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Abstract

Quality of water is as important as its quantity, because it determines the state of health of man to a large extent. To maintain
sustainable human development and public health of students’ community, water quality assessment was conducted by char-
acterizing the influence of anthropogenic and natural processes on thirty-one (31) water samples from boreholes, hand-dug
wells and surface water from Federal University of Agriculture Abeokuta and its environs. Physico-chemical data, statistical
data, ionic-ratios, Gibb’s plot etc. were employed in delineating dissolved ions’ sources in the water from the study-area.
Some physicochemical parameters were determined insitu with a potable multimeter, while the others were determined in
the laboratory using standard methods. Various ionic plots showed that both carbonate dissolution and silicate weathering
were the major contributors of ions in the water samples. Chloro-Alkaline Indices 1 and 2 values of samples collected were
positive indicating direct ion exchange predominance. Factor analysis produced three factors accounting for 76% of the
total variance. Factor-1 had high loadings (45.9%) on calcium, magnesium, bicarbonate, sulphate, potassium, pH, electri-
cal conductivity and total dissolve solids suggesting water—rock interaction within the aquifer as the primary influence on
groundwater quality and a common geogenic source. This was also corroborated by Gibb’s plot. Factors 2 and 3 revealed a
moderate-high loading on NO;~, CI™ and pH suggesting that anthropogenic activities influence on water quality was quite
significant especially in shallow and uncovered wells and surface water but minimal in borehole samples. Due to intense
anthropogenic activities (farming and septic tank placement) and poor well management (open wells, poorly completed
wells), groundwater drawn from shallower wells and surface-water appeared to be more polluted compared to those from
boreholes. Generally, groundwater quality ranged from fairly to well suitable for drinking purpose except in shallow and
poorly constructed hand-dug wells bordering farm areas.
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Introduction

Water is an elixir of life. Although there is abundant water
on earth (surface and groundwater), they are not always
available in the right place, time and quality. Research into
&4 D. O. Obasaju groundwater resource has come to the forefront of geologi-

obasajudaniel @ gmail.com cal studies in southwestern Nigeria as a result of continu-
ous rise in urban population, shortage of municipal water

Department of Geology and Mineral Sciences, University

of Ilorin, P.M.B. 1515, Tlorin, Nigeria supply, contamination, and pollution problems (Ehinola
2 Department of Geology, University of Ibadan, Tbadan, 2002). Groundwater is of great importanc.e as it serves as
Nigeria a dependable source of potable water which can be asso-
3 Department of Geology, Federal University of Technology ciated with improvement in public health (Laniyan et al.
Akure, Akure, Nigeria 2015). This makes groundwater to be considered in most
4 Department of Earth Sciences, Kogi State University, countries as the priority for any sustainable development
Anyigba, Nigeria (Fekkoul et al. 2012). The chemistry of water which can in
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turn have significant impact on its quality can result from the
ions dissolved in it when rocks weather due to rock-water
interaction (Ige et al. 2017). The contamination of ground-
water by anthropogenic sources has long been recognized
(Butow et al. 1989; Alloway and Ayres, 1997; Clark 2006).
Anthropogenic activities that affect groundwater quality
may be through leakages from underground storage tanks,
waste dump sites, effluents, sewage pits, and brine disposal
from the petroleum industry, mine waste, animals’ feedlots
and farmlands/highway run-offs (Naidu et al. 2011). Fur-
thermore, emission from incomplete fuel combustion which
gets into the atmosphere results in acid rain which infiltrates
the sub-surface water and alters groundwater chemistry.
Groundwater in an unconfined aquifer can be contaminated
by the excessive use of pesticides, herbicides and fertilizers
(Naidu et al. 2011).

A number of researches on water quality of Abeokuta
and environs have been conducted (Adebola et al. 2013;
Oloruntola and Adeyemi 2014; Awomeso et al. 2019),
there is, however, minimal literature on the hydrochemical
character of water consumed by the teeming population of

students of the Federal University of Agriculture Abeokuta
(FUNAAB). Opafola et al. (2020) evaluated the potabil-
ity of satchet water sold within the university community
using physico-chemical and bacteriological properties. It is,
however, important to evaluate the various sources of water
consumed by students and staff who are resident within the
university community and neighbouring environs. Thus, this
research is aimed at identifying and characterizing the pro-
cesses responsible for the quality of various water sources
(boreholes, surface water and hand-dug wells) in Federal
University of Agriculture, Abeokuta (FUNAAB) and its
environs.

Description of study location

The study area borders the Ogun-Osun River Basin Devel-
opment Authority. It is situated along Osiele-Abeokuta road,
off Abeokuta-Ibadan road, Alabata (Fig. 1). It lies on latitude
7.20° N=7.24° N and longitude 3.41° E-3.46° E. The study
area is associated with a rugged terrain as it boasts of well
pronounced undulating topography with an altitude ranging
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Fig. 1 Map of the study area showing accessibility and drainage
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30-180 m above mean sea level (Bello et al. 2009). The area
is drained by rivers Oshinko, Ole/Alakata, Arakanga, Pala,
Pap/Olu and Tigba/Ajigbayin. Alternate wet and dry sea-
sons characterize the climate of the area. During the raining
season (March—October), rainfall is about 750—1000 mm,
while November—March is dry season with amount of rainfall
between 250 and 500 mm (Akanni 1992). The drainage pattern
is dendritic and the area is dominantly drained by Rivers Ogun,
Oyan and many other tributaries. The study area is under-
lain by the Precambrian rocks of the southwestern basement
complex consisting of granites suite, migmatite and gneisses
(Oyawoye 1972; Kayode 1976). Field observations show that
quartz, feldspar, biotite, muscovite are common minerals. The
regional geology of the area has also been well documented by
Oloruntola and Adeyemi (2014), Akinse and Gbadebo (2016).

Material and Methods
Sampling location and samples analysis

Total of 31 water samples were randomly collected from
boreholes, well water and surface water sources located
within and outside FUNAAB premises (Table 1, Fig. 2).
GPS was used to take coordinates of sampled points and the
samples were labelled appropriately. The samples were col-
lected with minimum of 300 m distance between each loca-
tion to ensure wide representation of the whole target area
and to prevent duplication of samples with similar anthro-
pogenic interference. The water samples were collected for
cations and anions tests in 60 cl and 100 ml bottles, respec-
tively (APHA 2005). These bottles were thoroughly rinsed
about 4-5 times with the water to be sampled, while sam-
ples for the cations were acidified with concentrated nitric
acid (HNOs;). Physico-chemical properties of the water such
as: pH, TDS, EC and salinity were measured in-situ using
field portable device (Jenway 3505), while cations and ani-
ons’ presence (Ca’*, Mg?*, Na™, K*,Fe,NO;~, PO,~,SO,*",
HCO;~, CO;7,Cl") were analyzed at FATLAB Nigeria com-
pany, Ibadan, Nigeria. The accuracy of the obtained results
from laboratory analysis for major ions was checked by cal-
culating the charge balance error (CBE), which was gener-
ally within+5 (Eq. 1). All the samples were kept in a cool
environment to maintain a temperature of about 4°C before
analysis (Malomo et al. 1990). The concentrations of anions
were measured using ion chromatography techniques, Ca
and Mg were measured using standard Ethylenediaminetet-
raacetic acid (EDTA) titration, and K and Na were measured
using flame photometry (model: JENWAY PFP7)

CBE = [(2 cations — Zanions)/(z cations + Zanions)].
ey

Results and discussion

The results of the physico-chemical parameters are
presented in Table 2. Physico-chemical data high-
lighted distinct differences between hand-dug wells,
boreholes, sachet water and surface water. The
order of abundance of the cations’ concentration in
hand-dug wells, sachet-water and boreholes was the
same: K*> Ca?t > Na®™> Mg?" > Fe*"while sur-
face water is: Mg?>™ > K* > Na* > Ca?* > Fe?*. For
the anions, the order of abundance for surface-water,
hand-dug wells and borehole samples was the same:
Cl~>NO;~ > HCO;™ > P0,* > S0,> > CO;™ while
that of sachet-water is: CI~>NO,;~>HCO;~ >S0,*” >
PO, >CO;".

A high coefficient of variation (CV > 50%, Table 2) and
spatial distribution indicated the heterogeneous abundance
of most physico-chemical parameters in hand-dug wells.
This can result from direct contamination during use,
seepage from septic tanks or pit toilets. Atmospheric con-
tamination could also be possible as many wells were not
covered. However, most borehole, sachet and surface water
samples had CV <50% (except TDS, SO, and HCO;) and
indicated homogeneity.

Suitability of the groundwater sources for drinking
purposes

The quality of the collected water samples and its potential
impacts on human health have been assessed by comparing
their physico-chemical properties with standards provided
by the World Health Organization (2011) and the Standard
Organization of Nigeria (2007) as shown in Table 3.

pH values ranged from 3.30 to 11.75(highly
acidic—alkaline) with an average of 6.99. These extremes
of pH are indications of pollution. pH values of the major-
ity of the well and surface-water samples fall outside
WHO recommendation for potable water. Four samples:
two surface water samples and two hand-dug well samples
with no farming activity nearby fall within the WHO rec-
ommendation of 6.5-8.5. However, pH of borehole sam-
ples range between 6.9-6.91 and, therefore, fall within
the WHO standard for potable water. Eleven (11) water
samples sourced from sachet-water and hand-dug wells
were categorized as alkaline.

Water hardness was evaluated using Sawyer and McCa-
rthy (1967) classification (Table 4). 77.42% of the samples
fall below 75 mg/L; therefore, they are categorized as soft.
Soft water with low alkalinity can aid potential toxic heavy
metals mobility in the aquifer (Cravotta and Kirby 2004).
19.35% of the samples were classified as moderately hard,
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Table 1 Samples’ source coordinates and characteristics

S/N GPS

Location descripion

Water source

Other comments

1 7°14" 6.258"N 3° 26' 6.954"E

7°14'7.092"N 3°26'8.544"E
3 7°14'8.892"N 3°26'11.838"E

4 7°14'9.144"N 3°26' 10.158"E

5 7°14'6,234"N 326’ 0.876"E

6 7°14'6.234"N 3°26'3.264"E
7 7°14'3.186"N 3°26'0.666"E
8  7°13'51.70"N 3°25'54.71"E
9 7°13'34.10"N 3°25'27.20"E
10 7°13'31.30"N 3°25'27.10"E
11 7°1329.50"N 3°25'26.90"E
12 7°1329.70"N 3°25'32.50"E
13 7°13'27.52"N 3°25'36.60"E
14 7°1325.50"N 3°25'38.30"E
15 7°13'40.70"N 3°25'35.50"E
16 7°13'39.70"N 3°25'28.80"E
17 7°13'46.42"N 3°23'49.836"E
18 7°13'45.30"N 3°23'45.834"E
19 7°13'22.10"N 3°27'19.872"E
20 7°13'22.50"N 3°27'19.70"E
21 7°13'25.71'N 3°27'24.396"E
22 7°13'37.70"N 3°45'54.20"E
23 7°13'24.90"N 3°27'15.80"E
24 7°1324.60"N 3°27'10.8"E
25 7°13'25.062"N 3°27'6.732"E
26 7°13'27.264"N 3°27'3.498"E
27 7°13'30.498"N 3°27'5.010"E
28 7°13'29.3"N 3°26'54.5"E

29 7°13'29.3"N 3°26'54.5"E

30 7°13'29.3"N 3°26'54.5"E

31 7°13'29.3"N 3°26'54.5"E

Fadama farm, 46 m from the road

Fadama farm, 61 m from the road
Fadama farm

Fadama farm

Organic farm

Organic farm
Umar Kabir Hall 1
100 m behind Iyalode Tinubu hall

Piggery unit, school farm

Rabbitry, school farm
Poultry unit, school farm
Turkey unit, school farm

In front of the first hatchery,
poultry unit

Behind the third hatchery build-
ing
About 7 m to sheep and goat farm

COBFAS (for pineapple farm)
IFESERA new farm

IFESERA new farm

Kola Adebayo house, harmony
estate

Behind Kola Adebayo house,
harmony estate

Surface water, harmony estate

Paul and Paula hostel, harmony
estate

Baptist student fellowship build-
ing, harmony estate

SS Sokunbi hostel, harmony
estate

Progeny hostel 2, harmony estate

Moboluwaduro Villa, harmony
estate

Achievers hostel, harmpny estate

Stream flowing into FUNAAB
from harmony estate

Laboj water
Funaab water

Stream flowing into Funaab from
harmony estate

Hand dug well (ringed) uncovered

Hand dug well (ringed) uncovered
Hand dug well (ringed) uncovered

Hand dug well (ringed) uncovered

Hand dug well (ringed) slightly
covered with dead wood

Hand dug well, covered ringed
Borehole
Borehole

Hand dug well, Ringed, uncov-
ered

Hand dug well, ringed, uncovered
Hand dug well, ringed, uncovered
Hand dug well, ringed, uncovered
Hand dug well, covered, ringed

Hand dug well, ringed, covered
Hand dug well, ringed, uncovered
Hand dug well, ringed, uncovered

Hand dug well, ringed, covered

Hand dug well, ringed, covered
Hand dug well. ringed, covered

Hand dug well, ringed, uncovered

Surface water
Hand dug well, ringed, covered

Hand dug well, covered, ringed
Hand dug well, covered ringed

Hand dug well, ringed, covered
Hand dug well, ringed covered

Hand dug well, ringed partly
covered with wood

Surface water

Borehole
Borehole

Surface water

It is turbid. The environment is
swampy

Turbid with odour

Surrounded by plantain trees,
turbid with odour

Located inside vegetable farm,
10 m to maize farm, slightly
turbid

Located inside the organic farm,
surrounded by weed and close to
pineapple farm

50 m to soak away pit
120 m to nearest soak away pit

6 m from piggery

8 m to rabbitry

42 m from rabbitry. 30 m to poultry
15 m to turkey unit

6 m to the road and hatchery

4 m to soak away pit and hatchery

About 22 m to nearest soak away
pit
About 5 m to soak away pit

Located in a maize farm and inor-
ganic herbicide is used (antrazan
paravuat)

Located inside a maize farm

2 m to farm in whuch NPK is used
as fetilizer and also surrounded
by weed controlled with inorgic
pesticide

Near a mixed cropping farm

15 m to soak away pit

About 40 m from soak away pit and
farm in opposite directions

About 15 m to soak away pit
About 12 m from soak away pit

Used for all domestic

The Stage with very shallow water
and good sorting of the sediments

Satchet water

Satchet water
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Fig.2 Map of the study area showing sampling points (inset: maps of Nigeria and Ogun State)

while a hand-dug well sample was categorized as hard;
this was confirmed by its ionic concentration outlier values
for both Ca?* (62.14 mg/L) and Mg>* (24.65 mg/L) which
are above the maximum permissible limits specified by
SON (2007). This sample though good for drinking, since
it is rich in Ca is not economical for domestic use, since
soaps do not form lather easily in it (save detergents are
used). They also result in furring of kettles. While con-
sumption of hard waters can also play a role in heart dis-
eases and prenatal mortality (Agarwal and Jagetai 1997),
soft water intake can also increase the risk of high blood
pressure (WHO 2011).

NO;™ is generally high ranging from 0 to 70.32 mg/L
and a mean concentration of 42.92 mg/L. Majority of the
areas with concentration of NO,™ greater than 30 mg/L are
also associated with high CI~ concentration (> 100 mg/L).
Interestingly, the highest C1~ concentration recorded
was obtained, where the NO;™ value was also very high
(61.33 mg/L) and this occurred at the Constitution of the
Committee on Centre for Community Based Farming
Scheme’s (COBFAS) pineapple farm within FUNAAB. This
invariably suggests similar contamination sources. About

68% of the groundwater samples have nitrate concentration
greater than 30 mg/L, the cut-off for possible nitrate from
natural sources (Hernandez-Garcia and Custodio 2004)
meaning the NO; was from anthropogenic sources (ani-
mal waste and fertilizer most likely). NO;™ concentration
of more than 50 mg/L which is greater than WHO standard
was observed in about 48% of the samples collected. These
samples were collected from hand-dug wells close to farms
and soak-away. These points to possible anthropogenic influ-
ence caused by infiltration of fertilizers used in the farmland
and seepage from septic tanks (Singh et al. 2016). Samples
(hand-dug wells) from animal farms have higher nitrate val-
ues than samples taken in plant farms (where fertilizers were
not applied). This is probably as a result of high nitrate con-
tent of animal wastes. Surface water samples also have high
NOj;™ values and this results from run-offs of nearby farms
and anthropogenic activities like washing near the streams.
The values spread across the study area and hence, it can be
deduced that nitrate pollution is a major pollution source in
the study area. Nitrate has known adverse impact on human
health, primarily in infants. Nitrate affects hemoglobin in the
blood and reduces the babies’ ability to transport oxygen;
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Table 2 Summary of physico-chemical parameters (mg/L)

Sw A

Min Max Mean SD Cv Skewness
pH 3.34 10.03 5.93 3.59 60.64 1.56
EC 317.00 568.00 408.00 139.00 34.07 1.68
TDS 212.00 377.00 271.67 91.49 33.68 1.69
Ca>* 2.87 3.53 3.23 0.33 10.34 —-0.78
Mg>* 3.48 3.97 3.70 0.25 6.76 0.97
Na* 3.01 4.83 3.68 1.00 27.10 1.65
K* 3.01 4.83 3.68 1.00 27.10 1.65
Fe 0.00 0.48 0.16 0.28 173.21 173
SO42Jr 0.00 0.00 0.00 0.00 0.00 0.00
NO, 48.67 67.95 60.24 10.21 16.94 — 146
PO43’ 0.13 0.15 0.14 0.01 7.14 0.00
HCO;~ 0.00 3.05 2.03 1.76 86.60 -1.73
Cl 36.00 108.00 64.80 38.10 58.79 1.46
CO;~ 0.00 0.00 0.00 0.00 0.00 0.00
TZ- 102.25 176.10 127.22 42.34 33.28 1.73
TZ+ 51.18 59.44 54.71 4.26 7.79 1.17
BH B

Min Max Mean SD CvV Skewness
pH 6.90 6.91 6.90 0.01 0.08 1.73
EC 264.00 576.00 368.67 179.56 48.70 1.73
TDS 114.00 307.00 179.00 110.86 61.93 1.73
Ca?* 4.49 5.26 4.83 0.39 8.16 1.04
Mg** 3.81 4.87 4.33 0.53 12.25 0.17
Nat 3.32 3.80 3.58 0.24 6.77 -0.72
K* 32.15 37.88 35.50 2.99 8.41 - 1.31
Fe 0.00 0.00 0.00 0.00 0.00 0.00
SO42+ 0.00 0.15 0.05 0.09 173.21 1.73
NO; 13.95 32.74 25.50 10.11 39.64 - 1.57
PO43‘ 0.14 0.37 0.26 0.12 44.36 -0.39
HCO;™ 3.03 61.00 22.36 33.46 149.66 1.73
Cl 64.80 86.40 76.80 11.00 14.32 —-0.94
CO;~ 0.00 0.00 0.00 0.00 0.00 0.00
TZ- 81.92 173.31 124.97 45.92 36.75 0.51
TZ+ 49.90 59.81 54.93 4.96 9.02 -0.14
SHw C

Min Max Mean SD Cv Skewness
pH 10.50 10.62 10.56 0.08 0.80 0.00
EC 53.00 137.00 95.00 59.40 62.52 0.00
TDS 35.00 90.00 62.50 38.89 62.23 0.00
Ca>™* 0.29 5.74 3.02 3.85 127.82 0.00
Mg2+ 0.06 3.44 1.75 2.39 136.57 0.00
Na* 0.80 3.00 1.90 1.56 81.88 0.00
K* 3.32 12.02 7.67 6.15 80.21 0.00
Fe 0.00 0.00 0.00 0.00 0.00 0.00
SO42+ 0.00 0.82 0.41 0.58 141.42 0.00
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Table 2 (continued)

SHw C
Min Max Mean SD Cv Skewness
NO;, 68.60 70.32 69.46 1.22 1.75 0.00
PO43_ 0.04 0.04 0.04 0.00 0.00 0.00
HCO;™ 3.05 3.05 3.05 0.00 0.00 0.00
Cl 64.80 108.00 86.40 30.55 35.36 0.00
CO5~ 0.00 0.00 0.00 0.00 0.00 0.00
TZ- 139.03 179.69 159.36 28.75 18.04 0.00
TZ+ 35.67 52.00 43.84 11.55 26.34 0.00
Well D
Min Max Mean SD Cv Skewness
pH 3.30 11.75 6.55 2.56 39.11 0.64
EC 173.00 1181.00 496.50 286.63 57.73 1.01
TDS 115.00 786.00 328.64 192.43 58.55 1.09
Ca™* 1.51 62.14 13.97 14.23 101.87 1.96
Mg2+ 1.23 24.65 5.91 5.62 95.08 2.05
Na* 0.80 35.23 8.46 10.78 127.52 1.60
K* 3.72 54.52 23.42 15.97 68.18 0.44
Fe 0.00 4.09 0.72 1.16 162.30 1.70
SO42+ 0.00 1.38 0.15 0.33 214.57 2.81
NO;, 0.00 69.83 40.63 22.71 55.90 - 042
PO43‘ 0.01 0.49 0.16 0.10 64.62 1.47
HCO;~ 0.00 85.40 9.81 22.52 229.54 2.96
Cl 21.60 180.00 95.48 47.07 49.30 0.41
CO5~ 0.00 0.00 0.00 0.00 0.00 0.00
TZ- 50.79 256.51 144.82 60.61 41.85 0.38
TZ+ 22.94 181.64 64.23 39.83 62.01 1.29
Sw, surface wter; BH, Borehole; SHw, Borehole-Sachet water)
Table 4 Water classification using total hardness
Sawyer and Mccarthy (1967)
Table 3 Suitability of the groundwater for drinking Total hardness as  Water type % sample  Samples
Parameters  Range WHO (2011) SON (2007) ~ €aCO; (mg/L)
Permissible Maximum <75 Soft 77.42 2,3,5-8, 10-16,
18-22, 24, 26,
pH 3.30-11.75 6.5 8.5 6.5-8.5 28-31
EC (uS/cm) 53.00-1467 75-150 Moderate hard  19.35 1,4,9, 23, 25,27
TDS (mg/L)  35-982 <600 1000 500 150-300 Hard 3.23 17
Ca (mg/L) 0.29-62.14 100 500 75 >300 Very hard - -
Mg (mg/L) 0.06-24.65 60 170 20
Na (mg/L) 0.80-35.23 200 300 200
K (mg/L) 3.32-54.52 - - - infants so affected are said to have ‘blue baby syndrome’.
Fe (mg/L) 0-4.09 0.1 0.3 0.3 .. . . L.
The most common origin of nitrate in groundwater within
HCO; (mg/L) 0-85.40 550 1000 100 . C . . .
CO, (mgfl) 0 B 12 B the study a.rea are agricultural activities and 1rpproper dis-
Ol (mg/L) 5160180 250 B 100 posal of animal w'astes a.nd seepages from septic tanks.
The concentration of iron (Fe) in the water samples range
SOy (mg/L) — 0-1.38 250 1000 100 from 0 to 4.09 mg/L. 32.3% samples exceeded WHO rec-
NOj; (mg/L) 0-70.32 50 50 50

ommended value for Fe; Higher levels of Fe beyond the
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permissible limit can result into liver, kidney, neurological
disorders (Mandour 2012; Farina et al. 2013) etc.

The CI™ limit set by SON (2007) was exceeded by about
38.7% of the samples, but none exceeded the WHO standard.
The elevated concentration of C1™ and NO;™ is largely due
to downward percolation of water contaminated by livestock
manure as well as washing activities of the inhabitants in the
residential areas. Higher levels of CI™ beyond the permis-
sible limit can impact taste to the water.

Sachet-water, boreholes and surface-water samples have
EC values range (average) of 53—127 (95 pS/cm); 264-576
(368.67 pS/cm) and 317-568 (408 pS/cm), respectively,
which imply low-moderate contamination. However, well
samples EC values ranged 173—1181 pS/cm (496.5 pS/cm)
indicative of high contamination.

The TDS followed the trend of EC because of their
relationship. What affect one affects the other. The range
of TDS values (average) for sachet-water, boreholes and

Table 5 Water classification by TDS

Freeze and Cherry (1979)

surface-water samples are: 35-90 mg/L (62.50 mg/L);
114-307 mg/L (179 mg/L) and 212-377 mg/L
(271.67 mg/L), respectively. These values indicate they
are potable water sources (Table 5). On the contrary, Some
Hand-dug well samples make up the remaining 15.63% with
values falling between 500 and 1000 mg/L with TDS values
between 115 and 786 mg/L (328.64 mg/L), making them just
permissible. Based on TDS concentration, 84.37% of the
waterfall between 0 and 500 mg/L making them suitable for
drinking (Table 5). Therefore, the water sources are fair to
well suitable for drinking purposes.

Statistical correlation

The Correlation coefficient is commonly used to measure
the relationship between two variables (Table 6). It is sim-
ply a measure to exhibit how well one variable predicts the
behaviour of the other. TDS shows a strong positive cor-
relation (0.99) with EC, and with cations such as Ca (0.81),
Mg (0.73), K (0.72). It can be inferred that these ions were
derived from the same source The weak correlation between
HCO;™ and CI™ (— 0.05) reflects Cl source from atmospheric

TDS (mg/L) Water type % sample Sample inputs such as: rainfall (Manjusree et al. 2017). The impact
of anthropogenic activities on water quality can be under-
<1000 Fresh ) 100 All samples studied using the relationship of NO;~, K* SO42_ and PO43_.
1000-10,000 Bra,CkISh B - NO;~ did not significantly correlate with K* (- 0.10),
10,000-100,000  Saline - - S0O,2~ (0.24) and PO, (0.07) implying agricultural activi-
> 100,000 Brine - - .. .. . .
ties is not the principal influence on the water chemistry.
Table 6 Correlation of physiochemical parameters
pH EC TDS Ca Mg Na K Fe SO,”~ NO,* PO,/ HCOHCO;~ CI- CO;”
pH 1.00
EC —0.04 1.00
TDS —-0.04 0.99 1.00
Ca 0.12 0.80 0.81 1.00
Mg 0.20 0.72 0.73 0.88 1.00
Na 0.00 0.60 0.62 0.52 0.55 1.00
K 0.12 0.70 0.72 0.67 0.72 0.33 1.00
Fe -034 -0.14 -015 -031 -034 -009 -0.36 1.00
SO, 0.14 0.52 0.53 0.66 0.68 0.49 0.35 -0.08 1.00
NO;, 0.24 - - 0.20 028 -0.06 -0.10 -0.30 0.24 1.00
PO43_ -0.27 0.55 0.56 0.53 0.55 0.49 046 -0.25 044 0.07 1.00
HCO;, 0.09 0.39 0.40 0.44 0.45 0.55 0.43 0.01 0.46 —-0.14 0.61 1.00
Cl 0.13 0.32 0.31 0.24 0.29 0.15 0.17 -0.24 0.07 0.25 0.14 —0.05 1.00
CO; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
NO,>~ K* Noln PO~
NO,*~ 1
K* —0.18417 1
SO42_ 0.219392 0.290611 1
PO43_ 0.00146 —0.01622 —0.04872 1
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The average NO;~ value is 42.92 mg/L indicating that the
groundwater samples are not principally influenced by pol-
lution from agricultural sources (Zaidi et al. 2017). K* con-
centration in the groundwater samples varied from 0.80 to
35.23 mg/L; high K concentrations could have been derived
from anthropogenic sources such as potash feldspar in the
agricultural lands. The strong correlations between Kt and
EC (0.70), TDS (0.72), Ca (0.67) and Mg (0.72) suggested
that potassium mostly originated from other sources asides
k-feldspar or k-bearing minerals.

A weak relationship (0.29) between total cations (TZ+)
and total anions (TZ—) (Fig. 3a) implied that contribu-
tion of some non-measured ions to charge balance was
significant. The strong relationship between EC and TDS
(0.987; Fig. 3b) suggests that the water-samples were less
likely to contain substantial amounts of uncharged soluble

compounds (e.g., SiO,, Mn, Al, Fe) which may contribute
to its TDS concentration (Prasanna et al. 2011).

Due to intense anthropogenic activities (farming and sep-
tic tank placement) and poor well management (open wells,
poorly completed wells) groundwater drawn from shallower
wells and surface-water appeared to be more polluted com-
pared to those from satchet water and boreholes. This is
responsible for higher concentrations of ZT+ and ZT—in
well samples compared to samples from satchet water and
boreholes.

lonic plots and saturation-index
Bivariate plots identified silicate weathering and carbonate

dissolution as the principal hydro-geochemical processes
controlling water chemistry in the study area. Few hand-dug

Fig.3 a Total cations (TZ+) 300 0297+ 20,267 1000
. y=0.297x+20.2 ¥ =0.6676x - 6.6844
vs total anions plqt (TZ-).b 250 R2=0216 %0 R 00872 X
TDS vs EC. ¢ Ionic plot of Mg/ 200 L
Na vs Ca/Na. d Ionic plot of ( - . . 00 o '
HCO;/Na vs Ca/Na. e Ionic plot N 150 . g 00 P
of CAI-2 vsCAI-1. f Ionic plot 100 e o o ’,,...:"
e .
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wells and surface-water samples plot close to the silicate end
member, while most well samples and boreholes plot towards
the carbonate end member (Fig. 3¢). The molar ratio of Mg>*/
Ca**was employed to further assess the degree of water—rock
interaction of the samples. Most samples have Mg/Ca ratio less
than 2 which indicate calcite dissolution (Tahoora et al. 2014).

The Ca>*Mg>* molar ratio can be used to show the disso-
lution of calcite and dolomite in water (Tahoora et al. 2014).
84% of the samples have Ca**/Mg?* >1 & <2 indicating
calcite and dolomite dissolutions (Mayo and Loucks 1995)
with both processes contributing equally, while 16% of the
water samples have Ca/Mg > 2, indicating silicate minerals
dissolution (Katz et al. 1997).

Carbonic acid and sulfide mineral oxidation weathering
can be differentiated using the HCO,/(HCO;~ +S0,>")
ratios (Pandey et al. 2001). HCO,™/(HCO;~ +S0,>) =1
indicates carbonic acid as the main proton source for chemi-
cal weathering, but a ratio of 0.5 suggests both carbonic acid
and the proton from pyrite oxidation were responsible for the
water ion acquisition.

77 % of the samples have
HCO;/(HCO;~ +S0,*) varying from 0.75 to 1.00, sug-
gesting that carbonic acid weathering of carbonate, dolo-
mite and gypsum controlled the abundance of Ca**, Mg?,
HCO;™ and SO,*™ in the water samples, while 23% were
influenced by sulfide weathering. The linear plot (Fig. 4f) of
Nat 4+ K™—CI~Vs(Ca** +Mg*")~(S0,*~ + HCO;") revealed
a weak relationship (0.28) with a slope of (0.33) which is a
sharp deviation from Fisher and Mullican (1997) theoretical
correlation of (0.90) and slope of — 1. It can then be assumed
that chemical weathering is the most important hydrogeo-
chemical process controlling the distribution of (Ca>*, Mg?™,
SO,* and HCO;") in the waters. These ions” abundance in
the water-samples is a function of carbonate mineral serv-
ing as the matrix in the host aquifer material. As a result, all
the samples are saturated with carbonate minerals. Calcite
saturation indices correlated with TDS and Ca** (Fig. 4c
and d) suggesting that calcite continued to dissolve in the
aquifer after its saturation (super-saturated) and possibly
precipitated (Trunsdell and Jones 1974).

Moderate correlation exists between dolomite saturation
indices and Ca* (0.59), and TDS (0.51). Therefore, these
samples have the capacity to dissolve dolomite. Halite and
Gypsum saturation indices correlate weakly with TDS (0.42
and 0.037; Fig. 4e and f). This indicates that the water has
the minimal capacity to dissolve halite and gypsum.

lon-exchange-process
Groundwater undergoes variety of changes in chemical com-

position as it travels in the subsurface through varying lithol-
ogy. Schoeller (1977) suggests this possibility by the use
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of the Chloro-Alkaline Indices: CAI-1: Cl(Na+ K))/Cl and
CAI-2: ClI-(Na+K)/SO,+HCO;+ CO;+NO; which can
be used to indicate ion exchange between the groundwa-
ter and its host environment during residence or travel. The
value of these indices can be positive or negative. A nega-
tive ratio indicates that Ca?* and Mg?* have been adsorbed
onto the aquifer materials and Na+/& K™ are released in
the groundwater (i.e., reverse ion exchange). However, posi-
tive indices reveal that alkaline earth ions (Ca** and Mg2+)
have been released in the groundwater and alkalis retained
by the aquifer materials (i.e., direct ion exchange; Schoeller
1967). CAI 1&2 values of samples collected were positive
indicating direct ion exchange predominance (Fig. 3e). The
samples have relatively high Cl concentration; but a weak
correlation occurs between Na™ and C1~ (0.15) and halite is
under-saturated in the samples. Therefore, halite dissolution
is not the main source of Cl in the groundwater. The ratio
of CI7/TZ™ was, therefore, used to trace the source of Cl in
the samples. A low ratio of (< 1) ratio indicated atmospheric
origin of C1™ e.g., dust, rainfall or sea-spray (Freeze and
Cherry 1979).

An index of anthropogenic activities is the use of Na*
and NO; correlation (David and Gentry 2000). The weak
correlation (— 0.06) implies that untreated sewage effluent
has less contribution to Na* loading into the groundwater
system. Patterson (1997) stated that laundry-detergent can
contribute about 40% of Na* in wastewater. Na concentra-
tions in hand-dug wells samples were higher compared to
boreholes tapping deeper aquifer due to in-appropriate cov-
ering/opening and poor well completion. This buttresses the
point that anthropogenic activities contribute significantly
to Na+ loading.

Factor analysis

R-mode factor analysis, employing varimax rotation resulted
in three factors (with eigenvalues > 1) which explains 76%
of the total variance. Factor-1 has a total variance of 45.9%
making it the most important factor influencing water
quality. It has high loadings on Ca**, Mg**, HCO,~, pH,
S0,*", K*, EC and TDS. Ca correlates strongly with Mg
(0.88); therefore, it can be suggested that Factor 1 reflects
water—rock interaction within the aquifer (Mayo and Loucks
1995).

While Factor 2 revealed a moderate-high loading on
NO;7, CI” and pH, Factor 3 showed a moderate loading on
NO;™. Both indicated that anthropogenic activities influence
on water qualitywas quite significant especially in shallow
and uncovered wells and surface water but minimal in bore-
hole and satchet water. Since R-mode factor analysis only
explained 76% of the total variance, the unaccounted 24%
probably indicated the presence of other untested parameters
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(such as dissolved oxygen and biochemical oxygen demand
in surface water samples; heavy metals, phosphates, total
suspended solids, turbidity, total coliform count in surface
and groundwater samples) which could contribute to the
quality of the water in the study area. Further studies are
thus recommended.

According to Rail (2000) Potassium concentrations in
groundwater < 10 mg/L are linked to orthoclase weather-
ing to clay; however, concentrations > 10 mg/L may indi-
cate external sources of K+ abundance. A weak correlation
between K* and CI~ (0.17) and Na* (0.33) implied that
anthropogenic sources contributed more to K™ loading in
the waters.

F. SI-GypsumvsTDS

Hydro-chemical facies

The evolution of hydro-chemical parameters of ground-
water can be understood by plotting the concentration
of major cations and anions in the Piper (1944) diagram
(Fig. 5a). It revealed the analogies, dissimilarities and dif-
ferent types of waters in the area. The plot showed that
most of the samples plot as Ca—Cl type (non-carbonate
hardness water with secondary salinity), while 5% plot
as K-ClI water type (non-carbonate alkali water). In the
cation triangular plot field water samples plot at the centre
of the plot which suggested mixed cation (no dominant
cation-type). The anion triangular field showed that all the
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Fig.5 a Piper plot. b Schoe-
ller’s plot of samples 1-15.
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samples were within chloride-axis. Schoeller’s diagram
revealed that K* and Cl~ are the dominant ions in most
parts of the study area (Fig. 5b, c).

Gibbs plots provide information on the mechanism
controlling the chemistry of the study area. It showed
rock—water interaction as the dominant process affecting
water chemistry. Only 2% of the samples (a sachet-water)
plot in the precipitation field (Fig. 5d). This observation
suggested that dissolution of carbonate and silicate miner-
als largely control the water chemistry in the study area.
The rock—water interaction process includes the chemical
weathering of rocks, dissolution—precipitation of secondary
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D. Gibbs plot

carbonates, and ion exchange between water and clay miner-
als (Kumar et al. 2009).

Conclusion

A high coefficient of variation (CV >50%) and spatial dis-
tribution indicated the heterogeneous levels of most phys-
ico-chemical parameters in hand-dug wells. However, most
borehole, sachet and surface water samples had CV <50%
and indicated homogeneity. Classification based on hard-
ness properties revealed that over 70% of the samples were
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soft water type which is an indication of a potential medium
for mobility of toxic elements. Evidence of pollution was
intense in well water samples than other sources. The water
samples had relatively high C1~ concentration which could
impact on taste and corrosion effect. Ca—Cl water type was
the most dominant in the study area. C1>NO; >HCO; and
Ca> K> Na were the order of ionic dominance for anions
and cations, respectively. The study further identified sili-
cate weathering and carbonate dissolution as the principal
hydro-geochemical processes controlling water chemistry
in the study area. Water—rock interaction and anthropogenic
activities were the major factors affecting water quality, with
the later having more impact on surface water and shallow
and uncovered wells. Generally, groundwater is fairly to well
suitable for drinking purpose except the shallow and poorly
constructed hand-dug wells bordering farm areas.
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