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Abstract: This paper determines the average content of clay, silt, and sand in the bottom sediment of

Orogodo River, as well as the concentrations of heavy metals (zinc, lead, copper, cadmium, nickel,

manganese, iron, and chromium) in the sediment. The analysis involves testing sediment collected at the

bed of the river from five sampling sites along the length of the river. It is shown that the bottom

sediment of Orogodo River comprises mainly sand and silt with higher silt content than sand, and small

amount of clay. The concentration of heavy metals in the sediments is low, but the iron content in some

areas is close to its background value and may result in significant contamination of the environment in

the future.
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INTRODUCTION

Marine sediments constitute part of the

contaminants in aquatic environments.  The bottom[1 ,2]

sediment serves as a reservoir for heavy metals, and

therefore, deserves special consideration in the planning

and design of aquatic pollution research studies.[3]

Heavy metals such as cadmium, mercury, lead, copper,

and zinc, are regarded as serious marine pollutants

because of their toxicity, tendency to be incorporated

into food chains, and ability to remain in an

environment for a long time.  Orogodo River is[4]

located between latitudes 5  43 N and 5  30 N ando ’ o ’

longitudes 6  20 E and 6  12 E, and takes its sourceo ’ o ’

from Mbiri village at an elevation of 150m above sea

level. The river serves as a major source of water for

drinking, bathing, fishing, washing, and recreation for

the people of Agbor and Owa communities in Delta

State, Nigeria. The Agbor and Owa communities,

through which the Orogodo River traverses, are mainly

peasant farmers whose products include food stuff such

as yams, corn, vegetables, cassava, plantain and fruits.

Agricultural activities in the area are mostly carried out

along the bank of the Orogodo River, and agricultural

wastes (corn cobs, cassava peels, livestock manure,

fertilizers, pesticides, etc) are discharged directly into

the river or entrained in runoff into the river after

rainfall.  Although  Agbor  and  Owa  may  not  be

described as industrial communities, there exist pockets

of industries (paint and foam industries) whose wastes

also find their way into the river.

Some physico-chemical characteristics of Orogodo

River have been reported.  These studies confirm the[5 ,7]

pollution  status  of the Orogodo River, but literature

on  the  characterization of bottom sediment of the

river  are still lacking. It is the purpose of this paper

to  determine the particle size distribution of the

bottom  sediment  of  Orogodo River, and to assess

the pollution level of the sediment by heavy metals

(zinc, lead, copper, cadmium, nickel, manganese, iron,

and chromium). 

MATERIALS AND METHODS

Study Area and Sampling Sites: The study area lies
within  the humid tropical zone with defined dry
season  (November – March)  and  rainy  season
(April - October). The rainy season is brought about by
the South-West Trade Wind blowing across the Atlantic
Ocean, while the dry, dusty, and often cold North-East
Trade Wind blowing across the Sahara desert
dominates the dry season with a short spell of
Harmattan.  The relative humidity of the area is high[8 ]

and increases from 70% in January to 80% in July.
The average atmospheric temperature of the area is
about 25.5 C in the rainy season and about 30 C in theo o

dry season.[9]
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Table 1: Description of sampling sites 

Site Description

A About 100m  from the source of the river. No identifiable source of pollution and no hum an activities.

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B About 2km downstream , with abundant human activities (laundering, bathing, irrigation, and car washing).

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C About 3.5km  downstream , with abundant human activities (laundering, bathing, irrigation, and car washing).

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D About 5.5km  down stream. No significant human activities apart from fishing. 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E About 7.5km down stream where Orogodo River joins Ethiope River. No significant human activities.

Five  (5)  sampling  sites  (A,  B,  C,  D,  E)

were established along the entire length of the Orogodo

River.  Table  1  gives  a  detailed  description  of

the  sampling  sites  which  are shown schematically

in Fig.1. 

Experimental Method: Data for the study were

collected monthly from November 2006 to March

2007. Sediments were collected from each sampling

site using a stainless steel Eckman grab at a depth of

about 10cm into the river bed. Some parameters of the

sediments (pH, redox potential, and electrical

conductivity) were measured in-situ using a multi-

parameter water quality monitor (Orion Model, 1260)

which was properly checked and calibrated before and

after use. After the in-situ measurements, the sediments

were transferred immediately into plastic containers and

placed in ice-chest for transport to the laboratory. At

the laboratory, coarse materials (>2mm) like pebbles

and plant debris were removed from the sediments by

hand-picking. Samples for metal analysis were sieved

with 200µm mesh and stored in a dry atmosphere

before analysis. The particle size distribution (PSD) of

the sediments was determined using the hydrometer

method  followed  by sieving/separating sand fraction

(>  63  ìm)  from silt (2ìm # size # 6ìm) and clay

(> 2 ìm).[10 ,11]

About 2g of the sediment from each sampling site

to be used for metal analysis was treated with 2ml of

48% hydrofluoric acid (HF) and 2ml of 65% nitric acid

3(HNO ), heated to dryness, and allowed to cool. 0.5g

of 99.99% boric acid was added to the cooled solution

and the resulting suspensions was centrifuged. The

decanted solution from the centrifugal operation was

filtered using W hatman No. 40 filter-paper and the

volume made up to 50 ml with deionized water for

measurement of total concentration of zinc, lead,

copper, cadmium, nickel, manganese, iron, and

chromium using ATI Unicam Atomic Absorption

Spectrophotometer (Model 939). The sample digestion

/preparation procedure described above for the metal

analyses is the same as the one adopted in van Valine

and Morse,  Rauret,  and Tessier et al.[12] [10] [11]

RESULTS AND DISCUSSIONS

Table 2 shows the percentage of clay, silt, and

sand in the bottom sediment of Orogodo River

collected from the five sampling sites, as well as the

pH, redox potential (Eh), and electrical conductivity

(EC) of the sediment.

Table 2 indicates that the bottom sediment of

Orogodo River is acidic, with pH values in a range

from 5.1 to 6.8. The acidic pH at all the sampling

points may have resulted from humic acid (HA) formed

from decaying organic matter (leaves, corn cobs, and

cassava peels). The topography of the area is such that

runoffs during rainfall are discharged into the river

body at points B and C. Thus, the more acidic pH at

points B and C may be attributed to acidic materials in

the runoff and/or more humic acid resulting from the

decay of organic matter entrained in the runoff.

However, the pH values of the sediment at the various

sampling points are consistent with reported values for

bottom sediment of other water bodies in the lower

Niger Delta region.[13 ,14]

Electrical conductivity of sediment refers to the

ability of the sediment to conduct electric current. It is

an indicator of the total dissolved inorganic salts and

other solids.  The electrical conductivity of the[15]

bottom sediment of Orogodo River lies in a range from

17µs/cm to 187 µs/cm and increases from site A to

site E, indicating that the content of dissolved inorganic

salts and other solids in the sediment also increases

from site A to site E. Since decomposing organic

matter produces silt and potassium ion  and the[16 ,17]

amount of silt in the sediment increases from site A to

E (see Table 2), it may be said that the concentration

of potassium ion in the sediment also increases from

site A to E which may explain the trend of the

measured electrical conductivity of the sediment in

Table 2.

The redox potential (Eh) of bottom sediment of

Orogodo River ranges from –18mV to –334mV, where

a negative redox potential indicates a reducing

environment.  Table 2 also indicates that the average[18]

percentage composition of the sediment is 6.69% clay,
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Table 2: Some measured parameter of bottom sediment of Orogodo River.

Site Clay (%) Silt (%) Sand (%) Eh (mV) EC (µs/cm) pH

A 1.27 10.00 88.73 -18 17 6.8

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 7.20 54.00 38.8 -127 164 5.1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 7.90 58.20 33.9 -248 169 5.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D 8.40 69.70 21.9 -276 174 5.7

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E 8.70 76.80 14.5 -334 187 5.9

Average 6.69 53.74 39.57

Table 3: Concentration (µg/g dry wt) of heavy metals in bottom sediment of Orogodo River 

Site Zn Pb Cu Cd Ni M g Fe Cr

A 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 1.47 3.96 2.06 0.51 0.82 1.85 28.10 0.91

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 1.52 5.71 3.17 0.58 0.87 1.94 29.80 0.98

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D 1.62 6.08 3.54 0.64 0.91 2.07 31.40 1.13

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E 1.67 6.17 3.73 0.69 0.94 2.11 33.70 1.42

53.74% silt and 39.57% sand. Thus, the bottom

sediment of Orogodo River is predominantly sand and

silt with higher silt content than sand, and small

quantity of clay. 

The concentrations of the various heavy metals

(zinc (Zn), lead (Pb), copper (Cu), cadmium (Cd),

nickel (Ni), manganese (Mn), iron (Fe), and chromium

(Cr)) in the bottom sediment of Orogodo River are

presented in Tables 3.

It is obvious from Table 3 that the concentration

of each heavy metal in the sediments increases from

site A to E. The colour of the sediment varies between

reddish brown and brown, indicating the presence of

iron in the sediment. Forstner and Wittman  have[19]

shown that the distribution of heavy metals in marine

sediments is related to the contents of clay, silt, sand,

and organic carbon in the sediments. Figures 2–4 show

the relationship between the concentration of zinc and

content of clay, silt, and sand in the bottom sediment

of Orogodo River. 

It may be seen from Figs. 2–4 that the

concentration of zinc in the bottom sediment of

Orogodo River increases with increase in the contents

of clay and silt in the sediment, but decreases as the

content of sand in the sediment increases. We note that

plots of the concentration of the other heavy metals in

the sediment against content of clay, silt, and sand

would be similar to Figs. 2–4. 

It is difficult to make an overall assessment of the

degree of contamination of sediments by heavy

metals  because of variations in the concentration of[20]

heavy metals with location and contents of clay, silt,

sand, and other organic materials in the sediments. In

this study, we employ three approaches to assess the

contamination  level  of bottom sediment of Orogodo

Fig. 1: Sampling sites along Orogodo River.

Fig. 2: Relationship between contents of zinc and clay

in bottom sediment of Orogodo River.
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Table 4: Background values of some heavy metals.[21,22]

M etal Zn Pb Cu Cd Ni M g Fe Cr

Background value 70 20 20 10 38 790 40 30

Table 5: Contamination Factors of bottom sediment of Orogodo River.

Contamination Factor

Site --------------------------------------------------------------------------------------------------------------------------------------------------------------------

Zn Pb Cu Cd Ni M n Fe Cr

A 0.00014 0.0005 0.0005 0.001 0.0003 0.000013 0.00025 0.00033

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B 0.021 0.20 0.103 0.051 0.022 0.0023 0.703 0.030

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C 0.022 0.29 0.16 0.058 0.023 0.0025 0.745 0.033

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D 0.023 0.30 0.18 0.064 0.024 0.0026 0.79 0.038

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E 0.024 0.31 0.19 0.069 0.025 0.0027 0.84 0.047

Table 6: Average concentrations of heavy metals in bottom sediments of Orogodo River and other rivers in Niger Delta.

Heavy metals

Water body ------------------------------------------------------------------------------------------------------------------------------------------------

Zn Pb Cu Cd Ni M n Fe Cr

Orogodo River 1.26 4.39 2.50 0.49 0.71 1.60 24.60 0.89

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

New Calabar River  31.6 ND 25.5 12.8 3.2 ND ND ND[13]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sangana River  16.37 13.06 13.41 ND 15.52 788 10,075 16.65[23]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Calabar River  107 ND 46.5 0.13 ND ND ND 43.2[24]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lagos Lagoon  147 ND 15 4.1 ND ND ND ND[14]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Unpolluted sediments 7 ND 3 ND 2 ND ND 4[25]

ND:  Not Determined

Fig. 3: Relationship between contents of zinc and silt

in bottom sediment of Orogodo River.

River by heavy metals: (i) comparison of measured

concentration of heavy metals in the sediment with

background values, (ii) determination of contamination

factors (CF) of heavy metals in the sediment, and (iii)

comparison of measured concentration of heavy metals

in the sediment with literature values for bottom

sediments of other rivers in the Niger Delta. 

Fig. 4: Relationship between contents of zinc and

sand in bottom sediment of Orogodo River.

The background value of an element is the
maximum level of the element in an environment

beyond which the environment is said to be polluted
by the element. The background values of heavy metals

are defined by International Standards and available in
the literature.  Table 4 shows the background values[21 ,22]

of the heavy metals investigated in the bottom
sediment of Orogodo River. 
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Thus,  the concentrations of the heavy metals in
the  sediment are less than their background values
(see Table 3). The level of contamination of sediment
by a metal is often expressed in terms of a
contamination factor calculated as  [1]

Metal content in the sediment
Contamination = -------------------------------------     (1)
Factor (CF) Background value of metal

where CF < 1 refers to low contamination, 1 # CF #
3 means moderate contamination, 3 # CF # 6 indicates
considerable contamination, and CF > 6 indicates very
high contamination. The contamination factors of the
various heavy metals in the bottom sediment of
Orogodo River are presented in Table 5, indicating low
contamination of the sediment by the heavy metals.
Given that the contamination factor for unpolluted area
is unity for all metals, the concentration of iron in the
bottom sediment of Orogodo river requires regular
monitoring since its contamination factor at all
sampling sites except site A is close to unity and poses
potential pollution risk in the future.

Table 6 shows the comparison between average
concentrations of the heavy metals in the bottom
sediments of Orogodo River and other rivers in the
Niger Delta. 

Table 6 indicates that the average concentration of
each heavy metal in the bottom sediment of Orogodo
River is lower than in the sediment of the other rivers,
except cadimium which is lower in Calabar River, this
may be attributed to the low level of industrial
activities around the Orogodo River.  

Conclusion: The extent of pollution of bottom
sediment of Orogodo River by heavy metals, and
particle size distribution of the sediment, are
investigated experimentally. It is shown that the
concentrations of heavy metals (Zn, Pb, Cu, Cd, Ni,
Mn, Fe, Cr) in the sediment are low. Although the
present results are not a cause for concern, the level of
iron  in some areas is close to its background value
and may constitute potential pollution risk in the future.
The bottom sediment of Orogodo River is
predominantly silt and sand with higher silt content
than sand, and small quantity of clay. The
concentration of each heavy metal in the sediment
increases with increase in the contents of silt and clay,
but decreases as the content of sand increases. 
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