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ABSTRACT

The variations in the concentrations and mobility of ten (10) toxic metal ions (Pb, Cd,
Ni, As, Se, Hg, Cr, Fe and Zn) in a tropical ultisol from the coastal plain area of Akwa Ibom
State, Nigeria was investigated using soil samples obtained from ten (10) different locations
at four (4) soil depths of 10 cm, 15 cm, 20 cm and 25 cm. A general decreasing trend in metal
concentration wiih soil depth was established. The mean concentration (ugg™') of the metal in
the soil at a profile of 10cm were Pb(40:05); Cd(0.00); Ni(0.09): Se(0.45); Hg(0.04); Cr(0.08);
Cu(126.25); Fe(6375.00) and Zn(254.50). From the overall results, four distinctive trends were
discernable viz. Hg>Cu at a depth of 10 cm, Cd>Hg at 15 cm, Ni = Cd at 20 cm and Cd>Ni at
the depth of 25 cm. The concentration of Cu, Fe and Zn were hign (P= 0.001) indicating a
significant heavy metal pollution of the soil based on set standards. The relative migration of
the heavy metals decreased in the order Fe>Zn>Cu>Pb=Cr=Se=Ni=Hg=Cd=As in the soil
depths. The possible effects of the acidic characteristics of the ultisol (with mean pH of 4.90)
and other physicochemical parameters of the soil, in relation to the mobility of the metals
ions and its implications to the environment have been discussed.
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INTRODUCTION _ ;
Recently, environmental scientists have raised concern on the increasing ecological anu
toxicological problems arising from the pollution of the environment. Heavy metals represent an
important source of pollutant. While many heavy metals are essential elements at low levels, lhey
can exert toxic effects at concentrations higher than those permitted in the environment (Dean-Ross
and Mills, 1989). Soil receives heavy metals coming from different sources and at the same time
acts as a buffer that controls the movement of these heavy metals to other natural componerits
The soils of the coastal plain areas of Akwa Ibom State and the Niger Delta region in Nigena
are generally acid soils with pH ranging from 3.0 to 6.0 (Dublin-Green el. al., 2003). The polential of
heavy metals to migrate in soil is primarily controlled by pH. redox potential, total metal
concentration, complexation and ion exchange ‘EPA, 1987. Udosen et al; 2001). However, little
attention has been given to their transport dynamics in the soil of the Niger Della envirqrm'ienl. Thie
objectives of this study are to determine the concentration and mobility of these metals in the saii 2!
different depths in order to ascertain the quality of the ultisol of the Niger Delta.
METHODS _
i The study was carried out in Mkpanak, ibeno in Akwa |bom Siate. T he region is located
within the coastal (Niger Delta) region of Nigeria (Fig.1). _
The region is characterised by bi-modal rainfall pattern and acidic sandy loam soils classified as
Ferralitic sandy-loam ultisols (Udo et al, 1981; Essien and Udosen 2000). Ibeno is located in a
typical climatic zone wilh distinct dry and wel seasons. The dry season begins in Noveraber 10
February while the rainy season begins in March to October, with peak periods of heavy rain i July
and a period of two weeks of ‘August break’ within the peak of the rainy season.
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Fig.1: Ibeno Locol Government Area Showing Study Area

- A total of 40 soil samples were collected with a coring cylinder at the depth of 10 cm, 15 cm,
20 cm and 25 cm from 10 sampling locations (L-L.). The samples were stored in a precleaned.
metal-free polythene bags and immediately taken to the laboratory for further analysis. Soil pH was
measured in water in a ratio 1:1 soil/water suspension using a pH meter (Udo and Ogunwale, 1986).
Particle size distributions of the soils were determined by hydrometer technique (Day, 1965). The
organic carbon was determined by the modified dichromate wet oxidation method of Nelson and
Somers (1982). The total nitrogen was estimated by the micro-Kjeldahl digestion and distillation
methad. The P-value in the soil was determined after extraction by 0.5 mol/i NaHCO; solution and
exchangeable cations were determined after exfractions by 1mol/l NH, acetate solution, using the
flame photometer (AOAC, 1986; Udo and Ogunwale, 1986). Heavy melals concenlrations were
determined using atomic absorption spectrophotometer,

RESULTS

SOIL CHARACTERISTICS The physical and chemical parameters of the soils from i)
sampling locations (L-Lp) are summarized in Table |, The silt fraction of the soil was generally iow
(in the range of 4-10%} with a mean value of 6.4% tnroughout the entire profiles. There were no
gravels but the coarse sand fraction (57.80 tc 71.80%) was generally higher than the fine sand
fraction (20 20 to 32.20%) in the soil prohle The bulk density was found to be in the range of 1.3 to
1.6 g/cm’ with a mean value of 1.51 g/cm” in these soils.

The total porosity of the soils ranged from 36 to 43% (Table ). The orgcmlc carbon contem
of the soil was generally low with a mean value of 2.90%. The effective cation-exchange capacity
{ECEC) of the ultisol varied widely from 7.76 to 18.0 mol/kg. The results in Table 1 also show that
pH values in water fell between 4.46 and 5.46. The exchange acidity (EA) on lhe other hand was
relatively high with 8 mean value of 3.08 mol/kg in the samples.

The mean values of heavy metal concentrations in the soils at 10 cm, 18 cm, 20 cim and 25
cm soil depths are presented in Table 2. High (ANOVA; LSD) concentrasions of Pb, Cu, Fe and Zn
were obtained with the highest concentrations obtained for Fe (P=0.0c1). Table 3 indicates the
variation of heavy meta! concentrations with soil depths.

DISCUSSION

The major sources of heavy metals in the coastal pizin area of Akwa Ibom Stale, Nigeria are
industrial processes, leaching of metals from garbage, solid waste dumps and extensive crude ot
explogation activilies in the area by oil companies. By Le chalelier's principle a system reacls when
basic condilions ‘change. The same happens with the mchbilization of heavy metals in soils. Any
change in parameters like pH, salt concentration (activity) and soluble complexing organic agenls
can either cause mobilization or remobilization of heavy metals. These results in changing milicus
discussed in this paper.

The possible e ffects of heavy m etal o oliutants o n s oil p roperties i nclude change 1n r ecox
potential, increase in soil acidity (pH), reduction in the bulk density of soil and soil porosily (Roscoe
1989). The soil texture and structure exert a large influence on weight ard pore space. The lransfe
of contaminants depends on diffusion through a porous medium and other variables such as sc-
porosily and moisture {(Dragun, 1988). Allhough the lotal pore space in the test soils is low = =+
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proportion of it is composed of large pores that are very efficient in the movement of water and air
The percentage of the volume occupied by small pores in sandy soils is low and this accounts for the
low water-holding capacity. The organic matter contents in these soils are in agreement with those
observed by Udo and Ogunwale (1986). The organic carbon was observed to decrease rapidly with
depth. The organic matter is the most reactive component of soil because of the low aclivities of the
predominantly kaolinitic clay minerals found in ultisols (Udo et al; 1981).

The concentrations of the basic cations in the soil (Ca and Mg) were relatively low. A mean
value of 5.16 cmollkg for Ca and 2.67 cmollkg for Mg were obtained. The high rainfall that
characterizes the study area renders the soil strangly | eached and d eprived of the basic c ations.
Similarly, the K and Na levels in the soils were very iow. The low levels of the exchangeable K
however do not indicate a significant K deficiency threshold of 0.2 cmol/kg (Landon, 1984). The pH
level of the soil was low (Tabie 1) and these soils are strongly acidic in character. This may have
resulted in the high Fe concentration obtained in the soil. The availability of heavy metals and their
potential to migrate is primarily governed by pH, redox polential and complexation processes The
high heavy metal concentrations indicated a contamination of the soil with the toxic metals (Table 2)
However, the concentrations of Cd, Ni, As, Hg and Cr were low and not enough to pose a danger of
contamination in the test soils. Pb, Cu, Fe and Zn, which occurred in considerable concentrations,
are transition metals capable of forming complexes. Complexation increases the potential mob:lity of
metals because the complexed metal is effectively more soluble and the complex formed bind what
would have otherwise been free metallic ions and thereby decreases the chances of adsorption ur
precipitation as salts (Piwoni and Keeley, 1990).

The heavy metal concentrations in the soil samples from the study area are given in Table 2 The
mean concentrations of As, Cd, Ni, Se, Hg and Cr in a tropical ultisol at different depths are shown in
fig.2.There were variations in Pb, Cu, Fe and Zn concentrations with soil depths (Fig. 3). At a depth
of 10 cm, the trend in the concentrations of the metal was Fe>Zn>Cu>Pb>Cr>Se>Hg>Ni>Cd>As._ At
a depth of 15 cm, the trend was Fe>Zn>Cu>Pb>Cr>Se>Ni>Cd>Hg>As. Similarly. the trenc at a
depth of 20 cm was Fe>Zn>Cu>Pb>Cr>Se>Ni=Cd>Hg>As, while at a depth of 25 cm it was
Fe>Zn>Cu>Pb>Cr>Se>Cd>Ni>Hg>As. Four distinctive trends are therefore discernable viz. Hg>C¢
at a depth of 10 cm, Cd>Hg at 15 cm, Ni = Cd at 20 cm and Cd>Ni at depth of 25 cm (Fig. 2). Cu, Fe
and Zn concentrations were observed to decrease with depths (Fig.3). The coefficient of variation of
metals at different soil depths in given in Fig. 4.

Heavy metal contamination of soil and the mobility of the metal ions in the soil environment
have been established as a function of the physicochemical properties of the soil. The mobilization
mechanism is controlled by the changing parameters such as pH, redox, compilexation and ion
activity. Recent research studies by Udosen et al, (2001) have indicated heavy metal pollution of the
coastal plain area of the Niger Delta, Nigeria. This work confirms the high concentration of heavy
metals such as Pb, Cu, Fe and Zn in the ultisol.

The migration of these metal ions in the case of tropical ultisols is essentially and extensiveiy
influenced by the acidic nature of the soil, which aids in the partitioning of the metals to more soluble
and mobile species. The problems of toxic metal contamination of the surface soil and poscibie
biomagnification by accompanying co-reactions may prolong the path of toxic metal invasiur: by
migration into the sphere of other milieus and consequently permit their easier uptake Hy living
organisms a nd d egradation o f a gricultural land with an accompanying undesirable consequences.
In view of the soil structure and its peculiar chemical characteristics, and in consideration of the high
concentration of Pb, Cu, Fe and Zn it is pertinent to note the possible danger of heavy metal ions
migration with percolation (seepage) into the groundwater, which can result in a cycle of potiution
Leaching tests under different ¢ onditions s hould clarify the r emobilization c¢f heavy metals and its
impacts on soil and groundwater quality. The understanding of these becomes essential for the
complex evaluation of quality and remediation of soils in the tropics.
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Table 1: The levels of physicochemical parameters in soil

) Exchangeable Bases Particle Size

PH EC organic TotalN Avail. P Moisture Ca Mg Na K EA ECEC BS Bulk Total Sand Siit  Clay

Content Density Porosity

Location (H,0) ds/m % % Mghe % meq (mol/kg) % gfem* % % % %
1 533 0.1%40 3.89 0.19 2166  20.00 960 482 010 025 227 1749 8444 157 4075 7180 800 20.20
2 523 03680 3.26 0.16 1066  13.60 480 240 029 032 274 1055 7403 142 4642 6980 600 24.20
3 470 0.8260 261 0.13 933 21.70 1032 420 023 030 296 18.01 8356 168 36,60 5680 6.00 28.20
4 461 1561 228 0.11 466 16.40 480 240 023 040 310 1093 7164 136 4668 6780 6.00 2620
5 446 0./00 4.52 0.23 249 17.00 288 192 027 027 244 778 6863 133 4981 6580 4.00 30.20
6 449 0.0159 3.00 0.15 5.46 14.40 480 288 030 026 396 1220 67.54 157 4075 6380 4.00 3220
7 510 0.0195 1.62 0.10 283 12.90 480 240 022 029 372 1153 6774 168 3660 6780 800 2420
8 497 0.4630 261 0.12 1.66 20.40 360 216 021 029 293 916 6801 140 4810 6980 6.00 24.20
9 471 06880 3.53 0.18 436 18.20 360 192 035 030 270 891 6969 142 4642 6380 6.00 30.20
10 546 0.0153 175 0.11 4.36 13.10 240 168 016 031 360 815 5583 167 3640 5780 1000 3220
g 490 04750 2.90 0.14 6.74 16.70 516 267 023 029 308 1147 71.11 151 4305 6640 640 27.20

5.0. 034 0564 0871 0.0399 568 3.07 254 098 068 0.039 048 342 723 013 513 478 174 38
CV.(%) 699 9610 3005 285 8441 18.38 49.19 366 296 13.16 1554 2984 1017 873 1192 719 2724 1404
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Table 2: Variation of heavy imetal concentration with soil depths

Soil depth

Heavy metals (pg/g) 10cm 15cm 20cm 25cm
Pb 40.05 29.08 24.49 21.45
Cd 0.00 0.05 0.04 0.04
Ni 0.09 0.06 0.04 0.025
Se 0.445 0.43 0.43 0.42
Hg 0.04 0.04 0.02 0.02
il 0.595 0.61 0.595 0.555
Cu 126.25 107.75 97.85 79.55
Fe 6375.0 5716.45 4771.00 3795.96
Zn 2545 201.65 143.30 130.25

Table 3: Mean metal concentrations in a tropical ultisol at different soil depths

Depth
(cm) Pb cd Ni As Se Hg Cr Cu Fe Zn

10 40.05 0.00 0.00 000 044 0.04 066 126.25 6375.00 254.50
15 29.18  0.05 0.006 0.00 043 004 0.61 107.75 571645 201.65
20 2449 0.04 0.04 0.00 043 0.02 060 99.60 4770.00 143.30

25 2146 0.00 0.025 0.00 042 002 056 79.55 379596 120.25

Mean 28.80 0.02 0.02 000 043 003 061 10329 516435 18243
S.D. 8.15 0.03 0.02 000 ©0.00 0.01 004 1936 112524 5721

CV.(%) 2830 11689 10290 000 190 3849 6.80 1876 21.79 31.56
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