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Abstract— Environmental pollution of the natural environment by heavy metals is a global concern. These metals are not degradable and can bioac-
cumulate in reservoirs and biomagnify along the food chain thereby having toxic effects on living organisms. Many ailments and birth defects have been
linked to the ingestion of heavy metals which can occur by inhalation, leaching into our foods and water from the soil and many other routes. This study
seeks to investigate the physicochemical parameters and heavy metals (Cu, Zn, Cd and Pb) concentration of soil samples from an abandoned cocoa
research field operated by the Cocoa Research Institute of Nigeria (CRIN) located at Ibule, Ondo State. The abandoned field and its environs is fast
becoming a residential area. A total of twenty-four soil samples from the study site was analyzed using standard analytical methods and Atomic Absorp-
tion Spectroscopy followed by descriptive statistics. Results showed some evidence of accumulation of heavy metals in the studied area. The heavy
metals concentration was seen to be in the order Zn>Cu>Pb>Cd. Cd and Pb are in small concentrations while Zn and especially Cu may have accumu-

lated probably from extensive experimental agricultural practices on the site (the use of copper fungicides in the cocoa plantation).

Keywords— heavy metals, soil contamination, agriculcural soil

INTRODUCTION

ocoa is a major export crop that is of key economic im-

portance to Nigeria. There are more than 650,000 ha of

land being cultivated with cocoa in Nigeria. The high-
est percentage of cocoa exports from Nigeria comes from On-
do State. Cocoa export is important to the rural economy of
the state, the industry is dominated by a lot of peasant farmers
whose means of livelihood is tied to the crop (Acquaah, 1999;
Appiah, 2004).
One of the objectives of Cocoa Research Institute of Nigeria
(CRIN), established in 1964, is to identify the ecology and
ways for control of pests and diseases that affects Cocoa
(Adejumo 2004). Fulfilling this objective led to the establish-
ment of experimental stations around the country; one of such
experimental station was located at Ibule, Ondo State. The
infection of cocoa pods with Phytophtora sp. (black-pod dis-
ease) which in turn affect the quality of the beans inside the
pod is the main source of economic loss to farmers. Combating
this menace of Phytophtora sp. on Cocoa pods made the farm-
ers rely solely on the use of copper-based fungicides that were
known to be effective at controlling the black pod disease (Ai-
kpokpodion et al, 2013). On average, the farmers applied the
copper-based fungicides for about eight times in a year. Appli-
cation is done once in every three weeks starting from the
rainy season in April to about the first week of November.
Both frequency and timely application are reported to be nec-
essary for the fungicide to be effective These frequent applica-
tions of the copper-based fungicides are expected to lead to
the accumulation of copper which is a heavy metal in the soil
(Adegbola, 1993). The main matrix for pesticide/fungicides

disposition is the soil, a large percentage of applied pesti-
cides/fungicides are retained in the upper topsoil. Researchers
have established that only about 15% of applied fungicides
reach the target of interest, the remaining 85% are expected to
end up in the soil (Aikpokpodion. et al, 2013).

There are other sources of heavy metal contamination that
may be present in the cocoa field. One of such is the use of
Phosphate based fertilizers on the fields. Phosphate based fer-
tilizers are known to contain heavy metals especially cadmium
(Aikpokpodion et al, 2012). The irrigation processes on the
cocoa field may be another source of metal contamination.
The water used on these fields may likely be contaminated
with heavy metals, this is especially true if they are
wastewater or runoffs. The water used on this field were not
pre checked before they were used for irrigation purpose.
Environmental pollution of the natural environment by heavy
metals is a global concern. These metals are not degradable
and can bioaccumulate in reservoirs and biomagnify along the
food chain thereby having toxic effects on living organisms.
(Aikpokpodion et al, 2012). The capabilities for these metals to
form complex ion pose enormous health risks. Heavy metals
like Zn, Pb, Cd, and Cu are known environmental contami-
nants whose continuous presence in the environment (soils)
have been reported to have some toxic effects in humans (Ai-
kpokpodion et al, 2012). Acute and chronic effects such as
damage to the liver, central and peripheral nervous system,
lungs, kidney and in some cases, deaths can be the result of
constant exposure to high levels of these toxic metals. Chil-
dren are more susceptible to these toxicities.
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The cocoa field used for this study on heavy metal accumula-
tion is a CRIN experimental station that has been abandoned
for decades which is now being apportioned for residential
purpose. Several houses can be spotted within and around the
field and its environs. It is on record worldwide the catastro-
phe that attend such “human invasion” of such abandoned
industrial/experimental sites. An example of such catastrophe
is the love canal located in the Niagara Falls, New York, USA
(Clapp Richard, 2009).

MATERIALS & METHODS

Study Area

Ibule is a town on the outskirt of Akure, the Ondo state capi-
tal. Ibule lies about 7° 18’ North of the equator and 5° 7’ East of
the Meridian. The proximity of the town to the Federal Uni-
versity of Technology, Akure and Elizade University, Ilara-
Mokin is fast making the town of Ibule to become a residential
district for university students and employees. The town is in
the tropical rain forest zone in Nigeria.

The soil samples used for this research were collected from a
cocoa plantation belonging to CRIN along Akure Ilesha ex-
pressway way, Ibule, Ondo state, Nigeria. The selected site for
this study had a lot of cocoa trees on it. Some part of the field
has been left fallow while some other parts are being used to
cultivate other agricultural crops (notable among these crops
is corn).

Sample collection and processing

Soil sample for this research were taken from ten different
points within the plantation at about 100 meters away from
each other. Each sampling point was sampled to depth of 90
cm in 30 cm segments. The soil samples were collected using
cutlass, stainless steel soil probe and a meter rule. The collect-
ed soil samples were stored in clean polyethylene bags and
were labelled accordingly. Soil samples taken at the 30 cm
depths were labeled “SD”; hence, we had SD1-SD10 while
samples taken at the 90 cm depths were labelled “SL”; hence
we had SL1-SL10. Control samples were taken from the vicini-
ty of Federal University of Technology, Akure (FUTA), specifi-
cally from the school crop farm at Obanla and the school ani-
mal farm at “Malu” road, Obanla. The control samples were
labelled CD1-CD2 and CL1-CL2 respectively. A total of 24 soil
samples were collected for analysis within a two-day period.
The collected soil samples were air dried in the environmental
chemistry lab at FUTA, Obanla campus. The air dried soil-
samples were ground with a ceramic mortar and pestle and
the large particles were separated with a 20 mm sieve. The
samples were stored in airtight containers until analysis were
done. Precautions were taken to avoid contamination during
sampling, drying and storage. Analysis for metal content was
done on the soil samples following standard methods (US-
EPA 1996). Atomic Absorption Spectroscopy (AAS) was used
for the measurement of metal concentration. Calibration

standards were prepared through serial dilution of standard
stock solution of multi elements concentrations of 1000 mg/L.
Validation of the analytical method was done using the stand-
ard solutions. The extractions and analysis were done in trip-
licate, the mean values were reported.

Determination of physicochemical parameters

The methods described by (Allison 1960 and Ibitoye 2006)
were used to determine physiochemical properties of the soil
samples. The physicochemical parameters of the soil samples
are reported in Table 1.

Toxic metals extraction using 0.5M HNOs (aq) extract-
ant.

2.0 grams of the soil sample was weighed into an extraction
cup and 10 ml of 0.5M HNOs(aq) (Lob Chemie Pvt. Ltd, India)
was added to the sample. The soil-extractant solution was
shaken for 24 hours at 5 hours interval using stirrer and then
filtered into a 25 ml volumetric flask using whatmann filter
paper (Ne. 42) and marked up to the level with distilled water.
The filtrate was poured into the sample bottle, labelled, and
stored for metal analysis. A blank sample was also prepared.
Metal content (Cu, Pb, Cd and Zn) of the soil sample (filtrate)
were determined by AAS. The distribution characteristics of
heavy metals in the study area and control sites are reported
in Table 1 and 2 respectively.

Toxic metals extraction using 1M NaNOs (aq) extractant.
2.0 grams of the soil sample was weighed into extraction cup
and 5 ml of 1M HNOs(aq) (Lob Chemie Pvt. Ltd, India) was
added to the sample. The soil-extractant solution was shaken
for 24 hours at 5 hours interval using stirrer and then filtered
into a 25 ml volumetric flask using whatmann filter paper (Ne.
42) and marked up to the level with distilled water. The filtrate
was poured into the sample bottle, labelled, and stored for
metal analysis. A blank sample was also prepared. Metal con-
tent (Cu, Pb, Cd and Zn) of the soil sample (filtrate) were de-
termined by AAS. The distribution characteristics of heavy
metals in the study area and control sites are shown in Table 1
and 2 respectively.

Data Analysis

Data and statistical analysis for this research work were per-
formed using Microsoft Excel 2010 (www.microsoft.com) on
an IBM-PC computer. The mean, standard deviation and sam-
ple variance were some descriptive statistics performed.

RESULTS DISCUSSION

Physicochemical analysis and toxic metals results

The concentration of metals (mean, standard deviation and
sample variance) and the physicochemical parameters in soil
samples (study site and control sites) of this research are pre-
sented in Table 1 and 2. The heavy metal concentration were
seen to be in the order Zn>Cu>Pb>Cd.
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From the tables below, the mean value of pH for the topsoil (30
cm) on the study site was 5.84 which is quite low compared
with that (6.04) of the bottom soil (90 cm). (Table 1) The value
obtained shows the soil is slightly acidic. This is within the
range (6.03) reported by Ololade et al., (2010). The pH of soil is
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an indication of nutrients availability, toxic substances potency
and the physical properties of the soil. The effect of soil pH is
profound on the solubility of minerals and nutrients. It is re-
garded as a useful indicator of other soil parameters. Particu-
larly, pH provides useful information about the availabilities

Table 1: Descriptive Statistical data obtained from the phyvsicochemical analysis and toxic metals concentration

at the study site.

Parameters Sample depth Mean Standard Sample Median Mode
(mg/kg) deviation variance
pH 30cm 5.84 0.93 0.78 6.03 0.00
90km 6.04 0.76 0.52 5.83 0.00
Electrical 30cm 3281 570.01 2924231 161 0.00
conductivity 90cm 816 52.62 2492.04 58 0.00
Total organic 3ocm 211 0.63 0.3763 218 0.00
carbon
90cm 1.53 0.48 0.21 1.38 0.00
Cl- 30cm 0.07 0.02 0.0002 0.07 0.00
90cm 0.08 0.02 0.0003 0.08 0.00
NO3- 30cm 3.49 171 2.6351 3.82 159
90cm 411 216 420 3.68 417
S5042- 30cm 499 213 409 5.00 545
90cm 6.36 5.68 224 5.68 6.36
Cu  HNO:s 30cm 3415 9.06 73.90 3192 0.00
90cm 31.51 592 31.54 2998 0.00
NaNO: 30cm 240 0.84 0.63 256 0.00
90cm 1.76 0.69 043 152 0.00
Pb HNO:s 30cm 118 0.1% 0.03 121 0.00
90cm 1.08 0.38 0.13 113 0.00
NaNO: 30cm 0.73 0.09 0.00 0.72 0.00
90cm 0.63 0.22 0.04 0.68 0.00
Cd HNO: 30cm 0.03 0.00 0.00 0.03 0.00
90cm 0.03 0.00 0.00 0.03 0.00
NaNO: 30cm 0.00 0.00 0.00 0.00 0.00
90cm 0.00 0.00 0.00 0.00 0.00
Zn HNO: 30cm 62.26 17.23 267.30 55.01 0.00
90cm 39.43 12.65 14413 4341 0.00
NaNO: 30cm 3.85 202 3.66 3.26 0.00
90cm 2.25 0.88 0.70 224 0.00

of exchangeable cations (e.g., Ca?» Mg?, K*, etc.) in soils. Most
minerals and nutrients are more soluble or available in acid
soils than in neutral or slightly alkaline soils.

The mean value of the Total Organic Carbon (TOC) for the
topsoil (30 cm) on the study site was 2.11 mg/kg while that of
the bottom soil (90 cm) on the study site was 1.53 mg/kg in the
study area. (Table 1). These values are quite different from the
mean value (1.7 mg/kg) gotten by Ololade et al., (2010). The
difference in these TOC values may be as a result of the long
abandonment of the study area from agricultural purposes.
The mean electrical conductivity of 328 us/cm™ is quite high
as observed on the topsoil (30 cm) of the study site while 81.6
ps/cm is low as seen for bottom soil (90cm) (Table 1). As ob-

served in Table 1, this can be an indication of excess nitrogen-
based fertilizer in the soil or a high level of exchangeable sodi-
um (Ololade et al, 2010). Electrical conductivity can almost be
viewed as the quantity of available nutrient in the soil.

The mean values of the chloride ions obtained on the study
site are 0.073 and 0.080 for 30 cm and 90 cm depth, respective-
ly. (Table 1). The mean value obtained for the nitrate ions are
3.48 and 4.10 for 30 cm and 90 cm depth, respectively. (Tablel).
The mean value obtained for the sulphate ions are 4.99 and
5.22 for 30 cm and 90 cm depth, respectively. (Table 1). From
the above, it can be incurred that the anions occured in the
following sequence, CI- < NOs-< SO4*. The nitrate content in
the soil is quite high which is also noticed for the sulphate.
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This may be because the rate of the uptake of nitrate by the
plant is more than the rate the plant reduces it; hence, it is be-
ing accumulated. Most nitrate accumulates in the leaves which
fall off and decay inside the soil matrix. Activities such as
burning which was noticed on the study area can lead to ac-
cumulation of sulphate ion inside the soil (Ololade et al, 2010).
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The results from table 1 showed that the mean concentration
of toxic metals extracted with HNOs and NaNQ:s extractant for
the study site were in the sequence Zn> Cu >Pb> Cd which
also conform to the standard deviation value obtain in the sta-
tistical data (Table 1 and 2). For all metals studied, it was

Table 2: Descriptive Statistical data obtained from the physicochemical analysis and toxic metals

concentration at the control site.

Parameters Sample depth Mean Standard Sample Median Mode
(mg/kg) deviation variance

pH 30cm 6.19 035 0.06 6.19 0.00

90cm 621 0.38 0.06 621 0.00

Electrical 30cm 64.00 141 1.00 64.00 0.00

conductivity 90cm 53.50 26.16 34225 53.50 0.00

Total organic 30cm 1.30 044 0.10 1.30 0.00

carbon

90cm 0.78 0.00 0.00 0.78 0.00

Cl- 30cm 0.06 0.00 0.00 0.06 0.00

90cm 0.07 0.00 0.00 0.07 0.00

NO3- 30cm 244 033 0.06 244 0.00

90cm 249 127 0.80 249 0.00

S042- 30cm 7.68 315 496 7.68 0.00

90cm 6.82 285 397 6.82 0.00

Cu 30 1123 0.94 0.44 1123 0.00 0.00

% 12.62 6.33 20.01 12.62 0.00 0.00

30 5.80 0.06 0.00 5.80 0.00 0.00

20 438 1.02 0.52 438 0.00 0.00

Pb 30 0.06 0.00 0.00 0.06 0.00 0.00

30 0.05 0.01 0.00 0.05 0.00 0.00

30 0.05 0.00 0.00 0.05 0.00 0.00

%0 1.76 240 2.89 1.76 0.00 0.00

Cd 30 0.06 0.00 0.00 0.06 0.00 0.00
30

0.04 0.01 0.00 0.04 0.00 0.00

30 0.03 0.00 0.00 0.03 0.00 0.00

%0 0.03 0.00 0.00 0.03 0.00 0.00

Zn 30 2822 17.29 6.38 2822 0.00 0.00
90

33.54 19.67 7.59 33.54 0.00 0.00

30 2148 12.01 5.52 21.48 0.00 0.00

20 31.26 17.85 7.01 31.26 0.00 0.00

observed that the mean concentration of each metal was high-
er in the study site than in the control sites. This sequence is in
order with the sequence obtained by (Khan et al, 2008) but
varies differently from the sequence (Zn>Pb>Cu>Cd) obtained
by Holmgren et al (1993). The same sequence Zn> Cu >Pb> Cd
was also observed for the control samples though the concen-
tration of the metals are lower in the control. (Table 2). The
results in Table 1 and 2 also revealed that HNO:s is more suita-
ble than NaNO:s for the extraction of the heavy metals studied
in this research.

Zinc has the highest concentration in the studied area, which
affirms the fact that a lot of industrial (mechanized farming)

activities may have occurred in the said environment during
the time it was used as an experimental station by CRIN. Zinc
occurs naturally in the soil, however most Zn is added during
industrial activities, such as mining, waste combustion and
mechanized farming (Davies and Jones, 1988).

Copper has the second highest concentration of all the heavy
metals studied which confirms the fact that a lot of copper-
based fungicides may have been used during the operation of
the experimental station by CRIN on the study area (Aikpok-
podion et al, 2013).

Lead seems not to be too concentrated in the study area; how-
ever, the smallest level of lead can cause toxicity. Eliminating
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all lead exposures in our environment is our best course of
action; hence, its presence in the soil of the study area is a
threat to human life and livestock. Lead has no physiological
role in the body (Wani and Usmani, 2015).

Cadmium is the least concentrated of all the four metals tested
for in the studied area. The presence of Cadmium can be said
to be due to the use of phosphate-based fertilizers in the study
area which may have been prevalently used during the opera-
tion of the experimental station by CRIN on the study site (Ai-
kpokpodion et al, 2013).

CONCLUSION

The results from this research work showed some evidence of
accumulation of heavy metals in the studied area. Cadmium
and Lead are in small concentrations while Zinc and Copper
may have accumulated probably from extensive experimental
agricultural practices on the site (the use of copper fungicides
in the cocoa plantation). A few regions with low enrichment
in Cadmium or Lead were identified. No matter how minute
these contaminations might be, they should be avoided since
these metals are highly toxic.
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