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Abstract. The objectives of this study are to assess the trace and heavy metals pollution in the sediments
of Ossiomo river, using geospatial mapping, environmetrics and ecological risk indices. The results from
the descriptive statistics showed that there was significant difference (P<0.05) of the mean values of Fe,
Mn, Cu, Cr, Cd, Pb, Ni and V. A posterior analysis using Duncan multiple regression analysis showed that
stations 2 and 3 were significantly different from stations 1 and 4. While, there was no significant difference
(P>0.05) in the mean values of Zn across the stations. The results of the relationship of the metals revealed
a negative correlation between Fe and Mn with the other metals correspondingly. The results of the Kriging
interpolation indicated a strong bull eye colour for stations 2 and 3 (6.42), while stations 1 and 4 were
minimal (1.4). The results of the geospatial mapping indicated Fe, Zn and Mn to be the most dominant
metals across the stations. The results of the PCA (principal component analysis) yielded 16 variables
under 9 components with Eigenvalues >1 in components 1- 6 and these variables explained 99.99 % of
the total variance in the sediment. The results of the degree of suitability and sphericity of the PCA revealed
a high significant difference at P<0.001. The results of the potential ecological risk index values were very
high in station 2 (824.30) and 3 (802.11) correspondingly. That of index of geo-accumulation was generally
low (< 2). The findings from this study generally revealed the source apportionment of the trace and heavy
metals to come from anthropogenic influences such as farming; fertilizers. Sustainable agriculture is highly
recommended in order to reduce the impacts of anthropogenic activities, deterioration of the ecosystem

and possible death of the life forms in this watercourse.
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Introduction

River water has been an undeniable natural resource
responsible for the major hub of human interests. In
Nigeria, river water is a dependable source for many
human activities. Man’s quest for water of good quality
is in a dire state. The upset of the river benthic sediment
by the activities of man such as dredging and de-silting,
can cause re-suspension of trace and heavy metals in
the ecosystem. Natural activities such as flooding,
erosion, volcanic eruption and earthquakes, animal
activities such as bioturbation also raise serious concern
for the safety of the water we consume.

The sandy, clayey, silt and other particles of the soil
that settle down in the benthic region of a body of any
aquatic ecosystem is termed sediment. Many authors

* Author for correspondence;
E-mail: osikemekha.anani@edouniversity.edu.ng and
cybert2004@gmail.com

176

like (Anani and Olomukoro, 2017; Bhardwaj et al.,
2017; Olomukoro, 2017; Al-Taani et al., 2015; Bai
et al., 2011; Chen et al., 2007; Adamo et al., 2005)
have worked on the uptake of metals directly from the
sediments, by benthic organisms, which in turn enhance
the potential of some metals entering into the food chain
and thus results in severe ecological and health risk
conditions (Enuneku ef al., 2018; Anani and olomukoro,
2018;2017).

Recent studies on the impact of trace and heavy metals
in river sediment in Nigeria have been established by
(Anani and Olomukoro, 2017; Odoemelam et al., 2013;
Opaluwa et al., 2012; Ugwu et al., 2012; Addo et al.,
2011; Dougherty et al., 2000) revealing high, low and
fluctuating trace and heavy metal contents within
different river stretches.

Apart from superficial water, sediment is known as a
pivotal sink hole of pollutants in any river bed. To
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quantify the source ecological risk (s), several
mathematical models or indices are used to assess the
chemical contaminants or natural pollution caused by
human activities or lithogenic point sources (Anani and
Olomukoro, 2017 and 2018; Balasim, 2013). Several
ecological risk models recommended are: the Potential
Ecological Risk Index (PERI), Hakanson (1980) and
Martin and Meybeck (1979), index of geo-accumulation
(I-geo) and the Enrichment factors (Reimann and Caritat
2005; Boszke et al. 2004; Duce et al., 1975; Muller,
1969) Pollution Index (PI) and Nemerow Integrated
Pollution Index (NIPI) by Caeiro et al. (2005) and heavy
metal evaluation index (HEI) by Bhuiyan ef al. (2010).
The geospatial mapping, environmetrics and indexing
approach for assessing the trend of chemical in a river
ecosystem have been established by many authors
(Bhardwaj ef al., 2017; Reza and Singh, 2010; Nair et
al., 2010; Yalcin et al., 2010; Prasad and Kumari, 2008).
These methods could be used to quantify the main
problem for the decline of water fitness and source
apportionment of extremely polluted points within a
given river ecosystem.

Toxic metals in very high quantity have been shown to
cause toxicological effects in living things (water life
forms, land invertebrates and humans along the food
chain (Anani and Olomukoro, 2018; Anani, 2017) the
natural environment (Talarico et al., 2014; Nummelin
et al.,2007; Essien et al., 2006).

The objectives of this research work are: (1) to assess
the trace and heavy metals contamination in the bottom
sediments using geospatial mapping method (2) to
evaluate the main point sources of trace and heavy
metals in Ossiomo river using environmetrics approach
Principal Component Analysis (PCA) and (3) to ascertain
the most unfavourably polluted point along the stretch
of the river using potential ecological risk indices and
index of geo accumulation.

Materials and Methods

Description of the study area. About 5.1 km stretch
of Ossiomo river (Ologbo axis), Benin city situated in
the south west of Nigeria, was assessed. The following
geographical locations; Latitude 6° 031 'N - Longitude
5°40 3 E (Fig. 1) were mapped out and assessed.

Four sampling stations in the river were selected to
reflect the upstream and the downstream status of the
river based on the possible amount of agricultural and
other anthropogenic pollution it received. One unique
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feature of this river, is that it divides or forms the
boundary of two states (Edo and Delta) and contributing
to the economic hub of both states through all the natural
resources therein with the following ecological factors
and geographical locations (Table 1 and Fig. 1).

Geology. The surface geology of the study area (Ologbo;
Ossiomo river) took its source from the Ishan plateau
of the Edo state and the geological plain formation
(Benin formation) that span the south-central boundary
of Edo state and beyond and empties its course on the
Benin river and there in the Atlantic ocean. Three
geologic formations are recognizable from the distinct
attributes of depositional circles of sediments since the
early Cretaceous in the area. They are upper Benin
sands, middle Agbada of inter-bedded sands/marine
shale’s and lower Akata made up of massive and
regressive marine shale’s and clays deposits.

Climatic conditions and human activities. The type
of weather of Ologbo and its neighborhoods is not
steady. It is somewhat like that of the Benin city. A
tempo of precipitation occurs in combination with the
movement of the south-west rainy season breeze across
the Atlantic ocean and the programming of this
movement varies from year to year (Afangideh et al.,
2008). Two separate yearly seasons related to this region:
the rainy season, which starts in early March and
culminate in late November, and the dry season which
starts from November and culminate in March. Rainfall
for 2015, ranged from 160.7 — 708.5 mm with the lowest
recorded in the month of May (158.4 mm) and the
highest recorded in the month of September (708.5
mm). The average precipitation value was (434.6 mm).

The principal plants here include aquatic macrophytes
and terrestrial plants; Pandanus candelabrum (Screw
pine), Elaeis guineensis (palm tree), Azolla africana
(Mosquito Fern or Water Velvet), Nymphaea lotus (red
and blue water lily), Cyperus alopecuroides (Umbrella
palm), Salvinia nymphellula (water moss), Echinochloa
pyramidalis (Antelope grass or Barnyard grass or
Cockspur grass) and Pistia stratiotes (water cabbage,
Water lettuce, Nile cabbage, or shellflower). A lot of
human activities within and proximate to this river
include crude oil exploration and processing, discharging
of cassava effluent, transportation, laundering, bathing
and swimming, logging, saw-milling, fishing, boating,
watercraft maintenance.

Sampling methods and trace metal extraction. Samples
of sediment were collected within March 2015 — August



Osikemekha Anthony Anani ef al.

Ologbo 6°02".890" 5°39".599"
2 Ologbo 6°01..759"  5°38'344"
3 Ologbo 6°0..859" 5°36.870"

A reference zone free from anthropogenic activities.

Closed to a timber factory and deck of boats and where human
activities are very high; and crude oil exploration and processing.

Closed to a local distiller, palm oil farm (PRESCO), cassava farm
and sawmills.
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Fig. 1. Map of the study area and sampling stations showing sampled points of Ossiomo river, Edo state,

Nigeria.

2016 with an Eckman grab from a depth of 150 cm
from four stations in triplicate and pulled together as
a composite sample in quality black polyethylene bags
in accordance with standard procedures as described
by APHA (2005).

The samples collected were taken to a research laboratory
for further analysis. They were allowed to air-dry at
room temperature, and were further dried in an oven at
a temperature of 105° C and then were crumpled to a
fine texture in a ceramic mortar, and thereafter sieved
mechanically using a 0.5 mm mesh sieve. The trace
and heavy metals, namely iron, manganese, zinc, copper,
chromium, cadmium, lead, nickel, and vanadium in g/Kg,

were analysed according to methods adopted from
APHA (1998), Radojevic and Bashkin (1999) using an
Atomic absorption spectrophotometer (Solar 969
Unicam Series model).

Data analysis. Comparisons between the station were
done in order to test for significant differences in the
chemical contents using one way parametric analysis
of variance (ANOVA) set at P<0.05. Where there was
a significant difference, a posterior test was done set at
P<0.01 with Duncan multiple regression. T-test, Krustal-
Wallis test for medians and the Tukey pair wise test
were used to test for significant difference between
stations and to source the relationship amongst the trace
and heavy metals.
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Spatial interpolation method/geospatial mapping.
The kriging interpolation was employed using the
method of Tao (1995), Wang et al. (2003). The
Variogram method by Oliver and Webster (1990) was
used to forecast the values gotten and to estimate the
spatial distribution of the trace and heavy metals. The
source identification method by Tepanosyan ez al. (2017)
using ArcMap 10.1 was employed in this study.

Environmetrics approach. Principal component
analysis (PCA) was used to deduce the theoretical source
apportionment of the trace and heavy metals in this
present study because, it is a useful environmental tool
to better understand the relationships among the
computed variables and for X-raying groups that are
commonly connected in the interior of a computed data
body supporting in the proof of sources of different
contaminants (Bhardwaj et al., 2017).

The modified Kaiser-Meyer-Olkin (KMO) and Barlett’s
tests of sphericity (BTS) methods by Nair e al. (2010)
and Bhardwaj ef al. (2017) were employed to decide
the suitability of using the PCA. The results gotten from
this study were analysed using the statistical package,
SPSS version 20.0 (SPSS, USA).

Ecological risk indexing approach. This research
work implemented two ecological pollution indices
which are:

Potential Ecological Risk Index (PERI) as by Hakanson
(1980), Martin and Meybeck (1979) and Index of geo-
accumulation (I-geo) as proposed by Muller, (1969)
which was described by Boszke ef al. (2004).

Results and Discussion

Evaluation of the spatial interpolation. Table 2 and
3 show the results of the characteristics of the trace and
heavy metals in Ossiomo river and their test of
relationship amongst them respectively. The results
from the descriptive statistics showed that there was a
significant difference (P<0.05) of the mean values Fe,
Mn, Cu, Cr, Cd, Pb, Ni and V. A posterior analysis using
Duncan multiple regression analysis showed that stations
2 and 3 were significantly different from stations 1 and
4, while there was no significant difference (P>0.05)
in the mean values of Zn.

It was observed that all the examined trace and heavy
metals exceeded the standard limits (Table 2) as set by
WHO and Federal Environmental Protection Agency
(2003). Similar findings were also reported by Anani

2003 Limits

Trace and

heavy

SD Min Max

Mean

SD Min Max

Mean

Max Mean SD Min Max

Min

SD

Mean

Units

metals

P<0.05

0.03

410.7
39.1
7

0.32
0.06

123.98
14.76

227.5
24.74

564.7
49.00

8

0.76
0.09
0.20
0.06
0.01
0.01
0.00
0.02

144.6
13.37

25.57

287.9%

593.2
5

0.95

322.4 338.1% 152.1

158.9 82.56 0.49

13.52  9.09

g/Kg
g/Kg
g/Kg
g/Kg
g/Kg
g/Kg
g/Kg
g/Kg

Fe

P<0.05

0.03

19.77
35.23
8.18
3.40
3.47
3.47
1.85

34.6  25.96* 13.96 0.07 1.7 22.11%*

71.4 44.04*

0.06

Mn
Zn

P>0.05

0.0123
0.3

0.7

0.11
0.01
0.00
0.01
0.00
0.02

3.5

39.27*
10.84*
4.19%

88.10

0.38
0.05
0.03
0.02
0.00
0.04

27.53

28.18 23.13 0.13

P<0.05

19.5

6.43
3.14
2.92
3.16
1.62

17.80
10.10

5.79
3.17

4.

21.90
13.40
17.40
19.50
6.78

5.90
4.17

11.24*
5.09*
5.60 5.59*

0.00 427 6.45*

11.5

0.03
0.00

3.03
2.24
1.70
1.30
1.19

4.57
2.04
1.85
1.40
1.17

Cu

P<0.05

8.23
7.38
9.46
5.25

6.38

Cr

P<0.05

0.04
0.06

14.8

99
47
65

5.42%

5.73

0.01

Cd

P<0.05

15.20

4.
5.11

4.89%

5.94

Pb

P<0.05

1.

2.44*

1

329 2.79% 2.3

0.02

Ni
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Fe 1E-05 1E-05 1E-05 1E-05 1E-05 1E-05 1E-05 1E-05
Zn 40.86 6E-01 9E-01 SE-01 6E-01 6E-01 4E-01 4E-01
Mn 38.09 2E-02 2E-03 3E-03 3E-03 1E-03 8E-04
Cu 42.83 2E+00 5E+00 1 1 1 1 1
Pb 43.72 2.86 5.63 0.89 1 1 1 1
Cr 43.62 2.76 5.53 0.79 0.10 1 1 1
Cd 43.64 2.78 5.55 0.82 0.08 0.02 1 1
Ni 44.01 3.15 5.92 1.19 0.29 0.39 0.37 1

= Bolded values are 1ess than the P-value o U.05 are considered significant and negatively correlated. Ignore

the negative sign (-). While others greater than 0.05 are not considered significant and are positively correlated.
There is a significant difference between the Krustal-Wallis tests for sample medians, at P < 0.05 [H (Chi?®) = 26.9

and Hc (tie corrected) = 26.9]. Therefore P (same) = 3.09E-52.

(2017), Anani and Olumukoro (2017 and 2018) in the
same watercourse. The reason for this distinct increase
of the concerned environmental parameters might be
as a reason of the intense anthropogenic activities
therein. A further analysis using one way ANOVA Tukey
pair wise test revealed that there was a negative
correlation between Fe with Zn, Mn, Cu, Pb, Cr, Cd,
Ni and V. More so, a negative correlation exists between
Mn with Pb, Cr, Cd, Ni and V. The values were
considered to be less than 0.05 after a statistical
computation and were considered significant (Table 3).
A negative correlation between Fe and the other metals
can be as a result of its abundance in Nigeria sediment
Anani and Olumukoro (2017). Also, Mn negative
correlation with the other metals might be as a result
of its strong oxidation variability and redox potentials.
There was also a significant difference (P < 0.05)
between the Krustal-Wallis tests for sample medians;
[H (Chi*) = 26.9 and He (tie corrected) = 26.9]. Therefore
P (same) = 3.09E-52 (Table 3).

Figure 2 shows the geospatial distribution of different
trace and heavy metals (Fe, Mn, Zn, Cu, Cr, Cd, Pb,
and Ni) in the study area. The kriging interpolation map
shows the concentration and abundance of the trace and
heavy metals across the studied stretch. The results of
the Kriging interpolation indicated a strong bull eye
colour value (6.42) in stations 2 and 3. The differing
levels of metals as depicted by different colours of the
interpolated values on the map are likely the consequence
of intense anthropogenic activities such as farming,
sourced (Fig. 3), in comparison with the reference
station (station 1).
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Fig. 2. Geospatial map of Ossiomo river showing
Kriging interpolation of the sediment.

By inference, the findings of this study are similar with
the works of (Anani and Olomukoro, 2018 and 2017;
Aktar et al., 2010; Sundaray, 2009; Prasad et al., 2006),
The geospatial analysis of these sites using the bull’s-
eyes commonly associated with inverse distance to a
power interpolation ITRC; Interstate Technology and
Regulatory Council (2016), indicated stations 2 and 3
as very high with value of 6.42, while stations 1 and 2
were considered as very low with a value of 1.4. The
importance of this statement is that values that are closer
to one another in space or time will be more alike than
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values that are far away from one another (Webster and
Oliver, 2007). According to ITRC (2016), if this were
not true, there would be no rational basis for interpolating
between sampling locations.

Krivoruchko (2011), proposed that spatial or temporal
interpolation methods ideally produce predictions based
with the following characteristics; predictions are based
on measurements from nearby locations or time periods.
Predictions have associated measurements of doubt,
and a model is chosen to minimize this doubt to the
extent practicable. Predictions can be converted to a
probability of exceeding prescribed limit values. And
predictions create smooth grids and contour maps
without gaps. These affirmations, generally fit into the
findings of this study.

Figure 3 shows the geospatial statistical map (bar graph)
of the distribution of trace and heavy metals in Ossiomo
River. The results of the geospatial mapping indicated
Fe, Zn and Mn to be the most dominant metals across
the stations. The characterization of the general spatial
distribution forms of trace and heavy metals with GIS-
based mapping indicated that stations 2 and 3 were
highly polluted with their ranks; Fe > Mn > Zn > Cu
>Cr>Cd>Pb>Ni>V.

Environmetrics evaluation. The principal component
analysis (PCA) in Table 4 shows the proportion of
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variance by the different components extracted and the
factor loadings of the different variables within the data
set. The data sets yielded 16 variables under 9
components with Eigenvalues >1 in components 1- 6
and these variables explained 99.99 % of the total
variance in the sediment. The contributions were as
follows - component 1, 2, 3, 4, 5 and 6 accounted for
the variance proportion as: 98.9, 0.89, 0.13, 0.04, 0.02
and 0.01 % respectively, while components 7 — 9 had
eigen values < 1 and these variables explained 1.87 %
of the total variance in the sediment. The contributions
were as follows - component 7, 8 and 9 accounted for:
0.97, 0.89 and 0.01 % respectively. However, the
Eigenvalues for PC7 and PC8 are approximately equal
to 1 technically, thus accounting for 1.86 % of the data
set. The parameters of importance in each various
components in terms of excellent or poor loadings were:
(1) Fe (0.98) (2) Zn (0.43) and Mn (0.86) (3) Zn (0.78)
(4) Cu (0.31), Cr (0.61) and Cd (0.64) (5) Ni (0.44) and
V (0.39) (6) Cu (0.41), Ni (0.54) and V (0.52) (7) Pb
(0.61) (8) Pb (0.71) (9) Cr (0.39) and V (0.73). Eight
principal components (PC1, PC2, PC3, PC4, PC5, PC6,
PC7 and PC8) having Eigen values >1 or = 1 were
gotten after the application of the PCA on the sediment
parameters showing an aggregate variance of 101.85%
(Fig. 4). In accordance with Grimm and Yarnold (2000),
loadings > 0.71 are typically regarded as excellent, and
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Fe 0.982 -0.189 -0.006  -0.017 -0.001 -0.007  -0.001  0.000 0.000
Zn 0.082 0.426 0.780 -0.192 0.343 -0.173  -0.122  -0.064 0.014
Mn 0.161 0.860 -0.451 -0.115 -0.111 0.069 -0.003  0.005 -0.009
Cu 0.036 0.133 0.417 0.310 -0.692 0.402 0.223 -0.142 -0.011
Pb 0.021 0.092 0.070 0.234 0.088 -0.223  0.612 0.707 -0.012
Cr 0.027 0.083 0.021 0.607 0.082 0.130 -0.667  0.394 0.029
Cd 0.027 0.097 -0.089 0.644 0.192 -0.420  0.210 -0.556  0.015
Ni 0.008 0.009 -0.019 0.105 0.436 0.540 0.176 -0.083  -0.685
\% 0.007 0.009 -0.030  0.072 0.386 0.519 0.204 -0.071  0.728
Eigen value 17742.3 158.77  24.08 7.86 3.20 1.59 0.97 0.89 0.01
% variance 98.9 0.89 0.13 0.04 0.02 0.01 0.01 0.01 5.6E-05
KMO and Bartlett's Test
Kaiser-Meyer-Olkin measure of sampling adequacy. .837
Approx. Chi-square 771.247

Df 36

loadings < 0.32 very poor. However, Nair et al. (2010)
stated that the constituent with the maximum Eigen
value is taken to be the most important and suitable
concerns in the course of PCA. Loadings values of
greater than 0.75, in the middle of 0.75-0.5 and 0.5-0.3
are categorised as strong, moderate and weak
respectively, founded on their entire values. It is
interesting to note that the factor loadings in this current
study were within the descriptions of Nair ef al. (2010)
and Grimm and Yarnold (2000) and were considered
significant.

The poor loading for Cu, V and Cr in PC4, PC5 and
PC8 show that they exist at the point of pollution for

0 1 2 3 4 5 6 7 8 9
Component

Fig. 4. Screen plot for the Eigen values indicating
eight components.

both the PCA. Demonstrating that they are main
pollutants in Ossiomo river. This is in consonance with
the findings on the descriptive statistics, Kriging
interpolation and Tukey pairwise test analysis. The
afore mentioned assertions are further demonstrated in
Fig. 5. On this ground, this evaluates the descriptive
statistics, Kriging interpolation and Tukey pairwise test
that these nine trace and heavy metals might be grouped
collectively for their mutual source and governing
features (Bhardwaj ef al., 2017).

Moreover, apart from the above poor loading trace and
heavy metals, Ni and Pb were also clustered together
indicating their source importance in the ecosystem.
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Although their loading factors were extremely fair
(Table 4 and Fig. 5). This clearly indicates that the
source apportionment were from anthropogenic
influences such as farming and has contributed
negatively to the sediment pollution with deference to
the premeditated trace and heavy metals which is in
line with related works of (Reza and Singh, 2010; He
et al., 2004; Abbasi et al., 1998; Trocine et al., 1993).

In this current study, the results of the KMO value
obtained was 0.837, which is an excellent degree of
assessing the competence according to Bhardwaj et al.
(2017). The BTS generated a very important value of
P <0.001, demonstrating that the relationship medium
was not an individuality medium, and important
associations are in existence with other variables
(Bhardwaj et al., 2017). According to Bhardwaj et al.
(2017), KMO and BTS (Table 3), confirm the correctness
of the sediment data for the PCA extracted in this study.

Ecological risk indexing, evaluation. Pollution
ecological risk index (PERI). Table 5 shows the results
of the PERI of Zn, Cu, Cr, Cd, Pb and Ni in the four
sampling stations with their comprehensive
recommended rating. The findings in this study indicated
that the average PERI values ranged from 0.22 to 606.01
g/Kg. From the risk interpretations, this indicated the
metals in the four sampling stations all have very strong
ecological risk level with the highest comprehensive
PERI values of 824.30 and 802.11 g/Kg at station 2 and
3 respectively. The main donator of the potential
ecological RIs came from Cd (Table 5 and Fig. 6), this
reveals its high toxic reaction influence as linked to
other elements (Manoj and Padhy, 2014). Similar finding
by Yisa et al. (2012) and Wei et al. (2010) Turekian
and Wedepohl (1961), also demonstrated the higher
role of Cd in triggering environmental risks and the
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amount of accumulation of Cd and some ecological
important elements in the benthic sediments. These
element do not give information only on the human
activities as regards ecosystem enrichment, but also the
health and ecological risks involved via contacts.

Index of geo-accumulation (I-geo). The values of the
I-geo of the selected trace and heavy metals in this
study are presented in Table 6. The mean result values
of the I-geo for all the trace and heavy metals ranged
from 0.30 to 1.20, this suggested a possible
contamination (Moderately contaminated).

However, the I-geo values were generally low (< 2) in
all cases. Cu, Zn, and Cd contributed to the pollution
status of the sediment having I-geo values within 1.00
—1.20 g/Kg (moderately polluted) while the I-geo value
of Pb was too low at 0.30 g/Kg which contributed
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Fig. 5. Spatial distribution of selected trace and
heavy metals across the stations indicating
Cadmium as the major comprehensive
PERIL
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Units in g/Kg

Stations Risk degree
Zn Cu Cr Cd Pb Ni RI Risk level Interpretation
1 0.21 0.68 0.05 258.95 0.40 0.11 260.41 D Very strong
2 0.35 1.71 0.14 819.92 1.90 0.28 824.30 D Very strong
3 0.31 1.67 0.12 798.28 1.48 0.26 802.11 D Very strong
4 0.29 1.31 0.10 546.91 1.08 0.22 54991 D Very strong

4 8 D ery strong
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Parameters in g/Kg

Parameters in g/Kg

Stations Cu Zn Cd Pb Elements Mean I-geo Rank Class Interpretation

1 0.18 0.02 0.28 0.01 Cu 1.00 <2 2 Moderately polluted
2 2.15 4.92 1.28 0.98 Zn 1.20 <3 2 Moderately polluted
3 0.39 0.02 0.97 0.01 Cd 1.00 <4 2 Moderately polluted
4 0.29 0.02 0.62 0.01 Pb 0.30 <1 1 Unpolluted

Averaie 1.00 1.20 1.00 0.30

insignificantly to the pollution of the sediment. The
identification of the contribution of Cu, Zn, and Cd by
the I-geo index as the major chemical precursors that
contributed to the pollution load of the sediment is an
interpretation of the intense agricultural activities and
other attendant anthropogenic activities along the stretch
of the river. This has also been supported by works of
(Naveedullah et al., 2013; and 2014; Shrestha and
Kazama, 2007; He ef al., 2004; Trocine et al., 1993).

Conclusion

This current study revealed that all the examined trace
and heavy metals exceeded the standard limits as set
by WHO and FEPA. A further analysis using one way
ANOVA Tukey pairwise test revealed that there was a
positive correlation between Fe with Zn, Mn, Cu, Pb,
Cr, Cd, Ni and V. More so, a positive correlation exists
between Mn with Pb, Cr, Cd, Ni and V. The values
were considered to be less than 0.05 after a statistical
computation and were considered significant. A
significant difference (P < 0.05) exists between the
Krustal-Wallis tests for sample medians.

Eigen values greater than one or equal to one were
gotten after the application of the PCA on the sediment
parameters showing a collective variance of 101.85%.
This clearly indicates that the source apportionment
were from anthropogenic influences such as farming.
The KMO value obtained was 0.837, which reveals a
better sampling appropriateness. The BTS generated a
very significant value of P < 0.001, showing that
relationship exist between each examined variables.

The study also revealed that the average PERI values
ranged from 0.22 to 606.01. From the risk interpretations,
this indicated the metals in the four sampling stations
all has very strong ecological risk level with the highest
comprehensive PERI values of 8§24.30 and 802.11 at
station 2 and 3 respectively. However, the I-geo values

were generally low (< 2) in all cases. Cu, Zn, and Cd
contributed to the pollution status of the sediment having
I-geo values within 1.00 — 1.20 (moderately polluted)
while the I-geo value of Pb was too low at 0.30 which
contributed insignificantly to the pollution of the
sediment. The identification of the contribution of Cu,
Zn, and Cd by the I-geo index as the major chemical
precursors that contributed to the pollution load of the
sediment is an interpretation of the intense agricultural
activities and other attendant anthropogenic activities
along the stretch of the river. We recommend that the
regulatory bodies should reinforce the environmental
laws to reduce the impacts of anthropogenic activities
in this watercourse.
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