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ABSTRACT

Water 1s a universal solvent and natural resource tapped by man, animal and plants to meet their
need on carth, erther in vapour, liquid or solid form. Due to inadequate supply of pipe-borne water,
many house-holds in Abuja, Nigeria’s Federal: Capital Territory, depend on boreholes and hand-
dug wells for their daily water needs, hence the need to ascertain the quality status of groundwater
in the arca. A total of sixty (60) sets of groundwater samples were collected from two field
sampling periods of dry and rainy scasons between the months of April, 2009 and February, 20 10.
The samples were analyzed using Inductively Coupled Plasma-Optical Emission Spectrometry
(ICP-OES) in Actlabs, Canada. The result of the laboratory analysis was transformed using water
quality index and factor analysis. Six factors were identified which accounts for 76.70% of the
total variance for dry season and 88.53% of the total variance for rainy season. This implies that
the groundwater systems in the area are contaminated through six possible sources. The
contaminants are from natural sources such as bedrock dissolution and weathering processes while
the remaining factors are attributed to anthropogenic activities arising from urbanization such as
leachate from dumpsites, soakaways and agro-chemicals. The water quality index shows that the
water in the area range from good to poor. Due to food insecurity, undeveloped plots of land are
converted to farmland and the agro-chemicals applied on the soils over time infiltrate into the
shallow water table in the arca. The suggested geogenic and or anthropogenic factors may be
responsible for the modification of the groundwater chemistry in the arca. Public enlightenment
on the good hygiene and danger of groundwater contamination is recommended.

Keywords: Evaluation, Groundwater Chemistry, Factor Aenalysis, Water Quality Index, Abuja,
Nigeria

1. Introduction

Water is a universal solvent and natural resources tapped by man, animal and plants to meet their
need on earth, either in vapour, liquid or solid form. Water is one of essential compounds for all
forms of plants and animals, thus its pollution is generally considered more important than soil.
Studics show that about 80% of communicable discases are cither water-borne or water related.

Water is an indispensable resource for existence of man, animals and plants. Demand for

groundwater has been on the increase due to rapid growth in population as well as the accelerated
pace of industrialization and urbanization in the last few decades especially in developing countries
The inadequate supply of piped borne water and the paucity of surface water have

like Nigeria [ 1
gerial oundwater in Abuja. People around the world have used

led to increase in demand for gr

974



PT ng L =
oceedings of IN( EDI 2016 Conference | August 29-31, 2016, Accra -Ghana

groundwater as a source of drinking water and even today more than half the world’s population
qcpu?ds on ground water .for survival. Groundwater has long been considered as one of the purest
(Ol'njl:s ()ilwutcr uYallalblc In nature and meets the overall demand for rural and semi-rural people
[2]. The increase m groundwater demand for various human activities has placed great importance
on water science and management practice world-wide.

2. Research Objectives

The study evaluates the chemistry of groundwater in central part of Abuja, Nigeria for domestic
purposes. Due to thg upsurge in the population of Abuja, Nigerian Federal Capital Territory, it is
necessary to ascertain the suitability of the groundwater for domestic purposes in order to avoid
water borne diseases.

3. Statement of the Problem

The poor management of waste arising from industrialization and urbanization has led to
contamination of groundwater hence the need for the present study. It therefore becomes
imperative to evaluate the quality of groundwater from shallow aquifers in Abuja, in order to
prevent the occurrence of water borne diseases such as typhoid, cholera, diarrhea and dysentery as
well as cancer related diseases due to contamination by heavy metals

4. Research Methodology

A total of sixty (60) sets of groundwater samples were collected from existing hand-dug wells and
boreholes in the area according to [3] method during the dry and rainy seasons between the months
of April, 2009 and February, 2010. Plastic containers werc used for the collection of the water
samples were rinsed with the samples to be collected twice according to [4] method. Field
parameters such as electrical conductivity (EC), total dissolved solids (TDS), pH and temperature
were determined in the field using HACH KIT digital conductivity meter (Model 44600) for EC
and TDS while pH was determined using HANNA pH meter (Model HI 28129). The water
temperature was determined using mercury thermometer. The chemical parameters were analyzed
using Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES) in Actlabs, Canada
and they include: calcium, magnesium, sodium, potassium, bicarbonate, chloride, sulphates,
nitrate, dissolved oxygen, iron, barium, strontium, copper and lead.

4.1. Multivariate Statistical Analysis

The factor analysis (FA) is a multivariate statistical technique employed for the purpose of data
reduction with a view to determining the sources of elements and their controlling factors. The FA
depends upon the fact that the variables in a data set are usually partially-to-strongly correlated
and it transforms that data set into an uncorrelated one, define by a new set of variables known as
factor components [5]. The first factor component is such that the projections of the given points
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onto 1t h"wc maxm}um variance, the second factor component has the variance subject to being
orthogonal to the 1_”‘51‘. the third factor component has the, maximum variance subject to being
0"”“‘3‘"‘“' to the Ilr-st and second components and so on. DThc multivariate statistical technique
(hu;{}on er'tucs variables i“_m principal associations (factors) based on their mutual correlation
LOL'. icients and these associations may be interpreted in terms of mineralization, lithology and
Siy ironmental processes [6]. The application of the analysis has proved uscful in the intcrpretation
of hydrogcologlcal data as revealed by many workers [7]. The multivariate analysis was carried
out using the statistical package for Social Sciences Software (SPSS).

4.2. Water Quality Index

Tl‘m _WmC‘:QWm}’ Index (WQI) was applied in this study. The WQI was calculated from the point
of view of suitability of the water for human eonsumption. The index has been widely used and
fi_PPl‘ed_ to data from different geographical locations all over the world to calculate water quality
for various water bodies. It is one of the most effective tools to communicate information on the
quality of water to the concerned citizens and policy makers [8]. It thus, becomes an important
tool for the assessment and management of surface and groundwater. It provides a single number
that expresses the overall quality of water at certain location and time based on several water

quality parameters. It expresses complex water quality data into understandable information usable
by common people.

A quality rating scale (qi) for each parameter is assigned by dividing its concentration (Ci) in each
water sample by its respective Nigerian Standard for Drinking Water Quality (Si) and the result
multiplied by 100 as shown in the formula. ¢: = (C:i/Si)x 100

The Relative weight (wi) was obtained by a value inversely proportional to the recommended
standard (Si) of the corresponding parameter according to the equation: w; = 1/5;

The overall Water Quality Index (W QI) was calculated by aggregating the quality rating (qi) with
unit weight (w;) linearly. .

wol = (Zqiwi)
n=1
Where:

qi: the quality of the ith parameter,

wi: the unit weight of the ith parameter and

n: the number of the parameter considered.

The overall water quality of an area is therefore obtained using the formular:

976



Proceedings of INCEDI 2016 Conference | August 29-31, 2016, Accra -Ghana

L giwi
Overall WQI = — IWI .
2 Wi

5. Review of Geology and Hydrogeology of the Study Area

The study area is underlain by porphyritic granite belonging to the Pan African older granites of
the Nigeran basement complex. Texturally, they are differentiated into coars and fine grained.
Mineralogically, they consist predominantly of quartz, feldspars and mica (Fig. 1). [9] described
the contact between the Pan African granites and the host rock as intrusive gradational and
replacive while the contact between the older granite suite are both sharp and also gradational. Tt
has also been suggested that the Pan Africa granites are characterized by distinctive layering which
are normally aligned parallel to northwest-southeast lineaments [10]. The major deformational
feature across the study area is a NW-SE trending fault (Fig. 2). These faults have been interpreted
as resulting from trans-current movements, According to [11] borehole yields in the Nigerian
basement complex rocks range from 1 I/s to 2 I/s, and up to 4l/s in fractured zones. The static water
level of existing hand-dug wells and their coordinates were used to construct the groundwater flow

direction for the area (Fig. 3), which also corresponds to NW-SE direction, an indication that it is
structurally controlled.

6. Results and Discussion

The statistical summary of the physico-chemical parameters analyzed for both dry and rainy
seasons are showed in Table 1. The temperature ranged from 26.82-31.40 °C with a mean value
of 29.13 °C and 27.00-30.75 °C with an average value of 28.94 °C (Table 1). It is expected that
rainy scason temperatures are lower than dry season temperatures. The pH varied from 4.42—7.54
with a mean value of 6.11 for dry season sampling and 4.50—6.70 with an average valuc of 6.44
for the rainy season sampling (Table 1). The groundwater frém the regolith aquifers in the area are
acidic as the mean value of both dry and rainy seasons are below the WHO accepted permissible
range of 6.50-8.50. Acidic condition enhances chemical weathering and dissolution of host rocks
in the course of rock-water interaction as well as mobility of metals [12]. The pH concentration
maps for dry and rainy scasons are shown in figure 4. for The electrical conductivity (EC) ranged
between 10.86-800.50 ps/cm and an average value of 191.28 ps/cm during the dry scason while
in the rainy season, it ranged from 10.00-1420.00 ps/cm and a mean value of 314.52 ps/cm.
Similarly, the value of total dissolved solids (TDS) varied from 10.45-520.45 mg/L with a mean
value of 123.54 mg/L for dry season and 10.00-920.00 mg/L with an average value of 224.60
mg/L for the rainy scason (Table 1).
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Fig. 2: Rosset diagram show the principal fracture direction in the area
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Table 1 Statistical Summary of Dry and Rainy Seasons results of Groundwater in Abuja

Parameters Dry Season Sampling Rainy Season Sampling WHO, (2010)
(mg/l) Range Mean Range Mean MPL

Temp. °C 26.82-31.40 29.13 27.0-30.75 28.94 Ambient

pH 4.42 -7.54 6.11 45-6.7 6.44 6.5-85

EC uS/cm 10.86 — 800.50 191.28  10.-1420 314.52 1000

TDS, 10.45 — 520.45 123.54 10-920 224.60 500

Calcium 1.30—70.42 17.98 1.2-106 22.31 200

Magnesium 0.24 —23.80 4.66 03-419 8.73 200

Sodium 1.35-40.92 11.42 1.5-65.8 20.11 200

Potassium 1.10-71.25 7.08 04-524 5248 50
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Bicarbonate  2.02 - 223.18 72.41 20-317 72.56 100
Chloride 0.06 - 63.83 8.31 0.06 -93.2 22,35 250
Sulphate 0.10-35.52 245 0.17-57.5 6.37 100
Nitrate 0.30-33.98 5.14 0.40 - 63.9 14.43 50
[ron 0.01-3.72 0.36 0.01-0.53 0.11 0.3
Barium 0.02-0.54 0.23 0.02-0.87 0.24 0.7
Strontium 0.01 -2.31 0.26 E).Ol -0.77 0.18 NA
D. Oxygen 2.01-745 5.04 2.8-83 3.39 6.0
Copper 0.01- 0.15 0.03 0.00-0.25 0.11 1.0
Lead 0.00-0.01 0.001 0.0-0.014 0.002 0.01

WHO: World Health Organization, MPL: Maximum Permissible Limit, NA: Not Applicable
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Fig. 4: pH concentration map of parts of Abuja, Nigeria

K]

During the rainy season, the values of EC and TDS in some locations are higher than their
respective maximum allowable value of 1000 ps/cm and 500 mg/L [12]. The pH, EC and TDS are
good indicators of water quality in any location. The implication is that groundwater system in the
area contained some dissolved ions, which may be attributed to the dilution effect of rainfall. Also,
the rain carries a lot of weathered and dissolved ions precipitated by the acidic condition leading
to high run-off and subsequent infiltration into the underlying shallow regolith aquifer and the
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groundwater is enri '

-RiERg r;f[;g:ﬁil]cbly I%T]s. The EC an'd TDS concentration maps of Abuja are illustrated in
od] potReiTieny th Work y. The concentration o.f the major cations (calcium, magnesium, sodium
PR AN sk fzastck)lns fall§ below their individual maximum permissible limits which
thib Eiilocide et Sulphate;n € area 1s not contaminated by these elements. The concentration of
WTT PR were found.to belm.rv the permissible limit of 250 mg/L and 100 mg/L
(2.00-317.00 A fo,r ¢ concentration of bicarbonate (2.02-223.18 mg/L) for dry season and
S e ofr?ggy season as Well as nitrate (0.40—63.90 mg/L) for rainy season exceeds
orGarfoation Honi e, 1Ing/L for bicarbonate and 50 mg/L for nitrate (Table 1). Bicarbonate
ke nS\_lp::)nmposed‘on the gsology map the area (Fig. 7) since its enrichment in
Sa e i 1s by geogenic pr9cesses: High nitrate content in water causes cyanosis
i it e e y Synl;irome), a dlse_ase' in infants below 3 months [13]. Groundwater
SR Sitee m'czly ¢ due to urbanlzatlon' as a result of fertilizer application or leachates
s psites an soakavfray [14]. The high value of bicarbonate has no known health

1s characteristic of a typical shallow groundwater from a basement aquifer [15, 16].
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Fig. 6: Concentration map of TDS of parts of Abuja, Nigeria

The concentrations of the analyzed metals (barium, strontium, copper and lead) have their
concentrations within their acceptable limits except iron, whose concentration in dry season (0.30—
3.72 mg/L) far exceeds the WHO permissible limit of 0.3 mg/L. High iron content in water does
not pose any serious health problem but it affects the colour, taste and odour of the water [17]. The
value of dissolved oxygen ranged from 2.01-7.45 mg/L with a mean value of 5.04 mg/L for dry
season and 2.80—8.30 mg/L with an average value of 5.39 mg/L (Table 1). Oxygen is necessary in
sufficient quantity to give the taste required in water because low oxygen in water affects the taste
and other aesthetic property of water [18].
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- -
Fig. 7o Concentration map of bicarbonate superimposed on the Geology map of Abuja

6.1 WOQI Determination

he statistical summary of the analyzed groundwater data was done using SPSS 12.0 version
(Table 2). The overall caleulated WQI is 22.14 and the obtained valuc suggests that the
groundwater system in the arca has not witnessed any major contamination. The formula is given
T
=Qiwi

2 Wi

as: Overall WQ| =

Where: q;: the quality of the ith parameter,

wi: the unit weight of the ith parameter
Z o
OveraliWQl ==9Wl _ 535060 = 2214
Zwi 106.19

Table 2: Computed Water Quality Index parameters

Parameters (mg/L) Ci Si Qi Wi QiWi
pH 6.28 7.5 83.70 0.133 11.13
EC pS/cm 252.90 1000.0 25.30 0.001 0.03
TDS 174.10 500.0 34.80 0.002 0.07
Calcium 20.15 200.0 10.10 0.005 0.05
Magnesium 6.70 20.0 33.50 0.050 0.02
Sodium 15.77 200.0 " 7.89 0.005 0.04
Potassium 29.78 50.0 59.56 0.020 1.19
Bicarbonate 72.49 100.0 72.49 0.010 0.72
Chloride 15.33 250.0 6.13 0.004 0.02
Sulphate 4.41 100.0 4.41 0.010 0.04
Nitrate 9.79 50.0 19.58 0.020 0.40
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R S

ron 024 R 80.00 33 33 26640
Barium 0.23 0.7 34.30 1.430 49.05
D. Oxygen 5.22 6.0 87.00 0.167 14.53
Copper 0.07 1.0 7.00 1.000 7.00

Lead 0.002 0.01 . 20.00 100.0 2000.00

6.2 Factor Analysis

considered [19]. Factor-1 has the highest loading 0f29.59% and {

bicarbonate, magnesium, sodium, sulphate and potassium. The presence of these major ions are
due to bedrock dissolution arising from rock-water interaction. Factor-2 explains 18.92% of the
total variance and includes alkalinity, chloride, fluoride, silica and phosphorou
in the groundwater may be attributed to weathering of host rock.

s and their presence

Contributors of factors 1 and 2 are natural processes arising from the Jocal geology of the area.
Apart from the geogenic attribute, high chloride and sulphates i
urban pollution [20]. Factor-3 has a moderate loading from Aluminum, iron, nitrate, phosphate
and it accounts for 13.18% of the total variance. The area is characterized by a low pH (Table 1)
and this encourages chemical weathering Icading to enrichment of the groundwater facjcs with
major ions as evidenced in factors 1 and 2 as we]| as the formation of laterites which are composed
chiefly of iron and aluminum oxides. The presence of iron in lateritic soilg is responsible for the
reddish-brown or yellow colour of the soil.

Table 3: Varimax rotated factor loading for dry season groundwater chemistry in parts of Abuja

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor §

Factor 6
Calcium 944 046 001 -.047 103 020
Alkalinity 257 701 199 156 -.002 055
Bicarbonate .857 -.401 199 156 -.002 055
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“Magnesium 810 s(j”_*_'*_'j_‘z'(j"“‘_.i"I'U‘“jrz*—f&)()
Sodium 773 046 =356 -.290 332 -.062
Sulphate 734 283 250 438 -.288 003
Potassium 702 369 245 441 -238 000
Chloride 306 602 " 3%y -281 237 -076
Flouride 478 734 133 -.186 081 028
Nitrate 264 107 673 -.133 078 -.018
Silica 414 706 -.346 041 261 127
Barium 334 241 -.064 593 319 030
Manganese 324 -.580 387 -.376 05 541
Phosphorous .095 -.121 25T 128 140 -.036
Phosphate -.029 566 282 404 .074 -.145
Aluminium -.191 164 523 357 394 -.286
Iron -314 229 644 158 371 -.364
Lead -230 042 245 .381 224 502
Bromide 037 192 -.164 592 -.292 206
Copper -.239 .092 135 102 .659 134
Strontium -.342 .290 -.103 .598 238 115
Zinc <115 170 065 214 623 253
Eigen values 6.214 4.344 3.347 2.757 1.945 1.098
% of Variance 29.593 18.924 13.177 10.368 7.403 5.229
Cummulative % 29593 48517 61694 72062 79465 84694

The iron in the laterite gets to water-table through infiltration and leaching processes. Similarly,
nitrate and phosphate may be coming from the use of fertilizer used %n fa_rmmg. Factor-4 z}ccounts
for 10.37% of the total variance with copper and zinc as the contributing factor while Factor-5
explains 7.40% of the total variance and loading coming from Igad and manganesc. Fac.tor-6 has
the lowest loading of about 5.23% due to bromide and strontium enr1chmept. Contributors to
factors 3 to 6 are from both anthropogenic interference s.uch as url_aamzatlon (l_eachat'e fron;
agrochemicals, dumpsites and soakaways) as well as geogenic means via bedrock dissolution an
chemical weathering of mafic and ultramafic rocks.
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Smnilarly, the varimax rotated factor lo
shown in Table 4. Also, a total of six |
pollution to the groundwe

ading for groundwalter chemistry in the rainy scason 1s
actors were obtained which implics six possible sources of
. ier system in the area. They six factor account for 90.53% of the total
variance (Table 4). Factor-1 has the highest loading of 32.05% and the contributors include
Potasstum, Magnesium, Calcium, Alkalinity, Bicarbanate and Bromide. These ions are released
into the groundwater through dissolution of the bedrock. The major ions (calcium, magnesium,
potassium and sodium) are as a result of the dissolution and hydrolysis of silicate mincrals during
water-rock interaction Factor-2 explains about 20.34% of the total variance with loading from
phosphate, strontium, nitrate, sulphate and chloride. The presence of these ions in the groundwater

can be attributed to the chemical weathering of mafic and ultra-mafic minerals and are enhanced
by run-off and infiltration processes.

Factor-3 has a moderate loading from manganese, sodium, phosphorous and barium which
accounts for 14.89% of the total variance. The natural processes arising from rock-water
interaction influence their enrichment in the groundwater regime. Factor-4 accounts for 11.30%
of the total variance with silicon, flouride, aluminum and iron as contributing factor. The silicon
enrichment in the groundwater is related to the dissolution of soluble minerals in the bedrock
leaving the more resistant silica. Iron and aluminum dissociation from bedrock through weathering
enhanced by low pH, may be is responsible for the formation of lateritic soils as iron is responsible
for the reddish-brown or yellow nature of the soil.

Table 4:Varimax rotated factor loading for rainy season groundwater chemistry in parts of Abuja

Variable Factor 1  Factor2  Factor 3 Factor 4 Factor 5 Factor 6
Sodium 331 343 .857 -.042 -.101 -.038
Potassium 956 150 138 -.064 -.102 -.024
Magnesium 943 180 .000 094 -.051 -.153
Calcium 937 292 042 143 -.060 -.044
Manganese .064 -.249 i 213 .026 -.116 542
Iron -.101 -.112 -.184 543 2602 090
Copper 122 306 .008 -.163 555 014
Lead -.063 .042 -.065 -.017 .000 .887
Zinc -.045 .033 -.043 057 967 - 111
Silicon -.108 -.042 -.078 943 056 .100
Barium 294 392 567 -.186 -.113 -.229
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Aluminium R T (T 585 163 557
Phosphorous 064 -.052 640 372 -.125 489
Strontium 270 710 054 052 104 069
Chloride 356 602 ¢ 462 -.155 197 -.069
Bromide 841 209 361 = ol 157 -.009
Flounde 440 -.090 -.168 728 -275 -.068
Nitrate 216 677 108 -.082 179 -.091
Phosphate - 012 .800 -018 345 -176 096
Sulphate 468 712 .047 -.039 -.101 031
Alkalinity .866 «195 242 331 -.131 050
Bicarbonate 866 -.175 242 331 -.131 .050
Eigenvalues 9.251 5.934 3.395 2.047 1.791 1.059
% of Variance 32.050 20.335 14.888 11.303 7.140 4812
Cummulative % 32.050 52.385 67.273 . 78.576 85.716 90.528

Factor-5 explains 8.14% and is attributed to loadings from copper and zinc while Factor-6 has
the lowest loading of about 4.81%, contributed by lead and manganese. Leachate from metallic
objects littered in most parts of the city and agrochemicals finds their way into the groundwater

especially during the rainy scason when infiltration is high.

6.3 Hydrochemical Facies Determination by Schocller Plot

The semi-logarithmic plot was developed by Schoeller to represent major ion analyses in meq/L
and to demonstrate different hydrochemical wdter types on the same diagram (Fig. 8). The type of

1as the potential of determining the water type in area. The actual

graphical representation |
the Schoeller plot, the water

concentrations of each parameler are plotted and compared. From
type in the area is calcium-bicarbonate type.

987



Proceedings of INCEDI 2016 Conference | August 29-31 2016, Accra -Ghana

Concentration (maq/1)

10 o e

———  lMatarma

—— Guosiarimpa
d —r——  Amaobaoro
1 - —_— Sarki Sirant1
- —_—— Jive a
“ —— Kutwa
g —— Kurunu Deuda
= Shere

—_— Pambars
——a—— Dav:/aki
Y — Ceice:

CAvA 4

o 01 o

©. 001

g

0.0001
Na+K Cli Fa S04  Ca+hg HCO3 Ca Mg NO3

Fig. 8: Schoeller plot of parts of Abuja, Nigeria

7. Conclusion and Recommendation

The water quality in the central part of Abuja was investigated in the present study through water
quality index and factor analysis. The results of the WQI skowed that the groundwater in central
part of Abuja fairly good for domestic uses. Six factors were identified by factor analysis which
corresponds to six possible sources of contamination to the groundwater regime in the arca. These
contributors are both geogenic and anthropogenic. The Ca-HCO3 water type dominates
groundwater system in the study area. The major processes controlling the groundwater chemistry
in the area include: chemical weathering, dedrock dissolution, ionic exchange, oxidation process,
fertilizer application, poor on-site sanitation and urbanization. Public awareness campaign on the

dangers of groundwater contamination is encouraged.
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