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Abstract

With increasing urban population, attention had been focused on environmental degradation of urban drain-
age system with respect to trace/heavy metal contaminations. Such concerns underlie the ever-increasing
impacts of urbanization and industrial activities on urban watershed in the developing regions of the world,
especially in areas with inadequate land-use plan and poor waste disposal and management practices. Hence,
this study highlights the hydrogeochemical assessment of surface water and bottom-sediment samples from
an urban drainage system in Osogbo Township, SW-Nigeria with respect to trace metals contaminations.

The results show that the surface water samples have generally low TDS with average value of 362mg/I,
while the average dissolved concentrations of the trace metals (Cu, Pb, Zn, Ni, As and Cr) vary from 0.01 to
0.5mg/l. Cu, Cr and As exhibit concentrations similar to the local background concentrations (LBC) in the
pristine stream water with low single metal contamination factor (CF = 1). Pb, Zn and Ni are 5 folds enriched
with contamination factor (CF) of >5 indicating moderate to high contamination. For the sediment phase, the
adsorbed concentrations of the trace metals (Cu, Pb, Zn, Ni, As, Cr and Co) vary between 0.1 to 3.1mg/kg.
These represent about 1 to 3% of the respective total metal concentrations with average values of 18.2—
533.4mg/kg. Also low anthropogenic factor, AF (0.002 to 0.08) and mostly negative values (-5 to —15) of
Mueller’s geo-accumulation index (Igeo) for adsorbed metal contents in the sediments suggest dominant geo-
genic controls.

However, the total metals concentrations in the sediment phase have high estimated AF of 1.1 to 9.3 and
positive values of the estimated Igeo (0.9-2.0) and metal contamination index (MCI) of 2.5-8.3. All these
suggest a medium to high level enrichment (of 2 to 10 factor) for most of the metals with respect to the local
background concentration (LBC) in the basement bedrock units (with the exception of Cr and Ni). This is
consistent with the preferential metal enrichment in the sediment phase as indicated by the estimated parti-
tioning/distribution coefficient, K4 of >1 exhibited by the total metal concentrations in the stream sediment.
Nonetheless, the correlated high peaks of electrical conductivity of the stream water samples and adsorbed
concentrations of some trace metals within the urban stretches are indications of point source inputs of un-
treated sewage into the drainage system.
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Sediments
1. Introduction tool but to provide information on contaminant metals
sources in relation to weathering and erosion transport
Hydrogeochemical surveys of drainage systems have processes within the catchment area [1-3]. However, a
long been employed not only as geochemical exploration number of studies had shown that trace metals in-puts
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into the aquatic systems can be through; a) geogenic
sources, related to the processes of weathering, erosion
and sedimentation of geological units within the catch-
ment area and b) anthropogenic sources, related to hu-
man activities that cause enrichment of metals in river
waters and bottom sediments [4—8]. In essence, the qual-
ity of water in surface drainage system is a function of
anthropogenic influences (urbanization, agricultural and
industrial activities) as well as natural processes (weath-
ering and catchment erosion) [9].

However, there had been increasing concerns about
degradation of urban drainage systems with respect to
trace/heavy metal contaminations, in the recent past [5].
This environmental concern is apparently due to the tox-
icity and perceived persistency of trace metals within the
drainage/aquatic systems. Such concerns underlic the
ever-increasing impacts of urbanization, agricultural,
mining and industrial activities on surface drainage sys-
tems. This is more so in the developing regions of the
world, especially in areas with inadequate land use plan
and lack of proper waste disposal and management prac-
tices [10,11].

By and large, there had been a number of global or in-
ternational efforts such as UNESCO-assisted IGCP
259/360 on standardization of geochemical mapping
methodology and Geochemical Reference Network of
the IUGS Working Group on Global Geochemical Base-
line. These efforts, most of which are in the developed
regions of the world, are in parts to address the need for
reliable baseline data in respect of trace/heavy metals
inputs into the environment. However, there are little and
uncoordinated efforts in the developing countries in re-
spect of baseline studies of trace/heavy metals contami-
nations, even though contamination level may be as high
as that of developed/industrialized countries [10,12].

Sediments are said to represent the ultimate sinks for
trace/heavy metals in the environment [13—15], because
of large specific surfaces for the metal sorption [8].
However, changing environmental conditions may lead
to remobilization and release of metal pollutants into the
water column and consequently enters into the tropic
levels of the food chain within an aquatic/drainage envi-
ronment. The implication of this is increasing bioavail-
ability and toxicity, which may result to serious health
and environmental consequences.

This study presents the contamination assessment of
an urbanized drainage catchment in SW-Nigeria, and
highlights possible impacts of urbanization and associ-
ated anthropogenic activities on the distribution of trace
metals in both water and sediment phases of the drainage
networks in the study area. In this study we a) describe
the distribution of the selected trace metals in both water
and sediment phases, b) assess the extent of metal con-
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tamination and possible influence/contribution of the
underlying bedrock geology and anthropogenic activities
within the catchment area and c) provide basis for envi-
ronmental contamination control/monitoring.

2. Study Area

2.1. Location and Environmental Settings

The Osogbo area where the present study is confined is
located within latitude 7°6’N & 7°15°N and longitude
3°17°E & 3°25°E and covers about 268km®. It is located
in SW part of Nigeria (Figure 1). Osogbo-Township is a
well-known ancient /cultural urban centers before been
named as the capital city of the Osun state in 1991. Sub-
sequently Osogbo township become the focus of both
political and socio-economic activities and, therefore, a
major recipient of migrants from various parts the state.
With a population of about 105,000 in 1991, Osogbo had
since witnessed tremendous population growth with an
estimated current population of about 220,000 based on
the projected 3% annual growth.

Like many emerging cities in developing countries,
such rapid urbanization are not usually matched with
corresponding adequate urban planning and increase in
provision of utility services such as water supply, sewage
lines and adequate waste management practices. Therefore,
the rapid transformation of Osogbo as ancient/cultural
centers into a modern urban enclave had resulted in
negative impacts on the quality of the urban drainage
system within township area. Plate 1 and 2 highlight
typical environmental scenario where urban drainage
systems serve as recipient of houschold and municipal
effluents as well as refuse dumps. Hence, this underpins
the need to appraise the quality status and environmental
contamination of the urban drainage system in the study
area.

2.2. Geological and Climatic Setting

Geologically, the study area lies largely within the Pre-
cambrian Basement Complex of Southwestern Nigeria,
and belongs to the Pan African mobile belt east of West
African Craton. The major rock groups in the study area
are migmatite complex (including banded and auguen
gneisses as well as pegmatites) and metasediments (con-
sisting of schists quartzites and amphibiolites in places).
The dominant basement rocks in Osogbo area (Figure 2)
are schist and migmatites, associated with quartzite
ridges forming the characteristic undulating terrain. Fur-
ther details about the geology of the Basement Complex
are described elsewhere in past studies [16—18].

Surficial materials are characterized by relatively
deeply weathered soil profile or regolith in the low lying
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areas, due to the relatively humid climatic conditions.
Greater proportions of the soils are ferruginous tropical
red soils (laterites) associated with Basement Complex
terrains. Regionally, soil degradation and soil erosion are
generally minimal due to compactness of the surficial
material, however, debris wash along the slopes of the
hills are common. The area, falls within the lowland
tropical rain forest vegetation most of which had since
given way to secondary forest and derived savannah.
Such secondary vegetations are due to fuel wood produc-
tion, quarrying and traditional farming practices as well
as other developmental projects like road constructions.
The climate is tropical hinterland type with mean an-
nual temperature of about 27°C. Two main climatic sea-
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sons are: a dry season which starts from November to
early March and a wet season between late March and
early November with mean annual rainfall of 1000—
1250mm. The drainage pattern is moderately dense and
dendritic, dominated by Osun River and its tributaries
(Figure 2), which are largely controlled by the structural
trends within the Basement Complex terrain.

3. Methodology

3.1. Sampling and Laboratory Analyses

In this study a total number of thirty-eight (38) bottom
sediment samples and the corresponding stream water
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Plate 1 and 2. Polluted urban stream channels with sewage water and solid waste dumps.
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distribution within the urban drainage network in the

Water samples collected were acidified and preserved

(refrigerated) prior to analyses of dissolved metal con-

study area (Figure 3). Water samples were collected in

plastic bottles following standard sampling procedure
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centrations. Stream sediment samples were collected in
clean polythene bags using plastic shovel and sieves to
avoid contamination and to drain off the water. The
sediment samples were later air-dried in the laboratory,
disaggregated and sieved to obtain the clay fractions
(<63um). The use of fine portions (clay fractions) was as
a result of their role as metal accumulators, due to their
net negative charge and participation in sorption and
cation exchange processes. Subsequent to initial sample
preparation, the adsorbed content of selected trace/heavy
metals (Mn, Cu, Pb, Zn, Ni, As, Cr, Co) in the clay frac-
tions were extracted using 1.0M solution of ammonium
acetate. The trace metals concentrations of the extract
solutions alongside with the acidified/preserved stream
water samples (for all the 38 locations) were then analyzed
using ICP-AES method (Perkin Elmer; model OPTIMA
3000) at the Biogeochemistry Laboratory, Hiroshima Uni-
versity, Japan. However, about 15 of the stream sediment
samples were selected for additional analyses of the total
metal concentrations using X-ray florescence (XRF)
method (Rigaku ZSX, Japan) at the Department of Earth
Sciences, Hiroshima University, Japan.

3.2. Data Evaluation

As part of data evaluation, statistical summary and cor-
relation analysis were used to ascertain the interdepend-
ence of the parameters. Furthermore, quantification of
contamination indices such as anthropogenic factor (AF),
enrichment factor (EF), metal contamination Index
(MCI) and geo-accumulation index (Igeo) for the bottom
sediments and contamination factor (CF) for the waters
samples were also undertaken. Brief highlights of these
indices are presented below, while further details can be
found elsewhere in related studies [20-23].

a) Anthropogenic contamination factor (CF) and de-
gree of contamination (Cueg): these are quantification of
the degree of contamination as single-metal index (CF)
and as overall degree of contamination (Cgeg). The meas-
ure is relative to either average crustal composition of the
respective metal or to a measured background values
from a geologically pristine/ uncontaminated area;

CF =C,/Bn
Cdeg = Z{Cm/Bm}i

where i represents the respective metals (i.e. Cu, Pb, Zn,
Cd, Fe, Mn); C,, is the measured concentration in sedi-
ment or water while By, is the local background concen-
tration (value) of metal (m) within the pristine area of the
catchment. For the Caeg, Hakanson recognized four de-
scriptive classes [24], with values of <8 to >32 whereby
Caeg<8 implies low degree of contamination and Caeg>32
implies very high degree of contamination.

Copyright © 2009 SciRes.
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b) Elemental contamination index (ECI) and overall
metal contamination index (MCI) are expression of sin-
gle metal contamination within a sample or combined
metal contamination for a sample relative to the back-
ground values of the respective metal and are expressed
as:

ECI = (Cy, — Bn)/Bn,
MCI =Y {(Cim — Bm)/Bm}i

where, i, C,, and B,, are as earlier defined above. Ac-
cording to Meybeck et al., [22], MCI was designed to
describe general trace elements contamination on a scale
from 0 to 100, with MCI of <5 implies very low con-
tamination; 5-10 = low contamination; 10-25 = medium
contamination; 25-50 high contamination; 50-100 =
very high contamination and >100 implies extremely
high contamination.

¢) Normalized enrichment factor (n-EF): this was
based on the standardization of the analyzed metals
against a conservative reference element. Such reference
elements (e.g. Sc, Mn, Ti Al and Fe) are usually charac-
terized by low occurrence variability and uniform flux
from crustal source-rocks [20,21]. In this study Al was
used as a conservative reference metal since it has rela-
tively higher precision of measurement as a major ele-
ment and also it has been widely used as a normalizing
metal in geochemical studies [20,25,26].

n-EF = (Cm/CAl) / (Bm/Al—backgrd)

where, C,, and B,, are as defined above, while Cy, is the
measured concentration of Al in sediment or water.
Albackgra is the background concentration of reference
element (Al) within the pristine area of the study catch-
ment. Five descriptive categories of enrichment/contam-
ination are defined based on the EF [20] with values of
<2 to >40 whereby EF<2 implies deficiency or minimal
enrichment and EF>40 implies extremely high enrich-
ment.

d) Index of Geoaccumulation (Igo), as proposed by
Mueller, [14] has also been widely used to evaluate the
degree of metal contamination in terrestrial, aquatic as
well as marine environments [20,27-29]. It is expressed
as:

Ieeo = logy [(C)/ (1.5%Bp)]

where C,, and B,, are as defined above, while 1.5 is a
factor for possible variation in the background concen-
tration due to lithologic differences. Igeo is classified into
seven descriptive classes with values of <0 to >5
whereby Igeo<0 implies practically no contamination and
open-ended Igeo>5 implies very high/strong contamina-
tion. However, an Igo of 6 is said to be indicative of
100-fold enrichment of a metal with respect to the back-
ground value [14].
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4. Results and Discussions

The summary of the results of geochemical analyses of
the bottom sediment and water samples is presented in
Table 1. As presented, the table shows the distribution of
average concentrations of the adsorbed, total and dis-
solved concentrations of selected trace metals in sediment
and water phases of the study urban drainage systems.

The average dissolved concentrations of the trace met-
als (Cu, Pb, Zn, Ni, As, Cr) vary from 0.01 to 0.5mg/l
compared to 0.1 to 3.1mg/kg of the adsorbed portions in
the sediment phase. However, the dissolved As, Cu and
Cr exhibit concentrations similar to the background con-
centrations in the pristine peri-urban stream waters.
Higher concentrations of Pb, Zn, and Ni in the urban
stream waters indicate anthropogenic inputs. On the other
hand, the adsorbed trace metals in the sediment phase are
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considerably lower representing about 1 to 3% of the re-
spective total metal concentrations in the sediments with
average concentrations of 18.2-533.4mg/kg.

4.1. Assessment of Trace Metal Contamination
in the Water Phase

Table 2 presents the summary of dissolved metals con-
centrations in the water. The average dissolved concen-
trations of the trace metals (Cu, Pb, Zn, Ni, As, Cr) vary
from 0.01 to 0.5mg/l. However, As, Cu and Cr exhibit
concentrations similar to the background concentrations
in the pristine peri-urban stream waters, compared to rela-
tively higher concentrations of Pb, Zn, and Ni in the ana-
lyzed urban stream waters. Furthermore, like other trace
metals, Figure 4 highlights the variability of Cu, Pb and
Zn in the water column of the urban stream network.

Table 1. Summary of the results of trace metal analyses in water and bottom sediment samples.

Sediment (mg/kg) N=38

Sediment (mg/kg) N=15

I\-;racle (Adsorbed concentration) (Total concentration) Water (mg/l) N=38 (Dissolved conc.)
etals Min Max Mean Min Max Mean Min Max Mean
Mn 1.49 1532 2027 775 2248 1204 0.21 12.4 2.08
Cu 0.08 1.60 0.34 38 211 115 0.04 0.09 0.05
Pb 0.06 1.50 0.23 50 751 237 0.00 0.14 0.05
Zn 0.58 10.89 3.01 74 964 533 0.08 3.98 0.50
Ni 0.00 0.38 0.03 15 40 30 0.001 0.03 0.01
As 0.07 0.14 0.10 nd nd nd 0.07 0.11 0.08
Cd bdl bdl bdl nd nd nd 0.001 0.09 0.03
Cr 0.07 0.14 0.09 65 125 87 0.09 0.12 0.10
Co 0.12 4.12 0.28 10 37 18 bdl bdl bdl
Hg 0.06 0.67 0.29 nd nd nd bdl bdl bdl

bdl = below detection limit; nd = not determined.

Table 2. Summary of trace metal concentrations in the water phase and metal contamination indices.

Dissolved concentration (mg/l) N=32

Metals CF* Kd*
Min Max Mean Control
Copper (Cu) 0.04 0.09 0.05 0.04 1.4 6.7
Lead (Pb) 0.00 0.14 0.05 0.003 15.9 16.0
Zinc (Zn) 0.08 3.98 0.50 0.08 5.9 17.0
Nickel (Ni) 0.001 0.03 0.01 0.001 12.2 1.8
Arsenic (As) 0.07 0.11 0.08 0.07 11 1.3
Chromium (Cr) 0.09 0.12 0.10 0.09 1.1 1.0
Cobalt (Co) bdl bdl bdl bdl - -

*CF = Single metal contamination factor; Kd = Metal partitioning coefficient;
bdl = below detection limit; Control = Conc. of pristine peri-urban stream water sample.
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Figure 4. Profiles of trace metal concentrations in stream waters of the drainage catchment A and B.
Table 3. Summary of trace metal concentrations in the sediments and contamination indices.
Sediment (mg/kg) N=32 Sediment (mg/kg) N=15
Metals (Adsorbed concentration) (Total concentration) LBC* (mg/kg)
Mean AF Igeo MCI Mean AF Igeo MCI

Cu 0.34 0.027 -6.3 -0.97 115.2 9.31 2.48 8.31 12.4
Pb 0.23 0.003 9.2 -1.00 237.2 3.49 0.86 2.49 67.9
Zn 3.01 0.043 -5.7 -0.96 533.4 7.54 2.01 6.54 70.7
Ni 0.03 0.002 9.4 -1.00 30.3 2.65 -9.42 1.65 11.4
As 0.10 0.065 -4.5 -0.93 - - - - 1.5
Cr 0.09 0.001 -10.4 -1.00 86.7 1.04 -0.55 0.04 83.4
Co 0.28 0.066 -5.1 -0.93 18.2 4.42 1.50 3.42 4.1

*Mean = Average metal conc. in mg/kg in sediment; AF = Anthropogenic factor;

MCI = Metal contamination Index; Igeo = Geo-accumulation Index;
LBC = Local background concentration.

Such variability is a clear indication of the fact that the
sources of the metal contaminations are related to anthro-
pogenic point-source inputs through discharge of house-
hold/municipal wastes within the urban stretches. As a
part of further data evaluation, the estimated single metal
contamination factors (CF) were studied which indicates
that As, Cu and Cr have low degree of contamination in
all the analyzed water samples. Other trace metals (Pb,
Zn, and Ni) have CF>5 which indicate moderate to very
high contamination based on Hakanson classification
scheme [24]. This is a consistent with the observed con-
centrations and hence a further indication of anthropo-
genic sources of Pb, Zn, and Ni, through wastewater
discharge into the stream networks within the urban
catchments.

4.2. Assessment of trace metal contamination in
the sediment phase

Table 3 presents the average distribution of adsorbed and

Copyright © 2009 SciRes.

total concentrations of the analysed trace/heavy metals in
the sediment alongside other contamination indices for
the study urban stream network. In the analyzed stream
sediments, the adsorbed trace metals are considerably
lower, with average concentrations of 0.1-3.01mg/kg
compared to the respective total metal concentrations of
18.2-533.4mg/kg. Such low proportion of adsorbed total
metal concentration is an indication of low bioavailabil-
ity of adsorbed metal concentrations despite potential
geogenic input source.

The variability of the adsorbed Cu, Pb and Zn in the
stream sediments along the urban stretches of the stream
networks (Figure 5) is a further confirmation of the an-
thropogenic point source inputs. The estimated AF re-
vealed low enrichment for the adsorbed metals (0.002 to
0.09) within the sediment phase relative to the natural
geogenic background concentrations in the underlying
bedrocks. This is consistent with the negative values of
the estimated Igeo (—4.5 to —10.4), which in addition to
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negative values of MCI (1.0 to —0.93), clearly suggest
dominant local geogenic/pedogenic controls rather than
anthropogenic contamination with respect to the ad-
sorbed metal concentrations in the stream sediments.

However, the total metal concentrations in the sedi-
ments exhibited high estimated AF of 1.1 to 9.3, positive
values of the estimated I, (0.9-2.0) and metal contamina-
tion index (MCI) of 2.5-8.3 (Table 3). These are indica-
tions of medium to high level enrichment (of 2 to 10 fac-
tor) with respect to the local natural geogenic/pedogenic
concentration (LBC) within the catchment area (with the
exception of Cr and Ni which exhibit very low enrich-
ment level). Hence it can be concluded that though the
adsorbed metal concentrations in the sediment samples
suggests little/no contamination, the enrichment revealed
by the respective total metal concentrations in the stream
sediments is an indication of potential contamination
threat due to possible re-mobilization into the water
column.

Although the adsorbed metal concentrations in the
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sediment sample indicate no contamination with respect
to the local natural geogenic concentrations in the un-
derlying bedrocks, the estimated K values of >lindicate
preferential partitioning of most of the metals in the
sediment phase (Table 2). This is a further confirmation
of potential contamination threat, through possible re-
mobilization into the water phase in response to changes
in physico-chemical conditions. In addition, the observed
similar peaks/trends of the electrical conductivity (EC)
and contamination indices of some trace metals as shown
in Figure 6 is also a clear confirmation of anthropogenic
point source discharge of waste water within the urban
stretches. Similar trend had been reported in urban
stream network of Ogunpa River in Ibadan metropolis
[23]. Therefore, it can be concluded that despite low ad-
sorbed geogenic metal concentrations in stream sedi-
ments, point-source anthropogenic inputs of wastewater
into urban stream network can significantly enhance re-
mobilization and bioavailability trace/heavy metals in the
drainage environments.
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5. Conclusions

This study highlighted the influence of anthropogenic
activities in terms of trace metals contamination of urban
drainage systems characterized by lack of proper waste
disposal/management practices. Assessment of urban
drainage system in Osogbo-Township, SW-Nigeria, re-
vealed impacts of untreated wastes discharge on dissolve
trace metal concentrations on one hand. On the other
hand the study also revealed enrichment of the metals,
most especially the total metal concentrations in the
stream sediments over the respective baseline concentra-
tion. The environmental implication of high enrichment
of the trace metals with reference to the baseline (bed-
rock geology) lies in the potential release and contamina-
tion threat through weathering-pedological and erosion-
transport processes. This is more so in such humid tropi-
cal setting like the present study where apparently high
rate of weathering is associated with erosion/run-off of
the tropical monsoon rains.

The adsorbed concentrations in the sediment samples
indicate no contamination with respect to the background
concentration in the underlying bedrocks. However, the
dominance of adsorbed concentration of the respective
metals over the dissolved contents as indicated by Kd >1
for most of the trace metals is an indication of preferen-
tial partitioning in the sediment phase. This is consistent
with the enrichment of the total metal concentrations
over the baseline concentration, which constitutes poten-
tial danger for further contamination due to possible re-
mobilization and re-dissolution into the water phase.
Such remobilization could be favored by changes in the
physico-chemical milieu (pH, Eh, etc) resulting from the
anthropogenic inputs of untreated domestic and munici-
pal effluents from urban catchment.
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