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ARTICLE INFO ABSTRACT

The suitability of water for any use depends on its level of quality which can be influenced by several factors.
This research determined the quality of shallow hand dug wells for domestic and irrigation uses in the rural
localities of Ilorin, Northcentral Nigeria. Twenty (20) water samples were collected from shallow hand dug wells
in the study area during wet and dry seasons. The water samples were assessed for physical and chemical
qualities. Results indicates that pH of water samples is acidic to alkaline which ranges between 6.7 and 7.6 in dry
season and ranges from 6.6 to 7.2 for wet season. The pH values fall within the permissible limits of World
Health Organization (WHO) standards and Nigerian Drinking Water Quality Standards (NDWQS). Quality
standards of chemical parameters analysed in the water samples falls within the permissible limits. MgHCO3 is
considered as the most dominant water type in both seasons. Magnesium occurrence was traced to the disin-
tegration of rock minerals while dominance of bicarbonates in the water contributed mostly by carbon dioxide
charged recharge water during precipitation. Irrigation parameters tested includes Soluble Sodium Percentage
(SSP), Residual Sodium Bicarbonate (RSBC), Sodium Absorption Ratio (SAR) and Magnesium Adsorption Ratio
(MAR) which all indicates that the water samples are also suitable for irrigation.
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1. Introduction

Quality assessment of groundwater is of great concern for mankind
because it has a direct influence on human life. The quality of
groundwater resource is of great important whether for industrial, do-
mestic or for agricultural uses. Presently, reliability on groundwater for
drinking is used by more than fifty percent of the world's population
including those who live in the rural areas of developing world
(Tatawat and Chandel, 2008). One of the largest uses of groundwater is
also in the area of crop irrigations in the rural farming system where
some water resource sources such as dam, canal, or river are not
available; therefore, the quality of groundwater is very important in
such area. (see Tables 9-12)

Current analysis has proved that groundwater getspolluted drasti-
cally by various factors which include anthropogenic sources such as
improper disposes of sewage, waste, garbage which have caused a lot of
water borne diseases (cholera, typhoid, diarrhoea, viral haemorrhagic
fever). Agricultural wastes from the use of pesticides, insecticides and

fertilizers which often dispersed over large area could infiltrates and
causes threat to the fresh groundwater ecosystem (Rao and Prasanthi,
2012). Pollution of groundwater can also occur through natural sources
such as soil that possess some high level of heavy metals which could
leached into the groundwater and also has been established that
geology play an important role in the chemistry of groundwater as the
hosting lithologies contribute most of the cations and anions observed
in the groundwater (Abimbola et al., 2002). Groundwater pollution also
results from industrial effluent discharges.

Remediation of groundwater contamination is thus very difficult
except in some defined small area but most emphasis on the ground-
water contamination remediation is placed on prevention before con-
tamination occurs.

The study intends to highlig highlight quality status in the shallow
aquifer hand dug wells of the study area with their hydrochemical
dynamics as well as those factors influence its quality. In this study,
shallow aquifer hand dug wells were assessed for their concentrations
of inorganic substances. Shallow hand dug wells are targeted in this
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Fig. 1. Location map of study area.

research because it is the main source of water supply in this study area
and also it is generally believed that shallow permeable water table
aquifers are the most susceptible to contamination.

2. Study area

The study area is a rural community situated in Ilorin area of Kwara
State in the Northcentral part of Nigeria. It is bounded by latitude 8° 32’
and 8° 36 and longitude 4° 39" and 4° 43’which falls within the base-
ment complex of Nigeria (Fig. 1). People in the study area rely on a
shallow hand dug wells as their primary source of water for domestic
and irrigations uses. The geology of the area is underlain by crystalline
rocks of basement complex. Different types of crystalline rocks are
found in various parts of the study area among which are migmatite -
gneiss, banded gneiss, granite gneiss, augen gneiss, quartzites, older
granites and also observed are the intrusions of pegmatitic rocks. The
crystalline rocks possess porosities of less than 3% (Bouwer, 1978).
Rocks of basement complex, when not weathered are not permeable
and produce no storage capacity.

3. Materials and methods

Twenty (20) groundwater samples were randomly collected from
shallow hand dug wells in the study area (Fig. 2). These water samples
were taken from different places in the study area purposely to have a
wide coverage of the sampling. Sampling exercise was carried out for
both wet and dry seasons. The first water sampling was carried out in
the middle of March representing the peak of dry season while the
second water sampling was conducted in late September that represent
maximum period of rain season because sampling involving two sea-
sons will allow groundwater elemental concentration monitoring. It is
observed that the quality status of water sampled for a particular season
of a given well may or may not actually represent the same quality
status when later sampled for the same well in another season period.

4. Results and discussions
4.1. Domestic use

Water samples collected from the wells were analysed for their
major cation and anion concentrations. The physical analysis of the
water samples was taken directly on the field while chemical analysis
was conducted in the chemistry department, University of Ilorin, llorin,
Nigeria. Anions were analysed by means of convectional titration
methods while cations were determined using standard methods of
Atomic Absorption Spectrophotometry. A statistical summary for the
physico-chemical analyses of the sampled wells in the study area is
presented in Table 1. The interpretation of physical and chemical
parameters for domestic use was based on World Health Organization
Standards (WHO, 2011) for potable water.

According to Satpathy et al. (1987); Westbrook et al. (2005);
Frohlich et al. (2008); Kim et al. (2009) and Vengosh (2013) described
different processes and factors that could aid hydrochemical char-
acteristics of groundwater to include anthropogenic contamination, ion
exchange, dissolution and dilution, water rock interaction and inter-
action of seawater especially through the precipitation and salinisation.

The pH values for the analysed water samples found between 6.7
and 7.6 for the dry season having a mean of 7.1 while ranges from 6.6
to 7.2 in wet season with a mean of 6.9. The pH for the both seasons is
within the acceptable permissible limits by (W.H.O, 2011) standard of
6.5-8.5, therefore, the pH in the study area is acidic to alkaline in
nature. Electrical conductivity of the water samples tested in the area
ranges between 106 and 318 uS/cm and a mean of 209.2 uS/cm for dry
season while for the wet season ranges between 119 and 379 puS/cm and
a mean of 226.6 uS/cm. The EC for the two seasons falls within the
World Health Organization (W.H.O., 2011) permissible standards for
drinking water which is 1000 pS/cm.

However, some traces of high amount of EC in sampled water could
be attributed to the presence of some metallic ore in the basement rocks
within the area. Total Dissolve Solids (TDS) in the water samples for dry
season found between 96 and 176 mg/1 with a mean of 126.6 and
107-176 mg/1 of a mean 132.2mg/l for the wet season. For the two
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Fig. 2. Location map showing water sample points.

Table 1 Table 2
Physical parameter of the water samples from the study area (Dry Season). Physical parameter of the water samples from the study area (Wet Season).
Sample Depth (m) pH EC Temp. (°C) TDS TH Turbidity Sample Depth (m) pH EC Temp (°C) TDS TH Turbidity
Location (us/ (mg/)  (mg/D) Location (us/ (mg/)  (mg/1)
cm) cm)

w7 8.7 7.0 253 24.1 102 8.1 2.1 w7 8.7 6.8 272 24.3 116 10.2 2.4
w3 8.2 7.6 164 23.6 121 12.3 2.4 w3 8.2 7.2 182 24.1 132 16.0 2.6
W20 8.9 7.4 318 24.2 98 11.2 2.3 W20 8.9 7.0 379 23.7 114 14.0 2.7
w1 7.6 6.8 224 25.1 176 13.3 2.9 w1 7.6 6.7 236 26.0 169 18.4 3.1
W11 8.1 6.8 106 28.6 142 9.2 2.1 W11 8.1 6.6 119 27.8 112 11.5 2.3
w14 7.4 7.1 132 23.2 152 14.3 2.4 w14 7.4 7.2 154 24.7 176 15.6 2.6
W6 9.2 6.9 124 25.3 148 12.3 2.2 Wé 9.2 6.7 132 24.0 133 13.6 2.5
w17 8.3 7.4 118 24.0 106 8.4 2.3 w17 8.3 7.2 130 24.3 118 9.0 2.4
W5 8.7 6.7 163 27.2 132 15.2 3.0 W5 8.7 7.0 175 26.1 156 18.1 3.2
w2 7.5 7.0 224 26.4 138 16.4 2.4 w2 7.5 6.8 239 25.2 145 17.0 2.8
w16 10.2 7.0 298 25.1 96 9.6 2.3 w16 10.2 6.6 314 26.0 107 10.0 2.6
w8 8.6 7.2 314 25.0 114 12.5 2.1 w8 8.6 7.0 327 26.3 124 14.1 2.1
w10 7.6 6.7 231 25.3 168 18.6 2.2 w10 7.6 6.6 246 24.6 186 22.4 2.6
w13 7.8 7.1 254 26.9 123 8.4 2.0 w13 7.8 6.9 273 24.4 117 9.2 2.1
W15 9.6 7.0 217 27.1 115 9.1 2.5 W15 9.6 6.6 236 26.4 129 11,2 2.8
W9 8.4 7.3 208 24.3 109 8.7 2.0 W9 8.4 7.1 220 25.1 121 10.9 2.2
iw12 6.8 7.2 193 25.6 128 7.2 2.0 wi2 6.8 7.0 206 24.2 111 8.4 2.0
w19 8.6 7.0 218 24.3 136 10.1 2.3 w19 8.6 6.7 232 26.2 125 10.3 2.4
w4 8.9 6.9 151 26.0 106 8.4 2.1 w4 8.9 6.8 162 24.1 122 10.1 2.4
w18 7.8 7.2 273 27.0 121 8.9 2.3 w18 7.8 7.0 298 25.3 132 11.4 2.5

seasons, TDS is within the acceptable limits of 1000 mg/1 (W.H.O,
2011), therefore with TDS, water in the area is suitable for drinking.
One of the strong effects of having high percentage value of TDS in
water is gastro-intestinal irritation and can also causes stains of fabric
(Olusiji and Adeyinka, 2010).

Total Hardness in the sampled water for the dry season ranges be-
tween 7.2 and 18.6 mg/1 with a mean of 11.6 mg/l and 8.4-22.4 of a
mean 13.1 for the wet season. Based on the standard permissible limit
of (W.H.O., 2011) which is 500 mg/1, the water for both seasons is soft
and considered to be fit for human consumption. Most of the occurrence
of hardness in water associated with the presence of high amount in

magnesium and calcium ions (Mg* and Ca®*). Turbidity of 5.0 (NTU)
usually recommended for portable water but for the sampled water in
dry season ranges between 2.0 and 3.0 with a mean of 2.3 while be-
tween 2.0 and 3.2 of a mean of 2.5 for wet season and this shows that
turbidity for those considered seasons are falls within the maximum
acceptable standards of WHO.

Calcium values in the analysed water is between 1.0 and 5.4 mg/1
with a mean of 2.9 mg/1 for the dry season while ranges between 2.2
and 10.8 mg/1 of a mean 5.6 mg/l. Based on the (W.H.O, 2011) stan-
dard for calcium in drinking water, there is no specific limitations but
on the Side of Nigerian Standards Drinking Water Quality (NSDWQ,
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Table 3
Chemical parameters of the water sample (mg/L) from the study area (Dry
Season).

Sample Ca?t Mg?* Na® K' C HCO;~ SO0, NO;~ Fe?*
location

w7 54 6.3 84 7.3 138 346 143 238 0.3
w3 26 1.6 67 88 6.6 282 184 1.8 0.5
W20 34 36 54 62 104 27.6 246 2.9 0.6
w1 15 24 24 69 11.4 137 124 15 0.2
wi1 1.0 21 32 61 92 266 283 2.2 0.2
w14 22 22 36 68 83 184 15.2 3.1 0.4
w6 20 1.9 49 7.4 84 321 16.4 2.9 0.3
w17 1.8 21 28 67 81 132 236 2.2 0.1
W5 21 28 34 66 85 807 241 28 0.2
\p) 24 29 36 59 102 426 26.6 2.1 0.1
w16 33 45 61 93 11.4 125 227 3.3 0.3
w8 21 3.2 38 96 104 27.3 24.8 2.2 0.1
w10 36 4.7 31 104 9.4 442 233 3.4 0.8
w13 43 3.2 6.3 10.6 11.2 849 26.1 2.7 0.4
w15 3.4 48 69 96 134 375 15.4 4.1 0.1
w9 38 26 28 108 123 26.3 23.8 3.4 0.3
w12 36 5.1 39 62 11.6 426 21.4 3.1 0.3
w19 41 33 36 106 128 542 229 3.4 0.8
W4 21 1.6 33 94 82 174 26.4 2.6 0.5
w18 3.6 3.4 6.4 10.8 88 337 253 2.8 0.4

2007), the allowable permissible limit for calcium should not exceed
75mg/l. Water samples in the area for the both seasons falls within the
acceptable level of NSDWQ. Calcium (Ca) and Magnesium (Mg) are
found in large quantities in some brine. In some cases, high amount of
calcium within the earth crust could responsible for its presence in the
groundwater. Also, almost all-natural waters, including seawater,
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contain either or both calcium carbonate and calcium sulphate. Calcium
occurs in many other silicate minerals that are present in the rocks such
as garnet, epidote, titanite, and wollastonite.

Magnesium contents in the samples for the dry season is between
1.6 and 6.3 mg/1 with a mean of 3.2 mg/1 while ranges between 2.2 and
9.4mg/1 with a mean of 4.7 mg/l. When compared with a standard
given by WHO of 20 mg/1, magnesium in the analysed water for the two
seasons found to be suitable for any domestic purpose. High presence of
magnesium in water results from leaching of ferromagnesian minerals
like biotite, olivine that present in the rocks. Magnesium also forms in
groundwater when there is a contact between some certain rocks and
groundwater especially carbonate minerals as they do occur in natural
water.

Sodium values in the water for the dry season ranges from 2.4 to
8.4mg/1 with a mean of 4.5mg/l and for the wet season ranges be-
tween 4.4 and 6.5 mg/1 having a mean of 3.9 mg/1. The (W.H.O., 2011)
recommended limits for sodium is 200 mg/1, therefore, all the water
samples in both the seasons are found with the acceptable standard
limits making the water in the area to be suitable and fit for human
consumption. Potassium permissible limit in the drinking water was not
specified by (W.H.O., 2011) but consideration was based on the Ni-
gerian Drinking Water Quality Standards (NDWQS, 2007) limit of
10 mg/1. For the dry season, the potassium concentration in the water
ranges from 5.9 to 10.8 mg/1 with a mean of 8.3 mg/1 and for the wet
season found between 5.6 and 10.6 mg/l of a mean 8.1 mg/l. It was
observed that in some locations like 13, 14, 16 and 20 in the two sea-
sons there was high level in potassium concentrations and these were
attributed to the abundance of potassium in some mineral vein intru-
sions that are present in the most basement rocks in the area like
pegmatite intrusions in migmatite outcrops of the area.

10

m Jurassic Younger Granites
: Precambrian Basement

E] Major Town

STUDY AREA

Fig. 3. Geological map of Nigeria showing study area (after Obaje and Abba,1996).
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Fig. 4. Piper Trilinear Diagram showing chemical characters of groundwater in the study Area.
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Table 4
Chemical parameter of the water sample (mg/L) from the study area (Wet
Season).

Sample ca?t Mg?* Na® K" C HCO;~ S0, NO;~ Fe?*
Location

w7 10.8 9.4 65 69 9.8 54.0 181 1.6 0.2
w3 58 22 43 81 42 432 149 0.8 0.1
W20 79 6.1 51 7.4 6.4 393 205 1.7 0.3
w1 36 28 26 68 7.2 181 7.6 0.4 0.3
wi1 22 23 21 56 52 324 224 1.3 0.1
w14 30 26 32 74 63 223 19.8 2.1 0.3
w6 3.2 24 41 69 46 380 18.6 1.8 0.1
w17 35 27 36 64 51 168 17.9 1.7 0.1
w5 28 33 23 63 62 1082 182 23 0.3
\p) 40 41 3.3 68 43 60.0 19.0 0.9 0.1
w16 6.9 82 52 10.6 7.3 184 18.8 2.4 0.2
w8 52 5.1 31 92 62 332 200 1.8 0.1
w10 68 6.3 44 101 43 546 22.4 26 0.3
w13 7.5 4.9 54 104 7.1 101.3 193 24 0.1
w15 84 7.2 62 94 81 465 17.8 29 0.1
w9 95 3.0 21 85 6.2 331 204 2.7 0.2
w12 69 7.1 43 72 65 517 17.8 2.6 0.1
w19 6.8 4.7 34 96 6.2 61.4 20.4 2.8 0.2
W4 3.2 24 22 84 43 236 19.7 2.0 0.2
w18 48 6.4 51 106 4.2 423 226 2.2 0.2

Concentrations of chloride in the sampled water for the dry season
are between 6.6 and 13.8 mg/1 with a mean of 10.2 mg/1 while for the
wet season ranges from 4.2 to 9.8 mg/1 with a mean of 6.0 mg/l.
However, WHO maximum permissible limits for the chloride is 250 mg/
l. Water samples in the two considered seasons are found with the
standard acceptable limits. Some of the sources of chloride presence in
water include human wastes, fertilizers and dissolution of magmatic
rocks (Freeze and Cherry, 1979). Also, some other source of chloride in
the water involves recharge from meteoric water, weathering from
underlying basement rocks (Olusiji and Adeyinka, 2010).

Bicarbonates values ranges from 12.5 to 84.9 mg/l with a mean of
34.9 mg/1 for the dry season and ranges from 16.8 to 108.2 mg/1 with a
mean of 44.0 mg/1. There is no specific limit provided by the (W.H.O.,
2011) for bicarbonates in water but it was observed that most of the
bicarbonate ion occurrence in the water results from the dissolution of
carbonate rocks, carbon dioxide from the atmosphere or from respira-
tion of aquatic organisms.

Sulphate concentration values in the dry season of analysed water
samples is between 12.4 and 28.3 mg/]1 with a mean of 21.8 mg/l and
for the wet season ranges from 7.6 to 22.6 mg/1 having a mean of
19.0 mg/1. The standard limit by the (W.H.O., 2011) for sulphate in
water is 250 mg/1. Those values for the water sample within the seasons

Table 5
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considered falls in the standard limits. Some trace of sulphate in the
water sampled in the area might have resulted from some improper
disposing of solid and liquid wastes in the area and also by unlawful use
of chemical like fertilizers by the farmers in the area. Though, sulphates
also occur in natural water. Nitrate concentration ranges between 1.5
and 4.1 mg/1 with a mean of 2.8 mg/1 for dry season while ranges from
0.4 to 2.9 mg/1 of a mean 2.0 mg/1 for the wet season. WHO acceptable
standard for nitrate in water is 50 mg/1, therefore all the water samples
in the area for the two concerned seasons are within the acceptable
limit. Minor traces of nitrates in water of the study area implies that
there is just little impact from agricultural practices in the area and
small effects of sewage dispose in the area. Nitrates could also occur in
the soil naturally through degradation of microbes in nitrogenous or-
ganic material like protein.

Iron levels in the dry season of sampled water is found between 0.1
and 0.8 mg/1 with a mean of 0.4 mg/1 while for the wet season is from
0.1 —0.0.3mg/] with a mean of 0.08 mg/l. Standard recommended
level by the (W.H.O., 2011) for iron is 3.0mg/l, therefore, water
samples in the area for both seasons are within the acceptable limits
which signifies that the water in the area is good for human health.
Some traces of few occurrence of iron in water of the area probably due
to the weathering of iron mineral rocks like garnets, magnetite, am-
phibolite that are present in the area.

Main water types in the area were determined based on the per-
centage of each cation and anion present in the water in milliequivalent
per litre as shown in Table 2 and Table 3 which later presented on the
Piper Diagram (Piper, 1944) as shwon in Fig. 3. MgHCO3 is considered
as the most dominant water type in the area for both two seasons. The
most possibly factor that responsible for the geochemical processes in
the water type in this area is the dissolution of minerals in the various
rock types that are found in the area. Further evidence in supporting
water rock interaction as the main factor for the geochemical processes
of groundwater chemistry in the area is shown in the plotted Gibbs
(1970) diagram in Fig. 4.

Occurrence of magnesium (Mg2+) also results from the breakdown
of some mineralogical components that are present in the rocks which
includes minerals like biotite, hornblende, pyroxene and olivine.
Dominance of bicarbonates in the water contributed mostly by the
carbon dioxide charged recharge water during precipitation. Mg?*,
Ca®" and HGO; play roles in the chemistry of groundwater through the
dissolution of carbonate rocks while silicate weathering regarded as the
process behind some amount of Na* and K* that present in the water.
Other prominent water type in the area is MgS0, and presence of sul-
phates in this water attributed to the use of some harmful farm che-
micals like fertilizers, pesticides by the farmers in the area. Though,
sulphates also occur in natural water.

Summary of physico-chemical parameters of water samples for dry and wet seasons.

Parameters Season 1 (Dry Season) Season 2 (Wet Season)

Min Values Max Values Mean Value SD Min Values Max Values Mean Value SD W.H.O. (2011)
Ph 6.7 7.6 7.1 0.2 6.6 7.2 6.9 0.2 6.5-8.5
EC (uS/cm) 106 318 209.2 64.8 119 379 226.6 70.9 1200
Temp. “c) 23.2 28.6 25.4 1.4 23.7 27.8 25.1 1.1 28
TDS (mg/1) 96 176 126.6 22.5 107 176 132.3 22.7 1500
TH (mg/1) 7.2 18.6 11.1 3.2 8.4 22.4 13.1 3.8 500
Turbidity 2.0 3.0 2.3 0.3 2.0 3.2 2.5 0.3 5.0
Ca?* (mg/1) 1.0 5.4 2.9 1.1 2.2 10.8 5.6 2.5 -
Mg?* (mg/1) 1.6 6.3 3.2 1.3 2.2 9.4 4.7 2.2 20
Na* (mg/1) 2.4 8.4 4.5 1.7 4.4 6.5 3.9 1.4 200
K* (mg/1) 5.9 10.8 8.3 1.8 5.6 10.6 8.1 1.6 -
Cl™ (mg/D 6.6 13.8 10.2 2.0 4.2 9.8 6.0 1.5 250
HCO3(mg/1) 12.5 84.9 34.9 19.9 16.8 108.2 44.0 25.0 -
S04 (mg/1) 12.4 28.3 21.8 4.7 7.6 22.6 19.0 3.2 250
NO3 (mg/1) 1.5 4.1 2.8 0.6 0.4 2.9 2.0 0.7 50
Fe?* (mg/1) 0.1 0.8 0.4 0.2 0.1 0.3 0.2 0.08 3.0
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Table 6

Saturation indices for water samples (Wet Season).
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Sample No. SI (Anhydrite) (CaS04) SI (Aragonite) (CaC03) SI (Calcite) (CaCO3) SI (Dolomite) (CaMg(COs3)2 SI (Gypsum) (CaSO4:2H,0) SI (Halite) (NaCl)
w7 -0.57 0.99 1.14 2.33 -0.27 -5.99
W3 -0.78 0.68 0.82 1.32 —-0.47 —6.51
W20 —0.60 0.73 0.87 1.73 -0.29 -6.27
w1 -1.10 0.24 0.38 0.76 -0.79 —6.46
w11 —1.05 0.08 0.22 0.55 -0.75 -6.74
W14 -0.93 0.09 0.23 0.49 —-0.63 —6.46
W6 -0.95 0.03 0.48 0.93 -0.63 —6.50
W17 -0.87 0.06 0.21 0.39 -0.57 —6.50
W5 -1.15 0.63 0.78 1.74 -0.85 —6.66
w2 -0.91 0.59 0.74 1.59 —-0.61 —6.64
w16 —0.65 0.39 0.54 1.25 -0.35 -6.19
w8 -0.74 0.49 0.63 1.35 —-0.44 —-6.49
w10 —0.66 0.77 0.91 1.89 —-0.36 —6.52
W13 -0.73 1.03 1.18 2.28 -0.43 -6.23
W15 —0.64 0.84 0.98 2.00 —-0.34 —6.08
W9 —0.49 0.74 0.89 1.37 -0.19 —6.66
w12 -0.72 0.79 0.93 1.99 —-0.42 -6.34
W19 -0.68 0.82 0.97 1.88 —-0.38 —6.47
w4 —-0.90 0.14 0.28 0.54 —-0.60 -6.79
w18 -0.77 0.52 0.67 1.56 —-0.47 —6.46
Table 7

Saturation indices for water samples (Dry Season).

Sample No. SI (Anhydrite) (CaS04) SI (Aragonite) (CaC03) SI (Calcite) (CaCOs) SI (Dolomite) (CaMg(CO3)» SI (Gypsum) (CaSO4:2H,0) SI (Halite) (NaCl)
w7 —-0.85 0.56 0.71 1.59 —0.55 -5.71
w3 -1.02 0.13 0.27 0.43 -0.71 -6.12
W20 —0.86 0.19 0.33 0.77 —-0.56 —6.04
w1 -1.30 -0.33 -0.18 —0.06 —-1.00 —6.30
W11 -1.34 —0.40 —0.25 —-0.10 —-1.04 -6.33
W14 -1.11 —0.08 0.07 0.23 —-0.80 -6.28
w6 -1.16 0.08 0.23 0.53 —-0.86 —-6.15
W17 -1.09 -0.39 —0.24 -0.33 -0.79 —6.42
W5 -1.15 0.37 0.53 1.26 —-0.85 -6.35
w2 —-1.01 0.18 0.33 0.83 -0.71 —-6.23
w16 —-0.87 -0.13 0.01 0.25 —0.56 —5.93
w8 —-1.06 —0.03 0.11 0.49 -0.75 -6.19
W10 -0.88 0.40 0.55 1.31 —-0.58 -6.33
W13 -0.85 0.69 0.83 1.64 —-0.55 -5.97
W15 —-1.01 0.38 0.53 1.31 —-0.70 —5.81
W9 —-0.81 0.22 0.36 0.65 —-0.51 -6.25
W12 —-0.90 0.40 0.55 1.35 —0.60 —-6.13
W19 -0.85 0.53 0.68 1.36 —-0.54 -6.13
w4 -1.01 -0.23 -0.09 -0.21 -0.71 -6.35
W18 -0.84 0.28 0.43 0.92 —-0.54 —6.04

4.2. Saturation Indices

The major elements and trace metals are transported in the chemical
elements through groundwater. Both anion and cation concentrations
that are present in groundwater form complex association, therefore
aqueous complexes formations are very necessary in describing aquifer
characteristics because both toxicity and bioavailability of metals that
are usually occur in water are based on the aqueous speciation or
complexation of the metal (Langmuir, 1997).

Saturation Indices (SI) is useful to determine possible chemical re-
action and to measure some level of chemical departures from the
thermodynamic equilibrium between the aquifer and minerals present.

Saturation index (SI) of water samples was calculated using below
equation:

SI = log;o (IAP / Ksp) (€))

Where IAP refers to as the ion activity product and K, is the solubility
product at a given temperature. However, the saturation index (SI) in a
particular mineral indicates whether the groundwater is undersaturated
with respect to the mineral in question when the value of SI is below 0,
it is at the equilibrium with the mineral when calculated value of SI is 0

or regarded to be supersaturated aqueous solution with respect to the
mineral in question when it is greater than 0. Consecutively, if the
groundwater is considered to be undersaturated with respect to the
mineral, as been showed with a negative SI, this means that the
groundwater would theoretically dissolve that particular mineral con-
cerned. But if the groundwater is supersaturated with respect to a
particular mineral, this implies that the mineral would precipitate from
the groundwater. Though there are still some uncertainties which are
associated with the range values of SI that indicates equilibrium phases
due to some anomalies from the field-measured of pH values, labora-
tory analysed concentration of ions, ionic strength and equilibrium
constants that are involved during calculations of SI parameters
(Langmuir, 1997). In this research, a geochemical program called
PHREEQC developed by (Parkhurst and Appelo, 1999) was applied in
calculating SI values for twenty (20) hand dug well samples collected
from the study area in both wet and dry seasons (Table 4 and Table 5).

Results from SI calculated values shows water in the study area for
two considered seasons (wet and dry seasons) are greatly under-
saturated with respect to anhydrite (CaS0,4), gypsum (CaSO4:2H,0),
and halite (NaCl), which means that these minerals will continue to
dissolve in the water. The water is supersaturated with respect to the
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Table 8

Values for irrigation parameters indices (dry season).
Sample No. SAR SSP (%) MAR (%) TDS (mg/ RSBC (meq/ EC (uS/

D D cm)

w7 3.47 26.9 53.8 102 0.30 253
w3 4.62 45.0 38.1 121 0.33 164
w20 2.89 624 51.4 98 0.28 318
w1 1.23 525 61.5 176 0.14 224
w11 2.58 75.0 67.7 142 0.39 106
w14 2.43 703 50.0 152 0.19 132
w6 3.50 75.9 48.7 148 0.43 124
W17 2.00 70.9 53.9 106 0.13 118
W5 217 67.1 57.1 132 1.21 163
w2 2.21 64.2 54.7 138 0.58 224
W16 3.10 66.4 57.7 96 0.03 298
w8 2.33 71.7 60.8 114 0.34 314
w10 1.52 61.9 56.6 168 0.54 231
W13 3.25 69.3 42.3 123 1.17 254
W15 3.42 66.8 58.5 115 0.44 217
w9 1.56 68.0 40.6 109 0.24 208
wi2 1.87 53.7 58.6 128 0.52 193
W19 1.88 65.7 44.6 136 0.68 218
w4 243 77.4 43.2 106 0.18 151
w18 342 711 48.5 121 0.37 273

Table 9

Values for irrigation parameters indices (wet season).
Sample No. SAR SSP (%) MAR (%) TDS (mg/ RSBC (meq/ EC (uS/

D D cm)

w7 2.04 39.9 46.5 116 0.35 272
w3 2.15 60.8 27.5 132 0.42 182
W20 1.92 47.2 43.6 114 0.24 379
w1 1.23 525 61.5 169 0.14 236
w11 2.58 75.0 67.7 112 0.39 119
w14 2.43 703 50.0 176 0.19 154
w6 3.50 759 48.7 133 0.43 132
w17 2.00 70.9 53.9 118 0.13 130
W5 217 67.1 57.1 156 1.21 175
w2 2.21 64.2 54.7 145 0.58 239
w16 3.10 66.4 57.7 107 0.03 314
w8 2.33 717 60.8 124 0.34 327
W10 1.52 61.9 56.6 186 0.54 246
w13 3.25 69.3 42.3 117 1.17 273
W15 3.42 66.8 58.5 129 0.44 236
w9 1.56 68.0 40.6 121 0.24 220
W12 1.87 53.7 58.6 111 0.52 206
w19 1.88 65.7 44.6 125 0.68 232
w4 243 77.4 43.2 122 0.18 162
W18 342 71.1 48.5 132 0.37 298

calcite, aragonite and dolomite. The over saturation of these minerals
most especially dolomite results from presence of calcium and magne-
sium in the water. Calcium (Ca) and Magnesium (Mg) are found in large
quantities in some brine. In some cases, high amount of calcium within
the earth crust could responsible for its presence in the groundwater.
Also, almost all-natural waters, including seawater, contain either or
both calcium carbonate and calcium sulphate. Calcium also forms in
many silicate minerals that present in the rocks like garnet, epidote,
titanite and wollastonite. Magnesium occurrence in the water is

Table 10
Classification of Water for Irrigation based on EC values (Richard, 1954).
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Table 11
Water quality parameters for irrigation (Ayers and Westcot, 1985; Eaton, 1950;
Wilcox, 1948).

Class EC (uS/cm) RSC (mg/1) SAR SSP (%) Use as irrigation
1 <117.51 <1.25 <10 <20 Excellent

2 117.51-508.61 1.25-2.5 10-18 20-40 Good

3 >503.61 >2.5 18-26 40-80 Fair

4 - - >26 >80 Poor

Table 12
TDS classification for Irrigation Use (Robinove et al., 1958).
Classification TDS (mg/1)
Non saline <1000
Slightly saline 1000-3000
Moderately saline 3000-10,000
Very saline >10,000

possibly results from the dissolution of mineral rocks (ferromagnesian
minerals such as biotite and olivine) in the area as it been observed
from a high concentration of magnesium in the water samples and
magnesium-rich groundwater containing a significant amount of salt is
also thought to be essential for dolomite formation.

4.3. Irrigation use

The parameters used in the characterization of shallow wells for
irrigation in this work are Soluble Sodium Percentage (SSP), Residual
Sodium Bicarbonate (RSBC) which were calculated based on approach
given by Todd (1980) and Gupta (1987), Sodium Absorption Ratio
(SAR) was calculated using Richards (1954), Magnesium Adsorption
Ratio (MAR) calculated based on Raghunath (1987) as well as Total
Dissolved Solids, TDS (Richards, 1954) as shown in Table 6 and
Table 7based on the following equations:

.
SAR= — Na*

J(Ca*t + Mg?+)/2 2)

+ +

SSP = Na” + K %100

Ca** + Mg** + Na* K* 3)
RSBC = HCO032™ - Ca2™ )]

Mg2+
MAR = ———°——— %100
Ca** + Mg ()

Joshi et al. (2009) explained that high concentration of electrical
conductance (EC) causes reduction in the amount of water going to the
plants. EC provide status of salinity hazard in water and its effects on
the productivity of crops. The EC values obtained in this work ranges
between 106 and 318 uS/cm with a mean of 209.2 pS/cm for the dry
season while for the wet season ranges between 119 and 379 uS/cm
with a mean of 226.6 puS/c and all these values are within the accep-
table limits of 1000 uS/cm (W.H.O., 2011). Based on the description by
Richard (1954) who described that water can only be used for irrigation

S/No. Electrical Conductivity (uS/cm) Water Type Use for irrigation

1 <250 Low saline water Entirely safe

2 250-750 Moderate saline Safe under most condition

3 750-2250 Medium to High saline Safe only with permeable soil and moderate leaching
4 2250-4000 High salinity Unfair for irrigation

5 4000-6000 Very high salinity

6 >6000 Excessive salinity
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Fig. 5. a: Gibbs' plots of water samples in the stuay area (Dry Season).
b: Gibbs' plots of water samples in the stuay area (Wet Season).



K.O. Ibrahim, et al.

Groundwater for Sustainable Development 9 (2019) 100226

100000

10000

1000

705 (MG/1)

100

10

-
N

"

0.6

[(CI/(Cl+HCO3)]

<« Ogunbo

= Sentu

A Baba-Dudu

< lle Apa

> Budo- Alfa

* Agunbiade

-+ Aduragba

- Jodomo

— Oke-Oyi

< Oke-Ose

= Gbangbalako

A Alalubosa

> Badi

> Lossa Oke Oyi

» Ariyibi
Gambo

- Idigba Oke Oyi

- Alado

< Ladepa

= Ajulo

Wet Season

100000

10000

1000

105 (MG/1)

100

10

2 x

e e
/

0.2 04 0.6 o8

[(Na+K)/(Na+cCa)]

<« Ogunbo

= Sentu

A Baba-Dudu

< lle Apa

> Budo- Alfa

* Agunbiade

-+ Aduragba

- Jodomo

— Oke-Oyi

* Oke-Ose

=m Gbangbalako

A Alalubosa

> Badi

> Lossa Oke Oyi

® Ariyibi
Gambo

- Idigba Oke Oyi

- Alado

< Ladepa

= Ajlo

Wet Season

Fig. 5. (continued)

10



K.O. Ibrahim, et al.

Groundwater for Sustainable Development 9 (2019) 100226

IWET SEASON L FLECTRICAL CONDUCTIVITY (MICROOHMS/CENTIMETER)
AHDW1 -
* HDW 2 \\ e
< HDW 3
X HDW 4 g
* HDW S = 24
+HDW 6 ,;_ 22
- HDW 7 \\ g 20
- HDW S i g 1=
e HDW 9 5 P
T | = = 16
= HDW 10 5|2 3
= 4
AHDW 12 g = g 1 \
= =
> HDW 13 s S 12
o ™ ]
* HDW 14 = ~ o
* HDOW 15 g N \
- HDW 16 \
6
-HDW 17
g 4
- HDW 18
*HDW 19 : \
= HDW 20 0 X+ Gedl-R[OER o
100 1000
C‘( . SLINITY HAZARD
i c2 c3 [ ca
wow MEDIUM HIGH *RV HIGH
DRY SEASON L ELECTRICAL CONDUCTIVITY (MICROOHMS/CENTIMETER)
AHDW1 el -
* HDW 2
N 28
< HDW 3
X HDW 4 3
® HDW 5 = 24
+HDWE6 § 22
- HDW 7 \\ g 20
- HDW 8 = g b
¢ HDW 9
2| | B~
= HDW 10 5|2 &
2|2 g 14
AHDW 12 = \
= =
> HDW 13 = S 12
== 8
* HDW 14 5 I~ 2 ho
* HDW 15 3 N \
~ HDW 16 \
6
- HDW 17
g 4
- HDW 18 \
2
* HDW 19
™
= HDW 20 0 X0 of 1% mg
(‘c! SLINITY HAZARD
c1 c2 c3 ca
ow MEDIUM HIGH VERY HIGH
_—

Fig. 6. Classification of Water based on EC and SAR values.

11



K.O. Ibrahim, et al.

only when its possess low to moderate saline water (Fig. 5). Total
Dissolved Solids (TDS) obtained from the water samples for dry season
is between 96 and 176 mg/1 with a mean of 126.6 and 107-176 mg/1 of
a mean 132.2mg/l for the wet season. For the two seasons, TDS is
within the acceptable limits of 1000 mg/1, therefore with TDS, water in
the area is suitable for irrigation. Also, based on the classification of
Robinove et al. (1958), this water is regarded as non-saline and con-
sidered to be excellent for irrigation (see Fig. 6).

Sodium Absorption Ratio (SAR) value for each of analysed water
samples was determined based on the Richard (1954) as described
above. However, sodium hazard is generally expressed as the sodium
adsorption ratio (SAR). The SAR shows specific amount of sodium,
calcium and magnesium ions that are present in the water. For this
work, the SAR ranges from 1.2 to 3.5 for the dry season while for the
wet season is between 0.84 and 2.17. According to Todd (1980) de-
scribed irrigation water having SAR values below 10 to be excellent for
irrigation uses. The amount of magnesium in the water is regarded as
another most very useful index in classifying the quality of water for
irrigation. It is generally observed that magnesium and calcium in most
of the cases, maintain a state of equilibrium in the water but when there
is an increase in the level of salinity of the water, it then causes a de-
cline in the crop productivity (Joshi et al., 2009). The values of MAR
obtained for dry season in this work is between 38.1 and 67.7 while for
the wet season ranges between 24.0 and 57.1 though there are high
values for MAR in some water samples which above recommended
limits of 50% by Ayers and Westcott (1985).

Soluble Sodium Percentage (SSP) give an estimate on the amount of
sodium ions available in the water which shows an indication of pos-
sible hazard that might results from the accumulation of sodium ions.
The SSP also serves as important indices in classifying suitability of
water for irrigation. Joshi et al. (2009) explained that large amount of
sodium in the water for irrigation will give a plant a stunt growth and
also reduce permeability in the soil. Values obtained for SSP ranges
from 26.9 to 75.9 for dry season while ranges from 39.9 to 66.3 for the
wet season and based on the value given by Wilcox (1948) re-
commended limit of 80% and those values obtained in this work are less
than 80% therefore they are good for irrigation.

High percentage value of Residual Sodium Bicarbonate (RSBC) in-
creases or causes high rate in the pH values and any kind of soil irri-
gated with this kind of water will results to the infertility due to the
presence of sodium bicarbonates (Eaton, 1950). However, those values
obtained for RSBC in this work is between 0.03 — 1-21 for dry season
while from —0.05 - 1.66 for the wet season and these values considered
to be good for irrigation based on the standard limits of 2.5 meg/1.

5. Conclusion and recommendation

This work has provided information on the physico-chemical char-
acteristics of shallow aquifer wells in the rural area of Ilorin,
Northcentral Nigeria. From the analysis of water samples, the pH values
indicated that water in the area is acidic to alkaline type and all the pH
values falls within the acceptable and recommended limits for domestic
uses. Also, concluded that all other parameters tested both physical and
chemical parameters are within the permissible limits therefore making
the water to be suitable for any kind of domestic use. Although, it is
observed from the studies, that most of these chemical constituents
present in the water sampled have been influenced by the geological
formation of parent rocks in the area but all the studied wells in the
area still makes positive compliance, and suitable for domestic uses.

Results obtained for irrigation parameters indicates that the water
samples in the area are suitable for irrigation, though expected that
there would be some anthropogenic influences but those expected in-
fluences are not apparent and have no much effects in the water
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analysed.

This work recommended that those existing shallow hand dug wells
in the study area should have continuous monitoring against environ-
mental influence especially by reconstructing some of the wells’ aprons
for proper well covering. It is also recommended that both the gov-
ernment and private individual should assist in constructing and de-
velop good borehole wells in the study area as shallow hand dug wells
do not meet the demand of water by villagers for domestic and irriga-
tion purposes.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.gsd.2019.100226.
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