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Abstract Rivers present a continuous renewable physical resource for domestic and agricultural purposes. Kaani
and Kpean rivers in Bori town in Rivers state, Nigeria are the common sources of water to the people. The water
quality assessment of these rivers is carried out using fifteen physicochemical parameters. These parameters were
measured for three consecutive months of July, August and September 2017 at three sampling points for each river.
These months are the months of the rainy season. The samples were analysed using the standardized method of the
American Public Health Association (APHA). The concentrations of all the analysed parameters were compared to
World Health Organization (WHO) guidelines for drinking water. National Sanitation Foundation Water Quality
Index (NSF WQI) and Weighted Arithmetic Water Quality Index (WA WQI) were used for assessment. The NSF
WQI values of 59.77 and 63.45 were obtained for Kaani and Kpean respectively. The NSF WQI was able to give a
good evaluation of the gradual change in the water quality of these two rivers as they flowed through the
communities from Kaani to Kpean. The results obtained using the WA WQI gave values of 1.68 and 6.04 for Kaani
and Kpean respectively indicating that these water bodies have excellent water quality rating and both methods find
useful application in the assessment of Kaani and Kpean and rivers. This study shows that in the months of the rainy
season, these two rivers have good water quality and are fit for use.
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1. Introduction

Rivers are the most important freshwater resources for
man. Apart from its function as a source of freshwater for
drinking, domestic and industrial uses; freshwater resources
serve multiple functions most of them being critical to
human settlement and survival. Adequate supply of safe
and sanitized freshwater is an inevitable factor for human
and economic development [1]. Report by [2] revealed
that in African countries, water related diseases had been
interfering with basic human development. The common
sources of water that are available to local communities in
Nigeria are fast being severed by a number of anthropogenic
factors of which pollution remain the most dominant
problem. This is because dead vegetation, metal leachates
from solid waste dump, leaching of rocks, sewage, industrial
wastes and agricultural chemicals return eventually to the
river by runoffs [3]. Water abstraction for domestic use,
agricultural production, mining, industrial production, power
generation and forestry practical can lead to deterioration

in water quality and quantity that impacts not only the
aquatic ecosystem but also the availability of safe water
for human consumption [4]. Rivers have been used as a
sink for wastes from agriculture and industry due to its
flow and ecological nature. Rivers are able to regenerate
themselves to admit staggering amount of tributaries.
However, all rivers have limited absorptive capacity for
sewage and fertilizer from cropland or farmland. Pollution
of surface water occurs when too much of an undesirable
or harmful substance flows into a body of water,
exceeding the natural ability of that water body [5]. Water
quality monitoring indexing is one of the ways by which
the quality of a water system could be assessed [6]. It is
important to regularly monitor the water body since this
action helps to reveal how healthy and hygienic the water
is for domestic use, industrial and agricultural purposes
[7]. The quality of water is the most important factor
affecting lives in the ecosystem. Rivers and lakes being
important fresh water sources are often polluted by natural
and anthropogenic sources thereby making them unfit for
use. Several authors have carried out studies on the
physicochemical and microbial properties of some rivers
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in Nigeria [8-13]. Other studies reveal high concentrations
of heavy metals in our rivers, the effect of municipal solid
waste discharge and the impact of brewery, tannery and
industrial waste water [14-19] on the physiochemical
properties of these rivers. However, these studies report the
assessment of rivers and lakes based on the physiochemical,
microbial and heavy metals content only. The aim of this
study is to analyze fourteen physicochemical parameters
and the microbial parameter of Kaani and Kpean rivers
using standard methods. The results obtained will be
applied to National Sanitation Foundation (NSF) and
Weighted Arithmetic (WA) water quality indices (WQI)
to determine the water quality rating of these rivers.

2. Materials and Method

2.1. Study Area

These two rivers flow through so many communities in
Ogoniland in Rivers State. Waters from Gokana and Yeghe
empties into the Kaani River. The Kpean River has tributaries
from Kono and Opobo. Both rivers met at a confluence
point and then flow into the Imo River which then empties
into the Bight of Bonny. These rivers are primarily used for
fishing, swimming and as potable water. Majority of the
people close to the river continue to depend on these rivers
for their domestic and agricultural needs. The Figure 1

below is a map showing the two rivers and the sampling sites.
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Figure 1. Map showing the two rivers and their sampling points

2.2. Water Sample Collection

Water samples were taken from both rivers (Kaani and
Kpean) at three different sampling sites as marked in
Figure 1 (Sitel, Site 2 and Site 3) which correspond to
upstream, midstream and downstream respectively in each
of the rivers. The water samples were collected in
duplicates in sterilized 150 ml plastic bottles and sealed
with tight stopper and cap to avoid air bubbles. These
were taken to the laboratory for analyses.

2.3. Methods

2.3.1. Physicochemical Analysis

Temperature and pH were measured in-situ using a
Hanna instrument (H1 9813-6). Total solids (TS) and total

dissolved solids (TDS) were determined by gravimetric
methods as described by [20]. Dissolved oxygen (DO)
was determined using oxygen analyzer (model JPB — 607).
The conductivity measurements were carried out using a
conductivity meter (Hanna conductivity meter model EC
215) and the turbidity was measured using a turbidity
meter (Xinrui WGZ - IB Shanghai). The other
physicochemical parameters were later analyzed in the
laboratory using the stipulated methods in [20]. These
include; biological oxygen demand (BOD), chemical
oxygen demand (COD), the anions (CI, NO'; and PO*}),
the cations (Mg** and Ca®") and fecal coliform. The
chemicals and reagents used in these analyses were of
analytical grade from BDH.

2.3.2. NSFWQI Calculations

This method was developed by [21] to provide a
standardized method for comparing the water quality of
various bodies of water using nine water quality
parameters. These are pH, temperature, turbidity, fecal
coliform, dissolved oxygen (DO), biochemical oxygen
demand (BOD), total phosphates, nitrate and total solids
according to [22]. Results obtained for each parameter are
compared to the weighting chart curve and a numerical
value (Q — value) is obtained and used in the mathematical
expression below for NSF WQI:

WQI = Zn:QiWi (1)

i=1

Where Qi = sub-index for ith water quality parameter;
Wi = weight associated with ith water quality parameter;
n = number of water quality parameters.
For this NSFWQI method, the ratings of water quality
have been defined by using the following Table 1:

Table 1. Water Quality Rating for National Sanitation Foundation
Water Quality Index (NSFWQI)

WQI Value Ratings of Water Quality
91-100 Excellent water quality
71-90 Good water quality
51-70 Medium water quality
26-50 Bad water quality

0-25 Very bad water quality

Source: Shweta et al., 2013.

2.3.3. Weighted Arithmetic WQI, Method and
Calculations

This method has been widely used by various scientists
[23,24,25] using the most commonly measured water
quality variables [26]. The calculation involves the use of
the following mathematical equation:

WQI = % 2

Where Q, is the quality rating scale for each parameter for
the nth water quality parameter
W, is the unit weight for each water quality parameter

Q, =100 {—V” Vo } 3)

n~— VYo
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Where V, is observed value (ie estimated concentration of

Table 4. Descriptive Statistics for the Parameters in Kaani River

nth parameter in the analyzed water _ Average Values
V, is the ideal value of this parameter in pure water S/N. | Parameters Mean values
(Vo =0 (except pH = 7.0 and DO = 14.6 mg/L)) July | August | September
S, is the recommended standard value of nth parameter by 1 |pH 20 | 583 210 671
WHO.
2 | Temp (°C) 26.87 | 27.03 | 27.23 27.04
w, =K (4) "
nTg 3 | Turbidity (NTU) 031 | 3.96 0.44 1.57
n
where K = 1. 4 | Conductivity (us/cm) | 140.33 | 153.77 | 143.67 145.92
The rating of water quality according to this WQI is 5 | DO (mg/L) 22.07 | 2263 | 28.37 24.36
given in Table 2.
6 |BOD (mg/L 513 | 11.87 6.57 7.86
Table 2. Water Quality Rating as per Weight Arithmetic Water
Quality Index Method 7 |COD (mg/L) 10.83 | 13.13 | 1217 12.04
WQI Value Rating of Water Quality Grading 8 |NOs (mglL) 11171 20.93 16.87 16.32
0-25 Excellent water quality A 9 |[CI'(mg/L) 32.53 | 43.03 33.13 36.23
26-50 Good water quality B 10 | PO, (mg/L) 033 | 012 0.15 0.20
51-75 Poor water quality C 11 [ TS (mgL) 017 | 020 013 017
76-100 Very poor water quality D
- — 12 | TDS (mg/L) 0.13 | 0.20 0.13 0.16
Above 100 Unsuitable for drinking purpose E
13 | Mg (mg/L) 20.33 | 21.73 | 18.70 20.26
Source: Shweta e. al., 2013.
14 | Ca® (mg/L) 2253 | 3283 | 27.07 27.48
3' RESUltS and DISCUSSIOn 15 | Fecal coliform 10.33 | 24.67 49.33 28.11

3.1. Results

Presented in Table 3 and Table 4 are the descriptive
statistics of the results obtained from the analysis of the
parameters in this study for Kpean river and Kaani river
respectively while Table 5 to Table 8 are the results of the
calculations for Water Quality Indices for Kpean and
Kaani using NSF and WA methods.

Table 3. Descriptive Statistics for the Parameters in Kpean River

Table 5. Calculation of Water Quality Index for Kpean using the
Weighted Arithmetic Method

Average Values
— Parameters
July | August | September | Mean values

1 |pH 7.93 6.93 8.17 7.68
2 | Temp (°C) 25.17 | 23.40 24.80 24.46
3 | Turbidity (NTU) 0.23 | 372 0.28 141
4 | Conductivity (us/cm) |123.77 | 150.73 | 123.83 132.78
5 | (DO mg/L 1157 | 1857 36.20 2211
6 | BOD mg/L 2.23 8.43 2.50 4.39
7 | COD (mg/L) 32.03 | 27.57 39.90 33.17
8 | NOs (mg/L) 19.60 | 21.30 26.07 22.32
9 | CI'(mg/L) 29.13 | 32.53 43.13 34.93
10 | PO,* (mg/L) 0.07 | 013 0.28 0.16
11| Total Solid (TS) mg/L | 0.33 | 0.37 0.40 0.37
12 | TDS mg/L 0.20 | 0.20 0.20 0.20
13 | Mg® (mg/L) 26.93 | 25.20 30.17 27.42
14 | Ca®* (mg/L) 2347 | 2463 | 26.27 24.79
15 | Fecal coliform 9.67 | 58.67 78.67 49.0

Unit Quality
Parameters Observed WHO | weight | Rating | Wngn
mean
(Wn) (an)
pH 7.68 8.5 0.118 45185 | 5.316
Temp (°C) 24.46 28 0.036 87.341 | 3.119
Turbidity (NTU) 141 5 0.200 28.200 | 5.640
Conductivity (us/cm) | 132.78 250 | 0.004 53.111 | 0.212
DO mg/L 22.11 6 0.167 | -87.339 |-14.556
BOD mg/L 4.39 10 0.100 43.889 | 4.389
COD (mg/L) 33.17 150 | 0.007 22111 | 0.147
NOs™ (mg/L) 22.32 50 0.020 44.644 0.893
CI"(mg/L) 34.93 250 0.004 13.973 0.056
PO, (mg/L) 0.16 5 0200 | 3.178 | 0.636
TS mg/L 0.37 500 0.002 0.073 0.000
TDS mg/L 0.20 500 0.002 0.040 0.000
Mg?* (mg/L) 2746 | 150 | 0.007 | 18304 | 0.122
Ca?* (mg/L) 2479 | 200 | 0.005 | 12.394 | 0.062
I o
o [
s [ee]
=5 55 2 .
WITe [Re Il ®
I ISR e = 3
5 0! = 2K
= N
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Table 6. Calculation of Water Quality Index for Kaani using the
Weighted Arithmetic Method

Parameters 3bnsqeeg;e VéH wléinglat QRL:iiilr:g Wngn
(Wn) (gn)
pH 671 | 85| 0118 | -19250 | -2.266
Temp (°C) 2704 | 28 | 0036 | 96587 | 3450
Turbidity (NTU) | 157 | 5 | 0200 | 31333 | 6.267
Conductivity | 14595 | 250 | 0004 | 58369 | 0233
(us/cm)

DO (mg/L) 2436 | 6 | 0167 | -11349 | -1895
BOD (mg/L) 786 | 10 | 0100 | 78556 | 7.856
CoD(mg/L) | 1204 | 150 | 0.007 8030 | 0.054
NOs (mg/lL) | 1632 | 50 | 0020 | 32.644 | 0.653

CcL (mg/L) 3623 | 250 | 0004 | 14493 | 0.058
PO (mg/L) 020 | 5 | 0.200 4044 | 0809

TS (mg/L) 017 |500 | 0.002 0033 | 0.000
DS (mg/L) 0.6 |500 | 0.002 0031 | 0.000
Mg® (mgll) | 2026 | 150 | 0007 | 13504 | 0.090
Ca* (mglL) | 2748 | 200 | 0005 | 13730 | 0.069

woI = % .
1.68 Z n ZW"‘”’
= 3870 =0.870 =168
=193

Table 7. Calculation of Water Quality Index using NSFWQI Method
for Kpean

Parameters Observed WHO wL;?gI:n Q-values | WiQi
mean (Wi)
pH 7.68 8.5 0.118 90.000 |10.588
Temp (°C) 24.46 28 0.036 16.500 0.589
Turbidity (NTU) 141 5 0.200 90.500 |18.100
DO (mg/L) 22.11 6 0.167 16.500 2.750
BOD (mg/L) 4.39 10 0.100 56.500 5.650
PO, (mg/L) 0.16 5 0.200 96.000 | 19.200
NOs™ (mg/L) 22.32 50 0.020 30.500 0.610
TS (mg/L) 0.37 500 0.002 80.000 0.160
Fecal Coliform 49.00 10 0.100 58.000 5.800

WwQl = ¥, QW; = 63.448.

Table 8. Calculation of Water Quality Index using NSFWQI
Method for Kaani

Parameters Observed WHO wL;?gI:n Q-values | WiQi
mean (Wi)
pH 6.71 85 | 0118 | 72500 | 8529
Temp (°C) 27.04 28 0.036 | 12.000 | 0.429
Turbidity (NTU) 1.57 5 0.200 | 90.500 | 18.100
DO (mg/L) 24.36 6 0.167 | 16.500 2.750
BOD (mg/L) 7.86 10 0.100 | 42.000 4.200
PO,Z (mg/L) 0.20 5 | 0.200 | 95.000 | 19.000
NOs (mg/L) 16.32 50 0.020 | 40.000 0.800
Total Solid (TS) mg/L 0.17 500 | 0.002 | 80.000 0.160
Fecal Coliform 28.11 10 0.100 | 58.000 5.800

wQl = ¥, QW; = 59.768.

3.2. Discussion

The average pH value for Kpean was 7.68 which are
higher than that for Kaani (6.71). The maximum pH value
obtained in this study for both rivers was 8.5 and this was
in the month of July. These values however are within
permissible limits of [27]. In August, the temperature of
Kaani River was 28.3°C while temperatures in July and
September were 27.3°C and 27.5°C respectively. For
Kpean River, the maximum temperatures (25.4°C and
25.2°C) were recorded only in July and September.
Turbidity in both rivers was higher only in the month of
August (4.20 NTU) and low (0.15 — 0.36 NTU) in the
months of July and September. The average values for
Kaani and Kpean were 157 NTU and 141 NTU
respectively and these values were within WHO
permissible limits. The conductivity values are high for
both rivers. These values ranges from 130.7 — 160.0 ps/cm
for Kaani River while for Kpean River the values ranges
from 120.4 - 150.9 ps/cm with maximum values
occurring in the month of August for both rivers. DO
values were higher in the month of September for both
rivers; Kaani (28.37 mg/L) and Kpean (36.2 mg/L). The
BOD values were very high in August in comparison with
the values obtained in July and September for both rivers.
COD values were found to be high at Site 3 sampling
point for Kaani River and at Site 1 sampling point for
Kpean River and these high values were recorded in the
month of September. Temperature, BOD and conductivity
values are higher in Kaani River while COD, TS and TDS
were found to be higher in Kpean River. This could be
attributed to the introduction of solid wastes at the
downstream. The anions (CI" and PO,*) are higher in
Kaani, most probably due to the introduction of wastes
and contaminants. The quantity of nitrates and fecal
coliform decreased at Kaani River which is an indication
of less eutrophication and fecal discharge. The levels of
Mg?" and Ca** in both rivers were constant (20 — 27 mg/L)
throughout the period of study. Most of the parameters
were higher in the month of August which is the peak of
rainy season and is expected. This is in agreement with the
findings of [1] and [28]. All the values obtained for the
fourteen parameters used for Weighted Arithmetic WQI
were within [27] permissible limits except the DO values
(24.36 mg/L and 22.11 mg/L) which were above the
WHO permissible limits. The low WQI values for Kpean
and Kaani rivers in Table 5 and Table 6 fell within Grade
A rating (Excellent water quality) as shown in the
Weighted Arithmetic weighting chart (Table 2) while the
WQI values obtained for both rivers in Table 7 and
Table 8 using NSF WQI method were 63.45 and 59.77 for
Kpean and Kaani respectively. These values indicate that
the two water bodies are of medium quality as shown in
the NSF WQI chart (Table 1). The NSF WQI Method did
not adequately represent the quality of both Kaani and
Kpean rivers when compared to the WA WQI method.
This inadequacy may be due to the fewer number of
parameters (nine) used for the calculation. This was also
observed by [22] in their study. The values from
downstream (Site 3) samples were higher than those from
the upstream (Site 1). This could be attributed to the level
of anthropogenic activities in those rivers. This agrees
with the results obtained by [28] and [29].
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4. Conclusion

This study has provided a basis for expressing water
quality by using just a single value leading to easier
interpretation of the state of these rivers. The water quality
indices obtained shows that in the months of July, August
and September, these two rivers have good water quality
and are fit for use. WA WQI incorporated fourteen out of
the fifteen parameters analyzed as required by the method
thereby giving a better assessment of the rivers when
compared to NSF WQI method. However, the NSF WQI
was able to give a good evaluation of the gradual change
in the water quality of these two rivers as they flowed
through the communities from Kaani to Kpean. The
results obtained from these two measured methods are in
agreement with the results of analysis of the individual
parameters which were found to be within WHO permissible
limits. It is recommended that water monitoring should be
carried out more frequently and a data base generated in
order to keep track of any seasonal changes and convey
same to the communities who depend on these rivers for
their source of livelihood.
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