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ABSTRACT 

This study examines the pollutant attenuation potential of soil and near-surface sediments in 

Effurun and environs. Forty six soil and sediment samples were randomly obtained from 

georeferenced point in five areas using a stainless steel auger from 0 – 30ft below surface. Samples 

were pre-treated and analyzed for sedimentologic attributes. Further analysis involved determination 

of pH and CEC. Clay percentages range from 0.06 – 6.40, sorting values range from 0.48 – 0.98 (well 

sorted – moderately sorted), while sand percentages range from 99.76 – 93.50, thereby characterizing 

the soils as sandy soils. Soil pH ranged from 2.87 – 8.08 for all the samples. Based on soil pH 

classification scheme of the USDA, strongly acidic soil constitutes 28.26% of the soil area, 54.35% is 

made up of moderately acidic soils, while neutral soil forms only 8.70% of the study soil area. While 

soils from Ebrumede area are generally moderately acidic, soils from the Ugbolokposo area are 

classed as strongly to moderately acidic, moderately acidic to neutral for the Alegbo area, moderately 

acidic for the Uti area, the Ekpan area is characterized by neutral to alkaline soils. Data sets 

obtained generally indicate a very low sorptive characteristic that could be expressed in the overall 

attenuation potential of the sediment within the Effurun urban. 

                                                   


 jmobo@yahoo.com,  

INTRODUCTION 

Pollutants attenuation by soil and sediment is a 

complex natural process involved in the removal 

or reduction of environmental pollutants 

released into the soil and sediment 

environment. Mechanisms involved include 

filtration, sorption, chemical processes, 

microbiological decomposition and dilution 

(Todd, 1980), and uptake by microfauna and 

floristic components inhabiting soils.  

Liberated pollutants such as heavy metals and 

polycyclic aromatic hydrocarbons (PAHs) from 

the combustion of petroleum and petroleum 

related products in domestic, industrial, 

petrochemical centers and automobile 

emissions, discarded spent oils, oil spills, are 

common in the built-up environment. Other are 

inorganic pollutants such as nitrates and 

sulphates from human wastes channeled into 

suck-away pits and broken sewers, and 

leacheates emanating from indiscriminately 

located refuse disposal sites, e.t.c., which have 

been identified in the Niger Delta environment 

(Asagba et. al, 2007; Oviasogie et. al, 2006; 

Osuji and Ezebuiro, 2006; Osuji et. al, 2004; 

Odu et. al, 1985), are either liberated directly 

into soil and sediment or ultimately find their 

way into these components of the environment. 

The volume and amounts of these potential 

pollutants which enters the soil and sediment 

media, retained or allowed to move on to the 

subsurface and ultimately groundwater, and the 

biotic components of the environment, is 

determined to a large extent by the the 

percentage clay, clay mineral species sorptive 

capacity (CSC), cation exchange capacity of 

clays and sequestration by total organic carbons 

(TOC), which are an integral part of the gross 

sedimentologic attributes of soils and sediments 
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which form the sedimentary veneer of an area. 

Although several studies on the forms (Adano et 

al. 1995; Chlopecka et al. 1996; Xiangdong et 

al. 2001), contamination (Li et al. 2001), 

distribution (Oviasogie, et al. 2006; Oprea and 

Al. Mihul, 2003; Levy et al. 1992), increase and 

trends (Jones et al. 1989b), speciation (Asagba, 

2007; Ostergren et al. 1991; Oviasogie and 

Ukpebor, 2003; Welt et al. 1983), sorption and 

remediation (Lo, and Yang, 1998; Prakasham et 

al. 1999; Tsezos and Volesky, 1982; Wilde and 

Benemann, 1993; Al-Asheh and Duvnjak, 1995; 

Bai and Abraham, 2001) of environmental 

pollutants in soils have been carried out; less 

emphasis has been placed on evaluation of 

sedimentological characteristic that affects the 

attenuation potential of soils and sediments.  

Groundwater bodies are usually destination of 

environmental pollutants emanating from 

anthropogenic activities. Potential pollutants are 

ubiquitous and constantly increasing in different 

environmental media. Jones et al. 1989a & b, 

reported a general increase of PAHs in soil 

medium over the last 100-150 years especially in 

industrialized urbans. Loer (1993), reported a 

concentration of up to 340mg/kg dry weight of 

dibenzo(a,h) antracene in surface soils (0-30 cm) 

in a hazardous wasteland treatment site for 

refinery process wastes. Majority of the PAHs 

reported were found to have been attenuated at 

depths below 60 cm.  

In Effurun and environs, indiscriminate 

refuse disposal is a common site. Refuse heaps 

can be seen in almost every street and 

undeveloped parcels of land. This situation is the 

result of poor legislation and/or implementation 

of environmental sanitation and health policies. 

Beyond the prevailing ubiquitous occurrence of 

refuse heaps in the locality, potential pollutants 

emanating from automobile exhausts and the 

Warri Refinery and Petrochemical Company 

(WRPC) located in the area, are sources of 

potential environmental pollutants in Effurun 

Urban and environs. This paper seeks to assess 

the pollutant attenuation capability of soils and 

near-surface sediments in the study area as the 

soil body is an eminent receptacle of various 

potential pollutants of an environment 

emanating from anthropogenic and related 

sources by evaluating the sedimentological 

characteristics of representative surface and 

near-surface soil and sediment samples from the 

study area so as to provide estimation and a 

conceptual model of pollution attenuation 

potentials of soil and near-surface sediments of 

unconfined aquifers in Effurun and environs. 

 

Geology and Stratigraphy of Effurun and Environs 

Effurun is located in the southwestern Niger 

Delta region of Nigeria. It is bounded by 

longitudes 5°45’E and 6°00’E and latitudes 

5°30’02”N and 5°36’40’’N (fig. 1), and 

characterized by an equatorial tropical climate 

with distinct wet (April – October) and dry 

(November – March) seasons. The area plays 

host to a large part of the Nigerian Petroleum 

industry. The industrial development that has 

resulted from the growth of the Nigerian 

Petroleum Industry has resulted in a 

corresponding population growth and 

consequent environment degradation. The 

population growth has resulted in the merging 

of Effurun and the adjoining Warri city into a 

sprawling conurbation. 

Geologically, the Niger Delta Region is underlain 

by three formations; the Bottomset is the 

dominantly shale Akata Formation of Paleocene 

to Recent age; the Eocene to Recent Agbada 

Formation which rest unconformably on the 

Akata Formation is the foreset and overlain by 

the delta plain Benin Formational sequence  of 

Oligocene to Recent age (Short & Stauble, 1967).  

The area of study is underlain 

geologically by the Benin Formation which is 

dominantly sands and clayey sands of deltaic 

plain origin intercalated with thin clays beds 

and laminae characterized by intricate 

interconnections of fluvial, tidal and back-

swamps subenvironment sediments that has 

resulted in a complex interdigitating of 

sediments and a consequent rapid lateral and 

vertical facies change. This study focuses on the 

surface geologic material of the uppermost 

stratigraphic section of the Recent Benin 

Formation.  
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Effurun.

 
 

 

Fig. 1: Geological map of the Niger Delta and surroundings showing the location of Effurun 

 

Microstratigraphically, the area is underlain by 

buff-colored, mottled – moderately lateralized 

and sandy soils characteristic of deltaic plain 

deposits in tropical rain forest regions. These 

unconformably overlie sections of very fine-very 

coarse and pebbly sands with clays and sandy 

clay intercalation (Reyment 1965; Dessauvagie, 

1974), with attendant complex sedimentological 

characteristics exhibited in a high frequency 

vertical and lateral facies change which is a 

keynote of deltaic plain deposits. The area is 

bounded to the south by wet lands and 

mangrove swamp forests and traversed by the 

meandering Warri River, to the north by 

scattered cultivated farm lands, dense thickets 

of primary and secondary equatorial rain forest 

vegetation with pockets of ephemeral freshwater 

swamps. 

 

Hydrology 

Effurun is characterized by three principal 

forms of surface waters. These are streams, 

swamps and man-made lakes. Some of these 

water bodies like the Warri River and its smaller 

tributaries have their catchment beyond the 

area of study, while some others like the Ikpa 

Creek; popularly called Ekpan River has its 

source in the forested woodland area between 

Jakpa and Ogboroke communities in Effurun. 

These streams exhibit high frequency 

meandering and flow in a southwest direction. 

Swampland is a common feature in the Effurun 

area, although large areas originally occupied by 

swamps have been encroached and reclaimed 

for urbanization and industrial purposes. These 

swamps which occupy low lying areas and can 
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serve as topographic indicators within the area 

are ubiquitous and some exist as perennial, 

while others, ephemeral. Two prominent man-

made lakes are present in the Effurun area. 

These hydrologic elements, the Jakpa Road and 

Ebrumede Lakes, were formed in the 1980`s and 

1990`s, when sand was quarried from the 

present lake sites for road construction 

purposes. The Jakpa Road Lake is about 

5000m2 with an average depth of 11ft, and the 

smaller Ebrumede Lake with a size of about 

1000m2 and an average depth of 6ft. In these 

areas, the aquifers have been punctured and 

groundwater levels intercepted creating avenues 

for groundwater to accumulate as surface 

waters. Direct contribution from rainfall and 

overland flow has continuously swelled the 

waters of these lakes. Although hydrological 

continuity exists between the lake waters and 

groundwater, they have unfortunately been 

converted to dumpsites and sewers in the 

vicinities where they are located.    

 

Hydrogeology 

The hydrogeology of Effurun and its environs 

shares common characteristics with the general 

Niger Delta hydrogeology. Groundwater is 

contained within porous and permeable 

confined and unconfined aquifers. Thickness 

variation exists within the unconfined aquifer 

system in the area and ranges from 40ft – 160ft 

in places, characterized by fine-coarse sand and 

clay intercalation and lenses. The unconfined 

aquifer rest unconformably on a thick clay 

sequence of about 50ft in thickness and this 

serves as a confining bed to the underlying 

aquifer system. 

The aquifer in the area is chiefly composed of 

sand and clay as the major facies with clayey 

sand and thin intercalations of sandy clays 

occurring as subfacies. Thick clay interval as 

major sedimentary facies in the area underlies 

the unconfined aquifer system and also occurs 

as pockets of clay beds within the first aquifer 

indicating lateral facies change characteristic of 

fluvial depositional systems. 

Groundwater levels in the area vary widely and 

fluctuate seasonally. Groundwater levels 

impinges on the surface in swamps and mash 

areas in the wet seasons, while in areas where 

the level exists permanently in the subsurface, 

fluctuations in depths to groundwater ranges 

from as low as a foot in the wet season, to as 

deep as 16ft in the dry months. These 

conditions create situations that make the 

groundwater resource in the area highly 

vulnerable to the various forms of potential 

environmental pollutants. 

Direction of groundwater flow in the area 

conforms to the regional dip trend of the Niger 

Delta area with local counter-regional flows in 

riparian zones and adjoining land areas pointing 

out the effluent nature of rivers in the area. 

Climate and Vegetation 

A tropical equatorial climate prevails over the 

Effurun area with a distinct wet (April – October) 

and dry (November – March) seasons. Annual 

rainfall averages about 3000mm exhibiting 

double maxima in the months of July and 

September, controlled dominantly by the 

prevailing southwest monsoons.    

Basically, the area is forested by equatorial rain 

forest vegetation of primary and secondary 

origin. Primary vegetation occurs in the low land 

areas as swamp with mangrove trees and other 

hydrophytes, while in the uplands, exist as 

dense equatorial rainforest. The upland primary 

vegetation is dense, consisting of innumerable 

species of trees, shrubs and palms, with varied 

and towering heights, thick foliage and girt, 

typifying a tropical equatorial climate. The 

extent of primary vegetation in the area has 

drastically reduced due to human 

encroachments on natural habitats. These are 

restricted to narrow boarders and stripes along 

water courses, swamp lands, traditional shrine 

grounds, and woodlands where urbanization 

and agriculture has not affected.  Secondary 

vegetation in the area is dependent on land use 

and is mainly restricted to upland areas that are 

not affected by seasonal flooding and exists as 

scattered cultivated land holdings and 

regenerated forest.     

Sampling Sites 

The study was carried out on soil obtained from 

built-up areas, vegetated farm land planted with 

annual and biannual food crops, secondary 

vegetated areas, and non-vegetated, road sides 

and refuse dump sites around Effurun urban 

between April - November 2012.  
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Fig. 2. Map of Effurun and Warri showing sampled locations 

 

Sample Collection 

Forty six soil samples were collected from 

subsurface holes using a hand auger within the 

vicinity of Effurun and environs. Sampling was 

randomly done in five major areas: Ebrumede, 

Ugbolokposo, Alegbo, Uti and Ekpan (fig. 2); at 

each sampling point two (2) sub-samples from 

the top and bottom layers were collected at a 

depth of 0-30cm and 15m apart using a 

stainless steel auger. The samples were collected 

in clean polythene bags and transported to the 

laboratory for further processing. Each sample 

collection was georeferenced using a Garmin 

GPSMAP 78s model.   

Sample Pre-Treatment and Analysis 

The different soil samples were air-dried at room 

temperature in the laboratory for a week, after 

which they were disaggregated, and sieved 

through a 75.0 - 280µm Endecotts sieve to 

separate coarse sand from fine fraction (clay and 

silt). Results derived from this stage were 

utilized for further statistical analysis for 

computing sorting values for the inference of 

permeability and infiltration of fluids through 

the soil media. 

Measurement of pH 

The soil pH is a measure of the acidity or 

basicity of soils. In order to carry out the soil pH 

analysis, the pH meter was initially calibrated 

using buffer 4 and 9 reagents in order to obtain 

accurate readings. 10g of each sample was 

mixed with 10ml distilled water in a test tube. 

Thereafter, the pH meter probe was immersed 

into the test tube containing the mixture and 

readings were taken and recorded. 
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RESULTS AND DISCUSSION 

Table 1 presents results of sand and clay 

percentages derived for each analyzed sample. 

Clay percentages range from 0.06 – 6.40, sorting 

values range from 0.48 – 0.98 (well sorted – 

moderately sorted) (Table 1), while sand 

percentages range from 99.76 – 93.50, thereby 

characterizing the soils as sandy soils. Table 2 

shows the range, median, mean and standard 

deviation of soil lithological parameters of 

sampled locations.  

 

 

Table 1: Percentage clay and sand fraction from each sample location. (T = top, B = bottom). 

Area Sample 
Location

Sample No. %Clay %Sand pH
CEC,

mol/kg Sorting

Ebrumede 
(1)

EBRL1PIT 1T S1 2.38 97.28 5.73 0.014 0.59 Moderately well sorted

EBRL1PIT 1B S2 1.84 97.92 5.90 0.024 0.57 Moderately well sorted

EBRL1PIT 2T S3 2.17 97.70 5.73 0.014 0.53 Moderately well sorted

EBRL1PIT 2B S4 2.40 97.42 5.66 0.021 0.55 Moderately well sorted

EBRL1PIT 3T S5 2.04 97.92 5.39 0.013 0.57 Moderately well sorted

EBRL1PIT 3B S6 1.70 98.24 5.40 0.011 0.62 Moderately well sorted

EBRL1PIT 4T S7 1.72 98.20 5.25 0.014 0.51 Moderately well sorted

EBRL1PIT 4B S8 0.96 99.00 5.27 0.016 0.52 Moderately well sorted

EBRL1PIT 5T S9 0.76 99.18 5.85 0.026 0.48 Well sorted

EBRL1PIT 5B S10 0.84 99.12 5.68 0.018 0.51 Moderately well sorted

EBRL2PIT 1T S11 1.86 98.08 8.08 0.057 0.84 Moderately sorted

EBRL2PIT 1B S12 1.70 98.26 7.38 0.048 0.58 Moderately well sorted

EBRL3PIT 1T S13 3.34 96.60 5.44 0.015 0.66 Moderately well sorted

EBRL3PIT 1B S14 3.30 96.64 5.02 0.012 0.78 Moderately sorted

Ugbolokposo
(2)

UGBL1PIT 1T S15 1.02 98.94 5.09 0.014 0.90 Moderately sorted

UGBL1PIT 1B S16 3.34 96.70 4.97 0.012 0.91 Moderately sorted

UGBL2PIT 1T S17 1.24 98.72 4.03 0.011 0.48 Well sorted

UGBL2PIT 1B S18 3.12 96.84 2.78 0.010 0.60 Moderately well sorted

UGBL2PIT 2T S19 0.06 99.94 5.26 0.015 0.48 Well sorted

UGBL2PIT 2B S20 2.90 97.06 5.09 0.014 0.52 Moderately well sorted

UGBL2PIT 3T S21 2.10 97.86 5.04 0.013 0.57 Moderately well sorted

UGBL2PIT 3B S22 4.28 95.66 4.88 0.012 0.62 Moderately well sorted

UGBL2PIT 4T S23 4.28 95.66 5.02 0.012 0.60 Moderately well sorted

UGBL2PIT 4B S24 2.06 97.88 4.93 0.011 0.49 Well sorted

UGBL2PIT 5T S25 3.56 96.40 4.98 0.012 0.59 Moderately well sorted

UGBL2PIT 5B S26 2.90 97.06 4.99 0.011 0.55 Moderately well sorted

Alegbor (3)

ALGBL1PIT 1T S27 2.04 97.90 6.03 0.017 0.51 Moderately well sorted

ALGBL1PIT 1B S28 3.74 96.22 5.47 0.014 0.58 Moderately well sorted

ALGBL1PIT 2T S29 4.64 95.30 6.30 0.038 0.65 Moderately well sorted

ALGBL1PIT 2B S30 6.26 93.70 6.42 0.015 0.66 Moderately well sorted

ALGBL1PIT 3T S31 4.26 95.68 6.85 0.015 0.60 Moderately well sorted

ALGBL1PIT 3B S32 6.30 93.62 6.82 0.015 0.68 Moderately well sorted

ALGBL1PIT 4T S33 3.90 96.02 6.39 0.013 0.84 Moderately sorted

ALGBL1PIT 4B S34 1.56 98.32 6.47 0.013 0.75 Moderately sorted

Uti (4)

UTIL1PIT 1T S35 0.18 99.76 5.62 0.012 0.98 Moderately sorted

UTIL1PIT 1B S36 1.34 98.62 5.70 0.013 0.62 Moderately well sorted

UTIL1PIT 2T S37 3.86 96.10 5.81 0.014 0.91 Moderately sorted

UTIL1PIT 2B S38 2.00 97.98 5.89 0.015 0.74 Moderately sorted

Ekpan (5)

EKPLIPIT 1T S39 1.46 98.52 6.94 0.017 0.78 Moderately sorted

EKPLIPIT 1B S40 3.88 96.06 7.02 0.056 0.88 Moderately sorted

EKPL2PIT 1T S41 4.26 95.66 6.99 0.036 0.83 Moderately sorted

EKPL2PIT 1B S42 6.26 93.68 7.13 0.077 0.90 Moderately sorted

EKPL2PIT 2T S43 6.40 93.50 7.05 0.073 0.89 Moderately sorted

EKPL2PIT 2B S44 5.00 94.96 6.99 0.046 0.75 Moderately sorted

EKPL2PIT 3T S45 4.36 95.54 6.60 0.041 0.80 Moderately sorted

EKPL2PIT 3B S46 3.68 96.18 6.90 0.039 0.78 Moderately sorted
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Table 2: Range, median, mean and SD of soil 
lithological parameters of sampled locations in 

Effurun Urban 

Areas      Range           Median   Mean ± SD* 

Area 1  

(na = 14)  

Clay (%)  0.76 – 3.34  1.85  1.93 ± 0.57 

Sand (%) 96.60 – 99.18  98.00 98.00 ± 0.61 

Sorting  0.48 – 0.84  0.57  0.59 ± 0.01 

Area 2 

(na = 12) 

Clay (%)  0.06 – 4.28  2.90  2.57 ± 1.57 

   

Sand (%) 95.66 – 99.94  97.06 97.39 ± 1.59 

Sorting  0.49 – 0.91  0.58  0.61 ± 0.02 

Area 3 

(na = 8) 

Clay (%)  1.56 – 6.30  4.08  4.09 ± 3.58 

Sand (%) 93.62 – 98.32  95.85 95.85 ± 2.52 

Sorting  0.51 – 0.84  0.67  0.66 ± 0.009 

Area 4 

(na = 4) 

Clay (%)  0.18 – 3.86  1.67  1.85 ± 1.78 

Sand (%) 96.10 – 99.76  98.3  98.12 ± 1.76 

Sorting  0.62 – 0.98  0.83  0.81 ± 0.02 

Area 5 

(na = 8) 

Clay (%)  1.46 – 6.40  4.31  4.41 ± 2.16 

Sand (%) 93.50 – 98.52  95.60 95.51 ± 2.19 

Sorting  0.75 – 0.90  0.82  0.83 ± 0.003 

All Soils 

Clay (%)  0.06 – 6.40  2.39  2.90 ±  

Sand (%) 93.50 – 99.94  97.35 97.03 ± 1.73 

SD*= Standard Deviation 

na= Number of Samples 

 

Soil pH Distribution 

Soil pH ranged from 2.87 – 8.08 for all the 

samples. Using the soil pH classification scheme 

of the United States Department of Agriculture 

Natural Resources Conservation Services, 1999, 

strongly acidic soil constitutes 28.26% of the 

soil area, 54.35% is made up of moderately 

acidic soils, while neutral soil forms only 8.70% 

of the study soil area (Table 1). Soils from the 

Ebrumede area are generally moderately acidic 

soils with samples from one location falling 

within the neutral – alkaline class (S11 and S12, 

Table 1). Soils from the Ugbolokposo area are 

classed as strongly to moderately acidic, 

moderately acidic to neutral for the Alegbo area, 

moderately acidic for the Uti area, while the 

Ekpan area is characterized by neutral to 

alkaline soils (Table 3).   

Table 3: Soil classification of the areas based 

on soil acidity profile, (after USDA Natural 

Resources Conservation Services)  

Location pH range Soil classification

Ebrumede 5.02 – 8.08 Moderately acidic soils

Alegbo 5.47 – 6.85 Moderatelty acidic – neutral soils

Uti 5.62 – 5.81 Moderately acidic soils

Ekpan 6.60 – 7.13 Neutral– alkaline soils

Ugbolokposo 2.78 – 5.26 Acidic – Moderately acidic
 

 

Clay Content and Sorptive Capacity of Soils 

Generally the samples contain very low clay 

content. The low clay percentage of the samples 

is also reflected in the sorting characteristic 

calculated. Sorting as a sedimentologic 

parameter is important in assessing infiltration 

rate of surface fluid media into the subsurface. 

The sorting property of soils and sediments 

affects the rate of infiltration of fluid that move 

downwards through soil or sediment into the 

subsurface. Poorly sorted soil media occasion 

longer retention time of fluid passage, thereby 

creating enough time for chemical species 

dissolved in the fluids to react and bind with 

clay and organic matter fractions of soils and 

vice versa. The well sorted to moderately sorted 

nature of the soils, and the low clay 

percentages, indicates a high fluid conductivity 

through the soils. This creates minimal reactive 

sites for ionic pollutant species, and a 

consequent low sorption of ionic species. In this 

condition, pollutants dissolved in surface and 

near-surface fluids infiltrating soil media in the 

area will likely move rapidly into the subsurface 

by downward migration and an ultimate 

invasion of groundwater systems almost 

unrestrained. 

Figures 3 and 4 are diagrammatic plots of 

percentage clay distribution in the various 

sample location across the study area. In these 

locations, two main trends are observed in the 

clay content of the top and bottom soil horizons. 

Trend I: lower top %clay versus higher bottom 

hole %clay percent, exhibited in EBRL1P2 

(Ebrumede) and EKPL2P1 (Ekpan). Trend II: 

higher top %clay versus lower bottom hole 

%clay percent, exhibited in EBRL1P1 

(Ebrumede), UGBL2P3 and P4, (Ugbolokposo), 

and EKPL2P2 (Ekpan). The locations where the 

top soil horizon contains lower clay percent are 
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characterized by well sorted sediments/soil 

(Table 1). The observed sorting is in turn a 

function of eluviation of the top soil. The illuvial 

bottom horizons in turn thus contain higher 

clay percentage (Table 1).  
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Fig. 3: Top and bottom-hole clay content trend (in percentage) in the various samples locations from 

the Ebrumede area, showing disparity in attenuation capability of surface and bottom soil horizons. 
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Fig. 4: Top and bottom-hole clay content trend (in percentage) in the various samples locations from 

(a) Ugbolokposo, (b) Alegbo, and (c) Ekpan, showing disparity in attenuation capability of surface and 

bottom soil horizons. 

Cation Exchange Capacity (CEC) 

Cation exchange capacity (CEC) of the samples 

ranged from 0.011 - 0.077. The generally very 

high sand percentages for all samples (Table 1), 

classifies the soils as sandy soils. Although 

slightly higher clay content is recorded in 

samples S22, S23, S25, S28, S29, S30, S31, 

S32, S33, S37, S40, S41, S42, S43, S44, S45 

and S46, the values are far lower than values 

recorded for soils classified as clayey (Brady and 

Weil, 1999). Soils with high clay content 

typically posses higher CEC than sandy soils, 

thus able to bind more cations such as Ca2+ or 

K+ to the exchange sites of clay surfaces (Brady 

and Weil, 1999). The sediments of the study 

area are genetically of fluvial origin. Clays 

formed in fluvial settings are dominantly 

kaolinitic. Kaolinitic clays generally posses low 

CEC. High CEC clay has a higher capability in 

controlling the movement of organic and 

inorganic chemicals species through the soil 
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profile that may ultimately end up in the 

groundwater system. Chemical species that are 

attracted by positive or negative charges are 

held to some extent by the clays of the soil to be 

later released slowly into the surrounding 

environment depending on soil pH condition. 

From various locations, soils with higher pH 

have higher CEC and thus metallic ions (such 

as Cu, Fe, Pd, Ni and Zn); hence inorganic and 

organic chemicals in alkaline soils are held 

tightly to the clay particles. As such, they are 

less susceptible to leaching; implying areas with 

alkaline soils have correspondingly high 

attenuation potential. The very strongly acidic 

soils that characterize the Ebrumede (S1 – S13) 

and the Ugbolokposo (S13 – S26) areas could be 

ascribed mainly to atmospheric fall-out of 

particulate effluent from the Warri Refinery 

located in the Ekpan area of this study (Fig. 5), 

and to local conditions of waste disposal in the 

areas sampled. The Ekpan area of this study is 

characterized by neutral – alkaline soils. It 

would ordinarily be expected that soils in the 

immediate vicinity of the refinery should be 

more acidic than distal soils. The seemingly 

unusual soil acidity distribution in the area of 

study can be attributed to patterns of 

distribution of atmospheric particulate materials 

as shown in figure 5. Figure 5 is a schematic 

model modified after Moldvay, (1961), on low-

altitude transportation of suspended particles. 

This model provides an explanation to the soil 

pH pattern observed in the area of study. The 

source area in this case is the Ekpan area 

hosting the refinery, where there is little or no 

fall-out of airborne particulate, while the 

Ebrumede and Ugbolokposo areas exists as the 

down draft area where substantial fall-out 

occur. The particulates fallouts from refinery 

exhaust is known to contain metallic species 

such as Cu, Zn, and Ni generated from the 

incomplete combustion of hydrocarbon. These 

react with atmospheric moisture and falls as 

acid rain, thus increasing the soil acidity in 

these areas. In this regard the acidic soil 

condition of the Ebrumede and Ugbolokposo 

areas can be ascribed to the refinery fallout 

generated at the refinery located at Ekpan. 
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Fig. 5: Schematic profile low-altitude suspension 

in the atmosphere (Modified after Moldvay, 

1961) 

CONCLUSION 

The sedimentologic properties of soils and near-

surface sediments have been shown in this 

study to impact strongly on the attenuation 

potential of any sedimentary material. The very 

low clay content, CEC, pH and sorting observed 

in the sediments, interplay to reduce the 

attenuation potential of the sediments in the 

study area. These data sets act as a pointer that 

potential pollutants in the area of study 

infiltrate into the groundwater system almost 

unrestrained. This calls for a very serious 

concern as regards groundwater vulnerability in 

the Effurun area. 
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