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Abstract

This study aims at assessing geochemical characteristics and water quality status of water sax'np_Ies
from parts of Southern Bida basin in order to identify the physicochemical charactenstlf:s,
hydrochemical facies, and geochemical signatures of the water sources through analy§e.s and in-
depth discussion of eighty-three (83) groundwater samples. pH, electrical conductivity, total
dissolved solids, sodium, potassium, chloride, and bicarbonate, had average values of 6.2, 344.8
uS/cm, 179.6mg/l, 31.2mg/l, 30mg/l, 44mg/l, and 84.8mg/l, respectively. Rock-water interaction
is the main determinant of groundwater chemistry, and CaHCO;3 is the dominant groundwater
facies. Indicating the dominance of alkalis over alkaline earth elements, the chloro-alkaline indices
show that 90% of the samples are undergoing reverse cation exchange reactions. Geochemical
modeling using saturation index revealed that groundwater is under-saturated in comparison to the
surounding system. Total dissolved solids (TDS) measured in the samples have positive
correlation coefficients of 0.66, 0.63, 0.73, and 0.85 with Na, K, SO4, and ClI respectively. This
suggests that these major ions are the major sources of TDS. Three factors were identified through
factor analysis: A, B, and C which account for41 %, 20% and 9% of the total variance respectively.
A comparison of the ion concentrations with globally accepted recommended values revealed that
90% of the parameters were generally within acceptable ranges and thus suitable for drinking
except restricted elevation of chloride while 85% of the groundwater sample fell within the
suitability range of the irrigation suitability charts. :

Keywords: Groundwater, Hydrochemical, Factor Analysis, Water Quality, Physicochemical.

INTRODUCTION (WHO), 2.2 million people worldwide pass
away from diarrheal illnesses each year
The quality of water, one of the essential (WHO, 2019).
C.lcments of the physical environment, has a
Significant impact on people's health, wealth, Water is necessary, and the development of
flnd lifespan, Access to clean water, dietary civilization and industry depends on its
Intake, laboyr productivity, and economic availability. Up till every home has access to
8rowth are 41 clearly correlated (Ige et al, clean, pure, and safe water, efforts should be
2?21)_ Over 80% of the 3 million people who focused on providing potable water (Jiang et
died becgyse of contaminated water and food al,, 2016, Akhtar et al, 2017, Ige et al,
n 1995 were children under the dgs of five, 2020). In recent years, it has become crucial
“Cording tg the World Health Organization to assess the water quality that humans drink
85
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arid cOmpare it o global standands (Wang et
al., 2015, 1ge et af, 2017). A vital step in the

development of agricultural and industrizl

Wﬁjeﬂtﬁ is the evaluation of water quality
(Qishlagi et af 2017). It is impossible to
overstate the value of evaluating the quality
of the water, It can aid in monitoring water
Comamination  and prevenling  severe
environmental risks that could be brought on

by it (Akoteyon, 2013; Ige et al., 2017 and
Oloruntola e al., 2018).

The solutes and gases dissolved in the water,
as wel[a.stbcdchﬁssuspendndinaud
floating on the water, all affect the quality of
the water. It is 2 result of the chemical,
physical and natural makeup of water as well
4% any changes that might have happened
because of human activity. Natural water's
chemical makeup can change through time
and place as it travels through lithologies
with various properties. Transitions between
cxtremes of quality and quantity are also seen
(Al-Ruwaih and Shafiullah, 2017).

The hydrochemical processes provide insight
into the effects of anthiropogenic impacts and
rock-water interaction on the quality of
groundwater. The seasonal and geographic
variations in groundwater chemistry are
caused by these geochemical processes (Ren
et al., 2020). By interacting with aquifer
minerals or by mixing with other
groundwater through subterranean flow
channels, groundwater undergoes chemical
evolution. According to De Costa ef al
(2019), microtopographic restrictions on
spatially varied recharge were what led to an
increase in solute concenfrations in
groundvyater.

86
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In addition. cations and silica are being addeg
to the system through the weathering of boty
primary and secondary minerals. {A«j;‘:hn o
al., 2019). The supply of fresh water 2 globa]
issue that affects everyone is a major ftem in
the sustainable development targess (SDGs),
The kinds and quantities of solutes/gages
dissolved in a water body determine jq
appropriateness for the mtended nses (Ige o
al, 2017). Nigeria's growing population,
urbanization, and subsequent contamination
of water supplies brought studies intg the
quality of groundwater to the forefrop
(Ehinola, 2002; Karamouz et al, 2011).
Therze is a dearth of data on water quality in
the southern Bida basin, although severa]
studies on the subject have been carried ont
in the northem and central regions of the
basin. Sidi e al. (2016) evaluated the
chemical quality of water from shallow
alluvial aquifers in and around Badeggi.
Central Bida basin, Nigeria. The results show
that most major ionic concentrations are
within drinking water limits established by
the World Health Organization and Nigerian
Standard for drinking water quality, except
for phosphate, nitrate, and sulphate, which
were above, indicating anthropogenic
contribution from agricultural practices in the
area. CaHCOs and NaHCOs were the
recognized hydrochemical facies. It was
determined that the water quality in Badeggi
and its surroundings has not been negatively
impacted by anthropogenic factors, but
continued monitoring was advised.

Consequcnﬂy, due to water pollution
problems and importance of water quality to
economic growth, this study will focus on
assessing the geochemical and water guality
appraisal in the study location.
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Study Area

The southern Bidy basin iy loeateqd
latitudes N07°45° and NUS"B{)‘; [nngiludm
E006°40° and E006°55> (Figure D). Iy cn\*cr‘:‘s
an arca of APproximately 274¢ km?® and fy)1
within Kogi and | .

bet Ween

okoja Locg] Governmen(

ale, "IWCn[y-iwo localitieg

Felele, Jamata, Igashe, Apamoba, Akpogu,
Edcha, Karara, Bassa, Lokoja, Agbaja,
Igbonla, Gcgu-beki, Gegu~egba, Koton-
Karfi, Banda, Bakomba, Achabo, Ozi,
Ahoko, Okumi, Idori and Ohong.

The region is also made up of the river Niger,
its flood plain, and its tributaries, and is

Whler Resonreeq (2023)33: 85 - 101

distinguigheq by a belt of plains and mesas,
The river begins in Guinea's Foutha-Djallon
Mountaing and travels 3,500 km (o Lokoja,
Kogi State, where it converges with the river
Benue before continuing to the Niger Delta.
It leaves behind deep, highly petroliferous
Strata of marine sediments along the delta
front. A spring-fed creek called Patt; empties
into the river Niger. Since these sources of
Water are seasonal, they evaporate at the
height of the dry season because of both a
drop in the water table and evaporation. A lot
of tributaries join the main river in a tree-like
configuration, and this is the typical drainage
pattern.

0300°E !moo’oogw”‘ LOTE
i T L L &
af ==

LEGEND
—— Major Road
~—— Minor Road
o Locality

4 Samgling Points

] soteot

Figur

¢ 1: Location map of the study area
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Geology of the Study Area

The study ares lies in the Mid-Niger or Nupe
Basin  The Northemn Rida  Basin  and
Southem Bida Basin make up the Bida
Rasin's gevlogical sequence (Adeleye, 1073).
(Fig. 2). The PreCambrian to Lower
Palacozoic Basement gneisses and schists are
stratigraphically overain by the Campanian
o Maastmichtian Lokoja Formation in the
Southern Bida Basin. The Maastrichtian Patti
Formation covers it. and the Maastrichtian
Agbaja Ironstone Formation follows (Ojo,
1992: Obaje, 2009).

-y

Water Resources (2023) 11 o
I3RS <03

I'he study was conducted in (he Bida bhyg
Sin

¢ i _ s Ogica)
features, which are disunguishgd b
sedimentary and basement ¥

because of its intricately won en geol

‘Mmation, |,

several communities that rely heavily on

addition, the research region

water for urbanization, agriculture, gpg other
uses in response 10 population growth, Due 1o
the rising demand for water and the resulting
water stress on the existing water supply
sources, it is crucial to analyse the Precise
physico-chemical charactenistics of the
basin's groundwater (Ige er al,, 2020).

Northern
Bida Basin

Bidg =" o -7+ ALokojas -
 Formatien. - - : ‘Fo

Maastrichtian
Maastrichtian FTKE
Campanian '
Precambrian s

+ + - + - + + -+ + +
Lower Paleozoic| * , * Basarheht Complex. *.*.*." .
+ o+

Bida Basin SE

Southern
Bida Basin

-

+ o+ + 0+ = o+ + o+ o+
S -RQ 50 KS L R SRR T T S T
+ O+ O+ »

. L S S S O S S -

Figure 2: Stratigraphic succession of the Bida Basin (Akande, 2005)

88




ity | M s 0i 1y ol e 1

MATRIIALL Al ME TG

Atoms e il sy Hikd, wy bittfdles of
RFOHIIVATEL SRV Lty kit
B welle gl T Wil
sumiples were kg ) iastic comitaipgg it
b Beeni nmghly elewed iy, Aiutif s
waket wid (e wintes Do il . | gy
s Bl st Uhtinbiley  ikw i,
Total Dissolved fn)idy CEOR), tsmmpmtasure
aid —electtionl  conduetiyiry (VL) gy
sssessed inesitn. The wag sailet e
divided inito those for the b anid miioms
tessts, and (e sminples for calienns (st wgre
scidified with witrie wsid and kit chiled,
Within A% hours after sanpling, afl water
samples were delivered 1) the lab  for
analysie, /11 analyses wore varded om ity
the  Inductively  Coupled Mastnn  Mags
Spechrometry (10 VME) 10 determine fhe
comaentration of the ions such ws Ca”', Mg
', K C1 HCOT, CO7 and 804 i onch
water  sample,  Cienerally, the Al
procedure (AVIA, 1995) was used for
sample collection, proseryation, amd analysis,

RESULIS AND DISCUSSION
Resubts of physienchemiens parametors

The findings of the statistions atialysis of
physicodhenical properties of the water
snples  are  prosonted  as minirminn,
maxinmirm, toean, ad standard  deviation
(Vablec 1), o83yt vary from 5.5 10710 with
“mkan of 6,0 which indicates that (he
wmdwater smnples are slightly acidic 1

i

Wnten Wasenmias (H070) 48 05 1475

T O Y o e O A L LU
FERLA sl etn wrikhs s # r6aigge vt ef 144 4
1 et aitle ‘11K ratues vty feene 14 i
AN g/l itk w00 kst s ok 119 4
I/l s §1 0 vt woss ssuppntiors o
PAstIEIL  geditdes atesr wies fhery are
Eliified w6 framty ymine (Bemph wids € hssr
519), 't cenimmtiationn o eateinn,
Inagialn, i, wnd gdasin
frnn 09100 wghl, $4 4550 wght., 04

VIOA g/l wnd 0% %08.50% gt with
tienti yahws oF 124, 50, 987 wnd 1010
gl tedively.  the  cmcerdiation
bionitnmats, — ohlorids, — sighats,  and
oartiimintt tanged from $0.594559 wglt,
D7 5111 g, 045600 g/t and 0,00
TN g/l with 1nenn vabues of wn.%, 440,
715 wid G806 s/, respetivety, ASY these
values fall within the WO and SN
Attt it except for it and chileride
it et smirghens vbich onid be bevruse of
#ibegenic achivitios in the aren,

Hydrochemien! ¥aetes Classitication

Thiés smimplen of groundumter from the sty
location were bydrochermioally characterizen
tstrvg the primmary ioms; C#”, g, N#', K
CF, HOOE and S04, Aewding 1o the
Viper's Giageam (Vig, 1), the Capicy )y Water
by, which makes wp around 10% of the
resentch  rogion, s the mes prevalent
wromndwater facies, followed by mixed type

(12, Nall type ( 10%), and Cacl type
(%%,
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Mechnanismy (‘unlrnlllnu

Geochemistry

Gibby diagram

Many processes, whie
rock weathering, and o
can influence the chemi
Gibbs diagrams are
identify the key factor
composition of wa(er

and Cherry, | 979

(

hinelude

vaporation procesy,
stry of Eroundwater,
frequently  uged (0
8 driving (he chemicy)
(Giibbg, 1970; Freeye
Marandi and
2018). The Gibbg diagram'
was occupied by around 909
indicating that water-

primary factor determining
composition of groundwa(er (¥

0 0 10 10

sragved g osysemd oo

10°

Totalafnssaveas?ids.ms(mﬂ}
0 10° 108 10

10°

Total dissolved solids, TDS(mg/

3

8 central portion
o of the samples,
rock interaction ig the
the chemical
igure 4),

J

2411 1. & r 2
Water Pesonrees (202%) 45: 45~ 10

.‘rnumlwuh-r

End-member dlagramsy

md-member  diagrams, a5 proposed by
Cinillardet ef al, (1999), are used (o determine
the makeup of the different types r:i'mckg'that
are involved in the rock-water interactions
that the Gibbs diagram identified a5 the
primary  process regulating ’walcr
Hydrogeochemintry, By plotting (Ja“ﬁ-@
against ratios of Mg /Na* and HCO; /Na',
the  End-member diagrams are created,
Groundwater samples from the southern Bida
basin were studied, and the end member
diagram (FPig, 5) of thoge samples reveals thf'it
silicate weathering — is  the  main
hydrogeochemical process determining the
chemical compogition of groundwater,

precipitation,

Shand,

e g . A I BDA
- P FEL BLE
—"Z/M = IGA . AC
P A = b
a ! U™ Pa / EDE 4 Afik
ok - Wiy L VA * OKU
i W Interaction P Tete)
» el . 2] ° 5%
F=at . % po Ui i o8 GGE
--",i... "‘nﬂp - b
T e W apeon
'&‘_..-“‘
T T T __T——____'l__—_-“j;—-
(Vs] 0z D4 on 2y, 0B 1
Na /(Na + Ca”")
—_.-.-’ M ;," JAM BDA
St %ﬁ; s pos
__,r"' D"‘f*n:- (7 :i R)AA .agﬁ
. Hock - Willes . egpﬁ R Eﬁk
1 &, ¢ Interaction T~ A
i-& - ’ & . ""...,!-' KAR * OKL
1 "*-...___ +* }1] .ﬂr ',’_-..‘-. : EQJS : IODqu
o otk oc.*,,;,‘m_
- -..__f"_f:uf.,,,.' f&% GGE
—— = - - =
0o 0z 04 on 0w 10

Cl/(CI'+ HCO3)
Figure 4: Gibb’s diagram
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£ ahiemnate P bt 1/-/,

% ' :
' 10! 10’
Ca’' / Na'
" . 17
k Chrbonate Rocks g @
aE
~
e .~ : %‘ :I
- .-
2 : G
- su “,
g :
.
2 '
AT
?g _Ewporlullodt
1&" 15" u's' 10' 107
ca?' / Na'
Figure 5: End member diagram

Ton exchange processes

Schoeller (1977) proposed the chloro-
alkaline indices, CAI-1, and CAI-2, which
are calculated using the formulae below, to
comprehend the chemical exchange of ions
between groundwater and its surrounding
aquifer material during residency or travel.
These indices' values might be either positive
or negative. A direct cation exchange
reaction occurs when Mg?* and Ca?' from the
rocks are exchanged for Na* and K" from the
groundwater (positive values of CAI-1 and
CAI-2), whereas a reverse cation exchange

Chloro Alkaline Index 1, ATt

cl- — (Na* +K*)

reaction occurs when Mg?* and Ca®' from the
rocks are exchanged for Na' and K* from the
groundwater (negative values of CAI-1 and
CAI-2) (Al-Ahmadi, 2013). For the
groundwater samples in the research area, the
chioro alkaline indices (CAI-1 and CAI-2)
vary from -9.7 to 1.19 (mean = -0.91) and -
16.7 to 2.15 (mean=-131), respectively
indicating that the majority of the samples—
roughly 90%—are undergoing reverse cation
exchange reactions, in which Ca?' and Mg?"
from the groundwater are interchanged for K*
and Na" from the aquifer's material.

cl-

Chloro Alkaline Index 2,

CAI — 2

Cl~ = (Na* + k%)

92
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Water Quality Evaluation for Irvigation

It is crucial to keep iy mind (h

al
deemed good

. Walter
for drinking does

not
necessarily meet {he requirements  for
irmigation (Haritash ¢; al, 2016). Water

quality for irrigation suffers d
salt concentration (represented by dry
residue/EC and Na+ concentration), The
soil's permeability is decreased by t00 much
sodium in iTigation water, and clay
deﬂocculation, which affects soil structure,
The following criteria Were used to gauge the
water quality for irrigationa] purposes.

uc to dissolved

Sodium A dsorption Ratip (SAR)

Based on SAR, Richard (1954) suggested a
classification of Irrigation-suitable
groundwater. The sodium adsorption ratio
(SAR), which measures the salt hazard in
irigation water, is the relative content of
sodium, magnesium, and calcium in water.
The availability of water for crops is
subsequently lowered when there is an excess

304
&2
I — 26 -
< “N
D (B
g 20
— 18
Jﬂf o~ 10\
g |1
?
w

| s1

250

\
e

1 &m‘
:£QMh-LuudHﬂa$L__ﬁ__

750

Water Resources (2023) 33: 85— 103

of sodium in groundwater, which decreases
soil permeability. Based on SAR, water for
irrigation is rated as excellent (S1), good
(52), doubtful (S3), and unsuitable (S4) for
values of 10, 10-18, 18-26, and >26,
respectively. SAR values range from 0.1 - 7.0
meq/l, with a typical value of 1.0 meg/l. In
the research area, all groundwater samples
are in the excellent category for irrigation
usage according to the classification based on
SAR (Table 2). The groundwater samples
were from the S1 and CI1-C3 fields,
indicating a low sodium hazard and salinity
that ranges between low and high, according
to the salinity diagram (Fig. 6) proposed by
the United States Salinity Laboratory (USSL,
1954). In C3-S1, which is typical of samples
from Bassa and Felele, it is possible to
cultivate plants with high and moderate salt
tolerance, such as cotton and wheat.

Na*

SAR = /——= "1
2+ 2+
’Ca +2Mg

CEEREE0AE

oDmX=
=29

000D >00000000000000 >
&%

83825882

2250

§

(et

c2

Cs | c4

Salinity Hazard (uS/cm)

Figure 6: Salinity Diagram
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Nodbim Porcent (%Na) and Soluble Sodinm
Pervenmage (S\W

Phe sodiom pecent (% Ny or soluble
sodinm PENent ix 0 paameter that can be
used o detemitne e impaot of sodiom
cantent e pronndwater oy fripational use
(SR The slassitication of irfpation water
ks sodiim content o constderation since
sodiim interaets with the soil o reduoo ity

pormeability (Wilcox, 1985), For values of

<20, 2040,
wespectively,

40600, 00RO, =80,
the sodium pereent
classification of' water iy excellont, pood,
permissible,  doubttul,  and  unsuitable.
Avconding to this study's lindings, the percent
Na ranges (rom 44 0 84.7% (Mean =
~3.0%); as & rosult, 61% aro oxcellent, 24.4%
are pood, 6.1% are permissible, 7.3% are
doubttul, and  1.2% are unsuitable  for
irrigational usage. For values under 60% and
over 60%, respectively, the Soluble Sodium
Percentage classifies water as suitable and
unsuitable,  Because the SSP of  the
groundwater samples ranges from 5.81 to
80.8% (Mean' = 30.9%), 85% of the

and

000

Watey Resogives (021 11 HS

103

proundwater snmples are

dl.‘('med
appropriate, and 15 percent are  deemed

unsnitable (Lable 2).

Na'

sSSP
(Nat + KY)
CCa* 4 Mg*t 4+ Nat o+ Kt

x 100

Wilcox plot

The groundwater samples from the study
location are shown here as a plot of Na%
against  electrical  conductivity  (Wilcox,
1055). According to Fig. 7, 76% of the water
samples fall into the excellent category, 23%
fall into the doubtful and permissible
category (mostly Bassa, Filele, and a few
Lokoja samples), and the remaining 12% fall
into the doubtful to unsuitable category
because of their high sodium content. The
excellent field's groundwater samples are
ideal for irrigation since they do not allow
soil agpregates to spread.

009512>0000008050005
B222zae32572RE005 20

2800

Electric Conductivity (uS/cm)

3060 2800

Ifigure 7 Wilcox Diagram
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Kelley's Ratio

According 10 Kelly's rato, Kelley (1951)
discovered that the quality of irigation water
can be dangerously impacted by sodijum. The
formula below was used to determine Kelly's
ratic, and all concentrations were represented
in m/l. With 2 mean value of 0,1, the KR
yalues vary from 0.5 10 5.5, A value of >1 for
Keib/'s ratio denotes 100 much sodium in the
water. Water with 2 Kelly's ratio below one is
therefore good for imrigation, while water
with z ratio beyond one is not, According to
the cumrent study's groundwater samples,
87% of them zre suitgble for irrigation, but
13% of them are not, which is typical of
samples from Bassa and Edeha due to their

High sodium concentration.
Na*
KR

~ Ca? + Mg?

Permeability Index (PI)

The usage of irrigation water for an extended
period 2nd 2 rise in the soil's Na, Ca, Mg, and
HOO3 levels can both have an impact on the
pemmezbility of the soils (Doneen, 1964).
Using the equation below, the permeability
indey is defermined. A classification of Class
175%), Class 11 (25-75%), and Class 111
(25%) irrigation water is possible based on
e P values, A permeability index value of
more tzm 25% makes Class-] and Class-I1
WZer types appropriate for irrigation. The PI
values of the research region are between

95

1073

Water Jesources (2023) 33 BS

‘ < (e f'f
144 and 665%, with an average value o

73.9%. With Pl exceeding 25% in nearly
#7.8% of the groundwater samples, they can
therefore be used for irrigation.

Na* + JHCO3

Suitability of the groundwater sources for
drinking purposes and possible health

impacts

For long-term groundwater users, the World
Health Organization (WHO, 2011) and the
Standard Organization of Nigeria (SON,
2007) recommendations were utilized to
assess the water quality and potential effects
on the health of humans (Table 3). It
demonstrates that, based on their physico-
chemical characteristics, most groundwater
samples from the study location are suitable
for domestic use because they are within
permissible limits; however, a small number
of samples, particularly those from Bassa and
Felele, have chloride concentrations that are
higher than the maximum permissible limits,
this may be due to anthropogenic and
geogenic activities and this may pose a health
risk. Considering this, a map of water quality
was created 1o show regions where
groundwater is potable, at risk of
contamination, and mildly contaminated
'g;tsed on WHO approved standards (Figure
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Wwater

11-17
Sodium Absorption Ratio . Doubtful
18 —26 3
Unsmtable

>20
9 Suitable
<60 V%o i i5

e Sodium Percent-

>60%

<750 Excellcnt

750 — 2250 Permissiblc 16
Unsuitable

Quitable
Unsuitable.

Suitable (class D
i 58
Permeability Index 25-75 Isjmtal.:'leb(lclass (Ic?ass
25 nsulta (&} 1 2
Table 3: Comparison of samples with drinking water guidelines
Range (this re- WHO (2011) Per- SON Health implica-
Parameters search) missible and maxi- (2007) tions/ Side ef-
=t Min Max mum limit fects
pH 47 72 6.5 8.5 e corrosion,
h impaired taste
58 cm) 10 ‘1111.6 900 1250 1000 Salty taste
DS (mg/L) 10 a5 =50} TECURERLON Salty taste, PIP®
TA (mg/L) 8 184 3 . scaling
Na(mg/l) 06 1704 200 300 200 High blood pres-
K (mgL) 03 3015 - ) S
Mg (@g/L) 1.4 155 Hardness/ gastro-
60 170 intestinal _irrita-
2 tion
a(mgl) 09 70 100 500 75 Furring of kettle,
HCOs i wastes soap
% % g/%)gm 5 1859 550 1000 1000 ?:ﬂmxrw heart
J(mgl) O 256 250 10 e
0
CO3(mgL) O 230.4 - 1200 120 Laxative effect
Cl(mgl) 02 2719 250 250 o
0 Salty taste
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Figure 8: Water quality map

Geochemical Modeling

Geochemical models are used to calculate
chemical reactions in groundwater systems
such the dissolution and precipitation of
solids, ion exchange, and sorption by clay
minerals (Plummer, 1984). The Saturation
Index (SI) indicates whether water would
typically precipitate or dissolve a specific
material. When the value is negative, the
groundwater is under-saturated with respect
to that specific mineral and the mineral may
be dissolved. When the value is positive, the
groundwater is saturated with respect to the
mineral and is unable to dissolve any more of
the mineral, which causes it to precipitate.
When the value is zero, the water and mineral
are at chemical equilibrium (Plummer, 1984).
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The ion activity product (IAP), which
measures the chemical activities of the
mineral's dissolved ions, is used to determine
SI (Ksp). In this research, SI calculations
were made using PHREEQC software,

IAP
= log(-ﬁ—)
sp

Table 4 provides an overview of the data on
the mineral saturation index (SI) for selected
minerals for groundwater samples. Calcite,
aragonite, dolomite, gypsum, and anhydrite
all have SI values that are negative, indicating
unsaturation, which is typical of silicate-
hosted groundwater aquifers,
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Table 4 Summary Statistics of saturation indices with respect 10 ceriain mineral species
Mean Min Max
Calcite -1.46 -3.06 -0.47
Aragonile -1.6) -3.21 -0.6]
Dolomite -2.38 -4,76 -0.82
Gypsum -3.44 -5.16 -1.28
Anhydrite -3.66 -5.38 -1.50
Statistical Evaluation
Factor Analysis

Pearson Correlation

Table 5 displays the matrix of Pearson
correlation coefficients for the parameters of
the water samples that were tested and
znalysed. In this study, correlation
coefficients larger than 0.6 are regarded as
strong, and correlation coefficients less than
0.6 as low. Due to their natural relationship
znd the fact that one can theoretically
calculate the value of the other knowing the
value of the first, TDS and EC have a high
positive correlation (0.9). Na, K, SOs, and Cl
have correlation coefficients of 0.66, 0.63,
0.73, and 0.85 with TDS, indicating that these
keyionsarcthemainsoum&softhe
measurement of Total Dissolved Solids
(TDS) in the samples. Additionally, there isa
strong positive correlation between sodium
and each of the following: sodium and K
(0.68), sodium and SOz (0.68), and sodium
and Cl (0.82). In the crystal lattice of
common minerals, the cations Na and K can
interchange since they are linked.
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Utilizing the statistical approach of factor
analysis, one can reduce the number of
variables in a dataset by discovering the
latent relational structure among the
variables. After factor analysis, the best
number of factors is chosen using techniques
like parallel analysis and eigenvalue. Three
components emerged from the investigation,
accounting for 70% of the overall variance.
Factor 1, which has high positive loadings on
EC, TDS, and Cl, moderate positive loadings
on pH, Na, K, and Ca, and negative loadings
on CO3, explains 41% of the total variance.
The relationship between these chemical
elements, which can be referred to as "the
water-rock interaction factor," represents the
impact of water-rock interaction on
groundwater quality. Factor 2, which
accounts for 20% of the variance overall and
has significant positive loadings for both total
and HCOs levels, may be referred to as the
alkaline factor. Alkalinity refers to the
quantity of ions in water that are present and
neutralize hydrogen ions. The three
substances that make up most alkalinity are
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hicarbonate,  carbonate, a1 hydroxide,
Because most of the groundwater samples

have greater magnesium concentrations than

Table 5: Pe
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4 . 30, .
calcium, factor 3, which aceounts for 9% of
the overall variance, has strong positive
loadings on Mg,

arson correlation coefficient matrix of the measured and anal ysed parameters

PH_FEC TDY TA Na K My Ca  HCO, 80; CO; O

pHi I

EC 0 ]

™8 0 0.91 J

TA A1 03 .03 ]

Na 0 063 0.66 .5 |

K A 06 063 03 068 I

Mg 002 045 013 .02 029 024 g

Ca -0 036 043 0.19 033 02 023 1

HCOs 01 .03 0.3 I <05 03 202 017 |

80y A 063 073 -03 0.686 055 -03 03 -032 1

Cos 01 04 04 009 .02 0.2 0 05 009 -02 1

Cl 0 07% 0585 -05 0.82 .68 0 027 -049 092 -02 1
CONCLUSIONS of cation and anions, the order of ionic
Aspect of geochemical and water quality dominance is Ca** > Mg > Na"* > Kt and
studies of Southern Bida groundwater HCO: > ¢f > s0¢ fespectivelys The
samples have been evaluated, The discussion hydrochemical - facies are classified into
covered the principal ion concentrations, the CaHCOs (70%) > mixed CaMgCl and
origin  of the dissolved ions, the CaNaHCO; (12%) > NaCl (10%) > CaCl
hydrochemical facies, variables affecting the (7%). Except for a small percentage (15%) of
chemistry of groundwater, the geochemical samples that h.avc excess  sodium
processes in the groundwater, the ion ooncentrftt'lon,‘ 'whl_ch can reduce soil
exchange mechanisms, and the suitability of permeability, irrigation parameters indicate
the waters for irrigation and drinking. Except that most of: the saml?les are fit for irrigation,
for' fow samples that slightly exceed the The largest ion contributors to the ions in the
recommended values, most notably chloride Waler samples were shown by several ionic
SALEDN (ol cin be  aticbited 7 plots to be %111catc weathering. The main
anthropogenic activities of the residents in process affectlmg thf’ chemi-stry and quality of
residential areas and can affect water taste, groundwater ig the interaction between water
Aot e tirniions ure genenlly withi and rock; other processes 11.10111(1&: \?feathering
dcceptable fimits advised by relevant olf 'the host rock ttlrough mmcfral dissolution,
standards such a8 WHO and SON. In terms silicate wcathc{mg, and inverse cation

exchange reactions. The chloro-alkaline
99
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indices showed that nearly all samples (90%)
were experiencing reverse cation exchange
reactions, in which Ca’” and Mg~ from the
groundwater are swapped out for K™ and Na'
fom the aquifer’s material. According to
geochemical modeling, all water samples are
undersaturated relative to the environment.
which causes the minerals to dissolve and is
typical of silicate-hosted  groundwater
aquifers. A high correlation coefficient
between particular ions and TDS suggests
that these significant ions are the main
sources of the measurement of Total
Dissolved Solids (TDS) in the samples. Most
of the water samples from the southern Bida
basin are fresh water sources, according fo
the TDS readings, making them farrdy
suitable for drinking. As a result, the water
sources are moderately to adequately
appropriate for drinking and agriculture. It is
therefore recommended that further research
should be carried out on the trace clements
present in the water samples to further
provide information on the groundwater
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