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ABSTRACT

This study investigated the chemical speciatiorCdf Cr, Cu, Ni and Pb and their contamination/
pollution indices in the sediment of River Ala in uske, Nigeria. Sediment samples taken along theseoof
the river were subjected to Sequential Extractieniihique and the heavy metals were quantified Leiowgic
absorption spectrophotometer. Varied distributibmetals among the chemical fractions was recorudgith,
contribution from both anthropogenic and geogemiarees to the total heavy metals concentratiorhn t
sediment. Pollution/contamination index evaluatitiowed that the sediment fall within the “very ktigind
“moderate contamination” range with respect to Cr, Buand Pb and in the moderate pollution ranged wit

Cd.
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INTRODUCTION

The term “benthic environment” has
been used to describe the bottom of water
bodies or sediments where both large and
small creatures like crabs, crustaceans, worms
and insect larvae inhabit (USEPA, 2008). The
water body is generally exposed to different
kinds of contaminants from natural sources
and anthropogenic activities, including
municipal and industrial wastes disposal,
application of pesticides and fertilizers. The
benthic region or sediment is known to act as
“sink” i.e. reservoir for most of these
contaminants in the aquatic environment
(Mudre and Ney, 1986). The contamination of

water sediments has several effects on the
ecosystem. Species that cannot tolerate the
toxic contaminants found in water sediment
simply die, leading to a general loss of
biodiversity. Animals that survive exposure to
contaminated sediment may develop serious
health problems and reproductive impairments
(USEPA, 2008). Again, contaminated
sediments do not always remain at the bottom
of the water body, anything that stirs up the
water, such as storm, can re-suspend some
sediment, meaning that all aquatic biota, and
not just the bottom dwellers, may be directly
exposed to toxic contaminants. Of greater
concern is the fact that some of these
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contaminants bioaccumulate and biomagnify
in aquatic organisms on ingestion, and
ultimately enter the food chain where man
stands at the targeted end (Murphy, 1981).

Heavy metals have been identified as a
major class of contaminants associated with
water sediments. Heavy metals, being
inorganic cannot be degraded or destroyed in
the aquatic environment and are generally
toxic even at low concentrations (Murphy,
1981; Ademoroti, 1996; Rognerad and Field,
2001; Gale et §l2004). The primary concern
for metals in sediments is toxicity to benthos
(Adams et al., 1992; Long et al., 1995; DEC,
1999; Muohi et al.,, 2003). The potential
adverse impacts of heavy metals on aquatic
life and wildlife as well as humans are many
and varied. Evidence of potential and
observed human hazard due to
environmentally acquired heavy metals and
their ecological impact have been extensively
studied and documented (Murphy, 1981,
Ademoroti, 1996, Muohet al., 2003).

While total metal content is a critical
measure in assessing risk of contaminated
sediment, it does not alone provide predictive
insights on the bioavailability, mobility and
fate of the metal contaminants (Bermond et
al., 1998; Sauz-metal, 1998; Nolan et al.,
2003). Scientific community has concluded
that bioavailability, bioactivity, biogeological
distribution/transportation, uptake, transport in
the organism, toxicity and, thus, the eventual
impact of the toxic elements will be dictated
by the particular species or form in which they
are present in the sample (Gruebel et al.,
1988; Forstner, 1993; Ostergren et al., 1999;
Calmano et al., 2001; Scheinost et al., 2002;
Apte et al., 2004). Therefore, speciation
information to complement total toxic element
determinations is  being increasingly
demanded, both in environmental and in
chemical/biological issues. Hence, the focus
of this study was to investigate some heavy
metal contaminants present in the sediment of
Ala River, the chemical forms in which they
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exist and the extent of contamination/pollution
of the river sediments by the metals.

MATERIALSAND METHODS
Study area

Ala River is a major river that
transverses through the entire length of Akure
metropolis, in Ondo State, Nigeria (Figure 1).
By virtue of its location, it has become a
major sink to municipal runoff and cocktail of
domestic and municipal wastes that are
indiscriminately disposed at its banks. Minor
fishing activities take place at different
locations along the course of the river, and
water from the river in some areas is used for
irrigation and supply to earthen fish pond
operation.

Sampling

Grab sediment samples were obtained
using a Van ven grab from four different
locations along the course of Ala River in
Akure. The sampling points along the river
course are as indicated in the map (Figure 1).
The sampling locations and geographical
references of sampling points taken with a
Global Positioning System (Garmin GPS 12
model) were: Okuta- Elerinla —, 007
16.26N, 008 10’ 02E); Aiyedun — P (007
15’ 52N, 008 11’ 24E); ljomu/Okeiebu -
(0070 15’ 47N, 0050 12’ 15E); and Alagbaka
- P, (007 15 21N, 008 13 11E).
Preservation of samples was carried out as
prescribed by US Geological Survey (1989).

Sampletreatment and analysis

Samples were air-dried in the
laboratory for 2 weeks. They were then
ground into fine particles in a mortal, sieved
through a 2 mm mesh and about 200g of the
sieved samples were sub-sampled by
quartering for analysis. 5 g of sample were
dried at 105C in an oven to a constant weight
to determine the percentage dry matter
content. The pH of the sediment samples in
water was determined by method described by



A. F. AIYESANMI et al. / Int. J. Biol. Chem. 3¢b): 2348-2359, 2010

Hendershot et al. (1993) using a Jenway pH
meter. The organic carbon was determined
using the wet oxidation method of Walkley
and Black (Aiyesanmi, 2008), while the
particle size was determined by the
hydrometer method described by Shedrick and
Wang (1993).

The sequential extraction described by
Rauret et al. (1988) and Aiyesanmi et al.
(2008) was used for the chemical fractionation
of metals in the sediment. The sequential
extraction procedure evaluates the distribution
of heavy metals among the Exchangeable
(Exch), Carbonate (Carb), Easily-Reducible or
Oxide (Oxd), Organic (Org), and Residual
forms in the sediment. The extracts along with
blanks were analyzed with Atomic Absorption
Spectrophotometer (AAS) ALPHA 4 Model
for cadmium (Cd), chromium (Cr), copper
(Cu), nickel (Ni) and lead (Pb). Evaluation of
the accuracy of the analytical method was
carried out using SOIL-7 Certified Reference

Material obtained from International Atomic
Energy Agency (IAEA). All analyses were
conducted in triplicate to evaluate precision.

Data analysis

Data generated on total
concentrations of each metal were analyzed
for spatial variation using one way analysis of
variance (ANOVA) with SPSS package. One
level of significance (p < 0.05) was
considered in the results interpretation.

RESULTSAND DISCUSSION

The results of some specific physico-
chemical characteristics of Ala River sediment
are presented in Table 1. A persistently low
pH values of between 5.84+0.20 and
6.50+0.12 were recorded, which falls within
the medium to slightly acidic range according
to the classification of soils and sediments pH
by Vitosh et al. (1995).

Tablel: Some specific physico-chemical characteristicsigéRAla sediments.
Sample L ocation pH TOC (%) Sand (%) Clay (%) Silt (%)
Okuta-Elerinla 5.84+0.20 3.80+0.28 70.35+1.65 26.01+1.33  3.64+0.33
Aiyedun 6.46+0.10 3.68+0.33 75.52+1.30 21.10+0.67 3.38+0.42
ljomu/Oke-ljebu 6.42+0.16 3.94+0.52 76.55+2.10 19.88+1.54 3.57+0.20
Alagbaka 6.50+0.12 3.56+0.43 79.58+1.20 17.10+0.75 3.32+0.67
TOC =Total Organic Carbon
Table2: Observed and certified values (mg/kg) for IAEA SENICRM.
Cd Cu Pb
Observed valués’ 2.30+0.22 12.36+0.30 68.65+1.60
Certified value$ 1.1-27 9.0-13.0 55.0-71.0

2 Sum total of fraction§ Mean of replicate analysis (n = 3)° Neutron activated analysis, AAS, Fluorimetry, Esios
spectroscopy, Colorimetry, Volumetry, with or withoseparation and sample pre-treatment and prectatien steps

(Analytical Quality Control Service — IAEA, Austjia
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Figurel: Map of Akure showing River Ala and the samplirainp.

The mobility/solubility of trace metals
in contaminated sediment and soil is strongly
affected by the pH (Campbell, 1995; Tack and
Verloo, 1997; Aiyesanmil, 2008; Aiyesanmi
et al.,, 2008). Low pH condition (i.e. acidic
nature) of soil/sediment facilitates leaching
and mobility of metals present in sediments
and soils, thus suggesting the possibility of
leaching of metals and subsequent transfer
into the water column, making them available
to the aquatic organisms uptake. High soil or
sediment acidity has been attributed to
combination of possible oxidation of pyrite
(FeS) in the soil/lsediment to produce
sulphuric acid, depleted calcium level or
increased aluminium  concentration in
soil/sediment (Aiyesanmi, 2008).

The total organic carbon determined in
the sediment samples ranged between
3.5610.43% and 3.94+0.52%, while the sand,
clay and silt contents were between
70.35£1.65 — 79.58+1.20%, 17.10+0.75 -
26.01+1.33% and 3.32+0.67 — 3.64+0.33%
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respectively. Clay and organic carbon/matter
have direct influence on other physical and
chemical characteristics of soil/sediment,
including reserve of exchanged bases and the
interaction and dynamics of trace metals.
Hence, maximum soil/sediment capacity for
heavy metals is adjusted according to these
macro-parameters (Lacatusu, 2000; DPR,
2002). Metals such as Cd, Cu, Pb and Zn have
been reported with high tendency of binding
tenaciously to organic matter contained in
soil, sediment and suspended particulate
within the water column (Gale et al., 2004).
Organically bound metals may dissociate as
free ions and participate in cation exchange
reactions with various minerals and living
organism, depending on ambient pH, ionic
strength and temperature. Thus, the organic
matter of sediments is known to play a major
role in determining the bioavailability of
heavy metals (Gale et al., 2004; Aiyesanmi,
2008).
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Table3: Speciation of chemical fractions of heavy metalRiver Ala sediment.

Location Chemical fraction Cd Cr Cu Ni Pb
Exchangeable 059 213 107 372 237
Carbonate 1.80 0.76 ND 212 0.35
Okuta-Elerinla Oxide 0.04 134 10.10 6.62 ND
Organic 0.75 ND 342 340 2.29
Residual ND 1454 853 924 7.76
Exchangeable 1.10 198 4.12 ND 1.84
Carbonate 0.38 0.86 ND 3.08 0.17
Aiyedun Oxide ND 0.32 6.37 240 ND
Organic 0.21 ND 460 340 0.33
Residual 046 13,92 362 530 4.46
Exchangeable 1.10 149 246 ND 1.96
Carbonate 0.16 0.77 ND ND 3.34
ljomu/Oke-ljebu Oxide ND 157 519 3.06 0.59
Organic 005 049 224 085 0.19
Residual 0.87 1157 4.00 3.18 5.02
Exchangeable 087 164 131 376 1.67
Carbonate 0.63 0.54 ND ND 4.20
Alagbaka Oxide ND 0.17 6.98 ND 1.48
Organic 0.99 ND 247 2.13 ND
Residual ND 1260 248 7.03 2.18
* Mean of replicate analysis{3); ND = Notdetected; Values in nmw/k

Table4: Mean total concentration of heavy metals in Rivea gediments (mg/kg).

Sample L ocation Cd Cr Cu Ni Pb

Okuta-Elerinla 3.18 18,77 23.12 21,7G 12.77
Aiyedun 218 17.08 18.7F 1418 6.80
Ijumo/Oke-ljebu 218 1589 1389 7.0 11.16
Alagbaka 249 1498 1324 1292 9.53

Superscripts with the different letters down thiiom show significant variation, while those wittet

same letter does not at p < 0.05.

Table 2 compares the results of the
value of total metal extracted to that specified
for the reference soil sample used (IAEA Soil

-7 CRM). The

agreement between the experimental
confirming

certified values,

results

hence

indicate a close

and
the

accuracy of both the sequential extraction

procedure and

the Atomic

Absorption

Spectrophotometric technique employed.
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Table 3 presents the chemical forms of the
heavy metals studied in the sediment samples.
The values were used to estimate the
percentage of each fraction on the mean total
concentration for each metal in the sediment
samples. The distribution of Cadmium (Cd)
among the fractions follows the order: Exch
(36.60%) > Carb (29.70%) > Org (20.00%) >
Res (13.30%) > Oxd (0.40%). The observed
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Table5: Heavy metal pollution appraisal in River Ala sedimh

L ocation v.sl sl m.| st.l v.sitl Multiple. sp mp stp v.stp ep MultiplePollution
Contamination
Okuta-Elerinla Cr/0.10 Pb/0.10Cu/0.39 Ni/0.27 0.86 Cd/3.21 3.21
Aiyedun Cr/0.09 Pb/0.05 Ni/0.18 Cu/0.30 0.62 Cd/2.17 2.17
ljomu/ Oke-ljebu Cr/0.08 Ni/0.08 Cu/0.22 0.47 Cd/2.20 2.20
Pb/0.09
Alagbaka Cr/0.08 Pb/0.08Cu/0.22 Ni/0.16 0.54 Cd/2.51 2,51

Table6: Significance of intervals of contamination/pollutiodex (C/p).

Clp Significance Symbol
<0.1 Very slight contamination v.s.|
0.10-0.25 Slight contamination s
0.26 — 0.50 Moderate contamination m.|
0.51-075 Severe contamination s.tl
0.76 — 1.00 Very severe contamination v.s.t.l
1.1-20 Slight pollution s.p
2.1-4.0 Moderate pollution m.p
4.1-8.0 Severe pollution s.t.p
8.1-16.0 Very severe pollution v.s.t.p
>16.0 Excessive pollution e.p

Source : Lacatusu, 2000.
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Figure 2a: Relative partitioning of Cd in chemical fractions.
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Figure 2b: Relative partitioning of Cr in chemical fractions.
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Figure 2c: Relative partitioning of Cu in chemical fractions.

2354



A. F. AIYESANMI et al. / Int. J. Biol. Chem. 3¢b): 2348-2359, 2010

Org
18%

Exch
13%

Figure 2d: Relative partitioning of Ni in chemical fractions.
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Figure 2e: Relative partitioning of Pb in chemical fractions.

relatively high concentration of Cd in the
exchangeable fraction supports earlier reports
that Cd is easily leached into soil solution,
since the exchangeable fraction is the most
mobile (Gale et al., 2004; Aiyesanmi et al.,
2008). Amuda et al. (2005) related the
residual fraction and the non- residual
fractions of heavy metals in sediment to
natural and anthropogenic sources
respectively, which suggests a significant
contribution from anthropogenic sources to
the Cd level measured in Ala River sediment.
The partitioning of Chromium (Cr) in
the sediment samples showed the order: Res
(76.71%) > Exch (10.86%) > Oxd (5.10%) >
Carb (4.39%) > Org (2.94%). Chromium
found in the sediment is largely of geogenic or
natural source since it is mostly concentrated
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in the residual fraction, while all the non-
residual fractions altogether constitute
23.29%. Similarly, Nickel (Ni) also showed
the highest distribution of 38.21% in the
residual fraction, while other fractions gave
the order of Oxd(21.61%) > Org(17.50%) >
Exch(13.38%) > Carbonate(9.30%). This
agrees with earlier findings on similar studies
that Ni in soil and sediment has a moderate
tendency of binding to the silicate (Egila and
Nimyeh, 2002; Aiyesanmi et al.,, 2008).
However, nickel levels in the sediment could
be attributed to both anthropogenic and
geogenic contributions as the non-residual and
residual fractions account for 61.79% and
38.21% of the mean total concentration
respectively. The high concentrations of Cr
and Ni found in this residual fraction are,



A. F. AIYESANMI et al. / Int. J. Biol. Chem. 3¢b): 2348-2359, 2010

however, not likely to be available to the
aquatic organisms or enter the food chain
since the residual fraction is very stable, less
reactive and less bio-available. Heavy metals
found in this matrix are believed to be trapped
and occluded within crystal lattice of layer of
silicate and well crystallized oxide minerals
(Egila and Nimyeh, 2002). Tessier and
Campbell (1987) had also reported that metals
found in the residual fraction are not expected
to be released in solution over a reasonable
time span under the conditions normally
encountered in nature.

The occurrence of Copper (Cu) in the
sediment could be attributed to both geogenic
and anthropogenic, with the highest
concentration recorded in the oxide fraction.
The oxide fraction is said to be relatively
stable (slowly mobile; poorly available) but
could change with variation in redox
conditions, becoming more soluble under
reducing conditions and less so under
oxidizing one. The extent and intensity of
these processes will, however, vary depending
on several factors associated with oxygen
dynamics in the soil (Egila and Nimyeh, 2002,
Aiyesanmi et al., 2008). It follows, therefore,
that Cu in the oxide fraction can be released
into the water body under favourable
environmental conditions. The partitioning of
Cu in the sediment gave Oxd(41.52%) >
Res(27.02%) > 0rg(18.46%) >
Exch(13.00%). It should be noted that Cu was
not detected in the carbonate fraction and this
is consistent with other studies that the
carbonate fraction, which is slowly mobile
and relatively stable, generally does not retain
large concentrations of heavy metals (Egila
and Nimyeh, 2002; Aiyesanmi et al., 2008).

Also, Lead (Pb) measured in the river
sediment was of both natural and
anthropogenic  origin, with  percentage

abundance of 48.25%) in the residual fraction.
Other fractions recorded Carb(20.10%) >
Exch(19.50%) > Org(6.99%) > Oxd(5.15%).
Figures (2a 2e) show the relative
partitioning of the studied metals in the
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various chemical fractions: (Exch, Carb, Oxd,

Org, and Res), as percentage of mean total
concentration of the metal in the river

sediment.

Table 4 shows the mean concentrations
of the metals measured at the four sampling
locations as a general indication of the level of
the measured heavy metals in Ala River
Sediment. There exists marked variation in the
mean concentrations of these metals at p <
0.05 indicated by different superscripts. This
information could serve as baseline level of
these metals in the sediment with which
progressive anthropogenic influence on the
river can be evaluated. However, assessment
of sediment for heavy metal pollution based
on the absolute metal content values provides
inadequate information on the significance of
the values obtained with the intrinsic sediment
features and how the values are related to the
maximum allowable limits for each metal
(Lacatusu, 2000; Aiyesanmi, 2008). Also,
because a metal concentration in the aquatic
environment is considered to be naturally
occurring or background does not mean that
the concentration is not causing an adverse
ecological effect (Persaud et al., 1992). Thus,
an appraisal of heavy metal contamination or
pollution of the sediment following the
scheme prescribed by Lacatusu (2000) is
presented in Table 5. Contamination/pollution
(C/P) index was calculated as a ratio of heavy
metals effectively measured in the sediment
by chemical analysis to the target/reference
value of contamination on normalized
sediment obtained by calculation for the
sediment, using a conversion formula that
takes into account the clay and organic
contents of the sediment (DPR, 2002;
Aiyesanmi, 2008). The calculated C/P indices
were interpreted according to the scheme
presented in Table 6. Because of possible
occurrence of synergy among metals, even at
low concentrations, the values defining the
C/P range were totaled, obtaining in this case
the values of Multiple Contamination and
Multiple Pollution with respect to the
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measured heavy metals, the values which
were also interpreted according to the scheme
in Table 6. The pollution index assessment
indicates that most of the metals fall within
the “very slight contamination” and “moderate
contamination” range in the sediment. In all,
the sediment is found to be mostly polluted by
cadmium, being found in the “moderate
pollution” range in all the locations. The
Multiple Contamination/Pollution obtained
from the analyses showed that Ala River
sediment recorded moderate to very severe
contamination and moderate pollution
respectively. It is not unlikely that human
activities utilizing and/or generating metal and
metal scraps, such as the proliferated auto
mechanic workshops at Okuta-Elerinla area in
particular and pockets of such in other
sampling areas, coupled with heaps of solid
wastes dumped indiscriminately around and
along the course of the River, contribute
significantly to the anthropogenic
contamination of the sediment.

Conclusion

Our study of speciation of heavy metals
in Ala River sediment through the Sequential
Extraction Procedure led to the detection of
differing concentrations of Cd, Cr, Cu, Ni, and
Pb in the sediment. The study also provides
baseline information on the concentration of
the metals in the river sediment with which
future anthropogenic influences could be
evaluated. Contribution to the total metal
content of the sediment was from both
geogenic and anthropogenic sources. The
pollution indices determination showed that
most of the metals are within the slight and
moderate contamination range, with moderate
pollution of the sediment resulting from
cadmium. The anoxic (low pH) condition of
the sediment may facilitate the transfer and
leachability of the heavy metals into the water
column, thereby increasing their availability
to aquatic organisms, in particular the fish. It
therefore becomes necessary to carry out
further studies on the levels of these metals in
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the water column and their accumulation in
fishes and other aquatic biota in the river to
ascertain possible entrance of metals into the
food chain.
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