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integrity of the Orogodo River in
sub-Saharan Africa

John Ovie Olomukoro?, Nwamaka Ogochukwu Obi-Obueze?,
Rukeme Eko-Imirianye?, Osikemekha Anthony Anani®* and
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The preliminary consequence of pollutants in water is to reduce the quality of
water although this may not be immediately noticeable because of the self-
purifying ability of some water bodies. The study on the physicochemical
characteristics, bacteriological, and macrobenthic invertebrates was carried
out in the Orogodo River. All the examined physicochemical characteristics of
the water showed no significant difference (p > 0.05) across the stations. For the
heavy metals, it was in decreasing order as follows: station 2 > station 3 > station
1. All the heavy metals except nickel had high values upstream (station 1).
Bacteriological examination of the water revealed the presence of mesophilic
bacteria across the stations at p < 0.01 (a highly significant difference). E. coli
varied significantly (p < 0.01) across the stations. However, a further evaluation
using the DMR test revealed that the population recorded at station 3 was
significantly higher than that recorded at stations 1 and 2. A total of
787 macrobenthic invertebrates comprising 44 macroinvertebrates’ taxa
were recorded. Most of the macrobenthic faunas observed were distributed
across the three stations except the chironomids, the rat-tailed maggot (Eristalis
tenax), and the family Hirudinea whose occurrence was almost restricted to
station 2. This revealed an ecological impact because this species is a basic
indicator of an ecosystem sentinel. Sorenson’s quotient of faunal similarity
showed that macrobenthic fauna at these three stations was similar. The
similarity was the highest between stations 1 and 3 (75.0%) and the lowest
between stations 1 and 2 (50.0%). The biological monitoring working party
(BMWP) score system showed that station 2 was moderately polluted, while
stations 1 and 3 were only slightly affected. At stations 1, 2, and 3, the arithmetic
WQI (water quality) values were 900.99, 1010.10, and 951.20, respectively. The
high values of WQI obtained across the stations were attributable to the
concentrations of Fe, Cu, Cr, Cd, Ni, Pb, V, and THC, thus reiterating the
conclusion drawn from the physicochemical parameter analysis. Boiling the
water before consumption is highly recommended to avoid possible human
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health problems, especially effects from microbial pathogens like coliforms and

E. coli.
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1 Introduction

Freshwater ecosystems are an important hub in the cycling
of nutrients and energy which are of ecological value to
different food chain strata or trophic faunas depending on
their basic need(s) and habits (Anani et al., 2020b; Liu et al.,
20205 Keke et al., 2021b). They are also a basic source of
ecosystem services and goods like food, nursery grounds for
aquatic and terrestrial faunas, recreational activities,
navigation, and domestic and water supply for humans
(Berger et al, 2016; Nguyen et al, 2018; Anani and
Olomukoro, 2021; Tampo et al., 2021).

However, in the past years, it has been in the ecological
spotlight that anthropogenic activities like the use of herbicides
and pesticides in farming, road construction, and wastes from
industries, a consequence of urbanization, have greatly impacted
the life-forms in aquatic systems, leading to their death,
distribution, and dispersal depending on the level of the
pollutants (Dickens et al., 2002; Anani et al, 2020a; Keke
et al.,, 2021a).

So it is pertinent to carry out an assessment of water that
has been perceived to be polluted by various human activities
to determine its integrity and safeguard the ecosystem of
living biotas. Hence, several scientists have employed
different
ecosystems with considerable levels of pollution (Kaizer
and Osakwe, 2010; Ahmad et al., 2012; Dami et al., 2012;
Anani and Olomukoro, 2018; Olomukoro and Anani, 2019;
Olatunji and Anani, 2020).

The bacteriological and physicochemical contents of water

forms of assessments to monitor aquatic

bodies have been employed by Isobe et al. (2004), Dami et al.
(2012), Enerijiofi et al. (2018), and Olatunji and Anani, (2020) to
characterize the quality of different water sources. The findings
from their studies showed that E. coli, Klebsiella, Salmonella, and
Bacillus individually were the causative pathogens of poor water
quality. Boiling the water and treating individuals infected by
these with highly
recommended.

microbes strong antibiotics were

Again, benthic macroinvertebrates, often referred to as
bottom fauna or macrobenthos, are an extremely important
part of river ecosystems. They are associated with or live in the
bottom of woods, vegetation, stones, the root system of
mangrove trees, canoes, boats, sediments, streams, seas,
rivers, ponds, and lakes (Olomukoro and Egborge, 2003).
Examples of such organisms are Mollusca, Crustacea,

Polychaeta, and insects (Olomukoro and Anani, 2019).
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Olomukoro and Egborge (2003) and Olomukoro and
(2019) revealed that these benthos or benthic

macroinvertebrates are perfect biological indicators of a

Anani,

perturbed ecosystem and are highly recommended for
water quality management.

So the benthic macroinvertebrate community plays an
important role in ecosystem services by transferring nutrients
into the food chain and as ecological pointers to a depleted water
system and species. However, the biotic fauna distributions and
diversities are keenly influenced by the fluctuation of biotic and
abiotic features like physical commotion, depth, photosynthesis,

salinity, temperature, the form of the sediment, and
species—species interaction within the aquatic terrain
(Olomukoro and Azubuike, 2009; Arslan et al, 2016;

Olomukoro and Anani, 2019).

This study deployed the application of chemical, physical,
microbiological, and benthic macroinvertebrates as an
indicator for water quality evaluation of the Orogodo River
in sub-Saharan Africa. This ensured that SDG (Sustainable
Development Goal) 6 (clean water and sanitation) and SDG 14
(life below water) as established by the 2015 UN (United
Nations) General Meeting on “sustainable management of
sanitation and water for all” have been attained. It ensures that
human activities (chemicals from wastes and pollutants)
disposed into river bodies from source and non-source
points do not compromise the 6th and 14th goals with
respect to life, earth, and all the biodiversity therein.

2 Materials and methods

2.1 Study area

The Orogodo River is the main source of water for different
communities (Mbiri, Owa Nta, Agbor Nta, Agbor, and Abavo) in
Delta State, Nigeria. It lies or flanked at latitudes (5° 43'N and 5°
30'N) and longitudes (620'E and 6° 12'E), respectively, as shown
in Figure 1. The source of the river is from an elevation of about
150 m above the sea level at Mbiri. The river flows from its source
and meets the Ethiope River at a community called Urhuoka in
Abraka, Delta State. The dry
(November-March) and wet (April-October) year in and

climatic season is
year out.

Station 1 is sited at latitude 6°16.775'N and longitude
6°11.626'E upstream of the waste outfall point. The water
channel here is narrow, relatively shallow (mean water depth
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FIGURE 1
Map of the study area showing the sampled stations.

of 0.50 m), and has a noticeably slow flow rate (8.33 cm/s to
80.90 cm/s).

Station 2 is sited at latitude 6°16.019'N and longitude 6°
11.594'E. Waste water is drained directly into the stream here
through the drainage channeled directly into the river. The
average water depth is 0.52m and has a flow rate between
28.30 and 117.20 cm/s.

Station 3 is sited downstream about 1km from station
2 along with the transient with latitude and longitude of
6°15.307'N and 6’ 11.295'E, respectively. The substratum is
predominantly sand and a little clayey. Station 3 has a flow
rate between 27.00 and 77.30 cm/s and is rather shallow with an
average depth of water (0.38 m).

2.2 Sampling

Sampling was carried out monthly between the months of
April and December 2011. Three stations were selected within
5 km along the stretch of the river bed.

Sampling was carried out between 08:00 and 11:00 h for
each sampling regime day, beginning at stations 1, 2, and
3 and following the same order. Samples of water were
collected in 1-L plastic containers for the analysis of their
physicochemical properties. The samples were labeled
according to the stations collected prior to collection. For
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the analysis of the heavy metals, samples were collected and
preserved with HNO; (nitric acid) (Anani et al., 2020b).
(DO) and biochemical
oxygen demand (BODs) determination were collected and

Samples for dissolved oxygen
corked underwater (to prevent air bubbles from being trapped
in the bottle and also to prevent atmospheric air from entering
the bottle) in pre-washed 250-ml transparent and amber-
bottles, the
determination of dissolved oxygen (DO) were fixed with

colored glass respectively. Samples for
Winkler’s solutions A and B, while the samples for the
determination of biochemical oxygen demand were not
fixed (Anani et al., 2020b). Sterile universal bottles were
used to collect water samples from each station for
The the
bacteriological examination of the surface water include
EMBA (eosin methylene blue agar), MB (MacConkey
broth), NA (nutrient agar), and PCB (plate count agar)
(Olatunji and Anani, 2020). The prepared media were
the of the

manufacturers. The plate count technique was utilized for

microbial  analysis. media  utilized for

weighed-out  following specifications
this study. This gives a better view of the growing colonies of
the bacteria so that they can be counted (Enerijiofi et al.,
2018). Macrobenthic fauna was collected by sampling the river
substratum using an Eckman grab manufactured by HYDRO-
BIOS recommended for shallow soft bottom sediment

sampling (Olomukoro and Anani, 2019).
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TABLE 1 Summary of the physicochemical parameters in the three designated stations at the Orogodo River, Agbor, Delta State, for the period of
April-December 2011.

Parameter and Station 1 mean + Station 2 mean + Station 3 mean + p-value FEPA/FMEnv (2003)

unit S.E (min-max) S.E (min-max) S.E (min-max) permissible limit

Turbidity (NTU) 5.20 + 3.00 526 + 1.86 9.06 + 11.76 P> 005 5
(1.20-10.00) (3.40-8.00) (2.80-40.10)

TSS (mg/L) 9.77 + 3.67 8.69 + 1.95 9.31 + 2.68 P> 005 40
(4.70-16.00) (6.30-12.00) (6.00-13.50)

TDS (mg/L) 40.13 + 28.94 19.03 + 10.67 25.59 + 13.40 P> 005 500
(12.50-85.00) (11.60-45.40) (15.20-56.70)

pH 5.58 + 0.58 549 + 0.59 5.76 + 0.59 p > 0.05 6.5-8.5
(4.60-6.40) (4.30-6.10) (4.40-6.50)

EC (uS/cm) 79.76 + 57.77 38.22 + 20.98 49.90 + 25.91 p > 005 N/A
(24.70-170.00) (23.00-90.00) (30.20-113.50)

Salinity (g/L) 0.03 + 0.03 0.03 + 0.03 0.04 + 0.06 P> 005 N/A
(0.01-0.08) (0.01-0.10) (0.01-0.20)

DO (mg/L) 4.92 + 1.76 5.18 + 1.01 546 + 1.37 p > 005 75
(2.90-8.50) (3.30-6.80) (3.90-8.80)

BOD; (mg/L) 3.04 + 1.55 3.16 + 0.98 3.29 + 035 p > 0.05 0.00
(1.20-6.30) (1.80-4.80) (2.70-3.70)

COD (mg/L) 30.84 + 15.16 36.61 + 27.29 3472 + 21.96 p > 005 40
(6.40-57.60) (2.40-95.20) (14.40-76.80)

HCOj; (mg/L) 35.24 + 10.90 37.96 + 18.99 3630 + 16.44 p > 005 200
(18.30-54.90) (18.30-85.40) (12.20-61.00)

Na (mg/L) 128 + 1.17 1.15 + 1.05 1.03 + 0.78 P> 005 200
(0.25-3.77) (0.27-3.23) (0.31-2.32)

K (mg/L) 033 + 0.23 0.29 + 0.19 0.29 + 0.27 P> 005 N/A
(0.11-0.65) (0.10-0.67) (0.05-0.94)

Ca (mg/L) 1.99 + 2.96 2,03 + 3.10 2.20 + 3.60 p > 0.05 N/A
(0.19-9.60) (0.26-10.02) (0.31-11.69)

Mg (mg/L) 0.40 + 036 0.33 +0.35 0.49 + 0.65 P> 005 N/A
(0.10-1.07) (0.12-1.19) (0.10-2.14)

Cl (mg/L) 79.23 + 107.80 56.59 + 63.09 87.64 + 155.26 p > 005 200
(10.70-355.00) (11.00-213.00) (7.00-496.00)

SO, (mg/L) 4.00 + 2.29 3.02 +1.28 3.87 + 2.84 p > 005 500
(0.89-7.30) (1.63-5.80) (1.19-9.81)

Fe (mg/L) 311 +295 251 + 1.31 238 + 1.41 p>005 1
(0.43-7.58) (0.90-4.55) (0.48-4.41)

Mn (mg/L) 0.16 + 0.13 0.21 +0.18 0.15 + 0.10 p > 0.05 0.05
(0.02-0.44) (0.00-0.56) (0.01-0.31)

Zn (mg/L) 0.26 + 0.37 0.31 + 0.36 0.23 + 0.30 P> 005 1
(0.04-1.20) (0.06-1.17) (0.01-0.98)

Cu (mg/L) 0.08 + 0.07 0.22 + 0.36 0.08 + 0.04 P> 005 0.1
(0.01-0.19) (0.01-1.17) (0.01-0.13)

Cr (mg/L) 0.03 + 0.04 0.03 + 0.03 0.02 + 0.01 P> 005 0.05
(0.00-0.12) (0.00-0.09) (0.00-0.04)

Cd (mg/L) 0.01 + 0.02 0.01 + 0.01 0.02 + 0.04 p > 0.05 0.01
(0.00-0.05) (0.00-0.05) (0.00-0.11)

Ni (mg/L) 0.05 + 0.07 0.08 + 0.09 0.07 + 0.08 p > 005 0.05
(0.00-0.18) (0.00-0.28) (0.00-0.25)

(Continued on following page)
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TABLE 1 (Continued) Summary of the physicochemical parameters in the three designated stations at the Orogodo River, Agbor, Delta State, for the

period of April—December 2011.

Parameter and Station 1 mean + Station 2 mean *+

unit S.E (min-max) S.E (min-max)

Pb (mg/L) 0.28 + 0.45 0.14 + 0.11
(0.00-1.34) (0.00-0.29)

V (mg/L) 0.04 % 0.06 0.07 + 0.07
(0.00-0.16) (0.00-0.22)

THC (mg/L) 531 + 3.37 554 + 3.09
(0.02-12.10) (0.07-9.50)

p > 0.05 means no significant difference, and N/A means not applicable.

2.3 Biotic indices of water quality

The modified biological monitoring working party (Paisley
et al, 2014; Arslan et al.,, 2016), the average score per taxon
(ASPT) National Biological Survey (Arslan et al., 2016), and the
Lincoln quality index (LQI) as described by Krisanti et al. (2017)
were used to estimate the water quality with the aid of
macroinvertebrates. The water quality index (WQI), proposed
by Cude (2001) and modified by Anani and Olomukoro (2021),
was used to characterize the integrity of the river water with the
aid of physicochemical parameters. The water status by
Ramakrishniah et al. (2009) and Abbasnia et al. (2018), as
modified by Anani and Olomukoro (2021), was used to
categorize the surface water integrity in this study.

2.4 Data analysis

The average physicochemical properties of the surface water
and the microbial content for the three stations were compared
using the one-way ANOVA (analysis of variance) set at p < 0.05.
When there is a significant difference, a DMR (Duncan multiple
range) post hoc test, was employed. This was carried out using
version 16.0 of SPSS (SPSS Inc, 2007). The dominant and sub-
dominant groups were determined using the system proposed by
Slack et al. (1979).

3 Results

3.1 Results of the physicochemical
characteristics of the Orogodo River,
Agbor

Table 1 shows the summary of the physicochemical
parameters of water sourced from the three designated
stations at the Orogodo River, Agbor. From the results, the
highest mean (9.06 NTU) of turbidity was found in station 3,
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Station 3 mean + p-value FEPA/FMEnv (2003)
S.E (min-max) permissible limit
0.49 + 0.85 P> 005 0.05

(0.00-2.51)

0.04 + 0.06 p > 0.05 0.01

(0.00-0.20)

5.09 + 4.09 p > 005 0.05

(0.10-10.60)

while the lowest (5.20 NTU) was in station 1 at p > 0.05. The
range of values was 2.80-40.10 NTU and 1.20-10.00 NTU,
respectively.

For TDS and TSS, the highest mean values were 9.77 and
40.13 mg/L at station 1, respectively. The lowest mean values
were 19.03 and 5.58 mg/L at stations 2 and I, respectively, at p >
0.05. The range of values was TDS (4.70-16.00 mg/L and
6.30-12.00 mg/L) and TSS (12.50-85.00 mg/L  and
11.60-45.40 mg/L), respectively.

The highest mean (5.76) of pH was in station 3, while the
lowest (5.58) was in station 1 at p > 0.05. The range of values was
4.40-6.50 and 4.60-6.40, respectively. The highest mean
(79.76 uS/cm) of EC was in station 1, while the lowest
(38.22 uS/cm) was in station 2at p > 0.05. The range of
24.70-1.70 uS/cm  and  23.00-90.00 uS/cm,
respectively. The highest mean (0.04 g/L) of salinity was in

values  was

station 3,, while the lowest (0.03 g/L) was in stations 1 and
2,at p > 0.05. The range of values was 0.01-0.20 g/L,
0.01-0.08 g/L, and 0.01-0.10 g/L, respectively.

For DO, BODs, and COD, the highest mean values were 5.46,
3.29, and 36.61 mg/L at stations 3 and 2, respectively. The lowest
mean values were 4.92, 3.04, and 30.84 mg/L at station I,
respectively, at p > 0.05. The range of values was DO
(3.90-8.80 mg/L and 2.90-8.50 mg/L), BODs (2.70-3.70 mg/L
and 1.20-6.30mg/L), and COD (2.40-95.20 mg/L and
6.40-57.60 mg/L), respectively.

The highest mean (37.96 mg/L) of HCO; was in station 2,
while the lowest (35.24 mg/L) was in station 1 at p > 0.05. The
range of values was 18.30-85.40 mg/L and 18.30-54.90 mg/L,
respectively. The highest mean (1.28 mg/L) of Na was in
station 1, while the lowest (1.03 mg/L) was in station 3 at
p > 0.05. The range of values was 0.25-3.77 mg/L and
0.31-2.32 mg/L, respectively. The highest mean (0.29 mg/L)
of K was in stations 2 and 3, while the lowest (0.33 mg/L) was
in station 1 at p > 0.05. The range of values was 0.10-0.67 mg/
L, 0.05-0.94 mg/L, and 0.11-0.65 mg/L, respectively. The
highest mean (2.20 mg/L) of Ca was in station 3, while
the lowest (1.99 mg/L) was in station lat p > 0.05. The
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WQI for individual stations in the Orogodo River.

range of values was 0.31-11.69 mg/L and 0.19-9.60 mg/L,
respectively.

For Mg, Cl, and SO, the highest mean values were 0.49,
87.64, and 4.00 mg/L at stations 3 and 1, respectively. The lowest
mean values were 0.33, 79.23, and 3.02 mg/L at stations 1 and 2,
respectively, at p > 0.05. The range of values was Mg
(0.10-2.14 mg/L and 0.12-1.19 mg/L), CI (7.00-4.96 mg/L and
10.70-3.55 mg/L), and SO, (0.89-7.30 mg/L and 1.63-5.80 mg/
L) respectively.

The highest mean (3.11 mg/L) of Fe was recorded in
station 1, while the lowest (2.38 mg/L) was in station 2 at
p > 0.05. The range of values was 0.43-7.58 mg/L and
0.48-4.41 mg/L, respectively. The highest mean (0.21 mg/L)
of Mn was in station 2, while the lowest (0.16 mg/L) was in
station 1 at p > 0.05. The range of values was 0.00-0.54 mg/L
and 0.02-0.44 mg/L, respectively. The highest mean (0.31 mg/
L) of Zn was in station 2, while the lowest (0.23 mg/L) was in
station 3 at p > 0.05. The range of values was 0.06-1.17 mg/L
and 0.01-0.31 mg/L, respectively.

For Cu, Cr, and Cd, the highest mean values were 0.22, 0.03,
and 0.02 mg/L at stations 3, 2, and 1, respectively. The lowest
mean values were 0.08, 0.02, and 0.01 mg/L at stations 1 and 2,
respectively, at p > 0.05. The range of values was Cu
(0.01-1.17 mg/L, 0.01-0.19 mg/L, and 0.01-0.13 mg/L), Cr
(0.00-0.12 mg/L, 0.00-0.09 mg/L, and 0.00-0.04 mg/L), and
Cd (0.00-0.11 mg/L and 0.00-0.05 mg/L), respectively.

The highest mean (0.08 mg/L) of Ni was recorded in station 2,
while the lowest (0.05 mg/L) was in station 1 at p > 0.05. The range
of values was 0.00-0.28 mg/L and 0.00-1.34 mg/L, respectively. The
highest mean (0.49 mg/L) of Pb was recorded in station 3, while the
lowest (0.28 mg/L) was in station 1 at p > 0.05. The range of values
was 0.00-2.51 mg/L and 0.00-1.34 mg/L, respectively. The highest
mean (0.04 mg/L) of V was recorded in stations 1 and 3, while the
lowest (0.05 mg/L) was in station 2 at p > 0.05. The range of values
was 0.00-0.28 mg/L and 0.00-1.34 mg/L, respectively. Meanwhile,
the highest mean (5.54 mg/L) of THC was recorded in station 2,
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while the lowest (5.09 mg/L) was in station 3 at p > 0.05. The range
of values was 0.07-9.50 mg/L and 0.10-10.60 mg/L, respectively.

3.2 Water Quality Index (WQl)

The WQI for the individual stations was computed using the
actual and ideal values for the selected parameters and their
corresponding Federal Ministry of Environment standard
Figure 2. At stations 1, 2, and 3, the WQI values were 900.99,
1010.10, and 951.20, respectively. High values of WQI obtained
across the stations were attributable to the concentrations of Fe,
Cu, Cr, Cd, Ni, Pb, V, and THC.

Not good for drinking, >300; very poor, 250-300; poor,
100-200; good, 50-100, and excellent, <50 (unsuitable for
drinking) (Ramakrishniah et al., 2009; Abbasnia et al., (2018);
Anani and Olomukoro, 2021).

3.3 Microbial characteristics

The overall abundance of the aerobic mesophilic bacteria
across the stations when compared using a one-way analysis of
variance indicated p < 0.01 (a highly significant difference) Table
2. A further evaluation using the DMT showed that the
population of the aerobic mesophilic bacteria at station 3 was
the source of the significant difference. The population of
presumptive coliforms, like E. coli, varied significantly (p <
0.01) across the stations. In the case of presumptive coliforms,
a further evaluation using the DMT showed that the population
recorded at stations 1 and 2 showed p > 0.01 (not significantly
different); however, station 3 was significantly higher. For E. coli,
a further evaluation using the DMT showed that the population
recorded at station 3 was higher than that at stations 1 and 2
Table 2.

3.4 Macrobenthic invertebrate fauna

A total of 787 macrobenthic invertebrates comprising
44 macroinvertebrates’ taxa were recorded. These include four
species of Oligochaetes, two species of Hirudinea, one species of
Crustacea, three species of Ephemeroptera, five species of Odonata,
ten species of Hemiptera, four species of Coleoptera, one species of
Diptera, and five species of Gastropoda. The benthic fauna was
dominated by dipterans with 47.65%, followed by Hemiptera
(20.58%). Coleoptera and Anisoptera were subdominants with
8.89 and 5.08%, respectively. The other groups were found rare.
The species richness was in the following rank order: station 3,
station 1, and station 2. Sorenson’s quotient of fauna similarity
indicated that macrobenthic fauna at these three stations were the
same or similar. The similarity was the highest between stations
1 and 3 (75.0%) and the lowest between stations 1 and 2 (50.0%).
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TABLE 2 Results of the selected microbial properties of the sampled stations at the Orogodo River.

Microbial agent Station 1 Station 2
Aerobic mesophilic count (cfu/ml) (5.8 x 10%)° (12.8 x 10°)®
Presumptive coliforms (cfu/ml) (6.1 x 10%)* (7.4 x 10%)?*
E. Coli (cfu/ml) (6.2 x 10")° (8.9 x 10H)°

Station 3 p-value Fepa NIS
(70.8 x 10%)° p <001 10 10

(1.6 x 10%)° p <001 0.00 0.00
(7.1 x 10%)° p <001 0.00 0.00

Highly significant difference (p < 0.01). Analogous superscript row-wise shows no significant difference.

TABLE 3 Distribution of dominant and subdominant benthic groups.

Group Station 1 (%) Station 2 (%) Station 3 (%)
Oligochaeta 47 7.4 3.2
Hirudinea 0 3.7 0.3
Crustacean 12.0 0 0.6
Arachnida 4.7 0.4 1.3
Ephemeroptera ~ 13.7° 0 0.6
Anisoptera 8.1° 0 16.4°
Hemiptera 3L1° 33 26.0°
Coleoptera 9.0°* 2.9 39
Diptera 16.7° 78.9* 46.6"
Gastropoda 0 33 1.0
Total 100 100 100

*Subdominants.
*Dominants.

TABLE 4 BMWP, ASPT, and LQI scores across the stations.

Station 1 Station 2 Station 3
Total no. of taxa 29 23 35
BMWP score 61 48 73
No. of scoring families 12 12 16
ASPT 5.1 4.0 4.6
LQI 4.5 3.0 4.0

3.4.1 Distribution of dominant and subdominant
groups

Table 3 shows the dominance rating of the benthic
microfauna collected. According to Slack’s method, 15% of
the taxonomic groups are considered dominant, while 5-15%
are considered subdominant. All groups below 5% are
considered rare.

3.5 Results of the biotic indices of water
quality

Table 4 shows the results of BMWP, ASPT, and LQI scores
across the stations. The BMWP score was in the following rank
order: station 3 (73), station 1 (61), and station 2 (48). These
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values show that the water quality was moderate with a
moderately impacted status at stations 1 and 2, while station
3 had good quality with a clean but slightly impacted status.
Calculation of the average score per taxon canceled out the effect
of sample size, showing a better picture of the water quality status
as follows: station 1 (5.08), station 3 (4.56), and station 2 (4.0),
correspondingly. This means that water quality at the stations
varied from being slightly impacted to being moderately polluted.
The BMWP and ASPT were combined to give an overall
description using the Lincoln quality index. Meanwhile, the
LQI value is in the following rank order: station 1 (4.5),
station 3 (4.0), and station 2 (3.0), respectively. This means
that water quality at stations 1 and 3 was good, while station
2 had a moderate quality.

4 Discussion

Of all the physicochemical parameters employed in the
assessment of water quality of this river, none showed a
significant difference among the sampled stations. In this
study, the turbidity values recorded were fairly higher than
the set standards used in this study. A similar result
(5.54 NTU) was reported by Anani et al. (2020b) at the
Ossiomo River. The concentration of turbidity is usually
higher during the wet season because of run-offs of murky
waters and soil materials, especially the silts carried along the
water currents to the river and deposited as sediment or alluvial.
However, during the dry season, there are no run-offs, so the
water body is usually clean without murkiness apart from dust
particles carried in the air. This study shows that station 3 was
highly impacted, while stations 1 and 2 were fair when compared
with the regulatory standards for drinking water.

Electrical conductivity, which measures how well the water
conducts electric current, showed an unusual increase in station
1. This is attributed to a higher concentration of dissolved solids
like bicarbonates in station 1. However, the EC values from this
study are lower than those reported by Rim-Rukeh et al. (2006)
but similar to those reported by Idise and Maduka (2011), all
from the same river.

The level of concentration of DS (dissolved salts) in aquatic
bodies is termed salinity (UNEP, 2008). The spatial similarity of
the salinity values of this river is an indication of a relative
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uniformity in the major dissolved ions (Cl-, SO,>, HCO;*, Na*,
Ca’*, K', and Mg") across the stations. Turbidity, however,
exceeded the same permissible limits at all the sample stations.

The murkiness of any aquatic water is due to the level of TSS
(total suspended solids) in it, which in turn affects and increases
the turbidity status therein. The high turbidity experienced at
station 3 could be attributed to anthropogenic activities like car
washing, bathing, and run-off prevalent at this station. The most
contributing elements to the relatively high turbidity at station
3 were particulates of clay and silt from shoreline erosion, as most
of the samplings were carried out during the rainy season.

In this study, the TSS and TDS values recorded at the three
sampled stations all fell within the Federal Ministry of
Environment’s permissible limits. The slightly higher solid (TDS
and TSS) values recorded at stations 1 and 3 are attributable to the
car washing activities going on at these stations. However, the
relative uniformity in the solids among the designated stations in
this river had earlier been corroborated by Aisien et al. (2010) and
Rim-Rukeh and Agbozu (2013). The mean DO values
(4.92-546 mg/L) recorded in this study all fell under the
permissible limits of the Federal Ministry of Environment, but,
according to Boyd (1979), the DO threshold level in the water
(3-12mg/L) has been shown to support life-forms in water. In
consonance with the reports of Arimoro F. O. et al. (2007), Aisien
et al. (2010), Arimoro and Oganah (2010), and Idise and Maduka
(2011) in the same region, there was no significant difference in the
DO throughout the stretch of the river under study. The COD and
BODs values reported in this study exceeded the Federal Ministry of
Environment’s permissible limits. These values confirm the reports
by Agbaire and Obi (2009) and Idise and Maduka (2011) but are
significantly lower than those by Aisien et al. (2010). The high
concentration of COD and BODj in this river is caused by ORM
(organic
communities.

matter) from run-offs coming from adjoining

The alkaline earth metals such as sodium, magnesium, calcium,
and potassium fell well below the Federal Ministry of Environment’s
permissible limits. There was a significant correlation and
homogeneity between both the alkali and alkaline earth metals in
which p > 0.05 was recorded between the sampled stations, albeit
there was a slight progressive increase in all these metals
downstream except for Na' recorded at its highest value in
station 1. This is attributable to anthropogenic activities at this
station, probably effluents from car washing and bathing. The Ca >
Na > Mg > K order of dominance reported in this study disagrees
with what was obtained from five other rivers in Delta State by
Kaizer and Osakwe (2010) as well as that of Omo-Irabor and
Olabaniyi  (2007) the River Ethiope. The
concentration of phosphorus fell below the permissible limits as

from mean
stipulated by the Federal Ministry of Environment in all the sampled
stations. The slight decrease in station 2 is evidence of the self-
purifying ability of the river. This is also reflected in the
investigations performed by Okokoyo and Rim-Rukeh (2003)
and Rim-Rukeh et al. (2004).
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Iron (Fe) recorded the highest mean values among all the heavy
metals analyzed in this study. In the present study, Fe was also
positively correlated with the total dissolved solids, total suspended
solids, salinity, electrical conductivity, and sulfates. The slightly
higher mean values of Fe documented in station 1 could be
linked to high run-offs from domestic activities (Radojevic and
Bashkin, 1999). Except for chromium (Cr), the rest of the heavy
metals like V, Pb, Ni, Cu, Zn, and Mn exceeded the Federal Ministry
of Environment’s permissible limits and also exceeded the values
recorded by Oguzie and Okhagbuzo (2010), Wogu and Okaka
(2011), and Dami et al. (2012). This unnatural concentration of
heavy metals may be a result of the generally increasing African
human population neighboring the inland waters, which uses these
aquatic bodies as a receptacle for their enormous wastes (Edorh
et al, 2011). However, vanadium (V) and nickel (Ni) showed
positive correlations with pH—corroborating the fact that
pH influences the interactions and dynamics of metals within the
water matrix (Salvad et al.,, 2006).

The total hydrocarbon content (THC) recorded in all the
stations sampled in this study exceeded the Federal Ministry of
Environment’s permissible limit. p > 0.05 was recorded in THC
regardless of the stations. The homogeneity among the stations
corroborates the observation that there were no noticeable oil/gas
activities along the studied stretch of the river. This is in sharp
contrast to the report by Ibigoni Clinton et al. (2009) who
reported a much higher mean THC of 23.6mg/l as a
consequence of the oil exploitation and exploration activities
going on around the areas they studied.

The microbial investigation of the surface water from the
river revealed that the values of the aerobic mesophilic count,
presumptive E. coli, and coliforms were higher than the Federal
Ministry of Environment’s stipulated load. High loads of these
bacteria forms detected in the river showed the incidence of high
ORM (organic matter) and associated sources of the nutrients.
This is also attributable to the prevailing temperature as in the
case of the aerobic mesophilic group. The presence of E. coli,
which is a subgroup of fecal coliform, is an indication of
contamination by fecal matter (Geidreich and Clark, 19665
Enerijiofi et al., 2018; Olatunji and Anani, 2020). This may be
from human or animal fecal matter or even from animal
droppings used as a fertilizer by the populace. Although p <
0.01 was recorded in terms of bacteria load, the presence of these
microorganisms is ubiquitous along the studied stretch of the
Orogodo River. None of the selected stations could be set aside as
the most contaminated during the study duration because the
count of these microorganisms exceeded the Federal Ministry of
Environment’s stipulated load. All the bacterial counts observed
in this study showed a positive correlation with physical and
chemical parameters such as color, turbidity, potassium, calcium,
and magnesium.

The macrobenthic invertebrates’ fauna composition of the
Orogodo River showed a relatively high taxon richness across the
study stations with a total of 44 taxa recorded. However, this
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could be considered low when compared to the works by
Olomukoro and Eborge (2003) and Olomukoro and Anani
(2019). Most of the macrobenthic faunas observed were
distributed across the three stations except the chironomids,
the rat-tailed maggot (Eristalis tenax), and the family
Hirudinea, whose occurrence was almost restricted to station
2. Station 2 generally had the lowest number of taxa. Apart from
the chemical quality of station 2, other factors may have
contributed to the significantly lower taxon richness. Such
factors include the significantly faster flow rate and the coarse
nature of sediments at this station. Olomukoro and Anani (2019)
also reported a similar pattern that could be linked to reduced
EC, DO, and pH with a possible impact on species diversity. Any
severe modifications in these factors will significantly influence
the community of the macroinvertebrates in this study. The
macrobenthic fauna was dominated by the members of the class
insect, constituting 88.52% of the total faunal abundance. This is
in agreement with Arimoro F. et al. (2007) who reported that in
most tropical freshwater the macroinvertebrate fauna is
numerically dominated by insects. The order Diptera was the
dominant order, accounting for 375 out of the total
787 individuals and making up 47.65%. This could be
attributed to their ability to survive and proliferate in polluted
waters. The order Diptera is followed by the order Hemiptera,
which makes up 20.58%. Coleoptera and Anisoptera were
subdominants with 8.89 and 5.08%, respectively.

The biotic indices used in estimating water quality
(biomonitoring working party index, mean score per taxon,
and Lincoln quality index) all revealed that station 2 was
moderately polluted, while stations 3 and 1 were only slightly
impacted.

The WQI obtained in this study showed that the integrity of
the water was not too good for human consumption because the
values were more than the benchmark 100 established by Ahmad
et al. (2012) and Anani and Olomukoro, (2020a). This coincided
with the previously discussed sections as the majority of the
parameters did not comply favorably with the Federal Ministry of
Environment’s guideline standards.

5 Conclusion and recommendations

In this study, it was noticed that the integrity status of the
Orogodo River was considerably poor and not fit for human
ingestion. Out of twenty-six (26) chemical and physical
parameters investigated, about seven (pH, TSS, TDS, HCOs,
Cl, P, and SO,) of these parameters complied well with the
permissible or standard limits (Federal Ministry of Environment)
used in this study. The results obtained from the WQI estimation
also complied with the findings obtained from the evaluation of
the chemical and physical parameters. The high values obtained
showed that all the stations studied were greatly polluted. This
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showed that human activities have greatly impacted the aquatic
system.

The microbial characterization of the water has a high
aerobic mesophilic count, presumptive coliforms, E. coli
counts, and traces of disease-causing organisms in the water.
This
contamination, which could elicit several health conditions,

shows a direct indication of organic and fecal
like typhoid, stomach upset, and cholera, in consumers that
drink from it.

Most of the macrobenthic faunas observed were distributed
across the three stations except the chironomids, the rat-tailed
maggot (Eristalis tenax), and the family Hirudinea, whose
occurrence was almost restricted to station 2. Station
2 generally had the lowest number of taxa. This revealed the
ecological impact because this species is a basic indicator of an
ecosystem sentinel. The biotic indices used in estimating water
quality all revealed that station two was moderately polluted,
while stations 3 and 1 were only slightly impacted.

It is recommended that the continuous monitoring of the
ecosystem will help to provide prevailing data that will help
policymakers and environmentalists to help safeguard the life-
forms therein and inform humans on the current status of the
river. In addition, boiling the water before consumption is highly
recommended to avoid possible human health problems, especially
effects from microbial pathogens like coliforms and E. coli.
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Glossary

BMWP biological monitoring working party
WQI water quality

Fe iron

Cu copper

Cr chromium

Cd cadmium

Ni nickel

Pb lead

V vanadium

THC total hydrocarbon concentration
HNO; nitric acid

DO dissolved oxygen

EMBA eosin methylene blue agar
MB MacConkey broth
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NA nutrient agar

PCB plate count agar

ASPT average score per taxon
LQI Lincoln Quality Index
ANOVA analysis of variance
DMR Duncan multiple ranges
NTU nephelometric turbidity units
TDS total dissolve substances

TSS total soluble substances

DO dissolved oxygen

BOD?5 biological dissolved oxygen at day 5
COD chemical dissolved oxygen
HCO3 bicarbonates

Mg magnesium

Cl chlorine

SO, sulfate
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