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ABSTRACT 
 

The concentration of NORMs and some toxic heavy metals in some nuts and seeds commonly 
consumed in the south-western states of Nigeria were investigated. The analysis was done with 
NaI(TI) spectrometry and Inductively Coupled Plasma (ICP) respectively. The concentration of 
226Ra, 232Th, and 40K in the samples was found to be below the world average. The mean values 
are 6.6±1.8, 3.6±1.0 and 98.2±13.5 Bq/kg, in nuts and 8.4±2.6, 2.6±1.3 and 97.6±15.0 Bq/kg in 
seeds respectively. The effective dose in nuts was calculated to be 13.99 and 12.0 µSv in seeds. 
The fatal and hereditary cancer risk estimated from the consumption of the nuts and seeds are 
lower than 1.0 x 10

-6
 which is the lowest limit. Concentration of metals in the samples descend as 

Fe > Zn > Cu > Cr. The Hazard Indices of heavy metals are lower than 1 except for in Cocoa which 
is higher than 1 due to the high concentration of Cu and Fe. Therefore, the nuts and seeds 
analyzed in this study are contaminated with Cu and Fe and so must be taken with care so that 
consumers will not be exposed to excessive concentration of these metals which may have 
undesirable effects. 
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1. INTRODUCTION 
 
The human environment is radioactive and 
human beings are exposed anywhere in the 
environment either or both from natural 
radioactivity, artificial radioactivity, and medical 
applications. Human beings are exposed from 
the intake of water, air, soil, and plants [1]. It is a 
well-known fact that plants used as food 
commonly contain natural radionuclides and their 
progenies [2]. Also, other contaminants, like 
heavy metals are added into plants through      
the applications of fertilizer, pesticides, 
herbicides in agriculture, deposition of dust from 
mining activities, and other industrial activities 
such as wastes disposal and automobile exhaust 
[3]. 
 
Nuts and seeds are beneficial to humans. It 
contains many nutrients beneficial to both adults 
and the young ones. It is consumed as a delicacy 
and sometimes to treat some diseases and 
ailments. Medicinal applications of nuts and 
seeds are limited due to the presence of NORMs 
and some toxic metals in them [4,5]. Some 
important information on the level of 
radionuclides and heavy metals in medicinal 
plants, nuts, and seeds have been reported 
through previous researches [6-8]. The process 
of transfer of radionuclides and heavy metals to 
the human body is majorly through inhalation and 
ingestion of contaminated foodstuffs. These 
contaminants especially radionuclides emit alpha 
particles that interact with water in the cells and 
result in some biological effects (mutation). 
Chronic effects are accompanied by lung cancer, 
tumor, genetic effects, kidney failure, and 
vascular diseases [9].  
 
In Nigeria, the side effects of orthodox medicine 
are changing people’s perception about their 
uses and there is an increase urge in finding      
other natural means from consumption of natural 
plants, nuts, and seeds to treat ailments. 
Therefore, it is imperative to assess the risk     
that may arise from the consumption of         
some nuts and seeds to checkmate food fraud 
[10] and to assess contaminants in them [11]. 
This study aimed at estimating NORMS,       
some heavy metals, and evaluation of         
hazard in the consumption of some nuts and 
seeds in South-West, Nigeria. The findings of 
this study would assist the local and   
international agencies in quality control of food 
products.  

2. MATERIALS AND METHODS 
 
Five samples each of ten nuts and seeds 
(cashew nut, groundnut, walnut, Kola nut, 
moringa seed, bitter kola nut, African Star Apple 
seed, avocado seed, watermelon seed, and 
cocoa seed) commonly cultivated and consumed 
in the south-western state of Nigeria were 
selected for this study. The samples were 
collected from the farm sites and were packed 
with identification labels. Nuts and seeds were 
removed from their shells and were thereafter left 
to dry at room temperature in the laboratory. The 
samples were crushed and sieved. 100 g of each 
sample was weighed and transferred into a 
cylindrical plastic container and hermetically 
sealed for thirty days [12] for equilibrium between 
238

U (
226

Ra) and 
232

Th (
228

Ra) and their 
respective progenies to take place [13]. The 
samples were afterward analyzed using the 
spectrometry method.  For heavy metal, their 
concentration was measured using Inductively 
Coupled Plasma Spectrometry (ICPS).  
 
2.1 Radionuclide Analysis 
 
The analysis of radionuclide in the samples was 
achieved using NaI (Tl) detector. A Canberra 
multi-channel analyzer coupled with a scintillating 
detector was used for the counting. The model 
no of the detector is 8020 and is manufactured in 
the USA by Bicron Electronics Ltd. The detector 
is fixed to a multi-channel analyzer by a coaxial 
cable. The detector is shielded with a lead shield 
of about 5 cm thick to prevent radiation from 
other environmental sources present 
(background radiation). Gamma sources 
supplied by the IAEA were used for calibration 
and the energy-channel calibration was used to 
fit the linearity graph. A reference source 
prepared by Rocketdyne Laboratories, Canoga 
Park, in the USA which is traceable to standard 
gamma source (No. 48722-356) was used for 
detection efficiency calibration. The resolution of 
the detector assembly is about 8% at 0.662 MeV 
of 

137
Cs.  

 
The net count was obtained by subtracting the 
background count from the gross count. The 
samples were counted for 36000 (10 h). Photo-
peak energy 1.465 MeV from 40K was used to 
determine 

40
K while photopeak energy 1.765 

MeV from 214Bi was used to determine 226Ra. 
232Th was determined from energy photopeak 
2.615 MeV from 

208
Tl and 

228
Ra was determined 
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from gamma-ray energies of its daughter 228Ac 
(911.07 keV). The concentrations of NORMs in 
the samples were calculated using a spectrum 
acquisition and analysis software program 
(Genie 2K, manufactured by Canberra Industries 
Inc. USA). 
 

2.2 Heavy Metal Analysis 
 

Samples were digested using the wet digestion 
method. One gram of each sample was weighed 
into a 100 mL tube and the tubes were labeled 
accordingly. Five millilitres of HNO3 and H2O2 
were added into the samples and H2SO4 was 
added in drops. The mixture was stirred until the 
solution becomes clear. The solution was poured 
out of the tube and mixed with deionized water 
up to 100 mL and it was then filtered. The toxic 
metals concentration was obtained with 
inductively coupled plasma spectrometry (ICPS). 
Concentrations of metals in the digested samples 
were determined using plasma and a 
spectrometer. The solution is directed into the 
spray chamber through a nebulizer using a 
peristaltic pump. Each element measured        
with a spectrometer has its characteristic 
emission spectrum. The light intensity on the 
wavelength was measured and with the ICPS 
calibrated, the concentration of each element 
was evaluated. 
 

3. RESULTS  
 

3.1 Activity Concentrations of 
Radionuclides and Calculation of 
Radiological Parameters 

 

The concentration of the natural radionuclide in 
nuts and seeds is shown in Table 1. In nuts, the 
concentration of 226Ra is lowest (3.2±1.0) in      
the bitter kola nut and highest (10.9±3.2 Bq/kg) in 
kola nuts. In seeds, it ranged from 4.2±1.6 in 
African star apple seeds to 14.5±2.8 Bq/kg in 
Cocoa seeds. It was not detected in groundnut, 
walnut, moringa seeds, and watermelon seeds. 
The concentration of 

228
Ra in nuts is        

minimum (2.4±0.5 Bq/kg) in Walnut and 
maximum (5.9±2.4 Bq/kg) in Groundnut. In 
seeds, the measured activity ranged from 
1.8±1.1 in Cocoa seeds to 3.2±1.6 Bq/kg in 
Avocado seeds and was not detected in bitter 
kola nut, moringa, and watermelon seeds. The 
concentration of 

40
K in nuts ranged from 53.6± 

4.2 in bitter kola nut to 126.2±22.1 Bq/kg in kola 
nut. In seeds, it ranged from 50.6± 3.5 Bq/kg in 
Avocado to 123.1± 5.6 Bq/kg in African star 
apple seeds. 

3.2 Effective Dose 
 
The annual effective dose from ingestion of nuts 
and seeds was estimated using the equation 
 

ADCFCE iRDose ..                                                        (1) 

 
Where DCFi is dose the conversion factor for 
ingestion of the three radionuclides analyzed (i.e. 
2.8 x 10

-7
Sv/Bq, 2.3 x 10

-7 
Sv/Bq and 6.2 x 10

-9 

Sv/Bq for 228Ra, 226Ra and 40K respectively for 
adults), CR is the consumption rate of NORMs 
from ingestion of seeds and nuts, the rate from 
the intake of 1.8 kg/year was assumed [14]. A is 
the concentration of NORMs in nuts and seeds. 
The E dose estimated is presented in Table 2, 
column 1. 

 
3.3 Fatal Lung Cancer Risk and 

Hereditary Cancer Risk 
 
According to WHO, 2018 [15], Lung cancer 
causes about 30,000 deaths among non-
smokers in the United States alone in 2018. The 
International Commission on Radiological 
Protection had proposed several models for 
calculating lung cancer risk from exposure to 
radionuclides either through ingestion or 
inhalation. ICRP proposed 0.05 as a value to 
calculate risk factors to the public from              
the ingestion of radionuclides [16].  Fatal    
Cancer Risk (FCR) from the ingestion of the   
nuts and seeds was evaluated using equation 2 
[17]. 
 

RFLEEDRiskCancerFatal          (2)  

 
where ED is the mean effective dose (�Sv/y), LE 
is life expectancy (55 years in Nigeria [15] and 
RF is a factor for risk estimation (Sv

-1
). The 

estimated average lifetime fatality cancer risk in 
nuts and seeds is presented in Table 2, column 
2. 

 
Hereditary cancer risk was estimated using the 
Cancer risk methodology proposed by ICRP [17].  

 
RFLEEDRiskCancerHereditary 

  (3)
 

 
where ED is the mean effective dose (�Sv/y), LE 
is the expected life duration (55 years) and RF is 
a factor for risk estimation (Sv

-1
). The mean 

estimated lifetime hereditary cancer risk in the 
samples is presented in Table 2, column 3.  
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Table 1. Mean activity concentration (Bqkg
-1

) of natural radionuclides in seeds and nuts 
 

Samples  40K 226Ra 228Ra 
Kola nut (Cola acominata) 112 9.2 3.8 
Cashew nut (Anacardium occidentale) 111 6.5 2.9 
Bitter Kola nut(Garcinia kola) 74 4.0 ND 
Groundnut (Arachis hypogeal) 98 ND 5.0 
Walnut (Juglans Regia) 96 ND 2.8 
Average (Nut) 98.2 6.57 3.63 
Avocado seed (Persea americana) 70 9.8 2.8 
African Star Apple seed (Chrysophyllum albidum) 113 5.0 2.7 
Cocoa seed (Theobroma cacao) 100 10.5 2.2 
Moringa seed (Moringa olifera) 102 ND ND 
Watermelon seed (Citrullus lanatus) 93 ND ND 
Average (Seed) 95.6 8.43 2.57 

  
Table 2. Mean annual effective dose (µSvy-1), fatal cancer risk (MPY)-1 and hereditary cancer 

risk (MPY)
-1

 in nuts and seeds 
 

Samples E-dose Fatal cancer risk Hereditary cancer risk 
Kola nut (Cola acominata) 
(Prunusdulcis) 

18.05 0.50 0.40 

Cashew nut (Anacardium occidentale) 16.36 0.45 0.36 
Bitter Kola nut (Garcinia kola) 9.80 0.27 0.21 
Groundnut (Arachis hypogeal) 13.30 0.36 0.30 
Walnut (Juglans Regia) 11.97 0.33 0.26 
Average (Nut) 13.99 0.38 0.30 
Avocado seed (Persea americana) 6.25 0.17 0.14 
African Star Apple seed  
(Chrysophyllum albidum) 

15.86 0.45 0.35 

Cocoa seed (Theobroma cacao) 16.46 0.45 0.36 
Moringa seed (Moringa olifera) 11.22 0.31 0.25 
Watermelon seed (Citrullus lanatus) 10.23 0.28 0.23 
Average (Seed) 12.00 0.33 0.27 

 

3.4 Heavy Metal Analysis 
 
The concentration of some of the heavy metals   
in the samples is shown in Table 3. Pb and       
Cd were not detected in a substantial amount or 
are below the detection limit. The concentration 
of Cr is only found in the kola nut and                
not detected in other nuts while the   
concentration of Iron (Fe) is the highest in all the 
samples. This might be due to the fact that Fe is 
an essential element in human life and it bonds    
with haemoglobin. Cu and Zn concentrations      
are also higher than recommended in cashew 
nuts.  

 
In seeds, Fe concentration is very high especially 
in cocoa and watermelon than the WHO 
recommendation. High values of Cu, Zn, and Cr 
were also established in cocoa seeds while               
Zn concentration is higher than WHO 
recommendation in African star Apple. 

3.5 Calculation of Risks in the Samples 
 
The health risk from the ingestion of heavy 
metals in the samples (HQ) was estimated as the 
fraction of quantity of metal taken in a day (ADD 
in mg/kg of the bodyweight/day) and quantity of 
metal recommended to be taken per day(RF Do; 
in mg/kg/day).  
 

average

metal

D

IC
ADD




                                    (4)

 

 
where C metal is the concentration of metal; I - 
daily intake of the metals;  D average, bodyweight of 
an adult. The value of ADD estimated for nuts 
and seeds samples are presented in Table 4. 
ADD for all metals in the samples is lower than 1 
 
To estimate the health risks, equation 5 was 
used. 
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RfD

ADD
HQ              (5) 

 
Where RfD is Oral RfDo.  According to USEPA, 
oral RfD is 1.5 for Cr, 0.04 for Cu, 0.3for Zn, 0.7 
for Fe [18]. 
 
If HQ is greater than 1, it means that risk is 
associated with the intake of the particular metal. 
The health risk (HQ) obtained from the ingestion 
of the samples is presented in Table 5. All the 
HQs obtained in the samples were lower than 1 
except for Cu in Cocoa in which HI is higher than 
1 indicating a potential risk of exposure to Cu 
from the consumption of Cocoa.  
 
The Total Hazard Index in the samples was 
calculated using equation (9) [19]. 
 

      (6) 

If HI is <1, it means no hazard, if THI is 1.1 – 3, it 
means probable hazard from consumption of the 
samples. If HI is 3-10, it is likely to cause a fatal 
risk [19]. 
 
4. DISCUSSION 
 
The concentration of NORMs in this study 
showed that 40K had the highest contribution in 
all the samples. The concentration of 

40
K 

obtained in this study is within the world average. 
The concentration of 226Ra was highest in kola 
nut but below the detection limit in groundnut and 
walnut. The concentration of 228Ra was also 
below the detection limit in bitter kola nut. The 
mean concentrations of the radionuclide 
analyzed in nuts were respectively, 98.3±13.5, 
6.6±1.8, and 3.6 ±1.0 Bq/kg for 

40
K, 

226
Ra,      

and 228Ra. These values are within the 
recommended values of NORMs in food and 
food products [1]. 

  
Table 3. Mean concentration of heavy metals in nuts and seeds 

 
Samples Fe (mgkg-1)  Cu (mgkg-1)  Zn (mgkg-1) Cr (mgkg-1) 
Nuts     
Kola nut (Cola acominata) 9.28 9.28 27.67 0.08 
Cashew nut (Anacardium occidentale) 26.95 26.95 50.40 ND 
Bitter Kola nut (Garcinia kola) 18.68 3.07 2.75 ND 
Groundnut (Arachis hypogeal) 17.62 8.15 23.98 ND 
Walnut (Juglans regia) 28.86 15.99 37.22 ND 
Seeds     
Avocado seed (Persea americana) 93.45 10.58 14.22 0.52 
African Star Apple seed  
(Chrysophyllum albidum) 

63.46 13.82 46.37 0.36 

Cocoa seed (Theobroma cacao) 542.49 51.57 65.82 5.11 
Moringa seed (Moringa olifera) 51.96 3.96 32.29 0.08 
Watermelon seed (Citrullus lanatus) 327.31 7.42 34.35 0.29 

 
Table 4. Average Daily Dose (ADD) of metals in the nuts and seeds samples 

 
Samples Fe(mgkg

-1
) 

x 10-3 
Cu(mgkg

-1
) 

x 10-3 
Zn(mgkg

-1
) 

x 10-3 
Cr(mgkg

-1
) 

x 10-4 
Nuts     
Kola nut (Cola acominata) 8.62 8.62 25.70 0.74 
Cashew nut (Anacardium occidentale) 25.1 25.1 47.80 ND 
Bitter Kola nut (Garcinia kola) 17.40 2.85 2.55 ND 
Groundnut (Arachis hypogeal) 16.36 7.57 22.27 ND 
Walnut (Juglans regia) 26.79 14.85 34.56 ND 
Seeds     
Avocado seed (Persea americana) 86.77 9.82 13.20 4.83 
African Star Apple seed (Chrysophyllum 
albidum) 

58.92 12.83 43.06 3.34 

Cocoa seed (Theobroma cacao) 503.40 47.89 61.12 47.45 
Moringa seed (Moringa olifera) 14.80 0.37 0.30 0.74 
Watermelon seed (Citrullus lanatus) 303.93 6.89 31.90 2.69 

CrZnCuFe HQHQHQHQHI 
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Table 5. Hazard quotient (HQ, (mg/kg)) and fractional hazard index (HI) of heavy metals in nuts 
and seeds samples 

 
Samples Fe 

(mgkg
-1

) 
Cu 
(mgkg

-1
) 

Zn 
(mgkg

-1
) 

Cr 
(mgkg

-1
)x 10

-4
 

HI =∑HQ 

Nuts      
Kola nut (Cola acominata) 0.012 0.216 0.086 0.495 0.216 
Cashew nut (Anacardium 
occidentale) 

0.036 0.626 0.156 ND 0.818 

Bitter Kola nut (Garcinia kola) 0.025 0.071 0.009 ND 0.105 
Groundnut (Arachis hypogeal) 0.023 0.189 0.074 ND 0.286 
Walnut (Juglans regia) 0.038 0.371 0.115 ND 0.524 
Seeds      
Avocado seed (Persea 
americana) 

0.124 0.246 0.044 3.219 0.414 

African Star Apple seed 
(Chrysophyllum albidum) 

0.084 0.321 0.144 2.229 0.549 

Cocoa seed (Theobroma cacao) 0.720 1.197 0.204 31.633 2.121 
Moringa seed (Moringa olifera) 0.069 0.092 0.099 0.495 0.260 
Watermelon seed (Citrullus 
lanatus) 

0.434 0.172 0.106 1.795 0.712 

 

 
 

Fig. 1. Percentage concentrations of radionuclide in nut samples 
 

In seeds, the concentration of 
40

K was highest in 
African Star Apple and lowest in Avocado with a 
mean of 95.7±15.0 Bq/kg. 

226
Ra concentration 

was below the detection limit in Moringa and 
watermelon seeds. The maximum concentration 
of 

226
Ra was from Cocoa seeds. The mean 

concentration of 226Ra in seeds was obtained as 
8.4±2.6 Bq/kg. The concentration of 

228
Ra in the 

seeds was found to be lower than the 
recommendation in all the samples with the 
highest from avocado. The concentration of 40K, 
226Ra, and 228Ra obtained in this study are           
within the recommended average [1]. The 

concentration of NORMs in the samples follow 
the order 40K >226Ra >228Ra as shown in Fig. 1 
and 2. The percentage concentrations of 

226
Ra, 

228Ra and 40K in nuts and seeds are the same 
and so there is no significant difference in the 
concentration of radionuclides in nuts and seeds 
as shown in Figs. 1 and 2. The mean activity of 
radionuclides measured was compared using a 
2-tail paired t-test at a 95% level of significance 
(p-value = 1.645) and it was observed that there 
is no significant difference between their 
concentration (Calculated value = 0.29, -1.28 
and 1.36, respectively. 

90%

8%

2%

40K

226Ra

232Th
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Fig. 2. Percentage concentrations of radionuclide in seed samples 
 
Effective dose estimated from the ingestion of 
nuts and seeds confirmed that the largest 
effective dose was from kola nuts (18.05 �Svy

-1
) 

while the lowest effective dose was from 
Avocado (6.25 � Svy

-1
). The mean annual 

effective doses for nuts and seeds are 13.99 and 
12.00 � Svy-1, respectively (Table 2). The 
average value obtained in this study is within the 
limit recommended by ICRP [17]. 
 
The Fatal Lung Cancer Risk and hereditary 
cancer risk estimated from the ingestion of nuts 
and seeds in this study showed that an average 
of 0.38 and 0.30 people in a million will contract 
cancer from consumption of nuts and 0.33 and 
0.27 people will contract cancer from the 
consumption of seeds. The highest risk 
estimated was from consumption of kola nuts 
while the lowest risk was from consumption of 
bitter kola nuts. The values obtained in this study 
are below the world average of one person in a 
million per year [18,20]. 
 

The analyses of metals in the samples revealed 
that Cr had the lowest in all samples and not 
detectable in Cashew nut, Bitter kola nuts, 
Groundnut, and Walnut. The concentrations of 
Chromium obtained in these samples are lower 
than the regulation [21]. In Nuts, The 
concentration of Fe was lowest in Groundnut 
(17.62 mg/kg) and highest in Walnut (28.86 
mg/kg) and in seeds, Fe concentration was 
highest in Cocoa (542.49 mg/kg) and lowest in 

Moringa seed. It was also observed that the 
concentration of Fe is higher in Cocoa and 
Mustard seeds than the World Health 
Organization recommendations [21]. Copper 
(Cu) concentration in the samples ranged from 
3.07 mg/kg in Bitter kola nuts to 26.95 mg/kg in 
Cashew nut. The concentration of Cu was    
found to be higher than 10 mg/kg 
recommendation in Cashew and Walnuts [22]. 
Also in seeds, Cu was found to be higher than 
the recommended concentration in Avocado, 
African star Apple and Cocoa seed [22]. The 
concentration of Zinc (Zn) ranged from 2.75 
mg/kg in Bitter kola nuts to 50.4 mg/kg in 
Cashew nuts. Zn concentration was also found to 
be higher than 40 mg/kg which is the upper 
intake for a healthy adult in Cashew, African star 
Apple and Cocoa seeds [20,23]. The 
concentrations of Cu, Cr, and Zn were also 
observed to be higher than the WHO 
recommendations in Cocoa [21]. 

 
The Hazard Quotient (HQ) and Hazard Index (HI) 
estimated for all samples are lower than 1 except 
for Cocoa in which HI exceeded 1. This implies 
that there may be a hazard in Cocoa seeds 
consumption due to the high concentration of Cu. 
Although, Copper is a vital dietary nutrient in 
which only small amounts are needed for human 
well-being. In high doses, Cu can be extremely 
toxic [24]. A high dose of Zn may also lead to 
tachycardia, vomiting, diarrhea, pancreatitis, and 
damage of hepatic parenchyma [25]. 

90%

8%

2%

40K

226Ra

232Th
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5. CONCLUSION 
 
Measurement of natural radionuclides and some 
heavy metals in some nuts and seeds commonly 
consumed in south-western parts of Nigeria was 
carried out in this study. The Radioactive 
analysis was carried out using NaI (Tl) detector. 
The results of the analysis showed that the 
concentrations of 226Ra, 228Ra, and 40K were 
within the recommended average. The estimated 
effective doses were found to be lower than the 
recommended values. The assessment of the 
cancer risks from the consumption of nuts and 
seeds showed that the risks estimated are lower 
than the safe limit of 1 x 10

-6
 to 1 x 10

-4 
[18,20]. 

Therefore, no radioactive health risk was 
involved in the consumption of nuts and seeds if 
consumed within the 42 g per day 
recommended. 
 
The concentration of heavy metals was 
measured using Inductively Coupled Plasma 
(ICP).  The concentration of heavy metals in the 
samples followed the order Fe > Zn > Cu > Cr.  
Concentration of Zn was found to be higher than 
the recommendation in Cashew, African star 
Apple and Cocoa seeds. The measured Cu 
concentration was found to be higher than the 
recommended value in Cashew nuts and 
Walnuts. The Hazard Indices estimated from 
consumption of heavy metals in the samples are 
lower than 1 except for in Cocoa where HI is 
higher than 1. Therefore, nuts and seeds 
analyzed in this study are contaminated with 
some heavy metals and so must be taken with 
care because excessive intake of iron may 
increase susceptibility to infection; excessive 
exposure to copper might result in liver cirrhosis 
and kidney damage [26] while high dose of Zn 
may cause tachycardia, vomiting, diarrhea, 
pancreatitis, and damage of hepatic parenchyma 
[25]. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. United Nations Scientific Committee on the 
effects of atomic radiation: Sources and 
effects of ionizing radiation United Nations 
Scientific Committee on the Effects of 
Atomic Radiation. United Nations, New 
York. UNSCEAR; 2000.  
Available:www.unscear.org 

2. International food safety authorities 
network. Information on nuclear accidents 
and radioactive contamination of foods 
international food safety authorities 
network. World Health Organization 
(WHO), Geneva. INFOSAN; 2011. 
Available:www.fao.org/3/a-i3345e.pdf 

3. Jarup L. Hazards of heavy metals 
contamination, Bri. Med. Bull. 2003;68(1): 
167-82. 
Available:https://doi.org/10.1093/bmb/ldg0
32 

4. Mahurpawar M. Effects of heavy metals on 
human health, Int. J. Res.  Granthaalayah. 
2015;1-7. 

5. Lanre-Iyanda TY, Adekunle IM, 
Assessment of heavy metals and their 
estimated daily intakes from two commonly 
consumed foods (Kulikuli and Robo) found 
in Nigeria. Africa J. Food. Agri. Nutr. Devt. 
2012;12(3):6156-6169.  
eISSN: 1684-5374 

6. Ademola AK, Omoboyede JO Health risk 
assessment of natural radionuclide and 
heavy metals in commonly consumed 
medicinal plants in South-West Nigeria. Ife 
J. Sci. 2018;20(3):529-537.   
Available:https:// DOI:10.4314/ijs.v20i3.7 

7. Yin LL, Tian Q, Shaq XZ, Kong XY,        
Qiu JY. Determination of trace elements in 
edible nuts in the beijing market by ICP-
MS. Biomed. Envir Sci. 2015;28(6):449- 
454.  
DOI:https://DOI: 10.3967/bes2015.063 

8. Chung KH, Shin KO, Hwang HJ, Choi KS, 
Chemical composition of nuts and seeds 
sold in Korea. Nat. Res Prac. 2013;7(2), 
82– 88. 
DOI:https://doi.org/10.4162/nrp.2013.7.2.8
2 

9. El-Zakla T, Abdel-Ghny HA, Hassan AM. 
Natural radioactivity of some local 
fertilisers.  Romanian J.  Phys. 2007;52: 
731–739 

10. Johnson R. Food fraud and economic 
motivated adulteration of food and food 
ingredients, Congressional Research 
Service of US Department of Agriculture. 
Congressional Research Service. 2014;7-
5700.  
Available:https://fas.org/sgp/crs/misc/R433
58.pdf 

11. European Food Safety Authority. 
Cadmium. Scientific opinion of the panel 
on contaminants in the food chain of the 
European Food chain (CONTAM Panel). 
EFSA. 2009;J.980:1-139. 



 
 
 
 

Ademola and Morakinyo; PSIJ, 24(6): 15-23, 2020; Article no.PSIJ.58704 
 
 

 
23 

 

DOI: 10.2903/j.efsa.2009.980 
Available:https://www.efsa.europa.eu/en/ef
sajournal/pub/980 

12. Atomic Energy Regulatory Board. 
Accreditation of laboratory for 
measurement of radionuclide content in 
commodities. Atomic Energy Regulatory 
Board, Mumbai; 2003.  
Available:https://www.aerb.gov.in 

13. Sathyapriva RS, Rao DD, Prabhath RK. 
Choosing an appropriate method for 
measurement of 232Th in environmental 
samples. Radiat. Prot. Enviro. 2017;40: 
90-94. 
DOI:https://doi.org/10.4103/rpe.RPE_20_1
7 

14. Harb SRM. Natural radioactivity 
concentrations in some medicinal plants 
and annual committed effective dose from 
their consumption. Radiat. Prot. Enviro. 
2015;38(1&2):35-38. 
Available:https://doi.org/10.4103/0972-
0464.162816 

15. World Health Organisation (WHO) Data 
published for Life Expectancy in Nigeria; 
2018.  
Available:www.who.int › countries › nga  

16. International Commission on Radiological 
Protection. 1990 Recommendation of the 
International Commission on radiological 
protection. Oxford: Pergamon Press. ICRP 
publication 60, Annals of the ICRP. 1991; 
21(1-3).  
Available:www.icrp.org/docs/Histpol.pdf 

17. Taskin H, Karavus M, Ayb B, Topuzoglu A, 
Hidiroglu S, Karahan G. Radionuclide 
concentrations in soil and lifetime cancer 
risk due to gamma radioactivity in 
Kirklareli, Turkey. J. Environ. Radioactiv. 
2009;100.49–53. 
Available:https://doi.org/10.1016/j.jenvrad.
2008.10.012 

18. United State Environmental Protection 
Authority, Diffuse NORM waste 
characterization and preliminary risk 
assessment. S. Cohen and Associates, 
Inc. Rogers & Associate Engineering Corp. 
US Environmental Protection Agency. 

Office of Radiation and Indoor Air (ANR-
459);1993. 
Available:https//nepis.epa.gov 

19. United States Environmental Protection 
Agency. EPA regional screening level 
(RSL) summary table. Washington, DC; 
2011.  
Available:https://www.epa.gov/risk/regional
-screening-levels 

20. World Health Organization. Guidelines on 
assessing quality of herbal medicines with 
reference to contaminants and residues. 
Geneva, World Health Organization; 2007. 
Available:apps.who.int/iris/handle/10665/4
3510 

21. Food and Agriculture Organization/World 
Health Organization (FAO/WHO). Joint 
Expert Committee on Food Additives. 
Summary and conclusions. 53

rd
 Meeting, 

Rome; 1999.  
Available:www.fao.org/fileadmin/templates 

22. Agency for Toxic Substances and Disease 
Registry (ATSDR). Toxicological profile for 
Cu. U.S. Department of Health and Human 
Services. Public Health Service; 2004. 
Available:www.atsdr.cdc.gov › toxprofiles 

23. Muhammad A, Sreebas CB. Assessment 
of heavy metals concentration in some 
selected medicinal plants collected from 
BCSIR, Chittagong Cultivation Area in 
Bangladesh, Hamdard Medicus. 2012; 
55(3):26-32. 
ISSN: 0250-7188  

24. Ashish B, Necti K, Himanshu K. Copper 
toxicity: A comprehensive study. Research 
J. Recent Sci. 2013;2:58–67. 
DOI:https://doi.org/10.1360/972012-1626 

25. Adefila EO, Onwordi CT, Ogunwande IA. 
Level of heavy metals uptake on 
vegetables planted on poultry droppings 
dumpsite, Arch. Appl. Sci. Res. 2010;2(1): 
347-353. 

26. Gaetke LM, Chow CK. Copper toxicity, 
oxidative stress, and antioxidant 
nutrients. Toxicology. 2003;189:147–163. 
DOI:https://doi.org/10.1016/S0300-
483X(03)00159-8

_________________________________________________________________________________ 
© 2020 Ademola and Morakinyo; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited. 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/58704 


