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Abstract

The Geo-statistical analysis of the hydrogeochemical evolution of groundwater in
Jebba, Nigeria was carried out using Multivariate statistical analysis such as
Comelation Analysis (CA), Factor Analysis (FA), Hierarchical Cluster Analysis
(HCA) and Frincipal Components Analysis (PCA) to classify the groundwater and
to identify geochemical processes controlling groundwater geochemistry. A total of
Torty-two groundwater samples (21 samples for cations analysis and 21 samples for
anion analysis) were collected. Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) technique was used for cation analysis, DR 2010 Spectrometer was used
for Sulphate and Nitrate determination while the Total Allkalinity was determined
volumetrically, From the result. relative abundance of major cation and anion
concenirations are Na>Ca> Mg> K and HCO3> CO;>Cl>80,>NO5 respectively.
Trace elements show an increasing order of Fe>Ba>Al>Mn>Zn>Pb in the hand-dug
wells and Fe>Ba>Mn >»Al> Zn >Pb in the borehole. Gibbs diagrams show that the
source of ions in the groundwater is from rock weathering and little contribution
from precipitation. Correlation magrix shows that most of chemical paramaters of the
groundwater have very high. high and moderate comrelations. Factor analysis
mdicated 5 factors. Factor 1 is a typical characteristic of fresh water and suggests
multiple sources of the ions. Factors 2. 3. 4 and 5 ‘}plCﬁH} suggests anthropogenic
sources. In summary, the vari-factors obtained from Factor analysis indicated
(supporting the Gibbs diagram) that the parameters responsible for groundwater
quality variations are mainly related to groundwater-rock interaction (particularly
weathering of silicate minerals) and anthropogenic sources. Four clusters generated
from cluster analysis show that HCO; dominates most of the water samples with
high concentrations of Ca, Na and Mg ions indicating fresh water type and
interpreted as rock-water interaction or natural mineralization.

Keywords: Groundwater, correlation analysis, factor analysis, hierarchical cluster
analysis and principal components analysis

44



/28/2020

PDF.js viewer

0.A. Omotoso et al.

Introduction

The chemistry of groundwater plays a very significant role in evaluatng its
suitability for domestic, agricultural and industrial purposes. Groundwater quality is
being controlled by numerous factors such as soil features, climate, passage of
groundwater over rock formations, topograply and hunan activities (Rajesh et al.,
2002. Lakshmanan et al, 2003. Cloutier et al.. 2008, Prasanna. et al. 2010).
Multivariate statistical analysis is one of the statistical tools that are useful in
hydrogeochemical studies. Across the globe. several researchers have adopted this
method in simplifying the understanding of hydrogeochemical data. Stemhorst and
Williams (1985) made use of multivariate statistical analysis of water chemistry data
in two field studies to delineate the different sources of groundwater. Prasauna, ef al.
(2010) used multivariate statistical analysis of water chemistry data to delineate the
source of elemental composition in the groundwater of Gadilam River Basin, South
Indian. In their findings, they concluded that Factor analysis showed that dissolution
and leaching of secondary salts, weathering and anthropogenic impacts are dominant
controlling factors in their area of study. Hence, multivariate analysis was used in
this present work fo delineate sources of ions in the chemisty of groundwater m
Jebba, central Nigeria.

The Study Avrea

The study area, Jebba and environs lies between latitude 9° 11° 297 N to 9° 06° 557
N and longitude 4° 48° 247 E to 4° 51° 06” E. covering an area of about 56 km® lies
within the Nigeria Basement Complex (Figs. 1 and 2.) which covers about 60 % of
land area of the country and the study area is also overlain by Cretaceous and
Tertiary sedimentary facies. The area consists of a suite of Precambrian rocks, which
include-migmarized gneisses, schist, quartzite, amphibolites, and other are non-
fractured granite and diorite (Ajibade and Woakes, 1976). The hydrogeology of the
study area is greatly influenced by the nature of rocks. The mineral composition and
texture of the rock greatly influence the potential of groundwater accumulation. The
climate of the study area usually alternates between dry and rainy seasons. The area

lies within the middle belt of Nigeria with a total annual rainfall between 1270 mm
and 1 :

which spread over the month of April to October (Mc Cury, 1976).
temperatures are recorded in March (35°C) while the lowest
ecorded in August, 25°C (Ajibade, 1982). The vegetation of the
various species of shrubs and forest most especially along the
and valleys in the area of study.

Materials and Methods

Forty-two groundwarer samples were collected in January 2015 when precipitation
is very low from different hand-dug wells and boreholes in the study area (Fig. 2).
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Twenty-One water samples were prepared for cations analyses while the other
Twenty-One was prepared for anion analyses. Hand-dug wells in constant use were
selected for sampling purposes. During the collection of the samples, field
measurements were carried out and parameters such as pH, Total Dissolved Solids
(TDS). Electrical Conductivity (EC) and Temperature were determined using pH
Meter (HI 98107), TDS Meter (HI 98300), EC Meter (HI 98130) and Thermometer
respectively.

The samples were collected in air tight white water bottles with stoppers and
prepared for laboratory analysis to see the variations in the quality of the parameters.
Water samples for cations analysis were acidified with concentrated nitric acid to
prevent the precipitation of the cations from the water and were subjected to
laboratory analysis using Inductively Couples Mass Spectrometric (ICP-MS)
technique and this was carried out in ACME laboratory while the water samples for
the anions analysis were carried out in the Nigerian Geological Survey Agency,
Kaduna. HCO; was determined using volumetric analysis and DR 2010
Spectrometer was used to determine the concentrations of NO; and SO,
respectively. All concentrations were expressed in ppm except pH and EC (uS/cm).
Multivariate Statistical analyses were performed to defermine the relationship
between groundwater parameters using Statistical Sofrware (SPSSv16).

-~ o= = wr rr

Sediments (Cretacesos-recent}
Meta-sediments
Wl Younger Granite

Qlder Granite

Mizmstite Gnelss Complex

Fig. 1: Generalized geological map of N‘igej‘i; (Geological Survey of Nigeria, 2004)

Study Area
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Figure 2: Location map of the study area showing the sampling points
Results and Discussion

The hydrochemical resuits of groundwater in the study area (including their
descriptive statistics) are presented in Tables 1 and 2 respectively. Profiles of the
average concentrations of the ions are presented in Figure 3a-c. The values of EC
ranged from 100 to 700 uS/cm in the boreholes and 100 to 1600 uS/cm in the hand- s
dug wells. Similarly. TDS ranged from 40 to 410 ppm in boreholes and 30 to 880
ppm in the Hand-dug wells. The pH ranged from 6.6 to 8.0 in boreholes and 6.0 to
7.8 in the hand-dug wells. The high variability in the EC and TDS of the analyzed
water samples in the study area is as a result of the influence of anthropogenic
activities on the hand-dug wells. The average pH value of the boreholes indicates
that the water is slightly alkaline in nature while that of the hand-dug wells indicate
that the water is alkaline in nature. The higher alkalinity of the boreholes is due to
more activities of the weathering of rock types on the borehole water.

The average values of HCOs. NOs, §0.. COs and Cl in boreholes and hand-dug
wells are: 186.86:140.86 ppm (HCO,); 0.56:7.57 ppm (NO3): 15.71: 2571 ppm
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(50:). 41.6: 69.00 ppm (CO3); and 21.33: 56.86 ppm (C1) respectively (Fig. 3).
Hence, relative abundance of the major anions in the boreholes and hand-dug wells
respectively is as follows: HCO, > CO; > Cl> SO, > NO; Higher concentrations of
NO; and C1 in the hand-dug wells are an indication of the seepage of sewage and
refuse wastes into the groundwarer.

The average concentrations of Na, Ca, Mg and K ions in the boreholes and hand-dug
wells are: 46.52: 63.1 ppm (Na"), 42.9: 53.31 ppm (Ca™, 15.71: 24.24 ppm (Mg*")
and 4.48: 12.97 ppm (K”) respectively (Fig. 3). The relative abundance of the major
1ous in borehole and hand-dug wells is Na">Ca*">Mg” >K" respectively. The spatial
distributions of some of the ions are presented in Figure 4. Relatively higher
concentration of Ca®” was noticed and recorded in the NW and SE directions of the
study area where various agricultural practices were prominent. However, relatively
lower values were recorded at the SW direction around the settlement area where we
have lesser agricultural practices. Moreover, relatively higher values of Na~ were
recorded in the SE direction where agricultural and municipal activities are very
high. Relatively lower values were recorded around the NW/SW axis. The higher
concentrations of the major ions in the hand-dug well water are due to the greater
influence of anthropogenic activities over the geogenic activities in the study area,

Total Hardness (TH) values ranged from 22.6 to 247.2 mg/l (average=171.8 mg/1) in
boreholes and 19.1 to 704.0 mp/l (average=232.9 mg/1) in hand-dug wells. This
shows that TH exhibited a very high variance in the groundwater. Hence, it indicates
a great variability in the lithostratigraphy of the study area (Tathy er al., 201 1). The
average values for both boreholes and hand-dug wells indicated that the groundwater
1s very hard according to Envirommental Canadian classification.

The relatively higher concentrations of Fe. Al and Pb ions were observed at the
northemn part of the study area along Jebba-Mokua main road where there is heavy
traffic of trailers and settlements. Consequently, various vehicular activities must
have also contributed to the concentration of Pb ions in the groundwater of the area
above the geogenic activities (weathering of rock types).
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Table 1: values of the physical parameters and the major anions of the water
samples from the study area

BOREHOLES

Sample 10 | Ec (u5/em)  TOS (ppm) Temp (%) PR HCO3 {ppm} NO3(ppm]  SDA(ppm) | COZ(ppm) | Clippm)
B 00 L] i 8 300 098 30 90 3
82 700 L] 3z 78 252 £az2 26 24 k]
83 SE0 30 29 78 743 [ae 25 40 19
8Kd 103 48 32 56 40 oz ¥ 80l 2
EKS 300 200 8 55 224 0538 1] 3z a0t
EXE 500 33 23 77 13 0zs 1Z 32 50
87 300 152 2 3 20 k] 5 ¢ ?
Mean 45714 5N 3032 7.62 1353 0.56 57 4150 233
Hin i00.08 4008 2803 B 50 2000 003 2.00 400 200
Max 709.08 .00 3200 5.00 30000 038 3n00 80.00 50.00

Median 560.00 310 00 2050 778 22400 0.63 12.00 3200 12.00
HAND-DUG WELLS.

Sample ID | Ec (uS/em) TOS (pprt) Temp {%c) FH HCO3 (ppm) HO3(ppm)  SDA(ppm) CO3{ppm) | Cllzpm)
Hl 163 &0 28 15 g8 515 il BOL 3
EJ2 400 #40 Fal T4 14 EO8 18 EBOL %
EJ3 300 128 e 73 144 402 Ig il 1]
HJ$ 10 580 2 T3 375 9353 43 80 i}
5 1530 ibil| 3 78 a2 o BE 36 123
Hd3 1400 710 32 7.7 740 i 59 48 i
HIT 1500 680 27 78 420 g 10z 12 1ag
K 400 22 28 8.5 i 30l 2 BOL H
HEZ 1500 8it 3l 1.2 i3 2.3 13 BOL 135
ki3 108 i) 32 55 36 6 i BOL B
K& 160 40 34 i % 778 2 50L 4
b 100 i 33 £ 32 in ? EOL |
L] 1000 580 33 72 36 208 8 BoL 94
FiNZ 200 128 g 19 0046 8 418 17
Mesn 700.00 3L 43 30.73 1H 140.83 7.57 257 §9.00 S56.86
Min 100.00 30.00 25.00 600 1200 0.05 2.00 25.00 L0
Max 1500.00 880.00 3400 180 470,00 {233 10200 112.08 143.00

Median 400.00 230.00 3100 740 gLoc 783 14,00 54.00 2150
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study area

BOREHOLES
SopleID | AMppn)  Balopm}  Calpom)  Felpom)  Kipom)  Mglppmd Malppm)  Hafppm)  Phlpom)  Zalpom) TH(mg/1)
Bl i3 13635 5767 801 32 1316 BOBIDS 8032 00004 G108 723
B2 Go 227579 6624 BlL 384 1389 026213 741 00068 0.00st w12
83 B.0i 027563 484 801 445 1567 00533 8252 {.0003 0.0854 1831
il [ikils) 015437 B.0% BLil 181 182 108638 L1 4.000 00263 225
865 .009 130538 3l i) 507 1924 028588 it BLo0z 0o027 fa e
BES oot 0.55576 G168 il 28 07 10037 i685 ooy 00258 2381
87 .04 [ 3103 2453 058 423 1348 026536 2368 00003 10067 5.9
Kaan 0oz 028 {2180 [iK]] 148 B2 013 4657 00003t 0037 7ig
Hin ool 0% £.05 i i 182 oo 4ig 000020 G002 228
Max 403 0.56 2] HES 183 Mk 027 80.22 0.0010 om 112
Medisn L. 0.28 458 03 473 1315 003 46 85 [ 03040 0026 891
HAND-DUG WELLS
SomplelD | Alppr)  Balpam)  Calppm)  Falpom)  Kiogm)  Mglppm)  Malppm) Nalppn)  Pblopm)  Zalpom) TRimg/1}
Ha IETE] 006633 it G707 ] 28 016237 1085 00038 [ 345
HJZ oG 15388 2555 BOL 17838 120 090158 407 00002 00035 8.7
HJ3 ooz 018245 e 0024 136 i) 00634 3182 [[0a3 00074 9317
B4 1] 8] IR 9532 BOL s 4078 0.07i56 87 48 0.0003 0.008 423
Hl3 D046 004234 1824 EOL 48 786 017335 2429 G.0005 005 040
RJB ooss 013329 167 08 oosg 463 87 0337 2183 0601 04088 4577
R 00 003239 63l 5L i68 B638 002324 2381 £.ooo? 0.0035 422
HE 0123 04783 nn o2 457 1043 004408 1837 0.00i6 o0 5L
i ooz 105616 117 36 0629 30 08 843 0.00733 13195 [ 00Cs iRtk Lig
HRE GBs 017589 192 oon 352 25 000428 H 00002 0007 41
HEd DGE 01681 Bl an 453 19 [ 00536 41 0.oome 06055 23
it {636 11457 53l pog 3% 18! 1 00369 RE] 00008 filiscd] 131
HEG a0 112883 1728 BOL IES 2056 0.0082 358 60008 Gooe2 781
KH2 §222 01 45763 42 2557 556 532 015539 2142 £0042 0029 7i8
Vaan 08 03 538 040 29 U (050 52093 B.002 0040 2828
Min i 003 5.3 oot 163 141 [0z 231 0.0002 0.0635 103
Max k22 13 15241 156 3138 106! 0iv 2i3 g 00043 (4085 040
Fedisn 103 on 279 002 738 172 005 33 585 10007 10084 1158
700
2 500
=
E 500
g 400
§ 200 B Boreholes
[a)
Lﬁ,gﬂ 200 & Hand-clug Wells
!}J
< 100
0
Ec (uS/em) TDS (ppm) THmg/h
a
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Figure 3: Profiles of the average concentrations of (a) physicochemical parameters
(b) major anions (¢) major cations in the groundwater of the study area
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Ee Pb -

Figure 4: Spatial distribution of some elements (Ca®", Na™, HCOs, Al Fe, Pb)
Gibbs

The Gibbs’s diagram was used to determine some of the main sources of ions in the
groundwater. 80% of the ions fall within rock dominance zone of the Gibbs diagram
while about 20% fall within precipitation zone. This shows an influence of
weathering processes of rock types on the groundwater as well as some

53
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Correlation Analysis

Correlation Analysis according to Kura et al, 2013 classification showed that High
correlation (r = 0.75) exist between Pb and Fe jons (0.798), Pb and Al ions (0.932)
as well as Fe and Al ions (0.912), which is contributed to the presence of mixed
sulfide minerals in the study area. High correlation is also observed between Na and
Cl ions (0.866). Mg and C1ions (0.850). Ca and Cl ions (0.855) due to the influence
of sewage/refuse and dissolution of evaporate. High correlation of 0.777 is observed
between Mg and HCO; ions which can be as a result of water-rock interaction. High
colrelation exists between the following pairs; Ca and Mg ions (0.849), Mg and Na
ions (0.729), HCO; and CO; ions (0.903). COs and SO ions (0.831) and HCO; and
SOy ions (0.839) (Figure 5). This shows that they are from similar sources or
somehow related. The correlation matrix is presented in Table 3.

Table 3: Table showing the correlation matrix of the parameters of the water
samples in the study Area

Correlation between Variables
TD HC[CO[S80 NO
EC| S [pH|{O3| 3 |4 |Cl|3 |Ca|Mg|Na|K |Al|Fe|Cu|Pb|zn|Ba|Mn

EC| 1.0

60
TD| .99l 1.0
s | sl oo
pH | 43| .46 1.0

6 7| 00
HC| .67 .68 .64]1.00
o3| 3| s| 8 o
co| .60| .61] .54 1.0
3|7 3% 00|
so4| 78] 78] 50 .83! 1.0

5| 4 5% 1 oo -
CL|.96].96] 29| ., | 47| .73| 1.0

8 1| 1 7l 3| 00
N;O 561 .54) ool 40l 02| 28] .65] 1.0

5|57l 6] 6| s| 00
Ca | .91} .91/ 45 17| 43| 61| -85| 48| 1.0

51 5| s 716/ 5| 7| 00
Mgl 89| .89| 46 74| 70| 89| 85| .43| .84/ 1.0

8 3| ¢ 31 71 of 1 9| 0o
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Na | .89] .90] 49| . .| .73| .83 .86] .40] .67] .77] 1.0
o 5| ol of s| 6 o 3| o oo
K | .45 43| .10 |, | 06| 12| 42| 56| .46 27| 27| 1.0
of 3| 8|7 2| 6| 7| 4| 3| o 3| 0o
A I L A S B
28| 28 O 1 23] 14] 20| 21/ 26| 24| 24] 13 .
6l | P 7| 6| o 21 3| gl 5| 3| 00
Fe| - - ol
28| 28 '1; 328] 23] 19] 23] 34| 23] 23] 24 15| O} Io'g
of g °I al 2| 4| 7 s 7| s sl 2
cul | o - 4 I g
12} .14| 36| ..2| 21| 20| 09| 12| 10| 22| 14| 09| 0o 13| 10
=0 e 0 0 00
1} 351 2 40 31 3| 1] 3 9 8 3 9
| .| - U ) B B B .
23 24] 03| 1) 2] .10) 13| .13) 24f 221 21 10| 73| 7P| 3| 10
4] 4 %8l 3| 6 5| 2| 2| 3 6 ? °
Z5i ) B
- ‘j -1 .
3435 23 5o -26] 32| 30] 03] 34| 26 29| 27| A o F 15| 10
o 3| s 6l ol 2 7 ol s s o s| 00
| 8| s
Bl el gl - | aal ool-25] 31 21 J o7l 0l Hos| ol b 1o
a1 sas] 3337 5| | ol 12| 5| 8] o) O3 04| 1) 10| 1O
4(~ 713 4| 0 2 of 1
Ma| - - L " [ b
o
06 05| 431152 |02 13l 4z 07N 1O 1ol 56 2ol 5t 08| 7] 12f 12| 1
6 2 s| 3 I 2 al o o 3

Hierachical Clustal Analysis

Based on Hierarchical cluster analysis shown in Figure 6 (Danielson et al. 1999 and
Davis, 1986) the groundwater samples are classified into 4 clusters. Cluster I which
includes 5 water-meils has relatively high concentrations of HCOs, Ca, Na, and Cl
ions (HK6, KW2, HK1, HK? and B7) It has an average EC value 680 uS/cm and it
is interpreted as fresh water which is also influenced by rock-water interaction or
natural mineralization. It has high salinity compared to clusters IIT and IV but lower
than cluster II. Cluster II includes 6 water-wells with high concentrations of HCOs
and very high concentrations of other ions compared to other clusters. This has
shown relatively high salinity and has more of anthropogenic influence. Cluster III
(3 water-wells) has lesser salinity as compared to clusters L 1 and III. It contains
relatively low concentration of HCOs. Ca, Mg and Na in cmnpanson to other
clusters. This is also the characteristic of blended water. The cluster is interpreted as
having influence of rock weathering processes from the study area with some
contributions from anthropogenic sources which is also suggested to results in the
low concentrations of the major ions. Cluster IV (7 water-wells) has the

56
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characteristics of relatively low saline water due to the average EC value (385.7
uS/cm). It has a relatively low TDS value of 235.71 mg/l indicating little dissolution
of ions in the water. Calcium ion is low compared to cluster I and II. It contains
COs*, SO and CI. It is interpreted as rock-water “interaction or natural
mineralization with little anthropogenic effect. The low concentration of ions in the
water is as a result of the low TDS. Detailed average values of chemical constituent
for each cluster are presented in Table 4.

Table 4: Average values of chemical constituents for each cluster

Parameters Cluster] |Clusterli Clusterlll Cluster IV
HKS, KW2, HJ5, His, HKd, HKS, BK5, HIL, B1,
Samples S BKS, HI4, BKa B2, B3, HJ3,
L Hiz, HI7 HK3
Ec (pS/em}) 680.00 | 1,100.00 | 100.00 385.71
TDS (ppm) 378.00| 603.33| 36.67 23571
Temp (°C} 30.67 29.75 | 23.23 30.14
PH 6.97 7.65 6.20 7.59
HCO3 (ppm} 44.40 274.33 33.33 187.43
NO3{ppm) .5.62 7.087 523 |[» 267
SO4{ppm} 7.20 S0.67| 2.00 | 17271
CO3(ppm) BOL 61.60 BDL 44,00
Ci(ppm) 56,00 89.67| 233 16.50
Allppm) 0.29 0.03 0.02 0.14
Ba(ppm) 0.77 0.18| 0.15 0.20
Ca(ppm} 54.09 84.45 5.82 36.01
Fe(ppm) 0.81 0.10 0.02 0.2
K{ppm) 13.28 14.87 5.25 5.94
Mg(ppm) 15,84 46.03| 171 12.69
Mn(ppm) 0.10 0.05| 0.005 0.11
Na(ppm) 56.82 102.12 3.57 43.07
Pb{ppm} 0.001 0.001 0.001 0.6008
Zn(ppm) 0.02 0.08| 0.0% 0.03

BDi=below detection limit
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HIERARCHICALCLUSTER ANALYSIS
Dendrogram using Ward Method

Rescaled Distance Cluster Combine

wn

CASE 0 5 10 15 20 2
Label Num + + + + < R ¢
HK6 20 —

Kw2 21 — !

HK1 15 ]
HK2 16 |

B7 7 - | |
HI5 12

HI6 13 1 l J | |
BK6 6 \ |
Hi4 11 _:!I—' [ [
HI2 9

w7 14 — ||
HK4 18

HK5 19 _], - !
BK4 4 — | 1
BK5 5§ T I

S

HI1 g —J | |

Bl 1 { *

B3 3 3—‘

B2 ) }———i

HI3 10 — |

-

Figure 6: Dendrogram from cluster analysis (Q-mode) of water.samples

Factor Analysis

Table 5 summarizes the sorted Factor analysis results of some of the Hydrochemical
data in the study area. Factor analysis extracted five factors. Factor 1 comprises high
positive loadings for EC, TDS, Na', Ca’”, Mg, Na”, HCOy, CO3”, SO, and CI
which accounts for over 41.99% of the total variance in the hydrochemistry. Factor 1
is a typical characteristic of fresh water and therefore suggests multiple sources of
the ion in the hydrochemistry in the study area. Factor 2 records high positive
correlations with Al Fe. and Pb. It accounts for over 15.30% of the total variance in
the hydrochemistry. Factor 2 typically suggests anthropogenic sources due to the
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high loading of Al, Fe and Pb. Factor 3 has high positive loading for Ba which
suggests an anthropogenic source from the study area. It accounts for over 11.04%
of the total variance in the hydrochemistry. Factor 4 records high positive loading
for pH and Mn. It accounts for over 10.33% of the fotal variance in the
hydrochemistry and suggests anthropogenic sources. Factor 5 has high positive
loading for Cu which also suggests anthropogenic sources. It accounts for over
5.90% of the total variance in the hydrochemistry. Factor analysis indicated that the
parameters responsible for groundwater quality variations are mainly related to
groundwater-rock interaction (particularly weathering of silicate minerals present in
the granites), and anthropogenic sources particularly agricultural activities in the
study area (Subbarao. er al. 1995: and Davis, 1986).

Table 5: Varimax rotated factor loading matrix for groundwater chemistry in Jebba,
Nigeria

Rotated Component Matrix
Parameters Eattor
1 2 3 4 5

EC 0545 0.132 0259 -0.051 0.0566

TDS 0.245 -0.138 G.255 -0.022 0051

pH 0.554 0.053 -0.063 0.717 -0.051

HCO3 0.755 -0.282 -0.341 0.283 0.028

O3 Q.767 -0.164 0451 0.148 -0.027

sS04 0.52 -0.011 -0.355 -0.016 -0.018

cl 0353 -0.03% 0313 +0.212 0.034

NO3 0.447 -0.084 0429 -0.693 -0.122

Ca 0.832 -0.133 0.381 0.109 0.114

Mg 0.833 -C.108 -0.025 0.037 -0.067

Na 0.908 -0.106 0.018 -0.052 -0.007

K 3.359 ~0.05 0.534 -0.217 0.291

Al -0.151 056 -0.019 0.111 -0.085

Fe -0.178 0.891 0.044 0.269 -0.115

Cu -0.26 0132 0.008 | -0088 0.707

Pb -0.118 0.556 -0.04 -0.031 0.15

Zn 0.35 0.142 -0.43 -0.011 0.646

Ba -0.048 0.006 0.891 -0.044 -0 119

Mn -0.004 0.2 -0.006 0.813 -0.131

Eigzn value 5.345 3.019 2.417 1.279 1.006
Total Variance (9%} 43927 | 15.891 12.722 &.734 5.286
Cuntlativeicel o 43527 | 59.517 7254 78.273 | 8457
Variance

Principal Component Analysis

Table 6 presents the summary of principal component analysis for the
hydrochemical data from the study area. The explained values in principal
component, Eigen values and percentage of variance are evaluated using varimax
rotation method, represented in Six factors were satisfactory to  explain 84.57% of
the variance for correlation. The total variances explained in five components are
43.927 by PC1, 15.89 by PC2. 12.72 by PC3. 6.734 by PC4, 5.296 by PC5. PC1
was highly related to EC, TDS, pH, HCO;, CO5~, SO.*, NO;, Ca, Mg, and Na
indicating that these variables have common patterns. The high positive loadings of
Mg”" for the first principal component indicate the source of the weathering of ferro
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-magnesium minerals and related to dissolution of dolomite for Mg®™. The higher
concentrations of TDS observed on the first principal component is related to Ca
and SO,> which is an indication of type of rocks especially limestone rocks.
Enrichment of Na™ and Cl is also possible, related to urban wastewaters and high
rate of evapo-transpiration. Ca® and SO, highly positive loading suggest the
importance of dissclution of carbonate rocks in this aquifer system and is defined as
the hardness component. High HCO; indicate to the reaction of soil CO, with the
dissolution of silicate minerals. Also, high SO, is related to the long-history of
evaporation process and also the effect of industrial pollution. Loadings on PC2
showed that Al, Fe. Mn and Pb were most important for that component. Highly
positive loadings for both Fe*™ and Mn*" indicate a similar geochemical behavior for
these parameters. The sources for these elements could be the dissolution of Fe-
oxides and Mn-oxides and the oxidation of sulfide minerals. The source for Al could
be the dissolution of organic matter and Pb may be related to anthropogenic
activities such as agriculture, industry and/ or setilement in the study area. PC3 has
relatively high loading of Ba, Pb. Fe and Al and sources are same as in PC2. Briefly,
the results of this study demonstrate that the multivariate statistical analysis can be a
useful tool for effective groundwater quality management.

Table 6: Varimax rotated factor loading matrix for groundwater chemistry in Jebba,
Nigeria

Principal Component
Component
Parameters = 5 3 = T
EC 0.967 -0.041 |- 0.209 -0.043 0.044
TDS 0.969 -0.025 0.196 -0.069 0.046
pH 0.509 0.612 -0.151 -0.352 0.223
HCO3 0.812 0.288 -0.407 0.028 Q.035
coz 0.7438 0.327 -0.369 0.164 -0.116
504 0.868 0.313 -0.136 0.258 -0.189
Ci 0.893 -0.109 0.347 0.023 -0.05
NO3 0.485 -0.553 0.473 0.107 -0.331
Ca 0.871 -0.034 0.221 -0.183 0.202
Mg 0.929 0.156 0.004 -0.003 -0.106 o~
‘Na 0.906 0.074 0.058 0.056 -0.083
K 0.41 -0.341 0.44 0.001 0.264
Al -0.382 0.668 0.583 0.13 -0.129
Fe -0.3% 0.692 0.528 -0.031 -0.053
Cu -0.19 -0.257 -0.054 0.377 0.537
Pb -0.34 0.572 0.622 0.353 -0.007
Zn 0.366 0.118 0.147 0,445 0.472
Ba 2.009 -0,389 0.6 -0.932 0.125
Mn -0.067 0.638 -0.103 -0.486 0.242
Eigen value
Total Variance {%}| 43.927 15.891 12.722 6.734 5.296
\C;T:_:::VE (o) 43027 | ses17 72se | 1927 | sas7
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Conclusion

The groundwater sources in Jebba, central Nigeria were evaluated for their chemical
compositions. The Geo-statistical analysis of the hydrogeochemical data shows that
the relative abundance of major cations and anions in hand-dug wells and boreholes
are Na®™> Ca’>Mg>">K" and HCO;>CO;>CI>80,">NO; respectively. Based on
ihe computed average values for hardness, the groundwater are considered to be
very hard: based on the EC, the boreholes ranged from low salinity to medium
salinity while the hand-dug wells ranged from low salinity to high salinity; and
based on the TDS, the boreholes are fresh while the hand-dug wells ranged from
fresh to slightly saline. Gibbs plot indicates that the chemistry of groundwater in the
area is being controlled by chemical weathering of rock types in the area as well as
precipitations. Four clusters generated from cluster analysis show thar HCO;
dominates most of the water samples with high concentrations of Ca®”, Na™ and
Mg®" indicating fresh water type and interpreted as rock-water interaction or natural
mineralization. Factor analysis indicated 5 factors. Factor 1 is a typical characteristic

-

of fresh water and suggests multiple sources of the ions. Factors,2, 3, 4 and 5
typically suggests anthropogenic sources. Correlation, Cluster and Principal
Component analyses also revealed that anthropogenic and geogenic processes in the
area contributed immensely to the ionic concentrations of the groundwater in the

area.
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