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The high incidence of phytophthora pod rot and mirids resulting from high rainfall and relative humidity 
in cocoa producing areas of Nigeria necessitated the use of fungicides and other pesticides on cocoa. 
This is causing increased worldwide concern about heavy metal contamination of the soil environment 
and cocoa beans. Thus the objective of this study is to evaluate the status of some heavy metals in 
selected cocoa farms in Ikom, Etung and Boki local government areas of Cross River State - the highest 
cocoa producing state in eastern Nigeria, where farmers use a lot of pesticides to combat pests and 
diseases. The results indicated that the soil contents of the heavy metals were in the order (Cr > Pb > 
Co > Ni > Se > Cd > As) in the selected farms evaluated in the three local government areas. The values 
ranged between 0.88 and 1.33 mg/kg for chromium and between 0.59 and 0.86 mg/kg for lead. The soil 
contents of the heavy metals in the adjacent forest were similar to that obtained in the cocoa farms. The 
values of chromium ranged between 1.01 and 1.02 mg/kg soil while that of lead ranged between 0.5 and 
0.74 mg/kg soil in adjacent forest. This suggests that heavy metal contents of the soils in the cocoa 
farms evaluated were not primarily due to chemicals being sprayed but probably naturally occurring. 
Their concentrations were also below the optimum limit allowed in the soil. 
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INTRODUCTION 
 
Heavy metal contamination of the environment caused by 
parent materials in soils or anthropogenic activities, 
including fertilization, application of pesticides and traffic 
etc. has been a worldwide concern to both the 
governmental and regulatory bodies that are anxious to 
prevent further environmental deterioration (Li et al., 
2004; Vidal et al., 2004). 

The high incidence of phytophthora pod rot and mirids 
resulting from high rainfall and relative humidity in cocoa 
producing areas of Nigeria and Cross River State (the 
study area) in particular calls for the use of fungicides 
and other pesticides on cocoa. Forthnight or monthly 
spray of fungicides on cocoa in the study area during the 
raining season could lead to accumulation of heavy 
metals in soil. Accumulation of heavy metals in soil is of 
great concern in the environment, because of their 
toxicity to plants/crops, animals and humans.  Tudoreanu  
 
 
 
*Corresponding author. E-mail: mosesogunlade2@yahoo.com. 
Tel: 2348077174248. 

and Phillips (2004) reported that cadmium for instance 
can accumulate in plants that are not toxic to them, yet 
are toxic to the animals and humans eating the plants. 
Elevated level of cadmium in humans can cause kidney 
damage (Yeung and Hsu, 2005). Elements, such as 
cadmium or chromium are carcinogenic (Schuhmacher et 
al., 1997). Soils can be contaminated by these metals, 
which can then bioaccumulate in plants and animals 
eventually making their way to humans by way of food 
chain or contamination of drinking water (Frink, 1996) 
The aim of this study is to determine the soil 
concentration of some heavy metals in some selected 
cocoa farms in the study area and compare same with 
concentration of heavy metals in adjacent forest soils. 
 
 
MATERIALS AND METHODS 

 
Soil samples were collected under cocoa plantation in three major 
cocoa producing local government areas (Ikom, Etung and Boki) of 
Cross River State. Five cocoa plantations were selected in Ikom 
and Etung local governments while three cocoa farms were 
selected  in  Boki  local  government  areas. Soil samples were also  
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Table 1. Heavy metals in cocoa soils of Cross River State, Nigeria. 
 

Local Government 
 Soil content (mg/kg) 

Farm Pb Cr Ni Co Se Cd As 

Ikom 

1 Grass field 0.61 1.22 0.34 0.52 0.11 0.03 0.02 

2 Makota  0.63 1.07 0.30 0.42 0.18 0.04 0.02 

3  Okundi 1 0.64 0.93 0.32 0.54 0.13 0.05 0.02 

4 Okundi 2 0.64 1.01 0.42 0.61 0.12 0.04 0.02 

5 Yahunde 0.76 1.02 0.24 0.43 0.09 0.03 0.02 

6 Okundi forest 0.72 1.10 0.34 0.59 0.11 0.03 0.01 

 

Etung 

7 Strabag 0.76 1.01 0.34 0.60 0.10 0.03 0.02 

8 3 corner 1 0.61 0.93 0.27 0.53 0.13 0.04 0.02 

9 3 corner 2 0.59 0.88 0.25 0.54 0.10 0.03 0.01 

10 Ajassor 0.71 1.01 0.36 0.54 0.10 0.05 0.02 

11 Bendegel 0.86 0.99 0.36 0.59 0.07 0.02 0.01 

12 Ajassor forest  0.74 1.02 0.41 0.61 0.11 0.05 0.02 

 

Boki 

13 Biakwan 1 0.65 1.11 0.34 0.59 0.09 0.03 0.01 

14 Biakwan 2 0.82 0.98 0.23 0.40 0.11 0.04 0.02 

15 Biakwan 3 0.61 1.31 0.30 0.49 0.10 0.03 0.02 

16 Boki forest 0.50 1.03 0.31 0.58 0.11 0.03 0.02 

 
 
 
collected from adjacent forest in each of the local government 
areas. Random sampling technique was employed and 20 core 
samples from 0 – 30 cm soil depths were collected per hectare 
using soil auger for soil collection in the selected farms and 
adjacent forests. The soil samples were labeled, air dried and 
sieved to pass through 2 mm sieve. The 20 core samples collected 
per farm were thoroughly mixed to form a composite sample. 
Thirteen composite samples were obtained for the selected farms in 
the three local government areas and three composite samples for 
the adjacent forests, thus giving a total of 16 composite samples. 
The composite samples were then sub-sampled and analysed for 
texture, cations (K, Ca, Mg, Na), micro nutrients (Fe, Zn, Cu, Mn) 
and heavy metals such as Pb, Cr, Ni, Co, Se, Cd, As. 

The texture was determined using hydrometer method 
(Bouyoucous, 1951); the pH was in soil/water ratio of 1:2 and total 
nitrogen was determined by the micro Kjeldahl method as 
described by Jackson, 1965 while available phosphorus was by 
Bray 1 method (Bray and Kurt, 1945). The cations were extracted 
by ammonium acetate; Ca and Mg were read through the Atomic 
Absorption Spectrophotometer (AAS), K and Na by the flame 
photometer; Zn, Cu, Fe and Mn were extracted with 1 N HCl and 
concentrations were determined using atomic absorption 
spectrophotometer. 

 
 
RESULTS AND DISCUSSION 
 
The results as indicated in Table 1 shows that the soil 
contents of heavy metals were in the order Cr > Pb > Co 
> Ni > Se > Cd > As across the selected farms evaluated 
in the three local government areas. 

Lead (Pb) 
 
The lead contents of the cocoa soils at Ikom local 
government ranged between 0.61 mg/kg for Grass field 
and 0.76 mg/kg soil for Yahunde. The lead content of the 
forest soil in the adjacent Okundi forest was 0.72 mg/kg 
which fell within the range of the Pb concentrations 
obtained in the cocoa plantation. In Etung local 
government, Pb content of the cocoa soil ranged 
between 0.59 and 0.86 compared to 0.74 mg/kg obtained 
in the adjacent forest. The Pb content of the cocoa soil in 
Boki local government ranged between 0.61 and 0.82 
mg/kg compared with the Pb content of the adjacent 
forest of 0.50 mg/kg. The values are far below the 
maximum permissible concentrations as reported by 
Ustyak and Petrikova (1996). 
 
 

Chromium (Cr) 
 
Chromium contents of cocoa soils in the selected farms 
evaluated in the three local government areas were 
higher than other heavy metals. However, these values 
were still below the Dutch target value for soil protection 
and the Australian ecological investigation level as 
reported by Zarcinas et al. (2004). The values ranged 
between 0.93 - 1.22, 0.88 - 1.02 and 0.98 - 1.31 mg/kg 
for   Ikom,  Etung   and   Boki   local   government   areas,  



 
 
 
 
respectively. The Cr contents of the adjacent forests fell 
within the range of Cr concentrations obtained in the 
cocoa plantation. 
 
 
Nickel (Ni) 
 
Nickel contents of the cocoa soils ranged between 0.23 
and 0.42 mg/kg across the selected farms evaluated in 
the three local government areas. In the adjacent forests, 
nickel contents ranged between 0.31 and 0.41 mg/kg 
which was below the Dutch target value for soil protection 
as reported by Zarcinas et al. (2004). 
 
 
Cobalt (Co) 
 
The concentrations of Co in cocoa soils ranged between 
0.43 - 0.61, 0.53 - 0.60 and 0.40 - 0.59 for Ikom, Etung 
and Boki local government areas respectively. The Co 
contents of the soils of adjacent forest were 0.59, 0.61 
and 0.58 mg/kg for Ikom, Etung and Boki, respectively. 
These values were below the maximum permissible level 
reported by Zarcinas et al. (2004) for Malaysian soils. 
 
 
Selenium (Se) 
 
The selenium contents of cocoa soils of the selected 
farms ranged between 0.09 and 0.18 for Ikom, 0.07 and 
0.13 for Etung and 0.09 and 0.11 for Boki local 
government areas, respectively. The values were below 
the potentially hazardous levels in soils as reported by 
Schuhmacher et al. (1997). The selenium content of the 
adjacent forests in the three local government areas was 
0.11 mg/kg. 
 
 
Cadmium (Cd) 
 
Cadmium concentrations in soils of the selected farms 
across the three local government areas ranged between 
0.02 and 0.05 mg/kg. In the adjacent forest soils of Ikom 
and Boki, the Cd content was 0.03 mg/kg while 0.05 
mg/kg was the Cd content of the soils of adjacent forest 
of Etung. These values were below the permissible value 
(0.3 mg/kg) for soil cadmium set by the Chinese 
environmental quality (Chen, 2002). Zarcinas et al. 
(2004) attributed elevated levels of Cd in soils and 
excessive concentrations of Cd in cocoa (Theobroma 
cacao) in peninsular Malaysia to input from phosphate 
fertilizers. Stephen and Calder (2005) also reported that 
the most likely origin of the excess cadmium in soils is 
from heavy application of contaminated phosphate 
fertilizers. Low concentrations observed in this study 
might be due to earlier reports that more than 70% of 
Nigerian   cocoa   farmers  (Ogunlade  et  al.,  2009)  and  
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above 95% of cocoa farmers in the study area (Agbeniyi 
and Ogunlade, 2009) do not use fertilizers on cocoa. 
 
 
Arsenic (As) 
 
The least concentration of the heavy metals found in 
cocoa soils of the selected farms across the three local 
governments was that of Arsenic. The concentrations 
ranged between 0.01 and 0.02 mg/kg for both cocoa and 
adjacent forest soils. Dikshit et al. (1998) reported that 
arsenic shows toxicity even at low exposures; however, 
the arsenic soil content obtained in this study was below 
the maximum permissible level as reported by Zarcinas 
et.al. (2004). 
 
 
Physico-chemical properties of soils of the study 
areas 
 
Total nitrogen was above the critical level (0.9 g/kg) 
requested for cocoa in all the cocoa plantations examined 
in the three local government areas of Cross River State 
(Egbe et al., 1989) as shown in Table 2. 

Available phosphorus, exchangeable calcium and 
magnesium were far below the critical levels required for 
cocoa as reported by Egbe et al., 1989. The reason for 
this might be due to continuous pod harvest (nutrient 
mining) without replacement in the form of fertilizer 
application as 95% of the farmers in the study area do 
not use fertilizer on cacao (Agbeniyi et al., 2009). 

The soils are mildly acidic. The pH was above 5.6 in all 
cocoa farms selected for this study. The Silt + Clay 
contents which ranged between 240 - 340, 220 - 400 and 
260 – 380 g/kg soil for Ikom, Etung and Boki respectively 
were high and considered adequate to retain sufficient 
water for cocoa production. 

The concentrations of extractable Fe and Mn were 
higher than those of Zn and Cu across the cocoa 
plantations in the three local government areas. Some of 
the pesticides being used by farmers might contain Fe 
and Mn which accumulates in soils. Extractable copper 
content, of all the micro-nutrient considered, was least in 
the soils inspite of the use of copper based fungicide by 
the farmers to control phytophthora pod rot disease. This 
means that copper did not accumulate in the soils of the 
study areas. 
 
 
Conclusion 
 
The values of the heavy metals determined in cocoa soils 
were comparable to the values obtained in the adjacent 
forests. This suggests that concentration of the heavy 
metals in cocoa soils of the study area were not as a 
result of pesticide use but naturally occurring. The 
concentrations of all the heavy metal determined  in  both  
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Table 2. Some chemical and physical properties of soils under cocoa plantations in three local government areas of 
Cross River State, Nigeria. 
 

Soil properties Range 

Ikom Local Government Etung Local Government Boki Local Government 

N (g/kg) 1.06 - 1.65 1.13 - 2.13 1.09 - 1.48 

Organic C. (g/kg) 8.1 - 10.5 7.1 - 10.7 8.4 - 9.7 

P (mg/kg) 5.21 - 7.14 5.12 - 8.95 5.89 - 6.41 

K (cmol/kg) 0.24 - 0.35 0.22 - 0.37 0.23 - 0.32 

Ca (cmol/kg) 0.87 - 1.22 0.89 - 1.10 0.88 - 1.01 

Mg (cmol/kg) 0.24 - 0.70 0.22 - 0.37 0.23 - 0.32 

Zn (mg/kg) 11.08 - 18.8 9.74 - 15.39 14.33 - 19.97 

Fe (mg/kg) 107.33 - 151.22 103.42 - 207.32 117.1 - 141.23 

Mn (mg/kg) 71.09 - 96.12 79.76 - 98.32 73.16 - 84.32 

Cu (mg/kg) 4.07 - 8.29 4.00 - 6.02 4.61 - 6.08 

pH (soil/water 1:2) 5.8 - 6.4 5.7 - 6.8 5.90 - 6.30 

Sand (g/kg) 640 - 760 620 - 780 640 - 740 

Silt (g/kg) 100 - 140 100 - 160 120 - 140 

Clay (g/kg) 140 - 400 120 - 240 140 - 220 

 
 
 
cocoa soils and the soils of the adjacent forests in the 
study area were below the maximum permissible 
concentrations reported by Ustyak and Petrikova (1996). 
Zarcinas et al. (2004) attributed elevated levels of Cd in 
soils and excessive concentrations of Cd in cocoa 
(Theobroma cacao) in peninsular Malaysia to input from 
phosphate fertilizer but more than 70% of Nigerian cocoa 
farmers (Ogunlade et al., 2009) and above 95% of cocoa 
farmers in the study area (Agbeniyi and Ogunlade, 2009) 
do not use fertilizer on cocoa. 
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