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ABSTRACT----

Background Objective: River Ose has flowing water throughout the year that can serve for irrigation and domestic
purposes. This study examined the hydrochemistry, water quality indices and coliform counts of River Ose Water,
Nigeria with a view to ascertain its suitability for drinking and irrigation.

Materials and Method: For this purpose, 15 water samples were collected along the flowing river channel and
subjected to physico-chemical and Escherichia coli (E. coli) determination using standard methods. Water quality
index (WQI) and Irrigation parameters (Sodium adsorption ratio (SAR), Percentage sodium (%Na), Residual sodium
bicarbonate (RSBC), Kelly’s ratio (KR), Permeability index (PI) and Magnesium absorption ratio (MAR)) were
calculated from the chemical data obtained from the analyses.

Results: Results of the analyses revealed that pH (9.7 =pH= 10.8) of the water samples were of alkaline nature with
all the water samples exceeding approved standard for drinking water. Drinking alkaline water may deactivate pepsin
but it could lead to gastrointestinal problems and metabolic alkalosis. Electrical conductivity (uS/cm), Total dissolved
solids (mg/L) as well as Total hardness of all analyzed water samples fell in the category of fresh water. HCO3; and CI’
were the dominant anions while Na* and K* constituted the dominant cations in the water chemistry. The abundance
of major ions revealed Na*> K* >Mg®*>Ca*" and HCO;>CI>S0,*>NO; trend. The dominant hydrogeochemical
facies was mixed Ca*-Na*-HCO; (93%) with few mixed Ca*-Mg®*-Cl" (7%) while calculated WQI was 89.44. All
samples tested positive to E. coli determination with values ranging from 1.71*10" — 8.100*10%(cfu/ml).

Conclusion: The analyzed physico-chemical parameters in all River Ose water samples were well within approved
desirable limits except for the pH. However, the water was not potable as all samples tested positive to E. coli counts.
In addition, WQI calculation revealed that the water had very poor drinking quality. Sources of ions in the River were
predominantly from rainfall and minor weathering from the bedrocks. Irrigation quality parameters (SAR, %Na,
RSBC and KR) indicated that River Ose water was good for irrigation. However, applying the water on salt sensitive
plants is not advisable as irrigation evaluation employing Pl and MAR showed that the water was not suitable for
irrigation.
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1. INTRODUCTION

Access to clean water is a human right and a basic requirement for economic development. Water is the liquid of life
that quantity as well as quality requirements are essential for continuity of life and eco-system sustainability.
Improvement in human health as well as agricultural yields depends much on the quantity and quality of water used for
drinking and irrigation. Rivers that constitute major sources of surface water used for drinking and irrigation purposes are
environmentally vulnerable to contamination as wastes (agricultural, industrial and domestic) are often dumped in them.

Several scientific reports on water quality effects on human, agricultural and industrial applications all around the
world have been published [1, 2, 3, 4, 5, 6, 7, 8, 9]. A study by [10] on the hydrochemical and heavy metal concentration
in the soil and water resources of Hamadan province of Iran during which the concentrations of cadmium (Cd), copper
(Cu), lead (Pb) and zinc (Zn) as important parameters for developing the agricultural development projects were
measured, concluded that the potential of studied area was suitable for developing the agricultural projects because the
values of the parameters were under standard indices. Also, [11] on Measurement of cytotoxicity and heavy metal load
in drains water receiving textile effluents and drinking water in vicinity of drains revealed that the water quality
parameters were beyond the permissible limit and textile industries significantly contributed in contamination of ground
water with Pb and Cd metals. In developing countries, most of which have huge debt burdens, population explosion and
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moderate to rapid urbanization, people have little or no option but to accept water sources of doubtful quality, due to lack
of better alternative sources or due to economic and technological constraints to treat the available water adequately
before use [12, 13]. The scarcity of clean water and pollution of fresh water has therefore led to a situation in which one-
fifth of the urban dwellers in developing countries and three quarters of their rural dwelling population do not have
access to reasonably safe water supplies [14].

Nigeria has an estimated total actual renewable water resources of 286.2km3/year amounting to 1893m3/year per
capital [15]. The total area occupied by water in Nigeria is 13,000 km?. Nigeria has abundant water resources covering
an enormous and diverse landscape, although they are unevenly distributed over the country [16]. The space occupied by
inland water bodies in Nigeria is estimated at 900 km? [17]. Available literature on environmental monitoring of surface
water indicated that streams and rivers in the country are showing increasing trend of water pollution due to increase
population, industrialization and urbanization. Waste generations by the industries and households have continued to
increase. These wastes are indiscriminately disposed-off into the water bodies which has led to pollution of inland water
bodies and coastal waters and subsequently increased water quality parameters such as heavy metals, nutrients and
organic matter, soluble ions, oil and grease and organic chemicals such as pesticides and poly-nuclear aromatic
hydrocarbons [18, 19, 20, 21, 22]. Urgent attention is therefore necessary to mitigate water pollution problems in Nigeria
through monitoring as well as enforcement of emission standards by industries [17].

River Ose originated in the Akpata hills in Ekiti State, Nigeria. It flows through Ovia North-East Local Government
Area and empties into the Benin River, which is one of the four major rivers that drain into the Atlantic Bight of Benin
[23]. River Ose water has been very useful serving many local communities for drinking and irrigation purposes. Public
water supply for Owo, lyere, Isuada, Ipele and Emure-lle is from a Dam built across River Ose. The Ose water works
which supply water to the communities in the listed towns has a capacity of 2,250 cubic meters per day, out of which
about 2,000m® is consumed by Owo in Ondo State, Nigeria. The River Ose serves as secondary source of piped borne
water supply to the city [24].

Land management and the physical environment through which the river flows have untold influence on their quality.
The upper stream of the river passes through Basement terrains while the downstream where water samples were taken
for this study flows through the transition zone (Basement /sedimentary). Contamination of such body of water could be
geogenic, anthropogenic or combined geogenic/anthropogenic. Anthropogenic is consequent of pollutants input arising
from societal activities. Thus, understanding the quality conditions of river Ose is critical if the farmers and the entire
Ose community are to develop effective plans to maintain continuous supply of agricultural products without abating
especially during the dry season. Hence, this study focused on “the Hydrochemistry and Water quality Indices of River
Ose, Southern Nigeria” with a view to ascertain its suitability for drinking and agricultural purposes.

2. LOCATION OF STUDY

River Ose is a stream (class H - Hydrographic) in Nigeria, located at an elevation of 136 meters above sea level. The
study portion of the river is located on latitude 6° 47' 23" N - 6° 50' 00" and longitude 5° 45' 00" E - 5° 48' 25" E in Edo
State of Nigeria (Fig. 1). The climate is of the humid tropical wet and dry seasons. Increased flow rate, high turbidity
and muddy water especially after heavy rainfall occur during the wet season while the river is characterized by moderate
or slow flow rate and clearer water during the dry season. Several streams and creeks drain into River Ose and the river is
the major source of drinking water for the inhabitants of communities surrounding it [25]. The study area has an average
relative humidity of 80.5% with mean annual rainfall of 2200mm. Temperature is high throughout the year with mean
value of 34°C for the hottest months (February/March) and 28°C for the coolest month (August) [23]. The study location
is in a transition zone between the Basement Complex and Dahomey Basin. However, rock exposures along the river are
mainly migmatites and older granites. Sandstone and clay of Quaternary age overlay the Basement rocks.

3. MATERIALS AND METHODS

To evaluate the water quality of Ose River, 15 water samples (Fig. 1) were collected along the river channel into
preconditioned polyethylene bottles for hydrochemical investigations in the dry season, February, 2017. The temperature
(T °C), pH, specific conductivity (EC (uS/cm)) were measured insitu using portable electrical conductivity meter. Major
ions and Faecal coliform of the sampled water were analyzed in the Laboratory following American Public Health
Association guidelines [26]. Cations determination was by Atomic Absorption Spectrophotometer (Varian — AA240)
while the anions was by Colorimetric method using DR 5000 Spectrophotometer (Hach, USA). For Faecal Coliform
estimations, multiple fermentation tubes containing MacConkey broth were inoculated with 1 ml of sample and
incubated at 44° C for 48 hr. The E. coli count was evaluated using standard methods [27] and [28]. Total hardness (TH)
was estimated using: TH (mg/L) = 2:497 Ca®*" + 4:115Mg** [29] and TDS (mg/L) = 0.67x EC (uS/cm) [30]. Statistical
evaluation of the data from the analyses was carried out employing Microsoft Office Excel 2007. Correlation between
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selected water quality parameters was carried out using Paleontological Statistics (PAST) Version 3.14. Piper and
Schoeler diagrams were obtained using GW_Chart and Microsoft Office Excel 2007 respectively.

6°50" N

o Settlement
* Sampling Point

1[ Bridge

Figure 1: Location Map

Water quality index (WQI) of all the 15 samples from River Ose have been calculated to find its suitability for drinking
purposes by Weight Arithmetic using 11 water quality parameters (pH, EC, TDS, TH, NO3, SO,, CI, Ca, Mg, Na and K).
The calculation of the WQI was done using weighted arithmetic water quality index which was originally proposed by
[31] and developed by [32]. The weighted arithmetic water quality index (WQI,) was estimated using the following
formula:

El_i"!zj_""|'l-Eq_I /EF=1"|.'{ 1

where n is the number of variables or parameters, wi is the relative weight of the ith parameter and q; is the water quality
rating of the ith parameter. The unit weight (wi) of the various water quality parameters are inversely proportional to the
recommended standards for the corresponding parameters. According to [32], the value of gi is calculated using the
following equation:

qi= 100 [(Vi - Vid) /(Si — Vid)] (2)

where Vi is the observed value of the ith parameter, Si is the standard permissible value of the ith parameter and Vid is
the ideal value of the ith parameter in pure water (Table 4). All the ideal values (Vid) are taken as zero for drinking water
except pH and dissolved oxygen [33]. For pH, the ideal value is 7.0 (for natural/pure water) and a permissible value is
8.5 (for polluted water). Therefore, the quality rating for pH is calculated from the following equation:

qpi = 100 [(VpH — 7.0) /(8.5 — 7.0)] 3)

where VpH = observed value of pH. Calculation of g; for the rest parameters were carried out following similar
procedures. Employing equation 1, WQI was obtained for the river.

Irrigation parameters (sodium adsorption ratio (SAR), sodium percentage (Na %), Residual sodium bicarbonate
(RSBC), Permeability Index (PI), Magnesium Absorption Ratio (MAR) and Kelly Ratio (KR) were determined to assess
the suitability of River Ose water for irrigation purposes.

4. RESULTS AND DISCUSSION
The results of analyzed River Ose water samples are presented in Tables 1 and 2. The pH of the analyzed River Ose

water samples varied from 9.70 to 10.60 (av. 9.99) indicating the alkaline nature of the water. Drinking alkaline water
with a pH of 8.8 may help deactivate pepsin which is the main enzyme that causes acid reflux. However, reports by the
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World Health Organization indicated that alkaline water with a pH higher than 11 may cause gastrointestinal problems,
irritate eyes, skin and mucous membranes. Drinking too much alkaline water or drinking water with a high pH, may
disrupt the body’s normal pH which can lead to a condition called metabolic alkalosis, causing confusion, nausea,
vomiting, hand tremors, muscle twitching and tingling in the face, hands or feet.

Electrical conductivity (EC) is a reflection of the conducting capacity of water which in turn is determined by the
presence of dissolved ions. Higher the ionisable solids, greater will be the EC. EC is a measure of total dissolved solids
(TDS) i.e. it depends upon the ionic strength of the solution. Increase in the concentration of dissolved solids, increases
the ionic strength of the solution [34]. The measured EC of River Ose water varied from 92 to 203 (av. 120.33) pS /em.
Concentration of total dissolved solids (TDS) in the River Ose water ranged from 59.80 to 131.95 (av. 78.22) (Table 1).
Water can be classified into fresh (TDS <1,000 mg/L), brackish (>1,000 mg/L), saline (>10,000 mg/L) and brine (100,
000 mg/L) categories on the basis of TDS concentration [35]. Based on this classification, River Ose water fell into fresh
water category.

Table 1: Physical Parameters and E. coli counts of sampled water from Ose River

Temp. EC TDS TH E. Coli
Code | (°C) pH (uS/em) mg/l (mg/L) Alkalinity (cfu/ml)
0S1 | 30.80 1010  96.00 62.40 16.32 61.00 1.7*10°"
0S2 | 32.00 1030  97.00 63.05 17.09 61.00 2.8%10
0S3 | 3120 1030  93.00 60.45 15.58 50.83 4.1*10"
0S4 | 3160 1020 92.00 59.80 16.87 61.00 3.1*10
0S5 | 3150 1000 93.00 60.45 17.25 61.00 1.080*10°
0S6 | 3150 9.90 92.00 59.80 17.03 81.33 6.70%10°
0S7 | 30.90 9.80 133.00 86.45 17.33 7117 8.30%10°
0S8 | 3150 9.70 120.00 78.00 17.30 50.83 7.40%10°
0S9 | 31.90 9.70 94.00 61.10 16.07 61.00 3.200*10°
0S10 | 31.20 9.70 108.00 70.20 15.21 7117 2.200%10°
0S11 | 31.80 9.90 92.00 59.80 15.83 50.83 4.300%10°
0S12 | 32.00 9.80 146.00 94.90 17.01 7117 6.400%10°
0S13 | 30.90 1010 196.00 127.40 15.96 50.83 7.200%10°
0S14 | 32.00 9.70 203.00 131.95 17.05 61.00 8.100%10°
0S15 | 3150 10.60  150.00 97.50 15.52 7117 1.60*102
Min | 30.80 9.70 92.00 59.80 15.21 50.83 1.7*10"
Max | 32.00 10.60  203.00 131.95 17.33 81.33 8.100*10°
Mean | 31.49 9.99 120.33 78.22 16.49 62.36 2.333*10°
Stdev | 0.41 0.27 37.93 24.66 0.74 9.31 2.844*10°
k6] |- 6.5-9.5 1500 1000 500 0.00

4.1 Major lons chemistry

Among the anions, HCO5 has the dominant ionic concentration followed by CI" with NO3™ being the ions with least
concentration. The order of anions abundance in River Ose water was found as HCO3> CI> SO,%> NO; (Fig.2). Among
major cations, Na* and K* were the dominant ions followed by Ca®* and Mg*" respectively. The order of cations
abundance was Na*> K*> Ca*>Mg?*.
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Figure 2: Changes in cations and anions concentrations along the flow path

The ions dominance was further reflected in Schoeller diagram (Fig.3) and Piper Trilinear diagram (Fig. 4). The
Schoeller diagram [37] permits the cations and anions of many samples to be represented on a single graph in which
major groupings or trends in the data can be discerned visually. The Schoeller semi logarithmic diagram shows the total
concentrations of the cations and anions (Fig. 4). The Schoeller diagram in this research clearly revealed HCO3; and CI
as dominant anions while Na* was the dominant cation. The Piper Diagram [38], represents combination of anions and
cations triangles that lie on a common baseline with a diamond shape between them. The diagram can be used to make a
tentative conclusion as to the origin of the water represented by the analysis and to characterize different water types
[39]. The Piper diagram divided waters into four basic types according to their placement near the four corners of the
diamond (Fig. 4). The Piper diagram revealed dominant mixed Ca*'- Na*- HCO5™ type with mixed Ca®*- Mg*'- CI"in the
minority in this study.

Table 2: Chemical parameters of sampled River Ose Water

Code | Ca Mg Na K Mn Fe HCO3 SO, Cl NO;
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

AG1 2.01 2.71 5.32 4.01 0.10 1.31 73.20 17.24 36.00 3.82
AG2 2.12 2.83 5.51 4.00 0.10 1.10 73.20 11.64 28.80 4.39
AG3 2.00 2.54 5.56 3.94 0.10 1.02 61.00 7.54 36.00 1.04
AG4 2.03 2.83 5.52 4.19 0.11 1.01 73.20 11.21 36.00 4.96
AG5 2.00 2.94 5.45 3.97 0.10 1.00 73.20 193.11 28.80 2.43
AG6 2.13 2.81 5.61 412 0.10 1.01 97.60 5.17 36.00 10.19
AG7 2.00 2.96 5.80 434 0.11 1.01 85.40 1.29 36.00 6.35
AG8 2.02 2.94 5.56 421 0.10 1.00 61.00 7.54 28.80 8.23
AG9 2.01 2.65 5.78 4.02 0.11 1.03 73.20 5.82 43.20 0.30
AG10 | 2.00 2.45 5.72 4.00 0.10 1.01 85.40 9.05 43.20 3.98
AGl11 | 1.95 2.63 4.93 401 0.10 1.00 61.00 9.27 43.20 2.18
AG12 | 2.12 2.81 5.24 4.00 0.21 1.01 85.40 11.85 28.80 0.22
AG13 | 2.00 2.63 4.97 3.86 0.11 1.00 61.00 5.82 28.80 0.79
AGl4 | 2.12 2.82 5.10 4.00 0.10 0.98 73.20 10.56 36.00 0.31
AG15 | 1.94 2.56 5.45 4.10 0.22 0.86 85.40 10.12 36.00 3.16
Min 1.94 2.45 4.93 3.86 0.10 0.86 61.00 1.29 28.80 0.22
Max 2.13 2.96 5.80 4.34 0.22 1.31 97.60 193.11 43.20 10.19
Mean | 2.03 2.74 5.43 4.05 0.12 1.02 74.83 21.15 35.04 3.49
Stdev | 0.06 0.16 0.27 0.12 0.04 0.09 11.17 47.71 5.35 3.00
[36] 150 200 0.3 250 250 10

Attempts on major processes controlling River Ose water chemistry were made employing [40] Plot (Fig. 5) and Pearson
correlation (Table 3). The data points on the Gibbs diagram (Fig. 5) suggest that River Ose water chemistry was
controlled principally by rainfall and to some extent by weathering of rocks. The correlation (Table. 3) revealed that all
cations have positive correlation with HCO3 indicating similar source, mostly geogenic source. However, positive
correlation of NO;~ with Ca**, Mg®*, Na*, K* and HCO;  is an indication that majority of these ions originated from
anthropogenic activities (i.e. use of fertilizers and sewage pollutants). A clear distinction of the contaminant sources is
difficult i.e., agricultural, and/or municipal is difficult to make [41]. NOs’, unlike many ions is not derived from rocks;
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rather it is often associated with faecal and sewage pollution [42]. Thus sources of some of the ions in River Ose water
were from wastes deposited on the river channel.

4.2 Water Quality Index

Water quality refers to the chemical, physical and biological characteristics of water [43]. It is a measure of the
condition of water relative to the requirements of one or more biotic species and or to any human need or purpose [44]. A
water quality index (WQI) summarizes large amounts of water quality data into simple terms (e.g., excellent, good, bad,
etc.) for reporting to managers and the public in a consistent manner [45]. A water quality index provides a single
number that expresses overall water quality at a certain location and time based on several water quality parameters. WQI
can be used as a tool in comparing the water quality of different sources and it gives the public a general idea of the
possible problems with water in a particular region. The indices are among the most effective ways to communicate the
information on water quality trends for the water quality management [46]. Results of the calculated WQI in this research
are presented in Table 4 while a standard classification [42, 47] is shown in Table 5. The calculated value of WQI for
River Ose water was 89.44% and fell in the very poor water category. Hence River Ose water was not potable based on
WQI calculation.

Concentrations (meg/L)

Figure 3: Schoeller Diagram [37].

4.3 Irrigation Quality Assessment

River Ose water has been used for irrigation purposes especially during the dry season but the water has not been
analyzed for suitability for irrigation purposes. Therefore River Ose water was analyzed for its suitability and usefulness
to meet the irrigational needs of farmers and local population of the area. The irrigation quality assessment was carried
out employing the under listed irrigation parameters in which all ionic concentrations are in millequivalent per litre:
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100 " Ions

A =Mg** Type

B = Ca® Type

C = No Dominant Type

D =Na"K" Type

E = SOs* Type

F =HCO3" Type

G = No Dominant Type

H=CI Type

I = Mixed Ca**-Mg**-Cl' Type
J = Ca**-HCOsType

K =Na"-CI Type

L = Mixed Ca**-Na"-HCOs Type
M = Ca?*-CI Type

N = Na"-HCOs" Type

1 = Ca?*-Mg**-Cr-SOs?" Type
» 2= Ca®*-Mg?*-HCOs" Type

3 = Na-K™-CI-S0s* Type

4 = Na"-K*-HCOz Type

Ca:-
CATICNS ANICNS

¢) Permeability Index (PI)

e) Kelly Ratio (KR)

a) Sodium Adsorption Ratio (SAR) SAR =

f) Sodium Percentage (%Na)

Figure 4: Piper Diagram

Na

o/ [Ca +Mg) 2 [48] “)
b)Residual Sodium Bicarbonate (RSBC) = HCO3;-Ca  [49] (5)
Na+ VHCOZ %100

T Co+Mg+Na [50] (6)

d) Magnesium Absorption Ratio (MAR) = Mg*100 [51] @)
Ca +Mg

= Na [52] (8)
Ca+ Mg

= Na+K [51] 9)

Ca+ Mg + Na +K

Result of the estimated irrigation parameters is presented in Table 6.

Asian Online Journals (www.ajouronline.com) 125




Asian Journal of Applied Sciences (ISSN: 2321 — 0893)
Volume 06 — Issue 03, June 2018

100000 100000
Evaporation dominance Evaporation dominance
10000 10000
Evaporation-precipitation Evaporation-precipitation
dominance dominance
< 1000 = 1000
-y Rock dominance £ .
= b7 Rock dominance
8 @ = o
= 100 = 100 ¢ 3
z w %0
10 10
Rainfall dominance Rainfall dominance
1
0 0.1 02 03 04 05 06 07 08 0 0.1 0.2 0.3 0.4 0.6
Na#KNa+K+Ca Cl/Cl + HCO;4
Figure 5: Gibb’s Plot
Table 3: Correlation of lons in River Ose Water
Parameter | Ca Mg Na K HCO3 (I NeZ! NO3 TH TDS
Ca 1.00
Mg 0.43 1.00
Na 0.00 0.10 1.00
K -0.04 0.53 0.53 1.00
HCO3 0.36 0.09 0.44 0.36 1.00
Cl -0.37 -0.57 0.20 0.07 0.13 1.00
SO4 -0.12 0.34 -0.01 -0.21 -0.05 -0.33 1.00
NO3 0.15 0.40 0.46 0.69 0.39 -0.08 -0.12 1.00
TH 0.59 0.98 0.09 0.46 0.16 -0.59 0.27 0.39 1.00
TDS 0.14 0.01 -0.49 -0.17 -0.04 -0.30 -0.21 -0.36 0.04 1.00

4.3.1 Sodium adsorption ratio (SAR)

The excess of Na" with Ca?" and Mg®" is examined using SAR [48]. Excess Na* in water causes reduction of

permeability of the water and continuous use of such water will lead to reduction in soil infiltration and percolation rates.
Also, there will be soil crusting, poor aeration and invariably, poor seedling [53]. The SAR for River Ose water ranged
from 0.54 — 0.64 (Table 6) and are all less than 10 indicating that River Ose water was excellent for irrigation purposes
[48].

Table 4: WQI parameters of River Ose water
Parameters Observed  std ideal 1/Si K unit weight  quality wiqi
Value (Vi) valueSi value wi rating qi
pH 9.7 8.5 7 0.1176 0.382 180 68.76
EC (uS/cm) 92 500 0 0.002 0.006 18.4 0.1104
TDS (mg/L) 59.8 250 0 0.004 0.013 23.92 0.31096
TH (mg/L) 15.21 300 0 0.0033 0.011 5.07 0.05577
Ca (mg/L) 2.03 250 0 0.004 0.013 0.812 0.010556
Mg (mg/L) 2.74 200 0 0.005 0.016 1.37 0.02192
Na (mg/L) 5.43 50 0 0.02 0.065 10.86 0.7059
K (mg/L) 4.05 75 0 0.0133 3.252 0.043 54 0.2322
S04 (mg/L) 21.15 30 0 0.0333 0.108 70.5 7.614
cl (mg/L) 35.04 200 0 0.005 0.016 17.52 0.28032
NO3 (mg/L) | 3.49 10 0 0.1 0.325 34.9 11.3425
YW =1 >'89.44452
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4.3.2 Residual Sodium Bicarbonate (RSBC)

Residual sodium bicarbonate is used to quantify the effect of CO;* and HCO5 on water [54]. When there is excess
HCO; over Ca®* and Mg”" there is the tendency to increase the relative proportion of Na* as Ca** and Mg* may
precipitate as carbonates. In this study, RSBC ranged between 0.87 and 1.44meqg/L with 11 samples (73.33%) in
excellent irrigation category (RSBC<1.25meqg/L) and 4 samples (26.67%) in marginal/doubtful class (1.23 =RSBC=
2.50meg/L). Continuous use of waters with RSBC values >2.5meq/L leads to salt built up which may hinder the air and
water movement by clogging the soil pores [55]. None of River Ose water samples fell into this category and the water is
safe for irrigation purposes.

Table 5: Classification of water quality based on weighted arithmetic WQI method

waQl STATUS
0-25 Excellent
26 - 50 Good
51-75 Poor

76 - 100 Very Poor

Source: [32, 47]
4.3.3 Sodium percentage (Na%)
Sodium percentage evaluates the excess of Na* in water, which can react with the soil to reduce the permeability of
the soil and plant growth [56]. The Na% in River Ose water ranged from 48.75 — 53.25% falling in the permissible
irrigation class {40 =%Na= 60) [56]. Irrigation water with Na% > 60% may result in the accumulation of sodium and

possibly a deterioration of the soil structure, infiltration and aeration [57]. Thus, River Ose water was marginally suitable
for irrigation purposes.

4.3.4 Permeability Index (PI)

Permeability index assesses the effect of excess CO,% and HCO; on irrigation water. Water with excessive HCOj3 and
CO4%, react with Ca*" and Mg?* in soil solution to precipitate as calcite and magnesite.

Table 6: Irrigation parameters of River Ose Water

Code | SAR %Na RSBC PI MAR KR
0s1 0.57 5059 1.06 19.33 69.20 0.71
082 0.58 50.02 1.06 1854 6899 0.70
0S3 061 5238 0.87 1778 6791 0.78
054 0.58 50.74 1.06 18.67 6991 0.71
0S5 0.57 4954 1.06 18.52 71.01 0.69
0S6 059 50.64 144 21.29 68.74 0.72
0S7 061 5118 1.26 19.44 7115 0.73
0S8 0.58 50.27 0.87 16.74 70.81 0.70
0Ss9 0.63 5245 1.06 18.82 68.72 0.78
OS10 | 0.64 5359 1.26 21.06 67.12 0.82
OS11 | 054 50.04 0.87 1853 69.21 0.68
OS12 | 055 49.27 125 20.50 68.84 0.67
OS13 | 0.54 49.68 0.87 18.38 68.67 0.68
OS14 | 054 4875 1.06 19.15 6891 0.65
0S15 | 0.60 5243 1.26 21.27 68.74 0.76
Min 054 4875 0.87 16.74 67.12 0.65
Max | 0.64 5359 144 21.29 7115 0.82
Mean | 0.58 50.77 1.09 19.20 69.20 0.72
Stdev | 0.03 138 0.18 1.32 1.11 0.05

This will allow sodium adsorbed to dominate onto the clay surfaces resulting into enhancement of exchangeable sodium
percentage of soil which increases sodium hazard and its related problems such as reducing soil permeability, soil
aeration, high pH, inhibit root penetration, etc. [58, 59]. Water can be classified as Class I, Class 1l and Class 1l orders
with regard to permeability index (PI). Class | and Class Il waters are categorized as good for irrigation with 75 % or
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more of maximum permeability. Class 111 waters are unsuitable with 25 % of maximum permeability [60]. From Table 6,
the PI values vary from 16.74 to 21.29 (av. 19.20). All water samples fell into the Class III Category of Donnen’s chart
and were categorized as unsuitable for irrigation

4.3.5 Kelly’s ratio (KR)

The hazardous effect of sodium on water quality for irrigation usage has been determined in terms of Kelly’s ratio
[52]. A Kelly’s ratio of more than one indicates excessive sodium in water. Therefore, water with a Kelly’s ratio less than
one are suitable for irrigation while those with a ratio more than one are unsuitable. The KR in this study ranged from
0.65 —0.82(av. 0.72) (Table, 6) indicating that River Ose water was excellent for irrigation usage.

4.3.6 Magnesium absorption ratio (MAR)

Generally, calcium and magnesium maintain a state of equilibrium in most waters and MAR describes the excess
amount of Mg over Ca and Mg [51]. More magnesium in water adversely affects the crop yield. MAR for River Ose
water ranged from 67.12 — 71.15 (av.69.20). According to [51], MAR>50 is considered harmful and unsuitable for
irrigation purpose. Based on MAR, River Ose water was not suitable for irrigation.

5. CONCLUSION

River Ose water from Edo State, Southern Nigeria was assessed for quality in terms of its viability for drinking and
irrigation purposes. The results revealed that River Ose water was mostly alkaline. All other physico-chemical
parameters have low concentrations below approved standard for drinking water. However, River Ose water tested
positive to Escherichia coli counts and was not potable. In addition, WQI calculation revealed that River Ose water has
very poor drinking quality. Sources of ions in the River were predominantly from rainfall and minor weathering from the
bedrocks. River Ose water was classified as having dominant mixed Ca®*- Na*- HCO; water type with mixed Ca?*-
Mg?*- CI' type in the minority. Irrigation quality parameters (SAR, %Na, RSBC and KR) indicated that River Ose water
was good for irrigation. However, applying the water on salt sensitive plants was not advisable as irrigation evaluation
employing Pl and MAR showed that River Ose was not suitable for irrigation.

6. SIGNIFICANT STATEMENT

The evaluation of the hydrochemistry and Escherichia coli counts of River Ose water has indicated that there are heath
implications for people drinking the water untreated. People drinking the water untreated are at health risk of having
gastrointestinal diseases in addition to metabolic alkalosis. Irrigation assessment revealed that salt sensitive plants should
be avoided if River Ose water is to be used for irrigation in view of the high MAR and PI.
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