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Abstract

The weighted arithmetic water quality index method was used to assess the water quality of anthropogenically-laden Anwai-
river within the Asaba-capital territory of Delta State, Nigeria, in Stations 1(Otulu), 2(Isele- asagba) and 3(Anwai-Asaba) using
pH, electrical conductivity (EC), total dissolved solids (TDS), biochemical oxygen demand (BOD), dissolved oxygen (DO), tur-
bidity, phosphates, nitrates, total hardness (TH) and coliforms, to determine its water quality status and its suitability for humans
and aquatic biota. Aside from TDS, turbidity, and TH, other parameters such as pH (5.3-8.2), DO (2.0-2.8 mg/L), BOD (1.02-2.4
mg/L), EC (110-113 pS/cm), turbidity(2.3-5.2 NTU), TDS (8.0-16.0 mg/L), TH (30-62 mg/L), phosphates (0.13-0.28 mg/L), ni-
trates (0.05-0.27 mg/L) and Coliform (25.75-45.5 cfu/ml) indicated non-significant variableness (p>0.05) between Stations. Wa-
ter depth, TDS, turbidity, TH, phosphate, nitrate and total coliform were significant contributors to the Anwai-river's water quality
by Principal component analysis (PCA). The first principal component (PC1) exhibited 94.1% variance and a 0.1860 loading
factor, while the second showed 5.9% variance and 0.0117 loading factor implying depth, flooding, excessive human activities
and sewage disposal as important contaminants. Although the individual physiochemicatbased water qualities were below the
WHO recommended drinking water values translated into poor water quality by the weighted arithmetic water quality index at
the three Stations; 86.83, 75.02 and 81.27 in Station's 1, 2 and 3 respectively, correspondingly poor to very poor based on Wa-
ter quality index. The water of Anwai-river is a serious health threat to humans and aquatic organisms and thus, it should not be
utilized untreated.

Keywords: Anwai-river, Fecal-coliform, Water-parameters, Water-Quality Index

INTRODUCTION

Rivers play a critical role in establishing any nation’s
development goals and also on a global scale as they
stimulate human and national wealth, civilization, and
education levels while touching on all facets of the eco-
system and human endeavour (UN-waters, 2016; Smith
et al., 2019). As a result, it is critical to ensure the suita-
bility, use and acceptability of these scarce finite re-
sources in terms of water quality standards and preser-
vation of its core value uses are imperative. Surprising-
ly the usefulness and acceptability of the river's water
quality have been severely defiled by anthropogenic

impacts (Gupta et al., 2017). Thus, rivers’ multiple uses
have had effects on their characteristics. Globally, the
river's water quality has deteriorated, negating one fun-
damental human rights: access to safe water. This is-
sue remains one of the focal points of the UN-waters
campaign, particularly in developing countries of the
world (Ibrahim et al., 2015).

The global degradation of freshwater quality is a threat
to the world’s economy and health (Barbosa et al.,
2016; Nwabor et al., 2016; Otene and Nnadi, 2019;
Zakir et al., 2020; Bhutiani et al., 2021), particularly in
developing nations like Nigeria where policies and laws
are rarely implemented (lloba, 2021). The global degra-
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dation of freshwater bodies is disturbing, as poor or
declining water quality results in the loss of essential
goods and services (UN-waters, 2016) as well as a sig-
nificant loss of needed foreign exchange (Oelsner et al.,
2017).

Rainfall, erosion, discharged effluents from industrial
and agricultural processes, and indiscriminate fecal
deposition, xenobiotics, and a variety of other hazard-
ous anthropogenic activities will impact water quality,
particularly in surface freshwater bodies (Smith et al.,
2019; lloba, 2021). There are a few unaffected rivers in
Nigeria regardless of status and area due to the ex-
panding dimensions (diversity) of water demands and
usage. As a result, despite the multiple antidotal water-
quality regulatory laws and regulations, safeguarding
and sustaining rivers within recommended standards
has been a difficult challenge (Nwabor et al., 2016).
Historically, the evolution of the water quality concept
around 160 years ago is an attempt to classify and
evaluate the quality of the different aquatic ecosystems
as a function of the various end-use of water concern-
ing the water constituents, including the physical, chem-
ical and biological components (Abbasi and Abbasi,
2012; Kachroud et al., 2019), instructive of water. Other
indices evolved from and improved on this concept
(Brown et al., 1970; Nemerow and Sumitomo, 1970;
Deininger and Landwehr, 1971; Prati et al., 1971; Di-
nus, 1972; Bhargava, 1983; Tawari and Misha, 1985;
Dinus, 1987). As a result, comprehending and interpret-
ing these enormous factors for each water body (river)
becomes complex and difficult. Water-quality experts
were inspired to create various water-quality indices by
employing water-quality indicator variables to properly
define and interpret water quality (Abbasi and Abbasi,
2012). The development and application of these indi-
ces for assessing water quality assessment are consid-
ered highly sensitive and efficient (Gupta et al., 2017).
These indices inform policymakers, the general public,
and water managers about the state of freshwater eco-
systems and provide information to water managers
about the success or failure of the water quality man-
agement policies (Kangabam et al., 2017).

Aquatic ecosystems status assessments have received
a lot of attention around the world, with various water-
quality approaches. These indices are region-specific
and have been used in water quality assessment, man-
agement and policy formulation in other countries re-
ported in Amadi et al. (2010); Etim et al. (2013); Para-
star et al. (2015); Kangabam et al. (2017), Gupta et al.
(2017); Otene and Nnadi (2019) and Anyanwu and
Ukaegbu (2019). One of such indices is the Water qual-
ity index (WQI) developed by Brown et al. (1972). The
WQI employs mathematical equations to describe the
general conditions of a water body by transforming wa-
ter parameter data into a single numeral that genuinely

defines the water quality (Abbasi and Abbasi, 2012;
Kachroud et al., 2019).

In Nigeria, most water quality assessments focused
primarily on the physical and chemical variables
(Ezemonye et al., 2016; lloba et al., 2018; lloba, 2021).
The approach by these researchers to river water quali-
ty study does not clearly define the river's water quality;
rather than information on the concentration of the
measured parameters in the sampled system. The
Anwai river is a small stream that provides a primary
water source for domestic and agricultural processes to
the communities along its course. Previous studies on
the Anwai river by Ezemonye et al. (2016) and
Onyeche and Akankali (2013) relied solely on physio-
chemical data alone to describe the water body. The
current study focused on determining the WQI ap-
proach in accessing the water-quality status of Anwai
river in Delta State, Nigeria.

MATERIALS AND METHODS

Study area

The river Anwai, popularly called ‘Mmili Anwai', is locat-
ed in Delta State Capital Territory, Nigeria, between
latitude 6° 14 and longitude 6° 42', with a terrain eleva-
tion of 37 meters (Fig. 1). The river originates in Otulu
and empties into the river Niger at Asaba via the settle-
ments of Isele-Azagba and Okpanam (lloba and Ada-
mu, 2020). The river is a vital, well known, and much-
needed source of drinking, domestic water supply, agri-
culture and fisheries for the surrounding communities.
It receives floodwater from the adjacent landscape,
abattoir effluents and sacrifices-waste from point and
non-point abattoirs. It is drained by a rainforest. Under-
ground water supply and significant precipitation linked
with the rainforest region ensure the river’s flow. The
current study concentrated on zones of human settle-
ments with unrestricted access to the river to directly
detect the water quality exposed to users; thus, no con-
trol Station was used. Three study Stations are depict-
ed in Fig. 1 and are defined here to correspond to the
river's numerous uses, as illustrated in Table 1.

Settlement of Fulani cattle herders (Station 1)

This is the source of the river in Delta State’s Oshimili-
North Local Government Area (Fig. 1). This zone is
referred to in this study as the livestock herders’ Station
due to the presence of the Fulani community settle-
ments. Thus Station is used and drank from by the Fu-
lani livestock. Additionally, the zone is home to the
community’s god shrine and worship centre. At this
point, the river collects the bodies and blood of the sac-
rificed animals. The Station’s waters are noticeably
odorous due to the massive input of unpleasant points
and non-point wastes from the goddess altar.
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Fig. 1. Showing study area and the three sampled stations along Anwai-river in Delta State, Nigeria.

Agricultural settlement (Station 2)

The Isele- Asagba location which is also in Delta
State’s Oshimili-North Local Government Area, is the
farmers’ Station with spiritual significance to the Isele-
Azagba community. Due to its acclaim holiness, its bar-
riers exclude women who are menstruating. Human
activities are restricted to men farmers bathing and
washing their clothes, sacrificing the River's goddess
and washing the blood and bodies of slain animals into
the River.

Meat market in Anwai (Station 3)

This Station in Delta State’s Oshimili-South Local Gov-
ernment Area is home to Anwai-Asaba meat market
(Fig. 1). This Station is bustling with human activities,
car washing, clothing washing, bathing, and swimming.
This zone is the principal beneficiary of the flood from
the State Capital’'s Asaba metropolitan.

Sampling

Between March and May, 2019, a weekly water sam-
ples were taken in a properly cleaned 2-litre plastic wa-
ter bottle from the three sampling Stations (Fulani cattle
herders’ community, Farm settlement and Anwai-meat
Market) at a depth of 10-20 cm below the water sur-
face. Water samples were collected and transported in

an ice chest to the Department of Animal and Environ-
mental Biology laboratory, Delta State University,
Abraka, Delta, Nigeria, for analysis of water tempera-
ture, water depth, pH, electrical conductivity, total dis-
solved solids, dissolved oxygen, alkalinity, turbidity,
biological oxygen demand, phosphate, nitrate and total
hardness. Each parameter was determined according
to the American Public Health Association guidelines.
The total coliform count was determined the same day,
every sampling week throughout the sampling by multi-
ple tube fermentation technique (APHA, 2017). The
water quality index was interpreted using the scale cre-
ated by Brown et al. (1972), as indicated in Table 2
(Boah et al., 2015).

Data analysis

To determine significant difference between the physi-
cochemical parameters the result of the physicochemi-
cal parameters (water temperature, water depth, pH,
electrical conductivity (EC), total dissolved solids(TDS),
dissolved oxygen(DO), alkalinity, turbidity, biological
oxygen demand(BOD), phosphate, nitrate and total
hardness(TH) and total coliforms, one-way ANOVA
and Turkey’s pairwise test were used. Using the PAST
statistical analysis tool software, Pearson linear corre-
lation was performed to determine any association be-

Table 1. Stations and their geographic locations and activities associated with each station.

Station Coordinates

Activities

Station 1 (Otulu Station) 6.286N, 6.573E

6.293N, 6.582E

Station 2 (Isele- asagba Station)

Station 3 (Anwai-Asaba Station) 6.242N, 6.702E

Fulani Cattle Herders settlement

Bathing, washing, Domestic use, a drinking water
source for cattle.

Farm settlement with earthen ponds along the shore-
line(aquaculture activities), spiritual purpose and
swimming

Anwai-Meat Market, Abattoir, Mechanic workshops
Car wash services and drainage channel.
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Table 2. Classification of water quality Index and status.

Wal INDEX STATUS

0-25 EXCELLENT
26-50 GOOD

51-75 POOR

76-100 VERY POOR
ABOVE 100 ggﬁ'\ﬂmgm FOR

Source: Boah et al. (2015).

tween parameters (Hammer et al., 2001). Environmen-
tal metrics and Euclidean similarity index, such as the
principal component analysis were used to separate
the critical water variables affecting the river's water
quality used to identify the Station's similarity. All pa-
rameters were log converted to unit inconsistency and
make their unit less.

Calculation of WQl

The WQI was calculated using a weighted arithmetic
water quality index established by Brown et al. (1972)
for the National sanitation foundation (NSFW), some-
times referred to as NSFWQI. The following equation
represents the weighted arithmetic water quality index
(WQIA):

wor, = Zwiq[ /Zwi
i=1 i=1

(1)
Where, n denotes the number of variables or parame-
ters, wi is the relative weight of the ith parameter and,
qgi is the water quality rating of the ith parameter.
The unit weight (wi) of the various water quality param-
eters are inversely proportional to the recommended
standards for the corresponding parameters.

Wi=1/S; and K= constant given as; K=1/31/S; (2)
gi= 100 [(Vi - Vid) / (Si - Vid)] (3)
Where:

Vi is the observed value of the ith parameter, Si is the
standard permissible value of the ith parameter and,
Vid is the ideal value of the ith parameter in pure water.
All the ideal values (Vid) are taken as zero for drinking
water, except pH and dissolved oxygen (Tripathy and
Sahu, 2005). For pH, the ideal value is 7 and 14.6 for
dissolved oxygen.

RESULTS

The results of the studied physicochemical and biologi-
cal parameters studied in Anwai- river are summarized
in Table 3. These parameters include water tempera-
tures, pH, water depth, DO, BOD, turbidity, TDS, alka-
linity, EC, nitrates, phosphates and total coliform
counts. Except for TDS, turbidity and total hardness,
there was no statistically significant difference between

the Stations (p>0.05) (Table 3).

Table 4 shows the pairwise turkey analysis of the point
of variableness between the Stations for the significant
classical parameters (p<0.05) are presented in Table 4.
The paired Turkey's test indicated substantial TDS
changes at Stations 2 and 3 as compared to with Sta-
tion 1, with values 0.00471 and 0.000193, respectively.
Turbidity varied by 3.35E-06(3, 1) and 0.000189(3, 2) at
Stations 3 compared to Stations 1 and 2, whereas TH
varied by 2.50E-11(3, 1) and 5.19E-11(3,2) at Stations
3 compared to Stations 1 and 2. Table 5 displays the
Euclidean similarity and distance index results.

The results of the WQI for Anwai River, derived by pa-
rameters (pH, EC, TDS, DO, Turbidity, BOD, Phos-
phate, Nitrate, TH and total coliforms) with more signifi-
cant potential to affect the water quality for the WQl
study are shown in Table 6. These parameters and
their mean values compared to standards recommend-
ed for drinking and for aquatic life are also shown in
Table 6.

The mean values recorded for these parameters(EC,
TDS, DO, turbidity, BOD, phosphate , nitrate and total
coliforms) in Anwai river showed that apart from pH,
which fell within the range recommended by WHO, for
drinking water and , all other water quality values (EC,
TDS, DO, turbidity, BOD, phosphate , nitrate, TH) rec-
orded throughout Anwai river at the three Stations were
well below the recommended standards for drinking
water and for aquatic life endorsed by Federal Environ-
mental Protection Agency FEPA, (2003) and Standards
Organisation of Nigeria SON, (2007).

The scale in Table 2 developed by Brown et al. (1972)
used to interpret the water quality index as in Tables 6
showed that the WQI of the Anwai river at Stations 1, 2
and 3, are 86.83, 75.02 and 81.27, respectively.

DISCUSSION

The current study found that the pH (5.3-8.2), DO (2.0-
2.8 mg/L), BOD (1.02-2.4 mg/L), EC (110-113 S/cm),
turbidity (2.3-5.2 NTU), TDS (8.0-16.0 mg/L), TH (30-62
mg/L), phosphates (0.13-0.28 mg/L), and nitrates (0.05-
0.27 mg/L) values for the Anwai river met the minimum
standards (WHO, 2017; FEPA, 2003 and SON, 2007).
It demonstrates that the river is capable of supporting a
diverse array of aquatic animals, since they meet the
FEPA (2003), SON (2007), Nigerian Standard for Drink-
ing Water Quality (2015) and WHO (2017), approved
standards (Table 3). While the current study's DO con-
tent, a critical predictor of aquatic health, is below the
reference level, it may indicate underlying stressful con-
ditions in the river and is unlikely to confer high water
quality on the river's aquatic biota.

The current study's low DO contents (2.23-2.24 mg/l)
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0.2997
0.4355

N.D

0.2219
0.3837
5.526E-12**
0.9138
0.9872

F-VALUE P-VALUE

1.289
0.871
N.D
1.639
1.011
0.09056

151.4

Station 3
(Mean * SD)
29.86+0.38
27.43+0.98
71.14+14.18
7.24+0.92
111.71£1.25
8.71+0.49
1.41+0.22
2.23+0.31
4.8+1.08

(Mean * SD)
28.86+1.57
27+1.83

2310
15.14+0.90

6.59+0.52
111£1.16

1.3310.29
2.24+0.11

Station 2

110.86+£1.22
15.43+0.98
1.35+0.51
2.23+0.05

(Mean * SD)
2.4+0.14

Station 1
29.86+1.68
27.86+0.38
16.07+0.19
6.9+0.51

Constant
(K)433
0.245
0.245
0.245
0.245
0.245
0.245
0.245
0.245

1000

6.5-8.5
500

Ambi-
ent

FEPA SON
ND

6.0-

2000

10

Drinking water

N.D
N.D

WHO/NSDWQ
N.D

6.5-8.5
1000
200

WATER TEMP ( C)
WATER DEPTH

pH
E-COND. (uS/cm)

PARAMETERS
AIR TEMP
TDS (mg/L)
BOD (mg/L)
DO (mg/L)

Table 3. Standard values (Mean * SD) of water for Drinking and Aquatic Life Water, and ANOVA-values of Physico-chemical Parameters of Anwai river.

3.603E-6**
0.2576
0.09678
0.3195

0.01288
27.23
1.464
2.666
1.216

5.44+1.83
0.22+0.04
0.14+0.05

3.07+0.05
4.34+1.64
0.22+0.04
0.11+0.07

4.08+1.18
0.26+0.04
0.09+0.07

0.245
0.245
0.245
0.245

- Vo
nnwZow

PHOSPHATE (mg/L)

ALKALINITY (mg/L)
NITRATE (mg/L)

TURBIDITY (NTU)

0.0002126**
0.2254

14.03
1.766

52.2946.65
45.75+19.87

47.43+5.53
25.75+8.77

35.2946.32
33+14.99

0.245
0.245

200
10

TOTAL COLIFORM (cfu/ml)
** denotes significant differences at P< 0.005

TOTAL HARDNESS (mg/L)

are much lower than the reference point for healthy
aquatic life (5.0 mg/l) (Table 3). The discharge of or-
ganic waste is one of the most likely causes of low DO
levels in the Anwai-river. Shah and Joshi (2015), as
well as Gupta et al. (2017), reported DO levels in rivers
with a high organic content, resulting in an unstable
environment for aquatic species in the rivers Sabarmati
and Narmada in Gujarat, India, respectively. The dis-
solved oxygen range observed in this experiment was
the minimum (2-7mg/L) published by Bouaoun and
Nabbout (2016) for anaerobic organic waste degrada-
tion in aquatic ecosystems, which is a realistic scenario
in this situation. The dissolved oxygen content (2.23-
2.24 mg/l) in the present study reflects the river's bio-
logical activities (BOD) and their significant correlation
with total coliform concentrations (r=0.9964; p=0.05) in
digesting both point and non-point organic waste dis-
charged into the Anwai-river. According to Bouaoun
and Nabbout (2016), these activities are disclosed
when the river's system is not adequately stabilised by
dissolved oxygen, hence disrupting the river's biota.
The low oxygen concentration most likely led to the
elevated total coliform levels at all sites, which were
significantly higher than the WHO reference point, de-
spite the river's deciduous nature. Total coliform (25.75-
45.5 cfu/ml) contamination at all sites indicated that
sewage and organic waste entry points were prevalent
and partially degraded along the river's course. This
clustered total coliforms according to nutrient variables
in Principal Component (PC2), identified the most prev-
alent coliforms in the river, and also identified the most
prevalent coliforms by depth (Fig.3). According to
Bojarczuk et al. (2018), coliform concentrations indicat-
ed sewage and faecal influence, posing a substantial
negative constraint on human and animal drinking wa-
ter sources in rivers. The current study's extraction of
nutrient factors (Fig. 3 and Table 7) using PC analysis
identified their significant contribution to the Anwai-
water river's quality, thereby identifying significant
sources of contamination such as agrochemicals and
washing agents used in and around the river.
Egobueze et al. (2011) confirmed that abbatoir waste
had a negative effect on the nutrient parameters and
water quality of the Aleto river in rivers State in the Ni-
ger Delta, Nigeria.

The electrical conductivity measured in this present
study is larger than that of the nearby rivers Ethiope,
Adofi, and Ase (lloba, 2021). Conductivity measure-
ments that were higher, particularly at Stations 2 and 3,
could be due to solutes associated with flooding, as
sampling occurred during rainy months (March and
May) and other human activities. Thus, a high associa-
tion was established between electrical conductivity
and alkalinity (r= 0.9997; p=0.0150) and between water
depth (r= 0.9992; 0.0258) (Fig. 2). lloba and Akpoyibo
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Table 4. Comparison of Turkey’s pairwise at the Stations.

Total Hardness Station 1 Station 2 Station 3

Station 1 0.00471* 0.000193*

Station 2 5.194 0.3285

Station 3 7.272 2.078

Turbidity Station 1 Station 2 Station 3

Station 1 0.1407 3.35E-06*

Station 2 2.83 0.000189*

Station 3 10.11 7.285

Total dissolved Solids Station 1 Station 2 Station 3

Station 1 0.7921 2.50E-11*

Station 2 0.9258 5.19E-11*

Station 3 21.76 20.83

Table 5: Euclidean similarity and distance index values.
OTULU-HERDERS AZAGBA-FARM ASABA-MEAT
SETTLEMENT SETTLEMENT MARKET

OTULU-HERDERS SETTLEMENT 0 0.28462564 0.82643234*

AZAGBA-FARM SETTLEMENT 0.28462564 0 0.64943356*

ASABA-MEAT MARKET 0.82643234* 0.64943356 0

- 88 2. . =285s23
SSSx3888RIXEE
R VAV 4l W4T T AN I ] P4
waterT|Z /10 @ /0 s
watro|@ O 1@/ s @ /7 s e
WA W AVAV IV Vardr i X Vi
econo|@ LA/ 7@/ /1078 2 o
os\@ /Ll A/ @7 O res
eo|@ @ L/ s/ \OPP OO O® /|7
coN/Zs7@ 700271 00 @7\
welo @/ @770 srssz0l|]
AKAL|@ '//‘/’/II -1
rHosP|@ # F L OOO® s P/
NTRA| BSOSO /S S [ 4
THARD | # P O L O OP s P/ Q
IR I W IVAV IV VY ¥

Fig. 2. Correlation matrix with p<0.05 boxed (Air tempera-
ture = Air-T, Water temperature = Water-T, Water depth =
Water-D, pH = pH, Electrical conductivity = E-COND, Total
dissolved solids = TDS, Biochemical oxygen demand =
BOD, Dissolved oxygen = DO, Turbidity = TURBI, Alkalini-
ty = ALKAL, Phosphate = PHOSP, Nitrate = NITRA, Total
hardness = T-HARD, Total coliforms = T-COLI).

(2019) have observed a comparable increase in con-
ductivity in the aftermath of floods in the Warri river in
Delta State, Nigeria. Additionally, the present study
highlighted the effect of alkalinity on the electrical con-
ductivity of the Anwai-river (r=0.94608), which is im-
pacted by the bottom (water depth) (r=-0.9970;
p=0.0497) and creates particles necessary for microbial
adhesion, survival, and proliferation (Fig. 3). These
variables contributed to the river's total coliform count

exceeding the WHO reference level, which is con-
sistent with Bojarczuk et al. (2018)’s findings. In this
study, the turbidity factor impacted the river's low clari-
ty, reducing the amount of light reaching photosynthetic
organisms and likely reducing autochthonous aeration,
which may have enhanced the river's oxygen concen-
tration. Thus, the comparatively DO value recorded at
Station 3, which also had the highest turbidity and tem-
perature, bolstered this claim (r=-1.0000; p=0.0000).
Chapman (1999) defined impaired water bodies as
those that have a BOD value of 4 or above and are
unable to self-purify. The BOD values in this investiga-
tion were between 1.33 and 1.41 mg/L, and hence can
be regarded normal unpolluted water in the absence of
any polluting-implicating characteristics. The antagonis-
tic relationship between BOD and total coliforms may
be explained by the river's deciduous nature, which
allows for the recovery and restoration of the river's
classical parameters such as BOD, DO, and TDS.

The temperatures observed in this study are consistent
with those obtained by Ezemonye et al. (2016), lloba
and Adamu (2020) in the Anwai river, and lloba et al.
(2018, 2019) in the Agbarha-Otor and Ethiope rivers,
respectively. The observed very warm water tempera-
tures could be explained by the interplay of effective
heat transfer from the atmosphere to the river and the
canopy cover surrounding the sampling points. Station
2 had somewhat colder mean temperatures than Sta-
tions 1 and 3 due to its dense plant cover. lloba and
Egborge (2002), as well as Erhenhi (2019), have all
documented and reported on the effect of vegetation
cover on water temperature in the Ikpoba-river system,
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101

Component 2(5.9%)

-20 -15 -10 10 15 20 23%VATER-D

RM SETTLEMENT

TURBI

6 T-HARD

Component 1(94.1%)

Fig. 3. Plot of the PCA of Anwai river based on the physio-
chemical parameters, total coliform at the various Stations.

Benin-City, Edo State, and Ofe river, Ondo State, Nige-
ria, respectively. The high temperature on this side of
the tropics may also explain the study's DO values;
water bodies such as the Anwai-river that reach tem-
peratures above 20°C experience decreased oxygen
dissolution or holding capacity, as noted by the Water
Research Commission (WRC) for tropical water bodies.
The negative connection between the Anwai river's
water temperature and dissolved oxygen (r = -0.86831)
corroborates the effect of temperature on oxygen con-
tent. Shan and Joshi (2015) identified a similar phe-
nomenon (association) on the Sabarmati River in Guja-
rat, India, during the summer. It has been stated that as
the Sabarmati river's temperature increases, its DO's
solubility decreases in the summer.

The PCA scalar vector analysis employed in this study
indicated that total coliforms have a considerable effect
on the river's water quality (Fig. 2). The isolation of the
total coliform signature demonstrates the significant
contribution of faecal and sewage contamination to the
river's water quality, most likely as a result of indiscrimi-
nate dumping of human, livestock, and dead animal
corpses and waste into the river, as Myers et al. (2017)
also described aggregated PC1 and PC2 factor load-
ings indicated the presence of depth changes, associ-
ated sediment effect, nutritional factors, sewage and
faecal loadings, and human activities such as dredging.
Nonetheless, loadings of individual components varied
greatly between locations. For instance, meat and agri-
cultural processing plants produce organic substances
in a linear pattern. The first primary component, organic
load and floods, has a higher eigenvalue of 3692.2,
accounting for 94.1 % of the Anwai River's substantial
fluctuation. Additionally, the ordination plot and Euclide-

Table 6. Units weights and water quality indices (WQI) for water parameters at Stations, 1, 2 and 3 in Anwai river.

Wi.Qi

Stn3 Qi
16.19

STN 3

Wi.Qi

Stn2 Qi
-27.33

STN 2

Wi.Qi

Stn1 Qi
-6.67

STN 1
6.9

Wi

Constant (K)

0.245
0.245
0.245
0.245
0.245
0.245
0.245

Water Parameters

pH

0.466272
0.003351
0.005232
1.377586
6.31463
4.704

7.242857
111.7143
8.714286
1.405714
2.228571

4.8

-0.787104
0.00333

6.585714

111

-0.192096
0.003327
0.009252
1.32153

0.0288
0.0003
0.0012
0.049
0.049
0.049

11.17

4.36

1.1

7.57

11.09
7.71

110.8571
15.42857
1.348571
2.228571

24

E-cond. (uS/cm)

TDS (mglL)

0.009084
1.29899
6.30728

15.14286
1.325714
2.242857
3.071429

28.114
128.87
96

26.51

26.97

BOD (mg/L)
DO (mg/L)

128.72
61.43

74

6.31463
2.352

128.87
48
87

3.01007
60.75511

Turbidity (NTU)

58.79263

71.9

0.2157143

0.2228571 3

71.1399

0.26

0.8177

Phosphate (mg/L)

0.001372
0.031368

0.28

0.1414286
52.28571

0.23 0.001127

0.1128571
47.42857

0.000882
0.021168

0.088571 0.18

35.28571

0.0049
0.0012

0.245
0.245

Nitrate (mg/L)

0.028452 26.14

23.71

17.64

Total hardness (mg/L)

4755 11.64975

45.75

8.085 25.75 257.5 6.30875

330

33

0.0245

0.245

Total Coliform (cfu/ml)

WQ|= ZW|C],/ZW| N WQIStation 1=8683, WQIStation 2=7502, WQIStation 3= 81.27

919



lloba, K. 1. et al. / J. Appl. & Nat. Sci. 13(3), 913 - 922 (2021)

Table 7. Extracted parameters, loading factors, Eigen values and percentage of variation in Anwai river.

Parameters Principal component 1 Principal component 2
Eigenvalue 0.185954 0.0116733
% variance 94.093 5.9067
Cum % variance 94.093 100.00
Water depth 0.78188 -

TDS -0.32067 -

Turbidity 0.35063 -
Phosphate - 0.22341
Nitrate - -0.29668
Total hardness - -0.45324
Total coliforms - 0.71824

an index suggested that the Anwai-abattoir market Sta-
tion was more distinct from the other two settlements
(Fulani cattle herders’ settlement and Farm settlement)
(Fig. 1). This is especially true for the Anwai-abattoir
market Station, which is located in the city's central
business district and receives a significant amount of
organic and sewage waste. At this moment in the
changing environment, the channel expanded by
dredging resisted the growing disruption created by
human operations aquacultures along the Anwai river's
beaches. Additionally, the eigenvalues (Table 7) indi-
cated that water depth, TDS, turbidity, phosphate, ni-
trate, total coliforms, pH, total hardness, and EC all had
a role in the alterations that resulted in the Anwai river's
poor water quality.

The Anwai river's WQI were assessed to be 86.83,
75.02, and 81.27 for Stations 1, 2, and 3. The WQI at
three sampling points indicated severe pollution in the
cattle header's settlement Station, severe pollution in
the Asaba-anwai meat/abattoir Station, and serious
pollution in the farm settlement Station. The exceeding-
ly poor water quality at the livestock header's Station
may be a result of excessive levels of cow faeces and
indiscriminate human wastes washed into the river dur-
ing rainfall. According to Myers et al. (2017), faecal
contamination and indiscriminate human faeces have a
significant impact on water quality. Subtle relaxations of
traditional restrictions on the use of the Anwai-river may
have led to the farmers' Stations' lower WQI. The
Anwai river, according to this scale, is a source of
drinking water with extremely poor water quality. This
water status report unambiguously revealed that this
body of water is being affected by anthropogenic activi-
ties in and around the river and natural processes.

Conclusion

The Anwai-water WQI indicates that this vital river in
Asaba's capital metropolis has been under strong strain
due to numerous operations in and around the river,
resulting in a poor to extremely bad water-quality state.

With the isolation of pollutant water parameters such as
DO and elevated total coliform counts, the river water
has been classified as poor to very poor and unfit for
human consumption, as well as unhealthy for aquatic
biotas. As a result, the government should closely mon-
itor all human-caused activities in order to avert future
illness epidemics.
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