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Abstract

Contaminant transport in the alluvial sediments of River Gbako flood plains around Baddegi, central Bida Basin, Nigeria was
investigated to know the contaminant transport in sediments of the catchment flood plain around Baddegi. Four sampling pits,
TR-1, TR-2, TR-3 and TR-4, were dug for the purpose of lithological studies and sediment sampling. Particle sizes analysis of
the sediments shows sand dominated sediment with more than 50 per cent sand composition and small percentage of clay and
silt. The sediments are young owing to the non-profile development in them. All the sediments collected in the catchment
domain were acidic with a mean pH of 4.69 controlling other geochemical processes in the area. Partition coefficient values
indicated the metals are compactible and preferentially accepted by the minerals with most of the coefficient values greater
than one, Di > [. Velocity of the metals in the sediment horizons is slower relative to the velocity of the water percolating
through the sediment indicating retardation and possible mechanisms behind attenuation and groundwater purification in the
area. Overall, partition coefficients are important parameters in assessing the potential impacts from metal contaminated soils.
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1. Introduction

Partition coefficients are important parameters in assessing
the potential impacts from metal contaminated soils [10].
Metal contamination in soils is one of the environmental
issues globally, especially in areas where agricultural
practices are largely supported by chemical fertilizers or
where metal enrichment in soils is due to mining activities.
The flood plains of River Gbako around Baddegi in kacha
local Government Area, Niger State, Central Nigeria, is
utilized for cereal crops farming due to it alluvial soil

to boost crop production within the catchment areas of the
floodplain. The chemicals can enrich the soil and
contaminate the aquifer system. Soil contamination with
heavy metals contributes to groundwater chemistry due to
water-rock interaction. Ma et al. [10] argued that soil redox
status varies temporally, and the intensity of redox status can
be described by redox potentials in general. The redox status
in surface soil is influenced by rainfall, bioactivity and
changes in land use, whereas in vadose zone by fluctuation in
water table [2]. According to Kongjoo et al. [9] the chemical
composition of groundwater is regulated by various factors,
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which include atmospheric inputs, mineral weathering
through water-rock interaction, anthropogenic activities and
biogeochemical processes.

Metals like lead (Pb), Zinc (Zn), chromium (Cr),
manganese (Mn) and iron (Fe) can concentrate in sediment
through adsorption and ion exchange processes. Partition
behaviour of trace metals and their velocity through sediment
can explain some principles behind groundwater purification
and attenuation of pollutants in contaminant prone areas.

The implication of the activity of metals introduced either
through lithogenic or anthropogenic process in sediments and
groundwater requires scientific explanation to understand
their mobility and the effect on the environment and
especially water resources. The aim of this study is to
evaluate the contaminant transport in alluvial sediments of
River Gbako floodplain around Baddegi, Central Bida Basin,
Nigeria.

2. The Study Area

The area is part of the active floodplains of River
Gbako around Baddegi, Central Bida Basin, Nigeria. It is
located on latitude 09 03'00'N to 09 0600"N and longitude
006 05'00E to 006 9'00 E. the area is made up of two main
stratigraphic sections geologically; they are alluvial
deposits and Jima member of the Bida sandstone. The
alluvial deposit covers an area of about 3km? of the active
flood plains of River Gbako around Baddegi Town. It has
brownish colour and fine grained appearance. The alluvial
deposits are underlain by the Jima sandstone; sediments in
the area are rich in quartz which is the dominant mineral
in the alluvial deposits. Iron concretion and orthoclase
feldspars forms parts of the minerals. Lithological units in
the area revealed thick laterite horizon. The climate of the
area is moist sub-humid according to Thornthwaite’s
classification [15]. The mean annual average temperature
of the area ranges between 33 C and 34 C [11]. Rainfall in
the area is most intense in the period between April and

October and is preceded by dry season from around
November to March. According to the NCRI Agro met,
the average annual rainfall ranges between 900.6 and
1340.4 mm. The area is populated by mainly farmers and
the largest settlement in the area is Baddegi.

3. Research Methodologies
3.1. Sediment Sampling and Description

Four sampling pits, TR-1, TR-2, TR-3 and TR-4, were
dug for the purpose of lithological studies and sediment
sampling. The pits were dug with a pick axe, shovel and
hoe to depths of 0.3m, 2.0m, 1.4m and 1.2m respectively.
Table 1 shows the geographic coordinates of pits,
elevation above mean sea level, and depths of the
sampling. Sediments were collected at 0.1m (TR-1) and
0.2m (TR-2, TR-3, and TR-4) intervals to the maximum
depth for each pit. The sediments were collected with a
spade and stored in polythene bags and appropriately
labelled with depth of sampling and location coordinates.
Field and laboratory descriptions of the sediment were
carried out before chemical analysis.

3.2. Sediment Analysis

Analysis of the sediment was conducted at the central
services laboratory National Cereal Research Institute
Baddegi. The sediments were air dried and processed by
milling them with mortar and sieved through a 2mm sieve
before laboratory analysis was conducted. Sediments
particles sizes analysis was carried out using hydrometer
method as reported by [6]. Cation exchange capacity was
obtained by summation [13]. The sediment samples were
analysed using Atomic Absorption Spectrometry (AAS)
for the concentration of potentially toxic elements.
Hydraulic conductivity of the sediments was estimated
from particle size analyses using empirical formula as
mentioned by [7].

Table 1. Identification codes of samples, location coordinates, and elevations of the sampling pits.

No Code Coordinates Elevation (m) Depth (m)
04144 O

1. TR-1 11218368374";‘54" 80.00 0.30

2. TR-2 583283;?5907(;" 102.00 2.80

3. TR-3 I];I(())(? 68(4)‘62'374.1(.)3” 74.00 1.40

4. TR-4 I];](? g 68381' 1776 6" 77.00 1.20

3.3. Metal Partition and Transport D, = clls_"“d (1)

¢ liauid

Empirical formula was used to calculate partition coefficient
values of two metals (Fe and Zn) in order to know how they
are partitioned to the solid (sediments) or to the liquid (water).
The concentration of the metals in the sediment and the
concentration of such metals in the water were divided. Thus,
partition coefficient is represented by [5] as thus:

Where D; is partition coefficient, " is concentration of
metals in sediment and C;""“ is concentration of metals in
water. Metals that are compatible and preferentially accepted
by the minerals have D; >1, while D; < 1 indicate
incompatible metals. Partition coefficient D; = 0 for metals
that do not readily react with soil matrix and travel with
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almost the same velocity as the velocity of the water, but this
seldom occurs for most elements. For metals that react
readily with the soil materials they often have partition
coefficient Di > (1) and travel with a velocity lower than the

velocity of water moving through the same soil material.
The velocity of the metals (Fe, and Zn) in the sediment

was calculated from the relation [5].

Ciliquid

n . .
W % llquld

2

V' is velocity of metal in the solid (sediments, soils); # is

porosity of the sediment,

V liquid is velocity of the water, C;*"is concentration of
metal in sediment and
C, 'id i concentration of metal in water.

4 Results

Some selected characteristics of the sediments are
presented in table 2. Partition coefficients values of Fe and
Zn in the sediments from three sampling pits table 3 and
metal mobility (velocity) through the sediments horizons are
represented in table 4.

Table 2. Some Characteristics of the Sediments in the Floodplains of River Gbako around Baddegi, Central Bida Basin.

Samplin; CEC Fe Zn Soil Particle size

interI:falsg(m) pH HLE () BHE() Bt () (cmol/Kg) (cmol/Kg) (cmol/Kg) Sand Silt Clay
TR-1

0.1 4.52 15.38 1.28 2.20 6.44 5.84 242 62.40 12.32 25.28
0.2 4.13 10.83 1.12 1.93 9.12 5.83 241 80.95 11.32 17.73
0.3 4.61 12.85 0.12 0.21 6.87 4.86 2.32 81.95 5.29 12.76
TR-2

0.2 427 6.35 1.32 227 6.34 5.53 2.57 77.96 6.28 15.76
0.4 421 6.99 0.70 1.20 5.44 5.50 2.35 62.96 428 34.76
0.6 4.64 7.21 0.12 0.21 4.30 5.20 2.52 74.96 7.28 23.76
0.8 5.94 10.23 0.22 0.37 3.13 4.86 2.31 68.96 3.28 27.76
1.0 4.36 12.16 1.22 2.10 3.50 4.81 2.30 71.96 11.28 16.76
1.2 4.49 12.3 0.36 0.62 4.29 4.53 2.33 62.96 2.28 34.76
1.4 4.54 11.33 0.12 0.21 5.48 4.53 2.31 62.96 2.28 34.76
1.6 4.77 11.25 0.12 0.21 4.23 4.61 2.31 62.96 2.28 34.76
TR-3

0.2 5.13 5.37 0.03 0.10 2.53 4.53 2.64 79.96 5.28 14.76
0.4 5.54 4.82 0.67 1.67 6.59 4.51 2.63 72.96 10.28 16.76
0.6 4.56 7.55 0.03 0.10 4.56 433 2.61 72.96 9.28 15.96

TR=Sampling pits, M.C= Moisture content, O.C= Organic carbon, O.M=0Organic Matter, CEC= Cation exchangeable Capacity.

Table 3. Partition coefficient values of the sediment in the three sampling

pits.
Depth (m) TR-1 :’Fz:l:)tition Coefficient :’Za;;ition Coefficient
0.1 0.99 0.99
0.2 0.99 0.99
0.3 0.83 0.95
TR-2
0.2 1.22 1.1
0.4 1.21 1.03
0.6 1.15 1.02
0.8 1.07 1.01
1 1.06 1.01
1.2 0.99 1.02
1.4 0.99 1.01
1.6 1.02 1.02
TR-3
0.2 0.88 0.95
0.4 0.88 0.82
0.6 0.88 0.83

TR=Sampling pits.

5. Discussions
5.1. Characteristics of the Alluvial Sediment

Alluvial deposits of the catchment area represent the active
flood plains of the River around Baddegi. Characteristics soil
type is dominated by thin layer of eroded materials and large
percentage of sand with intercalations of clay (table 2). Silt
materials in this catchment domain are insignificant. Yilmaz
and Karacan [16] defined alluvium as loose, unconsolidated
soil which is then eroded, deposited, and reshaped by water in
some form in a non-marine setting. The catchment areas of the
River around Baddegi is part of the central Bida basin of which
the lithology is made up of sandstone with the Jima and Doko
member series, thus, the parent rock (sandstone) weathered
and contributed to the sediment deposition. The Jima member
is dominated by cross-stratified quartzose-sandstones,
siltstones and clay stones, typical of the characteristics of the
sediments in the area [12]. Ashraf et al. [1] concluded that
alluvium is made up of a variety of materials including fine
particles of silt and clay and larger particles of sand and gravel
and often contains a good deal of organic matters.

Sediment profile development in the area is poor except



American Journal of Earth Sciences 2019; 6(1): 14-19 17

for the thin layer of transported materials overlying the sandy
deposits signifying continuous sedimentation and apparently
recent geological processes of erosion and transportation.
Ashraf et al. [1] concluded that non profile development in
the soil may be due to the young nature of the deposit. Clay
intercalation serves as a binding medium to the grains of the
sandy deposits in the floodplains; this can affect porosity and
permeability of the sediment. The clay was brownish with
reddish stains inclusions of iron concretion evidence of
leaching. Overall, the sediments are rich in quartz, orthoclase
feldspars and shows thick laterite deposits at the boundaries
between the flood plains and the mainland. Large scale
flooding of the catchment areas during raining seasons and
adequate drainage makes differentiation between the
floodplains and mainland difficult.

5.2. Hydraulic Conductivity (KX) of the
Sediment

Estimation of average hydraulic conductivity from soil
particle sizes shows the four pits have nearly the same hydraulic
conductivity with slight variation for pit (TR-1) with the three
other pits (TR-2, TR-3, and TR-4). TR-1 has estimated average
hydraulic conductivity of 4.2m/day while TR-2, TR-3 and TR-4
have estimated average hydraulic conductivity of 3.4m/day. The
average hydraulic conductivity values for the pits correlate to the
vertical estimate of hydraulic conductivity of a medium- grained
sandstone geologic material [4].

Table 4. Velocity in m/day of the two metals in the sediments collected from
the sampling pits.

TR-1

Sampling Interval Fe Zn
0.1 0.09 0.09
0.2 0.09 0.09
0.3 0.09 0.09
Total 0.27 0.27
Average 0.09 0.09
TR-2

0.2 0.06 0.06
0.4 0.06 0.06
0.6 0.06 0.06
0.8 0.07 0.07
1.0 0.07 0.07
1.2 0.07 0.07
1.4 0.07 0.07
1.6 0.07 0.07
Total 0.53 0.53
Average 0.46 0.46
TR-3

0.2 0.08 0.06
0.4 0.08 0.08
0.6 0.08 0.08
Total 0.24 0.22
Average 0.08 0.07

TR=Sampling pit.

5.3. Contaminant Transport in the Aquifer
Sediment

The two metals (Fe and Zn) have shown partition
coefficient values of greater than zero Di > 0 in the sediments

table 4 and in some cases, they have partition coefficient of
Di > 1 indicating they are partitioned in the sediment and
readily attached to the grain surfaces of the sediments. The
pattern of partitioning amongst the metals figure 1 is
similarly the same in all the sampling pits. Slight variations
however, were observed. In sampling pit 1 TR-1, Fe and Zn
have shown strong relation as they have the same partition
coefficient value of 0.99 in the first two sampling intervals
Table 4 until the third sampling intervals where Zn
partitioned more in the sediment than Fe. Iron (Fe) and Zinc
(Zn) have the same partition pattern in sampling pit 2 (TR-2)
indicating similarity in chemical behaviour of Fe and Zn.
Overall, mobilization and immobilization of metals are
affected by a variety of soil properties [8].

Similar partitioning pattern was observed in sampling pit
three TR-3 except that slight variations were observed, the
controlling factors could be the behaviours of the grain
surfaces of the sediments to the metals, this probably
explains the principles behind attenuation of pollutant and
groundwater purification in the area as water samples
collected within catchment basin and analysed have not been
largely contaminated by the metals except Fe whose
concentration in both soil and water is at elevated levels.
Relationship between texture of sediment and the partition
coefficient values seems relatively strong. While observed
relationship was seen between percentage clay composition
and partitioned coefficient values in some cases especially in
sampling pit TR-2, the assumption is not true in all cases.
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Figure 1. Partition Coefficient Values against sampling intervals in three
sampling pits.

All the sediments collected in the flood plains were acidic
having range value of 1.81 and mean value of 4.69 and minimum
and maximum values of 4.13 and 5.94 respectively; showing
between strongly acidic to moderately acidic soils. The acidity of
soil affects many chemical processes especially, the availability of
metals in the soils [14]. Cation exchange capacity has a range
value of 6.59 and mean value is 5.20 cmol/Kg with minimum and
maximum values of 2.53 and 9.12 cmol/kg respectively. The CEC
of soils varies according to the clay percentage, the type of clay,
soil pH and amount of organic matter. Soils with a low CEC are
more likely to develop deficiencies in potassium (K ), magnesium
(Mg™) and other cations while high CEC soils are less
susceptible to leaching of these cations [3]. The CEC also changes
with depth; high organic content indicates high CEC while Low
organic content in soil indicates low CEC.

The Velocity of the metals Fe and Zn in the sediments was
determined figure 2. Fe has average velocity of 0.09, 0.46, and
0.08 m/day in TR-1, TR-2, and TR-3 respectively. The Zn
however, has average velocity of 0.09, 0.46, and 0.07m/day in
TR-1, TR-2 and TR-3 respectively Table 4. The velocity of the
metals in the sediment is low relative to the velocity of the
water 4.2m/day in TR-1, and 3.4m/day in TR-2, TR-3, and
TR-4. Overall, the metals were partitioned in the sediment
preferentially and accepted and could not move with the same
velocity as the velocity of the water moving through the
sediment horizon hence the principle behind groundwater
purification within the flood plains aquifers system.
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Figure 2. Velocity of metals through the sediment horizons in the sampling
pits.

6. Conclusions

Contaminant transport in the aquifer sediments of River
Gbako flood plains around Baddegi central Bida Basin
Nigeria was investigated. Particle sizes analysis shows sand
dominated sediment with more than 50 per cent sand
composition and small percentage of clay materials that binds
the grain matrix reducing effective porosity and permeability.
Silt materials in the sediment is insignificant as they are
minute and could be remnant of weathered parent rocks in
the basin, the sediment are young owing to the non-profile
development in them. The sediments are acidic with a mean
pH of 4.69 controlling other geochemical processes in the
area. Partition coefficient values indicated the metals are
compatible and preferentially accepted by the minerals with
most of the coefficient values greater than one Di > I.
Velocity of the metals through the sediment horizons is
slower relative to the velocity of the water percolating
through the sediment indicating retardation and possible
mechanisms behind attenuation and groundwater purification
in the area.
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