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ABSTRACT: The study was carried out to evaluate water quality index (WQI) of Ogbor River, a freshwater system
flowing through the commercial city of Aba, Southern Nigeria using selected physicochemical parameters. The levels
of the physicochemical parameters were determined using standard analytical procedures in the Laboratory. The values
obtained were subjected to statistical analysis using Excel spreadsheet (Version 16). Water Quality index was calculated
using mean values of the selected nine parameters and the World Health Organisation standard for drinking water. The
result of physicochemical parameters used showed that Dissolved Oxygen (DO) with mean 4.44 + 0.70 mg/L, and
Nitrate (NO;") with mean 7.58 + 6.25 mg/L were below National and International standards. The value of WQI
calculated was 83.05. The result revealed that Ogbor River water quality was very poor, so it is unfit for human
consumption, and should be treated to avoid water related diseases.
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Water is an important resource for life support and
undeniably, there is hardly any human activity without
the use of water. The earth is occupied by water, of
which 97% are saline in the oceans, while 3% is
freshwater contained in the poles (i.e. in the form of
ice), rivers, lakes, streams and groundwater which
supply most of human and animal needs (Al-Ghamdi
et al., 2014). Water can be sourced principally from
surface waters which include streams, rivers, lakes and
lagoons (Okey-Wokeh et al., 2020). Rivers are key
sources of water supply for human in most societies,
used for consumption, irrigation and industrial
purposes (Seng et al., 2018). The usability of surface
water is based on the water quality which is a pre-
requisite in determining the health of any society
(Ezemonye et al, 2016). Unfortunately, many
literatures have reported of high levels of deterioration
of river water quality occasioned by arrays of
anthropogenic activities (Edori and Kpee 2016).
Therefore, the evaluation of water quality has been
considered as an important aspect of water
management strategy, but since it involves the
measurement of large number of parameters, it has
been considered as a complex task. Thus, water quality
index (WQI) was employed to aggregate different
parameters into single numerical value to determine
the suitability of water quality for human
consumption.

Water Quality Index (WQI) provides a single
numerical value that expresses overall water quality at
a certain location and time based on several water
quality parameters available (Otene and Nnadi, 2019).
It is a useful and efficient method for assessing the
suitability of water quality by incorporating data
obtained from multiple water quality parameters into a
mathematical equation that rates the healthiness of
water body with number (Akoteyon et al,
2011).Water Quality Index is one of the most effective
ways to communicate information on water quality
trend in water bodies to water quality managers and
give the public general idea on possible problem with
the water body (Boah et al.,, 2015). 1t is against this
backdrop, that evaluation of the water quality of Ogbor
River was carried out, owing to the fact that there has
been paucity of research work in recent times on the
Ogbor River water quality using water quality index

(WQI).

MATERIALS AND METHODS

Description of Study Area: One river of significance in
Nigeria is Ogbor River, a tributary of Imo River which
originates from Ngwa hinterland of Aba and
discharges into Opobo, where it then empties into the
Atlantic Ocean with its creeks. The area lies within
Latitude 5°05 to 5°30'N and Longitude 7°15 to 7°40'E
in the commercial city of Aba, Abia State (as shown in
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Figure 1), and is characterized by a low elevation and
near flat topography. Ogbor River became an area of
research interest because of arrays of anthropogenic
activities prominent around the river course, which
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include Abattoir business, auto-mechanics, car wash,
dredging and discharge of industrial effluents from
nearby companies.
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Sample Collection and Analysis: Samples of water of
Ogbor River were collected monthly for 12 months.
The samples were collected at different points.
Temperature was measured in situ by the use of
mercury-in-glass thermometer, pH was measured and
analyzed in situ with the aid of electric digital pH
meter, while EC and TDS levels were measured in
situ by the use of Hanna portable conductivity meter
which was handheld. The levels of other
physicochemical parameters were determined using
standard procedures in the laboratory as described by
APHA (1998).

Determination of Water Quality Index: The water
quality index was calculated using the weighted
arithmetic method by Boah et al (2015). The mean
values of nine physicochemical parameters obtained
from the sample station were used: pH, DO, BODs,
Total Hardness, Nitrate, Phosphate, Chloride, TDS
and EC. The standard values set by WHO for drinking
water was followed in the calculation using the general
equation:

Where: Qn = Quality Rating; Wn = Unit Weight
The quality rating was determined using the formular:

__100(Vn-Vio)
Qn = (Sn—Vio)

Where: Vn — Estimated value for nth water quality
parameters of collected samples; Sn — Standard
permissible value of the nth water quality parameters;

Fig 1: Map of Aba showing sampliné locations along Ogbor River

Vio - Ideal value of the nth water quality parameter in
pure water (it is O for all other parameters except for
pH, which is 7 and DO which is 14.6).

The unit weight (Wn) was obtained by calculating a
value inversely proportional to the recommended
standard value (Sn) of the corresponding parameter, (
ie Wn = 1/Sn).

Statistical Analysis: All the statistical analysis was
performed using the Excel Spreadsheet (Version 16).

RESULTS AND DISCUSSION
Physicochemical parameters of Ogbor River: Table 1
presents the results of physicochemical parameters of
fresh Surface water samples collected from Ogbor
River.

Water pH: The test for river water pH was done to
measure the acidic and alkaline condition of the river,
since it affects river productivity and is considered to
be of practical great importance, influencing most of
the chemical and biochemical reactions (Taskeena et
al., 2017). The result shown in Table 1 revealed that
pH values ranged from 5.70 — 7.30 with a mean value
(6.30 + 0.39). The river water was slightly acidic and
fell below National and International permissible
limits. This finding was similar to the reports of Amah-
Jerry et al (2017) in Aba River. The low pH value
observed in Ogbor River was an indication of river
badly impacted by anthropogenic activities (Edokpayi
et al., 2016), which could be attributed to discharge of
organic refuse, municipal drains, sewage discharge
and industrial effluents (Arimieari et al., 2014).
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Table 1: Mean of Physicochemical Parameters of Ogbor River

Parameters Mean £+ SD Range WHO Limits FMEnv Limits
pH 6.30+£0.39 5.70-7.30 6.50 —8.50 6.50 -8.50

EC (uS/cm) 756.98 £ 454.51 182.00 — 1572.00 1000.00 500.00

TDS (mg/L) 371.41£127.10  200.00 - 677.30 500.00 500.00

CI (mg/L) 5.84+3.64 2.10-12.94 250.00 100.00

TH (mg/L) 30.55+10.73 14.16 - 57.19 500.00 -

DO (mg/L) 4.44+0.70 3.10-5.94 5.00 - 7.00 5.00

BODs (mg/L)  3.27+1.76 2.10-12.97 2.00-5.00 10.00

NO;™ (mg/L) 7.58+£6.25 2.16 —24.40 50.00 10.00 —20.00
PO,* (mg/L) 2.01+1.35 0.47-5.12 6.50 10.00

Electrical Conductivity (EC): This is an important
physicochemical parameter considered as an indirect
indicator of pollution, due to the close relationship it
bears with the dissolved salt content present in water
column, that is often associated to sewage discharge
(Taskeena et al., 2017).

The result shown in Table 1, revealed that the values
of EC ranged from 182 — 1572.00 puS/cm with a mean
value (756.98 + 454.51 ps/cm), which was within
World Health Organisation (WHO) standards, but
above Federal Ministry of Environment (FMEnv)
standards for fresh water. The high values of EC could
also be as a result of industrial waste, agricultural
runoff and domestic discharges, which makes this
water body unfit for human consumption (Otene and
Nnadi, 2019).

Total Dissolved Solids (TDS): The presence of
dissolved solids in water is a measure for salinity and
its high content affects the density of water, which
influences freshwater organisms and reduces solubility
of gases such as oxygen (Ogundele and Mekuleyi,
2018). The values of TDS shown in Table 1 revealed
that TDS ranged from 200 — 677.30 mg/L, with a mean
value of 371.41 + 127.098 mg/L. High values of TDS
causes harmful effects to public health such as damage
of central nervous system, dizziness and provoking
paralysis of tongue (Gupta et al., 2017). Although, the
TDS values obtained in this study, fell within 500
mg/L WHO standard and FMEnv permissible limits
for drinking water.

Chloride (CI): Chloride is present in all types of water
body in varying concentrations but excessive chloride
in surface water impacts a salty taste (Ogbonna ef al.,
2019). The values of chloride as shown in Table 1
revealed that the values ranged from 2.10 — 12.94
mg/L, with a mean value of 5.84 £+ 3.64 mg/L. This
value obtained was far below the permissible limits of
250 mg/L and 100 mg/L recommended by WHO and
FMEnv respectively, which is an indication that Ogbor
River is a fresh water ecosystem.

Total Hardness (TH): This is one of the
physicochemical characteristics of surface water, used
to describe the effect of dissolved minerals,

particularly calcium and magnesium in determining
suitability of water for domestic and industrial
purposes (Adewoye et al., 2013). The total hardness
values recorded in this study ranged from 14.16 —
57.19 mg/L, with a mean value of 30.55 = 10.73. The
values of TH observed in this study were below 500
mg/L guideline set by National and International
organizations. Therefore, this river water is
categorized as soft water.

Dissolved Oxygen (DO): The test for dissolved oxygen
was carried out to measure the changes that occurred
in biological parameters due to aerobic or anaerobic
phenomenon, and to know the condition of the river
water which is vital for aquatic organisms as well as
human life (Gupta et al., 2017). The result in Table 1
revealed that DO values ranged from 3.10 — 5.94 mg/L
with a mean value of 4.44 + 0.70 mg/L. The DO value
is slightly below the National (FMEnv) and
International (WHO) standards for fresh water. The
low DO observed in this study could be attributed to
abattoir and sewage discharges into the water body,
and this is in conformity with the reports of Amah-
Jerry et al. (2017) in Aba River. Low DO level is an
indication of pollution in water and can lead to
impaired fish development and maturation (Okey-
Wokeh et al., 2020).

Biochemical Oxygen Demand (BODs): This is the
oxygen required for micro-organisms to perform
biological decomposition of dissolved solids in water
(Qureshimatva et al, 2015). The BODs values
obtained in this study ranged from 2.10 — 12.97 mg/L,
with a mean value of 3.27 + 1.76. The BOD value
recorded in this study is within both National and
International permissible limits. Although, BOD
values within 2.0 — 2.9 mg/L is indicative of pollution,
while those above 3.0 mg/L are regarded as highly
polluted and unfit for human consumption (Afolabi et
al., 2012). Therefore the BOD value recorded in this
study is an indication of pollution, which could be
attributed to high level of organic content of abattoir
effluent released into the water body.

Nitrate (NOs): The presence of nitrate in surface water
indicates the presence of fully oxidized matter which
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originates from anthropogenic activities such as
municipal sewage, runoff water from agricultural
lands and discharges from households (Adewoye et
al., 2013). From the result in Table 1, the concentration
of NO;™ ranged from 2.16 — 24.40 mg/L with a mean
value of 7.58 + 6.25 mg/L. The values obtained in this
study were below National and International standards
for fresh surface water.

Phosphate (PO4*): Phosphate is a limiting nutrient for
algal growth and controls the primary productivity of
a water body, and as such, stands as indicator of
anthropogenic and biological pollution (Kidu et al.,
2015). The values of phosphate in this study ranged
from 0.47 — 5.12 mg/L, with a mean value of 2.01 +
1.35 mg/L. The concentrations of PO4> obtained in
this study fell below the National (FMEnv) and
International (WHO) permissible limits for fresh
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surface water. The low phosphate value observed in
this study is in agreement with the report of Egbuonu
et al. (2018) in Waterside River, Ogbor Hill, Aba. Low
phosphate concentration is a common feature of
tropical fresh water bodies (Tony et al., 2018).

Classification of water quality: A classification of
water quality based on the weighted arithmetic water
quality index (WQI) method is presented in Table 2. In
the classification, a WQI ranging between 0 and 25 is
rated excellent water quality and graded as A, whereas
an index greater than 100 is considered unsuitable for
drinking purpose and is graded as E.

Water Quality Evaluation: The result of water quality
index (WQI) evaluation in Ogbor River is presented in
Table 3.

Table 2: Classification of Water Quality based on Weighted Arithmetic WQI Method

WQI Rating of Water Quality Grading
0-25 Excellent water quality A
26 - 50 Good water quality B
51-175 Poor water quality C
76 — 100 Very poor water quality D
>100 Unsuitable for drinking purpose ~ E

(Source: Boah et al.,, 2015)

Table 3: Water Quality Evaluation of Ogbor River in Aba

S/ Parameter Experiment Standard 1/Sn Unit Weight  Quality QnWn
N al Value Value (Sn) (Wn) Rating (Qn)

1 pH 6.23 6.50 0.154 0.209 140.0 29.26
2 EC (us/cm) 756.98 1000.00 0.001 0.0014 75.698 0.106
3 TDS (mg/L) 371.41 500.00 0.002 0.0027 74.282 0.201
4 CI' (mg/L) 5.84 250.00 0.004 0.0054 2.336 0.103
5 TH (mg/L) 30.55 500.00 0.002 0.0027 6.110 0.016
6 DO (mg/L) 4.44 5.00 0.200 0.271 105.83 28.681
7 BOD;s (mg/L) 3.27 5.00 0.200 0.271 65.400 17.723
8 NO; (mg/L) 7.58 50.00 0.020 0.0271 15.160 0411
9 PO, (mg/L) 2.01 6.50 0.154 0.209 30.923 6.463
> 0.737 0.999 82.964

WQI = ¥QnWn/SWn = 82.964/0.999 = 83.047

Therefore, WQI for Ogbor River = 83.047 = 83.05

Water Quality Index: From the result obtained in the
calculation of water quality index as shown in Tables
2 and 3, it was observed that the value of WQI in
Ogbor River fell within the range of 76 — 100 (see
Table 2), which is a very poor water quality and
unsuitable for human consumption. Ogbor River
should therefore be properly treated if it must be used
for domestic purpose (drinking), to avoid water related
diseases.

Conclusion: The study evaluated water quality index
using physicochemical characteristics, and the results
of physicochemical parameters showed that the river
water was badly impacted by anthropogenic activities.

The result of water quality index calculated revealed
that water quality of Ogbor River is very poor and must
be treated before use to avoid water related diseases.
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