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INTRODUCTION

Every living thing depends on water for life and all
human activities are directly or indirectly related to water.
Rivers, mostly fresh, are one of the most vital life-suste-
nance systems on earth; they influence natural events in
both aquatic and terrestrial ecosystems [1]. They are also
home to different types of aquatic organisms. Water quality
is very important in determining the composition, num-
bers and spread of organisms living in water. Consequently,
water quality degradation can negatively affect the biodi-
versity of the aquatic community. Water quality degrada-
tion can result from natural processes and anthropogenic
activities, which could be influenced by season. However,
anthropogenic activities are the major source of pollution
in water bodies [2-6]. River water quality degradation is
increasingly becoming a global environmental issue [7].
Rural areas like Ohiya community are not spared. Cottage
industries and enterprises are springing up to boost their
economies, with potentials for negative environmental
footprints. The determination of quality status of a water-
body is by analysing its physicochemical characteristics in
relation to local and international frameworks for regulat-
ing water quality. Determination of the quality includes
rapid interpretation of data, which will help to understand
the dynamics and influence of natural and anthropogenic
activities on the waterbody [8]. However, when the param-
eters involved are many, interpretation of the water quality
could be challenging. Therefore, there is need to apply some
indices to help deduce the status of the water. Some indices

for assessing the quality status of waterbodies have been
developed and used in recent times. However, this study
applied Organic Pollution Index (OPI), Comprehensive
Pollution Index (CPI), Water Quality Index (WQI) and
River Pollution Index (RPI). Ahi is an important rural river
used by Ohiya community, Umuahia for different domestic
purposes (including drinking during the dry season) and
waste disposal, which could negatively affect the quality for
other purposes. Studies on such small rural rivers that could
sustain diverse aquatic organisms are often overlooked by
researchers. The increasing human population, activities
around the community due to its nearness to city centre
and location of the city’s mechanic village and motor spare
parts market necessitated this study because of their poten-
tial impact on the river. To the best of our knowledge, the
river has not been previously assessed. Hence, the objective
of this study is to evaluate the status of Ahi River to deter-
mine its capacity to sustain diverse aquatic organisms by
applying some indices of water quality.

MATERIALS AND METHODS

Description Study Location

Ahi lotic system is a freshwater body situated within
Ohiya community in Umuahia, Southeast Nigeria (Fig.
1). The community is fast growing due its closeness to
the city centre and host to the city’s mechanic village and
vehicle spare parts market. It is a forth order River that dis-
charges into Imo River basin. The study area experiences
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Figure 1. Map of Ahi River, Ohiya, Umuahia, Nigeria showing the sampling stations.
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high temperatures (29.00-31.00°C), annual mean rainfall
(= 4000mm), and high relative humidity (>70%); char-
acteristic of sub-equatorial zone [9]. Two major seasons
namely; wet season (usually from May to October) and
dry season (usually from November to April) prevail over
the study area with rainfall peaks often occurring July and
September each year. However, a break usually exists in
between late July and Mid-August referred to as “August
Break” Station 1 (upstream) is adjacent to a road. Laundry
and traditional worship activities are the majors activities
observed around the station. Runoff from the upper sec-
tion of the community discharges into the station. Station
2 (midstream) is located about a distance of 0.97 km after
station 1. Wastewaters from solid wastes dumped around
the station are washed into the station via runoff. Sand min-
ing, food processing, bathing and washing also occur in the
station. Station 3 (downstream) sited within a gully is about
a distance of 1.83 km away from station 2. Minimal human
activities were observed due to the difficult terrain. Periodic
activities like bathing and washing were noted. Also, some
cottage industries discharge their wastewaters into the river
around station 3.

Sampling Protocol and Analyses

The water sampling was done in Ahi River monthly from
May to October 2023. Water sampler was used to collect the
samples, transferred into 1litre plastic bottles and sent to the
laboratory preserved with ice for analysis. Determination
of the physicochemical parameters was based on standard
analytical methods [10]- pH was determined with Jenway
550 Portable pH meter while turbidity was determined
with Jenway 6035 Portable Turbidimeter. Total suspended
solids was measured using Gravimetric Method. Dissolved
oxygen was evaluated in-situ hand-held Dissolved Oxygen
Meter (Jenway Model 970) while biochemical oxygen
demand (BOD;) was measured with Winkler Method
(Azide Modification). Chemical oxygen demand was
measured with Open Reflux Method. Nitrate and ammo-
nia-nitrogen were measured by Thermo Scientific Orion
AquaMate 8100 UV-Vis Spectrophotometer while phos-
phate was determined with Stannous Chloride Method.
Sulphate and chloride were determined by Turbidimetric
and Argentometric Methods respectively, while the cat-
ions (potassium, sodium, calcium and magnesium were
quantified with UNICAM Solaar 969 atomic absorption
spectrometer.

Application of Water Quality Indices

Water quality index

Weighted Arithmetic Mean Water Quality Index
(WAMWAQI) is a commonly employed tool by researchers
to deduce the status of waterbodies for different purposes
[11, 12]. Thirteen parameters - sulphate, sodium, potas-
sium, calcium, magnesium, chloride, pH, phosphate, dis-
solved oxygen, ammonia-nitrogen, biochemical oxygen
demand, turbidity, chemical oxygen demand, and nitrate

were used. Equation 1 described by Brown et al. [13] was
used to estimate the index.

2 Qiwi
Tw (1

i

WQI =

Where, Qi represent the water quality rating of each
water quality parameter, and Wi (EWi = 1) represent the
unit weight of each water quality parameter. The quality
rating scale (Qi) was calculated for each parameter with
Equation 2 below:

100 (Cj— Vo)

Qi=—-— )

Si— Vo

Ci = the determined concentration of each parameter in
the water sample; Si = the acceptable limit of each parameter
based on National Environmental (surface and groundwater
quality control) Regulations [14]. V,, = the optimal value for
each parameter is 0 while pH is 7 and DO is 14.6 mg/L.

Equation 3 was used to estimate Wi (unit weight) for
each parameter:

Wi = K/Si (3)
1
Where K = —
Z(S—i)

Comprehensive pollution index (CPI)

Comprehensive pollution index (CPI) gives the arith-
metic mean by adding up all the single factor indices. This
method determines the pollution status of rivers as well as
the water quality changing trend [15]. CPI was calculated
using the equation proposed by Jiang et al. [16]:

1
CPI = - L, PL (4)

Where, CPI stands for Comprehensive Pollution
Index, n represents the total number of water characteris-
tics evaluated while PIi represent the pollution index num-
ber (7).

The calculation of PI, was done with equation 5:

Ci

Pli=g (5)

Where, Ci represent the mean concentration of the
water characteristics evaluated, Si represent the acceptable
limit for each water characteristic based on Nigeria envi-
ronmental standard [14]. The same 13 water parameters
used for WQI were also used in the determination of CPI.

River pollution index (RPI)

This index is a simplified integrated instrument used
for determining of the pollution status of a river [17]. The
individual parameters used in the determination of this
index was converted into any of four index scores (Si = 1,



3058

Sigma J Eng Nat Sci, Vol. 44, No. 5, pp. 3055-3066, October, 2026

3, 6, 10). Dissolved oxygen, biochemical oxygen demand,
total suspended solids and ammonia-nitrogen are the four
water characteristics used in determining this index. RPI is
the arithmetic mean of the index scores in relation to the
parameters presented in Table 1. The calculation of RPI was
by equation 6 according to Chen et al. [17].

1
RPI=-%%,S; (©)

With the index scores represented as Si while RPI values
ranged between 1 and 10.

Organic pollution index (OPI)

Organic pollution level of any waterbody can be
deduced with OPI and its modifications [18]. The calcu-
lation was done with parameters like chemical oxygen
demand, nitrate, phosphate, ammonia-nitrogen, and bio-
chemical oxygen demand based on the equation by Boluda

etal. [19].
ey
n

Where, Ci represent the mean concentration of each
water characteristic, Cmi represents the acceptable limit for
each characteristic while n represent all the water charac-
teristic evaluated. Water with OPI value > 1 is considered
polluted [19].

OPI=

Data Analysis

The resultant data was summarized with Microsoft
Excel package. Significant differences between the stations
were determined with single-factor ANOVA. The relation-
ships between water characteristics were deduced using
Pearson correlation coefficient.

RESULTS

Spatio-Temporal Trend

The results of physico-chemical parameters evaluated
in Ahi River were summarized and shown in Table 2. In all
the evaluated parameters, the spatial differences were not
significant (p>0.05).

The temperatures of the water were moderate; ranging
from 25.2 to 27.0°C. Station 2 had the lowest value in June
2023 while stations 1 and 2 had the maximum concentra-
tions in May 2023. Station 3 had water temperatures that
were generally low (Fig. 2a).

The water pH ranged from 5.6 to 7.8; representing mod-
erate acidic to slight alkaline conditions with most values
within 6.5 — 8.5 prescribed by NESREA [14]. The acidic val-
ues outside the acceptable limit were observed in May and
June 2023. However, in the 3 station, the pH increased with
increased precipitation (Fig. 2b). Station 3 had the least pH
concentration in June 2023 while station 1 had the maxi-
mum concentration in September 2023.

Turbidity had values ranging from 0.1 to 1.7 NTU that
were within the regulatory standard of 5 NTU prescribed
by NESREA [14]. Station 3 had the least concentration in
June 2023 and the maximum was in August 2023 at station
2 (Fig. 2¢).

Total Suspended Solids (TSS) varied from 1.0 to 3.1
mg/l. The values did not conform to regulatory standard
(0.25 mg/l) prescribed by NESREA [14]. Station 3 had the
least concentration in June 2023 and station 1 had the max-
imum concentrations in May and July 2023 (Fig. 2d).

The concentrations of Dissolved Oxygen (DO) were
between 3.2 and 6.4 mg/l. Only one value observed in sta-
tion 3 (June 2023) conformed to regulatory standard (>6
mg/1) prescribed by NESREA [14]. However, all the stations
had increased values in that month (Fig. 2e). Station 1 had
the least concentration in October 2023 and station 3 had
the maximum concentration in June 2023 (Fig. 2e).

The biochemical oxygen demand concentrations (1.0 -
2.7 mg/l) were in line with the regulatory standard (3 mg/I)
prescribed by NESREA [14] with the least and maximum
concentrations observed in stations 1 and 3 in June 2023
respectively. The BOD concentrations generally increased
with precipitation in all the stations (Fig. 2f).

Chemical Oxygen Demand (COD) varied from 5.2 to
22.3 mg/l. The regulatory standard (30 mg/l) prescribed by
NESREA [14] was maintained. Station 3 had the least con-
centration in June 2023 and station 1 had the maximum
concentration in September 2023 (Fig. 2g).

Chloride concentrations varied from 39.2 to 80.7 mg/L.
The regulatory standard (300 mg/1) prescribed by NESREA

Table 1. Parameters and classes used in River Pollution Index (RPI) determination [17]

Parameters/Ranks Good Less polluted Moderately polluted Highly polluted
DO (mg/L) >6.5 4.6-6.5 2.0-4.5 <2.0

BODS5 (mg/L) <3.0 3.0-4.9 5.0-15 >15

TSS (mg/L) <20 20-49 50-100 >100

NH,-N (mg/L) <05 0.5-0.9 1.0-3.0 >3.0

Index scores (Si) 1 3 6 10

Sub-index <2 2.0-3.0 3.1-6.0 >6.0
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Table 2. Summarized results of the water quality characteristics evaluated in Ahi River, Southeast Nigeria

Parameters Station 1 Station 2 Station 3 P- Value NESREA [14]

Water Temperature (°C) 26.3+0.17 26.1+0.25 25.9+0.07 F=0.96 -
(25.9-27.0) (25.2-27.0) (25.6-26.0) P> 0.05

pH 6.85+0.31 6.85+0.32 6.81+0.87 F=0.00 6.5-8.5
(5.7-7.8) (5.7-7.7) (5.6-7.7) P >0.05

Turbidity (NTU) 0.88+0.12 0.80+0.20 0.65+0.17 F=047 5
(0.3-1.1) (0.2-1.7) (0.1-1.4) P >0.05

Total Suspended 2.70+0.16 2.35%£0.27 2.07 £0.27 F=1.23 0.25

Solids (mg/1) (2.1-3.1) (1.3-3.0) (1.0-2.7) P>0.05

Dissolved Oxygen (mg/1) 3.93+0.29 3.97+0.30 4.80+0.38 F=0.40 >6
(32-52) (3.4-5.2) (3.8-6.4) P> 0.05

Biochemical Oxygen 1.77+0.26 1.97+0.17 2.20+0.23 F=0.97 3

Demand (mg/l) (1.0-2.6) (1.5-2.4) (1.2-2.7) P >0.05

Chemical Oxygen 15.13+1.88 12.92+1.60 11.5%1.95 F=1.01 30

Demand (mg/1) (10.2-22.3) (7.4-17.3) (5.2-18.4) P >0.05

Chloride (mg/1) 64.17+4.04 59.77+3.76 56.17+4.27 F=0.99 300
(55.1-80.7) (47.2-75.3) (39.2-70.1) P>0.05

Phosphate (mg/1) 0.03+0.00 0.02+0.00 0.02+0.00 F=0.62 35
(0.02-0.04) (0.01-0.03) (0.01 - 0.03) P> 0.05

Ammonia-N (mg/l) 0.28+0.03 0.25+0.04 0.21+0.03 F=1.11 0.05
(0.19-0.42) (0.15-0.38) (0.12-0.28) P >0.05

Nitrate-N (mg/1) 0.05+0.00 0.05+0.00 0.04+0.00 F=0.72 9.1
(0.03-0.8) (0.03-0.6) (0.02-0.05) P >0.05

Sulphate (mg/1) 0.03+0.00 0.02+0.00 0.01£0.00 F=1.30 100
(0.02-0.04) (0.01-0.04) (0.01-0.03) P>0.05

Sodium (mg/1) 0.72+0.05 0.71£0.11 0.61£0.07 F=0.52 120
(0.53-0.92) (0.44-1.21) (0.40-0.82) P> 0.05

Potassium (mg/1) 0.21+0.03 0.22+0.06 0.17+0.05 F=041 50
(0.11-0.30) (0.08-0.45) (0.08-0.37) P >0.05

Calcium (mg/1) 2.20+0.12 2.11+0.17 1.84+0.15 F=1.62 180
(1.80-2.66) (1.59-2.77) (1.42-2.45) P >0.05

Magnesium (mg/1) 1.40+0.17 1.33+0.20 1.15%0.21 F=043 40
(0.89-2.10) (0.72-1.87) (0.66-1.97) P>0.05

NESREA [14] = National Environmental (surface and groundwater quality control) Regulations.

[14] was maintained. Station 3 had the least concentration
in July 2023 and station 1 had the maximum concentration
in May 2023 (Fig. 2h).

The phosphate values were low (0.01 -0.04 mg//1) and
followed the regulatory standard (3.5 mg/l) prescribed by
NESREA [14]. Station 3 had the least concentrations in
June and July 2023 and station 1 had the maximum concen-
tration in September 2023 (Fig. 2i).

Ammonia-nitrogen concentrations varied from 0.12 to
0.42 mg/l. The regulatory standard (0.05 mg/l) prescribed
by NESREA [14] was surpassed by all the concentrations.
Station 3 had the least concentration in October 2023 and

station 1 had the maximum concentration in May 2023
(Fig. 2j).

The nitrate values were low (0.02 - 0.08 mg/l) and con-
formed to the regulatory standard (9.1 mg/l) prescribed
by NESREA [14]. Station 3 had the least concentration in
October 2023 and station 1 had the maximum concen-
tration in May 2023. The values decreased from May to
October 2023 especially as the rains increased in all the sta-
tions except for stations 2 and 3 in August 2023 (Fig. 2k).

Sulphate concentrations were also low (0.01 - 0.04 mg/1)
and met the regulatory standard (100 mg/l) prescribed by
NESREA [14]. Stations 2 and 3 had the least concentrations
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sium).

in July 2023 and stations 1 and 2 had the maximum concen-

trations in May 2023 (Fig. 21).

The sodium concentrations were also low (0.40 - 1.21
mg/l) and met the regulatory standard (120 mg/l) pre-
scribed by NESREA [14]. Station 3 had least concentration

in August 2023 (Fig. 2m).
The potassium concentrat

prescribed by NESREA [14]

in July 2023 and station 2 had the maximum concentration

ions were also low (0.08 - 0.45

mg/l) and conformed to the regulatory standard (50 mg/1)
. Stations 2 and 3 had the least
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Table 3. Values of water quality assessment indices and their categories (Brown et al. [13], Yang et al. [15], Chen et al. [17],

Helal et al. [18])

Indices Station1  Station2  Station3  Water Quality Categories*

Water Quality Index 37.90 39.04 39.96 0-25 (Excellent), 26-50 (Good), 51-75 (Poor), 76-100
(Very Poor) and >100 (Inappropriate for intended use)

Comprehensive Pollution Index 0.24 0.24 0.25 <0.20 (Clean), 0.21-0.40 (Sub clean), 0.41-0.70 (slightly
polluted), 0.71-1.00 (moderately polluted), 1.01-2.00
(heavily polluted) and > 2.01 (severely polluted)

Organic Pollution Index 1.34 1.22 1.06 Excellent = 0.0-4, Good = 0.0-1.0, Slightly Polluted = 1.0-
4.0, Heavily polluted = 4.0-5.0

River Pollution Index 2.75 2.75 2 Good = <2, Less polluted = 2.0-3.0, Moderately polluted

= 3.1-6.0, Highly polluted = >6.0

concentrations in July 2023 and station 2 had the maximum
concentration in August 2023 (Fig. 2n).

The calcium values were also low (1.42 - 2.77 mg/1) and
conformed to the regulatory standard (180 mg/1) prescribed
by NESREA [14]. Station 3 had the least concentration in
July 2023 and station 2 had the maximum concentration in
August 2023 (Fig. 20).

The magnesium values were also low (0.66 - 2.10
mg/l) and conformed to the regulatory standard (40 mg/1)
prescribed by NESREA [14]. Station 3 had the least con-
centration in July 2023 and station 1 had the maximum
concentration in September 2023 (Fig. 2p).

Correlation analysis showed that pH had significant
positive correlation with BOD (0.941), EC with TDS
(1.000), sulphate with EC and TDS (0.895), DO with
potassium (0.800), calcium with COD (0.851) and sodium
(0.874) in station 1. In station 2, pH had significant posi-
tive correlation with COD (0.830), EC with TDS (0.995),
sulphate with EC (0.917), TDS (0.889) and calcium (0.801),
sodium with turbidity (0.844), potassium (0.891) and cal-
cium (0.916), calcium with potassium (0.857) and BOD
with COD (0.834). In station 3, COD had significant pos-
itive correlation with pH (0.819), sodium (0.817) and cal-
cium (0.816), potassium with turbidity (0.879) and sodium
(0.839), calcium with sulphate (0.806) and sodium (0.946)
and EC with TDS (0.995). However, a few negative cor-
relations were observed. DO with pH (-0.973) and COD
(-0.806) in station 2 and DO with pH (-0.808) in station 3.

Water Quality Assessment Indices

The four (4) assessment indices showed slight spatial
deviations in the quality status of the river water (Table 3).
Water quality index (WQI) values ranged between 37.90 and
39.96 and indicated that the quality of the water was good.
The comprehensive pollution index (CPI) ranged between
0.24 and 0.25 and within sub clean category. Station 3 had
the maximum levels of WQI and CPI.

Organic pollution index (OPI) showed that the water
was polluted; having OPI > 1 in all stations while river pollu-
tion index (RPI) indicated less pollution with values falling

within 2.0 - 3.0. The maximum levels of OPI and RPI were
observed in station 1 and stations 1 and 2 respectively.

DISCUSSION

Season (precipitation) and to a lesser extent anthropo-
genic activities were the major influencers of the conditions
observed in the river. Most of the quality characteristics
had moderate values or within acceptable limits suitable to
sustain aquatic life. The water temperatures were moder-
ate. Rainfall event during sampling in June 2023 could be
responsible for the lowest temperature value observed in
station 2 while late dry season effect before the onset of wet
season could have influenced the highest values observed
in May 2023 for stations 1 and 2. Atmospheric and water
temperatures are usually influenced by seasonal patterns
[20]. However, location could be responsible for the gen-
erally low temperature observed in station 3. The station
was located in a deep gully with thick vegetation, which
reduced insolation getting to the river. Variations in water
temperatures do occur with time within a particular water-
shed and control aquatic ecosystem health [21]. Odo et al.
[22] presented 24.0 - 29.0° C in Akor River, Ikwuano while
Anyanwu et al. [23] presented 22.7°C - 24.1°C in Anya
stream, Umudike in previous studies in the region.

Most of the pH values were within the regulatory stan-
dard. Rainfall event during sampling in June 2023 could
be the reason for the acidic pH observed in the 3 stations.
Runoff from rainfall events can introduce some allochtho-
nous materials that could reduce the pH of the river [24].
The pH values generally increased in all the stations as the
rains increased; attributable to dilution. Huang et al. [25]
observed higher pH during the wet season due to dilution
of solute concentrations as the river receives more runoff.
pH is among the important environmental variable restrict-
ing the distribution of species in aquatic ecosystem [26].
The pH levels were in agreement with with related studies.
For example, Anyanwu and Umeham [3] presented 4.30
- 6.30 in Eme River, Umuahia, 5.50 - 7.00 was presented
by Anyanwu et al. [12] for Ikwu River, Umuahia, Odo et
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al. [22] presented 4.60 - 6.60 in Akor River, Ikwuano and
6.00 - 6.60 was presented by Anyanwu et al. [23] in Anya
stream, Umudike.

The turbidity values were low and within the regulatory
standard. Rainfall event during sampling in June 2023 could
be responsible for low turbidity values observed in the 3 sta-
tions especially station 3. The elevated levels observed in
stations 2 and 3 may be as a result of concentration during
the August break. The break also known as short dry season
usually result in increased concentrations of some physi-
cochemical parameters because of reduced rainfall and
water flow, high temperatures and associated evaporation
and transpiration. Anyanwu et al. [23] and Akhere and
Kadiri [27] also presented their highest turbidity values in
August. Related studies in the region showed that 0.30 -
2.20 NTU was presented by Anyanwu et al. [12] for Ikwu
River, Umuahia, Odo et al. [22] presented 0.20 - 1.50 NTU
in Akor River, Ikwuano and 0.20 - 3.20 NTU was presented
by Anyanwu et al. [23] in Anya stream, Umudike. However,
relatively higher values (0.5 - 9.4 NTU) were presented in
Eme River, Umuahia by Anyanwu and Umeham [3] due to
intensive sand mining activities.

All the Total Suspended Solids (TSS) values exceeded
the acceptable limit and not suitable for aquatic life. Rainfall
event during sampling in June 2023 could be responsible for
the least concentration observed in station 3; attributable
to dilution. However, late dry season effect in May 2023
and allochthonous input from runoff in July 2023 could be
responsible for the highest values in station 1. This trend of
low and high values was also observed in the 3 stations; sug-
gesting similar related influence. Odo et al. [22] presented
0.60 — 4.20 mg/l in a related study in Akor River, Ikwuano.
High TSS in the waters can negatively affect water quality
and aquatic organisms. It can limit the primary productiv-
ity of phytoplankton by reducing light penetration into the
water [28]. The feeding organs of filter-feeders could be
blocked by elevated TSS levels leading to reduction in the
efficiency of feeding and growth [29]. Damage to eggs and
gills, larvae mortality and high mortality among juveniles
have also been associated elevated TSS [29].

Dissolved oxygen (DO) concentrations were lower than
regulatory standard except for station 3 in June 2023 and
not suitable to support some sensitive aquatic organisms.
The high DO values observed in June in the three stations;
could be re-aeration caused by rainfall event during sam-
ple collection. Chowfin et al. [30] observed that turbu-
lence caused by rainfall events can lead to aeration and
rise in dissolved oxygen concentrations of waterbodies.
Reduced photosynthetic activities occasioned by high tur-
bidity and total suspended solids could be responsible for
the observed decrease in DO values in all the stations as
the rains increased especially in station 1 in October 2023
[28]. DO concentrations above 5 mg/L will be required to
sustain diverse aquatic organisms and boost aquaculture
productivity [31]. Related studies in the region showed that
DO values of 1.60 - 6.10 mg/l was presented in Eme River,

Umuahia by Anyanwu and Umeham [3], 1.50 - 6.00 mg/I
was presented by Anyanwu et al. [12] in another rural river
in Umuahia, Odo et al. [22] presented 3.40 - 6.80 mg/l in
Akor River, Ikwuano and 3.50 - 7.50 mg/l was presented by
Anyanwu et al. [23] in Anya stream, Umudike.

The biochemical oxygen demand (BOD) concentra-
tions conformed to regulatory standard. Though a trend
was observed in all the stations — the concentrations went
up as the rainfall increased; suggesting allochthonous
introduction via runoff. Low allochthonuous input and
dilution following rainfall event during sample collection
in June led to the least concentration observed in station
1. Stations 2 and 3 had high values in June 2023; attributed
to anthropogenic activities. Station 3 received wastewaters
from palm oil production and cassava processing facilities
and pig farm while wastewaters from refuse dumps around
station 2 and sand mining activities contribute to the high
BOD levels [1-6]. Related studies in the region showed that
BOD values of 0.80 - 4.30 mg/1 was presented in Eme River,
Umuahia by Anyanwu and Umeham [3], 0.30 - 3.00 mg/l
was presented by Anyanwu et al. [12] in another rural river
in Umuahia, Odo et al. [22] presented 1.20 - 2.40 mg/l in
Akor River, Ikwuano and 0.50 - 2.20 mg/] was presented by
Anyanwu et al. [23] in Anya stream, Umudike.

Chemical Oxygen Demand (COD) values conformed
to regulatory standard. The concentrations also increased
as the rains increased as observed in BOD. Dilution from
rainfall event during sample collection could be responsible
for the decreased concentrations observed in the 3 stations
particularly station 3 in June 2023. However, the high value
observed in station 3 in September 2023 is attributable to
allochthonous input from runoff as the rains increased
[32]. Related studies in the region showed that COD val-
ues of 1.60 — 24.00 mg/l was presented by Anyanwu et al.
[12] in another rural river in Umuahia, 0.80 - 34.40 mg/l
was presented by Anyanwu et al. [23] in Anya stream,
Umudike, However, relatively higher values (5.20 - 69.60
mg/l) were presented in Eme River, Umuahia by Anyanwu
and Umeham [3] and 28.00 - 491.00 mg/l was presented in
Akor River by Odo et al. [22].

Chloride, ammonia-nitrogen, phosphate and sulphate
exhibited a similar trend. Chloride had moderate concentra-
tions that conformed to regulatory standard. Dilution could
have contributed to the low concentrations observed in the
3 stations (particularly in station 3) in July 2023. However,
the high concentrations observed in the 3 stations (May
2023) particularly in station 1, could be due to concentra-
tion caused by late dry season. Related studies in the region
showed that chloride values of 5.20 - 69.60 mg/I were pre-
sented in Eme River, Umuahia by Anyanwu and Umeham
[3], 30.90 - 88.60 mg/l was presented by Anyanwu et al.
[23] in Anya stream, Umudike, However, relatively higher
values (35.50 — 141.80 mg/1) were presented by Anyanwu et
al. [12] in another rural river in Umuahia.

Ammonia-nitrogen values exceeded the regulatory stan-
dard and may not be suitable for some sensitive organisms.
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Station 3 had the least concentration in October 2023;
attributable to dilution [25] because of the high intensity of
rain observed in month. The high concentrations observed
in May 2023 for stations 1 and 2 was due to concentration
caused by late dry season. Some water parameters tend to
concentrate during dry season because of reduction in rain-
fall and discharge, high temperatures and associated evap-
oration and transpiration. Elsewhere in Nigeria, Ogbeibu
and Oriabure [33] presented concentrations of 0.033 mg/l
to 0.43 mg/l in Benin River, Edo State. High concentration
of ammonia can be fatal to aquatic organisms because it is
difficult for them to excrete completely, which will result in
toxic accumulation in the internal tissues and blood [34].
Soler et al. [35] described ammonia as a common pollutant
in aquatic ecosystems; capable of causing physical damage,
behaviour alteration and even death in fish.

Phosphate had low concentrations that conformed to
regulatory standard. Dilution contributed to the least con-
centrations observed in June and July 2023 for station 3
[25]. General reduction in concentration was observed in
all the stations from May 2023. Station 1 had the maximum
concentration in September 2023; attributed to allochtho-
nous input as the rains increased. Shou et al. [36] observed
that the quantity of nutrients (phosphate and nitrate) bear-
ing pollutants in water generally increase as the intensity of
rainfall increase. Related studies in the region showed that
phosphate concentration of 0.40 — 4.60 mg/l was presented
in Eme River, Umuahia by Anyanwu and Umeham [3], 0.02
- 0.35 mg/l was presented by Anyanwu et al. [12] in another
rural river in Umuahia, Odo et al. [22] presented 0.36 — 3.12
mg/l in Akor River, Ikwuano and 0.02 - 0.60 mg/l was pre-
sented by Anyanwu et al. [23] in Anya stream, Umudike.

Nitrate also had low concentrations that conformed to
regulatory standard. Dilution was responsible for the low
concentrations observed in October 2023 (particularly in
station 3) while effects of late dry season contributed the
high concentrations observed in May 2023 (especially in
station 1). Nitrate exhibited a completely different trend;
decreasing from May to October 2023 in all the stations;
attributable to reduced environmental input and dilution.
Related studies in the region showed that nitrate concen-
trations of 1.10 - 5.60 mg/l was presented in Eme River,
Umuahia by Anyanwu and Umeham [3], 0.11 - 1.42
mg/l was presented in another rural river in Umuahia by
Anyanwu et al. [12], Odo et al. [22] presented 0.24 - 2.15
mg/l in Akor River, Ikwuano and 0.07 - 3.01 mg/l was pre-
sented by Anyanwu et al. [23] in Anya stream, Umudike.

Sulphate also had low concentrations that conformed to
regulatory standard. Dilution contributed to the least con-
centrations observed in July 2023 for stations 2 and 3 and
dry season effect was responsible for the highest concen-
trations observed in May 2023 for stations 1 and 2. Related
studies in the region showed that sulphate concentrations
0f 0.10 - 0.90 mg/1 was presented in Eme River, Umuahia by
Anyanwu and Umeham [3], 0.02 - 0.42 mg/l was presented
by Anyanwu et al. [12] in another rural river in Umuahia,

Odo et al. [22] presented 0.09 - 0.85 mg/l in Akor River,
Ikwuano and 0.04 - 0.33 mg/l was presented by Anyanwu
etal. [23] in Anya stream, Umudike.

Complete absence of the cations in aquatic systems
will restrict the development and distribution of some
invertebrates [33]. Sodium, potassium and calcium exhib-
ited a similar trend; suggesting related environmental and
anthropogenic influence. All their values were well within
their respective limits. Dilution contributed the least con-
centrations observed in July 2023 in stations 2 and 3 while
August break effect contributed to the maximum con-
centration observed in August 2023 for station 2. Related
studies in the region showed varying values for the cations.
Sodium concentration of 0.20 — 1.10 mg/l was presented in
Eme River, Umuahia by Anyanwu and Umeham [3], 011 -
0.33 mg/1 was presented in another rural river in Umuahia
by Anyanwu et al. [12], Odo et al. [22] presented 0.22 - 2.10
mg/l in Akor River, Ikwuano and 0.07 - 0.31 mg/I was pre-
sented by Anyanwu et al. [23] in Anya stream, Umudike,
For potassium, values of 0.02 — 0.40 mg/l was presented
in Eme River, Umuahia by Anyanwu and Umeham [3],
0.05 - 0.18 mg/l was presented in another rural river in
Umuahia by Anyanwu et al. [12], Odo et al. [22] presented
0.09 - 0.91 mg/l in Akor River, Ikwuano and 0.01 - 0.12
mg/l was presented by Anyanwu et al. [23] in Anya stream,
Umudike while for calcium, the concentrations were 1.00
- 4.60 mg/l presented by Anyanwu and Umeham [3] in
Eme River, Umuahia, 0.48 - 1.07 mg/l was presented in
another rural river in Umuahia by Anyanwu et al. [12], 0.72
- 6.44 mg/l was presented by Odo et al. [22] in Akor River,
Ikwuano and 0.41 - 1.44 mg/l was presented by Anyanwu
et al. [23] in Anya stream, Umudike. However, magnesium
concentrations were equally low and conformed to regu-
latory standard but exhibited a different trend. Dilution
also contributed to the least concentration observed in July
2023 for station 3 as the case of sodium, potassium and
calcium. However, allochthonous input from runoff as the
rains increased contributed to the maximum concentration
observed in September 2023 for station 1. Previous studies
within the state showed that magnesium concentrations of
0.20 - 1.50 mg/l was presented in Eme River, Umuahia by
Anyanwu and Umeham [3], 0.28 - 0.87 mg/] was presented
in another rural river in Umuahia by Anyanwu et al. [12],
Odo et al. [22] presented 0.51 - 4.32 mg/l in Akor River,
Ikwuano while 0.24 - 0.88 mg/1 was presented by Anyanwu
etal. [23] in Anya stream, Umudike.

All the positive and negative correlation coefficient val-
ues were close to one; an indication of strong relationship
[37, 38]. The strong positive association observed among a
number of parameters in the 3 stations suggests a common
source of influence [37]. The spatio-temporal distribution
pattern of the parameters indicated that season was the
source of influence. However, the few negative correlations
in stations 2 and 3 suggest interplay between season and
anthropogenic activities.
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Water Quality Assessment Indices

The outcome of water quality index (WQI) and compre-
hensive pollution index (CPI) suggests that the river qual-
ity was not negatively influenced by human activities and
season especially precipitation. This is because a greater
number of the parameters assessed conformed to their reg-
ulatory standards. However, the highest values of WQI and
CPI observed in station 3 could have been influenced by
low mean pH value and high mean BOD value.

The outcome of organic pollution index (OPI) and river
pollution index (RPI) suggested slight pollution; which
aligned with WQI and CP1I. This variation could be attributed
to two parameters (TSS and NH;-N) that the exceeded their
respectively acceptable limits with high margins in the 3 sta-
tions. The high OPI and RPI values observed in station 1 and
stations 1 and 2 respectively were also a reflection of higher
values of TSS and NH;-N in the stations.

CONCLUSION

This study assessed the status of a rural lotic system to
determine its suitability to sustain diverse aquatic organisms.
Being the first of its kind, it will serve as baseline for future
studies as the community develops further. Evaluation of
sixteen parameters with four different water assessment
indices contributed to the study’s novelty. The parameters
conformed to regulatory standards except for ammonia-ni-
trogen, dissolved oxygen, pH, and total suspended solids.
The indices showed that the river was not adversely pol-
luted. The physicochemical characteristics and indices were
generally influenced by effect of season and anthropogenic
activities to a lesser extent, which reflected in the spatial
and temporal variations. It can be concluded that the river
is still suitable to support aquatic life. However, some of
the anthropogenic activities observed like sand mining,
disposal of solid wastes and discharge of wastewaters from
cottage industries into the river could negatively affect the
quality of the water if not checked.
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