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Abstract 

A single basis of heavy pollution may have severe impact on the health of human beings. 

Heavy metals go into the body system through air, food along with water and some bio-

accumulate over a time period. The uptake of heavy metals by plants such as maize (Zea 

mays) is a path of their way into the human food chain. Pollution of animal feedstuffs with 

heavy metals can cause negative impacts to animal health and can cause harmful effects to 

humans through food chain such as consumption of meat and milk products. For that 

reason, monitoring uptake of excess heavy metals in Zea mays grains and leaves is 

paramount in avoiding unnecessary exposure. Therefore, this study sorts to determine heavy 

metal uptake in Zea mays grains as well as leaves in diverse agro-ecological regions farms 

in Homa Bay County. The average concentrations of Zn, Cd, Cu, Co and Pb in Zea mays 

grains were 0.113, 0.225, 0.122, 0.042 and 0.324 mg/kg respectively and that of maize 

leaves were 0.119, 0.041, 0.115, 0.041 and 0.321 mg/kg, respectively. The average 

concentration levels of Zn, Co and Cu were within the acceptable FAO/WHO standards for 

both Zea mays grains and leaves except Cd and Pb which were slightly above. The maize 

grains of the research area are quite secure for consumption. Regular monitoring for these 

metals in food is vital in ensuring consumption of safe food and avoids bioaccumulation in 

the food chain. 
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INTRODUCTION 

 

Increased growth of industrialization as well as the intense use of, pesticides, herbicides and 

chemical fertilizer in agricultural lands, heavy metal pollutants have been regarded as part of 

the major severe environmental concern worldwide today (Pan et al., 2010). Heavy metals 

phyto-accumulation research is vital because food comprise a major source of human 

exposure to heavy metals (Koopmans et al., 2008). On top of certain concentrations and 

above a slight range, the heavy metals change into poisons (Athar & Ahmad, 2002). Hamid 

et al., (2010) and Appenroth, (2010) defined heavy metals as a group of elements having 

density higher than representative of soil minerals, plants, organic matter, about 5 g/cm. 

 

A single basis of heavy pollution may have severe impact on the health of human beings. 

Heavy metals go into the body system through air, food along with water and some bio-

accumulate over a period of time (Duruibe et al., 2007; UNEP/GPA, 2004). Heavy metals 

uptake by plants such as maize is a pathway into the food chain of human beings (Sharma et 

al., 2006; Kachenko and Singh, 2006; John et al., 2010). The speed of metal being taken up 

by a plant might be manipulated by aspects including types of metal, species of plants, age 
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of the plant and part of the plant (Amusan et al., 2005; Beesley et al., 2010; Singh et al., 

2010). Oluyemi et al., (2008) stated that at stumpy levels, heavy metal could result to lasting 

mounting effects on human and animal health.  

 

Maize (Zea mays L.) is a flowering plant in the family Gramineae and belongs to the grass 

family Poaceae (Agyei et al., 2018). Maize is recognized to be one of the major sources of 

food for people from prehistoric times. It is a cultivated plant with numerous valuable uses 

for human and animal (Lee et al., 2009; Ibrahim et al., 2015). It has an elevated composition 

of proteins, fats, carbohydrates, as well as vitamins and minerals (Guria, 2006). 

Additionally, maize can be utilized as animal feed and feedstock resource (Jompuk et al., 

2011).   

  

To achieve it’s ever rising demand for home consumption as well as demand for the market 

to sell abroad, farmers currently employ varying ways of farming including application of 

pesticides, compost manure, fertilizers and irrigating to increase yield at the same time take 

care of the maize (Ibrahim et al., 2015). Nevertheless, agricultural practices comprising of 

application of pesticides, phosphate fertilizers as well as refuse obtained composts may form 

significant cause of heavy metals from the soil (Li et al., 2009; Nagajyoti et al., 2010; 

Sarwar et al., 2017). 

 

Feed materials as well as animal feed can be spoiled with unwanted materials, which may 

initiate from the production process and/or surrounding environment (Fink-Gremmels, 2012; 

Streit et al., 2012; Adamse et al., 2017). A group of appropriate contaminants in feed 

material and animal feeds are such heavy metals along with elements (Dai et al., 2016; 

Adamse et al., 2017). Animals take in those contaminated feed and the contaminants can 

relocate to food originated from animal, which comprise of meat, milk and liver (Lopez-

Alonso, 2012). 

 

Health effect caused by consumption of heavy metals in humans include; respiratory 

diseases, cancers, kidney disease, brain damage, heart attack, anemia, chronic nephritis, 

encephalopathy and disease in digestive system among others (Mishra et al., 2010; Liu et 

al., 2013; Mahmood & Malik, 2014). 

 

A study done by Sulyman et al., (2015) found heavy metal concentration to be higher in 

maize grain (level of Copper (Cu) in the maize grain samples analyzed was 0.98mg/Kg and 

that of Zn was 2.01 mg/Kg). Khan et al. (2013) while assessing heavy metals found that 

agricultural soils and crops also form Cd level of 0.12 mg/kg which was higher than the 

limit (0.05 mg/kg) set by WHO/FAO in fruits and vegetables. In Kenya, a study done by 

Owiti, (2015) on chosen plants grown beside Nairobi River for taking up of copper, 

cadmium and zinc demonstrated that the level of the heavy metals in the leafy vegetables 

had fairly elevated levels along with elevated transfer factors of the heavy metals. Omambia 

& Simiyu (2014) while studying indigenous green vegetables contamination in Eldoret 

Town, Kenya on reported high levels Pb in vegetable species Solanum nigrum, Cleome 

gynandra and Amaranthus blitum was 630 µg/L, 600 µg/L and 640 µg/L which was above 

the WHO standards of 100 µg/L. Also the levels of Cd in S. nigrum, C. gynandra and A. 

blitum were 280µg/L, 190µg/L and 250µg/L which were above the WHO standards of 

30µg/L. 
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Our previous study on heavy metal concentrations in agricultural farms in Homa Hills Homa 

Bay County, Kenya revealed that the mean concentrations of Pb, Cd and Zn in soil sample 

surpassed WHO limits (Akenga et al., 2016). Monitoring uptake of excess heavy metals in 

maize grains as well as leaves is paramount in avoiding unnecessary exposure. Therefore, 

this study sort out to determine total heavy metal uptake in leaves and grains in varying 

agro-ecological zones in farms in Homa Bay County. 

 

METHODOLOGY 

 

Study area 

Homabay County is located between latitude of 0o 15’ South along with 0o 52’ South, and 

between longitudes of 34o East as well as 35o East (Homa Bay County Integrated 

Development Plan, 2013 – 2017). The study was conducted in Homahills which is situated 

around 50 km north of Kendu Bay. The area lying on the Nyanza Rift encloses an area of 

roughly 150 km2 (Lagat, 2010; Antony, 2012). Saggerson, (1952) stated that the Homa 

Mountain crest gets to an altitude of around 1571 m above sea level or of 610 m above the 

level of Lake Victoria. Homa hills area is characterized by black cotton soils and dark loam 

soils, which are derivatives of basalts, tuff, rhyolites and andesite. The Bala hot spring also 

dominates the irrigated farms in some parts of Kauma and Kakdhimu location. The greater 

Lake Victoria is situated on the eastern parts next to Kendu-Bay all the way to Kakdhimu 

location (Lagat, 2010). The main economic activity include, fishing, rain fed agriculture, 

keeping of livestock and trade. Main crops planted include maize, millet and beans for home 

utilization as well as trade. 

 

Experimental Procedures 

 

Plant material 

The species chosen for gathering plant samples are very common grains used in human 

nourishment for they are rich in carbohydrates. Maize plant was chosen specifically because, 

among other cereals, it is frequently taken by residents as a stable food and they can 

accumulate heavy metals, especially without illustrating noticeable phytotoxicity signs, a 

reality that increases the danger to human health.  

 

Sample collection and preparation  

Two agro-ecological zones were purposively sampled and where intense maize farming is 

carried out. The two zones were Lower Midland 3 where Kanam B location falls and Lower 

Midland 4 Kokoth Katang location falls. Six farms in each sub-location were purposely 

sampled. A line transect was used to identify the sites where maize and maize leaves 

samples were collected. 

 

The maize grains samples were dehusked into grains and two leaves were picked in five 

plants in each selected sites randomly. The leaves and grains were stored in clean khaki 

bags. From every location, 5g of the sample was measured and put into various containers. 

The samples were dried from every container in a burning air circulating oven at 70oC 

(Gallenkemp DV 330) for 18-24 hours. The samples from the various containers were then 

mixed up jointly after which they were standardized with a mixer crushed to powder. Plant 

samples on the ground were subsequently gathered into marked plastic bags after which they 

were put in a desiccator waiting for analysis in the laboratory. 
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Sample Analysis  

A 0.3 g of finely ground dried grain samples were weighed and placed into separate pre 

cleaned digestion tubes. A 4.4mL of the digestion mixture and reagent blanks were put into 

every tube. At 350 0C the tubes were heated in a block digestion at for 2 hours until it 

became colourless. Then the tubes were detached from the digester and it was left to cool at 

the normal room temperature. Distilled water of 25 mL was then added, thoroughly mixed 

and topped up to 50 millilitres with distilled water. The contents were finally relocated into a 

50 millilitres volumetric flask after which they were left to settle. The clean solution was 

finally decanted and Pb, Cd, Co Zn and Cu concentrations was determined using Inductive 

couple plasma (Perkin-Elmer OPTIMA-2000, USA). 

 

Statistical analysis 

Data collected was statistically analyzed using SPSS and results presented as charts and 

percentages. One-Way ANOVA and T-test was employed to judge levels of heavy metals 

from maize grains as well as leaves, also from diverse agro ecological zones.  

 

RESULTS 

 

Mean heavy metal concentrations in maize grains and leaves collected from Homabay 

County Agro-ecological zones 

 

The mean heavy metal concentrations of Pb, Cd, Zn, Cu and Co in maize grains and leaves 

collected from Homabay County Agro-ecological zones are shown in figure 1 below.  

 

 
Figure 1: Mean levels of heavy metal ion concentrations in different region found in 

grains and leaves 

 

The mean concentration of Zn, Cd, Cu, Co and Pb, in maize grains were 0.113, 0.225, 0.122, 

0.04224 and 0.324 mg/kg correspondingly and that of maize leaves were 0119, 0.041, 0.115, 

0.041 and 0.321 mg/kg respectively. 

 

Comparisons of metal ion concentrations between grains, leaves and agro-ecological 

zones 

To determine if there existed significant differences in the concentration of heavy metals in 

maize grain in the two sampled sites in Homabay Agro-ecological zones, T-test was 

performed. The outcomes are presented below. 
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Table 1: T- test results comparing heavy metal concentrations in the grains from two 

sites in Homa Bay County 

Types of heavy 

metals 

Mean 

Kana

m B 

Mean 

Kokot

h 

Kata 

T DF Significance 

(2-tailed) 

Mean 

Difference 

Zn 0.120 0.122 0.158 10 0.878 0.333 

Cd 0.040 0.050 1.587 10 0.896 0.003 

Cu 0.120 0.119 0.307 10 0.765 0.167 

Co 0.045 0.044 1.0 10 0.341 0.167 

Pb 0.353 0.342 2.004 10 0.073 2.333 

 

According to T- test results above, the p-values of Zinc, Copper, Cobalt and lead were 

0.878, 0.765, 0.341 and 0.073, correspondingly. They were above 0.05 significance level 

indicating there was no significance at 95 % in the content of heavy metals in grains.  

 

To determine if there existed significant differences in the concentration of heavy metals in 

maize leaves in two sampling sites in Homabay Agro ecological zones, a T-test was done. 

The products are presented below. 

 

Table 2: T- test results comparing heavy metal concentration in maize leaves from two 

sites in Homa Bay  
Mean 

Kanam B 

Mean 

Kokoth 

Kata 

t DF Significance (2-tailed) Mean Difference 

Zn 0.129 0.125 0.374 10 0.716 0.833 

Cd 0.036 0.042 1.754 10 0.110 0. 667 

Cu 0.123 0.123 0.200 10 0.845 0.167 

Co 0.045 0.043 1.581 10 0.145 0.333 

Pb 0.347 0.340 0.877 10 0.401 1.333 

 

According to the t-test results above, the p-values of Zn, Cd, Cu, Co and Pb were 0.716, 

0.110, 0.845, 0.145 and 0.401, respectively. They were above 0.05 significance level 

indicating there was no significance at 95 % in the level of the heavy metals ions in the 

leaves.  

 

To determine whether there was significant difference in the concentration of heavy metals 

in grain and leaves in two sampling sites in Homabay Agro ecological zones, a t-test was 

performed. The products are as shown in table 3 below. 
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Table 3: T- test results of heavy metal ion concentrations in maize leaves and grains in 

Homa Bay County 

 

 

According to t -test results above, the p- values of Cd was 0.001 below the 0.05 significance 

level indication significance at 95 %. The p values of Zn, Cu, Co, and Pb were 0.404, 0.175, 

0.557and 0.413 respectively. They were above 0.05 significance level indicating there was 

no significance at 95% in the content of heavy metals in grains in Uasin Gishu County.  

  

Comparison of Heavy metals in Grains and leaves with WHO/FAO standards 

The obtained heavy metal ion concentrations from the maize grains and leaves from various 

sampling sites were compared to the recommended WHO/FAO standards and presented in 

Table 4. 

 

 
 

Figure 2: Mean heavy metals in grains and leaves in Homa Bay County and the 

maximum recommended concentration in food crops (FAO/WHO, 2001). 

 

The mean concentrations of Zn, Cu and Co were less than the acceptable limits laid down by 

(FAO/WHO, 2001; Maleki et al., 2014) while that of Cadmium and lead were barely 

beyond the standards.  

 

 
Grains 

Mean 

value 

Leaves 

Mean 

value 

T DF Significance (2-tailed) Mean Difference 

Zn 0.113 0.119 0. 851 22 0. 404 1.250 

Cd 0.225 0.041 4.022 22 0. 001 0.833 

Cu 0.112 0.115 1.402 22 0.175 0.667 

Co 0.042 0.041 0.596 22 0.557 0.083 

Pb 0.324 0.321 0.834 22 0.413 0.833 
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DISCUSSION  

 

Heavy Metal content in maize grains in Homa hills Homabay County 

 

In this research, the average concentration levels of Zinc, Cadmium, Copper, Cobalt and 

Lead in maize grains from Homabay agro-ecological zones were 0.113, 0.225, 0.122, 0.042 

and 0.324 mg/kg correspondingly. The average concentration of lead was the highest while 

Cobalt was the lowest and the order of concentrations were Pb>Cd>Cu>Zn>Co. This is 

almost similar to those reported by Tegegne, (2015) in Ambo City, Ethiopia where the 

recorded Zn mean level in Maize grains was 0.66 mg/kg. Kibet et al., (2019) while assessing 

heavy metal in maize corn recorded similar levels of 0.04 mg/kg in Pb. Kibet et al., (2019) 

also recorded low levels of cadmium of 0.05 which was lower than our study. Tegegne, 

(2015) could not detect any concentration of cadmium in maize grains form Nigeria. Cupper 

levels were same as those reported by Tegegne, (2015), where 0.13 mg/kg was recorded in 

maize grains. Shobha, & Kalshetty, (2017) reported a higher levels of cupper in wheat grains 

from Bagalkot, India to range from 3.15 mg/kg to 4.15 mg/kg. Lastly, cobalt levels were the 

lowest in our study, Tegegne, (2015) reported slightly high concentrations of 0.24 mg/kg 

which was below FAO/WHO standards in both studies. Shobha, & Kalshetty, (2017) 

reported a higher levels of cobalt in wheat grains from Bagalkot, India to range from 0.13 

mg/kg to 0.49 mg/kg.  

 

There was no significant difference in the levels of Zinc, Cadmium, Cobalt, Copper and lead 

in maize grains recorded from Kanam B and Kokoth Kata Location this could be attributed 

to same parent rock and agricultural practices. 

 

Heavy Metal content in maize leaves in Homa hills Homabay County 

The mean concentration of heavy metals inside maize leaves in Homabay County agro-

ecological zones were 0119, 0.041, 0.115, 0.041 and 0.321 mg/kg for Zn, Cd, Cu, Co and 

Pb, in maize leaves were respectively. Concentrations of heavy metals of Zinc, Copper, 

Cadmium and Cobalt in maize leaves were below the permissible limits recommended by 

FAO/WHO except Pb. 

 

A study done by Ibrahim et al., (2015) while assessing Heavy metal concentration (Pb, Cu, 

Fe, Zn, Ni) in plant parts of Zea mays L. cultivated in agricultural area near Alor Gajah, 

Melaka, Malaysia recorded accumulation levels of Pb and Fe in maize plants which were 

above the maximum levels as stipulated by the Malaysian Food Act (1983) and Food 

Regulations (1985). Kibet et al., (2019) recored concentration of Pb, Cd and Zn in leaves to 

be 0.01, 0.02 and 026 mg/kg around Fluorspar mining Plant, Kenya. The concentration was 

similar to our study. 

 

There was no significant difference in the concentration of Zinc, Cadmium, Cobalt, Copper 

and lead in maize leaves recorded from Kanam B and Kokoth Kata Location this could be 

attributed to same parent rock and agricultural practices. 

  

The p-value of Cd was significant in grain and leaves from Kanam B and Kokoth Kata 

Location. This could be attributed to the different parts of the plant.    
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CONCLUSION AND RECOMMENDATION 

 

Maize grain and leaves samples from the five regions were found to contain lead, cadmium, 

zinc, copper and cobalt. The levels of zinc, copper and cobalt were above the acceptable 

limits recommended by FAO/WHO except Cd and Pb which were slightly above the 

recommended level. Frequent examination of heavy metals in vegetables along with other 

foodstuffs must be done so as to control excessive assemblage of the heavy metals in the 

food chain of human beings. 
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