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ABSTRACT 
 
Rice is a staple food in Nigeria and can be a 
source of exposure to heavy metals for the 
Nigeria people. Samples of Nigerian grown, 
processed and packaged rice commonly sold in 
Nigeria were collected from markets within the 
Federal Capital Territory (FCT), Abuja, Nigeria, 
prepared according to standard methods, and 
analyzed for heavy metals using inductively 
coupled plasma - optical emission spectrometry 
(ICP-OES). From the results of the study, the 
mean concentration of heavy metals; Cd, As, Ni, 
Pb, Cu, Co and Hg in the rice samples ranged 
from 0.0017 to 0.4099 mg/kg with the exception of 
Co which was below detectable limit. The mean 
concentrations of the heavy metals were below 
maximum permissible limit of the metals in rice by 
FAO/WHO.  
 
The estimated daily intake (EDI) of each heavy 
metal through ingestion of rice samples ranged 
from 0.000011 to 0.0024 mg/kg/day and are within 
international acceptable limit of their  daily intake 
(ADI) for both adult and  children population. 
Hazard quotient (HQ) ranged from 0.04 to 1.83 
(for adult population) and 0.05 to 3.20 (for children 
population), HQ was less than one for most of the 
metals. The hazard index (HI) ranged from 1.3 to 
3.0 and 2.17 to 4.90 for adult and children 
population respectively, HI of the heavy metals 
was greater than one in all the rice samples. 
Incremental lifetime cancer risk (ILCR) value for 
carcinogenic heavy metals (Cd, Cr, As, Ni and Pb) 
ranged from 4E -7 to 1E -3 and these values were 
greater than safe limit for cancer risk.  
 
Rice samples may not present adverse health 
effect in adult population, except from those rice 
samples with high cadmium content, possibility 

exist of adverse health effect in children 
population due to high cadmium intake. There 
may be probability of potential health risk through 
consumption of some of the rice samples for both 
adult and children population due mainly to 
arsenic. Consumption of the heavy metals 
combined in the rice samples may lead to chronic 
health effects and probability of cancer risk exist 
from carcinogenic heavy metals except Pb. 

 
(Keywords: rice, heavy metals, estimated daily intake, 

hazard quotient, incremental lifetime cancer risk). 
 
 
INTRODUCTION 
 
Rice is a major staple food in Nigeria, and it is 
grown in large quantities. In sub-Saharan Africa, 
Nigeria is the largest producer and consumer of 
rice (FAO, 2019), with a population of over 198 
million (Odunsi, 2018). Not until recently when 
rice production was intensified increasing the 
quantity of rice produced in the country, which led 
to the spring up of rice processing and packaging 
industries (most of which buy from farmers, 
process and bag rice to meet international 
standards), most rice consumed in Nigeria was 
imported from other rice producing countries. 
Presently the predominant rice sold in the 
Nigerian market is domestically grown rice with 
minimal presence of imported rice.  
 
Rice is an important source of nutrition to the 
Nigerian people, providing dietary calorie intake. 
It contains carbohydrates, protein, fiber, vitamins 
E and B, zinc, and magnesium (Awika, 2014). 
According to Nayar, 2014 rice provides more 
energy to humans than all other cereal grains 
and crop plants, except oats (Juliano, et al, 
2019). Proximate, mineral and toxicants 

http://www.akamaiuniversity.us/PJST.htm
mailto:hkelle@noun.edu.ng


The Pacific Journal of Science and Technology               –263– 
http://www.akamaiuniversity.us/PJST.htm                                                Volume 22.  Number 1.  May 2021 (Spring) 

compositions of food can provide information 
about nutritional value of food (Abdul-Hamid, et al, 
2007). The chemical composition of some fifteen 
different varieties of rice grown in Nigeria was 
studied by Oko, et al (2012) who reported that 
carbohydrates content ranged from 51.50 to 86.90 
%, maximum ash content was 2.0 % while the 
energy value ranged from 262.94 to 398.82 %. 
Fat content (0.5 to 3.5 %), fiber content (1.0 to 2.5 
%) and moisture content (5.00 to 9.60%) were 
found to be relatively low. Highest concentrations 
of calcium, magnesium, potassium and sodium 
ions were 0.13, 0.26, 0.55, 0.23, and 0.17 %, 
respectively. However, they did not investigate the 
toxicant (heavy metal) composition. 
 
The presence of heavy metal ions in rice is one of 
the greatest health problems facing the nutritional 
benefits of rice. Many plant species are good 
absorbers of heavy metals from soil, and rice is a 
good example. Rice can easily absorb cadmium 
and arsenic from soils (Chi et al, 2018). Heavy 
metals absorbed by rice from soil can be 
eventually consumed by humans.  Heavy metals 
occur naturally in trace amounts in the 
environment; however anthropogenic activities 
have made their presence in the environment 
more than their normal background 
concentrations, causing adverse effects to both 
plants and animals.  
 
Heavy metals interact with cell components and 
organelles causing DNA damage, cell modulation, 
carcinogenesis and organ damage making them 
toxic (Chang, et al., 1996; Wang and Shi, 2001, 
Beyersmann and Hartwig, 2008). Heavy metals 
such as iron, zinc, copper, manganese, cobalt, 
magnesium, chromium, molybdenum, nickel, and 
selenium are essential elements required for 
healthy development in both animals and plants; 
however, at elevated levels they exert adverse 
health effects (WHO/FAO/IAEA, 1996).  
 
Metals such as arsenic, cadmium, chromium, 
lead, and mercury are priority pollutants because 
they are toxic at low concentrations causing 
multiple organ damage. Arsenic can cause 
nervous, respiratory, cardiovascular, 
gastrointestinal, and hematologic problems and is 
a carcinogen (ATSDR, 2009). Cadmium causes 
skeletal, urinary, reproductive, cardiovascular, 
central and peripheral nervous, and respiratory 
system problems and it is carcinogenic (Rafati, et 
al, 2017). Toxicity of chromium is associated with 
hexavalent chromium compounds; however, 
trivalent chromium compound which is an 

essential trace element in humans and animals 
can exert little toxic effect at high concentrations. 
Hexavalent chromium compounds cause 
bronchial carcinomas, gastro enteritis, and 
hepatocellular deficiency (Deng, et al., 2019) and 
are classified as a human carcinogen by the 
International Agency for Research on Cancer. 
Nickel can also cause contact dermatitis, 
cardiovascular disease, asthma, lung fibrosis, 
and respiratory tract cancer (Chen, et al., 2017).  
 
Sources of heavy metals include discharge of 
industrial heavy metal containing waste, fertilizers 
used in intensive farming (containing Cd and Pb 
as impurities), livestock manure (containing Cu, 
Zn and As) (Shi, et al., 2011), crude oil and 
petroleum products, pesticides, stack or duct 
emissions of air, gas or vapor streams and 
fugitive dust emissions (Wuana and Okiemen, 
2011), mining and milling processes (DeVolder, 
2003) exhausts fumes, electronic/communication 
and domestic waste dumps, and paint dust 
(Nduka. et al., 2019). 
 
Though Nigeria is not an industrialized nation, it 
is one of the major oil-producing countries and 
ranks first in oil production in Africa (USEIA, 
2020). Oil exploration and production as well as 
refinery activities release crude into the 
environment (soil and water) which contaminates 
the surrounding soils with heavy metals. Gas 
flaring phenomenon cannot be over emphasized 
in Nigeria; since the inception of production of 
crude oil in the country, Nigeria has been flaring 
natural gas associated with crude oil. According 
to World Bank, Nigeria is the seventh largest 
natural gas flaring country in the world (World 
bank, 2020). Gas flaring releases semi-volatile 
and volatile heavy metals in the environment 
(Ogbenejoboh, 2005; Alani, et al., 2020), such as 
arsenic, cadmium, lead and mercury 
(Ogbenejoboh, 2005).  
 
Heavy metals in the atmosphere can be 
distributed over a wide area and other regions of 
the country by natural air currents unless they are 
removed from the gas stream by dry and/ or wet 
precipitation mechanisms. In the atmosphere, the 
volatilized metals will convert to oxides and 
condense as fine particulate, by atmospheric 
deposition they get into soil and water.  
 
Fertilizers, livestock manure and pesticides are 
extensively used in farming practices which is the 
main occupation of about 36.5 % of Nigeria 
population (FAO, 2018). Application of fertilizers, 
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livestock manures and pesticides over prolong 
period of time can greatly add to the heavy metal 
burden of soil.  
 
Automobile and auto-panel workshops which are 
unregulated and indiscriminately sited in most 
parts of Nigeria can release heavy metals into soil 
through car repair activities. Car repair activities 
utilizes petrol, diesel, and lubricating oils, it 
includes re-painting of cars which involves 
scraping off old paint (releasing paint dust) from 
the vehicle, and body work before application of 
new paint. Decomposition of abandoned vehicles 
at automobile and auto-panel workshops also 
releases heavy metals. Components of 
automobiles such as connecting rods, power 
supply boxes, vehicular crankshafts, batteries, 
engine blocks, switches, head lamp bulbs, break 
lights, and other components may contain 
chromium, nickel, titanium, and copper 
(Kalpakjian and Schmidt, 2006), so when vehicles 
are abandoned over long periods of time these 
heavy metals are released. Car paint dust 
contains cadmium, chromium and nickel which 
are released into the environment during scraping 
off of old paint from a vehicle before repainting 
(Nduka. et al., 2019).  
 
Solid waste is improperly managed in Nigeria; 
indiscriminate disposal of solid wastes such as 
electronic/communication and domestic waste can 
contaminate the soil with heavy metals.  
 
Though there has been research done on 
assessments of heavy metals in rice grown in 
some parts of Nigeria, there is still limited 
information as the work done does not cover most 
of the locally produced rice in Nigerian market. 
Determining the level of heavy metals in various 
rice samples of different rice companies from 
different parts of the country will help to provide 
better information on the heavy metal content of 
rice grown in Nigeria, and its health implication on 
the entire populace. In addition, the result of the 
study can help arouse interest in the wider 
research community on assessing heavy metals 
in rice grown in other rice producing nations, and 
its health risk, so as to ensure food safety while 
talking about food security. 
 
This study is aimed at determining the 
concentration of heavy metals (Cd, Cr, As, Ni, Hg, 
Pb, Co, and Cu) in rice grown, processed, and 
package in Nigeria and health risk assessments of 
these heavy metals in the rice samples. The study 
can yield results that can help relevant authorities 

form baseline information on policy formulation, 
monitoring and control to safeguard public health. 
 
 
MATERIALS AND METHODS 
 
Standard and Reagents 
 
The following reagents were used in the study; 
Ultrapure HNO3 and HCl from Merck, Darmstadt, 
Germany, Accustandard QCSTD – 27 multi –
element stock standard solution (New Haven, 
USA), deionized water and ultrapure Merck 
LichCrosov water from Merck, Darmstadt, 
Germany. All standards and reagents were 
stored according to manufacturer’s 
recommendation until use. 
 
 
Sample Collection 
 
Nine (9) rice brands grown, processed and 
packaged in Nigeria by different rice processing 
and packaging industries located in different 
regions of the country, commonly sold and eaten 
in Nigeria  were purchased in January, 2020 from 
Mpape and Wuse markets both located in the 
Federal Capital Territory (FCT), Abuja, Nigeria. 
The samples were stored in properly labelled 
polyethene bags and taken immediately to the 
laboratory, sieved through a ThermoFisher 
scientific sieve of 100 mesh to remove impurities 
and stored again in well labelled polyethene bags 
prior to analysis. The samples are limited to nine 
(9) brands because the number of rice 
processing and packaging industries are few 
presently. 
 
 
Sample Preparation 
 
Each rice sample was ground using an electric 
milling machine and sieved through a 0.5 mm 
ThermoFisher scientific sieve. 2 g of sieved rice 
sample of particle size less than 0.5 mm (< 0.5 
mm) was weighed into a beaker and 15 ml 
mixture of freshly prepared HNO3 and HCl (aqua 
regia) in a ratio of 1.3 was added to the sample 
and heated on a hot plate inside a fume 
cupboard at a temperature of 110OC until volume 
reduced to about 2 ml. The mixture was allowed 
to cool and filtered through a Whatman 110 mm 
filter paper into a beaker and transferred into a 50 
ml standard volumetric flask and made to mark 
with deionized water. The digest was analyzed 
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for heavy metals (Cd, Cr, As, Co, Hg, Pb, Ni, and 
Cu) at the respective wavelengths of the metals 
and limits of detection (0.0001 mg/L, 0.0004 mg/L, 
0.003 mg/L, 0.0004 mg/L, 0.00006 mg/L, 0.001 
mg/L, 0.0005 mg/L, and 0.0008 mg/L, 
respectively) and limits of quantification mg/kg (3 
x LOD of each metal)) using inductively coupled 
plasma - optical emission spectrometry (ICP-
OES) Agilent 720 ICP-OES (Agilent Technology, 
Inc, USA).  
 
The samples were introduced into the ICP – OES 
machine using Agilent SPS3 autosampler. 
Reagent blanks were analyzed with each batch of 
samples to ensure reliability of the results.  
Calibration and quality control (QC) solutions were 
prepared from AccuStandard QCSTD-27 multi-
element solution. Ultrapure Merck Lichrosolv 
water was used for dilution of standards and 
quality control (QC) solutions. These were also 
stabilized in high purity 2% v/v concentrated nitric 
acid (HNO3). The linearity of the calibration curves 
of the heavy metals was evaluated by determining 
the coefficient of correlation (r2). The analysis was 
performed in triplicate n equals 3 and results 
presented as mean ± standard deviation. The 
accuracy of determinations was verified by spiking 
samples with 0.4 mg/L of the standard solutions of 
the metals prior to digestion; both samples for 
accuracy determination and the test samples were 
subjected to the same analytical conditions. The 
percentage recovery was obtained from the 
equation: 
 
% Recovery =  
 

                                           
(1) 

 
The percentage recoveries ranged from 91% to 
107%. 
 
 
HUMAN HEALTH RISK ASSESSMENT 
 
Estimation of Daily Heavy Metal Intake 
 
The health risk posed to consumers of the rice 
samples was determined by dietary intake of 
heavy metals and compared with their established 
acceptable daily intake (ADI, mg/kg bw)). The 
estimated daily intake (EDI, mg/kg/day)) of heavy 
metals through the rice consumption was 

calculated by using the equation given below 
(USEPA, 2000): 
 
EDI =       (2) 
 
Where, CR is the average concentration of heavy 
metals in the rice samples (mg/kg), and IR is the 
daily rice consumption rate.  
 
The daily ingestion of cereals for children is 190 
g/day (0. 19 kg/day) and 409.7 g/day (0.4097 
kg/day) for an adult Nigerian (WHO, 2017), while 
the average body weight BW for an adult 
Nigerian used in this study is 63 kg (Kelle, et al., 
2020) and 16.7 kg for children as suggested by 
USEPA. 
 
 
Non – Carcinogenic Risk 
  
Non – carcinogenic risks for individual heavy 
metal in rice samples were evaluated by 
computing the hazard quotient using the following 
equation: (USEPA, 2014; Gerba, 2019).  
 
HQ =       (3) 
 
Where  is the oral reference dose 
(mg/kg/day) which is an estimation of the 
maximum permissible risk on human population 
through daily exposure, taking into consideration 
a sensitive group that is likely to be without an 
appreciable risk of  deleterious (non-cancer) 
effects during lifetime. 
 
Non-cancer risks are expressed in terms of a 
hazard quotient (HQ) for a single substance, or 
hazard index (HI) for multiple substances (Gerba, 
2019) that affect the same target organ or organ 
system (USEPA, 2005). HQ < 1 indicates no 
significant risk or systematic toxicity, HQ > 1 
could represent a potential risk (Gerba, 2019). 
 
To evaluate the potential risk to human health 
through more than one heavy metal, the hazard 
index was calculated. Hazard index (HI) is the 
sum of all hazard quotients (HQ) calculated for 
individual heavy metal for a particular exposure 
pathway. 
  
HI = ∑ HQ    (4) 
 
It is assumed that the magnitude of the effect is 
proportional to the sum of the multiple heavy 
metals and that the heavy metals affect the same 
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target organ or organ system. The population is 
assumed to be safe when HI < 1, chronic risks 
may happen if H1 > 1 (USEPA, 2014;  Gerba, 
2019; USEPA, 2005). 
 
 
Carcinogenic Risk 
 
The possibility of developing cancer through 
intake of carcinogenic heavy metals in the rice 
samples was estimated using the Incremental 
Lifetime Cancer Risk (ILCR) equation  (USEPA, 
2014;  Gerba, 2019): 
 
ILCR = CDI × CSF   (5) 
  
where CDI is chronic daily intake of chemical 
carcinogen, mg/kg bw/day which represents the 
lifetime average daily dose of exposure to the 
chemical carcinogen, CSF is the cancer slope 
factor (CSF), which is the risk produced by a 
lifetime average dose of 1 mg/kg bw/day and is 
contaminant specific. 
 
 
CDI =      (6) 
 
Where, EF is exposure frequency (days/ year), 
according to USEPA 365 days/year, ED is 
exposure duration (years), 70 years (American 
adult) for carcinogenic (Gerba, 2019; USEPA, 
2005).  According to World Bank the life 
expectancy of an adult Nigerian is 54 years 
(World Bank, 2018). AT is average time – the 
period over which exposure is averaged (days); 
for carcinogens the average time is 25,550 days 
(365 days/year x 70 years) based on a lifetime 
exposure of 70 years, for the Nigerian people is 
365days/year x 54 years.  
 
Cancer risk of  to  are considered 
acceptable (USEPA, 2014). Cancer risk of 

 and  indicates a probability of 1 
in 10,000 individuals and 1 in 1,000000 individuals 
developing cancer during a lifetime.  
 
Estimation of cancer risk was computed for only 
those heavy metals with evidence of probability or 
possibility of causing cancer.  
 
 
RESULTS AND DISCUSSION 
 
The concentration of heavy metals in the rice 
samples is presented in Table 1. Abbreviations of 

the name of the rice samples are presented in 
Table 1 alongside the name of the rice samples 
and would be used throughout this section.  
 
The concentration of cadmium ranged from 
0.0682 to 0.1414 mg/kg, while chromium ranged 
from 0.0996 to 0.1875 mg/kg and arsenic 0.006 
to 0.0841 mg/kg. Nickel, lead, copper, and 
mercury ranged from 0.1646 to 0.2959 mg/kg, 
0.0068 to 0.0394 mg/kg, 0.2437 to 0.4099 mg/kg 
and 0.0017 to 0.0083 mg/kg respectively. Cobalt 
was not detected at 0.001 mg/kg detection limit 
(< 0.001 mg/kg) in all the rice samples.  
 
Rice sample with highest cadmium concentration 
is TB while UC had the least cadmium content. 
The concentrations of cadmium in all the rice 
samples are below the maximum permissible 
level (MPL) of the Food and Agricultural 
Organization/ World Health Organization 
(FAO/WHO, 2017) for cadmium in polished rice 
which is 0.4 mg/kg.  
 
The level of chromium was highest in BB and 
lowest in ER. There are no set standard for 
chromium by international bodies, national 
standards for food safety limits of contaminants in 
foods for China was used to compare chromium 
level in the rice samples. The concentrations of 
chromium in all rice samples are below the 
maximum permissible level (MPL) of the National 
Standards of the People’s Republic of China GB 
2762 – 2017 for chromium (1.0 mg/kg) in grains 
and brown rice (NSPRC, 2012).  
 
UC had the highest concentration of arsenic and 
AW the least. The concentrations of arsenic in 
the rice samples are below the MPL of 
FAO/WHO and National Standards of the 
People’s Republic of China GB 2762 – 2017 for 
arsenic (0.2 mg/kg).  
 
There are no set standards for concentration of 
nickel in polished, paddy or brown rice by 
international regulatory bodies. The maximum 
permissible level (MPL) of nickel in hydrogenated 
vegetable oils and hydrogenated vegetable-
based products (1.0 mg/kg) of FAO/WHO was 
used to compare the nickel concentrations in the 
rice samples. The concentrations of nickel in the 
various rice samples are below the 
aforementioned permissible level.  
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Table 1: Heavy Metal Levels in Rice Samples. 
S/N Rice Rice 

ID 
   Heavy 

metals 
(mg/kg) 

    

   Cd Cr As Ni Pb Cu Co Hg 
1 Ebony rice ER 0.1358 ± 

0.015 
0.1875 
± 0.009 

0.0333 ± 
0.05 

0.2959 ± 
0.007 

0.0384 
± 0.003 

0.3748 ± 
0.001 

BDL 0.0075 ± 
0.002 

2 Big big BB 0.0936 ± 
0.012 

0.0996 
± 0.001 

0.0101 ± 
0.003 

0.1669 ± 
0.003 

0.021 ± 
0.015 

0.3197 ± 
0.0006 

BDL 0.007 ± 
0.002 

3 Fursa crown FC 0.1247 ± 
0.0016 

0.1058 
± 0.012 

0.0166 ± 
0.03 

0.1697 ± 
0.001 

0.0295 
± 0.006 

0.4099 ± 
0.001 

BDL 0.018 ± 
0.007 

4 Ali waibi 
 

AW 0.0889 ± 
0.01 

0.1330 
± 0.007 

0.006 ± 
0.06 

0.1711 ± 
0. 001 

0.0102 
± 0.006 

0.2437 ± 
0.001 

BDL 0.0077 ± 
0.05 

5 Three brothers 
 

TB 0.1414 ± 
0.05 

0.1533 
± 0.001 

0.0698 ± 
0.04 

0.207 ± 
0.002 

0.0394 
± 0.006 

0.3165 ± 
0.003 

BDL 0.0083 ± 
0.006 

6 Mama pride MP 0.1302 ± 
0.005 

0.1272 
±0.008 

0.0783 ± 
0.053 

0.1853 ± 
0.003  

0.0134 
± 0.012 

0.3372 
± 0.038 

BDL 0.0058 ± 
0.002  

7 Lake rice LR 0.0864 ± 
0.005 

0.1223 
±0.004 

0.0272 ± 
0.05 

0.1684 ± 
0.003 

0.0299 
± 0.003 

0.2396 
± 0.018 

BDL 0.0038 ± 
0.002 

8 Mama choice MC 0.1135 ± 
0.016 

0.1281 
±0.002 

0.0506 ± 
0.12 

0.1852 ± 
0.002 

0.0376 
± 0.005 

0.2556 
± 0.003 

BDL 0.0064 ± 
0.002 

9 Umza Classic UC 0.0682 ± 
0.013 

0.1080 
± 0.06 

0.0841 ± 
0.04  

0.1646 ± 
0.002 

0.0068 
± 0.01 

0.2846 
± 0.011 

BDL 0.0017 ± 
0.0007 

Mean ± standard deviation. 
 
 
Lead concentration was highest in TB rice and 
lowest in UC rice. FAO/WHO and National 
Standards of the People’s Republic of China GB 
2762 – 2017 maximum permissible limit for lead in 
cereals, grains and grain products is 0.2 mg/kg, all 
the rice  samples had lead concentration below 
this limit.  
 
FC and TB rice had the highest concentrations of 
copper and mercury while LR and UC had the 
least concentrations of copper and mercury, 
respectively. The concentrations of  copper and 
mercury in all the rice samples are below the 
maximum permissible limit of 10 mg/kg and 0.002 
mg/kg for copper and mercury in rice by National 
Standards of the People’s Republic of China GB 
2762 – 2017.  
 
Maximum permissible level (MPL) is the level, 
usually a combination of time and concentration 
beyond which any exposure of humans to a 
chemical or physical agent in their immediate 
environment is unsafe (IUPAC Compendium, 
1997). Since the concentrations of the heavy 
metals in all the rice samples are below their 
maximum permissible levels it indicates that they 
are not contaminated with these heavy metals and 
are safe for consumption. 
 
Table 2a and 2b shows the estimated daily intake 
(EDI) mg/kg/day of Cd, Cr, As, Ni, Pb, Cu, and Hg 
through consumption of the rice samples for adult 

and child population of Nigeria. The estimated 
daily intake (EDI) of cadmium through 
consumption of the rice samples for the adult 
population range from 0.00044 to 0.00092 
mg/kg/day, 0.00065 to 0.0012 mg/kg/day, 
0.000039 to 0.00055 mg/kg/day, 0.0011 to 0.002 
mg/kg/day, 0.000044 to 0.00026 mg/kg/day, 
0.0016 to 0.0027 mg/kg/day and 0.000011 to 
0.00012 mg/kg/day for the respective metals.  
 
For the child population it ranged from 0.00098 to 
0.0016 mg/kg/day, 0.0011 to 0.0021 mg/kg/day, 
0.000068 to 0.00096 mg/kg/day, 0.0019 to 
0.0073 mg/kg/day, 0.000077 to 0.00094 
mg/kg/day, 0.0027 to 0.0047 mg/kg/day and 
0.000019 to 0.0002 mg/kg/day for the metals, 
respectively.  
 
The acceptable daily intake (ADI) mg/kgBW of 
cadmium 0.00083 mg/kgBW/ derived from the 
provisional tolerable monthly intake of 25 
µg/kgBW/month for cadmium, that is 0.83 
µg/kgBW/day when calculated for a daily basis 
(FAO/WHO, 2011) is higher than the estimated 
daily intake (EDI) of cadmium through 
consumption of the rice samples except the 
estimated daily intake of cadmium through TB 
(0.00092 mg/kg), ER (0.00088 mg/kg), and MP 
(0.00085 mg/kg) rice samples for the adult 
population which is slightly above the acceptable 
daily intake (ADI) for cadmium in food 
substances.   
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Table 2a: EDI of Heavy Metals through Consumption of Rice (mg/kg/day) for Adult Population. 
S/N Rice Cd Cr As Ni Pb Cu Hg 
1 Ebony rice 0.00088  0.0012  0.00022  0.002 0.00025  0.0024  0.000049  
2 Big bull 0.00061  0.00065  0.000066  0.0011  0.00014  0.0021  0.000046  
3 Fursa crown 0.00081  0.00069  0.00011  0.0011  0.00019  0.0027  0.00012  
4 Ali waibi 0.00058  0.00086  0.000039  0.0011  0.000066  0.0016  0.00005  
5 Three brothers 0.00092  0.001  0.00045  0.0013  0.00026  0.0021  0.000054  
6 Mama pride 0.00085  0.00083  0.00051  0.0012  0.000087  0.0022  0.000038  
7 Lake rice 0.00056  0.0008  0.00018  0.0011  0.00019  0.0016  0.000025  
8 Mama choice 0.00074  0.00083  0.00033  0.0012  0.00024  0.0017  0.000042  
9 Umza classic 0.00044  0.00070  0.00055  0.0011  0.000044  0.0019  0.000011  

Table 2b: EDI of Heavy Metals through Consumption of Rice (mg/kg/day) for Child Population. 
S/N Rice Cd Cr As Ni Pb Cu Hg 
1 Ebony rice 0.0015 0.0021 0.00038 0.0073 0.00094 0.0043 0.000085 
2 Big bull 0.0011 0.0011 0.00012 0.0019 0.00024 0.0036 0.00008 
3 Fursa crown 0.0014 0.0012 0.00019 0.0019 0.00034 0.0047 0.0002 
4 Ali waibi 0.0010 0.0015 0.000068 0.0019 0.00012 0.0028 0.000088 
5 Three brothers 0.0016 0.0017 0.00079 0.0024 0.00045 0.0036 0.000094 
6 Mama pride 0.0015 0.0014 0.00089 0.0021 0.00015 0.0038 0.000066 
7 Lake rice 0.00098 0.0014 0.00031 0.0019 0.00034 0.0027 0.000043 
8 Mama choice 0.0013 0.0015 0.00058 0.0021 0.00043 0.0029 0.000073 
9 Umza 0.00078 0.0012 0.00096 0.0019 0.000077 0.0032 0.000019 
 
 
For the child population, the EDI of cadmium 
through consumption of the rice samples are 
higher than the acceptable daily intake (ADI) of 
cadmium. Acceptable daily intake (ADI) mg/kgBW 
is the maximum amount of a chemical that can be 
ingested daily over a lifetime with no appreciable 
health risks and is based on the highest intake 
that does not give rise to observable adverse 
effects. The rice samples with estimated daily 
intake of cadmium above the acceptable daily 
intake of cadmium in food substances, for both 
adult and children population implies that there 
may be possibility of adverse health effect over a 
lifetime due to ingestion of high levels of cadmium 
in rice samples.   
 
High cadmium content caused adverse health 
effect to consumers of unpolished rice 
contaminated with high levels of cadmium  0.3 
mg in Japan in the 1950s (Fowler et al, 2015). 
The consumers came down with itai – itai disease, 
a disease associated with osteoporosis, and 
osteomalacia. Cadmium affects the kidney, the 
skeletal system and the respiratory system, 
causing renal dysfunction, osteoporosis, and is 
classified as a human carcinogen (WHO, 2010; 
Fowler et al, 2015).  
 
Exposure to toxic chemicals during growth and 
development can lead to acute long-term effects 
on the health of children. They are more at risk of 
adverse health effect from exposure to toxic 
chemicals in food, because, as their bodies are 

developing they consume more food on a body 
weight basis than adults; resulting to greater 
exposure and more harm health wise than in 
adults (ENHIS, 2007). Also, developing organs 
and tissue are more susceptible to the toxic 
effects of certain chemicals, for instance, 
exposure to  lead or methyl mercury during 
gestation or early childhood will cause serious 
damage to the developing brain with consequent 
loss of intellectual potential while an adult 
experiencing the same exposure will suffer no 
considerable effects to his/her intellectual 
capacity (ENHIS, 2007).  
 
The EDI of cadmium through consumption of rice 
samples is greater than the ADI of cadmium in 
food substances for the children population 
compared to the adult population with EDI of 
cadmium below ADI of cadmium in food 
substances despite exposure to the same 
concentration of cadmium. This is so because of 
the lesser body weight of children. The estimated 
daily intake of cadmium in TB,ER and MP rice 
samples are slightly above the acceptable daily 
intake for cadmium in food substances because, 
the concentration of cadmium in  these rice 
samples are slightly more than that of the other 
rice samples (Tables 2).  
 
Though the comparison of the concentration of 
cadmium in TB, ER and MP rice samples with the 
maximum permissible level of cadmium in rice 
shows that the concentration of cadmium is 
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within safety limit in the rice samples, whereas, 
the estimated daily intake of cadmium in TB, ER 
and MP rice samples compared with the 
acceptable daily intake of cadmium in food 
samples indicates possibility of cadmium in these 
rice samples causing adverse effect. This is 
attributed to the slightly higher concentration of 
cadmium in these rice samples to the body weight 
of an adult Nigeria.   
 
The ADI  mg/kgBW of arsenic  is 0.0021 
mg/kgBW based on provisional weekly tolerable 
intake (PTWI) of 15 µg/kg/week i.e 2.1 
µg/kgBW/day, while that of lead is 0.00357 
mg/kgBW (25 µg/kgBW/week i.e 3.57 
µg/kgBW/day) and mercury 0.00057 mg/kgBW (4 
µg/kgBW/week i.e., 0.57 µg/kgBW/day) 
(FAO/WHO, 2011).  
 
The EDI of As, Pb and Hg in all the rice samples 
are below their established ADI for both the adult 
and children population. Currently there is no 
standard value for oral daily intake of chromium 
through food by WHO or FAO, adequate intakes 
(AI) derived by US Food and Nutrition Board for 
Cr 0.035 mg/day (35 µg/day) and 0.025 mg/kg (25 
µg/day) for different age groups from 19 to 50 

years old men and women was used to compare 
the EDI of Chromium through the rice samples 
(FBN, 2001).  
 
The EDI of Cr through consumption of the rice 
samples are lower than the adequate intake 
values of Cr for both adult and child population.  
 
The EDI of Ni and Cu are lower than established 
oral daily intake of Ni and Cu through food which 
are Ni ˂ 300 µg/kg, i.e.,˂ 0.3 mg/kg (WHO, 2000) 
and Cu 0.5 mg/kg bw per day (FAO/WHO,1982). 
EDI of As, Pb, Hg, Cr, Cu. and Hg suggests that 
there may be no adverse health effects based on 
intake of these metals, except rice samples with 
high cadmium content. Ihedioha, et al. (2016) 
reported EDI of Pb and Cd from rice grown on 
fields in one of the states in south eastern Nigeria 
being above safety levels established by WHO 
and JECFA, respectively. 
 
The result of the hazard quotient (HQ) and 
hazard index (HI) of Cd, Cr, As, Ni, Pb, Cu, and 
Hg for the adult and child populations through 
intake of rice samples is presented in Table 3a 
and 3b.  

 

Table 3a: Hazard Quotient (HQ) and Hazard Index (HI) of Heavy Metals for Adult Population through 
Consumption of Rice. 

 
S/N 

 
Rice 

                                        HQ HI =  
Cd Cr As Ni Pb Cu Hg 

1 Ebony rice 0.29 0.40 0.73 0.09 0.18 0.06 0.49 2.2 
2 Big bull 0.20 0.22 0.22 0.05 0.09 0.05 0.46 1.3 
3 Fursa crown 0.27 0.23 0.36 0.06 0.13 0.07 0.20 1.3 
4 Ali waibi 0.19 0.28 0.13 0.05 0.04 0.04 0.50 1.2 
5 Three brothers 0.31 0.33 1.50 0.06 0.18 0.05 0.54 3.0 
6 Lake rice 0.18 0.26 0.60 0.05 0.13 0.04 0.25 1.5 
7 Mama choice 0.25 0.27 1.10 0.06 0.16 0.04 0.42 2.3 
8 Umza classic rice 0.14 0.23 1.83 0.05 0.03 0.48 0.11 2.8 
9 Mama pride 0.28 0.27 1.70 0.06 0.06 0.05 0.38 2.8 

RfD = Cd (0.001); Cr (0.003); As; (0.0003); Ni (0.02); As (0.0003); Hg (0.0001); Pb (0.00143); Cu (0.04) 

Table 3b: Hazard Quotient (HQ) and Hazard Index (HI) of Heavy Metals for Child Population through 
Consumption of Rice. 

 
S/N 

 
Rice 

                                        HQ HI =  
Cd Cr As Ni Pb Cu Hg 

1 Ebony rice 0.51 0.70 1.27 0.36 0.66 0.11 0.85 4.46 
2 Big bull 0.38 0.38 0.38 0.09 0.17 0.09 0.80 2.30 
3 Fursa crown 0.48 0.40 0.63 0.09 0.24 0.12 2.00 3.96 
4 Ali waibi 0.33 0.50 0.22 0.09 0.08 0.07 0.88 2.17 
5 Three brothers 0.53 0.58 2.63 0.12 0.32 0.09 0.94 5.21 
6 Lake rice 0.33 0.48 1.03 0.09 0.24 0.06 0.43 2.66 
7 Mama choice 0.43 0.50 1.93 0.11 0.30 0.07 0.73 4.07 
8 Umza classic rice 0.26 0.40 3.20 0.09 0.05 0.08 0.19 4.27 
9 Mama pride 0.50 0.48 2.96 0.11 0.10 0.09 0.66 4.90 

RfD = Cd (0.001); Cr (0.003); As; (0.0003); Ni (0.02); As (0.0003); Hg (0.0001); Pb (0.00143); Cu (0.04) 
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Table 4: Incremental Lifetime Cancer Risk (ILCR) for Adult Population through Consumption of Rice. 
 
S/N 

 
Rice 

                                        ILCR Σ ILCR 
Cd Cr As Ni Pb  

1 Ebony rice 3E-4 6E-4 3E-4 2E-4 2E-6 1E-3 
2 Big bull 2E-4 3E-4 10E-6 1E-3 1E-6 1.5E-3 
3 Fursa crown 3E-4 3E-4 2E-4 1E-3 1E-6 1.8E-3 
4 Ali waibi 2E-4 4E-4 6E-5 1E-3 5E-7 1.6E-3 
5 Three brothers 3E-4 5E-4 7E-4 1E-3 2E-5 2.5E-3 
6 Lake rice 2E-4 4E-4 3E-4 1E-3 2E-6 1.9E-3 
7 Mama choice 3E-4 4E-4 5E-4 1E-3 2E-6 2.2E-3 
8 Umza classic rice 2E-4 4E-4 8E-4 9E-4 4E-7 2.3E-3 
9 Mama pride 3E-4 4E-4 7E-4 1E-3 7E-7 2.4E-3 

 
The hazard quotient (HQ) values are less than 
one for Cd, Cr, Ni, Pb, Cu, Hg, and As for both the 
adult and children population of Nigeria except for 
TB, MC, UC, and MP rice samples that has HQ of 
arsenic greater than one for the adult population 
and EB, TB, LR, MC, UC, and MP rice samples 
with HQ greater than one for arsenic for the 
children’s population. This suggests probability of 
potential risk from arsenic in rice samples. Arsenic 
is associated with integumentary, nervous, 
respiratory, cardiovascular, hematopoietic, 
immune, endocrine, hepatic, renal, reproductive 
system and development health issues. The 
hazard index (HI) from the intake of the heavy 
metals is greater than one for both the adult and 
children population indicating probability of 
chronic health effects in both populations. 
Previous studies on some rice samples obtained 
from some regions of Nigeria indicated HQ and HI 
values in excess of one (Ihedioha et al, 2019; 
Ihedioha et al, 2016). 
 
Table 4 presents the result of the incremental 
lifetime cancer risk (ILCR) of Cd, Cr, As, Ni, and 
Pb which are the carcinogenic metals among the 
other metals. These values ranges from 2E – 4 to 
3E – 4,  3E – 4 to 6E-4, 10E –6 to 8E – 4, 2E -4 to 
1E – 3, and 5E – 7 to 2E – 5 for Cd, Cr, As, Ni, 
and Pb, respectively, and are greater than the 
recommended acceptable limit of  (1E - 4) 
to    (1E- 6) of USEPA (USEPA, 2014), 
except for incremental lifetime cancer risk (ILCR) 
value for As in BB and AW rice samples as well 
as for Pb in all the rice samples.  
 
ILCR values for Cd, Cr, Ni, and As indicates 
probability of developing cancer during a lifetime 
in Nigeria population through intake of the metals 
in the rice samples. The cumulative cancer risk 
(ΣILCR) of all the rice samples exceeded the 
recommended threshold risk limit (>10−4). 

CONCLUSION 
 
The concentration of each heavy metal in rice 
samples studied is below international standards 
for  maximum permissible limit (MPL). Some 
estimated daily intake (EDI) of heavy metals 
through rice sample consumption are above 
established international acceptable daily intake 
(ADI) standards for adults. Hazard quotient (HQ) 
for each metal in rice samples is less than one for 
both adult and child populations, except HQ of 
arsenic in some rice samples. Hazard indices 
(HI) of heavy metals in rice samples are greater 
than one and incremental lifetime cancer risk 
(ILCR) value for each carcinogenic metal in rice 
samples is greater than safe limit for cancer risk, 
except Pb in the rice samples.   
 
While rice samples may not present adverse 
health effect in adult populations with the daily 
consumption of rice samples except from those 
rice samples with high cadmium, the possibility 
exists of adverse health effects in children due to 
high cadmium intake. There may be a probability 
of potential health risks through consumption of 
some of the rice samples for both adult and 
children population due mainly to arsenic. 
Consumption of the heavy metals combined in 
the rice samples may lead to chronic health 
effects and, probability of cancer risk exists from 
carcinogenic heavy metals except Pb. 
 
As a way of reducing heavy metal levels in rice 
grown in Nigeria, gas flaring should be reduced, 
proper disposal of waste by industries and 
households should be designed and 
implemented by the relevant authorities, 
reduction of oil spill is recommended and rice 
farmlands contaminated with heavy metals 
should be remediated by employing techniques 
such as phytoremediation of heavy metals as 
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part of the cycle of rice farming, soil washing and 
immobilization techniques (in situ and ex situ 
immobilization techniques), etc. 
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