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Abstract 

Background:  Heavy metal contamination in Nigeria soils is well documented. However, there is dearth of informa-
tion on the intake of toxic heavy metals by some food crops cultivated in Nigeria soil. Accumulation of toxic heavy 
metals in edible food crops is a potential threat to human and animal health. Hence, a study on soil to food crop rela-
tion in terms of heavy metals accumulation is expedient. In this study, the levels of Cd, Co, Cu, Ni, Pb and Zn in soils 
and food crop samples from nine major commercial and individual farms were investigated for their contamination in 
soil and accumulation in food crops.

Methods:  Soil samples were collected from thirty-two farmlands at two depths of 0–15 and 15–30 cm in each farm 
and control site, to make 320 composite samples. A total of 640 edible food crop samples (pumpkin 64, passion fruit 
96, maize grain 96, sugar cane stem 64 and tubers of cassava 320) were collected.

Results:  The results revealed that the levels of Cd ranged from 0.07 to 9.80 mg/kg, Co 0.05–38.1 mg/kg, Cu 0.33–
16.9 mg/kg, Ni 3.81–93.1 mg/kg, Pb 4.45–47.7 mg/kg and Zn 5.02–81.4 mg/kg in topsoils. There was no significant 
difference (P > 0.05) in the levels of these heavy metals in subsoils and among farms. Except in pumpkin, nickel con-
centration in all the investigated food crops exceeded regulatory limits set by the World Health Organization and the 
Food and Agriculture Organization. Similarly, the concentration of Cd and Co in pumpkin exceeded regulatory limits. 
Soil–plant transfer factors indicated low accumulation into crops except Co in maize and Ni in cassava.

Conclusion:  Therefore, soil may require mild remediation action to minimize possible sources of Co and Ni contami-
nation such as irrigation and fertilizer application practices. The concentration of Cd in food crops could be of health 
concern if such crops are ingested.
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Background
The underlying geological composition of soils has been 
reported to be a major source of heavy metal contami-
nation of soil. The level of heavy metal in soils and the 
forms in which they exist are influenced by pedogenetic 
processes (Herawati et  al. 2000). Prolonged farming 
activities involving the use of fertilizers, herbicides and 
insecticides also contribute to soil pollution. Rapid indus-
trialization has also brought about dangerous pollution 
of soil by heavy metals in many countries (Makino et al. 

2010). The pollution of soils with heavy metal is of global 
concern as a result of its potential impact on the environ-
ment and to human health. Vast portions of farmlands 
have been contaminated by metals as result of the activi-
ties of mining, smelting, fossil fuel burning, phosphate 
fertilizers and sewage sludge (Navarro et al. 2008). Based 
on high toxicity of heavy metals, their accumulation in 
farmland could lead to contamination of agricultural soil. 
Once soil is contaminated, it will not only affect the rapid 
growth of crops and quality yield of agricultural products 
but also pose a threat to human health via the food chain 
(Salazar et al. 2012; Zhao et al. 2014; Zhuang et al. 2009). 
This is of increasing concern worldwide (Sun et al. 2013).

Open Access

*Correspondence:  judrotu@yahoo.com 
Department of Chemistry, University of Ibadan, Ibadan, Nigeria

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40068-017-0098-1&domain=pdf


Page 2 of 9Emurotu and Onianwa ﻿Environ Syst Res  (2017) 6:21 

Soil-to-crop transfer of heavy metals is the major path-
way of human exposure to heavy metals. Increase in 
human population has placed a demand for increased 
food supply. This has resulted in increased use of pesti-
cides, fertilizers, manures, composts, and wastewater 
for irrigation. Food crops grown in metal-contaminated 
soil can uptake and accumulate metals in quantities high 
enough to affect food quality and safety (Muchuweti et al. 
2006). Most countries have devoted serious attention 
to the monitoring of heavy metals in food crops result-
ing from contamination of agricultural soils (Herawati 
et  al. 2000). Previous studies revealed that heavy metal 
concentration in soils as well as food crops were above 
regulatory standards (Lalor 2008). The concentration of 
cadmium in soils of certain regions of Jamaica has been 
reported to be remarkably high (Lalor et  al. 1998). In 
their study Lalor et al. (1998) reported a wide range of Cd 
concentrations in non-mineralized Jamaican soils. Simi-
larly, Salazar and Pignata (2014) reported high level of 
lead exceeding national and international norms in soils 
and native plants in Córdoba, Argentina. Uptake and 
transfer of heavy metals through food crops are affected 
by the level of metals in soils, soil properties, pH, age of 
food crop, food crop types and species (Rafiq et al. 2014; 
Xu et al. 2015; Yang et al. 2015). It becomes imperative to 
evaluate heavy metal uptake by food crops and assess the 
potential health risks.

A nation such as Nigeria where agricultural activi-
ties are intensive and food production is high, it is 
important to monitor contaminant level in soils and 
food crops to determine the degrees of soil contami-
nation and migration into food crops. Farming is a 
very important and major activity in Kogi State. The 
State is considered as one of the food basket regions 
of Nigeria. The National Food Reserve Agency (2008) 
reported that cassava production in Kogi State 
increased from 2.8 million metric tons to 3.6 million 
metric tons in 2003, which is the highest in Nigeria. 
The state’s per hectare yield is currently 14.88 tons, 
which is among the highest in Nigeria. Data also indi-
cated that Kogi State is the fourth largest producer of 
maize in Nigeria. The farms are owned by government 
parastatals, corporate private organizations, and indi-
viduals. It is therefore imperative to monitor agricul-
tural soils and examine food crops grown thereon. In 
the Kogi State farmland environment, there is paucity 
of data on the level of metals in agricultural soils and 
available food crops. This research work was designed 
with the overall aim of assessing the levels of Cd, Co, 
Cu, Ni, Pb, and Zn in farmlands and food crops grown 
in Kogi State farmland. The focus of this study is on 
food crops and the attendant food safety issues and 
potential health risks.

Methods
Description of study area
Kogi State in north central Nigeria as shown in Fig. 1 was 
selected for this study based on its huge annual food pro-
duction. It lies within the savannah belt with vegetation 
of typical rainforest, Guinea savannah and mangrove for-
ests. The topography is underlain by igneous and meta-
morphic rocks belonging to the basement complex and 
sedimentary rock of upper cretaceous age which is of 
embedded shale, sand clays, sandstone and mindstone. It 
enjoys the tropical continental climate characterized by 
rainy and dry seasons. Average rainfall annually ranges 
from 1200 to 1500 mm while temperature is high almost 
throughout the year except during the harmattan period. 
The harmattan period sets in early November and lasts 
until February. The nature of soils in this zone is majorly 
ultisol, sandy loam and loamy sand. The food crops are 
mainly cassava, maize, yam, sugar cane and vegetables.

Soil sampling and characterization
Soils were collected from cropping areas in nine farm-
lands and a control site. Samples were collected quarterly 
for 2  years across the three senatorial districts of Kogi 
State, namely Kogi Central, Kogi West and Kogi East 
respectively. Soils were obtained at the depth of 0–15 
and 15–30 cm in each farm and control site, to make 320 
composite samples. Samples from the surroundings of 
each site were homogenized to obtain an individual com-
posite sample (Khan et al. 2008). Following a systematic 
sampling, ten sub subsamples were collected within an 
area of 10  m by 10  m with a stainless steel hand auger 
sampler to make a composite. The sampled locations 
are shown in Fig. 1. The collected samples were dried at 
ambient temperature, ground and sieved with a <2  mm 
mesh and kept in polyethylene packages till analysis. Soil 
pH was measured in H20 (soil:water =  1:1) suspension 
electrometrically in duplicate (Bäckström et  al. 2004). 
Soil particle size analysis was carried out as described 
by Gee and Bauder (1979). Organic carbon of dry soil 
samples was determined by the Walkley–Black method 
(Walkly and Black 1934). The heavy metals in soil were 
extracted using aqua regia and the digest were deter-
mined for Cd, Co, Cu, Ni, Pb, and Zn concentration by 
atomic absorption spectrophotometry.

Sampling and analysis of food crops
Cassava (Manihot utilisima Crantz), maize (Zea mays 
L), pumpkin (Cucurbita pepo L) and passion fruits (Pas-
siflora edulis Sims) and sugar cane (Sacchanarum offici-
narum) that are standing food crop samples were taken 
simultaneously along with the soil samples (Khan et  al. 
2008) based on their availability. The number of collected 
samples was 640. Subsamples of leaves, fruits, grain, stem 
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and tuber of crops were collected each within an area of 
10 m by 10 m to make a composite. Samples were divided 
into fruits, grains, tubers, stem and leave. Each food crop 
was washed with distilled water and spread out for dry-
ing. Air-dried samples were ground and sieved with a 
2 mm mesh and stored at ambient temperature in poly-
ethylene bags till analysis. Crop samples were extracted 
using a mixture of HNO3:HClO4 (3:1). The digest were 
determined for Cd, Co, Cu, Ni, Pb, and Zn concentration 
by atomic absorption spectrophotometry.

Quality assurance and statistical analysis
Samples were generally analysed in duplicates. Each sam-
ple was ground with a porcelain mortar and pestle. All 
glassware used for analysis was thoroughly washed with 
Teepol, soaked in 2 M nitric acid for 24 h and rinsed with 
de-ionised water. Stock standard solutions were prepared 
from Analar R grade salts. Dilute aliquots as working 
standards were made from the stock solutions. Freshly 
prepared reagents were standardized for actual strength. 
Analytical grade chemicals and reagent blanks were used 
in all analyses to check reagent impurities. A sample 
blank digestion was also prepared after every 10 samples. 
Recovery study for heavy metal was carried out to check 
the accuracy and precision of the entire experimental 
procedure. Average recoveries obtained were acceptable 

at 81 ± 16 to 105 ± 18%. Data obtained were subjected to 
analysis of variance using the general linear models. Two 
way analysis of variance (ANOVA) (<0.05) were used to 
assess whether metal concentrations in soil varied signifi-
cantly between rainy and dry seasons. All statistical cal-
culations were performed with SPSS 17.0 for Windows.

Analysis of data
Transfer factor
The transfer factors (TF) of heavy metals from soils to 
crops were calculated as follows (Cui et al. 2005): 

The soil-to-plant transfer factor, can also be called 
accumulation factor, uptake factor or concentration fac-
tor, is regarded as an index for evaluating the transfer 
potential of a metal from soil to plant (Zheng et al. 2007).

Index of geoaccumulation
The extent of each heavy metal in the soils and contami-
nation level was measured using the index of geo-accu-
mulation (Igeo) of metals in soils.

TF =

metal concentration in crop extract

metal concentration in soil on dry weight basis
.

Geoaccumulation index
(

Igeo
)

= log2

[

Cn

1.5 × Bn

]

,

Fig. 1  Sampled farmlands location
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 (Muller 1969) where Cn is the determined concentration 
of the examined metal in the soil and Bn is the geochemi-
cal background concentration of the same metal. Factor 
1.5 is the background matrix correction factor. Index of 
geo-accumulation (Igeo) of metals in soils as a tool will 
indicate the contamination status of the soils depending 
on the range, from uncontaminated, slightly contami-
nated or extremely contaminated.

Results
Physicochemical properties of soils
The physicochemical characteristics of the soils tested 
are given in Table 1. The results indicated that soils pH 
were weakly acidic. Topsoil pH ranged from 5.59 to 
6.90. Lower pH in soils has been attributed to intensive 
farming practices (Song et  al. 2012; Yang et  al. 2015). 
Average topsoil and subsoil pH was 6.29  ±  0.18 and 
5.89 ±  0.15 respectively. The level of total organic car-
bon (TOC) in topsoil was 4.87 ±  0.47%, and in subsoil, 
it was 4.55 ± 0.24%. TOC content in topsoil ranged from 
3.82 to 10.1%. The corresponding TOC values for control 
soils were 4.32 and 11.3%. Total organic matter (TOM) 
varied from 6.60 to 17.5% with an average value of 7.85%. 
Mayuri et al. (2016) have reported that some fractions of 
metals can be bound with organic content therefore the 
determination of organic carbon in soil is very important. 
Similarly, the TOM values in control soils were not signif-
icantly different as values ranged from 7.46 to 20.1% with 
an average value of 9.3%. Soil organic matter can influ-
ence the uptake of heavy metals by plants. Higher organic 
matter has been attributed to over-fertilization especially 
organic fertilizers (Song et al. 2012; Yang et al. 2015). The 
soils’ clay contents were less than 20% and such soils are 
classified as coarse textured soils (Komarek et al. 2008). 

Generally, the soil textural characteristics ranged from 
loamy sand to sandy loam.

Levels of heavy metals in soils
Heavy metal content of soils from the area studied and 
control site are shown in Table 2. The concentrations of 
the metals are in the order: Zn > Ni > Pb > Co > Cu > Cd 
in the soils. The maximum value for each metal fol-
lowed the same order except for Ni which had a higher 
maximum value than Zn. The results indicated that all 
the metal concentrations are within Canadian regulated 
limits and European Union regulated limits for agricul-
tural soils as shown in Table 2. However, there is gradual 
build up of Ni Pb and Zn compared to the control site. 
Geoaccumulation index (Igeo) rating indicated that all 
topsoil (0–15  cm) analysed belong to unpolluted class 
(<0) except lead and Zn with Igeo value of 0.48 and 0.63 
respectively that fall within the category of class 1 of 
slightly polluted. The Igeo rating for cadmium was <0 for 
all samples. This indicated that soil samples were uncon-
taminated with respect to cadmium level. Therefore cad-
mium level in soils is not from anthropogenic activity 
rather it could be from parent material that formed the 
soil.

Heavy metals accumulation in food crops
The levels of metals in edible parts of food crops are 
reported in Fig.  2 The order of magnitude of heavy 
metal concentrations was Zn > Ni > Cu > Pb > Cd > Co 
for maize and sugar cane. The order was the same 
for passion fruit and cassava except that Ni had a 
higher value than Zn. Pumpkin had a pattern of 
Zn  >  Cu  >  Ni  >  Co  >  Cd  >  Pb. The acceptable permis-
sible limits of Cd (0.1-0.2), Co (0.01), Cu (20), Ni (10), 

Table 1  Physicochemical properties of farmland

Properties Depth (cm) Farmland soils (n = 300) Control soils (n = 32)

Range Mean SD Median Range Mean SD

pH 0–15 5.59–6.90 6.29 0.27 6.73 5.08–7.20 6.87 0.76

15–30 5.20–6.49 5.88 0.37 633 5.70–7.24 6.18 0.66

OC (%) 0–15 3.82–10.1 4.87 0.18 4.55 4.32–11.3 5.6 2.3

15–30 3.39–6.74 4.55 0.12 4.34 3.73–6.01 4.44 0.08

OM (%) 0–15 6.60–17.5 8.45 0.47 7.85 7.46–20.1 9.3 4.6

15–30 5.58–11.7 7.87 0.24 7.50 6.50–10.4 7.33 0.33

Sand (%) 0–15 47.0–84.4 72 15 78.3 75.5–84.4 76.7 4.6

15–30 44.5–82.4 71 13 75.5 66.7–79.6 75.0 5.9

Silt (%) 0–15 4.60–36 12.4 8.5 9.3 4.20–6.80 7.0 1.9

15–30 4.60–34.1 12.2 9.6 9.50 4.20–8.60 8.5 4.8

Clay (%) 0–15 10.8–21.5 15.6 6.9 15.8 10.6–17.9 14.3 3.9

15–30 10.6–22.0 16.6 6.3 17.3 16.2–24.7 17.5 6.1
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Pb (9) and Zn (100) mg/kg for food were stipulated by 
SEPA (2005) and FAO/WHO (2011) as regulatory bodies. 
Average concentration of determined metals (Pb, Cu, Zn 
and Cd) in food crops did not exceed permissible limits 
except the mean concentration of Cd (0.41 ± 0.42 mg/kg) 
in pumpkin (Table 3). The mean concentration of cobalt 
in pumpkin (0.47 ± 0.82 mg/kg), maize (0.12 ± 0.13 mg/
kg) and cassava (0.20 ±  0.05  mg/kg) exceeded the per-
missible limit. Also, the observed concentration of Ni 
in passion fruit, cassava and sugar cane exceeded the 
permissible limit. The concentrations of nickel were 

significantly higher (P < 0.05) in cassava tuber and maize 
grain samples. The Ni level in cassava varied from 5.32 to 
47.3 mg/kg and in maize grain concentration ranged from 
2.9 to 46.2 mg/kg. Though average Cd concentrations in 
food crops were within standard limit, the values sug-
gest a gradual increase. Table 3 shows that maximum Cd 
accumulation was in pumpkin (0.12–2.17  mg/kg) while 
the minimum accumulation was in sugar cane (0.11–
0.27 mg/kg). Maize, passion fruit, and cassava had simi-
lar range of accumulation. The level of Pb in food crops 
varied from 0.03 to 0.75 mg/kg. Similarly, concentration 

Table 2  Total soil heavy metals content of farmland

Properties Depth (cm) Farmland soils (n = 300) Control soils (n = 32) Regulated limits (mg/kg)

Range Mean SD Median Range Mean SD CCME (1999) EU (2002)

Cd 0–15 0.07–9.80 0.60 0.7 0.14 0.03–1.92 0.64 0.79 1.4 3.0

15–30 0.03–9.43 0.37 0.07 0.20 0.02–2.11 0.72 0.87

Co 0–15 0.05–38.1 6.0 7.1 4.31 1.09–3.83 2.6 1.1 40 –

15–30 0.16–36.4 4.9 3.2 3.09 0.02–5.68 2.5 1.8

Cu 0–15 0.33–16.9 4.8 3.9 4.38 1.08–8.17 2.7 2.4 63 140

15–30 0.32–12.9 1.5 2.4 3.13 0.32–7.72 2.5 2.4

Ni 0–15 3.81–93.1 17 14 13.7 4.43–18.5 9.6 5.2 50 75

15–30 3.28–68.4 12.8 1.5 11.9 3.20–12.6 8.3 3.9

Pb 0–15 4.45–47.7 12.8 8.2 12.1 3.79–13.7 6.1 3.2 70 300

15–30 3.21–30.3 11.7 2.2 12.1 2.31–19.0 5.7 5.5

Zn 0–15 5.02–81.4 28 23 17.9 7.46–28.5 11.6 6.9 200 300

15–30 4.67–84.4 25.0 8.5 16.2 6.12–20.2 9.8 4.6
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Fig. 2  Average concentrations (mg/kg) of metals in edible part of crops
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of Cu varied from 0.60 to 9.80  mg/kg, while Zn varied 
between 1.81 and 40.4 mg/kg. The levels of metals in food 
crops samples were generally of the order maize  >  cas-
sava > passion fruit > sugar cane > pumpkin. The differ-
ence observed regarding heavy metals accumulations in 
different food crops determined reflected different rate of 
food crops in absorbing heavy metals (Pandey and Pan-
dey 2009) and mobility of the metals. 

Transfer of metals from soils into food crops
The transfer factors (TF) of metals into crops are shown 
in Table  4. Average transfer factor observed for con-
sidered metals were Cd (0.21–1.68), Co (0.07–2.48), 
Cu (0.38–1.01), Ni (0.11–2.21), Pb (0.01–0.03) and Zn 
(0.51–1.96). The sequence of TF for these metals in dif-
ferent food crops is Co > Ni > Zn > Cd > Cu > Pb. This 
is an indication that Co was the most bio-available. The 
correlations of TF for Cd with pH and TOC resulted to 
a regression of −0.707 and −0.089 respectively. Organic 
carbon content and pH are soil parameters having influ-
ence on TF.

Xu et  al. (2013) have reported the net influence of 
organic matter in decreasing or increasing metal mobil-
ity. There is significant correlation between TF of Cd 
and clay content. General, positive correlations were 

observed among soil Ni, Cd, Co and Cu. Significantly, 
negative correlation was established between Pb and 
pH, whereas with organic carbon it was positive. Ying 
et al. (2014) also reported similar correlation result. TOC 
showed positive correlation with Ni, Cd and Cu and neg-
ative correlation with Pb and Co. Such relationship has 
been reported to indicate binding nature of metal ions 
to organic substances and its absorption to soil particles 
(Mayuri et al. 2016).

Discussion
Average values of total organic matter (TOM) in top-
soil and subsoil were functions of the organic carbon. 
The differences observed between sample values and 
control value were not significant (P > 0.05). This shows 
that there is no local difference in soil texture and gen-
eral characteristics of these soils. The soil particle size (%) 
variations intra farms and with depth were not significant 
(P > 0.05) (Table 2). Soil type ranged from sandy loam to 
loamy sand. The TOM values are adequate for agricul-
tural farmland. Organic matter increases buffering and 
exchange capacity of soils and makes nutrient available to 
crops (McCauley et  al. 2009). It also form chelates with 
metals such as Cu and Zn which increase their solubility 
and make their availability to crops. However, an increase 

Table 4  Transfer factor of metals into crops

Food crops Cu Zn Pb Cd Ni Co

Maize (n = 10) 0.71 1.96 0.03 1.68 0.77 2.48

Passion fruit (n = 10) 0.77 0.51 0.01 0.21 1.44 0.69

Pumpkin (n = 10) 0.38 0.57 0.01 0.88 0.11 0.07

Cassava (n = 20) 1.01 0.54 0.03 1.10 2.21 1.06

Table 3  Heavy metal content (mg/kg) of food crop of farmland

a  FAO/WHO (2011)
b  SEPA (2005)
c  EEC (1977)

Crops Values Cd Co Cu Ni Pb Zn

Pumpkin Range 0.12–2.17 0.01–3.17 1.36–2.60 0.06–5.54 0.07–0.27 1.81–20.9

Mean + SD 0.41 ± 0.42 0.47 ± 0.82 1.76 ± 0.19 1.1 ± 1.2 0.15 ± 0.05 12.8 ± 6.1

Maize Range 0.15–0.30 0.02–0.55 1.61–2.88 2.9–46.2 0.16–0.75 30.6–40.4

Mean + SD 0.19 ± 0.03 0.12 ± 0.13 2.43 ± 0.29 25 ± 10 0.42 ± 0.22 33.1 ± 2.4

Passion fruit Range 0.09–0.28 0.01–0.02 7.23–9.80 8.04–30.6 0.04–0.13 6.63–19.7

Mean + SD 0.15 ± 0.05 0.02 ± 0.01 8.13 ± 0.29 14.7 ± 6.2 0.29 ± 0.17 12.2 ± 3.1

Cassava Range 0.01–0.29 0.01–0.05 0.60–4.61 5.32–47.3 0.03–0.31 3.08–29.3

Mean + SD 0.13 ± 0.01 0.20 ± 0.05 2.44 ± 0.17 34 ± 19 0.10 ± 0.01 14.7 ± 1.7

Sugar cane Range 0.11–0.27 0.01–0.03 2.41–3.65 10.5–20.4 0.04–0.32 11.9–19.0

Mean + SD 0.14 ± 0.04 0.02 ± 0.01 2.88 ± 0.23 14.2 ± 2.3 0.20 ± 0.12 16.5 ± 0.8

Standard limit 0.1–0.2ab 0.01a 20ab 10b 9b, 0.3ac 100ab
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in organic carbon or organic matter leads to a stronger 
adsorption to soil particles by metals. This decreases 
their mobility and availability to crops. A low availabil-
ity of heavy metals can also be expected as pH of the soil 
play a significant role in the solubility of metals in soil 
solution (Mico et al. 2006). Once the availability of met-
als in soil solution is low the uptake by metals will as well 
be low. This probably accounted for low level experienced 
in farmland soils. However, Kabata-Pendias and Pendias 
(1992) have reported that increase in soil pH in some 
cases does not lead to decrease in heavy metal availabil-
ity. For instance, a high Cd accumulation and toxicity in a 
high pH soil has been reported (Eriksson 1989).

In this study area, all metals determined were within 
CCME and SEPA permissible limits in farmland soils. The 
concentration of Pb in this research is similar to values 
reported by Iyaka and Kakulu (2012) for agricultural soils 
in Minna, Niger State but different from those reported 
for agricultural soils of Enyigba, Ebonyi State (Nweke 
et al. 2008) and Yargalma area of Zamfara State, Nigeria 
(Tsafe et al. 2012). Unlike other metals, the concentration 
of Cd is higher in subsoil in most of the farms. However, 
the differences between topsoil and subsoil levels were 
insignificant (P > 0.05). Higher level of cadmium observed 
in subsoil is supported by values obtained for the soil tex-
ture. At some of the farms were the concentration of Cd is 
highest at subsoil, % silt is highest at the subsoil and also 
the % sand is lowest at the subsoil. These factors will sup-
port higher capacity to retain pollutants. The range of cad-
mium concentration in this study is significantly different 
(P < 0.05) from the range of values obtained from a similar 
study in Kano (Abdu et al. 2011) and in southwest Nige-
ria (Olatunji et al. 2013). The average nickel concentration 
decreases from topsoil to subsoil but inter and intra farm 
differences were not significant (P > 0.05). Nickel, copper 
and zinc have been reported to be highly mobile in acidic 
mediums. This mobility is made possible because these 

metals form sulphides which are sparingly soluble (Mat-
tigod and Page 1983). Since the concentration of metals in 
the farmland did not exceed the permitted levels allowed 
in agricultural use, the food crops obtained presently may 
not have a toxicological risk for direct consumption by 
humans (Blanco et al. 2016).

The mean concentration of Cd and Co in pumpkin 
indicates contamination as levels were above FAO/WHO 
and SEPA permissible limits. This indicates that pumpkin 
might cause a potential risk of Cd for human and animal 
consumption. The presence of Cd in food crops is danger-
ous due to its toxicity effect. This effect arises from the fact 
that cadmium can react with some enzymes in the body 
and alter their catalytic activity (Alloway and Ayres 1997). 
Also, previous studies have revealed relatively higher Cd 
accumulated in food crops like spinach and Pb in tomato 
(Hu et  al. 2013; Huang et  al. 2014). Cd is seen as poten-
tial carcinogens and has been attributed to the cause of a 
number of diseases, such as cardiovascular, blood, kidney, 
and nervous system as well as bone diseases (Jarup 2003; 
WHO/FAO 2007). Except in pumpkin, the concentration 
of Ni in maize, cassava, sugar cane and passion fruits was 
above FAO/WHO and SEPA permissible limits. Too much 
dietary intake of farm produce contaminated with Cd 
and Ni can lead to serious health challenge (Oliver 1997). 
The concentrations of Pb, Cu and Zn in food crops in this 
research were within permissible limits.

Across all soils, positive correlations observed 
between soil Cd and organic carbon were not significant 
(r = 0.069), but highly significant with soil Ni (r = 0.95) 
as shown in Table 5.

Similarly, positive linear correlations observed between 
soil Cu and organic carbon was not significant (r =  0. 
043). This probably accounted for the low Cu levels in 
topsoil.

Human exposure to heavy metals via food chain has 
been well documented by researchers. Soil-to-plant 

Table 5  Correlation coefficient among metals and properties of soil

a  Correlation is significant at the 0.05 level (2-tailed)
b  Correlation is significant at the 0.01 level (2-tailed)

pH TOC TOM Cu Zn Pb Cd Ni Co

pH 1

TOC −0.096 1

TOM −0.095 1.000b 1

Cu −0.113 0.043 0.043 1

Zn −0.107 0.029 0.030 0.519b 1

Pb 0.164 −0.171 −0.171 0.300b 0.168 1

Cd −0.053 0.069 0.070 0.409b 0.238a 0.061 1

Ni −0.107 0.142 0.143 0.514b 0.486b 0.193 0.95 1

Co 0.167 −0.029 −0.028 0.752b 0.390b 0.346b 0.364b 0.644b 1
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transfer is a key factor always used to assess this exposure 
risk. Soil–plant uptake factors revealed that accumula-
tion of heavy metals into crops investigated were low, 
except for nickel in cassava and Co in maize with moder-
ate enrichment.

Conclusions
This study revealed that the levels of heavy metals in soils 
from Kogi farmlands were low and fell within the regula-
tory standards requirements for metals in farmland set-
ting. Although the metals level in agricultural soils did 
not exceed regulatory permissible limits, however, the 
observed concentration of Ni in food crops except pump-
kin exceeded regulatory standards and could pose poten-
tial health risk to the consumer. The concentrations of Cd 
and Co in pumpkin exceeded regulatory limits, however, 
it should not be of concern presently as this crop did not 
present a toxicological risk for direct consumption by 
humans as values were little folds higher than the safe 
limits. Soil–plant uptake factors revealed that accumula-
tion of heavy metals into the crops investigated was low, 
except for nickel in cassava and Co in maize. The con-
centrations of metals in food crops do not pose a major 
health concern at present. Further study should include 
vegetables and other food crops. A detailed speciation 
study is recommended at different soil layers to establish 
the forms in which the heavy metals are present in the 
soil, considering their hazardous effects.
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