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Abstract: Nigerian cocoa farmers mostly use copper-based fungicides to control black pod disease of
Theobroma cacao. Heavy metals are potentially toxic to soil microbes and soil  environment  in  general.
Toxicity depends on chemical association in soil. For this reason, determining the chemical forms of metals in
soils is important to evaluate their mobility and bioavailability. Sequential extraction was used to fractionate
four heavy metals (Cu, Zn, Cd and Pb) in soils. The organic fraction was the most abundant pool for copper and
zinc, extractable fraction for Lead and residual for cadmium. The apparent mobility and bioavailability for these
four metals in the studied soils were in the order: Pb>Zn>Cd>Cu. This indicates that lead had the highest
chance of being accumulated in cocoa beans.
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INTRODUCTION in Ondo  and  Cross River States in Nigeria. Although

Enrichment of heavy metals in the environment is of of metals  in  soils,  they provide no information regarding
great concern because of their toxicity and threat to the chemical nature or potential mobility and
human life and environment. Heavy metals are introduced bioavailability  of  a  particular element [8-10] described
into the terrestrial environment and mostly into the soil the mechanisms of adsorption / desorption and stated
from different sources such as industrial and municipal that the process controlling the availability of both
waste [1] automobile emissions [2] mining activities [3] naturally occurring and contaminant (trace and major)
and agricultural practices [4]. Incidence of black pod elements to plants and their leaching down the soil profile
disease caused by Phytophtora sp. is the greatest to the groundwater are those which influence the sorption
challenge encountered by Nigerian cocoa farmers. This and desorption of these elements within the soil.
has been a strong factor responsible for the dwindling Metals in soil can be divided into two fractions [11]:
production of cocoa in Nigeria. The main economic loss (i) Inert fraction assumed as the non-toxic  fraction  and
is from the infection of the pods which ultimately lead to (ii) the labile fraction  assumed  to  be  potentially  toxic.
the rot of the beans within the infected pods. The attack To assess the availability of heavy metals, only the soil
of black pod disease in cocoa can lead to 100% loss of labile fraction is taken into account because this fraction
yield if left uncontrolled. In attempt to arrest the is often called by extension, the bioavailable fraction [12].
devastating actions of black pod disease in cacao, cocoa The availability of metals for plants and micro-organisms
farmers use copper-based fungicides.  Contamination  of in soil depends on the composition of the compartments
the natural environment by heavy metals is a global of the soil such as carbonates, oxy metal hydroxides,
problem because of their non-biodegradable nature and organic matter and silica. However, the bioavailable
mos of them have toxic effects on living organisms [5]. fraction can differ from one metal to another and from one
Aikpokpodion et al. [6] and Aikpokpodion [7] have receptor to another. According to [13] accumulation
reported copper contamination in cocoa plantation soils mechanisms  of  heavy  metal  in   soil   can  be  classified

total metal concentrations may indicate the overall level
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into six  categories  (a)   Water   soluble  (b) Extractable (c) (F5) Organic-Bound: The residue from Fe-Mn oxides
carbonate bound (d) metal bound to Fe-Mn oxides (e) bound fraction was extracted with 3ml of 0.02M Nitric acid

and 5ml of 30% H O  (adjusted to pH 2 with HNO ) was
Heavy metals present in these categories have different added and the mixture heated to 85°C for 3 hours, with
remobilization behaviors under changing environmental occasional agitation. A second 3ml aliquot of 30% H 0
conditions [14]. At the moment, there is little or no (pH 2 with HNO ) was added and the mixture  heated
information on the chemical partitioning of heavy metals again  to  85°C  for 3hours with intermittent agitation.
in cocoa soils in Nigeria. Since the bioavailability of heavy After cooling, 5ml of 3.2 Molar NH OAc in 20% (v/v)
metals in soil is determined by chemical speciation, it HNO  was added and the samples was made up to 20ml
became necessary to provide information on the chemical with deionized water and agitated continuously for 30min.
partitioning of cu, Pb, Zn and Cd in soils collected from (F6) Residual: The residue from organic fraction after
selected cocoa plantations in selected cocoa plantations drying was digested in a conical flask with 10ml of 7M
in Ogun State with a view to understand the the mobility HNO  on a hot plate for 6 hours. After evaporation, 1ml of
and bioavailability potentials of the selected metals. 2M HNO  was added and the residue after dissolution

MATERIALS AND METHODS deionized water.

Soil samples were collected at the depth of 0-15cm by centrifuging (Beckman Model J2-21) at 4000 rpm for
with  soil auger  under  cocoa  plantations  in Bodo 30min. The supernatants were filtered and analyzed for
(7°13N and 3°42 E), Bangboye  (7°12N  and3°43  E), heavy metals. The residue was washed with 8ml of
Sotayo (7°12N and3°43 E), Ogunmakin (7°08N and3°47 E), demonized water followed by rigorous hand shaking and
Sora-Bale (7°07N and 3°43E) all in Ogun State State of then followed by 30min of centrifugation before the next
Nigeria. All  the  selected  cocoa  plantations  had extraction.
received Cu-based fungicides for more than ten years.
Collected soil samples were air-dried and (sieved with Statistical Analysis: All the data generated from the
2mm sieve prior to analysis). The procedure of [15], experiments were subjected to statistical analysis using
selected for this study is designed to separate heavy SPSS version 17. All the values are means of three
metals into six operationally defined fractions: water replicates.
soluble, exchangeable, carbonate bound, Fe-Mn oxides
bound, organic bound and residual fractions. A summary RESULTS
of the procedure is as follows:

One gram of each soil was weighed into 30ml Table 1 showed the chemical properties of cocoa
polypropylene sample bottle and the following fractions soils collected from selected cocoa plantations in Ogun
obtained. state. Result of chemical analysis showed that, soil Mn

(F1) Water Soluble: Soil sample extracted with 15ml of 8.20mg kg . Soil sample from Bodo had the least value
deionized water for 2 hours. while soil obtained from Bangboye 3 had the highest

(F2) Exchangeable: The residue from water soluble kg  with a mean value of 9.14mg kg  Soil from Sora Bale
fraction was extracted with 8ml of 1M MgCl  (pH 7.0) for 4 had the highest value. Zinc content of the soils ranged2

1 hour. from 1.98 to 6.60mg kg  with a mean value of 5.01mg

(F3) Carbonate –Bound: The residue from exchangeable Sora Bale while the maximum value was obtained in soil
fraction was extracted with 8ml of IM Ammonium acetate from Sora Bale 1. Cation exchange capacity ranged from
(adjusted to pH 5.0 with Acetic acid) for 5 hours. 4.9 to 14.68cmol kg  with a mean of 7.64. Soil obtained

(F4) Fe-Mn Oxides-Bound: The residue from carbonate Sora Bale 2 had the highest value. The pH of the analyzed
fraction was extracted with 0.04M NH  OH. HCl in 25% soil samples ranged from 5.43 to 6.87 with an average2

(v/v) Acetic acid at 96°C  with  occasional  agitation  for value of 6.32. The minimum pH value  was  obtained  in
6 hours soil   from   Bangboye   2   while   soil from Sora Bale 4 had

metal bound to organic matter (f) Lattice metal (residual). 2 2 3

2 2

3

4

3

3

3

was diluted to 10ml. the residue was washed with 10ml of

After each successive extraction separation was done

ranged from 3.3-17.28mg kg  with an average value of1

1

value. Fe content of the soils ranged from 7.56-11.40mg
1 1

1

kg . The minimum Zn content was obtained in soil from1

1

from Bangboye 1 had the least CEC value while soil from
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Table 1: Chemical properties of cocoa soils in Ogun State
Location  Mn  Fe  Zn  CEC  pH  C Sand Silt Clay

----------------------------------------mgkg ------------------------------------------- ------------------------------------%-------------------------------------1

Sora-Bale1  7.86 ±0.43 11.16±0.54 6.60±0.32  8.57±0.93 6.41± 0.21 2.63±0.83 70.10±0.62 14.70±0.61 15.20±0.50
Sora-Bale2  5.46 ±0.32 11.40±0.33 3.96±0.34 14.68±0.75 6.79±0.83 3.11±0.93 70.50±0.53 15.00±0.23 14.60±0.23
Sora-Bale3  9.00 ±0.35 10.68±0.25 4.20±0.56 12.77±0.58 6.67±0.45 2.89±0.21 74.32±0.63 12.00±0.37 13.68±0.43
Bangboye1 10.98±0.24  8.16±0.73 3.48±0.65  4.90±0.34 5.93±0.46 1.44±0.32 77.46±0.82 10.04±0.49 12.50±0.83
Bangboye2 17.28±0.54  8.16±0.48 6.12±0.94  4.81±0.21 5.43±0.76 1.36±0.25 72.00±0.23 16.00±0.93 12.00±0.34
Bangboye 3 12.67±0.16  9.12±0.35 5.70±0.75  4.96±0.90 5.87±0.05 1.33±0.54 75.00±0.43 11.90±0.28 13.10±0.54
Bodo  3.30 ±0.34  9.30±0.84 6.06±0.23  6.48±0.56 6.35±0.24 2.38±0.34 79.23±0.53  8.27±0.46 12.50±0.35
Sora-Bale4  1.38 ±0.83  7.56±0.45 1.98±0.23  9.34±0.24 6.87±0.23 5.77±0.72 68.18±0.23 17.82±0.38 15.00±0.14
Ogunmakin1  6.25 ±0.48  8.03±0.84 6.20±0.45  4.57±0.79 6.41±0.45 1.72±0.43 70.10±0.74 15.90±0.66 14.00±0.39
Ogunmakin2  7.87 ±0.56  7.92±0.23 5.81±0.23  5.34±0.45 6.52±0.56 2.11±0.64 70.20±0.42 13.80±0.72 16.00±0.45
Mean  8.20  9.14±0.45 5.01  7.64 6.32 2.47 72.70 13.54 13.85
Std  4.62  1.44 1.51  3.62 0.45 1.32 3.630 2.95 1.33

Table 2: Copper speciation in cocoa soils from Ogun State
Location Water soluble Extractable Carbonate Fe-Mn Oxide Organic Residual Sum

------------------------------------------------------------------------------mg kg soil-------------------------------------------------------------------------1

Sora-Bale1 0.38±0.02 0.83±0.03 1.35±0.11 1.50±0.03 23.38±0.34 18.04±0.68 45.48
Bodo 0.22±0.01 0.83±0.01 7.20±0.73 1.65±0.10 20.13±0.55  2.59±0.77 32.62
Sora-Bale 2 0.38±0.04 1.20±0.07 0.89±0.04 0.30±0.27 17.88±0.82  6.08±0.24 26.73
Bangboye1  BDL 0.97±0.03 0.98±0.03 1.35±0.08 15.50±1.32  1.99±0.61 20.79
Sor-Bale 3  BDL 1.25±0.04 1.50±0.11 1.13±0.03 13.65±1.63  2.27±0.08 19.80
Sora-Bale 4 0.45±0.01 1.50±0.07 7.65±0.21 2.03±0.44 26.20±1.99 21.15±0.62 58.98
Bangboye2  BDL 1.13±0.05 1.94±0.08 2.78±0.14 16.38±2.30  1.49±0.03 23.72
Bangboye3 0.45±0.02 1.20±0.18 2.55±0.32 6.50±0.27 30.00±1.72  2.74±0.14 43.44
Ogunmakin 1  BDL 1.10±0.23 1.20±0.23 1.40±0.09 14.20±0.97 20.25±0.75 38.15
Ogunmakin 2 0.45±0.03 1.56±0.72 5.15±0.68 4.60±0.12 18.18±0.11 19.78±0.88 49.72
Mean 0.38 1.15 3.04 2.32 19.55 9.63 35.94
STD 0.08 0.24 2.62 1.86 5.40 8.86 13.36
% of Total Cu 1.06 3.20 8.46 6.46 54.12 26.79 100.00
Key: ± - Standard deviation; BDL - Below detection limit

the highest pH value. Organic carbon in soils ranged from soils from Sora-Bale 4 and Bangboye 3 had the highest
1.33 to 5.77% with a mean value of 2.47%. Soil from value. Exchangeable fraction bound ranged from 0.83 to
Bangboye 3 had the least organic carbon content while 1.56mg kg  with a mean value of 1.15mg kg . Soil sample
soil from Sora Bale 4 had the highest organic carbon from Sora Bale 1 and Bodo had the least value while soil
content. Physical properties of soils from selected soils in obtained from Ogunmakin 2 had the highest copper
Ogun State is also presented in Table 1. Sand content of associated with the exchangeable fraction. Copper
the soils ranged from 68.18 to 79.23% with a mean value of associated with the carbonate fraction ranged from 0.89 to
72.70%. Soil obtained from Sora Bale 4 had the minimum 7.65mg kg  with a mean value of 3.04mg kg . Soil from
sand content while soil from Bodo had the maximum Sora Bale 2 had the least associated with the carbonate
content. Silt content of the soils ranged from 8.27 to fraction while soil from Sora-Bale 4 had the highest value.
17.82% with a mean value of 13.94%. Soil from Bodo had Fe-Mn oxide bound copper ranged from 0.30 to 6.50mg
the least silt content  while  soil  from  Sora  Bale 4  had kg  with an average of 2.32mg kg . Soil sample from
the highest silt content. Clay contents of soils ranged Sora- Bale 2 had the least value while soil from Bangboye
from 12 to 16% with a mean value of 13.85%. Soil from 3 had the highest value. Copper bound to organic matter
Bangboye 2 had the least value while soils from in soil ranged from 13.65 to 26.20mg kg  with a mean
Ogunmakin 2 had the highest value. Result of copper value of 19.55mg kg . Soil from Sora Bale 3 had the least
speciation in soils from selected cocoa plantations in value while soil from Sora- Bale 4 had the highest value.
Ogun State is presented in Table 2. Water soluble ranged Residual fraction Cu ranged from 1.49 to 21.15mg kg
from 0.22 to 0.45mg kg  with a mean value of 0.38mg with an average value of 9.63mg kg . Soil from Bangboye1

kg . Soil sample from Bodo had the least value while 2  had the minimum concentration of bound to the residual1

1 1

1 1

1 1

1

1

1

1
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Table 3: Lead (Pb) speciation in cocoa soils from Ogun State
Location Water soluble Extractable Carbonate Fe-Mn oxide Organic Residual Sum

------------------------------------------------------------------------------mg kg  Soil------------------------------------------------------------------------1

Sora-Bale1 BDL 18.00±1.02 1.95±0.03 1.20±0.02 11.20±0.78  6.05±0.32 38.40
Boodo BDL 19.35±0.92 BDL 7.65±0.29 13.25±0.89  1.65±0.12 41.90
Sora-Bale2 BDL 15.93±0.96 8.10±0.38 2.10±0.03  9.13±0.78  1.04±0.03 36.30
Bangboye1 BDL 21.45±1.03 1.65±0.63 1.01±0.04  7.63±0.83  0.86±0.02 32.60
Sor-Bale 3 BDL 13.45±0.89 2.63±0.56 5.18±0.03 15.25±1.03  1.59±0.04 38.10
Sora-Bale4 BDL 20.55±1.04 3.30±0.29 BDL 10.25±0.93  5.20±0.08 39.30
Bangboye2 BDL 22.58±1.34 3.38±0.45 2.93±0.03  2.13±0.04 21.48±1.73 52.50
Bangboye3 BDL 15.15±0.67 1.80±0.03 7.95±0.34  5.25±0.43  7.65±0.63 37.80
Ogunmaki1 BDL 17.50±1.83 2.14±0.83 2.60±0.03 10.33±0.67  4.63±0.03 37.20
Ogunmaki2 BDL 18.00±1.04 6.34±0.20 5.00±0.04  8.21±0.78  2.56±0.05 40.11
Mean BDL 18.19 3.47 3.95  9.26  5.27 39.42
STD BDL 2.870 2.25 2.61  3.77  6.15 5.21
% of Total Pb BDL 46.14 8.80 10.02 25.43 13.36 103.75
Key: ± - Standard deviation; BDL – Below detection limit

Table 4: Zinc speciation in cocoa soils from Ogun State
Location Water soluble Extractable Carbonate Fe-Mn oxide Organic Residual Sum

--------------------------------------------------------------------------mg kg  Soil----------------------------------------------------------------------------1

Sora-Bale1 1.35±0.03 1.13±0.07  6.38±0.21  9.53±0.21 15.50±1.29 20.41±2.10 54.30
Boodo 0.68±0.02 5.18±0.09 10.20±0.52 10.73±0.28 11.38±1.17 12.83±1.93 51.00
Sora-Bale2 0.38±0.01 5.10±0.04  9.75±0.22 12.90±0.31 22.75±2.67 11.52±1.07 62.40
Bangboye1 1.05±0.02 4.50±0.03  3.68±0.11  3.83±0.73 22.00±2.07  6.56±0.87 41.62
Sor-Bale 3 BDL 5.33±0.13  7.43±0.16  5.78±0.08 30.63±2.56  1.33±0.04 50.50
Sora-Bale4 0.60±0.03 4.65±0.03 16.50±0.27 16.63±2.31 25.50±1.78 33.22±2.42 97.10
Bangboye2 0.53±0.04 4.35±0.03  4.43±0.11  4.65±0.62  4.25±0.65 21.39±1.83 39.60
Bangboye3 BDL 4.95±0.04 14.78±0.26  6.38±0.38  5.25±0.44  1.24±0.45 32.60
Ogunmaki1 0.99±0.01 4.32±0.13  3.72±0.12  4.10±0.37 18.89±1.31 10.16±1.36 42.18
Ogunmaki2 1.00±0.07 5.20±0.12  4.34±0.21  3.06±0.06 12.30±0.99 13.25±1.21 39.15
Mean 0.82 4.47  8.12  7.75 16.84 13.19 51.04
STD 0.32 1.23  4.61  4.51  8.66  9.77 18.38
% of Total Zn 0.02 8.76 15.90 15.18 29.52 25.66 99.54
Key: ± - Standard deviation; BDL – Below detection limit

fraction while Sora-Bale 4 had the maximum concentration 3.95 mg kg . Soil from Bangboye 1 had the least Pb
of Cu bound to the residual fraction. Of the total soil content while soil from Banbgoye 3 had the highest value.
copper, 1.06% was associated with the water soluble Pb associated with organic fraction ranged from  2.13  to
fraction, 3.2% associated with exchangeable fraction while 15 .25 mg kg  with a mean value of 9.26 mg kg . Soil
8.46%, 6.46%, 54.12% and 26.79% was associated with from Bangboye 2 had the least content while soil from
carbonate, Fe-Mn oxide, organic and residual fractions Sora Bale 3 had the highest content. Lead (Pb) bound to
respectively. Table 3 presents the result of chemical the residual fraction ranged from 0.86 to 21. 48 mg kg
speciation of Pb in soil sample collected from selected with a means value of 5.27 mg kg . Soil sample from
cocoa plantation s in Ogun state. No Pb was detected in Bangboye 1had the least value while soil from bangboye
the water soluble fraction in the entire soil samples. Pb 2 had the highest value. out of the total soil Pb, 46.14% on
associated with the exchangeable fraction ranged from average was associated with the exchangeable fraction
13.45 to 22.58 mg kg  with a mean value of 18.19 mg kg . while 8.80% 10.02%, 25. 43% and 13.36% was associated1 1

Soil from Sora Bale 3 had the least content while soil from with the carbonate, Fe-mn oxide, organic and residual
Bangboye 2 had the highest content. Pb bound to fraction respectively.
carbonate  fraction ranged from 1.65 to 8.10 mg kg  with Table 4 presents the chemical speciation of zinc in1

a mean value of 3. 47mg kg . Soil from Bangboye 1 had soil samples collected from selected cocoa plantations in1

the minimum content while soil from Sora bale 2 had the Ogun State. Zinc associated with the water soluble
maximum content. Lead (Pb) associated with Fe-Mn oxide fraction ranged from 0.38 to 1.35mg kg  with a mean
ranged from 1.01 to 7.95 mg kg  with an average value of value  of  0.82mg  kg .  The minimum Zn concentration in1

1

1 1

1

1

1

1
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Table 5: Cadmium speciation in cocoa soils from Ogun State
Location Water soluble Extractable Carbonate Fe-Mn oxide Organic Residual Sum

------------------------------------------------------------------------------mg kg  Soil------------------------------------------------------------------------1

Sora-Bale 1 0.76±0.03 0.22±0.01 0.54±0.10 0.61±0.12 1.31±0.13 0.76±0.07 4.20
Bodo 0.50±0.04 0.81±0.04 0.50±0.09 0.24±0.02 1.49±0.12 7.86±1.03 11.4
Sora-Bale 2 0.36±0.07 0.51±0.04 0.59±0.07 0.22±0.03 1.29±0.09 2.73±0.13 5.70
Bangboye 1 0.53±0.08 0.26±0.01 0.59±0.08 0.52±0.08 1.54±0.16 4.36±0.04 7.80
Sor-Bale 3 0.83±0.09 0.41±0.03 0.67±0.16 0.29±0.02 1.48±0.15 5.32±0.12 9.00
Sora-Bale4 0.71±0.06 0.53±0.07 0.41±0.07 0.23±0.03 0.96±0.05 4.06±0.13 6.90
Bangboye2 0.29±0.04 0.59±0.10 0.46±0.06 0.14±0.01 1.11±0.06 8.51±0.24 11.10
Bangboye3 0.38±0.02 0.47±0.07 0.51±0.12 0.08±0.04 1.38±0.14 5.88±0.27 8.70
Ogunmakin 1 0.75±0.06 0.69±0.03 0.61±0.13 0.53±0.06 1.38±0.12 3.24±0.14 7.20
Ogunmakin 2 0.62±0.07 0.46±0.09 0.56±0.17 0.61±0.03 1.50±0.14 3.05±0.12 6.80
Mean 0.57 0.49 0.54 0.34 1.34 4.57 7.88
STD 0.18 0.17 0.07 0.20 0.18 2.37 2.25
% of Total Cd 7.23 6.21 6.85 4.31 17.00 57.99 100.00
Key: ± - Standard deviation; BDL – Below detection limit

this fraction was in soil sample from Sora Bale 2 while The exchangeable Cd ranged from 0.22 to 0.81mgkg  with
maximum concentration was in soil from Sora Bale 1. a mean value of 0.49mg kg . Sample from Sora Bale 1 had
However, soil samples obtained from Sora Bale 3 and the least Cd associated with exchangeable fraction while
Bangboye 3 had no Zn in the water soluble fraction within soil from Bodo had the highest Cd associated with the
the limit of detection. Zn bound to the exchangeable fraction. Carbonate bound Cd ranged from 0.41to 0.67mg
fraction ranged from 1.13 to 5.33mg kg  with a mean kg  with a mean value of 0.54mgkg . Soil from Sora Bale1

value of 4.47mg kg . Soil from Sora Bale 1 had the 4 had the least value while soil from Sora Bale 3 had the1

minimum concentration of  Zn  while   soil   from   Sora highest value. Fe-Mn oxide bound Cd ranged from 0.14 to
Bale 3 had the maximum concentration of Zn in the 0.61mgkg  with an average value of 0.34mg kg . Soil
exchangeable fraction. Carbonate bound Zn ranged from from Ogunmakin 2 and Sora Bale 1 had highest value
3.68 to 16.50mg kg  with a mean value of 8.12mg kg . while soil sample from Bangboye 2 had the least value.1 1

Soil from Bangboye 1 had the least value while soil from Cadmium associated with the Organic fraction ranged
Sora-Bale 4 had the highest value. Zn bound to Fe-Mn from 0.96 to 1.54mgkg  with a mean value of 1.34mgkg .
hydrous oxide ranged from 3.83 to 16.63mg kg  with a Soil sample from Sora Bale 4 had the minimum Cd1

mean value of 7.75mg kg . Soil from Bangboye 1 had the concentration in the organic fraction while soil sample1

least value while soil from Sora Bale 4 had the highest from Bangboye 1had the maximum value. Cadmium
value. Organic fraction bound Zn ranged from 4.25 to associated with the residual fraction ranged from 0.76 to
30.63mgkg  with an  average  value  of  16.84mg kg . 8.51mgkg  with a mean value of 4.57mgkg . Soil from1 1

Soil sample from Bangboye 2 had the least value while soil Sora Bale 1 had the least value while soil from Bangboye
from Sora Bale 3 had the highest value. Zinc associated 2 had the highest value. An average of 7.23% of the total
with the residual fraction ranged from 1.24 to 33.22mg kg soil Cadmium was associated with water soluble fraction1

with an average value of 13.19mg kg . The minimum Zn while 6.21%, 6.85%, 4.31%, 17.41% and 57.99% was1

concentration was in soil from Bangboye 3 while the associated with the exchangeable, carbonate, Fe-Mn
maximum concentration was  in  soil  from  Sora  Bale 4. oxide, organic and residual fractions. Table 6 presents the
An average of 0.02% of the total soil zinc was associated result of mobility factor of heavy metals in soils obtained
with the water soluble fraction while 8.76%, 15.90%, from  selected  cocoa  plantations  in  Ogun State.
15.18%, 29.52% and 25.66% was bound to the Mobility factor of Cu in the studied soils  ranged  from
exchangeable, carbonate, Fe-Mn oxide, organic and 5.63 to 25.29% with an average value of 12.28%. Soil from
residual fractions respectively. Table 5 presents the Sora Bale 1 had the least value while soil from Bodo had
chemical speciation of cadmium in soil samples collected the highest Cu mobility factor. Pb mobility factor ranged
from selected cocoa plantations in Ogun State. Water from 42.20 to 66.41% with a mean factor of 54.14%. Soil
soluble Cd ranged from 0.29 to 0.83mg kg  with a mean from Sora Bale 3 had the least factor while soil Bangboye1

valve of 0.57mg kg . Soil from Bangboye 2 had the least 1 had the highest Pb factor. Zinc mobility factor in Ogun1

value while soil from Sora-Bale 3 had the highest value. soils  ranged  from  16.32  to  60.52%  with  an average zn

1

1

1 1

1 1

1 1

1 1
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Table 6: Mobility factor of Heavy metals in cocoa Soils from Ogun State
Sample  Cu  Pb  Zn  Cd

-----------------------------------------------------------------------%---------------------------------------------------------------------------
Sora-Bale1  5.63±0.12 51.95±2.73 16.32±0.98 36.19±2.03
Bodo 25.29±2.02 46.18±2.02 31.49±1.34 15.88±1.04
Sora-Bale2  9.34±0.12 66.20±2.89 24.41±1.73 25.61±1.43
Bangboye1  9.38±0.21 66.41±2.08 22.18±1.04 17.69±0.83
Sora-Bale 3 13.89±1.07 42.20±1.73 25.27±2.29 21.22±1.03
Sora-Bale4 16.28±1.23 60.69±1.98 22.38±1.23 23.91±1.14
Bangboye2 12.94±1.78 49.45±1.73 23.51±1.63 12.07±0.23
Bangboye3  9.67±0.21 44.84±2.33 60.52±2.32 15.63±0.18
Ogunmakin1  6.01±0.12 52.80±1.83 21.41±1.43 28.47±1.23
Ogunmakin2 14.40±1.63 60.68±2.81 26.92±1.73 24.12±1.05
Mean 12.28 54.14 27.44 22.07
STD  5.77  8.38 12.26 7.15

mobility factor of 27.44%. The minimum mobility factor of precipitation as the discrete metal oxide. Due to the low Fe
Zn was in soil from Sora Bale 1 while the maximum and Mn content of the soil from Sora -Bale 4, association
mobility factor was in soil obtained from Bangboye 3. of Pb with oxide of Fe and Mn probably became low as
Cadmium mobility factor ranged from 12.07 to 36.19% with there were fewer Fe and Mn oxides sites for complex
a mean factor of 22.07%. Soil from Bangboye 2 had the formation with Pb in the soil matrix. Out of all the soil
least Cd mobility factor while the highest Cd mobility samples collected from cocoa plantations in Ogun State,
factor was obtained in Soils from Sora Bale 1. only soil obtained from Bangboye 2 had most of the total

DISCUSSION the greater percentage of residual fraction of metal

Copper was predominantly associated with the effect. This is because residual (inactive) phase
organic fraction. This might be due to the fact that, metal correspond to lattice bound metal which cannot be
ions form complex with organic matter thereby, reducing remobilized at least under normal pollution circumstances.
their bioavailability to plants and the terrestrial On average, 46.14% of the total Pb in soils obtained from
ecosystem. The COO  groups in both solid and dissolved selected cocoa plantation in Ogun State was associated-

organic matter form stable  complexes  with  metals  [16]. with the exchangeable fraction, 8.80% was associated with
In  general,  plants  are  unable  to  absorb  the  large the carbonate bound fraction, 10.02% was associated with
metal-organic matter complexes and so the bioavailability Fe-Mn oxide fraction, 25.43% was associated with organic
of metals decreases. Report of [17] showed that 37 to 91% bound fraction while the residual fraction had 13.36% of
of  the  total  soil  Cu  was  present  in  the  organic the total Pb bound to it. In all the soils studied, water
fraction depending on the level of Cu contamination. soluble fraction had the least percentage of zinc
Result obtained from the study is also in agreement with association compared to all other fractions. The findings
the report of [18] who found significant amount of Cu in in this work is in consonance with the findings of Ma and
road side soils associated with the organic fraction. [19] Rao who reported water soluble fraction as the least
also reported significant amount of Cu in nine associated with Zn compared to other metal pools. It is
contaminated soils having strong association with also in agreement with the report of [22] who found
organic fraction. The strong association of Cu with the percentage of zinc associated with water soluble being the
organic fraction in the studied soils suggests high least (0.01%). The percentage of Cd associated with the
formation constant of organic-Cu complexes in the soils. water soluble fraction in soils collected from cocoa

Among all the soil samples collected from various plantations in Ogun State on average, was higher than
cocoa plantations in selected farms, sample from Sora Bale 4.9% reported by Yusuf. Percent cadmium associated with
4 had the least Fe content (Table1). It also had the least water soluble pool in the studied soils was also higher
manganese content. According to Pampura, hydrous than 1.74% Cd reported by Ma and Rao in the
oxides determine metal availability mainly by specific fractionation of cadmium in some contaminated soils of
adsorption to surface hydroxyl group, non specific the United States of  America.  The  exchangeable Cd
adsorption (exchangeable), co-precipitation [20] and pool  contained  6.21%  of  the  total  Cd  on  the  average.

Pb associated with the residual fraction. [21] reported that

particulate, means a smaller or less dangerous pollution
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Percent distribution of Cd in the exchangeable fraction International standard allows Pb impurity of 250ppm
obtained in the reported work was higher than the percent (maximum) [28] some traded Cu-based fungicides have
Cd (2.89%) associated with the exchangeable  fraction  in been  tested to contain as high as 6,000ppm Pb [29].
nine contaminated soils in the USA as reported by Ma When low quality Cu-based fungicide is purchased by
and Rao. The reported work showed that, 6.85% of the unsuspected and unlearned cocoa farmers, application of
total soil cadmium was associated with the carbonate such low quality fungicides will end up leaving high
fraction. Ma and Rao reported 1.0% of total soil Cd concentration of Pb on the vegetative parts of the plant
associated with the carbonate fraction. However, the which is partly absorbed by plants and the bulk washed
report of Yusuf showed that, Cd was predominantly down into the soil by rainfall. Leonila [30] had reported
associated   with    the    carbonate    fraction   (72.6%). that, 15% of applied pesticides get to the plant while the
The distribution pattern of Cd in the studied soils showed remaining 85% goes to the soil. When this happens, the
that, only 4.31% of the total Cd in soils was associated metal (Pb) goes to the non residual fraction in soil and
with the Fe-Mn oxide fraction of the soil. consequently translocated to the beans leading to high

The relative index of metal mobility was calculated as Pb residue in cocoa beans. Among the soils obtained from
mobility factor (MF) according to [23, 24]. In all the soil cocoa plantations in Ogun State, soil sample from
samples analyzed, 50% of the studied soils obtained from Bangboye 3 had the highest Zn mobility factor while
Ogun State had Cu mobility factor lower than 10% while sample from Sora-Bale 1 had the least  mobility  factor.
the remaining 50% had mobility factor higher than 10%. The  range of Cd mobility factor in the studied soils
This implies that half of the total number of cocoa (12.07-36.19%) was lower than the range of Cd (10 - 48%)
plantations studied had Cu in stable state (non-labile) in soils of waste disposal sites in Ojota, Lagos as reported
while the remaining half had Cu content in a labile state by Yusuf. [31] reported a range of 26.14 – 54.36% for Cd
showing potential for food chain and ground water mobility factor in soil samples collected from Umutu oil
contamination. Based on the categorization by [25], all the field in Niger Delta, Nigeria. A higher mobility factor range
soil samples had Pb mobility factor greater than 10%. for Cd was reported by Okunola in soils from major roads
Considering the high lability of Pb in the soils of all the in kano metropolis in Nigeria. The reason among many is
investigated cocoa plantations within Ogun State, it then the fact that, cocoa farmers’ cultural practices hardly
implies that, Pb may gain entrance into the food chain. involve the introduction of Cd into the soil in any way.
The potential toxicity of metal to soil biota, animals and Hence, contamination of cocoa soil with Cd is uncommon.
human calls for adequate attention. [26] found the average However, Oluwatosin reported mobility factor of Cd
lead (Pb) content of cocoa powders sold in Nigeria to be ranging from 13 – 30% in valley bottom soils of some
310 ng/g with a range of 80-800ng/g. The latter urban cities in south western, Nigeria.
measurements are consistent with reports of elevated
levels of lead in cocoa by the cocoa producer alliance CONCLUSION
(COPAL) which is based in Nigeria. COPAL is the supplier
of 75% of all cocoa beans to the world market [27]. The use of total metal content of a soil in
According to some authors, lead (Pb) in Nigerian cocoa contamination characterization is a useful parameter.
products have become a concern and the sources of lead Copper and Zinc were  predominantly  associated  with
conceivably include farming practices e.g. the application the  organic fraction while lead was largely associated
of fertilizers, lead-containing pesticides, composts and with  the  extractable  and  Cd  was  mostly associated
other soil additives. Two other anthropogenic activities of with the residual fraction. Lead (Pb) was the most
cocoa farmers that could be sources of Pb into cocoa potentially  bioavailable  metal   among   the  four
plantations are: the use of old Pb-acid batteries by cocoa examined heavy metals while Cu was the least potentially
farmers in controlling termites on their plantations mobile.
(personal communication with farmers). The second
possible source is the presence of Pb as impurity in the REFERENCES
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