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Abstract  

The health risks resulting from heavy metals such as Cd, Cr, Pb, Cu, Mn and Ni consumed in bread and popcorn 

snacks in Birnin-Kebbi, Kebbi State were investigated. The health risk assessment was conducted in 

accordance with the United States Environmental Protection Agency (USEPA). The estimated daily intake 

(EDI) for all the studied metals in all the samples were found to be below the provisional tolerable limit based 

on Codex and the European Union (EU).  The hazard quotient (HQ) of all the metals in all the samples were 

observed to be less than 1, indicating an absence of health risk for the consumers of snacks in the study area. 

The hazard index (HI) which is the summation of all the hazard quotients for all the metals in bread was 0.8143 

and in popcorn was 0.526 which were also less than 1. The results of this study show consumption of bread 

and popcorn is safe from the risk of the heavy metals. However, long accumulation of these toxic metals may 

lead to health consequences. Therefore, continuous monitoring of snacks in the study area should be done by 

the agencies concerned to safeguard the health of the population. 
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1. Introduction 

Pollution of heavy metals in the environment 

particularly in food stuff has become a great challenge 

and topmost concern globally in the recent years. This 

is due to rapid increase in population that leads to rapid 

increase in development [1]. The heavy metals are 

nonbiodegradable in nature as such their accumulation 

in the environment and food stuff last longer and 

transferable [2].  Heavy metals such as Cd, Cr, Pb, Cu, 

Ni and Mn are categorized potentially harmful 

elements [3]. However, the demand for food safety 

have become a critical concern to the human 

population as a result of contaminated food 

consumption resulting to potential health risk. 

Therefore, monitoring of heavy metals in food has 

become significant for the safety of human consumers. 

Even though, heavy metals are found naturally in the 

environment, however, human activities such as 

agricultural, industrial, domestic discharges, traffic 

activities and also preparatory method increased the 

amounts of these potential toxic metals even in food 

stuff [4, 5].  As a result, humans are exposed to these 

metals through the consumption of contaminated food. 

Humans can develop serious health effects as a result 

of significant intake of heavy metals through 

contaminated foods [6]. On accumulated in the body, 

these toxic metals can cause high risk of 

gastrointestinal cancer and reduction of immunological 

suppression as a result of their competitive behaviour 

with some of the essential nutrients [7]. Previous 

researches [8-12] have reported concentrations of 

heavy metals.  Nevertheless, the study of health risk 

estimation of toxic metals in snacks particularly bread 

and popcorn particularly in Kebbi State is lacking. To 

our knowledge this is the first study in the study area. 

Hence the aim of this study is to assess the health risk 

associated with Cd, Cr, Pb, Cu, Ni and Mn via bread 

and popcorn snack consumption. The information 

would help in creating awareness about any risk to 

health regarding snack food contamination. 

2. Materials and methods  

2.1 Sample collection and treatment  

Bread and popcorn snacks samples were randomly 

purchased from the sellers in Birnin Kebbi central 

market in Kebbi State and were put in new plastic bags. 

Samples were immediately taken into the laboratory in 

department of Chemistry at Kebbi State University of 

Science and Technology, Aliero. The samples were 

oven dried at 110oC for four hours. After cooling the 

samples were made into powder using a wooden 

mortar. The powdered samples were filtered through 

plastic sieve < 0.75 mm mesh to obtain fine powder. 

The fine powdered samples were kept in a plastic 

container until analysis.  

2.2 Sample digestion and analysis 

2 g of each sample were transferred after weighing into 

different digestion tubes. A mixture of HClO4, H2SO4 

and HNO3 in a ratio of 1:2:2 was added to each 

digestion tube covered and were placed on a hot plate. 

The mixtures were heated to a temperature of about 

110oC until a clear solution was obtained [13]. The 

solutions were allowed to cool and diluted with 
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deionized water. The solutions were filtered using 

Whatman No 42 filter paper. The filtrate solutions 

were made to 100mL. The digested samples were 

analysed for cadmium, copper, chromium, lead, 

manganese and nickel using Microwave Plasma 

Atomic Emission Spectroscopy (MP-AES 

MY19479002).  

2.3 Health risk estimation  

The human health risk associated to ingestion of the 

heavy metals in the sample was estimated by 

calculating the estimated daily intake (EDI), Hazard 

quotient (HQ) and Hazard index (HI).   

2.4 Estimated daily intake 

The human health risk via consumption of heavy 

metals in food was calculated through estimated daily 

intake (EDI) using the following equation [14].  

𝐸𝐷𝐼 =
𝐶𝑏𝑟𝑒𝑎𝑑/𝑝𝑜𝑝𝑐𝑜𝑟𝑛 × 𝐷𝑏𝑟𝑎𝑑/𝑝𝑜𝑝𝑐𝑎𝑟𝑛

𝐵𝑊
          (1) 

Where, 

 EDI = estimated daily intake, and 𝐶𝑏𝑟𝑒𝑎𝑑/𝑝𝑜𝑝𝑐𝑜𝑟𝑛 = 

the mean level of heavy metals in the bread and 

popcorn snacks (mg/kg), while the 𝐷𝑏𝑟𝑒𝑎𝑑/𝑝𝑜𝑝𝑐𝑜𝑟𝑛 = 

the average daily food consumption for adults which is 

given as 0.170 kg/person/day. BW = the average 

weight of the body in (kg) estimated by USEPA risk 

analysis, considered an adult to be 70 kg [15, 16].  

2.5 Hazard Quotient 

The estimated daily intake (EDI) divided by each 

metals established reference dose (RfD) was employed 

in calculating the Hazard quotient as illustrated in the 

equation below. This is done for the assessment of 

health risk through consumption of food. 

𝐻𝑄 =
𝐸𝐷𝐼

𝑅𝑓𝐷
                                                  (2) 

Where,   

HQ is the Hazard quotient; EDI represents the 

estimated daily intake and the RfD = the reference dose 

for each heavy metal. The reference dose values were 

given by Integrated Research Information System 

(IRIS) [17]. United State Environmental Protection 

Agency (USEPA) through the IRIS reported that if HQ 

of an individual heavy metal is (HQ < 1) then human 

health risk linked with the particular metal is not 

expected. However, if is greater than 1 (HQ > 1), then 

risk linked with the particular toxic metal is expected.    

2.6 Hazard Index  

The Hazard index of the ingested food was assessed by 

the summing of quotients of the entire heavy metals as 

in the equation below:  

𝐻𝐼 = 𝐻𝑄(𝐶𝑑 + 𝐶𝑟 + 𝑃𝑏 + 𝐶𝑢 + 𝑀𝑛 + 𝑁𝑖)      (3) 

 

 

3. Results and discussion 

3.1 Estimated daily intake (EDI)  

The dietary daily estimated ingestion of the toxic 

metals (Cd, Cr, Pb, Cu, Mn and Ni) are presented in 

Figure 3.1 below: 

 

 
Figure 3.1:  Estimated daily intake (EDI) of heavy 

metals in snacks for adults (mg/day) 

From the results it was discovered that the range of Cd 

EDI was from 0.000243 to 0.0000243 mg/kg in bread 

and popcorn respectively. These values were lower 

when compared to the dietary values ranging from 

0.040 to 0.080 mg/kg reported for Cd in snacks for both 

high incomes, middle- and low-income earners in 

Ibadan city, Nigeria [13]. However, the estimated 

dietary intake of Cd in this study was shown to be lower 

when compared to the permissible limits range (0.01 – 

0.02 mg/person/day) as established by the European 

Commission (EU) [18]. Cd has no any biological 

function in human body. This indicates that 

consumption of snacks in the study area could not pose 

any health risk danger to humans. 

The daily dietary intake for Cr in the samples in this 

study ranged from 0.000971 to 0.00121 mg/day in 

bread and popcorn respectively. These values were 

found to be lower than 0.088 to 0.141 mg/person/day 

reported for Cr in snacks [13].  Those values were also 

lower than the tolerable values 0.025 to 0.2 

mg/person/day for Cr by Codex [19].  

Pb has no known any biological significance in human 

body. The values of EDI for Pb obtained in this study 

ranged between 0.000971 and 0.000729 mg/kg 

respectively in bread and popcorn snacks. These values 

were observed to be low when compared with dietary 

intake of Pb 0.169 to 0.197 mg/person/day in snacks 

reported [13]. The values obtained in this study were 

shown to be lower than 0.015 to 0.1 mg/person/day 

established by Codex [19]. Indicating no risk to human 

health with regards to Pb on consumption of snacks in 

this study area.   

Estimated daily intake for Cu and Mn in snacks ranged 

between 0.00437 to 0.00316 and 0.00391 to 0.00423 

mg/kg respectively for bread and popcorn. These 

values were shown to be lower when compared to the 

range in snacks 0.00014 to 0.00551 mg/kg for Cu and 
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Mn [20]. On the other hand, the values were below the 

daily intake of 0.170kg/day. This corroborates that 

there will be low rate of consumption of nutritionally 

essential metals such as Cu and Mn in the bread and 

popcorn snacks in the study area. Therefore, except 

there is a supplement with time there could be negative 

effect to human health.  

The EDI for Ni in the samples in this study ranged 

between 0.00104 to 0.000971 mg/kg. The values were 

seen to be lower than the dietary intake 0.206 to 0.552 

mg/person/day reported for snacks [13], and eventually 

were also lower than 0.15 – 0.7 given by Codex [19]. 

Therefore, this implies that no risk to human health 

with regard to Ni on consumption of snacks in the study 

area.  

 
Figure 3.2: Calculated hazard quotient (HQ) and 

hazard index (HI) of heavy metals in snacks 

3.2 Hazard Quotient (HQ) 

The values of Hazard quotient were calculated using 

the equation as shown in equation (2). It is based on the 

reference dose of the heavy metals given by IRIS [17]. 

As seen in Figure 3.2, the hazard quotient values for all 

the heavy metals (Cd, Cr, Cu, Pb, Mn and Ni) were 

observed to be less than 1. The values in this study are 

in agreement with the HQ in food reported in Nigeria 

[20, 21].  According to the United State Environmental 

Protection Agency (USEPA) through the IRIS [17] if 

HQ of an individual heavy metal is (HQ < 1) then there 

is human health risk linked with the particular metal is 

not expected. However, if is greater than 1 (HQ > 1), 

then there is high expectation of risk linked with the 

particular hazard metal.  In view of this, there is no 

obvious health risk to human as a result of the 

consumption of bread and popcorn snacks in this study 

area. Therefore, consumption of snacks in the study 

area is safe.  

3.3 Hazard Index (HI) 

The summation of the quotients of all the metals 

studied in the samples gives the hazard index for the 

entire metals. And it is calculated as presented in 

equation (3). As shown in Table 3.2 the HI values in 

this study were observed to be 0.8143 in bread and 

0.526 in popcorn. These values are less than 1 (HI < 1). 

The UNSEPA through IRIS established that if HI ≤ 1 

then no possible risk. On this basis, there is no possible 

health risk in respect to all studied metals on ingestion 

of snacks in the area of study. Therefore, consumption 

of snacks is regarded safe to the populace.  

4. Conclusion 

Following the present study, the health risk as a result 

of heavy metals consumption were investigated in 

bread and popcorn snacks. The result revealed that the 

estimated daily consumption of the metals under study 

through ingestion of snack is below the tolerable daily 

consumption. The assessment of health risk revealed 

that consumption exposure to the metals could not pose 

any risk to the health of consumers in the study area.  

However, continuous monitoring of snacks is 

recommended so as to safe guard the population of 

consumers from accumulating these toxic metals with 

long exposure.  
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