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Background: Accumulation of heavy metals in the human body may result in 

toxic effects. They are universally found in the earth's crust and tend to accumu-

late in crops grown in heavily contaminated soil and hence enter the food chain. 

On the other hand, some mineral elements are required in a small amount 

(micronutrients) or large quantity (macronutrients) for the proper functioning of 

both plant and animal body systems. 

Objectives: This study determined the toxic and mineral elements in rice (Oryza 

sativa) varieties produced in three locations of Niger State, North-Central, Nige-

ria.   
Methods: Toxic and mineral elements analysis was conducted on rice samples 

obtained from three locations in Niger State. Calcium (Ca), Magnesium (Mg),  

Phosphorus (P), Copper (Cu), Manganese (Mn), Zinc (Zn), Nickel (Ni), Cadmi-

um (Cd), Chromium (Cr) and Lead (Pb) were analyzed using Atomic Absorp-

tion Spectroscopy, while Sodium (Na) and Potassium (K) were determined using 

a photoelectric flame photometer.  
Results: Sodium concentrations ranged from 1.33 mg/kg to 1.41 mg/kg; potassi-

um, 3.22 mg/kg to 3.97 mg/kg; calcium, 0.67 mg/kg to 0.88 mg/kg; magnesium, 

7.20 mg/kg to 8.25 mg/kg;  phosphorus, 5.82 mg/kg to 7.22 mg/kg; copper, 0.40 

mg/kg to 1.35 mg/kg; manganese, 0.15mg/kg to 0.25 mg/kg; zinc, 1.60 mg/kg to 

2.90 mg/kg; and nickel, 2.21 mg/kg to 2.24 mg/kg. Lead, cadmium and chromi-

um were not detected in the rice samples.  
Conclusions: While the toxic metals (Pb, Cd and Cr) were not detected, the 

concentrations of heavy metals (Cu, Mn, Zn and Ni) were lower than the FAO 

and WHO recommended level. It can therefore be concluded from this study that 

rice produced from these locations at the time of study is safe and may not pose 

immediate health hazards to consumers.   
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INTRODUCTION 

 During the past few decades, the contami-

nation of food items has become common and the 

sources of pollutants include industrial processes 

and anthropogenic activities such as the applica-

tion of fertilizers, pesticides and improper waste 

disposal (Smith, 2009; Cao et al., 2010). The 

heavy metals contaminate food sources and accu-

mulate in both agricultural products and seafood 

through the consumption of water, contact with 

air and soil (Galadima and Garba, 2012). Some 

heavy metals are essential elements because the 

body needs them at a low level (Agha et al., 

2019). Example of essential heavy metals are 

Manganese (Mn), Iron (Fe), Copper (Cu) and 

Zinc (Zn). Other metals like cadmium (Cd), lead 

(Pb), arsenic (As) and chromium (Cr), are toxic 

and may pose a threat to living organisms. Many 

of these metals, such as cadmium, lead and 

chromium, are carcinogens and are involved in 

non-communicable diseases, including Alzhei-

mer’s, Parkinson’s, multiple sclerosis, osteopo-

rosis, developmental disorders and failure of 

several organs e.g., heart, kidney, lungs, im-

mune system (Mohamed and Khairia, 2012). 

Also, different studies have shown varying 

amounts of heavy metals in various food items 

in Nigeria (Lanre-Iyanda and Adekunle, 2012; 

Edward et al., 2013; Iniebiyo and Atieme, 

2018). 

 Rice (Oryza sativa L.) is the most widely 

consumed staple food and main leading dietary 

energy provider among Nigerians and is an im-

portant source of employment and income gen-

eration for  rural areas in the rice-growing  
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zone (Lenn et al., 2019). It contains the essential nu-

trients that provide the body with energy and miner-

als; while some pigments found in rice help to pre-

vent atherosclerosis and anti-inflammatory disorder 

(USDA, 2011). As the rice crop plays a very im-

portant dietary role in Nigeria's economy, so, any 

degradation in its quality is highly unacceptable. 

Consumption of contaminated foods has serious im-

plications on the health and economic status of the 

populace (Agha et al., 2019). This study therefore 

determined the toxic and mineral elements in rice 

(Oryza sativa L.) varieties produced in three loca-

tions of Niger State, North-Central, Nigeria. 

 

MATERIALS AND METHODS 

Materials  
 Parboiled rice samples were sourced from 

three locations in Niger State. Kwakuti rice was ob-

tained from Kwakuti village in Paiko Local Govern-

ment Area of Niger State; Yankpakochi rice was ob-

tained from Sidi-Agba village in Katcha Local Gov-

ernment Area of Niger State; and Manbechi rice was 

obtained from Dadi village in Bida Local Govern-

ment Area of Niger State. The samples were trans-

ported to Step-B laboratory, Bosso Campus of the 

Federal University of Technology, Minna for heavy 

metals/trace elements analysis.  

 

Methods 

 The assessment of heavy metals was per-

formed using the method described by (USDA, 

2011). The parboiled rice samples were oven-dried 

at 105 oC to constant weight for 2 hours, cooled to 

room temperature and ground to a fine powder using 

Kenwood electric miller. Exactly 1g of the ground 

sample was quantitatively transferred into a well-

glazed porcelain crucible, placed in a muffle furnace 

and ashed at 450 oC for 12 hours. The resultant ash 

was cooled to room temperature and dissolved to a 

clear solution with 5 mL of 5M HNO3. The residue 

was then filtered into a calibrated 50 ml volumetric 

flask using Whatman No. 41 filter paper and the so-

lution was made up to mark with deionized water. 

The concentrations of the metals in the digests were 

determined by aspirating the solution into a Perkin 

Elmer AS 3100 flame atomic absorption spectropho-

tometer while Sodium (Na) and Potassium (K) were 

determined using a photoelectric flame photometer 

after the necessary standardization procedures. 

 

Statistical Analysis 

 The analyses were conducted in triplicates. 

Data obtained were subjected to one-way Analysis 

of Variance (ANOVA) and differences among 

the means were determined using Duncan multi-

ple range tests (DMRT). Statistical Package for 

the Social Sciences (SPSS) version 23.0 was 

used to analyse the data and p<0.05 was consid-

ered to be statistically significant. 

 

RESULTS AND DISCUSSION  

 Living organisms require varying amounts of 

mineral elements. Sodium, potassium, calcium, 

magnesium, phosphorus, copper, manganese, 

zinc, and nickel are required for biochemical 

processes. Excessive levels can be harmful to 

human health. Other elements such as cadmium, 

chromium, and lead are toxic and their accumu-

lation over time in the living organisms can 

cause serious effects (Onsanit et al., 2010). 

 The results of the toxic and mineral elements 

analysis of the samples are shown in Table 1. 

The result shows that sodium concentrations 

range from 1.33 mg/kg to 1.41 mg/kg; potassi-

um, 3.22 mg/kg to 3.97 mg/kg; calcium, 0.67 

mg/kg to 0.88 mg/kg;  magnesium, 7.20 mg/kg 

to 8.25 mg/kg;  phosphorus, 5.82 mg/kg to 7.22 

mg/kg; copper, 0.40 mg/kg to 1.35 mg/kg; man-

ganese, 0.15 mg/kg to 0.25 mg/kg; zinc, 1.60 

mg/kg to 2.90 mg/kg; and nickel, 2.21 mg/kg to 

2.24 mg/kg.  The result also shows that the con-

centrations of the heavy metals: lead, cadmium 

and chromium were not detected in the rice sam-

ples. 

 The average values of Na, K, Ca, and Mg 

were lower compared with the studies of Zhang 

(2009) and Yap et al. (2009). The variety and the 

environmental condition can be the reason for 

the difference. The obtained results showed that 

the average values of trace elements Zn, Cu, Mg 

and Mn were less than the similar data reported 

by Usman and Filli (2011) and Nwachoko et al. 

(2012). Nickel is known to be responsible for 

cancer, depression, heart attacks, kidney dys-

function, low blood pressure, malaise, muscle 

tremors and paralysis, nausea, skin problems and 

vomiting (Lokeshappa et al., 2012; Mahmood et 

al., 2015). The nickel level was observed to be 

lowest compared with the literature reviewed. 

Umar et al. (2013) found an average of 3.3 mg/

kg in wild rice samples collected in Kaduna 

State and Emumejaye (2014) reported nickel 

was in the range of 0.05–2.37 mg/kg in rice sam-

ples consumed in Delta State. Lead is a very tox-

ic element and chronic exposure, even at low 

levels, is associated with several health risks 

(Batista, 2012). The commission regulation of 
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the European Union (2006) stated the intake of nick-

el and chromium from the average diet is estimated 

to be about 75 and 150 µg/day (about 1.25 and 2.5 

µg/kg body weight/day) respectively. Some studies 

have indicated excessive amount of heavy metals 

including Zn, Cu, Pb, Mn, Ni, Cr, Cd in crops and 

vegetables; and this is associated with sewage and 

industrial wastewater used for irrigation in agricul-

ture activities (Sinha et al., 2006; Sharma et al.,  

2007; Gupta, et al., 2008; Mahmood et al., 2015). 

However, chromium, cadmium and lead were not 

detected from the rice samples; this may be a result 

of total dependence on rainfall agriculture and low 

or none anthropogenic activities in the three loca-

tions. The result showed that for all metals, at the 

95% confidence level, the means were significantly 

  different (p<0.05). The source for this signifi-

cant difference between sample means may be 

the difference in mineral contents of soil, pH of 

soil, pesticides and insecticides used during cul-

tivation. 

 

CONCLUSION  

 The results showed that the concentrations of 

heavy metals and trace elements were lower than 

the FAO and WHO recommended levels. It can 

therefore be concluded from this study that rice 

produced from these locations are safe, and may 

not pose immediate health hazards to consumers.  

Toxic and Mineral Elements
  

KR (mg/kg)  YR (mg/kg)  MR (mg/kg) 

Na 1.33b±0.76 1.38b±0.45 1.41a±0.24 

K 3.97a±3.50 3.22c±2.00 3.61b±0.50 

Ca 0.88a ±0.01  0.67b±0.04 0.86a±0.03 

Mg 8.25a ±0.00  7.20c±0.00 8.07b±0.03 

P 5.82c±0.01 6.83a±0.00 7.22a±0.02 

Cu 1.35a±0.15  0.40a±0.00 0.40a±0.00 

Mn 0.15b±0.05 0.20b±0.00 0.25a±0.05 

Zn 2.90d±0.01 1.60d±0.02 2.00d±0.01 

Ni     2.24b±0.01 2.32b±0.10 2.21a±0.02 

Pb ND        ND         ND         

Cd ND        ND         ND         

Cr ND        ND         ND         

Table 1: Concentrations of toxic and mineral elements in the rice samples  

Values are mean ± standard error. Means on the same column with different superscript letter are significantly 

different (p<0.05) while those with the same superscript letter are not significantly different (p>0.05). 

KEYS: KR- KWAKUTI RICE; YR- YENKPAKOCHI RICE; MR- MANBECHI RICE; ND- NOT DETECTED  

Toxic and Mineral Elements KR (mg/kg) YR (mg/kg) MR (mg/kg) FAO/WHO (mg/kg) 

Na 1.33b±0.76 1.38b±0.45 1.41a±0.24 - 

K 3.97a±3.50 3.22c±2.00 3.61b±0.50 - 

Ca 0.88a ±0.01 0.67b±0.04 0.86a±0.03 - 

Mg 8.25a ±0.00 7.20c±0.00 8.07b±0.03 - 

P 5.82c±0.01 6.83a±0.00 7.22a±0.02 - 

Cu 1.35a±0.15 0.40a±0.00 0.40a±0.00 10 

Mn 0.15b±0.05 0.20b±0.00 0.25a±0.05 40 

Zn 2.90d±0.01 1.60d±0.02 2.00d±0.01 50 

Ni   2.24b±0.01 2.32b±0.10 2.21a±0.02 - 

Pb ND        ND        ND        0.2 

Cd ND        ND        ND        0.5 

Cr ND        ND        ND        - 

Table: 2 Concentrations of toxic and mineral elements in the rice samples compared with FAO/WHO 

Standards  

*Source; FAO/WHO, 2011; AL-Rajhi, 2014. 

Values are mean ± standard error. Means on the same column with the different superscript letters are significantly different 

(p<0.05) while those with the same superscript letter are not significantly different (p>0.05). 

KEYS: KR- KWAKUTI RICE; YR- YENKPAKOCHI RICE; MR- MANBECHI RICE; ND- NOT DETECTED  
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