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Chemical speciation and mobility of heavy metals in soils of refuse dumpsites
in some urban towns in the Niger Delta of Nigeria
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Abstract. Refuse dumpsites often contain materials which are capable of polluting surrounding soils especially if the
dumpsites are not adequately shielded from the surrounding area. This study examined chemical speciation and mobility
of heavy metals in three urban towns in the Niger Delta. Soil samples were collected from three dumpsites in each of the
three selected urban towns at 0-15 cm, 15-30 cm and 30-45 cm depths. The chemical speciation of the heavy metals in
the soils was determined using the Tessier’s sequential extraction procedure. The results showed that on the average, the
residual fraction was the predominant fraction of all the metals except Pb which was dominant in the organic fraction.
The mobility factor followed the order Zn > Fe > Pb > Cr > Ni > Cd > Cu. The study indicates that the metals studied do
not pose environmental risk considering their relatively low concentrations and the chemical forms they are associated
with. It is however recommended that the sites be continuously monitored because of the deleterious health effects of
exposure to heavy metal pollution in the events of reclaim.
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1. Introduction

Soil acts as a sink for contaminants and natural buffer
for transportation and distribution of chemical materials
and elements in the atmosphere, hydrosphere and
biomass, and is thus regarded as the most important
component of biosphere [1]. The presence of heavy
metals in soils is of environmental, ecological and
human health importance because they do not degrade,
persistent and toxic in nature. The concentrations of total
heavy metals in soil can be an indicator to measure or
evaluate the degree of contamination and/or pollution of
the soil. However, the information provided by the total
heavy metal concentrations is limited since it does not
gives the specific forms of the heavy metals in the soil
and their impact on the environment [2, 3]. The fate or
behaviour, mobility, availability, and toxicity of heavy
metals in soil are not only a function of the total heavy
metal concentration but also a function of other
parameters like the specific chemical forms, binding
state, metal characteristic, environmental and soil
characteristics like pH, the content of total organic
matter, cation exchange capacity, redox conditions and
root exudates acting as chelates [3]. Thus, chemical
speciation is crucial to assess heavy metal behaviour and
impact on the environment.

Heavy metals are present in different chemical forms
in soils namely: water soluble/exchangeable,
carbonates, bound to Fe, Mn and Al oxides/hydroxides,
bound to organic matter and residual forms [4]. The
mobility and bioavailability of heavy metals in water

soluble/exchangeable and carbonates forms are very
high, while for those bound to Fe, Mn and Al
oxides/hydroxides, bound to organic matter and residual
forms are very low and they are relatively not
bioavailable [4]. Although, heavy metals bound to Fe-
Mn oxides/hydroxides or bound to organic matter can be
relatively mobile or strongly bound, depending on the
physicochemical characteristics of the soils [2].

Several studies have been conducted to determine
the chemical speciation and mobility of heavy metals in
soil of dumpsites in different parts of Nigeria. However,
only a few studies [5-8] have been carried out in the
Niger Delta area. Therefore, information regarding
chemical forms of heavy metals in soils of dumpsites in
the Niger Delta is still scanty. Thus, the objective of the
present study is to determine the chemical speciation
and mobility of heavy metals in soils of refuse dumpsites
in some urban towns in the Niger Delta of Nigeria.

2. Experimental

2.1. Description of study area

A detailed description of the study area has been
reported elsewhere [9]. Briefly, the study area
comprised of three urban towns of Ughelli (UGH)
which lies within Longitude 5.30° N and Latitude 5.59°
E, Sapele (SAP) which lies within Longitude 5.54° N
and Latitude 5.54 ° E, and Orhuwhorun (UDU) which
lies within Longitude 5.45° N and Latitude 5.43° E in the
Niger Delta of Nigeria. The map of the study area is
shown in Figure 1.
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Figure 1. Map of the study area

2.2. Sample collection

Soil samples were collected using soil corer from three
dumpsites each from the three urban towns, totalling
nine dumpsites. Soil samples were collected at 0-15 cm,
15-30 cm and 30-45 cm depths. Soil samples were air
dried, sieved (< 2 mm) and stored at 4 °C prior to
analysis.

2.3. Reagents

The reagents used in this study include: nitric acid
(HNO3) (Merck, USA), magnesium chloride (MgCly)
(Fisher Scientific, USA), sodium acetate (NaCH3;COOQ)
(Fisher Scientific, USA), acetic acid (CH3COOH)
(Fisher Scientific, USA), hydroxylamine hydrochloride
(NH2OH-HCl) (Merck, USA), hydrogen peroxide
(H202) (Merck, USA) and ammonium acetate
(NH4CH3COO) (Merck, USA).

2.4. Determination of some soil physicochemical
properties

The soil pH was determined in soil suspension (1:2 soil
to water ratio) using a glass electrode pH meter. The soil
electrical conductivity (EC) was determined in soil
suspension (1:2 soil to water ratio) using a conductivity
meter. The total organic carbon of the soil was
determined by the wet oxidation digestion method of
Walkley and Black [10] as described by Radojevic and
Bashkin [11]. Total metal concentrations were
determined using air-acetylene atomic absorption
spectrophotometry (Perkin Elmer Analyst 200) after
digestion with aqua regia as described Radojevic and
Bashkin [11].

2.5. Chemical speciation of metals in soil
For the chemical speciation of the metals under study,
the procedure of Tessier et al. [12] was employed. In this
method heavy metals were separated into five
operationally defined fractions (F1-F5).

1 g of the soil sample was weighed and extracted into
five fractions as follows:
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1. F1 - Exchangeable: the soil sample was extracted at
room temperature for 1 h with 8 ml of 1 M MgCl;
solution at pH 7.0 with continuous agitation;

2. F2 - Metals bound to carbonates: the residue from
step (1) was extracted at room temperature with 8 ml of
1 M NaCH3COO solution adjusted to pH 5.0 with 0.5 M
CH3:COOH solution. Continuous agitation  was
maintained;

3. F3 - Metals bound to Fe-Mn oxide: the residue from
step (2) was extracted with 20 ml of 0.04M NH,OH-HCl
in 25% (v/v) CH3COOH and was heated to 96 °C with
occasional agitation for 6 h;

4. F4 - Metals bound to organic matter: the residue from
step (3) was extracted with 3 ml of 0.02 M HNO3 and 5
ml of 30% H.0, adjusted to pH 2.0 with HNOs, and the
mixture was heated to 86 °C for 3 h with intermittent
agitation. The mixture was cooled and 5 ml of 3.2 M
NH4CH3COO in 20% (v/v) HNOs; were added and the
solution was then be diluted to 20 ml and agitated
continuously for 30 min;

5. F5 - Residual metals: the residue from step (4) was
digested with 15 ml of aqua regia.

After each successive extraction, the supernatant
solution was separated by centrifuging the suspension at
7,500 rpm for 30 min and filtering through Whatman 42
filter paper. The concentration of Cd, Pb, Zn, Ni, Cu, Fe
and Cr was determined using atomic absorption
spectrometer (Perkin Elmer Analyst 200).

The wavelength (analytical lines) used for each
metal were 228.8 nm, 283.31 nm, 357.9 nm, 232.0 nm,
324.8 nm, 213.9 nm and 248.3 nm for Cd, Pb, Cr, Ni,
Cu, Zn and Fe respectively. The instrument conditions
are as follows: the slit was 0.7 nm for Cd, Pb, Cr, Cu and
Zn but 0.2 nm for Ni and Fe; the lamp current (mA) were
10 for Cd, 8 for Pb, 12 for Cr, 30 for Ni, 25 for Cu, 15
for Zn and Fe; the flame used for all the metals analysis
was composed of air (9.5 I/min) and acetylene (2.3
I/min).

The limit of detection (LOD) was 0.01 mg kg™ for
Cd, Cr, Ni and Cu, 0.08 mg kg™ for Pb, 0.60 mg kg™ for
Zn and 0.15 mg kg for Fe. The percentage recoveries
for the metals were in the range of 90.8 to 97.9 % while
the linear range of the calibration curve for the metals
were 0.01t02.0 mg I}, 0.1t0 10.0 mg I, 0.1t0 7.0 mg
I1,01t04.0mgl? 0.1t0 7.0 mg I%, 0.1 to 10.0 mg I*
and 0.1 to 40.0 mg I for Cd, Pb, Cr, Ni, Cu, Zn and Fe
respectively.

2.6. Quality assurance programme

Sterilized and disposable rubber gloves were worn
during analysis. All the bottles for metal analysis were
washed with metal free detergent and sterilized by
soaking with 10 % HNOg; analar grade overnight and
then rinsed several times with distilled water. For every
six samples, procedural blank was used for monitoring
interferences and cross contaminations, all results were
blank-corrected. Also, in the QA/QC programme, the
instrument was calibrated with calibration standards
before use. Matrix matching and background correction
was used to overcome interference in metal analysis.
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3. Results and discussion

3.1. Physicochemical properties and total heavy metals
concentrations of soil samples

The summary statistics of some physicochemical
properties and total heavy metals concentrations in soils
of the refuse dumpsites investigated in this study are
shown in Table 1.

Table 1. Summary statistics of some physicochemical properties and total heavy metals concentrations (mg kg™) in the dumpsite soils

EC TOC .
Parameters pH (u//em) (%) Cd Pb Cr Ni Cu Zn Fe
Minimum 4.64 60.8 0.06 ND 9.00 4.20 1.00 1.00 18.5 1650
Maximum 7.85 451 149 4.50 149 154 145 124 510 11865
Mean 6.83 176 0.45 1.93 445 9.25 3.75 26.9 157 5011
SD 0.93 105 0.35 1.09 44.4 3.12 3.25 33.8 161 2410
Kurtosis 0.17 191 2.32 0.14 0.40 -0.56 3.14 1.70 -0.51 1.64
Skewness -1.08 1.44 1.50 0.63 1.29 0.36 1.59 1.38 0.91 1.35

SD = standard deviation

3.2. Chemical speciation of metals in soil samples

The results of the heavy metal concentrations in the
various chemical forms are shown in Table 2, while the
speciation patterns of the heavy metals are displayed in

Figures 2-8. There was significant variation (p < 0.05)
in the speciation patterns of the heavy metals with
respect to sampling sites and depths.

Table 2. Concentrations (mg kg) of heavy metals in the different extraction forms in the dumpsite soils

Cd Pb Cr Ni
SITES  DEPTH F1 F2 F3 F4 F5 F1 F2 F3 F4 F5 F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
SAP1 0-15cm 004 031 017 035 064 1.83 0.3 218 304 916 087 107 18 236 4.06 0.03 036 103 041 0.7
15-30 cm ND ND ND ND 050 278 063 509 219 432 025 084 097 345 135 0.04 010 028 018 0.41
30-45cm ND ND 0.24 ND 0.77 2.84 0.22 1.02 2.01 391 0.21 1.59 0.98 151 431 0.30 0.05 1.37 0.44 0.84
SAP2 0-15cm ND ND ND ND 1.00 7.28 0.53 6.21 5.43 16.1 0.32 1.09 1.32 2.92 1.53 0.49 1.55 1.25 0.65 2.06
15-30 cm ND 041 012 007 039 361 449 092 915 383 089 002 132 164 184 0.02 040 118 072 0.68
30-45 cm ND ND ND ND 070 246 017 340 311 936 003 110 177 044 086 0.01 016 011 021 0.51
SAP3 0-15cm 0.03 0.36 0.15 0.35 0.61 2.05 0.12 1.13 2.93 3.77 0.09 0.86 1.30 1.42 3.93 0.02 0.10 0.21 0.30 0.38
15-30 cm ND ND ND ND 1.40 217 1.24 0.17 248 5.94 0.11 1.13 1.80 0.54 0.83 0.01 0.28 0.33 0.15 0.74
30-45 cm ND ND ND 004 036 160 068 121 176 376 010 138 092 158 341 0.25 002 096 037 0.40
ubuUl  0-15cm ND ND ND ND 050 995 117 455 671 226 001 123 151 244 131 0.03 0.16 014 023 0.44
15-30 cm ND ND ND ND 0.50 5.40 0.59 3.21 8.36 4.28 0.46 1.43 3.56 2.48 5.47 0.17 0.03 0.58 0.29 0.43
30-45cm 0.01 0.20 0.4 0.16 0.23 5.83 2.74 4.38 7.15 11.4 0.07 231 1.63 7.43 2.75 0.46 0.09 2.01 0.57 1.89
ubu2  0-15cm ND ND ND ND 020 170 361 020 223 317 010 011 048 0.60 6.60 0.01 015 076 023 0.35
15-30 cm 006 009 019 003 013 28 018 168 326 802 105 016 179 3.80 289 0.11 026 045 037 0.81
30-45cm ND ND ND ND 0.20 243 0.41 3.02 3.32 7.33 0.69 1.29 1.09 231 5.22 0.09 0.01 0.31 0.37 0.72
UbuU3 0-15cm ND ND ND ND 0.50 6.53 0.22 8.15 10.7 28.4 0.08 0.75 1.99 0.85 0.94 ND 0.05 0.11 0.07 0.76
15-30 cm 006 034 020 022 067 291 084 203 611 312 1.09 157 273 408 593 0.17 032 086 058 1.08
30-45 cm 006 050 109 032 053 298 037 265 445 655 199 002 245 455 179 0.16 010 061 029 0.34
UGH1 0-15cm 0.02 0.34 0.09 0.22 1.35 8.26 5.88 14.1 12.9 28.8 0.12 1.61 1.02 1.99 5.36 0.04 0.37 0.73 0.57 1.30
15-30 cm 0.04 0.48 0.53 0.38 1.07 25.4 138 10.2 52.1 29.5 0.04 1.10 281 2.00 3.95 0.04 0.85 1.00 2.87 1.24
30-45 cm 04 077 052 016 116 853 018 110 986 309 033 220 195 295 6.77 0.25 080 214 178 254
UGH2  0-15cm 001 020 137 055 088 196 157 176 223 51.0 322 021 158 729 261 0.28 287 238 299 5.99
15-30 cm 0.05 0.07 0.06 0.10 0.21 3.54 0.42 219 247 8.89 0.23 0.87 2.00 111 2.90 0.02 0.21 0.17 0.18 0.91
30-45cm ND ND ND ND 0.30 3.95 0.80 1.62 6.26 8.38 0.08 2.16 4.16 2.16 2.93 0.41 1.10 211 1.36 2.02
UGH3  0-15cm 002 022 007 022 048 188 134 310 270 709 054 128 168 175 324 0.56 081 114 214 331
15-30 cm 010 001 08 042 163 172 189 111 504 334 094 008 135 392 371 0.22 097 377 259 1.95
30-45 cm 0.01 0.49 0.59 1.13 2.27 27.1 1.47 13.5 24.7 67.3 0.11 1.05 3.31 2.07 1.66 0.07 0.43 0.83 0.72 1.95
Cu Zn Fe
SITES DEPTH F1 F2 F3 F4 F5 F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
SAP1 0-15cm 0.02 0.65 0.79 0.94 161 68.1 51.8 107 42.8 138 7.80 874 694 534 1790
15-30 cm 0.04 0.23 0.55 121 0.98 438 3.99 15.9 7.19 8.06 586 2017 996 20.2 1436
30-45 cm 0.14 0.01 1.04 1.32 1.98 4.09 7.03 3.48 472 418 58.3 977 880 510 2435
SAP2 0-15cm 3.49 9.86 15.8 15.3 23.98 79.5 36.6 58.5 34.2 91.2 559 2125 1411 149 1290
15-30 cm 0.09 111 1.18 2.00 6.62 10.6 9.42 11.0 19.9 13.6 95.8 579 1604 443 1269
30-45cm 0.04 0.01 0.87 0.51 1.06 3.64 2.00 279 2.26 7.81 22.8 1208 345 422 852
SAP3 0-15cm ND ND ND ND 2.50 6.10 8.13 211 7.65 10.5 252 820 514 10.1 1764
15-30 cm ND ND ND ND 9.50 6.35 4.12 6.67 7.53 10.8 46.3 1612 1187 451 914
30-45 cm ND ND ND ND 5.20 2.81 4.10 3.36 3.69 13.6 5.00 310 472 196 667
ubu1l 0-15cm 0.40 6.93 13.1 11.0 34.58 4.45 5.04 12.0 3.16 4.90 419 7 1413 275 801
15-30 cm 0.05 ND 0.28 0.20 0.46 4.03 7.39 3.43 4.79 134 35.8 772 2126 261 1916
30-45 cm 0.03 0.34 0.46 0.75 0.93 22.3 19.3 50.0 145 26.9 298 4244 1418 980 1811
ubu2 0-15cm 0.01 0.23 0.1 0.19 0.46 25.3 16.8 29.2 224 71.3 393 569 368 117 1342
15-30 cm ND ND ND ND 2.40 525 9.45 8.40 7.25 19.7 239 1196 361 634 940
30-45 cm ND ND ND ND 1.70 493 5.22 3.71 4.10 18.0 15.2 612 570 639 1194
uUbuU3 0-15cm 0.01 0.29 0.46 0.43 0.82 10.7 115 20.9 134 14.6 585 1737 740 191 1178
15-30 cm ND ND ND ND 3.30 9.88 11.2 10.3 5.66 185 123 1514 982 757 3444
30-45 cm ND ND ND ND 1.50 252 2.92 221 3.11 10.3 107 1193 1281 594 1466
UGH1 0-15cm 1.10 5.20 6.08 4.78 7.85 52.7 40.2 49.3 37.9 105 115 292 554 632 1217
15-30 cm 0.25 18.4 24.2 15.4 65.8 76.9 101 54.8 34.7 62.4 70.4 2955 2352 1417 3256
30-45 cm 118 0.22 25.2 174 30.0 62.6 108 73.9 53.3 76.9 145 2521 1043 1333 4618
UGH2 0-15cm 0.07 579 8.18 26.7 25.7 154 115 73.2 67.2 95.5 1910 3524 2397 71.2 3963
15-30 cm 0.02 0.11 0.20 0.25 0.41 3.02 4.38 4.00 3.36 14.2 9.2 1250 1315 518 1489
30-45 cm 0.05 0.40 177 411 3.17 2.46 8.04 2.32 3.10 4.08 81.1 2096 1592 602 1419
UGH3 0-15cm 0.48 5.56 6.96 6.32 20.7 51.7 345 44.3 36.8 171 132 1089 910 878 2251
15-30 cm 0.84 0.10 5.45 3.84 8.78 535 50.0 31.9 27.6 110 208 1756 695 570 932
30-45 cm 0.10 1.30 1.36 5.95 3.79 103 65.8 81.1 93.8 167 13.4 665 491 942 1229
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Cadmium was present mostly in the residual fraction
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Figure 2. Speciation pattern of Cd in the dumpsite soils

The percentage of Cd in the residual fraction in these
soil profiles ranged from 21.1 to 100 %. According to
Osakwe [5] a relatively high percentage of Cd in the
residual fraction suggests lithogenous origin and cannot
be mobilized. Similar results have been reported by
other researchers in literature [2, 5, 13, 14]. The next
important fraction for Cd was Fe—Mn oxide fraction.
The percentage of Cd in the Fe—Mn oxide fraction
ranged from 6.8 to 45.5%; this is expected as Cd
correlated well with Fe. The presence of Cd in this
fraction may be due to the fact that Fe—-Mn oxides
control the fixation of Cd in these soils. The Fe-Mn
oxides fraction is relatively stable but could change with
variation in redox condition [5, 13]. Cd in the Fe-Mn
oxide fraction has also been reported by Zuayah et al.
[15], Hosfall and Spiff [13], and Osakwe [5]. The
percentage of Cd in the carbonate and organic fractions
ranged from 0.4 to 41.1 % and 53 to 252 %
respectively, while the percentage of Cd in the
exchangeable fraction ranged from 0.1 to 13.3 %. This
result is similar to others in the literature [3, 5]. The
percentage of Cd in the exchangeable fraction indicates
that Cd is potentially available to some extent in these
soil profiles.

Lead partition was predominantly in the organic
bound fraction (Figure 3).
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Figure 3. Speciation pattern of Pb in the dumpsite soils

The percentage of Pb in the organic fraction ranged
from 17.4 to 55.5%. The high distribution of Pb in this
fraction is as a result of the strong complexes lead
formed with humic minerals [16]. The next dominant
fraction of Pb in these soil profiles is Fe—Mn oxides
fraction. The percentage of Pb in the Fe—Mn oxides
fraction range from 14.1 to 41.6%. Higher amount of Pb
in the Fe—-Mn oxide fraction was also reported by
lwegbue et al. [17] and Iwegbue [18]. The exchangeable
form of Pb was the next important fraction with a range
of 11.2 to 28.4 % of Pb. Metals in this fraction are
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soluble and easily released into biota. The accumulation
of Pb in this fraction call for concern as Pb is one of the
metal that constitutes the widest possible health risk to
humans through the plant uptake dietary route [16, 19].
The percentage of Pb in the residual and carbonate
fraction ranged from 1.4 to 33.9 % and 0.3 to 30.1%
respectively.

Chromium. In these soil profiles, the dominant
species of Cr is the residual fraction (Figure 4).
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Figure 4. Speciation pattern of Cr in the dumpsite soils

The percentage of Cr in the residual fraction ranged
from 16.6 to 83.6%. This is similar to the report of other
researchers [5, 14, 17]. The amount of Cr in the residual
fraction indicates that Cr is not available for plant
uptakes or biota in these soils [5, 17]. The organic bound
fraction followed the residual fraction with a range of
7.6 t0 52.3%. Cr in the organic bound fraction might be
due to its strong affinity for organic matter. However,
according to Kotoky et al. [14] the existence of Cr in the
organic bound fraction results from the existing
physicochemical conditions which include the pH and
total organic carbon. The percentage of Cr in the Fe—-Mn
oxide ranged from 6.1 to 43.2%. The carbonates and
exchangeable fractions constituted 0.2 to 26.2 % and 0.2
to 21.6 % respectively.

Nickel. The speciation of Ni follows the order:
residual > Fe-Mn oxides > organic > carbonate >

exchangeable (Figure 5).
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Figure 5. Speciation pattern of Ni in the dumpsite soils

The percentage of Ni in the different fractions ranged
from 20.2 to 76.1 %, 11.2 to 50.8 %, 7.1 to 47.8 %, 0.8
to0 25.9 % and 0.1 to 12.4 % for residual, Fe-Mn oxides,
organic, carbonates and exchangeable fractions
respectively. The dominance of the residual fraction is
an indication that Ni is controlled by parent materials in
these soil profiles [17, 20]. This result is in agreement
with the results of other researchers [5, 17, 20].

Copper also existed mainly in the residual fraction in
the soil profiles in this study (Figure 6).

The percentage of Cu in the residual fraction ranged
from 30.3 to 100%. This is in agreement with the results
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reported by Iwegbue [21]. The next predominant species
of Cu is the organic bound fraction. The percentage of
Cu in the organic bound fraction ranged from 12.4 to
47.6 % in these soil profiles. Higher percentages of Cu
in the organic bond fraction have also been reported by
lwegbue et al. [17] and Iwegbue [18]. Cu in the organic
fraction might be as a result of the high formation
constant of the Cu-organic complex [22]. Significant
amount of Cu was found in the Fe-Mn oxide fraction
(10.2 to 34.9%). The significant amount of Cu in the Fe—
Mn oxide fraction suggests that Cu in these soil profiles
is controlled by adsorption that Cu may be immobilized
under reducing condition [17]. The result of this study is
similar to that of lwegbue et al. [17]. The amount of Cu
in the carbonate and exchangeable fractions ranged from
0.1 to 23.0% and 0.1 to 5.4% respectively. The low
percentage of Cu in the exchangeable fraction might be
as a result of complex formation with organic matter and
low precipitation with hydrous Fe—Mn oxides.
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Figure 6. Speciation pattern of Cu in the dumpsite soils

Zinc. The speciation of Zn follows the order residual
> Fe—Mn oxides > carbonate > exchangeable > organic
(Figure 7).
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Figure 7. Speciation pattern of Zn in the dumpsite soils

The percentage of Zn in the different fractions
ranged from 10.2 to 30.5 %, 10.1 to 40.2 %, 10.3 to
40.5%, 10.1 to 30.8 % and 16.6 to 50.5 % for
exchangeable, carbonates, Fe-Mn, organic and residual
fractions respectively. The dominance of the residual
fraction is an indication that Zn is controlled by parent
materials in these soil profiles [17, 20]. This result is in
agreement with the results of other researchers [5, 20].

Iron. The speciation of Fe follows the order: residual
> carbonate > Fe—Mn oxide > organic > exchangeable
(Figure 8).

The residual fraction is the dominant fraction of Fe
in these soil profiles; it ranged from 20.7 to 52.5%. The
presence of Fe in the residual fraction may be due to its
association with silicate minerals [5]. Fe has been
reported in the residual fraction in a number of studies
[13, 23]. The carbonate fraction ranged from 10.4 to
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48.5%. The high percentage of Fe in this fraction
indicates that Fe is not readily available due to the
relative stability of this fraction. Fe in the carbonate
fraction has also been reported by Abeh et al. [23],
Urunmatsoma and Ikhouria [24], and Osakwe [5].
Significant fraction of Fe was found in the Fe-Mn oxide
fraction. The Fe-Mn oxide fraction in these soils profiles
ranged from 10.7 to 41.6%. The percentage of Fe in the
organic fraction ranged from 0.3 to 28.2%. lwegbue [2]
also reported significant fraction of Fe in the organic
phase. The percentage Fe in the exchangeable fraction
ranged from 0.2 to 16.1%. The low percentage of Fe in
the exchangeable fraction may be due to the easy
utilization of Fe by plants and other organisms in the

soil.

100%
90%

M Residual
' Bound to Organic
Bound to Fe-Mn Oxides

M Bound to Carbonates

M Exchangeable

Shdldhdlengdngdngougdnglendens

Sampling sites

Figure 8. Speciation pattern of Fe in the dumpsite soils

3.3. Mobility of heavy metals in the soils

In any sequential extraction procedure, the early
fractions are the most mobile and bioavailable fractions.
Thus, the mobility factor value provides the relative
mobility and biological availability of heavy metals in
soils. In this study, the mobility factor of heavy metals
was evaluated using the equation [25, 26]:

F1+F2
X
F1+F2+F3+F4+F5

where: F1 = exchangeable fraction; F2 = carbonates
fraction; F3 = Fe-Mn oxide fraction; F4 = organic
fraction; F5 = residual fraction.

High mobility factor values have been interpreted as
evidence of relatively high reactivity, high lability and
high biological availability of heavy metals in soil [5,
18, 27]. The results of the mobility factor of heavy
metals in soils of refuse dumpsites in this study are
shown in Table 3. The mobility factor values of the
heavy metals ranged from 0.0 to 41.4 for Cd, 12.5 to
48.7 for Pb, 2.7 to 28.1 for Cr, 5.1 to 34.0 for Ni, 0.0 to
25.2 for Cu, and 21.2 to 54.0 for Zn. The mobility of the
heavy metals followed the order: Zn > Pb > Cr > Ni >
Cd > Cu. On the average, the mobility factors of the
heavy metals were generally low. This indicates that the
heavy metals in these soil profiles around the refuse
dumpsites have relatively low reactivity, lability and
biological availability.

100

Mobility Factor =

4. Conclusion

This study investigated the speciation and mobility of
heavy metals in refuse dumpsites from three urban
towns in the Niger Delta, Nigeria. The results showed
that, on the average, the residual fraction was the
predominant fraction of all the metals except Pb which
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was

dominant in the organic fraction. The mobility

factor followed the order Zn > Fe > Pb > Cr > Ni > Cd
> Cu. The study indicates that the metals studied do not

pose

environmental risk considering their relatively low

concentrations and the chemical forms they are
associated with.
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