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Abstract Soil samples at depths of 0-15cm and 15-30cm were collected with an auger around an abandoned crude oil
well with a history of spillage and from control sites at Abara and Ozuzu during the rainy and dry seasons. The speciation
(exchangeable, carbonate, Fe-Mn oxide, organic and residual fractions) of the metals was determined using sequential
extraction methods. The exchangeable fraction had the highest concentrations and the residual fraction had the lowest
concentrations. In the dry season 22.27% Pb, 25.41% Cu, 37.78% Cd, 22.24% Cr, 24.84% Ni, 21.43% Mn and 22.43% Zn
were bound to the exchangeable fraction. The heavy metals in the area were potentially bioavailable since the soils are acidic
(pH 4.70 — 6.70), have low silt and clay contents and higher metal concentrations were associated with the non residual
fractions. The soils in the area are contaminated but do not pose serious adverse effect to humans and the environment for
now as the concentrations of the heavy metals were generally within or below permissible limits recommended by the Rivers
State Ministry of Environment. Regular monitoring of heavy metals concentrations in the arca was recommended. The
re-distribution of heavy metals and other contaminants reduced their concentrations at the spilled site.
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speciation, mobility and bioavailability in  soils.
1. Introduction Contamination of soils with heavy metals poses a long term
risk to ground water and ecosystem. The presence of heavy
Heavy metals are present in the environment and most of  etals in soils may lead to increased uptake by plant roots,
them are essential for animals and plants. They are natural  ith potential to xic e ffects on the plants, and the animals that
constituents of rocks and sediments. Heavy metals depend on them.
contamination of the environment is of major concern Geochemical forms of heavy metals in soil affect their
because of their toxicity and threat to human life and the  ¢o1ybility, which directly influence their bioavailability[4].
environment[1]. Heavy metal pollution can affect all facets  Therefore, determining total content of heavy metals is
of the environment but their effects are most long lasting in  j,cufficient to assess the environmental impact of
soils due to the relatively strong absorption of many metals  .ontaminated soils and sediments (Salomons and Forstner,
onto humic and clay colloids in soil[2]. 1980[5], because it is the chemical form that determines
Speciation is the determination of the different pea] behaviour in the environment and its remobilization
physico-chemical forms of a pollutant, which together  gpility. In environmental studies speciation gives more
comprise its total concentration in a given sample or the iy formation on the nature and state of the trace metals[6].
determination of the distribution of an individual chemical Predicting the partitioning of trace metals between soil and

element among different groups. For understanding the  qilsolution requires an understanding ofthe many means by
environmental behaviour (mobility, bioavailability,pathway  yhich a metal can be bound in the soil[7].

s) of heavy metals information about their physico-chemical The total heavy metal amount in soils is distributed into
form is generally required[3]. The environmental impact of  fye fiactions
heavy metal contaminants strongly depends on the metals (i) Soluble and exchangeable fraction; (i) bound to

' C ding auth carbonate phases,
orresponding ai 0T v . . .
ituboninﬂ@yahiotom (ideriah T J. K.) (iii) Bound to reducible phases (Fe and Mn oxides), (iv)

Published onlineat http:/journal.sapub.org/env Bound to organic matter and sulphides, and (v) Detritus or
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have different remobilization behaviours under changing
environmental conditions[8].

Numerous extraction schemes for soils and sediments
have been described in the literature[9, 10]. The extraction
scheme used here is based on operationally defined
fractions- water soluble, exchangeable, carbonate, Fe — Mn
oxides, organic, and residual fractions.

Recently, attempts have been made to assess the
bioavailability of heavy metals in contaminated soils and
sediments using sequential extraction[11]. Such assessments
assume that metal bioavailability decreases with each
successive extraction step in the procedure. Therefore,
metals in water soluble and exchangeable fractions would be
readily bioavailable to the environment; whereas the metals
in the residual fractions are tightly bound and would not be
expected to be released under natural conditions[11, 12].

19

The procedure of[9] is one of the most thoroughly
researched and widely used procedures to evaluate the
efficacy of decontamination treat ments.

The incessant crude oil spillage arising from the oil
production activity has impacted negatively on terrestrial and
aquatic resources. The situation is increasingly becoming a
concern to the people of the area as oil companies are
expanding and waste treatment facilities are either
inadequate or not available. Therefore this study aims to
determine the speciation of selected heavy metals such as
copper, lead, nickel, chromium, cadmium, manganese and
zinc in the soil. The data obtained in this study will aid in the
establishment of comprehensive monitoring system and
information gathering on heavy metals in the environment
which are essential components of any pollution control
system.
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Figure 1. Map ofthe study area showing sampling points
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2. Materials and Methods

2.1. Description of Study Site

The study area is the Ola-1 oil spill site at Umuola in
Abara community, in Etche local government area of Rivers
State. Etche lies within latitude 5° and 6° N and longitude 4°
and 5° E. Etche occupies the North — Eastern part of Rivers
State. It is bounded on the North by Imo State, on the West
by Ikwerre local government area and on the South — East by
Imo River an extension of Imo State. (Fig.1) The area
experiences the normal Niger Delta climatic conditions. The
climate of the area is basically that of the equatorial tropical
rainfall occurring almost through the year except in
December, January and February, which are not completely
free from rainfall in some years. The annual rainfall of the
area is about 2, 405.2mm[13]. Annual mean air temperature
is 31.3°C; the highest monthly mean temperature was 29.7°C
in (August), and the lowest monthly mean temperature is
27.5°C in (January). There are several human activities
including commercial and agricultural activities in the area.

2.2. Sample Collection, Preparation and Analyses

Soil samples were collected with an auger during rainy
(September) and dry (February) seasons at five locations (3
at spill site and 2 at control sites). Three sampling points
were randomly chosen at each of the five sampling locations.
Soil samples from nine (9) sampling points within the
impacted area and six (6) from non impacted (control) areas
were collected.

A total of thirty samples comprising fifteen 0-15 cm
depths and fifteen 15-30cm depths were collected into
polythene bags using hand auger at each season. Ten (10)
composite samples comprising of five 0-15cm and five
15-30cm were made fromthe thirty samples and taken to the
Laboratory for preparation and analyses at each season. The
composite samples were air — dried, ground to pass through a
2mm mesh and stored at room temperature in well — labelled
polythene bags.

2.3. Physico-chemical Properties

Standard methods were used to analyse the
physico-chemical parameters such as pH, silt, clay and
sand[14] and organic matter|15].

2.4.Sequential Extraction of Metals

One gram of soil was used in the sequential extraction
process. The method adopted was that of[16] with slight
modification.

2.5. Extraction of Exchangeable Metals

Forty millilitres (40ml) of 1M MgClL, were added to the
residue and this was agitated for 10 hours in a mechanical

shaker.

2.6. Extraction of Carbonate Bound Metals

Forty millilitres (40ml) sodium acetate (NaOAc) was
added to the residue at pH =5 with continuous agitation for 5
hours.

2.7. Extraction of Fe/Mn Oxide Bound Metals

One hundred millilitres (100ml) of 0.04M NH?OH. HCl in
25% acetic acid were added to the residue and the mixture
was heated in a thermo stated water bath to 96+2°C for 2
hours with occasional agitation. An additional 3ml of 30%
H,0, were added and the mixture heated for 3 hours.

2.8. Extraction of Organically Bound Metals

Three millilitres (3ml) of 0.02M HNO; and 5ml of 30%
H,0, (pH =2.0) was added to the residue, and the mixture
heated in a water bath to 8522°C for 2 hours with occasional
agitation. An additional 3ml of30% H,O, was added and the
mixture heated for 3 hours.

2.9. Extraction of Residual Forms of Metals

The residue fromthe extraction process was washed with
distilled water, and the supernatant discarded. Then 5ml HF
and 10ml HC1O, were added to the residue and the sample
digested. The digest were filtered and the filtrate analysed for
residue bound metal ions.

3. Results and Discussion

3.1. Results

The results of the concentrations and percent distribution
of heavy metals in various fractions are presented in Tables 1
and 2 while Table 3 shows some physico-chemical
parameters measured in the soil.

The dry season and topsoil (0-15¢m) concentrations of Pb,
Cu, Ni, Mn and Zn were higher than the rainy season and
subsoil (15-30cm) concentrations at the spill site. Similar
variations were observed at the controlsites. The reverse was
observed in the concentrations of Cr. (Table 1).

Table 2 shows the percentage distributions ofthe metals in
each fraction in the dry and rainy seasons. At the spill site the
highest concentration of Pb 22.2% (0-15cm) was obtained in
the exchangeable fraction in the dry season and 22.7%
(15-30cm) in the organic fraction in the rainy season. At the
controlsites the highest concentration of Pb 26.3% (15-30cm)
was obtained in the Residual fraction at control 1 in the dry
season and 23.5% (0-15cm) in the Fe-Mn oxide fraction at
control 1 in the rainy season. The least concentration of Pb,
11.2% (15-30cm) was obtained in the carbon fraction at
control 1 in the dry season and 13.5% (15-30cm) in the
residual fraction at control 1 in the rainy season.
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At the spill site, the highest concentrations of Cu 22.8%
(0-15cm) and 24.9% (0-15cm) were obtained in the
exchangeable fraction in the dry and rainy seasons
respectively. At the control sites the highest concentrations
of Cu, 34.9% (15-30cm) and 35.2% (15-30cm) obtained in
the Fe-Mn oxide fraction in the dry and rainy seasons
respectively occurred at control 1.The lowest concentrations
of Cu 11.7% and 12.6% (0-15cm) were obtained in the
residual fraction in the dry and rainy seasons respectively. At
the spill site the highest concentration of Cd, 37.8%
(15-30cm) occurred in the exchangeable fraction in the dry
season and 59.1% (0-15cm) in the carbon fraction in the
rainy season. Atthe control sites the highest concentration of
Cd, 55.6% and 50.0%(0-15cm) occurred in the exchangeable
fraction in the dry and rainy seasons respectively at control 1.
The lowest concentration of Cd, 3.7% and 5.2% (15-30cm)
occurred in the Fe-Mn oxide fraction in the dry and rainy
seasons respectively.

The highest concentrations of Cr 22.5% and 23.4%
(0-15cm) occurred in the exchangeable fraction in the dry
and rainy season respectively. At the control sites the highest
concentration of Cr 22.4% (0-15cm) occurred in the Fe-Mn
oxide fraction at control 1 in the dry season and 30.4%
(15-30cm) in the exchangeable fraction at control 2 in the
rainy season. The least concentration of Cr 16.9% (0-15cm)
occurred in the exchangeable fraction in the dry season and
14.9% (15-30cm) in the organic fraction in control 2 in the
rainy season.

The highest concentration of Ni, 25.9% and 26.91%
(15-30cm) at the spill site occurred in the exchangeable
fraction in the dry and rainy season respectively. At the
control sites the highest concentrations of Ni, 26.3% and
25.9% (0-15cm) occurred in the exchangeable fraction at
control 2 in the dry and rainy seasons respectively. The
lowest concentration of Ni 13.5% (dry season) and 13.4%
(rainy season) occurred in the exchangeable fraction.

At the spill site the highest concentration of Mn, 21.9%
(0-15cm) was obtained in the exchangeable fraction in the
dry season and 45.7% (0-15cm) was obtained in the Fe-Mn
oxide fraction in the rainy season. The highest concentration
at the control sites were 22.5% (0-15cm) in Fe-Mn oxide and
organic fraction at control 1 in the dry season and 23.4%
(0-15cm) in the carbon fraction at control 2 in the rainy
season. The lowest value of Mn was 16.2% (0-15cm) in the
exchangeable fraction at control 1 in the dry season and
10.6% (0-15cm) in the organic fraction at the spill site in the
rainy season.

The highest concentration of Zn at the spill site, 23.4%
(15-30cm) was obtained in the carbon fraction in the dry
season and 22.8% (0-15cm) in the exchangeable fraction in
the rainy season. At the control sites the highest value of Zn,
23.7% (0-15cm) was in the exchangeable fraction at control
1 in the dry season and 26.5% (15-30cm) in the
exchangeable fraction at control 2 in the rainy season. The
least values of Zn, 13.4% (15-30cm) in the residual fraction
at control 1 in the dry season and 16.1% (15-30cm) in the
residual fraction at control 2 in the rainy season.

The physico chemical properties measured in the soil
showed ranges of pH, 4.70 -6.70, Organic matter, 0.79 -
1.93%, Silt, 2.64 — 12.0%, Clay, 3.76 — 20.40%, Sand, 73.5 —
93.6% and textural class of predominantly loamy sand at the
spilled site and sand at the control sites (Table 3).

3.2. Discussions

The dry season concentrations of the various forms of the
heavy metals except Cr were higher than the rainy season
concentrations.  Similarly, the topsoil (0-15cm)
concentrations of the various fractions of the heavy metals
were higher than the subsoil (15-30cm) concentrations.
These observations are attributed to the cleansing effect of
rainfall during the rainy season and the accumulation of
heavy metals at the 0-15cm depth due to automobile
emissions and other human activities. The dry and rainy
seasons concentrations of the metals showed significant
difference (p<0.05) for all the metals except Cr (p>0.05)
with correlation coefficients r= 0.6981(Pb), r = 0.9570(Cu),
r = 0.0436(Cd), r = 0.8579(Cr), r = 0.7207(Ni), r =
0.5765(Mn) and r = 0.2751(Zn). Statistical analysis also
showed that the difference between the dry and rainy season
concentrations of the various fractions were significant
(p<0.05). The trend of the heavy metals at the spill site and
control sites were similar. However Cu and Cr did not show
any particular trend. Cr and Ni concentrations were higher at
the 15-30cmdepth than the 0-15cm depth at the control sites.
This observation is attributed to tiling of the soil during
cultivation and abandoned metal parts buried in the soil.

The concentrations of the carbonate, Fe-Mn oxide and
organic matter fractions at the spill site were higher than
those at the control sites. This indicates that the heavy metals
were more available at the spill site than at the control sites.
The difference in concentrations of the fractions between the
spill site and control sites were not significant (p>0.05)
except in the carbonate fraction between the spill site and
control site 2 which was found to be significant (p<0.05).
The fractions between the spill site and control 1 showed
high positive correlations, r = 0.8856 (exchangeable), r =
0.9230 (carbonate), r = 0.7945 (Fe-Mn oxide), r = 0.9434
(organics)andr =0.9615 (residual) and between the spill site
and control 2 showed r = 0.8935 (exchangeable), r = 0.9580
(carbonate), r = 0.7269 (Fe-Mn oxide), r = 0.8146 (organic)
and r=0.8248 (residual). Analysis of variance (ANOVA) on
the dry season results showed significant difference (p<0.05)
between the various fractions at the spill site but no
significant difference (p>0.05) at the control sites. However,
in the rainy season the reverse was the case at the spill site
and control 1 but similar at control 2. This is attributed to the
fact that both the spill site and control 1 are cultivated areas.

The differences in concentrations of the metals between
the depths, 0-15cm and 15-30cm, at the spill site showed
significant difference (p<0.05) with coefficient of
correlations, r = 0.9973 (exchangeable) and r = 0.9978
(carbonate) but no significant difference (p>0.05) with r =
0.7692 (Fe-Mn oxide), r = 0.9976 (Organic) and r = 0.9963
(Residual). However there was no significant difference
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(p>0.05) in all the fractions at control 2 with coefficient of
correlations, r= 0.9654, 0.9781, 0.9957, 9760 and 0.9707 for
exchangeable, carbonate, Fe-Mn oxide, organic and residual
fractions respectively.

The concentrations of the metals were compared with
permissible limits 2-20 mg kg™ (Pb), 2-250 mg kg (Cu),
0.03-3 mg kg™ (Cd), 10-200 mg kg™ (Cr), 5-500 mg kg™ (Ni),
200-3000 mg kg™ (Mn) and 50-300 mg kg™ (Zn)[17, 18, 19].
The concentrations of Pb, Cu and Cd were within their limits
while the concentrations of Cr, Ni, Mn and Zn were below
their limits. This implies that the soils in the area are
contaminated with metals and do not pose serious
environmental and health concern for now.

The highest concentration of Pb, 22.2% (0-15cm) at the
spill site was obtained in the exchangeable fraction in the dry
season and 22.7% (15-30cm) in the organic fraction in the
rainy season (Table 2). The highest concentration of Pb
26.3%(15-30cm) was obtained in the residual fraction at
control 1 in the dry season and 23.5% (0-15cm) in the Fe-Mn
oxide fraction at control 1 in the rainy season. The highest
concentrations of Pb were obtained at controls 1 and 2 in the
dry and rainy seasons, respectively. This implies that the oil
spill was not the major source of Pb in the area. Furthermore
since control 1 is closer to a high traffic road, emissions from
automobiles could, perhaps, be responsible for the levels of
Pb in the area. The association of Pb with different fractions
followed the order:

1) Spill site:-

Dry season: Exchangeable > Carbonate >Residual >
Organic > Fe-Mn oxide

Rainy: Fe-Mn oxide > Organics > Exchangeable >
Carbonate > Residual

2) Control 1:-

Dry season: Residual > Organic > Exchangeable > Fe-Mn
oxide > Carbonate.

Rainy season:- Fe Mn oxide > Organic > Carbonate >
Exchangeable > Residual

3) Control 2:-

Dry season: Exchangeable > Organic > Fe-Mn oxide>
Carbonate > Residual.

Rainy season: Exchangeable > Organic > Carbonate >
Fe-Mn oxide > Residual

Pb is therefore bioavailable at the spill site and control 2.

At the spill site the highest concentrations of Cu, 22.8%
(0-15cm) and 24.9% (0-15cm) were obtained in the
exchangeable fraction in the dry and rainy seasons,
respectively. At control 1 the highest concentrations of Cu,
34.9% (15-30cm) and 35.2% (15-30cm) were obtained in the
Fe-Mn oxide fraction in the dry and rainy seasons
respectively. The highest amount of Cu obtained at the
control imp lies that the spill was not the major source of Cu
in the area. The ranking of different forms of Cu was found
to be as follows:

1) Spill site:-

Exchangeable > Fe-Mn oxide > Carbonate > Residual >
Organic

Exchangeable > Carbonate > Fe-Mn oxide > Residual >

Organic

2)Control 1:-

Dry season: Fe-Mn > Carbonate > Organic >
Exchangeable > Residual.

Rainy season: Fe-Mn oxide > Carbonate >
Exchangeable >Organic > Residual

3) Control 2:-

Dry season: Exchangeable > Carbonate > Organic >
Fe-Mn oxide > Residual.

Rainy season: Exchangeable > Carbonate > Organic >
Fe-Mn oxide > Residual

The above trends indicate that Cu was bioavailable at the
study area. This observation agrees with the report[20]
which stated that Cu was associated with the nonresidual
fractions which increases potential Cu mobility and
bioavailability in soils.

At the spill site the highest concentration of Cd, 37.8%
(15-30cm) occurred in the exchangeable fraction in the dry
season and 59.1% (0-15c¢m) in the carbon fraction in the
rainy season. The highest concentrations at control 1 were
55.6% (0-15cm) and 50.0% (0-15cm) in the exchangeable
fraction in the dry and rainy seasons, respectively. The
highest amounts of Cd at the spill site imp ly that the spill was
the major source of Cd at spill site. The association of Cd
with different fractions followed the order:

1) Spill site:-

Dry season: Exchangeable > Carbonate > Fe-Mn oxide >
Residual

Rainy season: Carbonate > Exchangeable > Fe-Mn oxide >
Residual > Organic

2) Control 1:-

Dry season: Exchangeable > Carbonate = Fe-Mn oxide =
Organic = Residual

Rainy season: Exchangeable > Carbonate = Fe-Mn oxide
=Organic = Residual

3) Control 2:-

Dry season: Exchangeable > Carbonate > Organic >
Fe-Mn oxide > Residual

Rainy season: Carbonate > Exchangeable > Fe-Mn oxide >
Organic > Residual

These trends suggest that potentially more Cd was found
in nonresidual than in the residual fractions. Thus, Cd was
bioavailable at the study area because heavy metals present
in the exchangeable fraction are usually thought to be readily
available for plantuptake[11]. These observations agree with
the reports[21, 10, 22] which observed that Cd was more in
the nonresidual fraction. On the contrary, the trend of Cd was
different from other reports[23, 24] which found that Cd was
high in the residual fraction. This difference might be
attributed to the differences in humic acid composition from
different locations and also the modification of humic acid —
metal interactions by other soil components.

The highest concentrations of Cr, 2.52% (0-15cm) and
23.4% (0-15cm) at the spill site were obtained in the
exchangeable fraction in the dry and rainy seasons,
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respectively. The highest concentration of Cr, 22.4%
(0-15cm)at control 1 occurred in the Fe-Mn oxide fraction in
the dry season and 30.4% (15-30cm) in the exchangeable
fraction at control 2 in the rainy season. The highest amount
of Cr obtained at the control sites, implies that the spill was
not the main source of Cr in the area.

1) Spill site:-

Dry season: Exchangeable > Carbonate > Fe-Mn oxide >
Organic > Residual

Rainy season: Exchangeable > Residual > Fe-Mn oxide >
Carbonate > Organic

2) Control 1:-

Dry season: Fe-Mn oxide > Exchangeable > Carbonate >
Residual > Organic

Rainy season: Fe-Mn oxide > Carbonate > Exchangeable >
Residual > Organic

3) Control 2:-

Dry season: Exchangeable > Organic > Residual >
Carbonate > Fe-Mn oxide

Rainy season: Exchangeable > Fe-Mn oxide> Organic >
Residual > Carbonate

Thus, Cr was bioavailable at the study area with control 2
having higher amount than control 1.

The highest concentration of Ni, 25.9% (15-30cm) and
26.9% (15-30cm) at the spill site occurred in the
exchangeable fraction in the dry and rainy seasons
respectively. At the control sites the highest concentration of
Ni 26.3% (0-15cm) and 25.9% (0-15cm) occurred in the
exchangeable fraction at control 2 in the dry and rainy
seasons, respectively. The highest amount of Ni was at
control 2 in both seasons; implying that the spill was not the
major source of Ni in the area. The association of Ni with the
different fractions followed the order:

1) Spill site:-

Dry season: Exchangeable > Carbonate > Fe-Mn oxide >
Organic > Residual

Rainy season: Exchangeable > Carbonate > Organic >
Residual > Fe-Mn oxide

2) Control 1:-

Dry season: Residual > Fe-Mn oxide > Organic >
Carbonate > Exchangeable

Rainy season: Exchangeable > Carbonate > Fe-Mn oxide >
Residual > Organic

3) Control 2:-

Dry season: Residual > Exchangeable > Fe-Mn oxide >
Carbonate > Organic

Rainy season: Residual > Carbonate > Exchangeable >
Organic > Fe-Mn oxide

Thus, while Ni was not bioavailable at control 2, it was
bioavailable at the spill site.

The highest concentration of Mn, 21.9% (0-15cm) was
obtained in the exchangeable fraction in the dry season and
45.7% (0-15cm) in the Fe-Mn oxide fraction in the rainy
season. At the control sites the highest concentrations of Mn
were 22.5% (0-15cm) in Fe-Mn oxide and organic fraction at
control 1 in the dry season and 23.4% (0-15cm) in the carbon
fraction at control 2 in the rainy season. The highest amount
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of Mn obtained at the spill site was likely due to the oil spill.
The ranking of different forms of Mn was found to be as
follows:

1) Spill site:-

Dry season: Exchangeable > Fe-Mn oxide >Carbonate >
Organic > Residual

Wet season: Fe-Mn oxide > Exchangeable > Carbonate >
Residual > Organic

2) Control 1:-

Dry season: Fe-Mn oxide > Organic > Residual >
Carbonate >Exchangeable

Rainy season: Carbonate > Exchangeable > Fe-Mn oxide >
Residual > Organic.

3) Control 2:-

Dry season: Exchangeable > Carbonate > Fe-Mn oxide >
Residual >Organic

Rainy season: Exchangeable > Organic > Residual >
Carbonate > Fe-Mn oxide

Thus, Mn was generally bioavailable in the study area.

The highest concentration of Zn at the spill site, 23.4%
(15-30cm) was in the carbonate fraction in the dry season
and 22.9% (0-15cm) in the exchangeable fraction in the rainy
season. The highest of Zn concentration at the control 1,
23.7% (15-30cm) was in the exchangeable fraction in the dry
season and 26.5% (15-30cm) in the exchangeable fraction at
control 2 in the rainy season. The highest amount of Zn was
obtained at the spill site, suggesting that the spill influenced
the level of Zn in the area. The association of Zn with the
various fractions followed the trend:

1) Spill site:-

Dry season: Carbonate > Exchangeable > Fe-Mn oxide >
Residual > Organic

Rainy season: Exchangeable > Carbonate > Organic >
Fe-Mn oxide > Residual

2) Control 1:

Dry season: Exchangeable > Fe-Mn oxide > Carbonate >
Organic > Residual

Rainy season: Fe-Mn oxide > Exchangeable > Organic >
Carbonate > Residual

3) Control 2:-

Dry season: Exchangeable > Fe-Mn oxide >Organic >
Residual > Carbonate

Rainy season: Exchangeable > Fe-Mn oxide > Residual >
Carbonate > Organic

The above trend indicates that Zn was bioavailable in the
area.

It was observed that all the heavy metals except Pb and Cu
at all the sites and at control 1 were high in the exchangeable
form. This does not agree with the report[24] which stated
that the non residual fraction contained the highest
concentrations of Pb and Cu while Cd was highest in
carbonate fraction but agrees with[20] which observed that a
significant amount of Zn was associated with the nonresidual
fractions in soils. This suggests that most of the heavy metals
in the area especially at the spill site are potentially
bioavailable because greater amounts were associated with
the non residual fractions[11, 20]. Cd in the rainy season at
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spill site and control 2, Mn in the rainy season at the controls
and Zn in the dry season at spill site, had high prevalence of
carbonate fraction. This is in agreement with the reports[24,
25] which stated that high prevalence of these metals
occurred in the acid soluble (carbonate) fraction.

High proportions of Cu, Cr and Mn (at control 1, both
seasons) and Zn (at control 1, rainy season) occurred in
Fe-Mn oxide form. This agrees with the report[26] which
observed that these metals occurred in Fe-Mn oxide fraction
in soils amended with composts.

High concentrations of Ni (at control 1, dry season and

control2 in both seasons) were found in the Residual fraction.

Trace elements in the residual forms are completely
immobile and not bioavailable[26].

In this study no heavy metal was predominant in the
organic fraction. This is not in line with[24, 26] which found
large proportion of heavy metals bound to the organic
fraction. The presence of heavy metals in the residual
fraction may be due to the presence of acid resistant mineral
and organic materials. Owing to the predominantly sandy
nature of the soils at the control sites, the heavy metals may
have co-precipitated with various silicate species consequent
to their adsorption into the mineral lattice[27]. Trace metals
in the residual fractions remained relatively stable and inert
and they are not easily released into the mobile and
bioavailable phases[9].

Carbonates have been implicated as immobilizing most
heavy metals by providing an adsorbing or nucleating
surface and by buffering the soil pH[28]. In this study, based
on the dry season results, 20.6% Pb (spill site), 22.0% Cu
(control 1), 30.5% Cd (control 2), 21.7% Cr (spill site),
21.9% Ni (spill site), 20.6% Mn (spill site) and 23.2% Zn
(spill site) were bound in the carbonate fraction and agrees
with[ 16]. According to[29], sequestration ofheavy metals by
carbonates is an important mechanism in the mobility and
availability of heavy metals in the environment. Some
studies[30, 31] reported that carbonates are only stable in
soils with high pH values. The moderate soil pH obtained in
this study, 470 — 6.70 indicate that it is unlikely that
carbonates are present in the area. Acid environment
enhances the mobility of metals in the environment. Metals
bound to carbonate are sensitive to pH changes and they are
leached by lowering the pH[32].

Heavy metals interact with organic matter through various
mechanis ms, which affect their bioavailability. In this study,
the dry season results indicate that 23.3% Pb (control 1),
19.5% Cu (control 2), 19.3% Cd (control 2), 19.9% Cr
(control 2), 20.2% Ni (control 1), 21.1% Mn (control 1) and
19.4% Zn (control 2) were found bound to organic carbon.

The sequence of the heavy metals in this fraction was in
the order: Pb > Ni> Mn > Cr > Cu > Zn > Cd.

Iron and manganese oxides (reducible fractions) have
been implicated in the sequestration of heavy metals in the
environment, existing in nodules, concretions, cement
between particles or as acting on particles and are excellent
trace element scavengers[33]. In this study the dry season
results showed that 19.6% Pb (control 2), 31.5% Cu (control

1), 15.6% Cd (control 1), 22.6% Cr (control 1), 21.2% Ni
(control 1), 21.5% Mn (control 1) and 21.7% Zn (control 1)
were bound in this fraction. Copper had the highest amount
in this fraction. This observation is in agreement with the
report[24] that high concentrations of Cu exist in the Fe-Mn
oxide fraction. The fact that iron (ii) and iron (iii) precipitate
as hydroxides at pH > 2.0 while manganese (ii) precipitates
at a pH > 8.6 confirms that iron rather than manganese
species may be the main species responsible for the
sequestration of the heavy metals at the prevailing soil pH
(4.7 — 6.7 in both seasons) in this study. Iron (ii) and (iii)
species have been indicated to scavenge heavy metals from
soil solutions that would normally not precipitate
considering both thermodynamic and redox factors[34, 35].
Heavy metals retained in this form may be a long-term
source of contamination since they could be released if there
are changes in the redox status of the soil[36].

The exchangeable fraction in the dry season showed that
22.3% Pb (control 2), 25.4% Cu (control 2), 37.8% Cd
(control 1), 22.2% Cr (spill site), 24.8% Ni (spill site), 21.4%
Mn (spill site) and 22.4% Zn (control 2) were bound to this
fraction. Cad miumwas the highest in this fraction. This is in
agreement with the report[24] that Cd was the highest in the
exchangeable fraction. This fraction is important because of
the high mobility of heavy metals from this fraction to the
aqueous phase.

The potentially available (bioavailable) heavy metals
comprise those that can be accessed by man through
ingestion and are wusually considered as being of
anthropogenic origin. They may be approximately related to
heavy metals in the exchangeable, and carbonate fractions.
Heavy metals in the non-residual fractions, including the
exchangeable, carbonate, Fe-Mn oxides and organic
fractions may reflect various degrees of reactivity and
potential bioavailability. They may also change depending
upon the surrounding physical and geochemical conditions[9,
37, 38].

4. Conclusions

The screening of soils around an abandoned oil well with
the history of oil spillage indicated the presence and
distribution of heavy metals in the area. Since the levels of
heavy metals studied were generally low and were either
within or below natural and permissible limits found in
unpolluted soils, the soils in the study area though considered
to be contaminated do not pose any adverse effect to humans
and the environment.

The soils under study showed spatial variation in the
concentrations of heavy metals in the area. The spatial
variations were due to differences in moisture content, silt
and clay contents, organic matter content and pH of the
different sites.

The seasonal variations in the concentrations of the heavy
metals resulted from differences in individual heavy metal,
pH, topography of the area and leaching by acid rain during
the rainy season.
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Knowledge of heavy metal composition of soils is not
adequate to determine heavy metal pollution of the
environment since different forms of the heavy metals have
different mobility, bioavailability and potential environment
al contamination. The heavy metal speciation analysis done
in this work provided information on their bioavailability
and mobility. The heavy metals investigated were potentially
bioavailable since the soils are acidic and have low silt and
clay contents. A significant amount of the heavy metals were
associated with the non residual fraction in the soils studied.
Therefore the heavy metals concentrations in the area should
be monitored regularly. The lack of uniformity (variations)
in sequential extraction methods (reagent types, strength,
volume and reaction time,) made it difficult to compare the
results obtained with those of other studies. Therefore, the
disagreements of the results obtained in this study with other
reports were not unexpected.

Since heavy metal levels of soils from the control sites
were some times higher than those from the spilled site, it
seems that spillage was not the major source of heavy metals
at the spilled site. However, the long period between the
spillage and the time of study may have warranted the
re-distribution of heavy metals beyond the spilled site.

REFERENCES

[1] Purves, D. (1985). Trace element contamination of the
environment. Elsevier, Amsterdam.20-28.

[2] Alloway B.J and Arye D.C. (1994). Chemical principles of
Environmental Pollution. Blackie London pp. 101-200.

[3] Tack, FM.G and Ver Loo, M.GA. (1995). Chemical
speciation and fractionation in soil and sediment heavy metal
analysis. A review. Int. J. Envir. Analyt. Chem. 59: 225 —238.

[4] Xian, X. (1987). Chemical Partitioning of Cadmium, Zinc,
Lead and Copper in Soils near Smelters. J. Envron. Sci.
Health Vol 6:527 — 541

[5] Salomons, W. and Forstner, U. (1980). Trace metal analysis
on polluted sediments. Part 2. Evaluation of environmental
impact. Environ. Technol. Lett 1: 506 — 517.

[6] Xiano, X. and Biu C. (1993). Trace Metal Analysis on

Polluted Sediments. Environmental Technological letters, L. p.

506-17.

[7] Horsfall, M. J. and Spiff, A.I. (2002). Distribution and
partitioning of trace metals in sediments. Environmental

Monttoring and Assessment 78: 309-326. Kluwer Academic
Publishers-Netherlands.

[8] Forstner , U. (1985). Chemical forms and reactivities of
metals in sediment. In R. Leschber et al. (ed) Chemical
Methods of Assessing Bioavailable Metal in Sludges and
Soils. Elsevier, London. pp. 1-30

[9] Tessier, A., Campbell, P.G.C. and Bisson, M. (1979).
Sequential extraction procedures for the speciation of
particulate trace metals. Anal. Chem. 51 (7), 844-861.

[10] Miller, W.P; and Mcfee, W.W. (1983). Distribution of
Cadmium, Zinc, Copper and Lead in soils of industrial
Northwestern Indiana .J. Environment. Qual. 12: 29-33.

[11] Xian, X (1989). Effect of Chemical Forms of Cadmium, Zinc,
and Lead in Polluted Soils on their Uptake by Cabbage Plants.

Plant and Soil. 113: 257 —264.

[12] Clevenger, T.E. and Mullins W. (1982). The Toxic extraction
procedure for hazardous wastes. In Trace substances in
environmental health xvi. Univ. of Missouri, Columbia, MO

pp 77 - 82.

[13] Gobo, A.E (1988). Relationship between rainfall trends and

flooding in the Niger-Benue River Basin. The Journal of
Meteorology 13 (132) 318-19.

[14] Loganathan, p. (1984). Laboratory manual of soil and plant
Analysis. University of science and Technology, Port

Harcourt, Nigeria. pp 5-50.

[15] Walkley, A. and Black, [.A. (1934): An Examination of the
Degtjareff Method for Determining Soil Organic Matter and
Proposed M odification of the Chromic Acid Titration M ethod.

Soil Sci. 37:29 - 38.

[16] Lo, IM.C. and Yang, X.Y. (1998). Removal and
redistribution of metals from contaminated soils by a
sequential extraction method. Waste M anagement, 18, 1-17.

RSMENR (2002): Rivers State Ministrty of Environment.
Interim Guidelines and Standards on Environmental Pollution
Control and Management in Rivers State. Rivers State
Ministry of Environment and Natural Resources. Pp 39-45.

Lindsay, J.W. K.. and Norvelly, W. A. (1979): Development
of'a DIPA Soils Test for Zinc, Iron, M anganese and Copper J.
Soil Sci. Soc. Am., 42: 421-428.

Alloway, B.J., (1990). The origins of heavy metals in soil. In
Aloway B.J. (Ed.), Heavy metals in soil. Blackie. Glasgow
and London, 29-39.

Lena Q, M. and Gade N, R (1997): Chemical fractionation of
Cadmium, Copper, Nickel, and Zinc in Contaminated Soils.
Journal of Environmental Quality 26, (1) 259-263.

Harrison, .M. (1981). Chemical association of Cd, Cu, and
Zn in street dusts and roadside soils. Environ. Sci. Tecnol.
15:1378-1383.

Kuo, S., P.E. Heilman, and A.S. Baker. (1983). Distribution
and forms of Copper, Zinc, Cadmium, Iron, and manganese in
soils near a Copper smelter. Soil Sci. 135:101-109.

Levy, D.B., Barberick, K.A., Siemer, E.G. and Sommers, L.E.
(1992). Distribution and Partitioning of trace metals in
contaminated soils near Leadville. Colorado. J. Environ.
Qual., 21, 185 —195.

Asagba, E.U., Okieimen, F.E. And Osokpor, J. (2007).
Screening and speciation of heavy metal contaminated soil

from an automobile spare parts market in Benin City. Int. J.
Chem., 19 (1), 9-15.

[24]

[25] Shrivastava S.K. and. Banerjee D.K. (1998): Operationally
determined speciation of Copper and Zinc in sewage sludge.

Chemical Speciation and Bioavailability 10 (4) 137-142.

[26] Iwegbue, C.M.A., Emuh, FN., Isirimah, N.O. and Egun, A.C.
(2007). Fractionation, characterization and speciation of
heavy metals in composts and compst-amended soils. African

Journal of Biotechnology 6 (2) pp 067-078



28

[27]

(28]

[29]

[30]

[31]

(32]

Ideriah T.J. K. et al.:

Distribution and Speciation of Heavy Metals in Crude Oil Contaminated

Soils from Niger Delta, Nigeria

Manceau, A., Schlegel, M., Nagy, K.L. and Charlet, L. (1999).

Evidence for the formation of trioctahedral clay up on sorption
of Co2+ on quartz. J. Colloid Interf. Sci., 220, 181-197.

Dudley, LM., McLean, J.E., Furst, T.H. and Jurinak, J.J.
(1991). Sorption of Cadmium and Copper from an acid mine
waste extract by two calcareous soils: Column study Soil Sci.,
151,121 - 135.

Ramos, L., Hermandez, L.M. and Gonzalez., M.J. (1994).
Sequential fractionation of Copper, Lead, Cadmium and Zinc
in soils from or near Donana National Park. J. Environ Qual.,
23, 50-57.

Doner, H.E. and Lynn, W.C. (1989). Carbonate, halide,
sulphate, and sulphide minerals. In: Dixon, J.B. and Weed,
S.B. (eds.), Minerals in Soil Environments. SSSA Book Ser. I,
Soil Sci. Soc. Am., Madison, WI. pp. 279-330.

Lambert, M., Pierzynski. G., Erickson, L. and Schnoor, J.
(1997). Remediation of Lead, Zinc and Cadmium

contaminated soils. In: Hester, R.E. and Harrison, RM. (eds.).

Contaminated land and its reclamation, pp. 91 — 102. The
Royal Chemical Soc. Press.

Perez-Cid, B., Lavilla, 1., Bendicho, C. (1999). Application of
microwave extraction for partitioning of heavy metals in soils
amended with sewage sludge composts: application to low
metal loadings. Sci. Total Environ, 231 (1-3): 161-179.

[33]

Nachtegaal, M. and Sparks, D.L. (2004). Effect of Iron oxide
coatings on Zinc sorption mechanisms at the clay-mineral
water interface. J. Colloid, Interface Sci., 276, 13-23.

Scheidegger, A.M. and Sparks, D.L. (1996). Kinetics of the
formation and dissolution of Nickel surface on precipitates on
pyrophyllite. Chem Geol., 132, 157-164.

Scheidegger, A.M ., Strawn D.G., Lamble, GM. and Sparks,
D.L. (1998). The kinetics of mixed Aluminium Ni-Al
hydroxide formation on clay and Aluminium oxide minerals:
a time resolved XAFS study. Geochim. Cosmochin. Acta, 62,
2233-2245.

Wassay, S.A., Parker, W.J. and Van Geel, P.J. (2001).
Characterization of soil contaminated by disposal of battery
industry waste. Can. J. Civil Eng, 28, 341-348.

Song, K.H., and Breslin V.T., (1998): Accumulation of
contaminant metals in the amphipod Diporeia spp. In Western
Lake Ontario. Journal of Great Lakes Research 24, 949-961.

Ryan, P.C., Wall, A.J., Hillier, S., Clark, L., (2002). Insights
into sequential chemical extraction procedures from
quantitative XRD: a study of trace metal partitioning in
sediments related to frog malformities. Environmental
Geology 184, 337-357.



	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	4. Conclusions

