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This paper investigated the geochemical, bacteriological, and geotechnical 

characteristics of a smectite clay sourced in the Niger Delta Region of Nigeria 

and its application as a barrier system for the containment of pollutants in 

aqueous systems. The smectite clay was tested for various geochemical, bacteri-

ological, and geotechnical properties. The findings revealed that the clay type 

had the potential to act as a barrier system for toxic heavy metals and bacteria 

in aqueous systems. The hydraulic conductivity of the smectite clay under effec-

tive stress of 80 kN/m
2
 was 1.6 x 10

-10
 m/s to natural aqueous contaminants con-

tained in the Gbarain watershed of the Niger Delta region of Nigeria. The 

Gbarain watershed contained Lead (>0.01 mg/L), Mercury (>0.006 mg/L), 

Manganese (>0.4 mg/L) and Escherichia coli (>0 cfu/100ml). Uptake of the in-

organic contaminants and inhibition of bacteria by the smectite clay was signif-

icant and increased with an increase in pH. In conclusion, smectite clay would 

provide an excellent geochemical, bacteriological, and geotechnical barrier 

system for toxic heavy metals and bacteria migration into a watercourse.  

 

Keywords: Characterization, smectite, performance, Niger Delta region, 

barrier systems 

 

 

Introduction 

 

The generation of inorganic and organic wastes in the aqueous environment is 

as old as the beginning of the human settlement. Metal load above the international 

recommended level has been observed in the Gbarain watershed of the Niger Del-

ta region of Nigeria. The water quality, especially, groundwater in this region was 

contaminated with excessive metal load and bacterial infection. A 3-barrier system 

has been suggested to enhance the water quality using locally sourced clay in the 

same region. 

In this study, a locally sourced smectite clay in the Niger Delta region of Ni-

geria (i.e., Amelem) was characterized in a laboratory using geochemical, bacte-

riological, and geotechnical techniques. This smectite clay used to treat aqueous 

toxic heavy metals and bacteria migrating into a watershed clay. Some objectives 
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of the study include determination of adsorption efficiency of the smectite clay at 

different pH, determination of the clay permeability under various effective stress-

es, and determination of E. coli content in samples of water obtained in the 

Gbarain watershed. This study, therefore, forms a critical step in a series of steps 

required in the containment of contaminants affecting aqueous systems.  

  Within the context of this paper, inorganic and organic wastes from the 

smelting of metals and food waste from food vendors respectively, constitute an 

environmental liability (Agbozu et al. 2015, Tansel and Yildiz 2011, Fuller 2018). 

Toxic heavy metal contaminants generated by reckless disposal of inorganic 

wastes has, therefore, compromised the water quality in most parts of the world. 

Metal and bacteriological loads besides, in the Gbarain watershed in the Niger 

Delta Region of Nigeria, are above recommended international limits set by the 

World Health Organization (WHO). The WHO limits the contaminate values of 

Lead, Mercury, Manganese, and Escherichia coli in drinking water as <0.01 mg/L, 

<0.006 mg/L, <0.4 mg/L, and 0 cfu per 100 mL of Escherichia coli, respectively 

(Misstear et al. 2017). Both organic and inorganic wastes dumped along the flanks 

of streams within the Gbarain watershed. Subsequently, metal and bacteriological 

pollutants exist and interact with the Gbarain watershed (Oluwapelumi 2015).  

This excessive mixed load is, therefore, a problem and reduction of this load 

to acceptable limits has generated considerable interest to researchers.  Previous 

methods used in waste management in the Gbarain watershed include burning, 

recycling, reduce, reuse, incineration, and composting (Tansel and Yildiz 2011). 

These procedures are not capable of reducing metal and bacteriological load to 

acceptable level in watercourses in the watershed. A by-product of these methods 

may in, addition, washed into the soil by rain, thus contaminating the surface and 

groundwater resources (Velenturf and Jopson 2019). All procedures mentioned 

previously are not capable of disinfecting water contaminated with E. coli and 

coliform. During disinfection, pathogenic microorganisms in the water deactivat-

ed. Disinfection of the water is by chemical and physical means (Unuabonah et al. 

2018). Chemical agents such as chlorine and its compounds used in the treatment 

of water in this region because of their effectiveness, and low cost  The introduc-

tion of these chemicals to water, however, reacts with natural water to produce 

disinfection by-products (DBPs), that may be carcinogenic (Unuabonah et al. 

2018). Using techniques not involving the addition of chemicals, such as filtration 

and adsorption by clay minerals has been of great interest to the international 

community. Some methods and combination of methods used for treating water 

contaminated with inorganic pollutants include ion exchange, membrane filtration, 

and coagulation-flocculation-sedimentation (Fu and Wang 2011). In adsorption of 

inorganic pollutants, the use of clay minerals has been a subject of interest to re-

searchers (Zaki et al. 2017, Egirani et al. 2019). 

Clay minerals are readily available used in the elimination of toxic heavy 

metals from water (Izah et al. 2018). Clay minerals are known to do effective ad-

sorption of pollutants and barrier their migration. This ability of clay is dependent 

on the structure and chemical compositions (Cantor et al. 2010). The clay mineral 

of the smectite group includes bentonite and is composed mainly of hydrous mag-
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nesium-calcium aluminium silicate called montmorillonite. Clay minerals possess 

high colloidal and plastic properties with fine particles (Murray 1999). 

For effective containment of an aquatic system, adsorption of metal and bac-

teriological load entering it is necessary. For effective elimination of these loads, 

however, a combination of adsorption and establishment of barrier systems are 

required (Xue et al. 2012).  A suitable clay barrier system provides for clean, pota-

ble water, and sustainable water resource management. A clay barrier system, 

therefore, provides a protective structural barrier and adsorbing geochemical me-

dium to control the movement of contaminants (Zaki et al. 2017). The perfor-

mance of a clay barrier system is measured in terms of hydraulic conductivity, and 

chemical properties of the clay mineral. The functionality of a clay barrier system 

is dependent on the type of contaminants, the geotechnical, and chemical proper-

ties of the clay barrier (Ghazizadeh and Bareither, 2018). The critical function of a 

barrier system is to hold back the contaminants in a manner that is protective of 

human health and the environment. In meeting these requirements, a clay barrier 

system must possess low hydraulic conductivity and high adsorption capacity 

(Ghazizadeh and Bareither 2018). Over time, a clay barrier system with a field 

hydraulic conductivity of 1x10
-9

 m/s or less as reported by Oluwapelumi (2015) 

satisfies the requirements. A clay-based barrier system must be able to attenuate 

the movement of contaminants and retard the discharge of the pollutants into wa-

tercourses. Hydraulic conductivity is controlled primarily by the structural content 

of the clay (Oyediran and Olalusi 2017). Various researchers have supported the 

view that the percentages for fines for barrier clay is from 40% and 50%, and plas-

ticity indices is from 10% and 30%. For some studies involving organic contami-

nants, the hydraulic conductivity increased when the concentration of chemical 

solutions increased (Hakan et al. 2018). The decrease in the hydraulic conductivity 

as a contaminant introduced into the barrier system has, however, reported. This 

characteristic may be related to the effects of the fluid composition on the clay 

structure i.e. the distribution of electric charges on the surface of the clay minerals 

(Sipos et al. 2018). 

Consistency limits (Atterberg limits) are useful indicators of clay behaviour 

(Liu et al. 2018a). Diverse views exist on the effect of chemicals on the consisten-

cy limits of clays (Sipos et al. 2018). Liquid limit and plastic limit increased when 

the concentration of inorganic contaminants increased (Madsen and Mitchell 

1989). The situation was different for organic pollutants where the increase in the 

concentration led to a decrease in the Atterberg limits. Organic chemicals tend to 

shrink a diffuse double layer that surrounds clay particles (Liu et al. 2018b). An 

effect of organic chemicals on the liquid limit behaviour of soil was studied by 

(Sipos et al. 2018). A metal load-contaminated sample, in this case, had lost its 

cohesive nature, possibly due to the collapse of the double layer in the presence of 

organic chemicals. As the liquid limit and plastic limit values were corresponding-

ly increased or decreased, there is no overall change in plasticity index values as 

the contaminated water introduced into the system. 

The influence of pH on the adsorption of metal ions on Na-montmorillonite 

was studied (Abollino et al. 2003) and found that the adsorption of metals decreas-

es with decreasing pH and vice versa. At low pH, the hydrogen ion competes with 
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the metal-load towards the external sites. A silanol (Si–O-) and aluminol (Al–O-) 

groups are less deprotonated and are less available to retain metals. Adsorption of 

metals increases at moderate pH over the pH-adsorption edge. At high pH values, 

the metal ions showed high retention on clay mineral (Sipos et al. 2018). The clays 

of the smectite group montmorillonite have, therefore, used as a barrier system at 

waste disposal sites (Odom 1984, Missana et al. 2018).  

 

 

Methodology 

 

Experimental Site Location of the Gbarain Watershed 

 

An area selected for this study is in a southern flank of the Niger Delta Region 

of Nigeria (60 2' 0'' E-60 8' 0'' E, and 40 42' 0'' N-40 46' 0'' N) as shown in Figure 

1. This terrain is low-lying with elevations from below sea level in a southwestern 

flank of the region to about 40 m inland.  

 

Figure 1. Map Showing the Study Location and Sample Sites 

 
 

The Gbarain watershed presently hosts two waste-dump sites located along 

the flanks of a seasonal flow stream and seasonally waterlogged terrain. About 

75% of the Niger Delta Region is associated with wetland, and annual rainfall is 

between 2000–3000 mm. Some parts of the Niger Delta flooded due to excessive 

rain, human manipulation of wet-land, and excessive release of water from Niger 

and Benue Rivers. An open aquifer in a watershed derived from a Benin formation 

that is sandy and richly drained in nature (Chukwuma and Uchenna 2018). 
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Experimental Methods 

 

The smectite clay used for tests is commonly found in the Niger Delta region 

of Nigeria and obtained from Dangote Industries Limited, Lagos, Nigeria. This 

clay is locally known as Amelem and is named smectite clay in this study. Water 

samples collected in triplicates from a Gbarain watershed. The sampling included 

25 samples of rainwater as a control, 25 samples of surface water, and 25 samples 

of groundwater. All three water types were analyzed for physical, chemical, and 

bacteriological characteristics. However, only the contaminated groundwater se-

lected as a material for geochemical, bacteriological and geotechnical studies. This 

selection was because this study was aimed at ensuring the prevention of contami-

nants from contaminating the groundwater.  

 

 Pre-Treated Contaminated Water and Post-Treated Contaminated Water 

Triplicates of water samples were taken at each sampling point and were later 

transported to the laboratory for chemical and bacteriological analyses. Only ana-

lytical grade reagent and chemicals obtained from Sigma Aldrich in Dorset, Unit-

ed Kingdom were used in preparing reagents and standards. A collection of sur-

face water and groundwater samples were analyzed for pH, temperature, total dis-

solved solids (TDS) and electrical conductivity per standard methods Analytical 

methods were based on the American Public Health Association (Rice et al. 2012). 

The total hardness was determined by Titrimetric Method. The salinity was evalu-

ated using Mohr's method (Rice et al. 2012). The biochemical oxygen demand 

(BOD) and the chemical oxygen demand (COD) were determined using titrimetric 

analysis and colourimetric analysis respectively (Ngang and Agbazue 2016). 

 

 Determination of Adsorption Characteristics of the Niger Delta Clay 

The chemical performance of the smectite clay was studied through batch ad-

sorption tests. The batch adsorption test is a quick method that provides infor-

mation about the metal affinity of smectite clay mineral, as well as the mechanism 

and kinetic reaction involved. For this test, contaminated water containing Fe, Pb, 

Hg and Mn with a concentration of 0.25 mg/L, 0.06 mg/L, 0.019 mg/L and 0.85 

mg/L, respectively were used. These metals were selected since they were above 

the World Health Organization limits for potable water (Misstear et al. 2017). A 

set of batch adsorption tests was conducted by adding 2 g of smectite clay in 50 

mL of contaminated water. Samples were taken after 24 hours on an incubator 

shaker at 100 rpm and ambient temperature. This time was adequate to reach equi-

librium (Shafiq et al. 2018). After shaking, every mixture was centrifuged and 

filtered using a filter with a 0.45 μm pore size. The concentrations of Fe, Pb, Hg, 

and Mn before and after the adsorption tests were analyzed using the atomic ab-

sorption spectroscopy (AAS). Subsequently, the adsorption capacity was deter-

mined from the following linear equation (1): 

 

           
 

 
                        (1)  
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Here, Co equals the initial metal concentration (mgL
-1

) at time t=0, Ct equals 

the metal concentration (mgL
-1

) at time t, V equals the volume of adsorbent sus-

pension (L) and m is the weight of the adsorbent (g). Thermal regeneration of the 

spent smectite clay was carried out by treating it with 1M nitric acid, thus, result-

ing in 60% regain. The extracted clay was heated to 500
o
C for 24h (Shahadat and 

Isamil 2018).  

 

Determination of Geotechnical Properties of the Niger Delta Clay  

The particle size analysis was done using LS 13 320 Coulter Laser Diffraction 

particle size analyzer (Blott and Pye 2006). The hydraulic conductivity test was 

conducted on the smectite clay following the procedures described by Tong and 

Shackelford (2016) using a falling headwater constant tailwater system. Diameter 

and height of the clay sample were 60 mm and 40mm in the permeability test, 

respectively. A hydraulic conductivity test of the smectite clay using rainwater as 

control was also conducted. The index properties measured according to the 

D7263-09 and ASTM 2018. 

 

Bacteriological Analysis of the Contaminated Water and Post Contaminated 

Treated Water 

A quantitative bacteriological analysis was conducted to determine the total 

coliforms and Escherichia coli (Hachich et al. 2012). A total bacterial count was 

determined by the use of the standard plate counting (SPC) method. An Escherich-

ia coli assay was evaluated by preparing and sterilizing them with ethanol. The 

plate was removed after 24 h and perfect circled colonies were identified as Esche-

richia coli (E. coli) and other colonies were counted as the total coliform. In de-

tails, water samples filtered and retained on a membrane filter were removed to the 

culture medium (mTEC for E. coli. in a Petri plate and incubated at ambient tem-

perature (35
o
C) for 2 h. This process was followed-up by incubation at 44°C for 24 

h for E. coli. The colonies that developed magenta colour on mTEC media were 

counted using the unaided eye as E. coli. Their counts were expressed in cfu/100 

mL of the water ((Izah et al. 2018, Hachich et al. 2012). 

 

 

Results 

 

Characterization of the Niger Delta Clay 

 

This clay has SiO2 (54%), Al2O3 (17%), Fe2O3 (5.2%), CaO (1.5%), MgO 

(2.5%), Na2O (0.40%), K2O (1.5%), Moisture content (9.3 %), Loss on Ignition 

(15 %), CEC (56 mmol/g), specific surface area (414 m
2
/g), and Point of Zero Salt 

Effect (7.13). An x-ray diffraction spectrum, scanning electron microscopy and 

energy dispersive spectroscopy also, indicated smectite as the key constituent and 

elemental constituents of smectite clay tainted with copper (Figures 2a and 2b). 

The smectite clay had a clay content of 80% and the particle size distribution curve 

is provided (Figure 3) (Murray 1999). 
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Pre-Treated Contaminated Water and Post-Treated Contaminated Water 

 

Some results of physicochemical analysis of the rainwater, pretreated and 

post-treated contaminated water samples are presented (Table 1). In this study, the 

contaminated water samples contain toxic heavy metal load and bacteriological 

load above regional and international. The BOD and COD of the contaminated 

water were 7 mg O2/L and 20 mg/L respectively.  

 

Figure 2a. X-Ray Diffraction Patterns of a Smectite Clay 

 
Figure 2b. SEM and EDX of Smectite Clay 
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Figure 3. Coulter Laser Particle Size Distribution Curve of Smectite Clay for 

Rainwater and Contaminated Water 

 
 

There was no statistically significant difference between groups (i.e., between 

particle sizes generated by rainwater and contaminated water or leachate as deter-

mined by one-way ANOVA (F(1,20)=1.540, p=0.229). 

 

Table 1. Some Index Properties of Smectite Clay Treated with Rainwater and 

Contaminated Water 

Smectite clay 

treated with 

Liquid 

limit 

(%) 

Plastic 

limit (%) 

Particle size distribution 

 
Plasticity 

index (%) 

Optimum 

water 

content 

(%) Min diameter 

(µm) 

Max diameter 

(µm) 

Rainwater 52 30 4 70 22 16 

Contaminated 

water 
35 18 6 100 17 12 

 

There was a statistically significant difference between groups (i.e., between 

index properties generated by rainwater and contaminated water or leachate as 

determined by one-way ANOVA (F(1,10)=0.881, p=0.024). A short-term evalua-

tion of the effluent at pH 6 indicated a reduction in groundwater contaminants. A 

decrease in the values of the metal load in an effluent is maybe because of the in-

teraction of smectite clay with the contaminated water. For instance, the distribu-

tion of electric charges on a clay surface may account for interaction that led to the 

metal reduction.  
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Table 2. Characterization of Water in the Study Location 

Water 

type 

Temp 
0
C 

pH 

 

EC 

µs/cm 

Salinity 

µs/cm 

Turbidity 

NTU 

TDS 

ppm 

Fe 

ppm 

Pb 

ppm 

Hg 

ppm 

Mn 

ppm 

Total alkalinity E. coli 

10
2
 cfu/100 

mL 

T. coli 

10
2 
cfu/100 

mL 

Rain 

water 
27.5 6.18 17.60 0.00 0.42 8.80 0.01 0.00 0.00 0.00 11.00 0 0 

Surface 

water 
28.7 6.23 56.70 1.34 17.50 28.40 0.30 0.06 0.04 0.80 11.00 3 5 

Ground-

water 
26.8 6.32 168.0 0.8 2.15 83.00 0.25 0.05 0.01 0.50 14.00 1 2 

Characterization of water treated with smectite at pH 6 

Rainwater 
27.0 6.08 10.50 0.00 0.35 5.45 0.00 0.00 0.00 0.00 6.00 0 0 

Ground-

water 
27.8 6.01 50.0 0.35 1.25 45.00 0.035 0.008 0.002 0.115 10.00 0 0 
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There was no statistically significant difference between groups was deter-

mined by one-way ANOVA (F (4,15)=2.055, p=0.138). A Tukey post hoc test 

revealed that the metal concentration for treated water was statistically significant-

ly lower after taking treated rainwater (4, p=0.000), and treated contaminated 

groundwater (4, p=0.04). 

 

Bacteriological Analysis of Contaminated Water and Post-Treated Contaminated 

Water 

Some results for bacteriological analysis of rainwater, pre-treated contaminat-

ed water and post-treated contaminated water are presented (Table 2). Complete 

elimination of E. coli and Total coliform load were observed.  

 

 

Discussion 

 

Adsorption Performance of the Niger Delta Clay Interacted with Contaminated 

Water 

 

Some results for the adsorption test based on 2 g of smectite clay and THMs 

water at pH=6 is presented (Figures 4-5). Adsorption capacity of the smectite clay 

over the range of pH investigated (i.e., pH=4-8) revealed Fe (82-86%), Pb (92-

94%), Hg (76-87%), Mn (59-74%).  

 

Figure 4. Plot of Adsorption Efficiency versus pH of Contaminated Water using 2 

g of Smectite Clay 
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There was a statistically significant difference in adsorption efficiency be-

tween groups of heavy metals as determined by one-way ANOVA (F (3,16) = 

35.83, p = 0.00). A Tukey post hoc test revealed that the efficiency of adsorption 

was not statistically significantly different between subsets of heavy met-

als(p =1.000), (p=0.292), and (p=1.000). 

 

Figure 5. Plot of Adsorption Capacity versus Solid Concentration of Smectite 

Clay at pH 6 
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There was a statistically significant difference in adsorption efficiency be-

tween groups of heavy metals as determined by one-way ANOVA 

(F(3,16)=29.052, p=0.00). A Tukey post hoc test revealed that the efficiency of 

adsorption was not statistically significantly different between subsets of heavy 

metals (p=1 .000), (p=0.442), and (p=1.000). 

Uptake of inorganic pollutants by the smectite clay was found to be signifi-

cant and increased with increased pH. At pH =6 and over the range of solid con-

centration investigated (i.e., 1-3 mg/L), the percentage of adsorption increased as 

solid concentration was increased. At pH=6 and 2.5 g/L, the percentage of adsorp-

tion was Fe (86.48 %), Pb (94.53%), Hg (82.72%), and Mn (74.84%). 

The thermal regeneration of the spent smectite clay revealed a regain of 60% 

adsorption capacity. Thermal heating of the extracted smectite clay provided a 

90% removal efficiency. 

Some results indicated that the adsorption capacity of the smectite clay in-

creased with increase in pH. These results conform to the chemical properties of 

smectite clay (Kloprogge et al. 1999).   
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The smectite clay adsorption mechanism was mainly based on their surface or 

ionic charge. The smectite clay was occupied by cations, and its surface was high-

ly hydrophilic and pH-independent. The metals in contaminated water, therefore, 

interacted with the smectite clay and became adsorbed by ion exchange. The pH 

value of the reacting environment was one of some critical factors that deter-

minized an interaction of the smectite clay with metal ions contained in the con-

taminated water (Scalia et al. 2018). 

An increase in adsorption as pH was increased suggests that the ionic species 

of an inorganic contaminant was more readily adsorbed than the less ionic species. 

A significant role played by hydrophilicity was also observed from the pH effects. 

This phenomenon generally favoured adsorption because pH was high enough to 

ensure that a charged protonated species dominated a reaction process. Hydraulic 

conductivity of the smectite clay was governed by the chemical composition of the 

contaminated water and its pH. An increase in hydraulic conductivity of compact-

ed natural clays occurred when a permeant liquid was an organic pollutant (Naka 

et al. 2012). 

In this study using inorganic pollutants, a decrease in pH increased the hy-

draulic conductivity of the smectite clay increase in pH, therefore, decreased the 

hydraulic conductivity of the smectite clay. At low pH, the smectite clay possesses 

hydrophilic characteristics and hydrogen ion competes with metals contained con-

taminated-groundwater at reactive sites. Some silanol (Si–O-) and aluminol (Al–

O-) groups also, became less deprotonated and less available (Naka et al. 2012,  

Delavernhe et al. 2018). At high pH values, the metal ions were highly adsorbed 

by the smectite clay. 

 

Geotechnical Performance of the Niger Delta Clay Interacted with Contaminated 

Water 

 

The smectite clay used in this study possesses hydraulic conductivity lower 

than 1x10
-9

 m/s and a high Cation Exchange Capacity and therefore, met the re-

quirements for use as a barrier system. As the moisture content of the smectite clay 

changes from dry to wet of optimum, some fabrics of the smectite clay particles 

tended to change from a flocculated to a dispersed arrangement because of com-

paction. Higher effective stress produced closer alignment of particles along the 

failure surface thereby, yielding a decrease in the voids that conducted flow thus, 

lowering the hydraulic conductivity at higher effective stress (Oyediran and Olalu-

si 2017). This smectite clay demonstrated a capacity to attenuate the movement of 

contaminants and prolong the release of a metal load-bearing contaminated water.  

Some results for short-term hydraulic conductivity evaluation are presented 

(Figure 6). This plot indicated that hydraulic conductivity of the smectite clay de-

creased when contaminated water was introduced into a clay mineral system.  
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Figure 6. Plot of Effective Stress versus Hydraulic Conductivity of Smectite Clay 

based on Rainwater and Contaminated Water 

 
 

There was a statistically significant difference in hydraulic conductivity be-

tween groups was determined by one-way ANOVA (F(1,12)=5.43, p=0.038). Hy-

draulic conductivity of the smectite clay based on rainwater as the control was 

higher than that based on contaminated water. Hydraulic conductivity of the smec-

tite clay meets the requirements for a clay barrier (i.e., 1x 10
-9

 m/s or less). This 

characteristic is, however, in contrast with previous studies for hydraulic conduc-

tivity of geosynthetic clay liner that increased over time when permeated with acid 

rock drainage (Naka et al. 2012). This difference may be since this study was a 

short evaluation.  A clay void ratio decreased as effective stress was increased. A 

void ratio based on rainwater was also, higher than that based on contaminated 

water (Figure 7). Some results for Atterberg limits are presented (Table 1). Atter-

berg limits decreased when the smectite clay has interacted with the contaminated 

water. An overall plasticity index of the smectite clay was, however, within the 

limits of 10-30% required for clay barriers. 

From the experimental results, an uptake of the metal load contained in water 

was dependent on the chemical and geotechnical properties of the smectite clay.  

The smectite clay used in this study was a powdered type with a high specific sur-

face area and high micron range particle size. The structure, chemical composition, 

exchangeable ion type, and small crystal size of smectite clays are several unique 

features that have influenced the chemical and geotechnical properties of the 

smectite clay.  
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Figure 7. Plot of Consolidation versus Void Ratio based on Rainwater and Con-

taminated Water 

 
 

There was no statistically significant difference in void ratio between groups 

as determined by one-way ANOVA (F(1,12)=0.980, p=0.342). These properties 

include large chemically active surface area and a high cation exchange capacity. 

Because of these properties, the smectite clay used in this study was able to re-

move toxic metal ions in the contaminated water (Liu et al. 2018b). Therefore, this 

smectite clay hydrates uniformly from the outer surfaces towards the centre. These 

characteristics further, lower the hydraulic conductivity of the smectite clay used 

in this study (Liu et al. 2018b). These qualities result in the rapid development of 

an effective barrier system. The smectite clay generates high colloidal fraction 

when in contact with water and this characteristic enhances the adsorption charac-

teristic of the smectite clay (Missana et al. 2018).  

 

Performance of the Niger Delta Clay on the Bacteriology of the Contaminated 

Water 

 

There was no statistically significant difference in bacterial removal between 

groups was determined by one-way ANOVA (F(4,5)=0.666, p=0.643). However, 

individual groups exhibited a non-statistically significant difference in bacterial 

removal. Elimination of the bacterial load took place by adhesion as provided in a 

previous study (Nandakumar et al. 2019, Dong 2012). The nature of the smectite 

clay surface and microbial cell surfaces are important in determining how some 

bacteria adhere to the smectite clay surfaces. This adhesion is a prelude to under-

standing the mechanism of removal of these bacteria from water (Liu et al. 2018b). 

An adhesion process was controlled by both chemical and physical interactions of 

the surface of the smectite clay and bacteria. An outcome of these contacts is de-

pendent on a complex interaction between these bacteria and substrate surfaces.   
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Comparison of Performances 

 

The smectite clay (Amelem) performed best as a bacteriological barrier, 

providing complete elimination of the E. coli in the contaminated water. The per-

formance of this indicator is followed by the geotechnical characteristics of the 

smectite clay, thus providing a hydraulic conductivity of 1.6x10
-10

 m/s. The geo-

chemical and adsorption characteristics of the smectite clay were pH-dependent, 

thus providing an adsorption efficiency of ≈95%.  

 

 

Conclusions 

 

In this study, a well-characterized locally sourced clay from the Niger Delta 

Region of Nigeria (Niger Delta Clay), was tested as a three-barrier system. The 

adsorption, geotechnical and bacteriological properties of the smectite clay provide 

statistically significant performance in the reduction of toxic heavy metals and 

bacterial load found in the Gbarain watershed of the Niger Delta Region of Nige-

ria. The findings reveal that the short-term evaluation of a simulated effluent indi-

cated a reduction in toxic heavy metals and bacteriological load contained in con-

taminated-groundwater to safe limits based on WHO’s standard.  

 Uptake of some inorganic pollutants by the smectite clay was found to be 

significant and increased with an increase in pH and dose of the adsorbent. The 

smectite clay, therefore, provided an excellent three- barrier system to the migra-

tion of metal load and bacteriological load contained in aqueous systems. This 

study was a 24-h short-term laboratory evaluation of properties related to the 

smectite clay as a 3-barrier system. Further studies would incorporate long-term 

lifetime or saturation time of the smectite clay. 
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