosco@AS) is an analytical technique widely used for elemental determination
bec%ts simplicity, sensitivity, low limit of detection, cost-effectiveness and ability to
determine over 70 elements in solution and in different matrices including biological fluids,
water, air particulates and pharmaceutical products to mention a few. Apart from the free
access to AAS, other characteristics and advantages of the technique had led to the choice of

the equipment for heavy metals analysis in suspected contaminated soils in the present study.
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According to the United States Environmental Protection Agency (USEPA), a portable XRF
can successfully measure Hg, with detection limits typically ranging from 10-20 mg/kg.
Other studies have found Hg detection limits of 7.4 mg/kg or less than 5 mg/kg!¥. Some
studies have found that XRF has a poor correlation with Inductively Coupled Plasma Atomic
Emission Spectroscopy (ICP-AES) for measuring Hg. When compared to Cold Vapor
Atomic Absorption (CVAA), studies have found variable correlations for XRF ana.lysis of Hg.
However, the erroneous correlation is believed to be caused by soil samples’ %%‘%%eneity
and mercury beads within the samples in that particular study!*. Goo o. Q@ns between
XRF and CVAA methods have been found while accurately me.asu% .?3% of soil samples
in one study'?>. &%’\

The municipal solid wastes are heterogeneous in nath@gg may include used batteries,
electronics waste, old clothes, plastics bags, cheﬁo@%ste, organic materials, vegetables

and food, syringes, automobile junks, and 1@/%&5136.
The alarming importation and inﬂux&i@d vehicles popularly called “Tokunbo” have
caused a proliferation of many % ile mechanic workshops all over the country.

Many unused plots of lands and 'f;armlands have been converted to auto-mechanics workshops
and other specialize '@uals who engage in auto repair'3’. Activities carried out in the
workshops incluElé\:i general servicing inclusive of engine and air condition cleaning and
washing of e parts, welding, panel beating, painting and body spraying, electrical repair,
Vulc@]g and battery charging'®’. Several studies conducted on auto-mobile mechanic
workshops in Nigeria had indicated heavy metals such as copper, lead, chromium, cadmium
and zinc, hydrocarbons such as oil and grease, volatile organic compounds (VOCs), poly-

aromatic hydrocarbons (PAHs)) and toxic chemicals inclusive of solvents, chlorinated

compounds, glycols as major pollutants of groundwater around these workshops'?’.
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Over the years it has been observed that as mechanic workshop owners conduct their daily
operations they dumped their used oil, grease and toxic liquids indiscriminately in the
environment. These substances are usually high in hydrocarbons and heavy metals which
have adverse effects on the natural well-being of the environment. Most operators drop these
waste materials uncoordinated whereby they are later absorbed by the soil or washed into the
nearby water bodies which in turn contaminate the water rendering it harfnful when
consumed or used in without treatments!'3%. Qh)(\

It was reported that the presence of residual hydrocarbon spills and oi had some

direct impact in lowering the pH of the soil samples!®.

It is alsg more likely that the
production of organic acid by microbial metabolism may acg&gé\for the difference in pH.
However, a significant (p < 0.05) difference in physicock@jcal properties between the auto
mechanic soil and some control soil had been rep 9

The report of WHO/FAO in 2001 put t i@lble limit of mercury to 2.0 mg/kg and

according to their findings, the mercu tents in auto-mechanic workshop soil was far
above this limit'*°. Moreover, Q}@%so reported that arsenic recorded the highest metal
detected but below the permi 1ble limit of 20 mg/kg set by the WHO/FAO in 2001'%,

The high Cd, As a Is obtained from the soil samples of auto-mechanical workshop
sites may be due&@ motor vehicle repair such as bodywork, painting, soldering, brake
fluid, engine. 0 s shear off from metal plating, leachates from used oils and old tyres
freq@rgumt on these sites, corrosion of metal, batteries and metal parts such as radiators
and indiscriminate dumping of waste products are likely sources of cadmium!'3°,

Also reported in a journal was the mean lead values (22.4 mg/Kg) in most auto-mechanic
sites is lower than the value recommended by WHO/FAO (50 mg/kg)!*’. While mineral

elements such as phosphorous, potassium and magnesium are usually required by living

systems in relatively large amounts for the normal physiological processes of the living
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organism due to the role they play in building up and proper functioning of living tissues,
elements like manganese, zinc and iron are required in very minute quantities for the proper
growth, development and physiology of the organism'#!. Silicon is termed a beneficial
element yet not essential as it aid plant’s ability to resist infection. However, all heavy metals
constitute an ill-defined group of inorganic chemical hazards and those commonly found at
contaminated sites include lead, chromium, arsenic, cadmium, mercury as well as zinc and
copper at elevated concentration'*!. Soils are the major reservoir for heavy m '\‘eleased
into the environment by activities mentioned above and most m l.ﬁ?@ot undergo
microbial or chemical degradation hence their total concentratlon 04s may persist for a
long time after their introduction likewise changes in their che{@‘forms and bioavailability
are, however, possible.

The presence of toxic metals in soil can sevef@%alt the biodegradation of organic
contaminants as well as pose risks and ha r%p umans and the ecosystem through direct
ingestion or contact with contamina Cﬂ‘fi the food chain, drinking of contaminated
groundwater, reduction in food &)@r‘eductlon in land usability for agricultural production
causing food insecurity!*!.

Furthermore, as rev e@esearch carried out by Scientists, soil pollution in farmlands soil
is caused by hez&z‘ metals like cadmium, nickel, mercury, arsenic, and lead; while the
pollution rﬁ%( zinc, chromium, and Copper were low'#?. The contamination of soils by
hea\@%s noticeable in farmlands and urban farmland has negatively affected human
health and environmental security all over the world'#.

For example, heavy metal, in particular cadmium, contamination in soils in the United States,
European, Australia, Russia, and India were severe!*.

To this end there is the need to explore and utilize a method of determining these heavy

metals in soils in such a way that the means of determination will be fast, accurate and free of
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hazardous mineral acids as compared to conventional methods which are slow, and use
hazardous mineral acids. The research explores the comparison of the XRF technique with
the AAS technique using selected soils from dumpsites, auto-mechanic workshops and

farmlands in the Ibadan metropolis.
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Chapter Three

Methodology
3.1 Description of Study Area
The study area is located within Ibadan city, a cosmopolitan city and the capital as well as the
most populous city in Oyo State, Nigeria'. It is the third most populous city in Nigeria after
Lagos and Kano; with a total population of 3,649,000 as of 2021, and over 6 mil.lion people
within its metropolitan area, and the second most populous in Africa after %;\ﬁ The
population of the urban area is 3,742,273 according to a 2023 estimate’ . 7}@ located in
Southwestern Nigeria in the Southeastern part of Oyo State, apyoy%a:ely on long. 3°55 E
of the Greenwich Meridian and Lat. 7°23 N of the Equator @stance of about 150 km
Northeast of Lagos!?. The metropolis area is 1,190 sq. \@ ile the urban area is 2,600 sq.
mi’, QQ
Ibadan consists of a total of eleven (11) Lo ’!1 rnment Areas (LGAs), comprising of five
(5) urban (metropolitan Ibadan) local ments in the city namely: North East, Ibadan
North, Northwest Ibadan, Sout ea@‘dan and Southwest Ibadan'?. The remaining six (6)
are located in a semi- urbanﬁal governments part of the city namely: Akinyele, Ido, Egbeda,

Ona-Ara, Lagelu, O y@

the Republic of B&ln in the forest zone with a mean annual rainfall of about 1,205 mm, a

adan is located approximately 120 km east of the border with

mean tempe of 28°C, ranging from 18°C and 37°C, while relative humidity is high all

yea@t about 74.55%*>5,

The study was carried out across eight (8) LGAs in Ibadan with soil samples obtained from
twelve (12) solid wase dumpsites, nine (9) auto-mechanic workshops and nine (9)

agricultural farmlands (Figure 3.1).
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3.2 Sample Collection and Preparation

Grab soil samples were collected from a minimum of two geo-referenced points at a depth of
0-15 cm each from landfills/dumpsites (approved and illegal) (Table 3.1), auto-mechanic
workshops (Table 3.2) and agricultural farmlands (Table 3.3) within the metropolis and then
bulked into one composite sample for each site. The collected composite soil samples were
put in a well-labeled polyethylene bag and then stored in a refrigerator prior to apalysis.

3.2.1 Sample Preparation for Atomic Absorption Spectrophotonieter (AAS)
Quantification

Based on the procedure described by Ogunlaja and associateg;“a~representative soil sample
from the composited sample from each sampling site was,dried overnight in an oven at 40°C”.
The dried representative was then passed through, a2”mm mesh sieve to remove all the
organic matter and gravel present in the soil,sSample’. By means of conning and quartering,
one portion was stored away why the other portion was kept for digestion. After 10 g of each
processed soil sample was crushed with mortar and pestle to reduce the particle size for
thorough digestion. The digested soil samples were kept in a refrigerator before AAS analysis.
3.2.1.1 Aqua Regia Digéestion of Soil Samples

Dried ground samiple of 0.5g was weighed using an analytical balance and placed in a 250
mL beaker which has been previously washed with nitric acid and rinsed with distilled water.

The“sampl¢ was reacted with a freshly prepared mixture of 2 mL HNO3; + 6 mL HCI + 2 mL
of HCIO;4 using dropping pipette’. The mixture was digested in a fume cupboard, heating
continued until a dense white fume appeared which was then ingested for 15 minutes, set
aside to cool and diluted with distilled water. The mixture was filtered through acid washed
Whattman No.44 filter paper into a 100 mL volumetric flask and diluted to mark

volume?2-10-11,
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Table 3.1: Dumpsite Soil Samples with Geo-Referenced Points

Sampling Locations Local Government Areas Latitudes N Longitudes E
Lapite Major Dumpsite Akinyele 7° 34'10" 3°54'39"
7°34'11" 3°54'43"
7°34'09" 3°54'48.9"
Aba Alfa Akinyele 7°2927" . 57"
7°29"21" & 4'57.3"
7°2923.1" . qg) °54'54.7"
Ajibode Akinyele 7°28’50’%\ 3°54'10"
7°28'46.2" 3°54'9.6"
792\ 7™ 3°54'10.2"
Awotan Landfill Ido '@/ '47.6" 3°51'1.9"
. QQW 27'50.4" 3°51'0.5"
Awotan Blanket Ido Q 7°27'41.3" 3°50'54.9"
7°27'41.8" 3°50'55.9"
Ajakanga Oluyole < . © 7°18'46.5" 3°50'27.7"
7°18'47.9" 3°50'24.4"
h 7°18'44.7" 3°50'19.6"
Q)‘bﬂ 7°18'41.5" 3°5024"
Aba-Eku M—Ara 7°19'30 3°59'18.50"
%w 7°31'31.94" 3°59'15.81"
Q 7°19'28.53" 3°59'14.10"
‘ Q 7°19'26.27" 3°59'11.56"
Orita Aperin 6\4 Ibadan South East 7°221.82" 3°5516.20"
Sabo Ibadan North West 7°24'18.82" 3°53'16.34"
Q 7°24'19.05" 3°53'15.40"
1] okodo: Ido 7°25'41.70" 3°52'44.46"
7°25'43.03" 3°52'44.38"
Apete Ido 7°26'49.44" 3°52'35.97"
7°26'52.08" 3°52'24.27"
Apete-Morubo Ido 7°26'51.15" 3°52'23.08"
7°26'50.37" 3°52'22.78"

Source: Author’s Analysis, 2023
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Table 3.2: Auto-Mechanic Workshops Soil Samples with Geo-Referenced Points

Sampling Locations Local Government Areas  Latitude N Longitude E
Alasa Akoyoyo Ona-Ara 7°20'9.8" 3°58"2.75"
7°20'16.4" 3°57'51.04"
Moor Plantation Ido 7°22'36.63" 3°50’3?§'%;
7°22'34" 3°5 "
Oke-Itunu Ibadan North West 7°24'46.6" ‘@53'15.39"
7°24'48.5" \ o 3953'13.75"
Apete-Morubo Ido 7°26'%§3& 3°52'23.08"
70,% 37" 3952122.78"
Alesinloye Ibadan North West Q°23'6.55” 3°52'13.38"
6 7°23'4.9" 3°52'12.30"
< \) 7°23'0.55" 3°52'28.95"
Mile-10 Ibadan Sm@‘est 7°22'40.2" 3°51'49.09"
\) 7°22'40.19" 3°51'28.95"
ﬂw
Samonda & North West 7°25" 54.8" 3°54'0.6"
< ) 7°25'54.8" 3°53'54.2"
\ 7°25'49.9" 3°53'43"
‘§Q 7°25'38.5" 3°53'50.6
Odo’@Q Ibadan South West 7°22'57.32" 3°50'49.09"
7°22'57.91" 3°50'49.57"
Sango Ibadan North 7°25'23.95" 3°50'13.21"

Source: Author’s Analysis, 2023
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Table 3.3: Farmlands Soil Samples with Geo-Referenced Points

Sampling Locations Local Government Areas  Latitude (N) Longitudes E
Alajameta Ido 7°22'28.99" 3°50'13"
IAR&T Land Use Ido 7°22'40.07" @(ﬁg "
7°22'41.87" ;';@6’50’17.87"
BCJ/IBEDC Ido 7°22'52: X& 3°50'12.77"
702%6'% 3°50'12.77"
Opposite NCRI Ido @’22 51.30" 3°50'18.75"
% 7°22'51.07" 3°50'22.44"
Southern Farm 1 Ido (b§' 7°22'19.10" 3°50'54.51"
\)Q) 7°22'19.19" 3°50'56.98"
%w
Southern Farm 2 C)& 7°22'20.58" 3°50'57.92"
7°2220.52" 3°50'54.76"
IAR l@ Ido 7°2234.34" 3°5055.51"
7°2235.75" 3°5054.34"
IAR&T/OSADEP Ibadan South West 7°2234.62" 3°5051.72"
7°2236.08" 3°5049.25"
NCRI Rice Plantation ~ Ibadan South West 7°2251.17" 3°5037.39"

Source: Author’s Analysis, 2023
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3.2.2 Sample Preparation for Portable X-Ray Fluorescence (p-XRF) Quantification
Similarly, the second part of the sample was ground with the aid of agate mortar and pestle,
then was allowed to pass through a 5 mm sieve. These samples were then mixed very well
and using conning and quartering were divided into two. One was kept away for storage,
while the other portion was further subjected to further grinding with agate mor%% pestle
until a powdering form of soil was achieved. This was kept in a Ziplo;@;t bag ready
for loading into the p-XRF sample cups. . ‘6.\

3.3. Reagents and Chemicals &%'\
All chemicals used were supplied by Merck (Kenilwortﬁ,@‘& and Sigma-Aldrich (St. Louis,
USA) Chemical Companies and were of analy@%gent grade. Elemental calibration
standards were prepared from spectroscoa@stock standard solutions of 1000 mg L!
(Sigma-Aldrich, Buchs, Switzerland). '6'

3.4. Quality Control and Ana% ality Assurance

All glassware were soaked %1 % HCI overnight and later washed with a detergent solution

and rinsed with de@@
erti

Blank reagents aﬁ%
QO

used to veri accuracy, precision, and efficiency of the analytical method (Table 3.4). All

anal%ocedures were done in triplicates.

The instrumental calibration for the study of heavy metals was carried out using a working

er in order minimize the risk of contamination before use.

fied reference material (CRMs) for AAS and p-XRF procedures were

spectroscopic grade stock standard solution and a coefficient of correlation of r> > 0.993 was

obtained for all calibration curves (Table 3.5).
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Table 3.4: Validation of the Analytical Method using Certified Reference Materials

p-XRF (Sd AR-H1) AAS (ISE 999)
Metals
Measured Certified Reg((;v)e ry Measured Certified Recovery (%)
(1]
Cd 254 25.0 101.6 0.09 0.07 128.57
Cr 223.7 209.7 106.7 319 321 99.38
Cu 1216 1190 102.2 18.67 16.8 111.1
Co 55.6 57.6 96.5 21.2 20.8 101.92
Ni 230 230 100 123 121 101.7
Pb 3965 4035 98.3 6.40 6.25 102.4
Zn 3807 3780 101 22.5 21.5 104.65

Values are in mg ki‘l@wmass (mean 95% confidence interval, n = 3),

Source!?13.

QQ
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Table 3.5: Elemental Wavelength Calibration Curve Correlation Coefficients

Element Wavelength (nm) LOD  Conc. of working standard R?

(mg/L)
Ca 4227 0.06  1.0,3.0,and 9.0 0.999
Cd 228.8 0.012  0.2,0.6,and 1.2 0.997

Co 240.7 0.06 0.2,0.6,and 1.2 ‘%:SQ

Cu 324.7 0.04 0.2,0.6,and 1.2 1.000
. Q‘C"

Cr 3579 0.08 0.2, 0.6, and l@ 0.999

Fe 248.3 0.08 1.0,)@md 9.0 1.000

Mg 285.2 0.0Q@.O, 3.0, and 9.0 0.993

Mn 279.5 ‘%RZS 1.0, 3.0, and 9.0 1.000

Q

Mo 313.3\ 0.5 0.2,0.6,and 1.2 0.999
Ni @Q 0.08 0.2,0.6,and 9.0 0.997
Pb Q 283.3 0.25 1.0, 3.0, and 9.0 1.000
Zn 213.9 0.011 1.0, 3.0, and 9.0 1.000
Source!#,
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3.5. Elemental Analysis

All digested soil samples were analyzed for Ca, Mg, Cd, Pb, Ni, Cr, Cu, Zn, Co, Mn, Mo, and
Fe by flame Atomic Absorption Spectrophotometer (ACUSY 210 Buck Scientific).
Analytical wavelengths were chosen from the three most sensitive lines that showed no

interfering elements and that had minimal spectral or matrix interferences Q’&\

3.6. Statistical Analysis é

The studied elemental concentrations were subjected to desCr@}?tatistics (Microsoft

Office Excel 2016) as well as inferential (ANOVA) statistié\analyses with a significance

level of p < 0.05 using GraphPad Prism 6. @\

S
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Chapter Four
Results and Discussion of Findings

4.1 Elemental Concentration in Dumpsite Soils . @
Table 4.1 and Figure 4.1 summarizes average elemental concentrations and Q}&tribution
by atomic absorption spectrophotometer (AAS) across different dumpﬂ!%}pectively. The
table showed that soil samples from Lapite major dumpsite havet fest concentration of
Ca, followed by the Ijokodo mini dumpsite while the leasési\;}\)m the Orita-Aperin mini
dumpsite. Chromium was highest in Apete mini soil (@g/kg) while Ajakanga and Aba-
eku soil samples have the same concentration oé&lmg/kg). Cadmium was highest in
Ajibode (883 mg/kg) while it was IG{J&\ -eku dumpsite (31mg/kg), the highest
concentration of Cd in Ajibode devi from what literature reported for dumpsites in
Nigeria!>3. Iron is contained @al household and industrial materials. It also occurs in
high concentrations in s@dﬂs, so, the high concentrations of Fe in the soils are not
uncommon. Sabo has % i

Awotan blanl;et@wdﬁll (29280mg/kg)*.
0

The high@n ntration of heavy metals indicated that leachate from these dumpsites may

ighest concentration of iron (33793mg/kg) followed by the

find their’ways into the nearby well or water body which leads to contamination.

The mean elemental concentrations in the soil were in the order: Ca (7500 mg/kg) > Mg
(6510 mg/kg) > Zn (1260 mg/kg) > Fe ( 657 mg/kg) > Pb (562 mg/kg) > Cu (357 mg/kg) >
Mn (233 mg/kg) > Mo (231 mg/kg) > Cr (229 mg/kg) > Co (185 mg/kg) > Ni (154 mg/kg) >
Cd (114 ug/g) for Lapite, while for Ajakanga we have Mg (10500 ug/g) > Fe (10100 ug/g) >

Ca (4000 mg/kg) > Mn (3433 mg/kg) > Zn (1307 mg/kg) > Ni (1187 mg/kg) > Co (442
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mg/kg) > Cu (417 mg/kg) > Pb (397 mg/kg) > Cd (353.33 mg/kg) > Cr (281 mg/kg) > Mo
(66 mg/kg). In Aba eku site Fe (27380 mg/kg) > Mg (7222 mg/kg) > Ca (4300 mg/kg) > Mn
(3813 mg/kg) > Zn (2293 mg/kg) > Ni (1013 mg/kg) > Pb (773 mg/kg) > Co (579 mg/kg) >
Cr (281 mg/kg) > Cu (214 mg/kg) > Mo (123 mg/kg) > Cd (31 mg/kg). Some of these sites
followed the trends of Fe > Zn > Pb > Cd as reported in literature while few did not for heavy
metals, however, it was also reported in the literature that Cr was greater tha? Cu in an
abandoned industrial waste dumpsite in Ibadan, as we have it in Aba-ek%Q’? The
estimated data were compared with the levels allowed by the Paki : %’ironmen‘[al
Protection Agency (Pak-EPA) and the United States Env1r0nm ].\Protectlon Agency
(USEPA). The maximum allowable limit for Cd is 3; Cr, Cd, q{@ are 100 for Ni is 50 and
300 mg/kg for Zn'.

Awotan blanketed and Awotan landfills sampléé% taken from the Oyo State major

dumpsite at Awotan, one aspect of the si @ed with a tractor and covered with sand

(blanketed) while the other was left u d (landfill). Samples were taken from each of
the sites and the distribution of me@% Awotan blanketed shows that Fe (29280 mg/kg ) >
Mg (5483 mg/kg) > Zn (3 mg/kg) > Mn (3407 mg/kg) > Ca (3033 mg/kg) > Ni (1296
mg/kg) > Pb (978 % (788 mg/kg) > Co (267 mg/kg) > Cu (499 mg/kg) > Cr (319
mg/kg) > Mo (13&@ while in Awotan landfill Fe (1091 mg/kg) < Mg (10850 mg/kg),
Mn (4160 ) > 7Zn (2787 mg/kg), Ca (3467 mg/kg) > Ni (148 mg/kg), Pb (2059
mg/@%d (285 mg/kg), Cu (456 mg/kg) > Co (41 mg/kg), Cr (239 mg/kg) > Mo (37
mg/kg)'. The comparison of blanketed and landfill reveals that the concentration of Fe in the
blanketed side is higher than in the unblanketed site, while Mg in the unblanketed side is
higher than the blanketed side. However, Cd in blanketed is higher than unblanketed. In the

same vein Co in the blanketed side is higher than the one in the unblanketed side same goes

for Cr. Also, Mo in blanketed is higher than unblanketed. This showed that heavy metals
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concentration is likely to be much in disturbed soil than in undisturbed one. In Orita-Aperin
Mg (3395 mg/kg) > Zn (2339 mg/kg) > Fe (1290 mg/kg) > Ca (1133 mg/kg) > Pb (803
mg/kg) > Cd (685 mg/kg) > Mn (341 mg/kg) > Cu (197 mg/kg) > Cr (161 mg/kg) > Ni (128
mg/kg) > Mo (80 mg/kg) > Co (41 mg/kg). The elemental concentrations in Aba Alfa is as
follows: Mg (8960 mg/kg) > Ca (4533 mg/kg) > Zn (1280 mg/kg) > Fe (927 mg/kg) > Pb
(903 mg/kg) > Mn (325 mg/kg) > Co (227 mg/kg) > Cr (192 mg/kg) > Ni (181 rrlg/lé%).i Cd

(96 mg/kg) > Mo (55 mg/kg) > Cu (49 mg/kg)*. ‘Z}\

%\%
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Table 4.1: Elemental Concentrations of Dumpsite Samples by Atomic Absorption Spectrophotometer (AAS)

Dumpsite Samples Ca Cu Zn Cr Cd Pb Ni Mg Mn Co Mo Fe
Lapite 7500 357 1260 229 114 562 154 6510 233 185 231 12713
(4.00) (2.70) (5.37) (2.21) (1.19)  (5.93) (1.10) (7.95) (4.20) (6.00) (2.40) (3.82)
Ajakanga 4000 417 1307 281 353 397 1187 10500 3433 442 66 10100
(8.54) (6.10) (2.01) (2.90) (1.40)  (4.90) (1.50) (3.50) (27.25) (8.70)  (6.00) (3.82)
Aba-Eku 4300 214 2293 281 31 773 1013 7222 3813 579 123 27380
(8.54) (8.56) (1.63) (6.00) (9.65)  (6.10) (1.22) (5.53) (5.13) (1.10)  (5.95) (7.20)
Awotan Blanketted 3033 499 3427 319 788 978 1296 5483 3407 627 131 29280
(7.77) (1.33) (6.99) (6.00) (1.20)  (7.40) (1.70) (5.34) (17.44) (2.80)  (1.70)  (6.01)
Awotan landfill 3467 456 2787 239 285 2059 148 10850 4160 143 37 1091
(1.15) (2.30) (5.81) (2.01) (6.56)  (1.58) (2.30) (3.50) (3.69) (1.60)  (0.16)  (6.10)
Orita-Aperin 1133 197 2339 161 685 803 128 3395 341 41 86 1290
(2.08) (1.30) (3.03) (3.10) (2.61)  (1.00) (1.00) (1.52) (1.26) (1.00) (1.45)  (1.30)
Aba-Alfa 4533 49 1280 192 96 831 181 8960 325 227 55 927
(2.31) (8.00) (1.63) (1.55) (3.85) ( (8:00) (2.11) (1.77) (5.80) (3.11) (8.92) (5.01)
Ajibode 3267 292 933 214 882 903 177 13650 1140 183 326 1347
(2.31) (1.56) (1.22) (4.71) (5.22). v (1.03) (2.52) (7.00) (9.11) (1.99) (.21) (1.89)
Apete Mini 2300 393 1373 1059 50 267 5913 6288 2040 356 141 23133
(1.73) (6.78) (6.21) (2.33) (7:00)  (4.23) (1.41) (9.06) (3.32) (2.00) (1.00) (8.44)
Sabo 4567 173 2940 855 53 839 4800 2100 2047 414 46 33793
(1.15) (7.72) (1.11) (1.13) (2.16)  (9.11) (1.31) (6.06) (3.60) (1.61) (494 (1.73)
[jokodo 5467 342 2373 1012 208 1632 304 18200 3200 808 359 21787
(8.08) (2.00) (2.68) (1:87) (1.4) (12.88) (5.11) (10.50) (6.10) (3.10)0 (3.71) (26.69)
Apete Morubo 3533 190 1340 335 241 279 222 7233 1167 423 66 23380
(8.14) (1.22) (2:02) (4.34) (1.32)  (7.00) (1.90) (5.34) (8.00) (5.52) (1.31) (84.47)

Values are in mg/kg and Mean (SD)

Source: Author’s Analysis, 2023
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However, in Ajibode dumpsite Ca (3266 mg/kg) > Mg (13650 mg/kg) > Fe (1346 mg/kg) >
Mn (1140 mg/kg) > Zn (933 mg/kg) > Pb (903 mg/kg) > Cd (883 mg/kg) > Mo (326
mg/kg) > Cu (292 mg/kg) > Cr (214 mg/kg) > Co (183 mg/kg) > Ni (177 mg/kg). In Apete
mini, Fe (23133 mg/kg) > Mg (6288 mg/kg) > Ni (5913 mg/kg) > Ca (2300 mg/kg) > Mn
(2040 mg/kg) > Zn (1373 mg/kg) > Cr (1053mg/kg) > Cu (393 mg/kg) > Co (356 mg/kg) >
Pb (267 mg/kg) > Mo (141 mg/kg) > Cd (50 mg/kg), while in Sabo site, Fe (33793 mg/kg) >
Ni (4800 mg/kg) > Ca (4566 mg/kg) > Cu (2940 mg/kg) > Zn (2940 mg/kg)~ Mg (2100
mg/kg) > Mn (2047 mg/kg) > Cr (855 mg/kg) > Pb (839 mg/kg) > Co (414'mg/kg) > Cu (173
mg/kg) > Cd (53 mg/kg) > Mo (46 um/kg). The mean of metals in [jokodo site reveals that Fe
(21786 mg/kg) > Mg (18200 mg/kg) > Ca (5467 mg/kg) > Mn~(3200 mg/kg) > Zn (2373
mg/kg) > Pb (1632 mg/kg) > Cr (1012 mg/kg) > Co (808mg/kg) > Mo (359 mg/kg) > Cu
(342 mg/kg) > Ni (304 mg/kg) > Cd (208 mg/kg). The mean concentration of Fe (23380
mg/kg) in Apete Morubo is greter than Mg, (7233 mg/kg), while Ca (3533 mg/kg) > Mn
(1167 mg/kg) > Zn (1340 mg/kg) > Con(423 " mg/kg) > Cr (335 mg/kg) > Pb (279 mg/kg) >
Cd (241 mg/kg) > Cu (190 mg/kg)*> Mo (66 mg/kg). The differentiation in different
dumpsite was also reported in dumpsites of Southeastern Nigeria'-.

Figure 4.1 below ,showed: the distributions of various elements across the dumpsite
investigated; the ¢hart showed that iron is highest in [jokodo dumpsite site this site happened
to be a mini~dumpsite situated around residential/commercial area where household wastes
among other materials are dumped. It can also be seen that iron from Apete mini and Apete
Morubo are the same, these dumpsites are also situated around residential area.

The dumpsites in Lapite, Awotan landfill, Orita Aperin, Aba Alfa and Ajibode recorded the
lowest concentration of iron. Out of these five sites two happens to be major dumpsites which

are Lapite, and Awotan landfill. Nickel, Copper, Cobolt, Zinc, Molybdenum and Chromium
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Figure 4.1: Elemental Distribution Across Dumpsites by Atomic Absorption
Spectrophotometer (AAS)

Lapite, 2 = Ajakanga, 3 = Aba-Eku, 4 = Awotan blanketed, 5 = Awotan landfill, 6 = Orita
Aperin, 7 = Aba-Alfa, 8 = Ajibode, 9 = Apete mini, 10 = Sabo, 11 =Ijokodo, 12 = Apete
Morubo

Source: Author’s Analysis, 2023
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are generally high across the twelve sites, based on the W.H.O permissible limit of 1996: Zn
(0.6 mg/kg), Cu (10 mg/kg), Cr (1.6 mg/kg), Pb (2 mg/kg) and Ni (10 mg/kg).

Table 4.2 below showed the elemental concentrations in dumpsite at Lapite as analysed by X-
ray fluorescence spectrophotometer (XRF), showed that Ca (60591mg/kg) > Fe (37082
mg/kg) > Zn (1813 mg/kg) > Mn (1449 mg/kg) > Cu ( 637 mg/kg) > Pb ( 455 mg/kg) > Cr
( 81 mg/kg) > Ni (31 mg/kg) > Co (7 mg/kg) while, Cd, Mg and Mo were below detection
limit, this also follow the trend as we have it in AAS analysed samples exceptsfor Cd, Mg,
Mo that were below detection level which may be due to low nutrient retention/capacity of
the soil as reported in literature®. However, in Ajakanga Fe (28663 mg/kg) > Ca (24400
mg/kg) > Mn (645 mg/kg) > Zn (593 mg/kg) > Cu (224 mg/kg)>Pb (83 mg/kg) > Cr (48
mg/kg) > Ni (17 mg/kg) > Co (8 mg/kg) while Cd, Mg and'Mo were below detection limit°.
Aba eku dumpsite showed that mean concentration)of Fe (37069 mg/kg) > Ca (28940
mg/kg) > Zn (1813 mg/kg) > Mn (1456 mg/kg).> Mg (1291 mg/kg) > Cu (641 mg/kg) > Pb
(452 mg/kg) > Cr (79 mg/kg) > Ni (30.mgrkg) > Co (9 mg/kg). At Awotan blanketed, Ca
(94468 mg/kg) > Fe (37778 mg/kg),> Zn (3457 mg/kg) > Mn (2040 mg/kg) > Cu (933
mg/kg) > Pb (593 mg/kg) >«Cr (93 mg/kg) > Ni (48.00 mg/kg) > Co (13 mg/kg). Awotan
landfill also shown that €a<(96982 mg/kg) > Fe (30610 mg/kg) > Mg (5816 mg/kg) > Mn
(2678 mg/kg) > Zn (1415 mg/kg) > Cu (562 mg/kg) > Pb (510 mg/kg) > Cr (74.67 mg/kg) >
Ni (35 mg/kg) > Co (10 mg/kg)’. The mean concentration of metals at Orita Aperin shown
that Fe (39352 mg/kg) > Ca (33538 mg/kg) > Mn (1042 mg/kg) > Zn (993 mg/kg) > Pb (449
mg/kg) > Cu (341 mg/kg) > Cr (64 mg/kg) > Ni (26 mg/kg) > Co (4 mg/kg). At Aba-Alfa Fe
(94023 mg/kg) > Ca (86855 mg/kg) > Mg (4101 mg/kg) > Mn (434 mg/kg) > Zn (155
mg/kg) > Cr (109 mg/kg) > Pb (93 mg/kg) > Ni (68 mg/kg), however, Cd, Co and Mo, are
below detection limit. Mean concentration of metals at Ajibode shown that Fe (35568

mg/kg) > Ca (33496 mg/kg) > Mg (6589 mg/kg) > Zn (1290 mg/kg) > Mn (974 mg/kg) > Cu
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(227 mg/kg) > Pb (150mg/kg) > Cr (61 mg/kg) > Ni (21 mg/kg) > Co (13 mg/kg). The XRF
could not however detect Cd and Mo. At Apete-mini Ca (80581 mg/kg) > Fe (31570
mg/kg) > Zn (2544 mg/kg) > Mn (1290 mg/kg) > Pb (618 mg/kg) > Cu (292 mg/kg) > Cr
(129 mg/kg) > Cd (45 mg/kg) > Ni (21 mg/kg) > Co (12 mg/kg). Mo was however below

detection limit.
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Table 4.2: Elemental Concentrations of Dumpsite Samples by X-ray Fluorescence Spectrophotometer (XRF)

Dumpsite Ca Cu Zn Cr Cd Pb Ni Mg Mn Co Mo Fe
Lapite 60591 637 1813 81 <LOD 455 31 <LOD 1449 7.00 <LOD 37082
(4.80) (4.85) (4.90) (2.85) (3.59)  (0.01) (725  (0) (0.01)
Ajaganga 24400 224 593 48 <LOD &3 17 <LOD.._.645 8 <LOD 28663
(5.23) 0) 0) (0.58) (0.57)  (0.01) (0.01)  (0) (0.58)
Aba-Eku 28940 641 1813 79 <LOD 452 30 1291 1456 9 <LOD 37069
(2.47) (3.95) (3.68) (4.58) (1.00)  (0) (0:58)  (0.58)  (0) (0.01)
AwotanBlanketed 94468 933 3457 93 <LOD 593 48 <LOD 2040 13 <LOD 37778
(3.19) (4.85)  (9.00)  (0.58) (4.55) _(0.58) (0.58)  (0) (0.01)
Awotan landfill 96982 562 1415 75 <LOD 510 35 5816 2678 11 <LOD 30610
(3.25) (0.58)  (3.59) (0.58) (6.89) ~. N0.06) (3.21) (0.79)  (0) (0.01)
Orita-Aperin 33538 341 993 64 <LOD 449 26 <LOD 1042 4 <LOD 39352
(1.09) (2.78)  (4.56) (0) &67) (0) (0.01)  (0) (0.01)
Aba-Alfa 86855 <LOD 155 109 <LOD 93 68 4101 434 LOD <LOD 94023
(1.64) (0.58)  (0.90) (1.00)  (0.05) (0) (0.01) (0.01)
Ajibode 33496 227 1290 61 <LOb 150 21 6589 974 13 <LOD 35568
(2.18) (0.58) (2) (2) (0.05)  (0.05) (0.01) (0) 0) (0.01)
Apete Mini 80581 292 2544 129 45 618 41 <LOD 1290 12 <LOD 31570
(1.73) (1.00)  (3.00) (1.00) " (0.57) (4.56) (0) (0.01)  (0) (0.01)
Sabo 96642 <LOD 3050 113 <LOD 770 44 1714 1673 13 <LOD 32082
(1.69) (5.52). (0:57) (6.52)  (0.05) (0) (0.01)  (0) (0.01)
Ijokodo 10696 459 644 90 39 188 28 3879 1170 9 <LOD 29888
(2.00) (2.98)  (1%00)~ (0) 0) (2.98) (0) (0.01)  (0) 0) (0.01)
Apete Morubo 80581 599 1043 59 <LOD 179 26 7490 941 12 <LOD 33756
(1.73) (3.98) ~_(1.92)  (0.01) (3.56)  (0) (0.05)  (0.1) (0) (0.01)

Values are in mg/kg and Mean (SD)

Source: Author’s Analysis, 2023

89



The mean concentration of metals at Sabo revealed that Ca (96642 mg/kg) > Fe (32082
mg/kg) > Zn (3050 mg/kg) > Mg (1714 mg/kg) > Mn (1673 mg/kg) > Pb (770 mg/kg) > Cr
(113 mg/kg) > Ni (44 mg/kg) > Co (13 mg/kg). However, Cu and Mo are below detection
limit.

The mean concentration of metals at [jokodo shown that Fe (29888 mg/kg) > Ca (10696
mg/kg) > Mg (3879 mg/kg) > Mn (1170 mg/kg) > Zn (644 mg/kg) > Cu (459 mg/kg) > Pb
(188 mg/kg) > Cr (90 mg/kg) > Cd (39 mg/kg) > Ni (28 mg/kg) > Co (9 mg/kg), Mo was
below detection limit. At Apete Morubo, Ca (80581 mg/kg) > Fe (33756 mg/kg).> Mg (7490
mg/kg) > Zn (1043 mg/kg) > Mn (941 mg/kg) > Cu (599 mg/kg) > Pb (179 mg/kg) -> Cr (59
mg/kg) > Ni (26 mg/kg) > Co (12 mg/kg). Cd and Mo are below~detection limit. Generally,
the elemental concentrations as analysed by XRF followéd-the trend of that of AAS except
for few elements that are eighter above or below detection limit which may be as results of
low retention capacity of the soil, and soil matrix®"8.

The figure 4.2 below showed the bar chart”distribution of means concentration of metals
across the selected sites. It is evidently shown as explained above that Ca and Fe spread
across the sites evenly. Aba Alfa has the highest concentration of Fe followed by Orita
Aperin. The least Fe-méan, eoncentration was [jokodo, while Awotan landfills had the highest
mean concentration of Ca, followed by Sabo. However, [jokodo had the least concentration
of Ca. Awotan landfills recorded the highest mean concentration of Mn followed by Awotan
blanketted, while the least concentration was found in Aba Alfa. Cd was detected by XRF in
only Apete mini and Sabo, while Mo was not detected in any of the selected sites by XRF

unlike AAS.
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Figure 4.2: Distribution of Elements Across Dumpsites by X-ray Fluorescence
Spectrophotometer (XRF)

1 = Lapite, 2 = Ajakanga, 3 = Aba-Eku, 4 = Awontan Blanketted, 5 = Awotan Landfills, 6 =
Orita Aperin, 7 = Aba Alfa, 8 = Ajibode, 9 = Apete mini, 10 = Sabo, 11 = [jokodo, 12 =
Apete Morubo

Source: Author’s Analysis, 2023
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4.2 Elemental Concentration in Auto-mechanic Workshops Soil Samples

The concentration of investigated elements from auto-mechanic workshop villages can be
seen in Table 4.3 below and it shown that in Alasa Akoyoyo site Mg (64400 mg/kg) > Mn
(3407 mg/kg) > Fe (3075 mg/kg) > Ca (2147 mg/kg) > Zn (401 mg/kg) > Co (38.7 mg/kg) >
Cd (285 mg/kg) > Cr (200 mg/kg) > Pb (181 mg/kg) > Ni (149 mg/kg) > Mo ( g/kg) >
Cu (87 mg/kg). Moor Plantation mechanic workshop showed that Fe . /kg) > Mn
(1587 mg/kg) > Ca (1833 mg/kg) > Mg (1167 mg/kg) > Mo (619. n‘li"ﬁg),g Cr (325 mg/kg) >
Zn (245 mg/kg) > Pb (146 mg/kg) > Cu (132 mg/kg) > Cd (IOK@kg) >Ni (97 mg/kg) > Co
(77 mg/kg). Oke-Itunu site shown that Fe (104000 mg/kg@%fg (42700 mg/kg) > Cr (11160
mg/kg) > Ni (6287 mg/kg) > Ca (2667 mg/kg) >@ 00 mg/kg) > Mo (485 mg/kg) > Zn
(476 mg/kg) > Cu (263 mg/kg) > Cd (1 \ ) > Co (43 mg/kg). At Samonda auto-
mechanic workshop, Fe (77707 mg/kg%' (8140 mg/kg) > Ca (4100 mg/kg) > Mg (1540
mg/kg) > Mn (1240 mg/kg) > %@ mg/kg) > Cu (940 mg/kg) > Zn (880 mg/kg) > Cr
(8140 mg/kg) > Cd (181 m&g)ﬁ Pb (177 mg/kg) > Co (141 mg/kg). In Apete Morubo, Fe
(43493 mg/kg) > 7 mg/kg) > Cr (4973 mg/kg) > Ca (2500 mg/kg) > Ni (2127
mg/kg) > Mn (960ung/kg) > Mo (521 mg/kg) > Zn (387 mg/kg) > Co (150 mg/kg) > Cu (137
mg/kg) > P leg/kg) > Cd (51 mg/kg). All the elemental concentrations followed the
tren@eported in literature®!'?. Odo-ona auto-mechanic workshop revealed that Mg (38733
mg/kg) > Fe (35787 mg/kg) > Ca (2667 mg/kg) > Mn (813 mg/kg) > Zn (499 mg/kg) > Cr
(396 mg/kg) > Cd (211 mg/kg) > Pb (194 mg/kg) > Ni (167 mg/kg) > Cu (117 mg/kg) > Mo
(73 mg/kg) > Co (50 mg/kg), however, Alesinloye sites showed that Mg (23193 mg/kg) > Fe

(24200 mg/kg) > Cr (8813 mg/kg) > Ca (2767 mg/kg) > Mn (413 mg/kg) > Ni (412 mg/kg) >
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Mo (343 mg/kg) > Zn (290 mg/kg) > Co (219 mg/kg). Meanwhile, mean concentration of Cu
and Pb were the same (108 mg/kg).

Sango auto-mechanic workshop soils indicated that Fe (18600 mg/kg) > Mg (13510 mg/kg) >
Pb (7167 mg/kg) > Ca (2700 mg/kg) > Zn (1587 mg/kg) > Mn (787 mg/kg) > Cr (607
mg/mg) > Cu (356 mg/kg) > Mo (219 mg/kg) > Ni (182 mg/kg) > Co (126 mg/kg) > Cd (32

mg/kg)'".

&

%\%
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Auto-Mechanic Ca Cu Zn Cr Cd Pb Ni Mg Mn Mo Co Fe
AlasaAkoyoyo — 2147 87 401 200 285 181 149 64400 3407 135 387 3075
(0.58) (0.44) (1.10)  (6.08) (0.23) (0.64) (0.26) (1.15) 0.39),°.7(0.05) (0.01) (0.55)
MoorPlantation 1833 132 245 325 109 146 97 1167 1587 619 77 47680
(5.77)  (5.20) (5.96)  (0.39) (0.39) (5.77) (0.46) (0.35) ©.26)  (0.75) (0.52) (0.58)
Oke-Itunu 2667 263 476 11160 172 159 6287 42700 2100 485 43 104000
(0.30)  (0.22) (7.51) (57.74) (7.51) (5.20)0 (5.79) (66:58)" (55.08) (5.65) (1.21) (58.32)
Samonda 4100 940 880 8140 181 177 1127 1540 1240 379 141 77707
(10) (25.98) (47.63) (11.55)  (0.51) (5.68)  (3.58) »7(0.58) (0.58)  (0.70) (0.53) (0.45)
Apete Morubo 2500 137 386 4973 50 111 2126 22866 960 521 150 43493
(5.51)  (0.06) (0.16)  (0.23) (0.18) (0.20) (0.18)" (0.35) (1.55)  (0.35) (0.58) (0.23)
Odo-Ona 2667 117 499 396 211 194 167 38733 813 73 50 35787
(0.66)  (0.29) (0.20) (0) (0.61) (0.01).~_(0.42) (0.53) (0.20)  (0) (0.58) (0.57)
Alesinloye 2767 108 290 8813 91 108 412 23193 413 343 219 24200
(0.44)  (2.08) (0.58)  (0.56) (0.46) (0) (0) (2.37) (0.52)  (0.40) (0.49) (57.74)
Sango 2700 356 1587 607 32 7167 182 13510 787 219 126 18600
(1) (4.16) (0.43) (0.20) 0) (0.51)  (0.58)  (0.58) (0.23)  (0.05) (0.58) (0.58)
Mile-10 2567 389 1313 5253 119 1213 853 5857 1360 215 231 58933
(0.23)  (5.20)0 (0.20)  (0.25) (0.05) (0.58) (0.20)  (0.58) (0.58)  (0.58) (0.58) (1.73)
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Values are in mg/kg and Mean (SD)

Source: Author’s Analysis, 2023
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Mile — 10 auto-mechanic workshop site in table 4.3 above indicated that Fe (58933 mg/kg) >
Mg (5857 mg/kg) > Cr (5253 mg/kg) > Ca (2567 mg/kg) > Mn (1360 mg/kg) > Zn (1313
mg/kg) > Pb (1213 ug/g) > Ni (853ug/g) > Cu (389ug/g) > Co (231ug/g) > Mo (215ug/g) >
Cd (119 mg/kg)®1°.

The figure 4.3 below showed the distribution of mean concentration of metals across the
selected sites. It can be seen that Fe was distributed substancially across all the selected sites
and Oke Itunu had the highest mean concentration of Fe followed by Samonda-and the least
was recorded in Alasa Akoyoyo. Mg followed Fe closely with the highest'récorded in Alasa
Akoyoyo, followed by Oke Itunu and the least was recorded in ‘Meor Plantation auto-
mechanic workshop. Cr also was spread across all the sites though not pronounced like Fe
and Ca but was significant in Oke Itunu, Samonda, Apeté-Morubo, Alesinloye and Mile-10
these areas are major mechanic workshops that comprises of panel beaters, auto-mechanic,
painter, battery charger and car rewire.

It can also be seen from the chart that*Ca spread across all selected sites, with the highest
from Samonda, followed by Alesinloye, while the least was recorded in Moor plantation.
However, Zn and Cu were more or less the same in quantity across all the selected sites.
Same thing with Pb except'at Sango auto mechanic workshop. The findings corroborated the
findings in Benin'City and Orgi in Imo state both in Nigeria that Fe concentration was highest
in auto-mechanic®!?. There were death of literature on auto-mechanic workshop soil analysis

by both AAS and XRF.
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The table 4.4 below showed the mean concentration of metals from selected auto-mechanic
workshop in Ibadan metropolis. Alasa Akoyoyo sites indicated that Fe (31769 mg/kg) > Ca
(11481 mg/kg) > Mn (1476 mg/kg) > Mg (1415 mg/kg) > Zn (415 mg/kg) > Cu (185
mg/kg) > Pb (100 mg/kg) > Cr (44 mg/kg) > Ni (16 mg/kg) > Co (15 mg/kg). Cd and Mo are
below detection limit of the spectrophotometer. The findings followed the trend in AAS
analysed soil”!°. .

Moor plantation site revealed that Ca (79579 mg/kg) > Fe (31769 mg/kg) %2923
mg/kg) > Mn (2041 mg/kg) > Zn (1163 mg/kg) > (Cu (694 mg/kg) > : g/kg) > Cr
(102 mg/kg) > Ni (71 mg/kg) > Co (8 mg/kg), Cd and Mo are bel.ow tegtion limit.

At Oke-Itunu workshops Fe (49087 mg/kg) > Ca (46339 mg/@\Mg (11671 mg/kg) > Zn
(2135 mg/kg) > Mn (1676 mg/kg) > Cu (571 mg/kg) > P@@mg/kg) > Cr (81 mg/kg) > Co
(18 mg/kg) > Mo (2 mg/kg). The mean concentra etals at Samonda indicated that Fe

(16135 mg/kg) > Ca (9820 mg/kg) > l\é‘é@) mg/kg) > Zn (225 mg/kg) > Mn (188
mg/kg) > Cu (81 mg/kg) > Pb (41 mg

Cd and Mo are below detectionﬁ?ib‘

r (20 mg/kg) > Ni (6 mg/kg) > Co (5 mg/kg).

Apete morubo auto-mechagvg?r shop soil samples revealed that Fe (33593 mg/kg) > Ca
(26597 mg/kg) > @Q mg/kg) > Mn (1259 mg/kg) > Zn (1119 mg/kg) > Cu (345
mg/kg) > Pb (Ing

Q

previous sit and Mo are below detection limits. Odo-ona mechanic workshop shops

kg) > Cr (49 mg/kg) > Ni (28 mg/kg) > Co (13 mg/kg). Like the

soil@?ed that the mean concentration of Fe (20511 mg/kg) > Ca (3052 mg/kg) > Mn
(1008 mg/kg) > Cu (89 mg/kg) > Zn (64 mg/kg) > Cd (51 mg/kg) > Pb (44 mg/kg) > Cr (32
mg/kg) > Ni (13 mg/kg) > Co (6 mg/kg). Mg and Mo could not be determined by XRF
spectrometer. Alesinloye site indicated that Fe (16168 mg/kg) > Ca (5400 mg/kg) > Mn (545
mg/kg) > Zn (66 mg/kg) > Cu (55 mg/kg) > Cd (45 mg/kg) > Pb (43 mg/kg) > Cr (34

mg/kg) > Ni (13 mg/kg) > Co (7 mg/kg). However, Mg and Mo are below detection limit of
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XRF spectrophotometer. Furthermore, at Sango Fe (17987 mg/kg) > Ca (2025 mg/kg) > Mn
(716 mg/kg) > Zn (69 mg/kg) > Cu (59 mg/kg) > Cd (44 mg/kg) > Pb (34 mg/kg) > Cr (28
mg/kg) > Ni (14 mg/kg) > Co (9 mg/kg). Mg and Mo are below detection limit of XRF

spectrometer.
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Table 4.4: Elemental Concentration across Auto-mechanic Workshops by X-ray Fluorescence Spectrophotometer (XRF)

Auto- Ca Cu Zn Cr Cd Pb Ni Mg Mn Co Mo Fe
Mechanic
AlasaAkoyoyo 11481 185 415 44 LOD 100 16 1415 1476 15 LOD 31769
(1.73) (0.40) (0) (0.58) (0.58) (0) (0.58) (0.58) (0) (0.58)
MoorPlantation 79579 694 1163 102 LOD 251 71 2923 2041 8 LOD 23645
(0.58) (0.58) (0.58) (0.57) (0.70) (0.57)  (0.5%) (0.56) (0.58) (0.58)
Oke-Itunu 46339 571 2135 81 LOD 369 65 11671 1676 18 2 49087
(0.70) (0) (3.79) (0) (0.58) (0.76) 0 =(152) (3.79) (0) (0) (0.61)
Samonda 9820 81 225 20 LOD 41 6 7234 188 5 LOD 16135
(0.55) (0.58) (0.58) (0) (0) (043) (8.67) (0.58) (0) (0.61)
Apete Morubo 26597 345 1119 49 LOD 170 28 3014 1259 13 LOD 33593
(4.93) (0) (0.23) (0) (0.58) (0.39) (3.79) (5.77) (0) (2.08)
Odo-Ona 3052 89 64 32 51 44 13 LOD 1008 6 LOD 20511
(0.70) (0) (0.32) (0) (0.58) . (0) (0) (1) (0) (5.77)
Alesinloye 5400 55 66 34 45 43 13 LOD 545 7 LOD 16168
(1.53) (0.38) (0) (0.83) (8.71) —10.51) (0) (0.58) (1.00) (0.47)
Sango 2025 59 69 28 44 34 14 LOD 716 9 LOD 17987
(0.46) (0.40) (0) (0) (0:45)  (0) (0) (0.28) (0) (0.58)
Mile-10 25939 391 883 44 48 514 24 LOD 788 13 LOD 41442
(2.65) (3.06) (2.52) (8.71) (7.72)  (0.70) (0) (0.47) (0) (2.06)

Values are in mg/kg and Mean (SD)
Source: Author’s Analysis, 2023
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Mile-10 in table 4.4 above indicated that Fe (41442 mg/kg) > Ca (25939 mg/kg) mean
concentrations as analysed by XRF spectrometer. However, Ca (25939 mg/kg) > Zn (883
mg/kg) > Mn (788 mg/kg) > Pb (514 mg/kg) > Cu (391 mg/kg) > Cd (48 mg/kg) > Cr (44
mg/kg) > Ni (24 mg/kg) > Co (13 mg/kg). Mg and Mo are below detection limit of XRF
spectrometer. This also follwed the trend as seen in AAS analysis.

Moreover, the figure 4.4 below showed the distribution of elements, where Fe and Ca are
substantially distributed across all the selected sites. Oke-Itunu had the highest eoncentration
of Fe closely followed by Mile-10 while the least recorded mean concentration'was found in
Aleshinloye. Moor plantation recorded the highest concentration of Ca.closely followed by
Oke Itunu while the least was recorded in Sango auto-mechanic workshop. The chart
indicated that Mg is highest in Oke Itunu followed by,Samonda. Mo, Co, Pb and Cu are
evenly distributed across all the sites. Oke Itunu alse recorded the highest concentration of Zn,

while Alasa Akoyoyo recorded the highest concentration of Mn.
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Figure 4.4: Distribution of Elements across Auto-Mechanic Workshops by X-ray
Fluorescence Spectrophotometer (XRF)

1 = Alasa Akoyoyo, 2 = Moor Plantation, 3 = Oke Itunu, 4 = Samonda, 5 = Apete Morubo, 6
= 0do-Ona, 7 = Alesinloye, 8 = Sango, 9 = Mile-10

Source: Author’s Analysis, 2023
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4.3 Elemental Concentration of Farmlands Soil Samples

Table 4.5 below showed the elemental concentrations from selected farmland soils as
analysed by AAS. Alajameta farmland showed that Fe (12713 mg/kg) > Mg (3150 mg/kg) >
Ca (873 mg/kg) > Mn (567 mg/kg) > Co (165 mg/kg) > Mo (155 mg/kg) > Cr (123 mg/kg) >
Pb (79 mg/kg) > Ni (69 mg/kg) > Cd (44 mg/kg) > Cu (20 mg/kg) > Zn (12 mg/kg). Moor
Plantation clinic (M.P. Clinic) farmland soil indicated that Mg (14023 mg/kg) > 8433
mg/kg) > Fe (239 mg/kg) > Mn (154 mg/kg) > Co (137 mg/kg) > Mo (131.m%%)& Cr (102
mg/kg) > Ni (83 mg/kg) > Cd (59 mg/kg) > Zn (46 mg/kg) > Pb (43 mg@u (28 mg/kg).
BCJ/IBEDC farmland indicated that the mean concentration of Ga@ﬂ mg/kg) > Fe (7840
mg/kg) > Mg (7037 mg/kg) > Mn (680 mg/kg) > Mo (166 é‘%) > Cd (145 mg/kg) > Cr
(125 mg/kg) > Co (124 mg/kg) > Pb (81 mg/kg) %@\@ /kg) > Cu (24 mg/kg) > Zn (12
i

mg/kg). As reported in literature the concentrati f elements in soil does not follow

particular orders, the order depends on soéaj:}fa tors like type of fertilizer applied, Cation
Exchange Capacity of the soil, pH, So'@article sizes, level of contamination and length of
usage among others!>!3:14, N@n revealed that mean concentration of Fe (10400
mg/kg) > Mg (5810 mg/k Mn (3100 mg/kg) > Ca (837 mg/kg) > Mo (411 mg/kg) > Cr
(142 mg/kg) > Ni (13 /kg) > Cd (123 mg/kg) > Co (50 mg/kg) > Cu (37 mg/kg) > Pb (29
mg/kg) > Znq2 /kg). However, Southern farm 1 indicated that Mg (28700 mg/kg) > Fe
(11260 ‘§> Ca (8600 mg/kg) > Ni (3673 mg/kg) > Cr (3020 mg/kg) > Mn (2873
mg/@ Co (366 mg/kg) > Mo (109 mg/kg) > Cu (79 mg/kg) > Cd (63 mg/kg) > Pb (29
mg/kg) > Zn (26 mg/kg). At NCRI rice farm, Mg (42677 mg/kg) > Fe (22280 mg/kg) > Cr
(4953 mg/kg) > Ca (3433 mg/kg) > Ni (2273 mg/kg) > Mn (2313 mg/kg) > Mo (185
mg/kg) > Co (151 mg/kg) > Cu (139 mg/kg) > Cd (83 mg/kg) > Pb (43 mg/kg) > Zn (39
mg/kg). The IAR&T/FCA farmland showed that Fe (18067 mg/kg) > Cr (11280 mg/kg) >

Mg (3267 mg/kg) > Ni (2240 mg/kg) > Ca (1900 mg/kg)
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Table 4.5: Elemental Concentrations across Farmlands by Atomic Absorption Spectrophotometer (AAS)

Farm Lands Ca Cu Zn Cr Cd Pb Ni Mg Mn Co Mo Fe
Alajameta 873 20 12 123 44 79 69 3150 567 165 155 12713
(1.95) (0) (0) (0.20) (0) (0) (0) (32.15) - ((1:89)  (0.58) (0) (1)
M.P. Clinic 8433 28 46 102 59 43 83 14023 154 137 131 239
(3.79) (0.58) (1.15) (5.20) (8.70) (0.38) (2.31) (4.59) (0) (0.58) (0.58) (1.15)
BCJ/IBEDC 10277 24 12 125 145 81 71 7037 680 124 166 7840
(0.70) (0) 0) (0.61) (0.58) (0) (0.58) A(0.58) (0.58)  (2.08) (1.15) (1)
Opp. NCRI 837 37 26 142 123 29 137 5810 3100 50 411 10400
(3.57) (0) (0) (1.53) (2.83) (0) (1.53y \» (23.09) (5.77) (0) (2.69) (5.03)
Southern Farm 1 8600 79 19 3020 63 29 3673 28700 2873 366 109 11260
(23.09)  (0.58) (0) (0.58) (8.70) (0) @31) (5.77) (2.89)  (5.77) (0.58) (5.77)
NCRI Rice 3433 139 39 4953 83 43 2273 42677 2313 151 185 22280
(2.89) (1.15)  (0) (5.51) (0) (8.70) (1) (2.65) (0.58) (1) (1.73)  (0.58)
LLAR.&. T/FCA 1900 211 69 11280 73 33 2240 3267 1607 201 95 18067
(5.77) (5.20) (0) (5.29) (0) (0) (0.58)  (1.15) (1) (4.62) (0.38) (0.58)
LLAR.&T/OSADEP 1967 169 37 10533 04 47 5073 3640 1507 239 144 25827
(0.55) (1.92) (0) (5.03) ) (8.70) (5.29) (2.89) (2.31)  (1.73) (0) (6.08)
Southern Farm 2 2433 173 48 8922 73 42 3196 16528 1809 197 141 22058

(153) (269 (0) (5510 ) (0) 0) (265 (173  (0.61) (0 (0) (1.73)

Values are in mg/kg and Standard Deviation (SD)
Source: Author’s Analysis, 2023
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> Mn (1607 mg/kg) > Cu (211 mg/kg) > Co (201 mg/kg) > Mo (95 mg/kg) > Cd (73
mg/kg) > Pb (38 mg/kg). IAR&T/OSADEP follow trends of other farms. The mean
concentration of Southern farm 2 in table 4.5 above indicated that Fe (22058 mg/kg) > Mg
(16528 mg/kg) > Cr (8922 mg/kg) > Ni (3196 mg/kg) > Ca (2433 mg/kg) > Mn (1809
mg/kg) > Co (197 mg/kg) > Cu (173 mg/kg) > Mo (141 mg/kg) > Cd (73 mg/kg) > Zn (48
mg/kg) > Pb (42 mg/kg)">.

The figure 4.5 below showed the distribution of mean concentration of metals across
farmlands as analysed by AAS spectrophotometer. The figure indicated that.Fe was highest in
IAR&T/OSADEP farmlands closely followed by NCRI rice farmlands, then Southern
farmlands 2. The least of Fe was recorded in M.P. Clinic. The,chart further revealed that Mg
was highest in NCRI rice farmlands followed by Southérnfarm 1, then Southern farm 2. The
least Mg was noticed in IAR&T/FCA farmlands. Fellowing these two highest concentrations
of metals was Cr which was highly significantin TAR&T&FCA farmlands, closely followed
by IAR&T/OSADEP farmlands. The least was recorded at M.P. Clinic. It interesting to note
that where all these highest records ‘of \Fe, Mg, and Cr were noticed those farms are within the
same region and close to river Odo-Ona that normally overflooded during raining season, the
abnormality in this increaseimay be due to deposition from overflooded rivers. Ca was also
significant at BCWIBEDC, followed by Southern farm 1, them M.P. Clinic farmland. The
least Ca was recorded at Opposite NCRI. It can also be deduced from the chart that Mn was

noticed to be highest in Opposite NCRI and least at M.P. Clinic.
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Figure 4.5: Distribution of Elements across Farmlands by Atomic Absorption
Spectrophotometer (AAS)

Note: 1 = Alajameta, 2 = M.P. Clinic, 3 = BCJ/IBEDC, 4 = Opposite NCRI, 5 = Southern
Farm 1, 6 = NCRI Rice, 7 = IAR&T/FCA, 8 = IAR&T/OSADEP, 9 = Southern Farm 2
Source: Author’s Analysis, 2023
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The table 4.6 below showed the mean concentrations of metals from selected farmlands
analysed by XRF spectrometer. The table indicated that at Ca (59440 mg/kg) > Fe (34994
mg/kg) > Zn (1757 mg/kg) > Mg (1415 mg/kg) > Mn (1331 mg/kg) > Cu (658 mg/kg) > Pb
(353 mg/kg) > Cr (82 mg/kg) > Ni (30 mg/kg) > Co (12 mg/kg). However, the XRF could not
detect Cd and Mo.

At M.P. Clinic Fe (24013 mg/kg) > Ca (1390 mg/kg) > Mn (1081 mg/kg) > Zn@g/kg) >
Cd (53 mg/kg) > Pb (50 mg/kg) > Cu (49 mg/kg) > Cr (37 mg/kg) > Ni . g)>Co (5
mg/kg). The BCJ/IBEDC farmlands revealed that Fe (11999 mg{k Mp (596 mg/kg) > Ca
(491 mg/kg) > Zn (56 mg/kg) > Cu (47 mg/kg) > Cd (36 mgﬂ{%Pb (26 mg/kg) > Cr (16
mg/kg) > Ni (7 mg/kg). However, XRF could not dete;@pe Mg and Mo, which may be
above detection limit or below detection limit respé@%@

The farmland opposite NCRI indicated tha 80 mg/kg) > Ca (3070 mg/kg) > Mn (865
mg/kg) > Zn (62 mg/kg) > Cu (59 @ Pb (52 mg/kg) > Cd (50 mg/kg) > Cr (33
mg/kg) > Ni (14 mg/kg). XRE sp@%eter could not detect Mg, Mo and Co, which may
either be above limit of dete§n’1} as the case may be in the Mg metal or below detection limit
in the case of Mo @%outhem Farm 1 showed that Fe (33391 mg/kg) > Ca (27165
mg/kg) > Mn (1 IB’ng/kg) >7n (1119 mg/kg) > Cu (362 mg/kg) > Pb (157 mg/kg) > Cr (47
mg/kg) > Ni mg/kg) > Co (11 mg/kg). XRF however could not detect Cd, Mg, and Mo,
fror@?em Farm 1 this could be as a result of what was stated in farmland opposite NCRI.
The NCRI rice farmland indicated that Fe (24840 mg/kg) > Ca (9207 mg/kg) > Mn (618
mg/kg) > Zn (407 mg/kg) > Cu (119 mg/kg) > Cd (93 mg/kg) > Pb (91 mg/kg) > Cr (50
mg/kg) > Ni (16 mg/kg) > Co (5 mg/kg). As witnessed in the previous sites XRF could not

detect Mg and Mo from the NCRU rice farmland.
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Table 4.6: Elemental Concentration of Farmlands by X-ray Fluorescence Spectrophotometer (XRF)

Farm lands Ca Cu Zn Cr Cd Pb Ni Mg Mn Co Mo Fe
Alajameta 59440 658 1757 82 LOD 353 30 1415 1331 12 LOD 34994
(2.08) (1.53)  (0.95) (0) (2.52) (0) (2.50) (2.08) (0) (2.31)
M.P. Clinic 1390 49 65 37 53 50 16 LOD 1081 5 LOD 24013
(4.04) (0) (0) (0) (2.4) (1) (0.58) (4.73) (0) (5.77)
BCJ/IBEDC 491 47 56 16 36 26 7 LOD 596 LOD LOD 11999
(2.10) (0) (8.72) (0) (0) (0) (1.09) (3.79) (1)
Opp. NCRI 3070 59 62 33 50 52 14 LOD 865 LOD LOD 18380
(5.77) (0.57)  (1.70) (1.73)  (0) (1.73) " .0) (5.77) (2.08)
Southern Farm 1 27165 362 1119 47 LOD 157 28 LOD 1183 11 LOD 33391
(2.08) 4.51) (1.1 (8.71) (5:20), 7 (0) (4.62) (0) (1.53)
NCRI Rice 9207 119 407 50 93 91 16 LOD 618 5 LOD 24840
(2.08) (0.58)  (1.73) (8.72)  (0) (0.58)  (0.19) (5.77) (0) (2.65)
LLAR.&T./FCA 3097 92 198 42 54 42 8 LOD 352 LOD LOD 19467
(1.53) (0) (8.65) (0) (8.73y (0) (0) (5.51) (5.77)
LLA.R.&T./OSADEP 33962 317 1195 53 148 490 21 LOD 634 16 LOD 39410
(10.06)  (0.58) (2.31) (8.72y (0.58) (5.20) (0) (1.15) (0.58) (5.77)
Southern Farm 2 2013 63 72 28 79 27 14 LOD 712 LOD LOD 18018
(0.58) (0) (0) (0) (0.58)  (0.58)  (0) (4.58) (6.08)

Values are in mg/kg and Standard Deviation (SD)

Source: Author’s Analysis, 2023
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IAR&T/FCA farmlands showed that Fe (19467 mg/kg) > Ca (3097 mg/kg) > Mn (352ug/g) >
Zn (198ug/g) > Cu (92ug/g) > Cd (54ug/g) > Cr (42ug/g) > Pb (42 mg/kg) > Ni (8 mg/kg).
Mg, Co and Mo are not detectable by XRF spectrometer as explained earlier on. The
IAR&T/OSADEP follows trend of other farmlands. Southern Farm 2 as shown in Table 4.6
above revealed that the mean concentration of Fe (18018 ug/g) > Ca (2013 mg/kg) > Mn (712
mg/kg) > Cd (79 mg/kg) > Zn (72 mg/kg) > Cu (63 mg/kg) > Cr (28 mg/kg) > Ni (14 mg/kg),
however, XRF spectrometer could not detect Mg and Mo unlike in the case of AAS
spectrometer. This may be due to over range limit of Mg and the under-range, limit of Mo in
the soil samples!®!7-18:19,

Table 4.6 below described the distribution of metals across all-the, selected sites graphically.
The chart showed that Fe was highest in IAR&T/OSADEP;.followed by Alajameta farmland
then Southern farm 1, however, BCJ/IBEDC had the least concentration of Fe. The chart also
indicated that Ca was highest in Alajameta farmland samples, closely followed by
IAR&T/OSADEP then Southern Farm,_ 1:~The least Ca was recorded at M.P. Clinic.
Alajameta and IAR&T/OSADEP have'a substantial amount of Zn concentration.

The XRF spectrometer couldnot detect Mg which was not the case with AAS, this may be as
a result of the high cencéntration of Mg in all the selected soil samples as revealed by AAS.
XRF spectrometefrs are calibrated to be able to measure certain values of concentration from
samples, and. as a result, any concentration above or below the value of standard used to

calibrate the machine may not be detected.
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4.4 Statistical Analysis
The statistical analysis of data obtained was done using GraphPad Prism 6 and Microsoft
Excel Analysis Toolbar, 2016. The paired t-test showed that there is no statistically
significant difference from copper metal in dumpsite soil samples analyzed with both AAS
and XRF spectrophotometers at significance levels p > 0.060, ss shown in Figure 4.7a,
8

The remaining elements showed significant differences in Lapite a major dumpséAJakanga

especially for Aba-alfa samples.

a major dumpsite, Awotan blanketed and Awotan landfill a major du .'%%so included
are Aba Eku, Ajibode, Sabo, Orita Aperin, Apete, Apete 1\/10 Osy and Ijokodo mini
dumpsites. These findings informed that the two machines c@*be used interchangeably
for Ca, Cr, Mn, Mg, Co, Pb, Mo, and Fe, analyzed fr’o@umpsite soils. Also, there is no
statistically significant difference for zinc @% analyzed by AAS and XRF
spectrophotometers at significance level o ,&%3, as shown in Figure 4.7b especially for
Awotan blanketed, Ajibode, Sabo 2%' ete morubo. However, the results showed

statistically significant differe@pite a major dumpsite, Ajakanga a major dumpsite,

Awotan landfill a major duﬁite, Orita — Aperin an old major dumpsite, as well as Aba -
u

'\
Alfa, Apete, and Ijo d@ thorized dumpsites. This implied that AAS and XRF cannot be
used interchangeéﬁbj o determine elements contents of soils from these sites mentioned. The
findings are reement with the reports from literature?’-2!,

QQ
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The statistical analysis of Cu concentration for auto-mechanic workshops samples (table 4.3
& 4.4) shows no significant differences at significance level p > 0.960 between AAS and
XRF spectrophotometer of auto-mechanic soil samples (Figure 4.8a) especially for Odo-Ona,
Alesinloye and Mile 10 Ago-Tylor.

Also, there is no significant differences between paired Zn mean concentration determined by
AAS and XRF spectrophotometer, at significance level p > 0.9834, (Figure 4.8b2 e‘ségewcially

for Alasa & Akoyoyo?*2!, é\

%\%
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The t-test for Pb as shown in Figure 4.9a below, indicated no significant differences at
significance level p = 0.2975, this was noticed in all the selected sites (Alasa Akoyoyo, Moor
Plantation, Oke Itunu, Samonda (Church Road), Apete Morubo, Odo-Ona, Aleshinloye, and
Mile-10) except Sango garage meaning the AAS and XRF can be used interchangeably to
determine Pb from auto-mechanic workshops soil samples.

The result in Figure 4.9b showed that there is no significant difference betweezl the mean
concentration of Ni determined by AAS and XRF spectrometer, at signiﬁcan@'}vel p=
0.0978, for Alasa Akoyoyo, Moor Plantation, Odo-Ona, Aleshinloye an . }9 rage.
Furthermore, Mn and Fe mean concentration determined by th.e tv&eq\ulpment showed no
significant differences at level p = 0.2335 and p = 0.0813, rq@\fvely as shown in Figure
4.9¢ and 4.9d below, especially for Odo-Ona, Aleshinloils‘q&ango garage.

However, Cr and Co showed significant differefiees\at level p = 0.0149 and p = 0.0008

respectively. C‘@
>
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The result of the t-test of farmlands indicated in Figure 4.11a below showed that there are no
significant differences in the result of Ca at significance level p = 0.1630, by both AAS and
XRF for Opposite NCRI, Southern farm 1, NCRI Rice plantation, IAR&T/OSADEP and
Southern farm 2. It can also be seen in Figure 4.11b below that there are no significant
differences in Cd analyzed by both AAS and XRF at significance level p = 0.2440, especially
for Moor Plantation Clinic land use, Southern farm 1, and Southern farm 2. It can also be
seen from figure 4.11c that Pb showed no significant difference in the results @Kh AAS
and XRF, at significance level p = 0.0619. : \QO

Figure 4.11d showed that there is no significant difference iI.l C ean concentration as
analyzed by both AAS and XRF, the significance level is p @.’473 especially for Moor

Plantation clinic land use, BCJ/IBEDC, Opposite NCR1 ﬁ% rice plantation and Southern

farm 2. ®
However, there are statistically signiﬁcan@es in the pairing of Zn, Cr, Ni, Mg, Co,

Mo and Fe. The implication of th dings is that AAS and XRF can be used

interchangeably to determine CKC@' and Ca in farmland soils.
%'\

>
S

118



(=2

-e— AAS Cu
-=- XRF Cu

-—- AAS Cd
-2 XRF Cd

Locations

o
&o
e L N
) 6, %
- ooo,o A\O.o OQ
b 3
&V 0\ &S &u «WW
F o % Y, W, % U
%, Qo b, " % % B 4
o %, 00, 2% a %% % %
7z %, %% % ; AR
%, b RY 0 6 6 o 0 W
. Y "% O, s o 9 B Y Y
% (6,74, 9%, o@ g £ 0,%Y, % %,
b % - 0 ()
.00, % %, %t 4 A Vo\e 0,%,% "
0\000\9@ _.\00 o\«vvw
b 5 @&v 0% omvo «9@ b N«. @0 %@V .\@0 @VV
&” \ @w @N & i O @v Q @
F G 4, G %, 2, %%
%% %, PBABRAA
L Ve Y oy s 0, %y %, YU
&5 “, 4 I % % %, Y, Y
I 5 & G % D, W9 & & o o o b2%%0Y
e o o o o & N ) 00 )
e B» o b o 5, s & ¢ R % % %, % ¢
N - - @v \0 0, 0 \O av 0.
/61 uj uonesUIU0I UBI &e .@o@Q 6/61 u1 uone1UAIU0I LBl aomv.@\o e&\ %
000 ‘
m..\z QAW @e «\o\ QQQ
“, % Y %,
.@? o\Q % R

—-e— AAS Ca
-=- XRF Ca

-o- AAS Pb
- XRF Pb

Locations

Locations

30000

20000

10000+
)

bb

I
o
(=]
o
o
4 1
o
(=]
<
% %, ®, BBl uj uoyeIUBIUOD UBB|Y .ooo

200

BB 1 uoeNUSIUD UBSY m

119

f Ca, Cd, Pb & Cu with AAS and XRF Methods

0ns o0

Mean Concentrati

Figure 4.10



Source: Author’s Analysis, 2023
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4.5 Statistical Analysis

4.5.1 One-way Analysis of Variance (ANOVA) for AAS Method

The mean concentrations of the same elements from the dumpsites, auto mechanic villages
and farmlands soils were conducted using one-way analysis of variance (ANOVA) to
determine their significant differences (p < 0.05)

ANOVA test revealed that there was no statistically significant difference in @mean
concentration of Ca, Cu, Pb, Mg, Mn, Co, and Mo. between at least two sites. @ 4.7)
Bonferroni correction was used for post-hoc analysis. ‘%\

The test revealed that there was a statistically significant differm@gﬁeen Ca of farmland
and auto-mechanic workshop, as well as dumpsites and aut(%ge‘ﬁanic workshop. However,
there is no statistically significant difference betwee t@)f farmland and dumpsites.

The Bonferroni post-hoc test showed that there no statistically significant difference
between Cu of dumpsite and auto—me@x,\% well as farmland and auto-mechanic
workshop. However, there is a statist@s significant difference between the Cu of farmland
and dumpsites. '\)Q)

Post-hoc test revealed th fe was no statistically significant difference between Pb of

dumpsite and auto-fnechanic; as well as farmland and auto-mechanic sites. However, there

was a stati;ic@v significant difference between the Pb of farmland and dumpsite.
t

Meanwhiép

significant difference between the three sampled sites. However, a post-hoc test of Fe

-hoc tests of Ni, Mg, Mn, Co and Mo revealed that there was no statistically

revealed that there was a statistically significant difference between dumpsite and auto-

mechanic, as well as auto-mechanic and farmland sites, while there was no statistically

significant difference between the Fe of farmland and dumpsite sites.

121



Table 4.7: ANOVA Table of Metals using Atomic Absorption Spectrophotometer (AAS)

Elements P - value F - value F — critical

Calcium 0.290 1.295 3.354

Cupper 0.061 3.153 3.403 cb.,

Lead 0.251 1.463 ‘3@90

. . y)

Nickel 0.717 0.337 %‘\\. 403

Magnesium 0.186 1.8 .® 3.403

Manganese 0.108 ( @2 3.403

Cobalt 0.066 V 3.043 3.403

: |

Molybdenum &0.590 0.539 3.403

3.354

IronQQ 0.002 8.282

Source: Author’s Analysis, 2023
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4.5.2 One-way Analysis of Variance for XRF Method

A one-way ANOVA revealed that there was a statistically significant difference in the mean
concentration of Ca, Cu, Zn, Cr, Pb and Mg in at least two sites, while there were no
statistically significant differences between Cd, Mn, Co and Fe. (Table 4.8)

ANOVA post-hoc tests (Bonferroni correction) were performed to know which two sites are
significant differences and which are not. . (b

The test revealed that there was a statistically significant difference betwe%{& Ca of
dumpsite and auto-mechanic, as well as farmland and dumpsite sites. : Jdhere was no
statistically significant difference between the Ca of farmland.an ut?-mechanics. In the
case of post-hoc test carried out on Cu test revealed that there@o statistically significant
difference between dumpsite and auto-mechanic, as W@s auto-mechanic and farmland.
However, there was a statistically significant difference between the Cu of farmland and
dumpsite sites. N ‘\&%

Post-hoc test revealed that there was%' istically significant difference between Zn of
dumpsite and auto-mechanic, a; w@ auto-mechanic and farmland. However, there was a
statistically significant diffe&c'e} etween the Zn of farmland and dumpsite sites. Moreover,
the post-hoc test re @%t there was a statistically significant difference between Cr of
dumpsite and aut@ec anic, as well as farmland and dumpsite sites. However, there was no
statistically icant difference between the Cr of farmland and auto-mechanics.
The@c test for Cd and Pb indicated statistically no significant difference between the
three sites for the number of samples that XRF was able to determine. The post-hoc test also

revealed that there was no statistically significant difference between Mn, Co as well as Fe of

the dumpsite, auto-mechanic, and farmlands.
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The test revealed that there was no statistically significant difference between Ni of dumpsite
and auto-mechanic, as well as farmland and auto-mechanic. However, there was a
statistically significant difference between the Ni of farmland and dumpsite.

The test revealed that there was no statistically significant difference between Mg of
dumpsite and auto-mechanic, as well as farmland and dumpsite sites. However, there was a
statistically significant difference between the Mg of farmland and auto-mechanic .workshop.
There are deaths of literature on the comparison of elements from three differen%ﬂ}ites.
4.5.3 Linear Regression and Correlation Studies of XRF and AAS t. \?‘0

Results showing comparison of the two methods using linear.re sig)n are presented in
figure 4.11, to 4.13 below, for dumpsite, auto-mechanic& farmlands respectively.
Although there was a high degree of agreement (R’ > U@Qe?ween the two methods (XRF
and AAS) for Cu, Zn, Cr, and Mn from Dumpﬁﬁé&d Mn and Fe from Auto-mechanic

workshops samples, there regression lines é’j\)@me deviations.

Similarly, correlation study suggested@ ¢ two methods can be interchangeably used to

quantify Cu (0.56), Zn (0.55), @nd Mn (0.55).

@'\
6&%

>
S
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Table: 4.8 ANOVA Table of Metals using X-ray Fluorescence Spectrophotometer (XRF)

Elements P - value F - value F - critical
Calcium 0.00 8.802 3.403
Cupper 0.013 5.364 3.443
Zinc 0.017 4.835 3.403
Chromium 0.001 9.791 3.403
Cadmium 0.609 0.519 3.982
Lead 0.020 4.553 3.354
Nickel 0.066 3.010 3.354
Magnesium 0.008 6.069 3.422
Manganese 0.127 2.228 3.354
Cobalt 0.050 3.365 3.369
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Iron 0.065

3.030

3.354

Source: Author’s Analysis, 2023
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Chapter Five
Conclusion

5.1 Summary of Findings
Reproducibility results of XRF and AAS analyses in this study were dependent on the
element being quantified, although the former technique underestimated as§ayed trace
element concentrations. Underestimation was possibly due to differences %{;&bipment
sensitivity in the two methods. : QO
XRF has low sensitivity to light elements like lithium, beryllium., sc%rw and high detection
limits to trace metals like Ca, Cu, Zn, Mn, Pb, Fe Co, in @\oncentrations while the
sensitivity of AAS is high and enhanced by aqua regia di@%{.
Based on the comparative studies of atomic absofption Spectrophotometer (AAS) and X-ray
Reflectance Fluorescence (XRF) on soil f;@ umpsites, auto-mechanic workshop and
farmlands to determine twelve elemen%’tgjresults of dumpsites samples showed that only
Zn and Cu can be determined i%@eably with AAS and XRF, while Cu, Zn, Cd, Pb, Ni,
Mg, and Fe from auto-mec nig\ workshop soil samples can be determined interchangeably
with XRF and AAS u.@nore, farmland soils indicated that Ca, Cu, Cd, Pb and Mn could
be determined intBQhangeably with AAS and XRF.
The ANO@Iysis was carried out for the three sites to know the relationship between the
qua of metal elements. The result revealed that the quantity of Ca in farmland and
dumpsites was the same for AAS while farmland and auto-mechanic are the same for XRF.
For Cu, dumpsites and auto-mechanic as well as farmland and auto-mechanic are the same
for both AAS and XRF.
Zn was the same for dumpsite and auto-mechanic as well as auto-mechanic and farmland for

XRF, while none was the same for AAS.
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Cr was the same in farmland and auto-mechanic for both AAS and XRF, while Cd was not

the same for the three sites with the two methods. Mn, Co and Mo are not the same with the

two methods.

However, Fe was not the same in farmland soil and dumpsites soil with XRF and AAS.

5.2 Conclusion

The studied samples indicated that AAS and XRF machines could be used inter.changeably

for some elements determination in dumpsite (Zn & Cu), auto-mechanic (Cu, Z%@Pb, Ni,

Mg & Fe) and farmland (Ca, Cu, Cd, Pb & Mn). However, XRF can : screen for

available elements in a particular sample before embarking on chem' 1 apalysis for elements

that cannot be determined interchangeably with the machine. &%’\

5.3  Recommendations

The fact that XRF has low sensitivity and hlg@&on limits to trace metals in low

concentrations it can be used to determi metals that are suspected to be of high
@AAS

quantity in a sample without necessarll

5.4  Contribution to Know

The study has been able to e a&the fact that concentration of Cu, Zn, Cr, Mn, Fe, and Co,
elements in dumpsi and and auto-mechanic are the same as confirmed by the two
methods of anal Q)rthermore using the two methods to determine several elements in
most espe@uto mechanic and farmlands yielding more than two elements that can be
dete@?nterchangeably is germane to this study.

5.5 Area(s) for Further Research

Area of further research is the calibration of XRF to be of high sensitivity to light and trace

elements in small quantity in a sample.
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Appendix I

Means, Standard Deviation and Standard Error Mean of Paired Elements @\lpsites
. OG>

Mean N Std. Deviation Std. Error Mean
Pair 1 Caaas 3925 12 1599 461.5
Caxrr 60647 12 32372 9345
Pair2  Cuaas 298.2 12 135.1 38.99
Cuxer 491 6 12 260 71.47
Pair3  Znas 1971 12 [819.1 236.5
/n
XRE 1568 12 1016 293.2
Pard — Crass .y 12 334.9 96.67
Crxrr 83.31 12 24.61 7.11
Pair 5 Cdaas 315.6 12 303.1 87.49
Cdxrr 41.75 12 3.889 2.75
Pair 6 Pbaas 860.2 12 526.8 152.1
Pbxre 378 5 12 231.1 66.7
Pair7  Niaas 1294 12 1961 566.1
Nixrr 34.72 12 13.82 3.99
Pair8  Mgaas | 8366 12 4455 1286
Mgxrr 2573 12 2866 827.3
Pair9  Mnass  [2109 12 1459 421.1
Mnxer | 1316 12 612.6 176.9
Pair 10 Coaas 368.9 12 225.9 65.22
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Paired samples correlations of Dumpsites

Coxrr 10 12 2.85 .86
Pair 11 Moaas 138.9 12 109.5 31.6
Moxrr .0000 12 .00000 .00000
Pair 12 Feaas 14514 12 13093 3780
Fexrr 38953 12 17682 5104
| >
Appendix 11 Qh)&
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N Correlation Sig.

Pair 1 Caaas & Caxrr 12 -0.08122 .0001

Pair 2 Cuaas & Cuxrr 12 02176 0.0596
Pair 3 Znaas & Znxrr 12 05511 0.1431
Pair 4 Craas & Crxrr 12 0.6489 0.0031
Pair 5 Cdaas & Cdxrr ) linear 0.4793
Pair 6 Pbaas & Pbxrr 12 0.0778 0.0124
Pair 7 Niaas & Nixrr 12 0.2464 0.0477
Pair 8 Mgaas & Mgxrr 12 0.4923 0.0003
Pair 9 Mnaas & Mnxgrr 12 0.5491 0.0478




Paired Samples T-test

Pair 10 Coaas & Coxrr 11 0.2904 0.2904

Pair 11 Moaas & Moxgrr 12

Pair 12 Feaas & Fexrr 12 -0.3437 0.0066
Appendix ITI S

&

Paired Differences Q(c
Mean Std. Std. 95% %Qﬁence t df
Deviation | Error 1nt Sig. (2 -tailed)
Mean nce
o
>\ ~LJower Upper
Caaas- | 56722 32541 9@7 36047 77398 6.038 11 0.0001
Caxrr A b
Cuaas- | 1559 228.8 $ 2.35 -7.766 319.6 2.155 9 0.060
Cuxrr 4%
A Q
Znaas- | -403.5 \8%‘3 255.8 -966.6 159.6 1.577 11 0.143
ZnxrF Aé\
Craas- -32‘&T 319.5 92.22 -551.1 -145.1 3.774 11 0.0031
CrquQ
Cdaas- | -87.25 115.6 81.75 -1126 951.5 1.067 1 0.4793
Cdxrr
Pbaas- | -481.7 558.7 161.3 -836.7 -126.7 2.987 11 0.0124
Pbxrr
Niaas- | -1259 1958 565.2 -2503 -15.02 2.228 11 0.0477
Nixrr
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Mgaas- | -5793 3936 1136 -8293 -3292 5.098 11 0.0003
MgxRrr

Mnaas- | -792.8 1234 356.1 -1576 -9.021 2.226 11 0.0478
Mnxrr

Coaas- | -371.8 231.8 69.79 -527.3 -216.3 5.328 10 0.0003
Coxrr

Feaas- | 24440 25362 7321 8326 40554 3.338 11 0.0066
Fexrr N &

%
Appendix IV . @”

Mean and standard deviation of soil samples from Auto-r%@lic villages
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N Mean Std. Deviation

Statistic Statistic Std. Error Statistic
Caaas 9 2661 206.4 619.3
Caxrr 9 23395 8515 25545
Cuaas 9 566.7 137.7 413.1
Cuxrr 9 333.3 81.65 244.9
Znaas 9 1878 365.1 1095
Znxrr 9 933.3 299.5 898.6
Craas 9 14244 4526 13579
Crxrr 9 56.67 8.165 24.49
Cdaas 9 321.1 64.02 192.1
Cdxrr 9 94.44 [14.25 42.75
Pbaas 9 3222 2844 853.2
Pbxrr 9 282.2 90.29 270.9
Niaas 9 2947 1612 4836
Nixrr 9 23.67 6.12 18.35
Mgaas 9 56000 16707 50120




Mgxrr 9 7744 1382 4146
Mnaas 9 4044 405.2 1216
Mnxre 9 1367 255.0 764.9
Coaas 9 767.8 151.4 4543
CoxrF 9 8.778 2.332 6.992
Moaas 9 370 84.97 254.9
MOoOxRrr 9 .0000 .00000 .00000
Feaas 9 54511 121582 36475
Fexrr 9 28644 2757 8271
Valid N (listwise) 9

.\%w

endix \
Appendix VI ) QS%

Standard deviation and standard error means of paired elements of auto-mechanic soil
samples

Mean N Std. Deviation Std. Error Mean
Pair 1 Caaas 3.0556 9 62472 20824
Caxrr 3.3144 9 3.33395 1.11132
Pair 2 Cuaas 0567 9 04131 01377
Cuxrr 0333 9 02449 00816
Pair 3 Znaas 1878 9 10952 03651
ZnxRr 0933 9 08986 .02995
Pair 4 Craas 1.4244 9 1.35788 45263
Crxrr 0057 9 00245 .00082
Pair 5 Cdaas 0321 9 01921 .00640
Cdxrr .0094 9 00428 00143
Pair 6 Pbaas 3222 9 85318 28439
Pbxrr 0282 9 02709 .00903
Pair 7 Niaas 2947 9 48361 16120
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Pair 8

Pair 9

Pair 10

Pair 11

Pair 12

Nixrr .0024
Mgaas 5.6000
Mgxrr 4056
Mnaas 4044
Mnxgrr 1367
Coaas 4044
Coxrr .0009
Moaas 0370
Moxrr .0000
Feaas 54511
Fexrr 2.8644

O© v O v v v v v v ©

O

00184
5.01203
48583
12156
07649
12156
.00070
02549
.00000

3.64746

.00061
1.67068
16194
.04052
.02550
.04052
.00023
.00850
.00000
1.21582

27570
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Correlation of paired elements of auto mechanic soil samples

Q Pair 3
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N Correlation | Sig.
Pair 1 Caaas & Caxrr 9 -0.501 0.0431
Pair 2 Cuaas & Cuxrr 9 -0.0238 0.960
Znaas & Znxrr 9 -0.2681 0.983
Pair 4 Craas & Crxrr 9 -0.0123 0.0149
Pair 5 Cdaas & Cdxrr 9 0.9857 0.1601
Pair 6 Pbaas & Pbxrr 9 -0.1964 0.298




Pair 7 Niaas & Nixrr 9 05175 0.0978

Pair8 — Mgass & Mgxwe | -0.05198 0.1623

Pair®  Mnass & Moxee | 0.5338 0.2335

Pair 10  Coaas & Coxrr 9 0.1181 0.0008

Pair 11 Moaas & Moxrr 9 I)\\

Pair 12 Feaas & Fexrr 9 0.4904 0.0813

S
Appendix VII @
Paired Sample Test for Auto-mechanic Worksho
Paired Di ehg ))
A,
Mean Std. Std. Q, 95%  Confidence
Deviation %" interval of the
« n Difference
[ !
Lower Upper t df | Sig. (2 -tailed)
(* QQ
)

Caaas- | 20698 5861 8620 820.1 40577 8 0.0431
Caxxr Q 2.401
Cuaas- 36.%9 402.0 134.0 -315.9 302.0 0.052 8 10.960
CUXQ}
Znaas- | 6.814 954.3 318.1 -726.8 740.4 0.021 8 |0.9834
ZNXRF
Craas- | -4382 4256 1419 -7653 -1110 3.089 8 10.0149
Crxrr
Cdaas- | -66.33 71.40 35.70 -179.9 47.28 1.858 3 10.1601
Cdxrr
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Pbaas- -876.7 2360 786.7 -2691 937.4 1.114 8 0.2975
Pbxrr

Niaas- -1239 1983 661.2 -2764 285.6 1.874 8 0.0978
Nixrr
Mgaas- | -21283 27815 127815 | -55820 | 13254 1.711 4 0.1623
Mgxrr

Mnaas- | -329.9 768.0 256.0 -920.2 260.4 1.289 8 0.2335

Mn °
XRF . ‘b

Coaas- | -321.5 185.4 61.81 -464.1 -179.0 5.202 SQ‘)\ 0.0008

Coxrr &SO

Feaas- -18127 27278 9093 -39094 2841 1.994\, 8 0.0813
Fexrr . "
“‘é‘&

AppendixQQ

A
Mean, standard deviation and standard error mean for paired elements determined from farm

land soil.

Mean N Std. Deviation Std. Error Mean
Pair 1 Caaas 4306 9 3716 1239
Caxrr 15537 9 20499 6833
Pair 2 Cuaas 97.70 9 75.34 25.11
Cuxrr 196.3 9 209.8 69.94
Pair 3 Znaas 34.34 9 18.84 6.281
ZnxRF 548.0 9 641.0 213.7
Pair 4 Craas 4356 9 4753 1584
Crxrr 43.15 9 18.44 6.147
Pair 5 Cdaas 80.79 9 32.44 10.81
Cdxrr 57.04 9 46.28 15.43
Pair 6 Pbaas 47.83 9 19.25 6.415
Pbxrr 143.1 9 166.3 55.45
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Pair 7 Niaas 1868 9 1879 626.4
Nixrr 17.11 9 8.073 2.691
Pair 8 Mgaas 13870 9 13695 4565
Mgxrr 157.3 9 471.3 157.3
Pair 9 Mnaas 1623 9 1027 342.2
Mnxre 819.1 9 320.0 106.7
Pair 10 Coans 181.2 9 87.80 29.27
Coxrr 5.481 9 6.249 2.083
Pair 11 Moaas 170.9 9 94.03 31.34
Moxrr .0000 9 .00000 .00000
Pair 12 Feaas 14520 9 8192 2731
Fexrr 24946 9 9159 3053
Appe d%X
AN
Paired sample correlations of paired samples for farmlands
N Correlation Sig.
Pair 1
air Caaas & Caxrr 9 -0.3086 0.1630
Pair 2
air Cuaas & Cuxrr 9 20.2029 0.2473
Pair 3
air Znaas & Znxrr 9 -0.4521 0.0451
Pair 4
air Craas & Crxrr 9 001155 0.0262

158




Pair 5 Cdaas & Cdxrr 9 10.005588 0.2440

Pair 6 Pbaas & Pbxrr 9 0.2350 0.1175

Pair 7 Niaas & Nixrr 9 0.2139 0.0182

Pair 8 Mgaas & Mgxrr 9 102935 0.0178

Pair 9 Mnaas & Mnxgrr 9 0.1231 0.0619

Pair 10 Coaas & Coxrr 9 0.5352 0.0003

Pair 11 Moaas & Moxgrr 9

Pair 12 Feaas & Fexrr 9 0.2870 0.0168

U’
Q)(&pendix XI
Paired samples test for meanwntration elements of farmland soils.
-
Paired Differences
N
Mean Std™~ Std. 95% Confidence
\“ eviation | Error interval of the
,%Q Mean Difference
D Lower t df | Sig. (2 -
Upper tailed)

Caaas- 11231 21933 7311 -5628 28091 1.536 8 0.1630
Caxrr
Cuaas- | 98.55 236.9 78.9 -83.53 | 280.6 1.248 8 0.2473
Cuxrr
Znaas- | 513.7 649.7 216.6 14.21 1013 2.372 8 0.0451
ZNXRF
Craas- -4313 4753 1584 -7966 658.9 2.722 8 0.0262
Crxrr
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Cdaas- | -23.75 56.67 18.89 -67.31 19.80 1.258 8 0.2440
Cdxrr

Pbaas- 95.25 162.9 54.30 -29.97 |220.5 1.754 8 0.1175
Pbxrr

Niaas- | -1851 1877 625.8 | -3294 | -408.2 |2958 |8 0.0182

Nixrr

Mgaas- | -13713 | 13841 4614 -24352 | -3074 2.972 8 0.0178
Mgxrr

Mnaas- | -804.2 | 1112 370.8 | -1659 |50.89 |2.169 |8 0.0619

Mnxgr »:\cb'
Coaas- -175.8 84.62 28.21 -240.8 | -110.7 | 6.231 8 . )03
CoxrF ‘\»

e "

)

Moass- | -170.9 | 94.03 3134 |-2432 |-98.61 5@& 8 0.0006

Moxrr . ;Q

Feaas- | 10425 | 10389 3463 2439 43@ 3.010 |8 0.0168

¢

Q)‘bﬁﬁppendix XII

ANOVA Table of Ca from thMee Sample Sites using AAS

.\
~N
N/

Source of Vaﬁ'a@“ SS df MS F P-value  F crit
N Y
Betups 13584352.55 2 6792176 1.294655 0.290463 3.354131

Within Groups 141650651.6 27 5246320

Total 155235004.2 29
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) Appendix XIIT
ANOVA Table of Cu from&%ee Sample Sites using AAS

-

Source of Va 'a@“ SS df MS F P-value Fcrit
Y
Bet@@mps 205580.984 2 102790.5 3.15336  0.060823  3.402826
Within Groups 782331.2808 24 32597.14
Total 987912.2649 26
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% ppendix XIV
ANOVA Table of Pb from &%TY% Sample Sites using AAS

N
\C‘)Q

Source of K@ SS df MS F P-value F crit
Bet&roups 5509071 2 2754536  1.463387  0.251375  3.402826
Within Groups 45175230 24 1882301

Total 50684301 26
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Q)(%pendix XV

ANOVA Table of Ni from }%%‘Yree Sample Sites using AAS

(N

Source of Vaéq’ @‘ SS df MS F P-value Fcrit

Y
Betoups 2698071 2 1349036  0.337429  0.716934  3.402826

Within Groups 95951707 24 3997988

Total 98649778 26
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S
S
%ﬁendix XVI

ANOVA Tal@ from the Three Sample Sites using AAS

-

Source of Vari @z SS df MS F P-value F crit

Beh@?roups 510554223.4 2 2552771117 1.804905 0.186112  3.402826

Within Groups 3394444045 24 141435168.5

Total 3904998269 26
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@"%)’endix XVII

ANOVA Tab@bﬁ from the Three Sample Sites using AAS

Source &
)

Variation SS df MS F P-value F crit

Q

a

Between Groups 5843240 2 2921620 2.442073  0.108298  3.402826

Within Groups 28712851 24 1196369
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Total 34556091 26

.’
Appendix XVIII
e

A Table of Co from the Three Sites using AAS

£
\D
Sourc Variation SS df MS F P-value  F crit

Between Groups 207632.6 2 103816.3097 3.043881 0.066352 3.402826

Within Groups 818557.6 24 34106.56465
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Total 1026190 26

Q)Q Appendix XIX
ppendix
N

‘@VA Table of Mo from the Three Sample Sites using AAS

QQ

Source of Variation SS df MS F P-value F crit

Between Groups 1026536 2 5132.681  0.539289  0.590065  3.402826

Within Groups 228420 24 9517.5
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Total 2386854 26

\ Appendix XX

‘@)VA Table of Fe from the Three Sample Sites using AAS

QQ

Source of Variation  SS df MS F P-value  F crit

Between Groups 6221470407 2 3110735204  8.282163586 0.001567 3.354131

Within Groups 10141051867 27 375594513.6
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Total 16362522275 29

WV
<O
Appendix XXI

QQ ANOVA Table of Ca from the Three Sites using XRF

Source of Variation SS df MS F P-value F crit
Between Groups 13043923816 2 6521961908 8.80217 0.00136 3.40283
Within Groups 17782786562 24 740949440.1
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Total 30826710378 26

>
‘% Appendix XXII

QQ ANOVA Table of Cu from the Three Sample Sites using XRF

Source of Variation SS df MS F P-value F crit

Between Groups 4861159034 2 243058 5.36446 0.01266 3.44336
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Within Groups 996796.8236 22 45308.9

Total 1482912.727 24

: Appendix XXIII

ANOVA Table of Zn from the Three Sample Sites using XRF

Source of Variation SS df MS F P-value F crit

Between Groups 6782126.6 2 3391063 4.8349 0.0172  3.40283
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Within Groups 16832911 24 701371

Total 23615038 26

Appendix XXIV

ANOVA Table of Cr from the Three Sample Sites using XRF

Source of Variation SS df MS F P-value Fcrit

172



Between Groups 10857.52 2 5428.758 9.790549  0.000778  3.402826

Within Groups 13307.75 24 554.4896

Total 24165.27 26

Appendix XXV

ANOVA Table of Cd from the Three Sample Sites using XRF
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Source of Variation SS df MS F P-value  F crit
Between Groups 127574 2 637.868 0.51905 0.60896  3.9823
Within Groups 13518 11 122891
NS
2%
Total 147937 13 ;'\QO
Y
. "
Ay
&
S
o
\)Q)%
4%'»
N
N
Q

Appendix XXVI

ANOVA Table of Pb from the Three Sample Sites using XRF

174



Source of

Variation SS df MS F P-value  F crit
Between Groups 352481.2 2 176240.6 4.553314 0.019769 3.354131
Within Groups 1045062 27 38706.01

Total 1397543 29 Q}

Appendix XXVII

ANOVA Table of Ni from the Three Sample Sites using XRF
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Source of

Variation SS df MS F P-value  F crit
Between Groups  1596.827 2 798.4136 3.010442 0.066033 3.354131
Within Groups 7160.797 27 265.2147

Total 8757.625 .

Appendix XXVIII

ANOVA Table of Mg from the Three Sample Sites using XRF
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Source

Variation

SS

df MS F P-value  F crit

Between Groups

85716725.52

2 42858363 6.069315 0.007644 3.422132

Within Groups 1624140904 23 7061482
A
&
Total 248130815.9 25 . QO
~Y

Appendix XXIX

ANOVA Table of Mn from the Three Sampled Sites using XRF

177



Source of Variation — SS df MS F P-value  F crit

Between Groups 1274029 2 637015 2.22786 0.12719  3.35413

Within Groups 7720155 27 285932

Total 8994184 29 Q}

Appendix XXX

ANOVA Table of Co from the Three Sampled Sites using XRF
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Source of Variation SS df MS F P-value  F crit

Between Groups 142,687 2 713434 336483  0.05017  3.36902

Within Groups 551.27 26 21.2027

Total 693.957 28 ‘Z;i\
S0

Appendix XXXT

ANOVA Table of Fe from the Three Sampled Sites using XRF
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Source of Variation SS df MS F P-value F crit
Between Groups 1175230317 2 587615159  3.029568969 0.06501 3.35413
Within Groups 5236919656 27 193959987 . Cbi
Total 6412149973 29 \%

S

Appendix XXXII

Awotan Landfill
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Appendix XXXIII

Lapite Major Dumpsite at Moniya
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Appendix XXXIV

Ajakanga Major Dumpsite at Ayegun Oleyo
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Appendix XXXV

Aba-Eku Major Dumpsite at Odi Orita Aperin
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Appendix XXXVI

Map showing Mechanic Workshops Locations
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Map showing Dumpsites and Landfills Locations
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Map showing Farmlands Locations
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(GLOSOLAN) implemented by FAO from 11 to 13 November. (2020)

A one-day workshop on the use and operation of a portable X-ray ﬂ.uorescence
spectrometer organized by AfSiS-NiSiS at IITA. (2019) Q‘)i\
Workshop training on quality assurance and quality cont and plant
analysis, by AGRA/IITA in conjunction with Obafemi A@WO University Ile-Ife.

(2015) &c_;\

2nd Hands-on soil infrared spectroscopy tra1 course ICRAF Nairobi Kenya.
(2014) QQ

Training on capacity building fo E@g plant analysis organized by AGRA/IITA
in conjunction with NISLT. % 014)

Hands-on soil infrar%@scopy training course, ICRAF Nairobi Kenya. (2013)

Workshop traini Q\n FT-IR, AAS, and HPLC principles and applications

organlzedqg@%uludmc1p11nary Central Research Laboratory of the University

of Ibad 013)

Tramn g on principles and application of PGS500 atomic absorption

Q spectrophotometer organized by WINTECK Nig. Ltd/ARCN. (2012)

(15)

(16)

Training on the operation of the mid-infrared FT spectrophotometer at [.A.R Zaria.
(2011)
26" Annual National Conference/Workshop of Nig. Inst. of Sci. Lab. Techn.

(2011)
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(17) Mandatory Training workshop on the principles of chemicals management and
environmental impact assessment of the institute of Chartered Chemists of Nigeria
ICCON  (2008)

(18) Certificate of Training on Modern Trends in Sci. Lab. Techn. Practice. (2006)

(19) 22 Annual National Conference/Workshop of Nig. Inst. Of Sci. Lab. Techn. (2006)
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