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Water and Sediment samples were collected from four chosen stations at
Ovia River, Edo State, Nigeria within the period of April, 2013 and
September, 2014. Samples analyzed for heavy metals and total
hydrocarbons. Essential metals such as manganese (0.947), copper (0.883)
and zinc (0.817) had significant Varimax rotated matrices; hence they are
the active components in the water, while copper (0.896) was the only active
component in the sediment. This is consistent with the fact that only
concentrations of manganese at Stations 3 (0.97 mg/L) and Station 4 (1.26
mg/L); and copper at Station 4 (1.05mg/L) exceeded the regulatory limits. It
is an indication of a negligible alteration in the water quality. The
concentrations of iron and copper (Stations 2, 3 and 4); and phosphate
(Station 3) in the bottom sediments were higher than the concentrations at
control station (Station 1) and WHO standards. Although the heavy metals
and total hydrocarbons have low sorption capacity into the bottom
sediment, however some levels of perturbations observed in the sediment
necessitates immediate remediation and continuous bio-monitoring of the
river.
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INTRODUCTION

Ovia River is a source of water, finfish and shellfish to of a number of factors which have been reported in

dwellers in surrounding communities. However, despite its
domestic, nutritional and economic values, the river is faced
with incessant perturbations due to anthropogenic
activities around it. The activities include oil exploration
and exploitation, agricultural practices, discharge of
domestic and industrial wastes, laundering and logging.
These activities are capable of disrupting the delicate
aquatic ecological equilibrium of the water and sediment of
the river. Sadly, water and sediment matrices are receptors
of anthropogenic chemicals as well as habitats to aquatic
organisms of high nutritional and economic values to the
dependent populace.

Variability in water and sediment properties is a function

previous studies by many researches. Generally, these
factors can be categorized as authoctonous and allothonous
factors working in tandem. Ogbeibu and Victor (1989)
reported that perturbations from road and bridge
construction across Ikpoba River, Benin City, Nigeria, had a
significant impact on the sediment which in turn had
impacts on the vital benthic invertebrates. Benka-Coker and
Ojior (1995) reported on the significant effect of slaughter
house waste on the water and sediment qualities of Ikpoba
River and warned against threats to the aquatic fauna
which are of nutritional relevance to the dependent
populace. Tukura et al, (2012) attributed variation of
physico-chemical properties of water and sediment of Mada
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River, Nasarawa State, Nigeria to seasonal variation i.e.
higher concentrations of most parameters observed in dry
season was attributed to increase in concentration as a
result of reduced water volume in the dry season.The water
matrix of an aquatic ecosystem is the first receptor of the
contaminants released from anthropogenic activities. The
sediment of the river serves as repository to these
contaminants (Adams et al, 1992; Camusso et al, 1995).
However, the rate of deposition of these contaminants is a
function the sorption capacity; which varies among
contaminants. Ogbeibu et al, (2014) observed that
manganese, zinc, copper, cadmium, lead and total
hydrocarbons had very high sorption capacities from water
into the sediment of Ikpoba River.They therefore strictly
recommended biomonitoring of the parameters.

The distinct anthropogenic activities at Ovia River are
capable of releasing toxicants into the aquatic environment
(water and sediment); where they might remain for
relatively period of time (Li et al,, 2014, 2015, 2016). These
toxicants can be readily accumulated by the fauna and flora
through processes of bioconcentration, bioaccumulation
and biomagnification. Bioaccumulation of polychlorinated
biphenyls from sediments to aquatic insects and tree
swallow eggs and nestlings in Saginaw BayAkan et al,
(2012) reported accumulation of metals in the gills, liver,
stomach, kidney, bones and flesh tissues of Tilapia
zilli, Clariasan guillaris, Synodentis budgetti  and
Oreochronmis niloticus from River Benue to the
concentrations in the ambience. Isibor and Oluowo,
(2016)also reported that the tissues of Macrobrachium
vollenhovenii of Egbokodo River, Delta State accumulated
distinctively high levels of cadmium, lead and total
petroleum hydrocarbon from the water of the river. Isibor
et al, (2016) also reported high bioaccumulation factors of
iron, zinc, copper, cadmium and total hydrocarbons in the
gills, intestine and muscles of Clarias gariepinus of Osse
River, Edo State.

There are also previous reports on accumulation of
toxicants from sediments. Froese et al, (1998) reported
bioaccumulation of polychlorinated biphenyls from
sediments to aquatic insects in Saginaw Bay, Michigan,
USA.Elsewhere, bioaccumulation of heavy metals from
sediments into tissues of biota has also been reported i.e.
Davies et al,, (2006) reported accumulation of heavy metals
in tissues of Tympanotomus var radula from sediment of
Elechi Creek, Nigeria.

Concentration of a pollutant accumulated by an organism
might rise to attendant levels as it is transferred from one
trophic level to the higher; up the pyramid of biomasses
through food chain. This might ultimately culminate in
public health concerns when humans consume fishes from
the polluted river. A mental picture of the journey of the
pollutants from their sources, to the water and sediment of
the river (primary receptors); to the biota, and ultimately to
dependent humans necessitates early investigation.

Therefore the study was aimed at assessing the heavy
metal levels and total hydrocarbons in the water and
sediment matrices of Ovia River, in comparison with the

background levels and regulatory standard limits.

MATERIALS AND METHODS
The study area

The Study area is a stretch of Ovia River; which traverses
from Nikorowa, through Ekehuan and Gelegele; and
terminates at Iziedema community. It lies between latitude
5°90'- 6° 60" N and longitude 5° 18" - 5° 23" E (Figure 1). It
is a lotic freshwater with a thick vegetation canopy along its
palm trees (Elaeis guinensis), shrubs, floating Salvinia
species, Lemna species and water hyacinth (Eichorrnia
crassipes). The river is located in the Ovia North- East local
of area, Edo State; within the tropical rainforest belt; in the
southern part of Nigeria. Water flows in south-westerly
direction into the river from Apkata Hills in EKkiti State. It
then flows further downstream through the Gwato creeks;
into the Benin River, which empties into the Atlantic
Ocean.Ovia River has annual hydropower potential of 61.
619 MW (Emeribe et al,, 2016).

The study area is located in the Niger Delta area of
Nigeria; with sediment which includes Benin, Agbada and
Akata formations; ranging from Eocene to Recent age
(Short and Stauble, 1967; Asseez, 1976). The study area is
made up of the Benin formation which is of Miocene- recent
age. The thickness is about 200 m (Kogbe et al, 1976).

For the purpose of the current studywater and sediment
samples were collected from four (4) stations which were
chosen along the river. Station 1 (control station) was
located at ljaw fishing camp upstream; far away from
perturbations, while Stations 2 (Ekehuan; 4,135 metres
downstream from Station 1), Station 3 (Gelegele; 4, 441
metres downstream from Station 2), and Station 4
(Iziedema; 1, 400 metres downstream from Station 3) were
chosen at locations of distinct anthropogenic activities. At
the Ekehuan section of the river, innumerable drums of
crude oil are transported on regular basis from a
vandalized oil pipeline to the bank of the river where they
are stored. This caused much oil spill in the river and its
bank. The Gelegele section of the river is also constantly
disturbed by Dubril Oil Company; which carries out
constant petroleum production activities in Gelegele
community. Activities such as bathing, laundering and
disposal of domestic wastes also take place at the Gelegele
section of the river. Immense lumbering activities go
uninterrupted at the bank of the Iziedema section of the
river.

Collection and analysis of samples

Surface water samples were collected in glass containers
with lid and properly labelled. Sediment samples were
collected using a Birge-Ekman grab. The sediment samples
were collected in foil papers and wrapped with labelled
polythene. All samples were preserved in ice coolers and
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Figure 1: Map of the study area

transported immediately to the laboratory for analysis. This
routine was conducted repeated at all stations on monthly
basis from April, 2013 to September, 2014.

For quality control and standardization measures, all
laboratory procedures were repeated at least 3 times and
mean values were compared with standard values supplied
by FEPA (2003).

Test for heavy metals

1 gram air-dry sediment sample was placed in a 300 ml
calibrated digestion tube. 3 mL concentrated nitric acid

5°20'0"E 5°23'20"E

(HNO3) was added, swirled carefully and placed in a rack to
settle. The mixture was slowly heat up by gradually
increasing temperature to about 145 °C for 1 hour (Estefan
et al, 2013). 4 ml concentrated Perchloric acid (HCl04) and
heat it to 240 °C for another 1 hour. Mixture was allowed to
cool to room temperature. It was filtered through Whatman
No. 42 filter paper and the volume was made up to 50 ml
with de-ionized water. Heavy metals were then determined
by Atomic Absorption Spectrophotometer (model-analyst
200PerkinElmer).

10 ml of water sample was collected in a beaker and 2 ml
nitric acid (HNOz) was added. The beaker was placed on a
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hot plate for solution evaporation and allowed to cool
afterwards. The mixture was quantitatively transferred into
volumetric flask. It was then allowed to settle overnight and
then centrifuged until clear. If after centrifuge the samples
contained suspended solids, a portion of the sample was
filtered prior to analysis

Test for total hydrocarbons
Sediment extraction

10g of air-dried sediment sample was added into an amber
glass bottle. 20g of anhydrous sodium sulphate (Na2S04)
was also added into the glass bottle containing the soil
sample and stirred to remove moisture from. 300 pg/ml of
surrogate (1-chlorooctadecane) standard was added to the
soil sample. 30 ml of dichloromethane (extracting solvent)
was added to the sample and the bottle was corked. The
bottle containing the mixture was agitated for about 6
hours at room temperature using a mechanical shaker
(LAWI, 2011). After agitation, the sample was allowed to
settle for 1 hour and then filtered through 110 mm filter
paper into a clean beaker. The filtrate was allowed to
concentrate to 1 ml by evaporation overnight in a fume
cupboard.

Water extraction

50 ml of water sample was collected in a conical flask, 30
pug/ml of surrogate. 20 ml of dichloromethane was also
added into the flask. The flask was shaken and pressure
released at intervals. The sample was allowed to stand for
few minutes. Consequently, two layers were formed in the
flask. The lower layer (extract) of the sample was collected
into a beaker through a filter paper. The filtrate was
concentrated to 1 ml by evaporation at room temperature
overnight in a fume cupboard (LAWI, 2011).

Analysis of samples

The separation and detection of compounds in sediment
and water samples were carried out using Agilent 6890N
Gas Chromatograph - Flame lonization Detector (GC-FID)
instrument according to recommendations of LAWI (2011);
which were slightly modified by Cortes et al., (2012). 3 ul of
concentrated sample eluted from column was injected into
Gas Chromatography (GC) vial. The blank dichloromethane
was injected into micro-syringe of GC to clean the syringe
(3 times) before taking the sample for analysis. The micro-
syringe was further rinsed with the sample. Then the
sample was injected into the column for separation of
compounds in the sample. After separation the compounds
were passed through a flame ionization detector. FID
detects the compounds in the sample. The amount of total
hydrocarbons was ascertained at a particular
chromatogram in mg/kg for sediment samples and in mg/L
for water samples.

Statistical analysis

The descriptive statistics of the heavy metals and total
hydrocarbons in the water and sediment were expressed as
mean, standard error and range. The Analysis of Variance
(ANOVA) was assessed using SPSS version 19.1; to
determine the significant differences at probability level of
0.05. Furthermore, Duncan Multiple Range test (DMR) was
employed to ascertain the actual locations of the significant
differences.

In order to discern the major parameters of key
importance i.e. responsible for alterations in water and
sediment. The principal components were analyzed using
descriptive statistics such as communalities, total variance,
percentage variance and rotated component matrix.
Parameters with communality values less than 0.75 were
considered insignificant while components with Eigen
values less than 1 were also considered insignificant; hence
eliminated so that fewer components were further
subjected to the Varimax rotation stage using Keiser
normalization method (Hope, 1968; Chatfield and Collins,
1980; Mazlum, 1994).

Distribution coefficient (Kd) was used to determine the
sorption capacity of the parameters into the sediment.
Values less than 6 mg/L were considered insignificant.

Distribution coefficient (Kd) =

Mags
Mol (Soares and Alleoni, 2006)

Where Ma.gs = metals adsorbed into the soil and Mo =
metal concentration in water.

RESULTS AND DISCUSSION

Spatially heterogeneous patterns of the studied parameters
were apparent. Concentrations of most of the parameters
analyzed were higher at the perturbed stations that the
control; although most of them were lower than the
regulatory limit, except manganese and copper (Table 1).
The concentration of manganese at Stations 3 and 4 were
very much significantly higher than the concentration at the
control station and the regulatory standard limit (P<0.001).
Although manganese is essential for healthy bones (Li et al,,
2014); a constituent of mucopolysaccharides needed for
healthy joint formation. Manganese is also essential for
regulation of red blood cells and the reproductive cycle in
vertebrates generally. It is a constituent of a number of
metalloenzymes that occupy Kkey roles in metabolism
(Woolhouse, 1983; Burnell, 1988). Due to the high
essentiality of manganese, there is little risk of exposure
unless at extremely high concentrations; which is not the
case in the current study area. Omoigberale and Ogbeibu
(2010) reported that within the period of July, 2000 to June,
2002, the concentration of manganese at the Gelegele
section (Station 3) of the river was 1.47 * 0.15 mg/L; which
was higher than the FEPA Ilimit (<0.5 mg/L).The
communality extractions of manganese (0.909) and copper
(0.783) were of significance, while iron, zinc, lead,
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Table 1. Summary of heavy metals and total hydrocarbons in water of Ovia River (April, 2013 to September, 2014)

STATION 1 STATION 2 STATION 3 STATION 4 FEPA
PARAMETERS /b AN+SE(RANGE)  MEANS.E(RANGE) MEAN:S.E(RANGE)  MEAN:SE(RANGE) © VAWUE  [ivir
Fe (mg/L) 0.45+0.168 (0 - 2.4) 1.71+0.254 (0 - 3.5) 1.44+0.19A(0-2.9) 1.38+0.27A(0.2-5.4) P<0.001 20
Mn (mg/L) 0.02+0.01B(0 - 0.1) 0.24+0.068 (0 - 0.7) 0.97+0.224 (0 - 2.3) 1.26+0.34A (0 - 3.7) P<0.001 0.5
Zn (mg/L) 0.14+0.038(0-0.4) 0.59%+0.15A4(0.1-2.6) 0.92%+0.34(0.2-5.2) 0.985%0.25A(0 - 3.3) P<0.05 1
Pb (mg/L) 0.01+0.003(0-0.1) 0.08+0.01(0 - 0.2) 0.03+0.24(0 - 2.7) 0.33+0.26(0 - 2.7) P>0.05 <1
Cu (mg/L) 0.02+0.01¢(0 - 0.1) 0.14+0.038 (0 - 0.5) 0.13+0.02B(0-0.4) 1.05+0.262(0-2.76) P<0.001 <1
Cd (mg/L) ND 0.08+0.028(0 - 0.3)  0.23+0.12B(0 - 1.6) 0.4£0.16A(0 - 0.7) P<0.01 <1
Cr (mg/L) 0.02+0.01¢(0- 0.2)  0.35:0.01B(0-1.1)  0.71+0.18A(0 - 2.1) 0.73+0.2A(0 - 2.3) P<0.01 <1
THC (mg/L) 0.02+0.01°(0-0.1)  3.19+0.6A(0-10.5)  0.77+0.2B(0-1.89)  1.26+0.28¢(0-3.2)  P<0.001 10

Note: Values with similar superscript letters have no significant difference

Number of sample replicates (N) = 18. P>0.05 means there is no significant difference, P<0.05 means there is significant difference, P<0.01 means there is
much significant difference, and P<0.001 means there is very much significant difference. ND = Not Detected. FEPA (Federal Ministry of Environment,

2003)

Table 2. Principal components of water

Communality extractions

Fe Mn Zn Cu Pb Cr THC
0.680 0.909 0.671 0.783 0.509 0.494 0.677 0.661
Eigen values by principal components
1 2 3 5 7 8
4.152 1.232 0.776 0.717 0.421 0.395 0.202 0.106
Percentage of total variance
51.898 15.395 9.698 8.958 5.263 4932 2.527 1.329
Note: Communality values from 0.75 and above are significant; hence emboldened
Eigen values from 1 and above are significant; hence emboldened
Table 3. Varimax rotated component matrix of water
Components Mn Cu Zn Cr Pb Cd Fe THC
1 0.947 0.883 0817 0.759 0.710 0.679 0.144 0.082
2 0.112 0.054 0.061 0.318 0.070 0.182 0.8120 0.809

Note: Communality values from 0.75 and above are significant; hence emboldened

cadmium, chromium and total hydrocarbons were of no
significance in the water. However, only components 1
(4.152) and 2 (1.232) were of significant Eigen values, and
they constituted 51.898 % and 15.395 % respectively; of
the total variance (Table 2). After the significant

components were further rotated to generate the rotated
component matrix, the decreasing order of significance of
the components was: Mn (0.947) > Cu (0.883) > Zn (0.817)
> Cr (0.759) in component 1; while Fe (0.812) > THC
(0.809) was of significance in component 2 (Table 3). Most
of the parameters were arrayed in line with component 1
(Figures 2 and 3).

These facts further buttress the evidences that
manganese and copper were the most active components in
the water medium. Oguzie and Ehigiator (2011) later
reported that within the period of July to September, 2007
the concentration of manganese (0.035 * 0.003 mg/L) at
the same location of the river had dropped far below the
FEPA limit. They reported that anthropogenic activities

were within safe limits and warned against future rise in
perturbations. Current result shows that the concentration
of manganese (0.97 * 0.22 mg/L) has once again risen
above the regulatory limit. The wvariability in the
concentration of manganese in the river over the years can
be attributed to the variation in the degree of
anthropogenic disturbances in the study area. Result shows
that the water of the river is suitable for domestic use; not
without prior standard treatment processes. Concentration
of copper at Station 4 was very much significantly higher
than the FEPA limit and concentrations at other stations
(P<0.001). The high levels of copper at Station 4 can be
attributed to the observed oil exploration activities,
discharge of fuel from combustion engines at the saw mill
at the bank of the river. Through biomagnification
concentrations of copper could rise to attendant
concentrations at the higher trophic levels and could
ultimately culminate in liver cirrhosis in man (ATSDR,
2010). Excess copper may lead to tissue injury in
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vertebrates generally; due to its high oxidation potential,
excess copper concentration may cause oxidative damage
to biological systems, including peroxidation of lipids and
other macromolecules in vertebrates.

Manganese, zinc, copper, cadmium; particularly iron
were highly deposited in the sediments; especially at
Stations 2 and 3. There are significant differences in the
concentrations of all parameters in the sediment of the
study area; except in lead (Table 4). The communality
extractions of iron (0.784), copper (0.802) and cadmium
(0.778) were of significance, while Mn, Zn, Pb, Cr and THC
were of no significance in the water (Table 5).

However, only components 1 (3.954) and 2 (1.373) were

of significant Eigen values (Figure 4.78), and they
constituted 49.426 % and 17.166 % respectively; of the
total variance. After the significant components were
further rotated to generate the rotated component matrix,
copper (0.896) only was significant in component 1; while
cadmium (0.871) > manganese (0.764) were of significance
in component 2 (Table 6). The array of the significant
components was illustrated in Figures 4 and 5. These
perturbations are traceable to the various anthropogenic
activities taking place at the various locations; coupled with
the repository nature of the bottom sediment. This implies
that contaminants may be of low concentrations in the
water matrix and yet rise to impermissible levels in the
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Table 4. Summary of heavy metals and total hydrocarbons in Sediment of OviaRiver (April, 2013 to September, 2014)
PARAMETERS STATION 1 STATION 2 STATION 3 STATION 4 P FEPA
MEAN=S.E(RANGE) MEAN+S.E(RANGE) MEAN+S.E(RANGE) MEAN#S.E(RANGE)  VALUE  LIMIT
Fe (mg/L) 0.3+0.06°(0 - 2.4) 31.9+2.2A(9-63.8) 14.44%#0.198(0-2.9) 1.38+0.27¢(0.2-5.4) P<0.001 <1
Mn (mg/L) 0.01+0.05¢(0 - 0.1) 4.24+0.06A(0 - 0.7) 4.97+0.224(0 - 2.3) 1.26+0.348(0-3.7) P<0.001 0.4
Zn (mg/L) 0.35+0.06¢(0 - 0.4)  4.59%£0.15A(0.1-2.6) 2.92+0.38(0.2-5.2) 0.985+0.25¢(0-3.3) P<0.05 1.5
Pb (mg/L) 0.01+0.001(0-0.1) 0.08+0.01(0-0.2) 0.03+0.24(0 - 2.7) 0.33+0.26(0 - 2.7) P>0.05 0.05
Cu (mg/L) 0.05+0.015¢(0 - 0.1) 8.14+0.034(0 - 0.5) 8.13+0.02A(0- 0.4) 2.05%0.26B(0 - 2.76) P<0.001 0.3
Cd (mg/L) ND 6.08+0.02A(0 - 0.3)  2.23+0.12B(0-1.6)  2.8+0.168(0-0.7)  P<0.01  0.05
Cr (mg/L) 0.03+0.001¢(0 - 0.2)  0.35+0.01B(0 - 1.1)  7.71+0.184(0-2.1)  0.73+0.28(0-2.3)  P<0.01  0.05
THC (mg/L)  0.024#0.05P(0-0.1) 14.19+0.6A(0 - 10.5) 12.77+0.2B(0- 1.89)  2.26:0.28¢(0-3.2) P<0.001 10

Note: Values with similar superscript letters have no significant difference
Number of sample replicates (N) = 18. P>0.05 means there is no significant difference, P<0.05 means there is significant difference, P<0.01 means there is
much significant difference, and P<0.001 means there is very much significant difference. ND = Not Detected. FEPA (Federal Ministry of Environment,

2003)

Table 5. Principal components of sediment

Communality extractions

Fe Mn Zn Cu Pb Cd Cr THC
0.784 0.745 0.699 0.802 0.555 0.778  0.544 0.421
Eigen values by principal components
1 2 3 4 5 6 7 8
3.954 1.373 0.887 0.563 0.487 0.320 0.217 0.199
Percentage of total variance
49.426 17.166 11.090 7.037 6.087 3.999 2.710 2.486
Note: Communality values from 0.75 and above are significant; hence emboldened
Eigen values from 1 and above are significant; hence emboldened
Table 6. Varimax rotated component matrix of sediment
Components Cu Pb Zn Fe Cr THC Cd Mn
1 0.896 0.725 0.706 0.687 0.656 0.605 -0.136 0.401
2 0.014 -0.174 0.447 0.559 0.337 0.236 0.871 0.764

Eigenvalue
T

Note: Communality values from 0.75 and above are significant; hence emboldened

31—
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Figure 4: Significance of Eigen values of sediment components
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Table 7: Distribution coefficients (Kd) of parameters in sediment and water (mg/L)
Fe Mn Zn Cu Pb Cd Cr THC
9.64 4.21 3.36 13.71 1 15.61 4.87 5.58

Note: Values < 6mg/L are insignificant, = or > 6 mg/L are significant (Soares and Alleoni, 2006). Significant values are emboldened.

Concentration [mg/L)

Zﬂﬂ"

Figure 6: Comparative concentrations of parameters in water and sediment

sediment; due to the repository nature of the latter. This
observation agrees with the findings of Cammuso et al,
(1995).

Iron (9.64), copper (13.71) and cadmium (15.61) had
significant sorption into the sediment from the water
medium (Table 7) i.e. their sorption capacities are below

the significant level of 6 mg/L. The sequence of the sorption
was Fe > Cd >Cu > THC > Cr >Mn> Zn >Pb. Chromium was
the most adsorbed while cadmium was the least adsorbed
on the bottom sediment. Figure 6 further shows that iron,
copper and cadmium were very much deposited in the
sediment from the aqueous phase.



CONCLUSION

The anthropogenic activities around Ovia River had some
impacts on the aquatic ecological equilibrium; particularly
in the sediment. Hence there might be some impacts on the
benthic organisms. The impacted sediment may also call for
future concerns due to the fact that some pollutants could
be released back into the overlying water column from the
sediment; affecting the entire biota and people who
consume them. We recommend a detailed bio-monitoring
study of the river using a benthic organism as a bio-
indicator; in order to keep the anthropogenic perturbations
in check while policing the pollutants.
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