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Abstract

This research attempts to assess the hydrochemistry of major ions, the quality of surface and subsurface water, as well as its
suitability for domestic and agricultural uses, in parts of the Southern Benue Trough. A total of thirty water samples were
collected and analyzed in the laboratory using standard practices. Results revealed that the concentration of major cations
for both surface and groundwater is in the order: Na* > Ca’>* > Mg?* > K™, while major anionic constituents are, respec-
tively, present in the order: CI~>HCO;~ > CO;*~>NO;~ > S0,*” and HCO,™ > CI~ > CO,* > NO;~ > SO,>~ for surface and
groundwater. The water quality index (WQI) model revealed that 100% of the surface water is of good quality for domestic
and other uses, while 29.17% and 70.83% of the groundwater are of excellent and good quality, respectively. Three water
types were identified, namely Na—Cl, Ca—-Mg-HCO;, and Na—HCO,. Lastly agricultural indices (total hardness, TH, per-
cent sodium, %Na, sodium absorption ratio, SAR, residual sodium carbonate, RSC, permeability index, PI and magnesium
hazard, MH) computed along with various plots, revealed that the analyzed surface and subsurface water are suitable for
irrigation purposes. The application of plots, tables, and models based on the major ionic constituents, gives fast and effec-

tive visualization of the quality and chemistry of surface water and groundwater.
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Introduction

The importance of water to mankind is indispensable
because it is utilized in households, farms, and in the indus-
tries (Musa et al. 2014; Tiwari et al. 2017; Rosca et al.
2020). About three-quarters of the earth’s surface area is
covered by water, and ninety-seven percent of the earth’s
water resources which are locked in the sea and ocean are
saline (Cidu et al. 2011). Fresh water occurs in the form of
surface and groundwater, and they constitute the remaining
three percent. Within the study area, surface water sources
include; rivers, streams, and ponds, while groundwater is
located within subterranean (shallow and deep) aquifers.
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Shallow aquifers are explored by means of open wells, usu-
ally below twenty meters deep, and boreholes which are gen-
erally below 60 m deep. The deep aquifer is usually tapped
using boreholes greater than sixty meters (Edet 2018).
Most rural communities in Nigeria depend on water
resources to meet their daily requirements. It is believed
that groundwater in terms of quality, is more reliable com-
pared to surface water which is continuously contaminated
by human activities (Ayuba et al. 2017; Khudair et al 2022).
However, some groundwater sources could also be contami-
nated through geogenic and anthropogenic processes. Owing
to the seasonal nature of most surface water bodies, there
is greater dependence on groundwater particularly in the
dry period as the level of water lowers within the subsur-
face reservoirs, and surface water bodies dry up. Generally,
about 52% of households in Nigeria have access to improved
sources of drinking water (NBS 2014). Further, according
to a report by NBS (2017) about 42.9% of the households
in Cross River State depend on groundwater while 43%
depends on surface water. Both surface and groundwater
are exposed to anthropogenic impacts arising from waste
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disposal into surface water, infiltration into shallow sub-
surface water, poor construction of wells, and agricultural
activities. These activities alter the natural chemistry of
major ionic constituents and the quality of water. Major ionic
constituents are those whose concentration is greater than
0.5 mg/l in water, they include SO,*~, HCO;~, CI~, Na™, K™,
Ca*, and Mg2+ (Merkel and Planer-Freidrich 2002). These
ions together with physical factors like pH, total dissolved
solids (TDS), and electrical conductivity (EC), are used to
effectively evaluate water sources and predict changes within
their environment (Edmunds et al. 2006; Li et al. 2016).
As groundwater flows, its quality gets altered over time and
space (Moral et al. 2008; Egbueri et al.2019; Ifediegwu et al.
2019; Ochelebe et al. 2020), through the hydrological cycle
and operations of geogenic and anthropogenic processes.

There is often a misconception that clean water is of good
quality (Akter et al. 2016). This assertion has ignored the
fact that the presence of chemical and ionic constituents in
water impacts its chemistry. Several factors that affect water
chemistry may include; rainfall, groundwater flow configu-
rations, percolation rate, quality of recharge water, geologi-
cal settings, saline intrusion, mining, excessive irrigation
activities, rate of weathering, and inputs from other sources
(Okiongbo and Douglas 2015; Srinivas et al. 2017; Egbueri
et al. 2019; Bhat et al. 2022).

Several investigations have been carried out in other part
of the southern Benue Trough to assess the quality of water
(Offiong and Edet 1998; Edet and Okereke 2005, 2022; Edet
et al. 2012; Ekwere and Edet 2012; Adamu et al. 2014).
The water quality index (WQI) model has also been used as
an effective tool to assess the suitability of water resources
based on their physicochemical characteristics (Shankar
2022), although it provides little evidence in terms of the
sources of deterioration. Specific work on the quality of
water and ionic composition in terms of their sources, types,
and their suitability for domestic and agricultural purpose
in Okpoma and its surrounding area is limited. And with
the on-going infrastructural developments, the impact of
anthropogenic activities on groundwater and surface water
is bound to change. Hence, the need to evaluate the hydro-
chemistry and appraise the surface and groundwater quality
within Okpoma and its environs is very important, especially
during this COVID-19 pandemic when the demand for qual-
ity water has increased tremendously.

Furthermore, farming is predominant in the area, just as
in most rural communities in Nigeria. Farmers depend on
groundwater and surface water for their agricultural activi-
ties during the dry season especially, towards achieving food
sufficiency for the growing population. Major ions have also
been employed in evaluating water resources for agricul-
tural use (Edet 2016). Water quality is therefore pivotal for
plant growth in addition to the nature and quality of the
soil. According to Ghalib (2017), mineral dissolution may
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be responsible for the release of ionic constituents in water.
Also, Tak et al. (2012) noted that poor water quality may
affect crop productivity. Other practices that have a signifi-
cant effect on water quality may include intense agricultural
practices, and the use of chemical fertilizers, pesticides and
insecticides. The aim of this research is, therefore, to assess
the chemistry and quality of surface and subsurface water
within Okpoma and its environs for its major ion composi-
tion, as well as domestic and agricultural use. It is envisaged
that the present study forms baseline information for sus-
tainable utilization of water resource in future development.

The study area

The area under investigation lies within longitudes 8° 30’
E to 8° 50" E and latitudes 60° 30" N to 6° 50" N (Fig. 1) in
the southern Benue Trough. It is accessed through the major
road that connects Ogoja to Abakaliki which runs across the
study area, and a network of other minor roads, footpaths,
and farm tracts that provided access routes. The study area
is characterized by distinct wet and dry seasons which nor-
mally span the months April to September, and October to
March, respectively. The area typified by the presence of tall
grasses, bushes, and isolated short trees. The precipitation
ranges from 200 to 250 cm, which recharges the heavily
fractured jointed aquifer (Ekwere and Ukpong 1994).

The Onwu and Aya Rivers with a network of other
smaller seasonal rivers and streams drain the entire area.
These rivers are structurally controlled and characterized
by dendritic drainage patterns (Olade 1975). A common
feature of the area is the predominance of alluvial plains
which encourage the cultivation of swamp rice and other
agricultural produce during the wet period, and irrigation
farming in the dry period.

Geology

Geologically, the Okpoma area is characteristic of a Cre-
taceous folded basin (Peters 1991), and typical rock types
found here include; shales, sandstones, and basaltic intrusion
(Fig. 2). The evolution of the basin is attributed to direct
responses to plate tectonic process in the south Atlantic,
concomitant to the parting of Africa and America continents
in the Early Cretaceous era (Benkhelil 1987). According
to Fairhead and Green (1989), the area had experienced
compressional deformation which resulted in the Santo-
nian—Early Campanian folding, and this is contemporane-
ous with the dextral rebirth of shear zones in central Africa.
Also, Peters (1991) stated that alkaline magmatism associ-
ated with rifting and initial sedimentation within the basin,
particularly in the Abakaliki Sub-basin around the Wani-
kande area, was accompanied by contact metamorphism.



Sustainable Water Resources Management (2022) 8:174

Page3of17 174

8°30'0"E 8°35'0"E 8°40'0"E 8°45'0"E 8°50'0"E
1 1 ]
Onio o
& Onyi
ltekpa . O Hig
.p @e Ogghu Echu;noga
z Ibsgi B z
o | - Yab | ©
e - ' Ije-qu ' 2
© Imajeg] ©
Ipuole OkUk.UOk;Iku u [ studyarea
Wgnikande 250 500 Km
= Woda z
5 : u Ugaga o
2 Okpauku Ogoja =
N N
s m Itehpa % o
I._yokom Okpudu
(] @
AgomeR N
=z | Barakm gOmER Okpoma o z
S [ § [ ] \di Oloko >
o - iku n -2
o u ) %4 .
© Iboko Aladim © B Major Town
u ) ~ .
e Ochochi qa;na ] B s Major road
2, Nfom ® ) Kak ;
%, ‘ akwagum Minor road
¢ L IRSE Nw. u
@73, @4‘3 T Nk.um — River
1 1 1 1
8°30'0"E 8°35'0"E 8°40'0"E 8°45'0"E 8°50'0"E
0 5 10 Km
I T

Fig. 1 Map of Okpoma and environs

High-stand and low-stand cycles before the mid-Albian
characterized sequence of sedimentation and stratigraphy
within the southern Benue Trough, while sediments of the
Asu-River Group (ARG) are the oldest, and overlie the base-
ment rocks. They were deposited under a sub-anoxic, shal-
low water environment of low energy as indicated by the
carbonaceous and pyretic nature of the shales. Typical lithol-
ogies represented by this Group are shales and sandy shales,
calcareous sandstone, and siltstone with lenses of limestone.
Turonian-Early Santonian Eze-Aku Formation (EAF) over-
lies the ARG, while lithologic units within the Formation are
variable in thickness comprising shales and siltstones with
limestone and sandstone which are calcareous (Dessauvagie
1975; Mbipom et al. 1990). Minor basic intrusions invaded
the pre-Santonian EAF (Obiora and Umeji 1995).

Studies by Uma and Lohnert (1992) revealed that com-
pressional movement led to the formation of folds and sub-
sequent uplift around Abakaliki. These events were char-
acterized by intruding bodies, such as the accompanying
lead—zinc mineralization. They further stated that sediment
of the southern Benue Trough has been estimated to be over
6000 m in thickness. Findings on the stratigraphic as well
as tectonic and sedimentologic development of the basin
have been documented in existing literature (Benkhelil 1982;

Petters and Ekweozor 1982; Hoque and Nwajide 1984;
Ofoegbu 1984; Nwachukwu 1985; Tijani et al. 1996).

Hydrogeology

The main aquiferous unit is the fractured baked shales and
sandstones which are recharged majorly through precipita-
tion. The hydraulic properties vary across the area, with the
static water level around 15.00 m from the ground surface,
and a yield of about 30.00-67.00 m>/h for the sandstones
(Edet and Ekpo 2008). There is a high fluctuation in the
groundwater level due to the seasonality of rainfall in the
area. This normally results in the drying up of some wells
in the dry seasons.

Edet (2018) identified two aquifer media in the area, the
first is sandstone with a static water level in the range of
5.29-13.05 m, hydraulic conductivity (K) of 0.55-17.0 m/
day, and transmissivity (T) ranging between 10.30 and
598.57 m*/day around the southeastern part of the area.
The second consists mostly of fractured shales with T in
the range of 10.20-26.20 m*/day. The general direction of
regional groundwater flows is northeast towards the Benue
basin (Ekwere and Ukpong 1994).
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Fig.2 Geological map of Okpoma and environs

Materials and methods
Sampling and laboratory analysis

A total of thirty (30) water samples were obtained for the
study (Fig. 3). From this amount, six (6) samples were from
surface water (SW) sources while twenty-four (24) samples
were collected from groundwater (GW) sources. The sam-
pling was done during the dry period when the concentration
of the ions is expected to be high. The groundwater sources
from which water was sampled comprise shallow hand-dug
wells (HW) and deeper bore-holes (BH). For each sampling
point, sampled water is kept in clean polyethylene bottles
that are previously rinsed thoroughly about 2-3 times with
the sample. After this, the water sample is then stored in a
polyethylene sample bottle at each respective sample point.
At the point of sample collection physical parameters (pH,
electrical conductivity—EC, and total dissolved solid—
TDS) of the sampled water was measured in situ using
standard HANA multi-parameter field conductivity equip-
ment, with model number HI 9813. For emphasis, and con-
cerning groundwater sampled from boreholes, the borehole
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was left pumping water for about 10—15 min before samples
were taken.

Samples collected were strained using a 0.45 pm-size cel-
lulose nitrate membrane, then taken for chemical analysis in
the laboratory. Two samples were taken from each location
for major cation and anion analysis. At the point of sample
collection, a few drops of diluted nitric acid (HNO;) were
added to the samples used for cation analysis to attain a pH
of <2. In the laboratory, major cations and some anions were
determined with the use of an inductively coupled plasma
mass spectrophotometer, while other anions were analyzed
through titration.

Data interpretation

The concentration of ionic constituents in both surface
and groundwater was analyzed and presented by the use
of various tables, plots, and numerical equations. Statisti-
cal summaries (minimum, maximum, mean, and standard
deviation values) used in the analysis of results obtained
from the laboratory were performed with a Microsoft
Excel spreadsheet. Also, correlation matrix analysis was
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employed to express the relationships between major ionic
constituents present in the water samples. In this study,
the Pearson correlation coefficient according to Bahar and
Reza (2010) was employed to explain the relationships
between variables using MINITAB-16 software. Strength of
the relationship between the analyzed parameters include;
poorly correlated (#* < +0.5), moderately correlated
(£0.5<r*<+0.7), strongly correlated (0.7 < < +0.9),
very strongly correlated (+0.9 <% < 1) and perfectly cor-
related (2 =1).

Rock-ware 15.0 software was used to prepare the Piper
plot which classified hydro-chemical facies of the water sam-
ples from the study area. First, the concentrations of major
ionic constituents were converted to meq/l units and then
plotted using a Piper trilinear diagram. This was done to
ascertain the hydro-chemical facies in surface- and ground-
water and to further envisage the hydro-chemical trends.
Gibbs plot was produced using the software Aquachem 4.0
and Grapher 10, from which interpretation of ion sources
was derived.

Computation using Water quality index, WQI model,
and agricultural indices

Appraisal of surface water and groundwater quality for
domestic purposes was possible by computing the water
quality index (WQI) and comparing computed mean val-
ues of major ion concentration with world health organiza-
tion (WHO) standard values. The weighted arithmetic WQI
model (Yisa and Jimoh 2010; Etim et al. 2013; Tyagi et al.
2014) were employed to reveal the influence of individual
quality parameters. Water quality score, comparative weight,
and the general WQI were computed using the model equa-
tions that follow:

Ci
9 =g X 100 (1)
and
_ 1
Wiz g 2)

where ¢ is the quality rating of the ith parameter within the
given number of samples, n; C;, is the measured concentra-
tion of respective ions; S, is the standard value of the ith
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parameter within the given number of samples, n, and w;
represents the relative weight of the ith parameter within the
given number of samples, 7.

Finally, the overall WQI was computed using the
following:

Z?ini

Z?Wi

The WQI values computed in this study were compared with
the classification according to Akter et al. (2016).

Several other indices were employed to measure the
appropriateness of water from the study area for agricul-
tural purposes. The indices are; total hardness (TH), per-
cent sodium (%Na), sodium absorption ratio (SAR), residual
sodium carbonate (RSC), permeability index (PI), and mag-
nesium hazard (MH). Computed values of the respective
indices and statistical summaries were presented for inter-
pretation. The units of TH are expressed in mg/l, while %Na,
SAR, RSC, PI, and MH were all expressed in meq/l. Empiri-
cal equations employed in the computation of these indices
are as follows:

WwQI = 3)

Total hardness, TH

Total hardness was determined according to Sawyer and
McCarthy (1967) by the following equation:

TH as CaCO3, = = 2.5Ca™ + 4.1Mg™. )

Percent sodium, %Na

The amount of sodium expressed in percentage, that is capa-
ble of replacing Mg?*, Ca?* and K™ existing in water sam-
ples were computed using the equation after Todd (1980)
as follows:

Nat +K*

%Na = > >
Ca™ + Mg™* + Na* + K+

x 100. (5)

Sodium absorption ratio, SAR

SAR is used to estimate alkali hazards in irrigation water,
and it is associated with the absorption of Na* by soil. The
SAR was computed using the equation according to Rich-
ards (1954) as follows:

Na™*

/ Cuer+Mger . (6)
2

SAR =
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Residual sodium carbonate, RSC

Eaton (1950) developed an equation to quantify RSC in
water with high HCO;™, because they tend to precipitate as
carbonates of Ca’* and Mg?". The equation is as follows:

RSC = (HCOj; + COy™) — (Ca™* + Mg™). )

Permeability index, PI

Doneen (1964) developed the concept of PI which is used
to evaluate water quality for irrigation purposes. It is com-
puted using:

Na* + \/HCO;

PI = > >
Ca*t + Mg*" + Na*

x 100. 8)

Magnesium hazard, MH

Excess Mg?* and Ca®" will adversely impact the soil by
making it more alkaline, thus decreasing crop output (Ravi-
kumar et al. 2011). This can be estimated in terms of the MH
by the following equation:

2+

Mg

MH= "8
Ca2+ +Mg2+

% 100. 9)

Results

The results obtained from the physicochemical analysis of
surface water, and groundwater samples are presented here-
with (Table 1). These data form the basis for all interpreta-
tions in the discussion section.

Discussion
Physico-chemical factors

A statistical summary of physicochemical factors analyzed
for water samples in this study is presented (Table 2). EC
in surface water ranges from 21.50 to 520.00 puS/cm, and
an average of 169.42+175.15 pS/cm. The pH values are in
the range of 6.50-7.90, and an average of 7.17+0.42. It is
noted that mean values of the physical parameters measured
in situ from the samples obtained fall below WHO (2011)
standard. The amount of Ca®" and Mg?*, respectively, var-
ies between 4.00 and 27.27 mg/l with an average value of
9.30+8.19 mg/l, and 0.74-15.80 mg/l with an average
value of 3.61 +5.46 mg/l. Na* varies between 16.10 and
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Table 1 Results obtained from S/m Code EC,uS/cm pH Concentrations in mg/l

the analyses of surface water

and groundwater samples Ca** Mg»* Na* K' CI° CO.>~ HCO;~ SO, NO;~
1 GWO0l 11.00 650 200 124 1840 0.60 2840 3.05 4040 0.06 0.92
2 GW02 215.00 570 7.60 215 36.80 1.10 5680 270 3590 0.00 2.95
3 GWO03 104.50 590 320 0.75 2530 0.80 39.05 235 3140 0.00 3.45
4  GWO04 40.50 830 4250 24.50 18.40 0.60 28.40 2645 35470 0.04 1.70
5  GWO05 202.70 6.80 840 048 3220 1.00 49.10 4.00 53.90 0.00 2.10
6 GWO06 136.00 7.10 840 048 3220 1.00 49.70 4.00 53.90 0.00 2.10
7 GWO07 438.00 620 12.00 5.85 7590 235 117.15 3.05 4040 0.00 3.15
& GWO08 19.00 590 320 024 1840 0.60 2840 3.05 4040 0.01 1.60
9 GW09 311.50 540 29.70 875 23.00 0.70 3550 16.55 224.50 0.02 0.42
10 GWI10 730.50 9.10 14.00 2525 41.40 125 6390 25.15 336.50 0.04 0.76
11 SWII 520.00 6.94 2727 15.80 7590 235 117.15 7.05 9430 0.03 3.45
12 SWI12  48.00 790 880 0.74 16.10 050 2485 5.05 6.35 0.02 0.38
13 GW13 611.00 7.40 27.27 15.80 75.90 235 117.15 7.05 9430 0.03 3.45
14 GW14 414.00 6.80 1560 6.80 6440 2.00 9940 4.05 53.85 0.01 3.20
15 GWI15 240.00 690 360 150 16.10 050 2485 3.05 4040 0.00 2.10
16 GWI16 9.50 6.10 240 195 16.10 050 2485 235 3140 0.01 0.87
17 SW17 21.50 650 440 145 1840 0.60 2840 3.05 4040 0.01 0.48
18 SWI18  22.00 7.30 4.00 095 23.00 070 3550 4.00 53.90 0.02 0.43
19 GWI19 125.50 750 7.60 270 2990 095 46.15 470 6290 0.27 0.45
20 GW20 432.50 9.00 880 290 16.10 0.50 24.85 24.80 332.25 0.14 0.26
21 GW21 45.50 7.10 6.00 0.75 20.70 0.65 3195 470 62.90 0.09 0.35
22 GW22 258.50 6.70 8.00 555 50.60 1.55 78.10 235 3140 0.03 2.85
23 GW23  71.00 6.10 280 1.24 2530 0.80 39.05 270 3590 0.03 1.90
24 GW24 201.00 820 940 5.15 3550 1.05 5325 940 12570 0.01 0.64
25 GW25 819.50 1040 3.10 2.00 27.60 0.85 42.60 4590 615.10 0.03 0.44
26 GW26 202.00 790 12.80 8.30 27.60 090 42.60 1040 139.15 0.01 1.80
27 GW27 541.00 8.40 3090 30.80 55.20 145 8520 20.80 278.35 0.04 1.50
28 GW28 265.00 7.10 31.70 3.70 65.86 220 6890 590 3420 0.35 108.00
29  SW29 220.00 730 5.10 1.20 22.00 220 3555 9.50 2850 0.08 2.50
30 SW30 185.00 7.10 620 1.50 21.00 1.80 33.50 10.55 31.50 0.05 1.50

Table 2, Statistic?al summary Parameters  Surface water Groundwater WHO (2011)

of physicochemical parameters

analyzed Min Max Mean SD Min Max mean SD

ECpuS/cm  21.50 520.00 16942 175.15 9.50 819.50 268.53 224.13 1500

pH 6.50 7.90 7.17 0.42 5.40 10.40 7.19 1.20  6.50-8.50
Ca®* 4.00 27.27 9.30 8.19 2.00 42.50 12.54 11.08 100
Mg+ 0.74 15.80 3.61 5.46 0.24 30.80 6.62 8.46 50

Na* 16.10 75.90 29.40 2092  16.10 75.90 35.37 18.75 200

K* 0.50 2.35 1.36 0.78 0.50 2.35 1.09 058 12

ClI- 2485 117.15 45.83 32,13 2485 117.15 53.14 27.43 250
CO,*~ 3.05 10.55 6.53 2.717 2.35 45.90 9.94 10.86 600
HCO;~ 6.35 94.30 42.49 2721 3140 615.10 131.24 146.66 600
SO, 0.01 0.08 0.03 0.02 0.00 0.35 0.05 0.08 250
NO;~ 0.38 3.45 1.46 1.17 0.26  108.00 6.12 21.27 50

All concentrations of ionic species are measured in mg/l
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75.90 mg/l with a mean of 29.40 +20.90 mg/l, while K*
varies from 0.5 to 2.35 mg/l with a mean of 1.36+0.78 mg/1.
CI™ ranges between 24.85 and 117.15 mg/l with an average
value of 45.83 +32.13 mg/l. The amount of CO,>~ ranges
from 3.05 to 10.55 mg/l with a mean of 6.53 +2.77 mg/l,
while HCO;™ ranged between 6.35 and 94.30 mg/I with a
mean concentration of 42.49 +27.21 mg/l. The concentra-
tion of SO,?~ ranged from 0.01 to 0.08 mg/l with mean value
of 0.03 +0.02 mg/l, while NO;™ varied between 0.38 and
3.45 mg/1 with mean value of 1.46 + 1.17 mg/l. Therefore,
one can infer that the relatively weak acid to alkaline pH
values recorded in surface and groundwater could be a result
of the higher chloride, carbonate, and bicarbonates ions, as
asserted previously in the Enugu area according to Abugu
et al. (2021).

Physical parameters measured from groundwater reveal
that EC ranges from 9.50 to 819.50 uS/cm, and an average
value of 268.13 +224.13 pS/cm. pH ranging from 5.40 to
10.40 is classified as weak acid to weak alkaline (Merouche
et al. 2020), with an average value of 7.19+1.2. The concen-
tration of cationic constituents in groundwater showed that
Ca”" varies between 2.00 and 42.50 mg/l with an average
value of 12.54+ 11.08 mg/l. Mg** varies between 0.24 and
30.80 mg/l, and the average value is 6.62 + 8.46 mg/l. Na*
ranges between 16.10 and 75.90 mg/l with average value
35.37 +18.75 mg/l, while K* ranges from 0.50 to 2.35 mg/1
with mean concentration of 1.09 +0.58 mg/l, respectively.
Of the major anions analyzed from the groundwater sam-
ples collected, Cl™ ranges between 24.85 and 117.15 mg/l,
with mean values of 53.14 +27.43 mg/l. The levels of
HCO;™ present ranged between 31.40 and 616.10 mg/l
and a mean value of 131.24 + 146.66 mg/1, while CO32_ it
ranges between 2.35 and 45.90 mg/l and an average value
of 9.94 + 10.86 mg/l. It is observed that SO,>~ concentra-
tion in the groundwater varies between 0.00 and 0.35 mg/1,
with a mean of 0.05 +£0.08 mg/l. NO;™ levels range between
0.26 and 108.00 mg/l, with a mean concentration of
6.12+21.27 mg/l.

The result showed that HCO,~ and CO;> are fairly
present in the surface water and groundwater samples.
However, in comparison with WHO (2011) standards for
drinking water quality, are not concerns for human health.
Egbueri et al. (2019) and Abugu et al. (2021) noted that
the dissolution of atmospheric CO, in precipitating natural
water forms H,COj, which dissociates into HCO;~ and H.
The study further revealed that EC values are < 1000 pS/
cm, indicating ‘very weakly mineralized water’ (Detay
and Carpenter 1997). Also, it is slightly lower in surface
water samples than the groundwater samples. The variation
in EC may be attributed to those factors which according
to Danbatta (2006), Ramesh and Elango (2012), and Edet
et al. (2013) include ion-exchange, precipitation, dissolu-
tion, evaporation, silicate weathering, carbonate weathering,
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redox processes, and anthropogenic activities. The basis
of pH values obtained for surface water and groundwater
samples revealed that they are weakly acidic to alkaline in
nature. Also, physicochemical parameters obtained from the
analyzed samples fall below the WHO (2011) water qual-
ity guideline. Only pH and NO;™ are an exception to this,
where values above the permissible limits were obtained
in some locations. The mean levels of all the measured
parameters in the groundwater samples are higher than in
the surface water samples except for Na*, K* and C1~. The
mean concentration indicates that the major cation constit-
uents in the order of dominance from both surface water
and groundwater sources are; Nat > Ca*" > Mg > K*.
The anion dominance in surface water is in the order;
Cl~>HCO;™ > C0,;*” > NO; > S0,*", while for the
groundwater it is HCO,~ > CI~ > CO;%>~ >NO;™ > S0,*".
Although Abugu et al. (2021) observed the trend;
Na*>K*> Ca?* >Mg>* for the cations, while the anions
were HCO;™>S0,*~ > Cl~>NO;~ > CO;* > PO,*". These
showed a slightly different order of major ions abundance
within similar geological settings.

Water quality for domestic use

In this study, the water quality index (WQI) was computed
using data obtained from surface water and groundwater
samples utilizing the weighted arithmetic index method
of about eleven physicochemical parameters (EC, pH,
TDS, Ca**, Mg?*, Na*, K*, SO,>~, NO,~, CI~, CO,*~ and
HCO;™). The WQI model adopted was precise in revealing
the quality status of all the samples. The order of domi-
nance for the ion constituents and computed WQI with their
classification are presented (Table 3), while the summary
of percentages is shown in Table 4. The observed ranges of
WQI are from 50.11 to 61.81 and 44.55 to 80.39 for surface
water and groundwater, respectively. The lowest and high-
est WQI values observed were from groundwater sources
at GW09, and GW25, respectively. Excellent water qual-
ity was obtained from groundwater sources only (GWOI
to GW03, GW08, GW09, GW16, and GW23), while the
remaining locations comprises of surface and groundwater
(GW04 to GW07, GW10, SW11, SW12, GW13 to GW15,
SW17, SW18, GW19 to GW22, GW24 to GW28, SW29,
and SW30) were observed to have good water quality.

The results from the analysis of physicochemical fac-
tors showed that surface water and groundwater from the
study area are fit for consumption and other domestic uses
(Table 2) because the concentration levels all lie below the
permissible limit according to WHO (2011). This is fur-
ther supported by the fact that computed WQI values were
classified as good to excellent (Fig. 4; Table 3). The val-
ues obtained showed that 100% of surface water samples
were of good water quality. About 20.82% and 8.34% of
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Table 3 Order of ion dominance and water quality index values at various locations

Water source Code Water type Order of dominance for major ions WwQlI Class
Cation Anion

SURFACE WATER  SWI11 SW Na*>Ca’*>Mg**>K*  CI">HCO;”>C0,*">NO;">S0,”~ 61.81  Good
SWI12  SW Nat>Ca’*>Mg?>*>K*  ClI">HCO,;">C0,;>">NO,">S0,>~  60.15  Good
SW17  SW Nat>Ca’*>Mg?>*>K"  HCO,”>ClI">C0;>">NO,”>S0,>~  50.11  Good
SWI8  SW Nat>Ca’*>Mg?>*>K"  HCO,”>ClI">C0;>">NO,">S0,>~ 5626  Good
SW29  SW Nat>Ca’*>K">Mg?>*  ClI">HCO;">C0,;>">NO,">S0,>~  60.11  Good
SW30  SW Nat>Ca’*>K*>Mg?>*  ClI">HCO;">C0;>">NO,">S0,>~ 57.69  Good

GROUNDWATER GW0l  HW Nat>Ca’*>Mg?>*>K*  HCO, >ClI">CO0;>">NO,">S0,>~  49.99  Excellent
GW02  HW Nat>Ca’*>Mg>*>K*  ClI">HCO,”>C0;>">NO,">S0,>~  46.06  Excellent
GW03  HW Nat>Ca’*>K*>Mg?>*  ClI">HCO,”>CO0;>">NO,">S0,>~  46.19  Excellent
GW04  BH Ca’*>Mg**>Na™>K"  HCO,”>ClI">C0;>">NO,>S0,>~ 6841  Good
GW05  HW Nat>Ca®*>K*>Mg?>*  HCO,”>ClI">C0;>">NO,">S0,>~ 5362  Good
GW06  HW Nat>Ca®*>K*>Mg?>*  HCO,”>ClI">C0,>">NO,">S0,>~ 5582  Good
GW07  HW Nat>Ca’*>Mg?>*>K*  ClI">HCO;”>NO, >CO0,>">S0,>~ 543 Good
GW08  HW Nat>Ca’*>K*>Mg?>*  HCO,”>Cl">CO0;>">NO,">S0,>~ 4548  Excellent
GW09  BH Ca’*>Na™>Mg>*>K*  HCO, >ClI">CO0;>">NO,">S0,>~  44.55  Excellent
GWI10  BH Nat>Mg**>Ca?*>K"  HCO,”>ClI">C0,>">NO,">S0,>~ 7551  Good
GWI13  HW Nat>Ca’*>Mg?>*>K"  ClI">HCO;~>C0,>">NO,">S0,~ 6521  Good
GW14  HW Nat>Ca’*>Mg>*>K"  CI">HCO;~>C0,>">NO,”>S0,>~ 5792  Good
GWI15 HW Na*>Ca’**>Mg**>K*  HCO,; >CI~>C0,>">NO,">S0,>~ 52.78  Good
GW16  HW Na*>Ca**>Mg**>K*  HCO,; >ClI™>CO0,>">NO,">SO,>~  46.86  Excellent
GW19  HW Na*>Ca**>Mg**>K*  HCO,; >Cl”>C0,>">NO,">S0,>~ 5889  Good
GW20 BH Na*>Ca**>Mg**>K*  HCO,; >ClI~>C0,>">NO,">S0,>~ 6897  Good
GW21  HW Na*>Ca**>Mg**>K*  HCO; >ClI~>C0,>">NO,">S0,>~ 5468  Good
GW22  HW Na*>Ca**>Mg**>K*  CI">HCO,;”>C0,>">NO,">S0,> 553 Good
GW23  BH Na*>Ca**>Mg**>K*  CI">HCO;">CO0,>">NO,">SO,>~  47.71  Excellent
GW24  HW Na*>Ca’**>Mg**>K*  HCO,; >ClI”>C0,”">NO,">S0,>~ 6488  Good
GW25  BH Na*>Ca’**>Mg**>K*  HCO,; >CO0;> >CI">NO,">S0,>~ 8039  Good
GW26  HW Na*>Ca’**>Mg**>K*  HCO,; >CO0;> >Cl">NO,">S0,>~ 62.77  Good
GW27  BH Na*>Ca**>Mg**>K*  HCO; >CO0;> >Cl">NO,">S0,>~ 7242  Good
GW28  HW Na*>Ca**>Mg**>K*  CI">HCO,”>C0,>">NO,">S0,>~ 61.16  Good

Table4 Summary of WQI classes and their respective percentages

Index Range of values Remark No. of samples Percentage (%)
SW GW SW GW
HW BH Total HW BH Total
WQI (after Akter et al. 2016) <50 Excellent - 5 2 7 - 20.83 8.34 29.17
50-100 Good 6 12 5 17 100 50 20.83 70.83
101-200 Poor - - - - - - - -
201-300 Very poor - - - - - - - -
>300 Unsuitable - - - - - - - -

groundwater analyzed had excellent water quality from hand
wells and boreholes respectively, while 50% and 20.83%

were classified to have good water quality from hand wells
and boreholes, respectively.
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Fig.4 Spatial representation of

WQI in the study area 8°350"E
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Hydro-chemical facies and correlation analysis

Variations in the hydro-chemical facies of natural water
sources may be due to anthropogenic and geogenic pro-
cesses occurring within a given area. The Piper diagram
(Fig. 5) revealed three hydro-chemical facies for this study,
namely; Na—Cl, Ca-Mg-HCO;, and Na-HCOj; water types.
Na-HCO; facies is the most dominant water type from the
borehole (relatively deep groundwater source) samples
analyzed, while Na—Cl facies is the most dominant water
type present in surface water and hand-dug wells (shallow
groundwater source). This explains that the saline nature of
water in the area is an indication that the mineralization of
water is a result of the probable dissolution of halite (Appelo
and Postmal993). A study by Tijani et al. (1996) showed
that the salinization within and around the area is from
brines of marine origin, and this assertion was corroborated
by Edet and Okereke (2022). Other means could probably
be a result of weathering, leaching, and cation exchange
(Farid et al. 2015). The presence of Na-HCO;~ water type
implies recently recharged water of meteoric origin due to
dissolution of alumino-silicate minerals, as was stated by
Musa et al. (2014) and Edet and Okereke (2022) in separate
previous studies they carried out. The dominance of Na*
over Ca®* resulting from ion exchange could be linked to

@ Springer

weathering of ferromagnesian minerals of intrusive rocks
(Akanbi 2016), similar to those found in the area. These
minerals particularly the feldspars are rich in calcium,
sodium, and potassium.

The Gibbs diagram (Fig. 6) showed that the dominant fac-
tor responsible for the ions present in water from the study
area is weathering (Xu et al. 2019; Edet and Okereke 2022)
due to rock-water interaction. The majority of the samples
analyzed plotted within the rock dominance field, suggesting
that enrichment of ion constituents in surface and ground-
water is predominantly through rock weathering and disso-
lution processes, in soils or aquiferous materials along the
groundwater flow path. About four (4) samples were plot-
ted within the precipitation/rainfall dominance field, two (2)
each from surface water and groundwater sources, respec-
tively. Generally, HCO;~ and CO;*~ were from carbonate
rocks such as limestone and dolomite of atmospheric origin
(Singhal and Gupta 1999). The contribution of rainfall to
the chemistry of water suggests that these anions may result
from the dissolution of carbon I'V oxide within the soil zone
and in the atmosphere (Singh et al. 2013; Abugu et al. 2021;
Edet and Okereke 2022). Therefore, the outcome substanti-
ates that the chemistry of groundwater is greatly influenced
by weathering and cation exchange processes.

Correlation values obtained for all the parameters ana-
lyzed for this study are presented in Table 5. The main con-
tributing ions in surface water that have a very strong posi-
tive correlation with EC are Mg?* (+0.90), Na*™ (+0.91),
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Fig.5 Piper plot for surface and
groundwater samples obtained
in the present study
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Cl™ (+0.92) and NO;™ (40.96); those with a positive strong
correlation with EC are Ca>* (+0.88), K* (+0.87) and
HCO;™ (+0.71); while it has a positive moderate correla-
tion with CO;>~. Also, EC in groundwater samples, showed
a moderate positive correlation with pH (+0.62), Na*

i |

20 Na+K HCO,+CH Ci
Chiloride (Cl
tomeq/ ANtorés)

(+0.51), CI™ (+0.54), HCO;™ (+0.64) and CO;*~ (+0.64).
This indicates that the ions were likely sourced from the
chemical disintegration of underlying host rocks through the
process of dissolution, and human activities as suggested
by Tahmasebi et al. (2018); Abugu et al. (2021); Edet and
Okereke (2022). Surface water samples showed that pH
had a negative moderate correlation with HCO;™ (— 0.53),
while groundwater samples showed a strong correlation with
CO32_ (+0.82) and HCO;™ (+0.81). This according to the
authors (Singh et al. 2013; Khudair et al 2022), is in tandem
with the assertion which indicates carbonate dissolution pro-
cesses in groundwater.

In surface water analyzed, Ca>" showed a very strong
positive correlation with Mg?* (+0.98), Na* (+0.96), and
Cl™ (+0.96) contrary to studies by Adamu et al. (2022)
within the shales of the Calabar Flank; strong correlation
with HCO;™ (4+0.74) and NO;~ (4+0.73); and positive
moderate correlation with K™ (+0.54). Mg?* showed a
positive strong correlation with Ca’* (+0.73) in ground-
water, indicating ion exchange processes. Similarly, Mg>*
displayed a very strong positive correlation with Na™*
(+0.99) and CI™ (+0.99); a strong positive correlation with
HCO;™ (+0.86) and NO;™ (40.77); and a moderate positive
correlation with K* (+0.59) in surface water, and poorly
correlated with other ions in the groundwater sources. Sur-
face water showed Na* had a strong positive correlation
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Table 5 Pearson matrix for

E.C pH Ca**  Mg* Nat K* CI- CO,> HCO;,” SO NO;~
surface- and groundwater : : -
SW E.C  1.00

pH —-0.19 1.00

Ca** 088 —0.11 1.00

Mg>* 090 —-029 098 1.00

Nat 091 —027 096 099 1.00

K* 087 -0.18 054 059 062 1.00

ol 092 -027 096 099 1.00 063 1.00

CO> 050 013 011 010 012 080 014 1.00

HCO;~ 071 —-0.53 074 086 089 047 089 —0.06 1.00

SO,> 036 021 —0.08 —0.07 —0.02 074 -001 087 —0.16 1.00

NO;~ 096 —020 073 077 079 095 08 061 061 057 1.00

GW E.C  1.00

pH 0.62 1.00

Ca** 023 017 1.00

Mg* 046 042 073 1.00

Nat 051 001 040 033 100

K* 048 —0.02 040 027 099 1.00

CI- 054 001 034 036 098 095 1.00

CO> 064 082 031 047 -0.13 —0.16 —0.12 1.00

HCO;~ 0.64 081 029 047 —0.15 —0.18 —0.13 099 1.00

SO, —0.04 017 025 —0.06 015 020 -002 002 —0.03 1.00

NO;~ —0.01 —0.04 036 —007 037 043 015 —010 —0.16 072 1.00

SW, surface water sources; GW, groundwater sources

with HCO;™ (+0.89) and NO;™ (40.79); moderate posi-
tive correlation with Kt (+0.62) and perfect correlation
with C1™ (+1.00), while from the groundwater sources it
showed a positive very strong correlation with K* (+0.99)
and CI™ (+0.98). A very strong to perfect correlation was
expressed between Na™ and C1™ for surface and groundwater
and this may signal salinization processes from geogenic and
anthropogenic processes (Paliwal 1972). K* concentration in
the surface water is strongly correlated with CO32_ (+0.80),
SO42_ (+0.74), and NO;~ (+0.95); moderately correlated
with CI™ (+0.64), while in groundwater it is very strongly
correlated with C1™ (+0.95).

Cl™ showed a positive strong correlation with
HCO;™ (+0.89) and NO;™ (+0.80). This is a possible indi-
cation of anthropogenic inputs in exposed surface water
within the study area, thereby imparting both temporary and
permanent hardness therein (Wali et al. 2019). Also, a strong
to moderate correlation between NO; ™ and all the major ions
analyzed further revealed anthropogenic contamination
(Eldaw et al. 2021). It may arise from indiscriminate open
defecation which is the predominant practice in mostly rural
areas, and also the application of fertilizers and pesticides
on farmlands. Furthermore, it was observed that HCO;™ in
surface water alone revealed a positive moderate correlation
with NO;~, and this is an indication of anthropogenic influ-
ences (Edet and Okereke 2022). CO;>~ within the surface
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water samples analyzed displayed a strong positive correla-
tion with SO42_ (+0.87) and a moderate positive correlation
with NO;™ (+0.61). However, CO;> in the groundwater
samples only showed a very strong positive correlation with
HCO;™ (+0.99), which is indicative of mineral dissolution
processes (Abugu et al. 2021). In both surface water and
groundwater sources, SO,>~ showed a positive moderate
correlation (+0.57) and a strong correlation (+0.72) with
NO;™.

Water suitability for irrigation

It is observed that physical and chemical parameters may
disrupt plant metabolism and lower soil permeability (Sahi-
nci 1991). Hence indices such as TH, %Na, SAR, RSC, PI,
and MH were used to evaluate the suitability of surface and
groundwater for agricultural purposes within the area of
study (Table 6).

Sawyer and McCarthy (1967) have defined classes for TH
based on their range of values. Surface water and ground-
water investigated showed that 76.67% of the water sample
were classified as soft water, 16.67% were moderately hard
while only 6.67% were found to be hard. The outcome sug-
gests that water resources from this study are predominantly
soft water, suggesting that the water does not contain excess
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Table 6 Irrigation indices assessment for water within the study area

Indices Sources

Total hardness (TH) Sawyer and McCarthy (1967)

Percent sodium (%Na) Todd (1980)
Sodium adsorption ratio (SAR) Richard (1954)
Residual sodium Carbonate (RSC) Eaton (1950)
Permeability index (PI) Doneen (1964)

Magnesium hazard (MH) Ravikumar et al. (2011)

chloride and sulphate salts of alkaline earth metals (Gopi-
nath et al. 2015), making it more suitable for agricultural
purposes.

Another important parameter used in evaluating water for
irrigation is the percentage of sodium. About 3.33% of the
water samples were excellent, 10% were good, 16.67% were
permissible, 56.67% are doubtful and 13.33% are unsuit-
able for irrigation purposes (Table 6). To adequately classify
irrigation water quality, an important parameter to be con-
sidered is the EC (Nematollahi et al. 2016; Tahmasebi et al.
2018). Thus, the Wilcox diagram (Fig. 7) was employed to
classify the water samples analyzed for agricultural pur-
poses. The diagram revealed that nearly all water sources
are plotted under a ‘very good to good’ field except one
groundwater sample that is classified to be ‘permissible to
doubtful’ for irrigation purposes. The values of EC show a
low presence of sodium salts in the water, which when in
excess limits air and water movement during the soil in the
wet season (Saleh et al. 1999; Ravikumar et al. 2011). This
indicates that water from Okpoma and its environs is suit-
able for agricultural purposes.

SAR is also significant in assessing irrigation water
because an increased concentration of sodium is capable
of reducing the permeability of soil structure (Todd 1980).
Table 6 showed that SAR is less than 10 for all water sam-
ples, indicating that 100% of the analyzed water samples
are excellent for irrigation based on this index. Salinity, on

Range Class No. of sample Percentage (%)
<75 Soft 23 76.67
75-150 Moderately hard 5 16.67
150-300 Hard 2 6.67
>300 Very hard 0 0.00
<20 Excellent 1 3.33
20-40 Good 3 10.00
40-60 Permissible 5 16.67
60-80 Doubtful 17 56.67
>80 Unsuitable 4 13.33
<10 Excellent 30 100.00
(10-18 Good 0 0.00
18-26 Doubtful 0 0.00
>26 Unsuitable 0 0.00
<1.25 Good 23 76.67
1.25-2.5 Doubtful 10.00
>2.5 Unsuitable 13.33
<25 Not suitable 0.00
25-75 Moderate 2 6.67
>75 Suitable 28 93.33
<50 Suitable 23 76.67
>50 Not suitable 7 23.33
100
80 f
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Fig. 7 Classification of irrigation water quality after Wilcox (1955)

the other-hand, is an expression of EC, and in turn a meas-
ure of the leaching of dissolved salts in water (Nematollahi
et al. 2016). Therefore a plot of SAR against salinity hazard
(Fig. 8) after USSL (1954), showed that 83.33% and 66.67%
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of the surface water and groundwater, respectively were
classified in the low salinity—low sodium hazard (C1S1)
field. Also, about 16.67% and 33.33% of the surface water
and groundwater, respectively, fall in medium salinity—low
sodium hazard (C2S1) field. This is an indication that most
of the water sampled belongs to C1S1 and C2S1, and it is,
therefore, suitable for use as irrigation water on all types of
soils devoid of the possible impact of exchangeable sodium
(Bian et al. 2018).

RSC was used for classifying water for irrigation pur-
poses, and the values obtained are thus presented (Table 6).
These values showed that 76.67% of the water sample is
good, 10% is doubtful and 13.33% is unsuitable for irrigation
purposes. Extended use of irrigation water influenced by the
amount of Na*, Ca>*, Mg?*, and HCO,™ in soils, affects the
soil permeability (Ghalib 2017). Therefore, PI was applied
to evaluate the suitability of water sources for irrigation pur-
poses. Based on this, about 93.33% of the samples analyzed
were suitable, and 6.67% are moderate for irrigation. Lastly,
MH which is a ratio of magnesium over calcium and mag-
nesium in water was used to assess the impact on the quality
of soils, as they may impact the overall agricultural output.
According to Ravikumar et al. (2011), MH > 50% would
negatively impact crop output as the soil becomes alkaline.
In this study, MH values obtained showed that 76.67% of the
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water sampled is suitable for irrigation, while about 23.33%
were classified as not suitable for irrigation.

Conclusion

Both surface and groundwater are important resources, and
therefore the routine assessment of its quality is germane
towards its sustainable utilization for domestic and irriga-
tional purposes. The study showed that average values of all
the parameters assessed in the study area were within the
WHO standard value for drinking water. Water from the area
is slightly acidic to slightly alkaline. The following sequence
were observed for cations present; Na* > Ca?* > Mg>* > K*
in both water sources while the anionic composi-
tion was CI~>HCO,;™ > CO,*” > NO;~ > S0,* and
HCO,™ > CI” > CO0;>~>NO;~ > S0, for surface water
and groundwater, respectively. WQI computed indicates
that both surface and groundwater are suitable for domestic
purposes, as they were classified to generally have good to
excellent water quality. Three hydro-chemical facies/water
types were identified namely; Na—HCO;, Ca—Mg-HCO;,
and Na—Cl. It was observed that halite dissolution, weather-
ing, cation exchange, and leaching of ions from the host rock
were the possible processes regulating the ionic constituents
in the water sources as evidenced by Gibb’s plot and correla-
tion analysis. Indices such as TH, %Na, RSC, PI, SAR, and
MH, indicate that water sources from Okpoma and environs
are adequate for irrigation. Furthermore, the Wilcox plot
revealed that both surface water and groundwater were clas-
sified to be ‘very good to good’ for agricultural purposes,
except for one location where the groundwater sample was
classified as ‘permissible to doubtful’. The plot of sodium
hazard (SAR) against salinity hazard (EC) showed that
83.33% and 66.66% of the surface water and groundwater
respectively were classified to be suitable, while 16.66% and
29.1% were respectively classified to have medium salinity
to low sodium hazard for agriculture and irrigation practices.

However, the result of this investigation is limited to the
dry period sampling alone, in other to assess future variation
of these ions in time and space. It is therefore recommended
that periodic assessments of these ions be carried out.
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