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ABSTRACT 

A potted experiment was conducted in Lagos in the year 2016 to investigate the heavy metal content of soil samples 

collected from some suspected contaminated environments in the    suburb of Lagos. To achieve this objective, 

four soil samples were taken from 4 different locations. Treatments (soil samples) were watered with rain water 

(as an alternative to distilled water). Sweet corn at fresh cob maturity stage (50 days after sowing), were 

destructively harvested and the maize cobs were analysed for their heavy metals content, using ICP-MS: 

Inductively Coupled Plasma - Mass Spectrometer for Toxic Metal Detection. The values of metals obtained were 

also correlated with the soils Physico-chemical parameters. The values obtained were subjected to Analysis of 

Variance. The concentration (mgkg-1) of  the metals in sweet corn were significatly (p≥0.05) high. Antimony (1.2-

1-4),(Arsenic (2.0-3.3), Cadmium (1.5-2.5), Lead (1.5-3.51), Mercury (1.0-2.0), Tin (1.68-1.7) and Chromium 

(1.2-1.0). Valuse of heavy metals obtained from the trial were compared with recommended  standards values by 

authorities including : World Health Organization (0.3 - 1 mg /kg), European commission (0.1-1.0 mg /kg), codex 

general standard (1-2 mg /kg) and European soil protection (1-2 mg /kg), compost and sewage sludge regulations. 

The correlation analysis further showed that that heavy metal such as Cadmium has strong and positive correlation 

with soil organic carbon. Sorting of waste into Biodegradable and non-biodegradable components and a 

biotechnology approach of cleaning (phytoextraction, phytoviolatilization, rhizofiltration or phytostabilization) 

the heavy metal contaminated soils were recommended.  
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INTRODUCTION 

 

Human environment is heavily polluted 

with liquid, solid and gaseous wastes. It is 

important to mention that the wastes are 

products of improper disposal of human 

domestic, industrial and agricultural 

activities/waste. According to Edosomwan et 

al., (2012), most of the diseases (typhoid, 

cholera, paratyphoid fever, bacillary dysentery, 

infectious hepatitis, poliomyelitis, and parasitic 

worm infection etc.) that strikes human beings 

in recent discoveries are linked to contaminated 

food chain. According to Toth (2016), the case 

is not different with contamination of 

agricultural soils with heavy metals. Reports by 

Mosby et al.,(1996) reported that that there 

more than 20 heavy metals including antimony, 

arsenic, bismuth, cadmium, cerium, chromium, 

mercury, tin. These metals are mostly found in 

the environment and they consequently and 

subsequently end up in diet.When prensent in 

traced amounts, these heavy metals  are required 

for maintaining good health, while in larger 

amounts they can be toxic.(Azita and Seid,  

2008). 

Arsenic contaminations occur in the 

environment as a result of both natural 

geological processes and the activities of man 

(Matschullat, 2000). It is also possible that  

anthropogenic sources of arsenic  according to 

Smedley and Kinniburgh (2002), include 

human activities such as mining and processing 

of ores. It is important to emphasise that some 

drugs, paints, dyes, soaps, certain pesticides and 

fertilizers contain arsenic. Concentrated animal 

feeding operations also add to the  release 

arsenic to the environment in higher amounts. 

The presence of Arsenic in the environment is 

of much concern like other heavy metals 

because  of its  carcinogenic tendencies. Arsenic 

have been reported to be responsible for causing 

cancer of lungs, liver, bladder and skin to 

humans that are exposed to arsenic by means of 

air, food and water(Chowdhury et al., 2000: 

Hoque et al., 2011). 

Mercury is considered the most toxic 

heavy metal in the environment. Mercury is 

released into the environment by the activities 

of various industries such as pharmaceuticals, 

paper and pulp preservatives, agriculture 

industry, chlorine and caustic soda production 

industry (Morais et al., 2012). Mercury is also 

generated naturally in the environment from 

volcanic emissions. It is then dispersed across 

the globe by winds, returning to the earth in 
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rainfall and accumulating in aquatic food 

chains. Mercury can also contaminate crops 

sprayed with mercury-containing pesticides. 

The brain remains the target organ of mercury, 

yet it can impair any organ and lead to 

malfunctioning of nerves, kidneys and muscles 

bronchitis, asthma and temporary respiratory 

problems. It can cause disruption to the 

membrane potential and interrupt with 

intracellular calcium homeostasis (Bernhoft, 

2012). 

Cadmium is a metal contained in soils 

and rocks, including coal and mineral 

fertilizers. Cadmium has many applications, 

e.g. in batteries, pigments, plastics and metal 

coatings and is widely used in electroplating 

(Martin and Griswold, 2009), Cadmium is 

released into the environment through natural 

activities such as volcanic eruptions, 

weathering, river transport and some human 

activities such as mining, smelting, tobacco 

smoking, incineration of municipal waste, and 

manufacture of fertilizers.Some food stuffs are 

naturally rich in cadmium, such as liver, 

mushrooms, shellfish, mussels, cocoa powder, 

and dried seaweed. Cadmium is nephrotoxic, 

initially causing kidney tubular damage. 

Cadmium can also cause bone damage, either 

via a direct effect on bone tissue or indirectly as 

a result of renal dysfunction. After prolonged or 

high exposure, the tubular injury may progress 

to glomerular damage with decreased 

glomerular filtration rate, and eventually to 

renal failure. Furthermore, recent data also 

suggest increased cancer risks and increased 

mortality in environmentally exposed 

populations(Lars and Agneta 2009). 

Chromium is present in rocks, soil, 

animals and plants. It can be solid, liquid, and 

in the form of gas. Chromium compounds are 

very much persistent in water sediments. 

Insdustial  products which turned to sources of 

chromium include protective metal coatings, 

metal alloys, magnetic tapes, paint pigments, 

rubber, cement, paper, wood preservatives, 

leather tanning and metal plating (Martin and 

Griswold, 2009). Chromium compounds forms  

a deeply penetrating hole when in contact with 

broken skins. Exposure to chromium 

compounds can result in the formation of ulcers, 

which will persist for months and heal very 

slowly, this explains why ulcers on the nasal 

septum are very common in case of chromate 

workers.  

Lead exposure is  mainly from 

industrial processes and domestic sources. The 

sources of lead are gasoline and house paint, 

which has been extended to lead bullets, 

plumbing pipes, , storage batteries, toys and 

faucets (Thürmer et al., 2002). A significant 

level of lead  is taken up by plants, fixation also 

take place in the  soil and some  flows into water 

bodies, hence human exposure of lead in the 

general population is either due to food, 

smoking,  or drinking water (Goyer, 1990). 

 According to Hext et al., (1999), 

antimony is mosly used as flame repelant, car 

seat cover,clothing for kids, production of 

ceramics and batteries. The associated health 

hazards resulting from the exposure of 

antimony can really be a serious threat. Sickness 

like Adam stroke syndrome, depression, head 

ache and vomiting are some of the common 

sikness associated with antimony 

contermination. 

Tin plated materials for food and 

bevrages parkaging result to some tin dissolving 

into food content. From published data, there 

appear to be small amount of evidence 

suggesting that consuption of food or bevrage 

containing at 200ppm caused gastro intestinal 

effect (Steve and Tony 2003). 

There is no doubt that the government 

of Nigeria is aware of environmental pollution, 

this is justified by the creation of Federal 

Environmental Protection Agency (FEPA), 

Standard organisation of Nigeria (SON), 

National Agency for Food and Drug Control 

(NAFDAC), Organic Agriculture project in 

Tertiary Institution in Nigeria (OAPTIN) and 

National Biotechnology Development Agency 

(NABDA). The function of these agencies 

ranged between environmental conservation 

and sustainability, controlling environmental 

pollution and contaminations in agricultural 

production and in processed food, ensuring a 

standard presentation of finished products from 

consumer’s feedback and acceptability point of 

view. It is however not certain if any of the 

listed organisations had been charged with the 

responsibilities of checking for the level of 

heavy metal contamination in agricultural 

produce. 

The Main objective of this study is to 

investigate the safety level of the use of 

compost/organic manure from various 

environments that were considered the 

suspected polluted/contaminated environment. 

It was also intended to assess the level of 

contaminations by heavy metals on some 

purposefully sampled areas. And to investigate 
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the uptake of contaminants (heavy metals) 

absorbed by sweet corn grown on contaminated 

soil.

MATERIALS AND METHODS 

A pot experiment was established to 

investigate the heavy metal content of soils 

collected from some suspected heavy metals 

contaminated soils. To achieve this objective, 

four soil samples were taken from different 

locations. The locations are (T1): Soil from auto 

mobile lead acid battery chargers workshop.  

(T2): soil deposited at a construction site for 

land filling purpose. (T3): An organic (compost 

manure farm site). (T4): Home-stead garden at 

Labora Owode (Ibeju lekki) village in Lagos. 

To maintain the inherent nutrient and heavy 

metal content of the soils, rain water was used 

for irrigating the experimental plants. The 

experimental crop was sweet corn. The seeds 

were sown on the 31stof December 2014. Four 

seeds were sown per hill (to make allowance for 

germination failure due to seed viability and 

effect of the suspected toxicity on seed 

germination. 

At fresh cob maturity stage (recorded at 

65 days after sowing), the maize cobs were 

analysed for their heavy metals content. The 

heavy metal content of the fresh sweet corn was 

analysed using: ICP-MS: Inductively Coupled 

Plasma - Mass Spectrometry for toxic Metal 

(Agilent Technologies, ICP-MS, A Primer) as 

decribed by Frank et al., (1992). The high 

sensitivity of the instrument allowed for 

detection at the parts-per-trillion (ppt ) level. 

The operation of the ICP-MS was in simplified 

steps as follows: the fresh cobs to be tested were 

dissolved in acids and then heated in a closed 

vessel at 180˚C in a special oven.  

Some soil properties were determined 

by standard laboratory methods. Soil pH was 

determined potentiometrically in 1:25 

soil:water ratio (Hendershot et al., 1993). 

Organic carbon was estimated using method 

described by Nelson and Sommers (1982), the 

organic carbon value was multiplied by 1.724 to 

obtain the organic matter content. Total 

available phosphorus was estimated using Bray 

II method by Olsen and Sommers, (1982). Total 

N using Kjeidal Digestion and Technicon/Auto 

analyzer method. The exchangeable acidity was 

estimated using extraction of exchangeable H+ 

and Al3+with KCl (Mclaren et al., 1994). The 

effective cation capacity was estimated by the 

summation of all the exchangeable base and 

acidity. Exchangeable base was determined by 

extraction of ammonia acetate (NH4OAC) at pH 

7.0. Calcium and  magnesium were determined 

using AAS, while sodium and potassium were 

determined using flame photometer. Statistical 

Analysis (correlation analysis) was used to 

determine the relationship between some of the 

heavy metals and some soil properties.  

 

                            

        

RESULTS AND DISCUSSION 

Antimony (Table 1b) is significantly 

(P≥0.05) higher  from other metals. 

Concentration ranged between 1.22-1.40 mg/kg 

(1220 microgram/kilogram to 1400 

microgram/kilogram). The values were higher 

than the  minimum acceptable value (Table 1a) 

of 0.01-1.0 mg/kg recommended by Codex, 

European commission on compost and sewage 

sludge regulations  and world health 

organisation. The values obtained from the 

The sweet corn on diferent soils in the potted experiment 
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present study are on the high side and thus not  

consistent with Bowen, (1979) with  

concentrations of antimony in groundwater and 

surface water ranging from 0.1 to 0.2 mg/kg. 

Andrease et al., (1981) likewise reportted that 

marine antimony concentrations are 

approximately 0.15 mg/kg which is also lower 

than the 1.4mg/kg obtained from this 

experiment. The explaination according to 

WHO (2003) that higher levels of Antimony 

lower in waters, except in areas affected by acid 

mine drainage. The concentration of Antimony 

recorded in thid study is within the acceptable 

limit and therefore does not cause 

environmental contermination.  

Arsenic concentration (Table 1) of 

sweet corn  sown on soils from potentially 

conterrminated soils was significantly (P≥0.05) 

different. Arsenic concentration  ranged from 

2.0 – 3.3 mg/kg. Sweet corn sown on soil from 

auto mobile lead-acid battery chargers 

workshop recorded the highest Arsenic 

concentration (3.3) which above the acceptable 

recommended value. The arsenic concentration 

from soil collected from a civil work constrction 

site (2.1), compost manure farm site (3.0) and a 

homestead garden (2.0)  fell within the  

recommended acceptable values (Table 1a)  by 

Codex, European commission, European soil 

protection, compost and sewage sludge 

regulations and WHO. Lower concentrations 

(0.0736mg/kg)  were earlier  of arsenic was 

recorded by Uchino et al,. (2006). A high  

concentration of arsenic  in the range of 1.5 to 

5.0mg/kg in  drinking water was also   reported 

by Roychowdhury et al., (2003). The results 

from the various studies could be attributed to 

the consequenses of the various human 

industrial and agricultural activities in the 

various locations. The environments from 

which the soil samples were collected, except 

the auto- mobile batery chargers environment 

were thus considered safe from arsenic 

contermination. 

Cadium level of the study sites (table 

1b) was significantly different (p≥0.05) and is 

within the acceptable limit by WHO ( 2003), 

though cadmium concentration in auto mobile 

lead acid battery chargers work shop was(1.7), 

soil deposited at a construction site for land 

filling purpose was (1.6)  and Home-stead 

garden at Labora Owode (Ibeju lekki) Village in 

Lagos was  (1.5) was respectively higher than 

the  acceptable limit(Table 1a)  set by Ec, 

CODEX( table 1). Higher levels of cadimium 

recorded in the study sites could be attributed to 

impurities from fertilisers and leaching from 

discarded batteries. The result is in agreement 

with  Satarug et al., (2011). Zhang et al.,(2015) 

with earlier report that  Cadmium is 

predominantly found in fruits and vegetables 

due to its high rate of soil-to-plant transfer.  

  Lead concentration (Table1b) of sweet 

corn was significantly (p≥.05)  high in auto 

mobile lead acid battery chargers work shop and 

home-stead garden at labora owode (ibeju 

lekki)  village in lagos,the led concentration for 

the two sites were with the 3.51 and 2.3mg/kg 

respectively. These values(Table 1a)  are higher 

than the 1.0 and 1.5 mg/kg recommended as 

acceptable limits by Codex, European 

commission, European soil protection, compost 

and sewage sludge regulations as well as WHO. 

This result is similar to what was reported by 

Azita and Seid,  (2008)  who recorded  Lead 

concentration in 2 out of 10 water samples 

(0.055 and 0.053 mg/L). Lead concentration 

recorded  slightly exceeded the recommended 

limit of 0.05 mg/l. According to Azita and Seid, 

(2008)  accumulation of  heavy metals (Pb, Cd)  

on soils irrigated with wastewater and sludge  

could lead to  higher concentration that may 

pose potential environmental and health risks 

particularly on  the long term basis. Similarly, 

the high level of lead detected in the corn from 

grown on the soil from the auto mobile battery 

charger may be a consequence of the deposition 

of lead from improperly disposed battery waste 

at the site; this may also pose a severe health 

risk to lives in the location. 

Mercury content (Table1) of sweet corn 

was significantly high (p≥0.05) in auto mobile 

lead acid battery chargers work shop, soils 

deposited at a construction site for building 

foundation filling purpose, compost manure 

from an organic farm site   and home-stead 

garden at Labora Owode village in Lagos were 

higher than the maximum acceptable limits 

recommended (Table 1a) by Codex, European 

commission, European soil protection, compost 

and sewage sludge regulations and also WHO. 

The highest concentration of mercury was 

recorded in sweet corn harvested from soil 

taken from auto mobile battery charger 

workshop (2.0mg/kg) and soil from wetland 

refuse dumping site (1.55 mg/kg). The present 

result conforms with Raque and Eleazer (2012) 

and Bieby et al.,(2011), showing that Mercury 

is a persistent environmental pollutant with 

bioaccumulation ability in fish, animals, and 

human beings. Mercury  salts and 

organomercury compounds are among the most 

poisonous substances in our environment.  
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Chromium (Table1b)  was significantly 

(P≥0.05) higher in home-stead garden at labora 

owode (Ibeju Lekki) village in lagos (2.01 

mg/kg) a value higher than the max acceptable 

limit (Table 1a)  recommended by Codex, 

European commission, European soil 

protection, compost and sewage sludge 

regulations and WHO. The 1.8, 1.5 and 1mg/kg 

recorded from auto mobile lead acid battery 

chargers work shop, soils deposited at a 

construction site for land filling purpose, and 

compost manure from an organic farm site   

were also above the recommended acceptable 

limits by the 3 regulatory bodies.The result of 

the present study can be explained from the 

report of Khan et al.,(2008). The  indication is 

that there is a posibility of  substantial build up 

of heavy metals in wastewater-irrigated soils, 

wastewater/wetlands, and improperlly disposed 

solid waste that consequently conterminates the 

environment. This was in further agreement 

with Abdulmumini et al., (2014) report that 

Industrial effluents are major source of water 

pollution in Nigeria.  Exposure to chromium 

compounds can result in the formation of ulcers, 

which will persist for months and heal very 

slowly. Ulcers on the nasal septum are very 

common in case of chromate workers. Exposure 

to higher amounts of chromium compounds in 

humans can lead to the inhibition of erythrocyte 

glutathione reductase, which in turn lowers the 

capacity to reduce methemoglobin to 

hemoglobin. 

Tin content (1.9mg/kg), of 

sweet(Table1)  corn harvested from soil 

collected from homestead was significantly 

(P≥0.05) highest while the Tin content of soils 

from land filling at civil engineering work 

constuction site ranked next (1.7mg/kg). The 

values obtained were above max acceptable 

limit recommended (Table 1a)  by Codex, 

European commission, European soil 

protection, compost and sewage sludge 

regulations and WHO. This result may be 

cosequent of the serries of deposition of waste 

materials made from tin deposited at various 

domestic/household environments.  The 

explaiantion is that Tin is commonly used for 

parkaging of most beverages, juice drinks, 

alcohols, edible oil etc. This result agreed with 

the explaination of Afolayan et al., (2012) that, 

groundwater contamination is the function of 

types of waste, season, topography, soil, 

underlying geology, surface water ingression 

and direction of groundwater flow. 

Cadmium content (Table1)  of almost 

all the sweet corn  significantly (P≥0.05) 

exceeded the permissible limits max acceptable 

limit recommended (Table 1a)  by Codex, 

European commission, European soil 

protection, compost and sewage sludge 

regulations and WHO . Arsenic content was 

highest in cereals followed by Cadmium and 

Lead. The variations observed was attributed to 

use of fertilizers ( which contributed to 

cadmium content). According to Saif et al, 

(2005) in a study carried out in industrial area 

of New Delhi, 2 of the 10 groundwater samples 

(0.0153 and 0.0104 mg/L) analysed exceeded 

the cut off set by WHO of 0.01mg/l for 

Cadmium, while in the present study Cadmium 

was much more higher and above  the 

recommended safe level  for consuption. Also 

similar to the result of this experiment is the 

reports of McLaughlina et al.,(1999)  and 

Simmons et al., (2005) with a result that of all 

the  elements, cadmium (Cd)  is the most 

important worhy of consideration  in terms of 

food-chain contamination. In places where soils 

are overloaded  with this element, it is usually 

through the agricultural, industrial or urban 

activities of man. 

 

 

 

 

 

 

 

 

 

 

 

 



Uptake of Heavy Metals in Sweet Corn/Taraba J. Agric. Res. Vol.6 No.1, 2018 
 

 

Table 1a :Levels of Heavy Metals (mg/kg) Detected in Sweet Corn Planted on Conterminated Soils. 

METAL Description of crop item. proposed general limit 

European Commission. 

Commission Regulation 

(EC) No 1881/2006 of 

19 December 2006 

setting maximum levels 

for certain 

contaminants in 

foodstuffs mg/kg 

Max acceptable 

conc (ppm) 

Codex general 

standard for 

conterminants 

and toxin in 

food. 

 

Statutory Order on 

Application of Waste 

Products for Agricultural 

Purposes well as compost 

maximum and mean 

admitted yearly loads of 

PTEs in European soil 

protection, compost and 

sewage sludge regulations 

mg /kg 

Antimony Cereals and Vegetables NA 1 1.001 

Arsenic Cereals and Vegetables NA 1.4 3.00 

Cadmium Cereals and Vegetables 1 1 1.5 

Lead All foods 2 0.05 1.001 

Mercury All foods 1 0.05 1.5 

Tin All foods 1 0.05 1.500 

Cr All foods NA 0.01 2.000 

SOURCE: NAFDAC:2005 

 

Table 1b:Levels of Heavy Metals (mg/kg) Detected in Sweet Corn Planted on Conterminated Soils. 

Heavy Metal T1 T2 T3 T4              LSD 

P≥0.05 

Antimony 1.22a 1.2b 1.3ab 1.4a 0.1898 

Arsenic 3.33a 2.1c 3.0b 2.0d 0.0899 

Cadmium 1.7b 1.6c 2.5a 1.5c 0.1998 

Lead 3.51a 1.1d 1.5c 2.3b 0.1913 

Mercury 2.00a 1.0d 1.2c 1.55b 0.1912 

Tin 1.68b 1.7b 1.55b 1.9a 0.1634 

Cr 1.80b 1.5c 1.00d 2.01a 0.1913 

T1: Soil from auto mobile lead acid battery chargers work shop.  
T2: soil deposited at a construction site for land filling purpose. 

T3: An organic (compost manure farm site). 

T4: Home-stead garden at Labora Owode (Ibeju lekki). Village in Lagos. 
Means separated by same alphabets along the column are not significantly different from one another at LSD (P≥0.05). 

 

CONCLUSION 

The biotic environment is 

conterminated with heavy metals. The 

contermination is a consequence of man 

industrial and domestic activities. The level of  

heavys contermination of the compost manure 

in the experiment is an indication that the our 

organic manure ( based on findings from this 

research) had high level of impurities It is 

evident from the present study the quality of 

food consumed may be a major determinant for 

health risk from the specific  heavy metal. 

Cereals were consumed in larger quantities and 

therefore major contributors of various metals 

in the study population. It is relevant to quickly 

mention that most cosmetic creams (used by 

ladies) and insecticides used by famers are also 

contains fairly high concentration of heavy 

metals. 

 

 

RECOMMENDATION 

Most tropical soils ordinarilly need 

inputs like fertilizer / organic materials to 

enhance the nutrients need of the agricultural 

soils. Based on the findings from this study, it is 

recommended that: (a) Sorting of waste would 

should be done to prevents contamination of the 

environment with both domestic and industrial 

wastes. This is achievable when subsequent to 

sorting, wastes are properly disposed with the 

aprropriate technologies of disposing. (i) 

hazardous, non-hazardous (ii) biodegradable 

and non biodegradable and (iii) medical  

components of wastes. (b) It is also 

recommended that industrial and domestic  

environments should be  suffiiciently seperated 

from agricultural environments. (c) It is also 

suggested that concious effort be made to 

ascertain the heavy metal content of organic 

manure/fertiliser prior to field application. 
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