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Abstract 
Anthropogenic activities along Okpare creek are mainly farming, irrigation, 
fishing, domestic activities, lumbering and sand mining and these activities 
can alter some natural components of the creek, hence this study aimed to 
assess the impact of anthropogenic activities on the surface sediment quality 
of Okpare Creek in Niger Delta. The sediment samples were collected and 
analyzed for physiochemical parameters as well as heavy metal content. Se-
diment quality parameters examined were pH, electrical conductivity (EC), 
total organic carbon (TOC), total organic matter (TOM), percentage (%) sand, 
clay, silt and Heavy metals—cadmium, chromium, iron, zinc, lead, copper 
and nickel. Heavy metals were determined by the samples being subjected to 
Nitric—perchloric acid digestion and thereafter an atomic absorption spec-
trophotometer was used to determine the concentration of the metals. Data 
were analyzed with ANOVA and Duncan Multiple Range Test. With the ex-
ception of pH and cadmium, the other physicochemical parameters differ sig-
nificantly (p < 0.05) across the station. The trend for the heavy metals showed 
their occurrence in terms as iron > zinc > chromium > lead > copper > cad-
mium. The principle component analysis (PCA) revealed that eigenvectors 
classified the physicochemical parameters into four components which all 
together accounted for 85.320% of the variance in the data set. The contri-
butions were as follow—component 1, 2, 3 and 4 accounted for 27.225%, 
25.624%, 21.229% and 11.242% respectively. The high eigenvectors for com-
ponents 1, 2, 3 and 4 were recorded for Cr, Fe, Zn, Pb and Ni; % sand, clay 
and silt; % TOM and TOC, Cd, Cu; pH and electrical conductivity respec-
tively. Thus the influence of anthropogenic activities impacted all the para-
meters analyzed. It is needful that environmental friendly approaches be 
adopted in order to avoid loss of biodiversity, loss of means of livelihood and 
health hazards for the locals. 
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1. Introduction 

The increase in population has led to the surge in scientific research of the Niger 
Delta aquatic bodies (Davies and Tawari, 2010) [1]. The petroleum industries, 
particularly in the Niger Delta area greatly have contributed to aquatic environ-
mental degradation and pollution (Ite et al., 2013) [2]. Many studies currently 
being done on various areas of hydrological studies include the variability in 
water and sediment physico-chemistry, bacteriological, plankton, periphyton, 
macrophytes, benthos and fisheries (finfish and shellfishes) and also the extent 
of pollution in order to ascertain the health status of these aquatic bodies as well 
as other water bodies in Africa (Farouk and Ahmed, 2019 [3]; Hasaballah et al., 
2019 [4]). 

Sediments are an essential component of aquatic ecosystem. They are formed 
from soil erosion or from the decomposition of plants and animals (USEPA, 
2002) [5]. Wind, water and ice help carry these particles to rivers, lakes and 
streams. As an important component of the aquatic ecosystem, sediments serve 
as habitat and or spawning/breeding grounds for a wide range of aquatic organ-
isms, usually referred to benthic organisms, the maintenance of its health and by 
extension that of the organism it supports becomes paramount (Wokoma and 
Friday, 2017) [6]. Anthropogenic activities and particular dredging have a con-
sequential effect on aquatic ecosystem. In line with Elijah et al., (2008) [7], dredg-
ing has been reported to cause the re-mobilization of contaminants particularly 
heavy metals on aquatic animals and plants. Heavy metals are a threat not just to 
aquatic species but other organisms that depend on them. 

Sediments have been studied extensively all around the world (Davies and 
Tawari, 2010) [1] and have being reported to be potential reservoirs for many 
contaminants (Mucha et al., 2003 [8] and Praveena et al., 2007 [9]) as well as 
play pivotal role in the determination of the pollution status of rivers and can 
also be employed in reviewing the history of pollution in river ecosystem (Yu et 
al.; 2001 [10]; Wepener and Vermeulen; 2005 [11]). Therefore, sediment quality 
data provide essential information for evaluating ambient environmental quality 
conditions in aquatic ecosystem. The Okpare Creek is one of the coastal creeks 
in the Niger Delta which is exposed to varying influence of anthropogenic activi-
ties. Consequently, it became necessary for this study. The aim of this study is to 
provide information on the levels and distribution of selected heavy metals to-
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gether with other influential parameters in sediments from Okpare Creek. 

2. Description of the Study Area 

The study area is located between latitude 05˚27N and 05˚33N and longitude 
005˚53E and 006˚04E along Okpare Creek, Ughelli South Local Government, 
Delta state, Nigeria (Figure 1). The creek runs North-West to South-East. The 
Okpare creek took its source from the Umuaja in Umutu and River Niger and 
empty into Atlantic Ocean at Forcados. This area within the equatorial region 
having two climatic regimes: the wet season, which begins in April and lasts till 
October and the dry season from November to March. With the incidence of 
climate change, the timing of the seasons fluctuates from year to year. The an-
nual rainfall ranges from 47.1 mm - 678.1 mm with temperatures varying be-
tween 23˚C and 37˚C in the afternoon and dropping to between 18˚C and 22˚C 
at night (Ejoh et al. 2018a [12] and 2018b [13]). 

The main geological elements of the area at varying depths in thousands of 
meters are the Benin formation (which is the youngest) underlined by Agbada 
formation and then followed by the oldest, the Akata formation, and these three 
formations are differentiated by their ages and by degrees of compartment. Their 
ages become progressively younger in a down-dip direction. The Benin forma-
tion is the main Aquifer in the study area and regionally, is the main Aquifer of 
the Niger Delta (SPDC, EIA, 2004) [14]. 

 

 
Figure 1. Map of study area showing the sampled locations along Okpare Creek. 
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In consideration of the peculiar ecological settings and dredging activities, 
samplings of four (4) stations were established along the stretch. The fringe bank 
vegetation composition across these stations was similar. 

Station 1: The substratum of this station consists mainly of sharp, coarse sandy 
soil, dead and decaying organic matter from marginal plants and trees at the 
bank. The depth of the water at the creek is 12 meters, and the velocity is 0.8 
m/s. The vegetation is fringed and marginal. 

Station 2: This station is located approximately 4 km away from station 1, the 
substratum consists of sand, clayey soil, dead, and decaying organic matter. The 
depth of the creek in this area is approximately 18 meters deep, and the velocity 
is 0.84 m/s. 

Station 3: This station is located beneath the bridge popularly known as the 
Okpare-Olomu Bridge. This station is approximately 5 km away from station 2, 
and the depth of the water is approximately 19.4 meters and the velocity of 0.92 
m/s. The substratum is coarse sand in the mid-area with a few muddy portions 
by the bank. 

Station 4: This station is located close to a jetty, and it is approximately 6 km 
away from station 3, and the depth of the water is approximately 27.6 meters and 
a velocity of 1.2 m/s. 

3. Sediment Samples Collections and Analyses 

Composite of sediment samples were collected with light dredge once a month 
from each sampling station for twenty four months (February 2012-January 
2013) mostly during the low tides. They were stored in a labeled polythene bags 
and kept in an ice-chest box before transferring to the laboratory. The collected 
sediments were air dried at room temperature in the laboratory. The dried sam-
ples were then crushed to fine texture in a ceramic mortar, re-packaged in la-
beled polythene bags and stored in the laboratory for physicochemical parame-
ters including pH, electrical conductivity(EC), percentage (%) total organic car-
bon (TOC), percentage total organic matter (TOM), % sand, % clay, % silt and 
heavy metals—cadmium, chromium, iron, zinc, lead, copper, and nickel. The 
sediment samples were dried to low constant weight, ground to powder and sieved 
using 2.0 mm mesh sized sieve (pH and particulate size) and 0.5 mm sieve for oth-
er analyses and thereafter were digested using the conventional Nitric-perchloric 
acid digestion method. The digested samples were then analysed for heavy met-
als using flame atomic absorption spectrophotometer (AAS). 

Inter-spatial comparisons of the levels of physicochemical parameters deter-
mined to test for significant differences in the physicochemical conditions using 
parametric analysis of variance (ANOVA). If significant value (P < 0.05) were 
obtained in the ANOVA, Duncan multiple range (DMR) test was performed to 
determine the location of significant differences. 

Principle component analysis (PCA) was applied to summarize the statistical 
correlation among the parameters and further identify the parameters most in-
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fluenced by the natural and anthropogenic activities on going in these areas. 

4. Result: Variations in the Sediment  
Physicochemical Parameters 

Table 1 below shows the intraspecific and interspatial variations for the analyzed 
physicochemical parameters in this study. With the exception of pH and cad-
mium, the other physicochemical parameters differ significantly (p < 0.05) 
across the station. The pH values across the stations were acidic. The mean levels 
of electrical conductivity in individual stations were generally < 300 µS/cm and 
intraspecific variations peaked in station 1. The total organic carbon and matter 
maintained similar variation, the minimum and maximum mean values were 
recorded in stations 1 and 3 respectively. Iron is the dominant heavy metal and 
its mean values ranged from 95.49 µg/g in station 2 to 312.40 µg/g in station 1. 
The trend for other heavy metals showed that zinc > chromium > lead > cop-
per > cadmium. With the exception of copper, the highest values of other heavy 
metals were recorded at station 1 while the lowest values were generally recorded 
in station 2. For the intraspecific, the maximum values were recorded in station 
1 for all the heavy metals except lead and copper. For the particle matters in-
cluding sand, clay and silt, their variations complement one another, station 1 
recorded the lowest and highest values by sand and silt respectively, opposite of 
this variation was recorded in station 4. The percentage level of clay peaked in  

 
Table 1. Spatial variations in the sediment physicochemical parameters. 

Sediment Physicochemical  
Parameters 

Station 1 
x SD±  

Station 2 
x SD±  

Station 3 
x SD±  

Station 4 
x SD±  

p-Value 

Ph 4.57 ± 0.37 5.00 ± 0.46 5.02 ± 0.58 4.51 ± 0.82 P > 0.05 

Electrical Conductivity (µS/cm) 295.16 ± 145.94a 149.94bc ± 39.65 131.99c ± 27.17 231.13ab ± 74.21 P < 0.05 

Total Organic Carbon (%) 2.57a ± 0.52 1.87b ± 0.45 1.61b ± 0.25 1.90b ± 0.72 P < 0.05 

Total Organic Matter (%) 4.38a ± 0.87 3.24b ± 0.78 2.78b ± 0.44 3.27b ± 1.21 P < 0.05 

Cadmium (µg/g) 0.67 ± 0.87 0.37 ± 0.57 0.33 ± 0.42 0.41 ± 0.55 P > 0.05 

Chromium (µg/g) 2.90a ± 0.91 1.36b ± 0.68 1.62b ± 0.56 1.96b ± 0.31 P < 0.05 

Iron (µg/g) 312.40a ± 74.89 95.49d ± 45.82 174.16c ± 56.39 241.61b ± 56.80 P < 0.05 

Zinc (µg/g) 6.49a ± 1.99 1.96c ± 0.79 2.66bc ± 1.60 4.21b ± 1.64 P < 0.05 

Lead (µg/g) 1.44a ± 0.69 0.42c ± 0.60 0.78b ± 0.46 1.11a ± 0.76 P < 0.05 

Copper (µg/g) 0.69a ± 0.39 0.27c ± 0.24 0.55bc ± 0.31 0.77a ± 0.45 P < 0.05 

Nickel (µg/g) 2.32a ± 0.61 0.99c ± 0.50 1.59b ± 0.44 1.91ab ± 0.61 P < 0.05 

Sand (%) 81.63c ± 5.44 87.46b ± 4.28 89.55ab ± 2.42 92.69a ± 2.61 P < 0.05 

Clay (%) 13.89a ± 4.24 9.24b ± 3.30 7.64bc ± 1.81 5.28c ± 2.33 P < 0.05 

Silt (%) 4.49a ± 1.65 3.30ab ± 1.40 2.81b ± 1.25 2.04b ± 0.54 P < 0.05 

P < 0.05—Significant difference; P > 0.05—No significant difference. 
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station 1, the values of the particle matter at stations 2 and 3 were intermediate 
of the extreme values. Figures 2-5 showed the spatial variations for the various 
characterized physicochemical parameters. 

 

 
Figure 2. Spatial variations in pH and electrical conductivity. 

 

 
Figure 3. Spatial variations in total organic carbon and total organic matter. 

 

 
Figure 4. Spatial variations in particle matters. 
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4.1. Multivariate Analysis: Principle Component Analysis (PCA) 

The result of the PCA based on the correlation matrix of sediment physico-
chemical parameters analyzed is expressed in Table 2. The eigenvector classified  

 

 

Figure 5. Spatial variations in heavy metals. 
 

Table 2. Eigenvectors and eigenvalues of the various components. 

 Component 

 1 2 3 4 

Ph −0.075 0.263 0.310 0.853 

EC 0.173 0.335 0.284 −0.681 

TOC 0.208 0.576 0.704 −0.162 

TOM 0.221 0.562 0.710 −0.119 

Cd 0.348 0.179 0.674 0.439 

Cr 0.802 0.237 −0.072 −0.257 

Fe 0.853 0.073 0.426 −0.064 

Zn 0.856 0.256 0.134 −0.158 

Pb 0.854 0.086 0.306 0.209 

Cu 0.299 −0.042 0.880 0.093 

Ni 0.776 −0.108 0.482 0.013 

Sand −0.121 −0.969 −0.120 −0.010 

Clay 0.128 0.928 0.144 −0.005 

Silt 0.077 0.883 0.027 0.053 

Eigenvalues 3.812 3.587 2.972 1.574 

% of Variance 27.225 25.624 21.229 11.242 

Cumulative % 27.225 52.849 74.077 85.320 

TOC—Total organic carbon; TOM—Total organic matter. 
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the physicochemical parameters into four components which all together ac-
counted for 85.320% of the variance in the data set. The contributions were as 
followed—component 1, 2, 3 and 4 accounted for 27.225%, 25.624%, 21.229% 
and 11.242% respectively. The components recorded high eigenvector > 0.600 as 
follows for the following parameters: component 1—Cr, Fe, Zn, Pb and Ni; 
component 2—sand, clay and silt; component 3—TOM, TOC, Cd and Cu and 
component 4—pH and electrical conductivity. 

4.2. Discussion 

Invariably sediment remains the ultimate sink of contaminants in the aquatic 
systems and this is on it account of variable physical and chemical properties 
(Mucha et al., 2003 [8]; Praveena et al., 2007 [9]).These contaminants which are 
either organic or inorganic in nature may easily, slowly or poorly degrade under 
natural conditions (Davies and Tawari, 2010) [1]. There were minimal temporal 
and spatial variations in the pH values of sediment in the study area thus no sig-
nificant difference (P > 0.05) was observed among the stations. In general, the 
mean sediment values were acidic in nature, Umesi (1999) [15] and Ezekiel et al. 
(2011) [16] recorded similar condition in Rumueme Creek and Sombreiro River 
respectively. This opposes the alkaline condition recorded by Braide et al. (2004) 
[17] and Wokoma and Friday (2017) [6] in Miniweja stream and Sombreiro 
River respectively. All these studies were conducted within the Niger Delta area 
in Nigeria. pH appeared among the most inferential parameters in component 4 
and in the same component exhibited an inverse with the electrical conductivity. 
This relationship implied that the more acidic the sediment becomes, the higher 
it ionic content and contrariwise. This relationship was obvious in Figure 2 as 
the stations 2 and 3 with low values of pH in-turn had high values of electrical 
conductivity and stations 1 and 4 had high values of pH and low values of elec-
trical conductivity. Unlike pH, the electrical conductivity differed significantly 
and the station with the highest value by intra-specific variation was the prime 
for this observed variation. 

Sediment is a major site for organic matter decomposition which is primarily 
carried out by bacteria and the level of organic matter decomposition may be at-
tributed for the variation in organic carbon content (Daka and Moslen, 2013 
[18]; Adesuyi et al., 2016 [19]).The mean total organic carbon content of the 
study stations in the Okpare creek varied between 1.61% and 2.57%. This is in-
dicative of high organic carbon content, in line with the position of Gigs (1978) 
[20] that sediments with values of organic carbon content exceeding 1% are said 
to have high organic carbon content.This is comparable to the 2.02% - 4.134% 
and 0.87% - 2.69% gotten in the Sombreiro River by Ezekiel et al (2011) [16] and 
Wokoma and Friday (2017) [6]. However the values obtained were lower than 
the finding of previous investigations by Umesi et al (2013) [16] in Rumueme 
Creek which had a range of 2.67% - 16.00%. In the words of Wokoma and Fri-
day (2017) [6], this difference in the value of total organic carbon may be as a 
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result of levels of bacterial decomposition of organic matter in sediment and or 
variation in the levels of anthropogenic perturbations in the study sites. Total 
organic carbon one of the major component of matter in soil and sediment, Ra-
dojevic and Bashkin (1999) [22] expressed that carbon content of organic matter 
is generally around 58%. This is applicable to the values of total organic carbon 
and matter observed in this study. The total organic carbon showed positive 
correlation with the total organic matter, Cd and Cu. By this it can be stated that 
all these parameters are of the same source. 

Variations in the heavy metal concentrations showed that stations 1 and 4 had 
higher concentrations of heavy metals than stations 2 and 3. With the exception 
of Cd, the other heavy metals maintained significant differences with trend de-
picting above variations. Most of the heavy metals (Cr, Fe, Zn, Pb and Ni) were 
among the primary factors responsible for the variations in the sediment quality 
of this aquatic body as this was exemplified by their inclusion among the first 
component of PCA. Furthermore the inclusion of these parameters to compo-
nent 1 of the PCA implied that major parameters influenced by anthropogenic 
likewise natural activities. The PCA result showed that the heavy metal composi-
tions of this system were of two forms: one comprising Cr, Fe, Zn, Pb and Ni 
and the other including Cd and Cu. This partitioning showed different sources 
of anthropogenic input other than possible sourcing petroleum exploration as 
notable within this region. Possible source of the heavy metals input into this 
aquatic body largely can be non-point in nature and likely agent of input could 
be storm wash down from hinterland. Fe is the dominant among all the heavy 
metals characterized. The concentrations of Fe obtained most especially in the 
various stations were similar to values recorded by Wokoma and Friday (2017) 
[6] in Sombreiro River but significantly lower than the values with means rang-
ing from 5285.50 to 5841.75 mg/kg recorded by Nwajei et al. (2014) [23] in 
Crayford Creek. Further according to Nwajei et al. (2014) [23] the major sources 
of Fe in the sediment are discharges of municipal wastes, scrap dumps and ru-
noffs. In general, the levels of all the heavy metals characterized in this study 
complied favourably with the DPR (2002) target values. 

The sediment fractions obtained in this study were consistent with those of 
Nweke (2000) [24] in Elechi Creek, Upper Bonny Estuary, Ebere (2002) [25] in 
Okrika Creek (Central Bonny Estuary), Davies and Tawari (2010) [1] in Trans- 
Okpoka Creek (Upper Bonny Estuary) and Wokoma and Friday (2017) [6] in 
Sombreiro River. All these workers reported high proportions of sand and low 
proportions of silt-clay in the Niger Delta Estuaries. However, the findings of 
this study on sand-silt-clay proportions of the creek were not in accordance with 
those of Izoafuo et al. (2004) [26] who reported relatively low sand (39.8% to 
65% and high silt-clay 22% to 54.7%) and clay (5.5% to 17.2%) of the middle 
reach of Bonny Estuary. Also, this study observation contradicts the report of 
Ogamba (1998) [27] of high silt fraction (55%) of sediments from Elechi Creek. 
The impact of the dredging activities observed in the course of field study was 
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expressed in sediment fractions as they all included in the second component of 
the PCA. The sand composition exhibited an inverse correlation with other frac-
tions; the breakdown of the sand fraction yields the clay and silt. Similar correla-
tion was observed by Davies and Tawari (2010) [1] in Trans-Okpoka Creek 
(Upper Bonny Estuary). 

5. Conclusion 

Assessment of physicochemical qualities of surface sediment of Okpare creek, 
Niger Delta was carried out using Principle Component Analysis (PCA) that 
shows the most influenced parameters include the heavy metals (Cr, Fe, Zn, Pb 
and Ni) with the exception of cadmium and stations 1 and 4 bore the imprint of 
these activities more than other stations and ANOVA and Duncan multiple 
range that shows that the physicochemical parameters differ significantly (P < 
0.05) with the exception of pH and cadmium. Therefore it is needful that urgent 
action is taken in order to avert loss of biodiversity, loss of means of livelihood 
and health hazards for the locals. 
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