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ABSTRACT - The risk assessment of heavy metals in fast foods have been evaluated in this 
study. For this purpose, the carcinogenic and the non-carcinogenic hazards of chromium, nickel, 
lead, copper, and iron concentrations were measured in 40 fast food samples purchased in 2018 
from the restaurants in two districts of Isfahan, Iran. Based on the results, only the average 
concentration of copper was within the permissible limits. For the two groups of children and 
adults, the highest target hazard quotients for lead were 33.84 and 98.72, respectively. The 
cumulative hazard index for all the considered metals in both groups was greater than 1. Of all the 
heavy metals analyzed in the examined food samples, only chromium (in both age groups) and 
nickel (in children only) showed an incremental lifetime cancer risk. The concentrations of 
chromium, nickel, lead, and iron in the Mushroom burger, Fried mushrooms, Hamburger with 
mushroom and cheese, and vegetable pizza were higher than those in other fast foods 
respectively. Thus, it can be concluded that the mentioned foods are the major sources of heavy 
metal ingested by humans and their consumption should be closely monitored and managed by 
the authorities and supervising organizations. 

Keywords: Heavy Metals. Fast Foods. Risk Assessment. Carcinogenic Hazards. Non-
Carcinogenic Hazards. 
 

INTRODUCTION 

Heavy metals are currently the most common food contaminants identified since they can 
enter foods through raw materials and/or the utensils used in the production process (Pappalardo, 
Copat, Ferrito, Grasso & Ferrante, 2017). One of the major problems posed by heavy metals is 
that they are not usually metabolized in the body. Having entered the body, these elements are not 
excreted but are instead deposited in adipose tissues, muscles, bones, and joints, resulting in 
numerous diseases (Wang, Wu, Liu, Liao & Hu, 2017). Some metals, such as lead (Pb), cadmium 
(Cd), chromium (Cr), and nickel (Ni), are hazardous to human health, as they can result in kidney 
failure, lung cancer, brain diseases, anemia, skeletal changes, fetal abnormalities, mental 
retardation, childhood disorders, hearing impairment, immune system dysfunction, abortion, and 
premature birth. Although metals such as iron (Fe), zinc (Zn) and copper (Cu) are essential 
nutrients and their deficiencies can cause problems in humans, excessive amounts of these 
elements could be harmful; therefore, they should be consumed moderately (Pappalardo, Copat, 
Ferrito, Grasso & Ferrante, 2017; Marín et al., 2018). The assessment of the carcinogenic and 
non-carcinogenic health hazards of heavy metals, which is a multistage process, was carried out 
by employing the health risk assessment method of the US Environmental Protection Agency 
(USEPA). In evaluating the non-carcinogenic effects of heavy metals, a function called target 
hazard quotient (THQ) was used. THQ is a very useful parameter for assessing the biological 
hazards of food products contaminated with heavy metals. Also, the incremental lifetime cancer 
risk (ILCR) parameter is defined as the incremental probability of a person developing any type of 
cancer over a lifetime exposure to a given daily amount of a carcinogenic metal (Real, Azam & 
Majed, 2017; Tajdar-Oranj et al., 2018). 

Given the environmental and human health concerns arising from heavy metals intake and 
the essential role of food in the human diet, it is crucial to determine the concentrations of these 
elements, which are important indicators of the hazards and diseases resulting from the ingestion 
of these metals, and to set the necessary food quality standards in this respect (Manzoor, Sharma 
& Wani, 2018).  

Fast-food consumption has increased worldwide over the past few decades. Recent studies 
have shown an increasing trend in fast food consumption by the Iranian population as well as a 
significant rise in the number of fast-food restaurants in Iran; which ought to be a major health 
concern for Iranians, especially those living in urban areas. Fast food is cheaper, easier to prepare, 
and more accessible than fresh food, particularly for less affluent in urban areas. Generally, when 
food becomes more expensive, people opt for less costly foods, which are often high in caloric 
content and low in nutrients. The overconsumption of these cheap foods, however, incurs a high 
cost to society with obesity, which is a risk factor for many non-communicable diseases such as 
heart diseases, strokes, diabetes, and some cancers (Majabadi et al., 2016). Although extensive 
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studies have been conducted on seafood (Kawser-Ahmed, Baki, Kundu, Islam, Islam & Hossain, 
2016), dairy products (Ismail, Riaz, Akhtar, Amjad, Shahzad & Mujtaba, 2017) and vegetables 
(Hadayat et al., 2018) with regards to the effects of heavy metals on human health, the present 
research is the first comprehensive study in Iran that reflects the serious challenges encountered 
on the issue of food safety. Due to concern of foodstuff safety in specific for the status of food 
pollutions, estimating the amounts of contaminants entering the body of a living organism, and 
determining the possible adverse effects of such contaminants on the human body, the objective of 
this study is to determine the carcinogenic and non-carcinogenic risks of heavy metals (Cr, Ni, Pb, 
Cu, and Fe) in the fast-food samples obtained from several restaurants located in Isfahan, Iran.  

MATERIAL AND METHODS  

a) Sampling 

A total of 40 fast-food samples were randomly purchased from 19 active restaurants in 
Isfahan (Iran) in the winter of 2018 and transferred to the laboratory. Wet digestion was used to 
determine the concentrations of Cr, Ni, Pb, Cu, and Fe metals (AOAC, 1998). The acquired fast 
food samples were packed in clean polyethylene bags and stored at -20 °C until analysis. In this 
survey, an attempt was made to select and analyze the kind of fast foods that are favorite to eat for 
children and adults not only in Iran but also throughout the world (Table 1).    

b) Food sample preparation and digestion   

Around 5 g of each dried fast food sample was digested using a two-acid mixture 
(HNO3:HClO4 of 1:3) until transparent fumes were obtained. The samples were digested in a 
microwave digestion system (Aurora Transform 680 model, Canada). Each digested sample was 
then placed in a standard flask into which Milli-Q water was added to get a total volume of 50 ml. 
The samples were cooled and filtered using Whatman filter paper 45 and stored in plastic tubes 
with screw caps. The heavy metal contents of samples were determined using Inductively Coupled 
Plasma-Optical Emission Spectroscopy (ICP-OES) (Vista-Pro model, made in Germany). Sample 
blanks (Food samples) were analyzed for Cr, Ni, Cu, Pb, and Fe contents by taking 20 ml of each 
digestion mixture and performing the same procedure. 

c) Risk assessment of heavy metals  

Estimated daily intake (EDI) of heavy metals through fast foods 

EDI of metals (mg/kg/day), expressed as daily dose over body weight is a parameter used 
for determining the exposure dose of metals over a specific period. The daily intake of metals 
depends on the concentration of such metals in a particular food, the daily intake of that food, and 
consumer body weight, and it is obtained by the following formula (USEPA, 2000):  

 

EDI = (CF × IR × FI × EF × ED) / (BW × AT)       (1) 

 

In the above equation (1), CF, IR, FI, EF, ED, BW and AT respectively represent the 
conversion factor (mg/kg), ingestion rate per day (gr/person/day), fraction ingested (presumed as 
0.40), exposure frequency (365 days/year), exposure duration (years) (which was considered here 
as 14 and 70 years for children and adults, respectively), average body weight (24 kg for children 
and 70 kg for adults), and the average exposure time for non-carcinogens (365 days/year; 
exposure durations of 14 and 70 years for children and adults, respectively). In this study, the IR 
values were estimated based on the nutritional labels on food packages (Table 1). 
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Table 1. Recommended daily consumption of each examined fast-food in the present study. 

Code Food sample Description 
RDC1 

(g) 

1 Fried potatoes Fried potatoes, salt, black pepper, ketchup, mayonnaise 85 

2 
Fried potatoes with 
mushroom and cheese 

Fried potatoes, mushrooms, mozzarella cheese, salt, black 
pepper, ketchup, mayonnaise 

85 

3 Hamburger 
One ground beef patty, tomatoes, lettuce, pickles, ketchup, 
mayonnaise, onion slices, salt, black pepper 

100 

4 Double burger 
Two ground beef patties, tomatoes, lettuce, pickles, ketchup, 
mayonnaise, onion slices, salt, black pepper 

100 

5 Cheese burger 
One ground beef patty, tomatoes, lettuce, pickles, ketchup, 
mayonnaise, salt, black pepper, onion slices, cheddar cheese 

100 

6 Mushroom burger 
Ground beef, mushrooms, tomatoes, lettuce, pickles, ketchup, 
mayonnaise, salt, black pepper, onion slices, cheddar cheese 

100 

7 
Hamburger with 
mushroom and cheese 

One ground beef patty, mushrooms, tomatoes, lettuce, pickles, 
ketchup, mayonnaise, salt, black pepper, onion slices, cheddar 
cheese 

100 

8 Pirashki 
Hot dog sausage, lettuce, pickles, tomatoes, process cheese, 
ketchup, mayonnaise 

100 

9 Hot dog 
Hot dog sausage, lettuce, pickles, tomatoes, process cheese, 
ketchup, mayonnaise 

100 

10 Special corn 
Sweet corn, butter, thyme, lemon juice, mayonnaise, salt, 
black pepper 

100 

11 
Corn with mushroom 
and cheese 

Sweet corn, mushrooms, mozzarella cheese, butter, thyme, 
lemon juice, mayonnaise, salt, black pepper 

100 

12 Special snack 
Toast bread, soya meat, cheddar cheese, bell peppers, 
ketchup, mayonnaise 

100 

13 
Snack with meat and 
mushroom 

Toast bread, soya meat, mushrooms, cheddar cheese, 
ketchup, mayonnaise  

100 

14 Sambusa 
Lavash bread, potatoes, onions, ground beef, salt, black 
pepper 

100 

15 Falafel 
Falafel, tomatoes, lettuce, pickles, ketchup, mayonnaise, 
onions, salt, black pepper 

100 

16 Special pizza 
Beef sausage, mushrooms, onion slices, tomatoes, tomato 
paste, salt, black pepper 

55 

17 Vegetable pizza 
Mushrooms, sweet corn, onion slices, tomatoes, carrots, bell 
peppers, tomato paste, salt, black pepper 

100 

18 Fried chicken thigh Chicken thigh, ketchup, salt, black pepper 100 

19 Fried chicken nuggets Chicken breast, ketchup, salt, black pepper 100 

20 Fried mushrooms Mushrooms, ketchup, salt, black pepper 100 

1 Recommended daily consumption 
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Non-carcinogenic risk 

THQ is normally used to assess the non-carcinogenic risk and estimate the potential health 
hazards of heavy metals in fast food. In this work, by using the method proposed by USEPA (Eq. 
2), a THQ was obtained for each heavy metal found in the fast-food samples collected from 
Isfahan restaurants.  

 

THQ = EDI/RFD          (2) 

 
In Eq. 2, the oral reference dose (RFD) (mg/kg/day) was 1.5, 0.02, 0.004, 0.04 and 0.7 for 

Cr, Ni, Pb, Cu, and Fe, respectively. A THQ below 1.0 shows no visible risk; however, consumer 
health could be endangered if THQ is equal to or greater than 1.0 (USEPA, 2011). 

For a mixture of chemical elements in fast food samples, the possible adverse effects on 
consumer's health are determined by the hazard index (HI), which is obtained by summing the 
THQ values (USEPA, 2011): 

HI =  ∑
n=1

i

THQn          (3) 

An HI < 1 shows no obvious health risk and an HI > 1 indicates non-cancerous risks to a 
population exposed to an element. 

 
Incremental lifetime cancer risk 
 

The ILCR, which shows the lifetime risk of cancer due to excessive exposure to Cr, Ni, and 
Pb, is obtained by multiplying cancer slope factor (CSF), proposed by USEPA, by estimated daily 
intake:  
 

ILCR = CSF × EDI          (4) 

 
The CSF values (mg/kg/day) for Cr, Ni and Pb are 0.5, 1.7 and 0.0085, respectively. In 

general, based on the USEPA standards, the carcinogenicity risk of metal is negligible if ILCR 
values are below 10-6 (lifetime cancer risk of 1 in 1,000,000). However, if ILCR values are greater 
than 10-4 (lifetime cancer risk of 1 in 10,000), the carcinogenicity risk will be over the permissible 
level and thus hazardous to human health. A carcinogenicity risk in the range of 1x10-6-1x10-4 
indicates an acceptable cancer risk under controlled conditions (USEPA, 2006). 

d) Statistical analysis 

One-way analysis of variance (ANOVA) was used to compare the mean concentrations of 
heavy metals in the examined fast foods. All the statistical analyses were performed in the SPSS 
25.0 software for windows. The significance level was considered as 0.05. 

RESULTS 

The concentrations of five heavy metals (Cr, Ni, Pb, Cu, and Fe) in the examined fast food 
samples are presented in Table 2 along with the obtained ranges for each metal with method 
ANOVA. The ranges of heavy metal contents in the examined samples are 0.04–0.93 mg/kg for Cr, 
0.05–0.51 mg/kg for Ni, 0.05–0.94 mg/kg for Pb and 0.05–5.11 mg/kg for Cu. Table 2 also shows 
Fe concentrations of 3.31–51.84 mg/kg in the fast foods obtained from the two sampling sites. 

According to the results of this study, the mean concentrations of Cu in all the examined 
fast foods were significantly lower than the standard levels set by the guidelines of the Food and 
Agriculture Organization/World Health Organization (FAO/WHO). Only Cheese burger contained a 
safe level of Cr, and the concentration of this metal in all the other food samples was higher than 
the permissible level. The concentration of Ni was above the standard FAO/WHO level in one 
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sample only (Fried mushrooms). The mean concentration of Pb in all the examined fast foods was 
higher than the safe limit. The highest Pb content was found in “Hamburger with mushroom and 
cheese” followed by Fried mushrooms, indicating severe Pb contamination in these fast foods. 
Other than Vegetable pizza and Hamburger, the rest of the fast-food samples had Fe contents 
below the maximum permissible value set by FAO/WHO. 

It should be mentioned that the average concentration of Pb in the examined fast foods was 
higher than that of other metals. 

The EDI of heavy metals in the 20 different fast foods consumed by individuals in the two 
age groups (children and adults) are listed in Table 3. The EDI levels of Ni, Pb, Cu, and Fe for the 
two age groups are much lower than the Provisional Tolerable Daily Intake (PTDI) levels presented 
in Table 3. The toxicity level of heavy metal in the body depends on the daily intake of such metal, 
which is then compared with PTDI values. PTDI is an estimate of the intake of a given contaminant 
over a long period, and it is obtained by dividing the assumed maximum national daily intake by the 
average body weight of a person and expressed as a percentage of the PTDI of the contaminant, 
which should not exceed the PTDI level determined by FAO/WHO standards (Stoyanova, Sirakov, 
Velichkova & Staykov, 2015; Saher & Kanwal, 2018). 

Table 2. Mean and standard deviation of heavy metals concentrations (mg/kg) in fast-foods collect. 
Samples Cr Ni Pb Cu Fe 

Fried potatoe 0.24±0.14 0.10±0.07 0.29±0.34 0.92±1.23 13.61±1.14 

Fried potatoe with mushroom and 
cheese 

0.39±0.36 0.10±0.07 0.29±0.34 2.23±0.72 3.31±1.43 

Hamburger 0.64±0.26 0.21±0.23 0.50±0.63 1.11±0.19 48.10±9.80 

Double burger 0.23±0.05 0.05±0.00 0.51±0.16 2.27±1.18 35.27±4.27 

Cheese burger 0.04±0.00 0.05±0.00 0.05±0.00 0.05±0.00 25.91±0.18 

Mushroom burger 0.93±0.99 0.08±0.04 0.25±0.28 1.43±1.95 28.31±0.39 

Hamburger with mushroom and 
cheese 

0.75±0.48 0.31±0.13 0.94±0.09 1.40±0.53 34.21±4.10 

Pirashki 0.11±0.09 0.21±0.22 0.41±0.51 0.72±0.86 16.08±0.28 

Hot dog 0.51±0.58 0.05±0.00 0.05±0.00 0.31±0.37 13.33±3.78 

Special corn 0.09±0.05 0.18±0.19 0.36±0.43 0.50±0.64 10.54±4.63 

Corn with mushroom and cheese 0.91±0.92 0.15±0.14 0.28±0.32 0.60±0.78 19.03±9.40 

Special snack 0.13±0.00 0.05±0.00 0.05±0.05 0.05±0.00 20.54±0.77 

Snack with meat and mushroom 0.28±0.04 0.05±0.00 0.05±0.05 0.63±0.82 18.67±2.05 

Sambusa 0.24±0.07 0.22±0.24 0.39±0.48 2.28±0.07 24.47±3.18 

Falafel 0.23±0.02 0.20±0.20 0.36±0.43 1.67±0.07 33.87±8.57 

Special pizza 0.48±0.28 0.14±0.12 0.32±0.38 0.94±1.02 22.55±3.97 

Vegetable pizza 0.44±0.41 0.14±0.12 0.12±0.09 0.65±0.18 51.84±4.66 

Fried chicken thigh 0.08±0.04 0.16±0.03 0.08±0.04 0.89±0.46 16.95±4.47 

Fried chicken nugget 0.07±0.03 0.18±0.01 0.08±0.04 0.96±0.31 14.54±2.65 

Fried mushroom 0.47±0.03 0.51±0.01 0.58±0.75 5.11±0.74 27.93±10.89 

P value 0.001 0.01 0.01 0.002 0.03 

Regulatory limits of metals in foods 0.050 
(FAO/WHO, 

2010) 

0.5 
(FAO/WHO, 

2010) 

0.025 
(FAO/WHO, 

2010) 

10 
(FAO/WHO

, 2010) 

48 
(FAO/WHO, 

2010) 
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Table 3. Estimated daily intake of heavy metals (mg/kg/day) for adults (70 kg) and children (24 kg) from fast-
foods consumption in Isfahan urban. 

 Adults Children 

Samples Cr Ni Pb Cu Fe Cr Ni Pb Cu Fe  

Fried potatoe 0.02 0.01 0.03 0.11 1.66 0.08 0.03 0.10 0.32 4.85  

Fried potatoe with mushroom and 
cheese 

0.04 0.01 0.03 0.27 0.40 0.13 0.03 0.10 0.79 1.18  

Hamburger 0.09 0.03 0.07 0.15 6.78 0.26 0.08 0.21 0.46 19.78  

Double burger 0.03 0.007 0.07 0.32 5 0.09 0.02 0.21 0.95 14.81  

Cheese burger 0.01 0.007 0.007 0.007 3.73 0.21 0.02 0.02 0.02 10.88  

Mushroom burger 0.13 0.01 0.03 0.21 4 0.39 0.03 0.10 0.60 11.89  

Hamburger with mushroom and 
cheese 

0.10 0.04 0.13 0.20 4.92 0.31 0.13 0.39 0.58 14.37  

Pirashki 0.01 0.03 0.05 0.10 2.31 0.04 0.08 0.17 0.30 6.75  

Hot dog 0.07 0.007 0.007 0.04 1.91 0.21 0.02 0.02 0.13 5.59  

Special corn 0.01 0.02 0.05 0.07 1.51 0.03 0.07 0.15 0.21 4.42  

Corn with mushroom and cheese 0.13 0.02 0.04 0.08 2.74 0.38 0.06 0.11 0.25 7.99  

Special snack 0.01 0.007 0.007 0.007 2.95 0.05 0.02 0.02 0.02 8.62  

Snack with meat and mushroom 0.04 0.007 0.007 0.09 2.68 0.11 0.02 0.02 0.26 7.48  

Sambusa 0.03 0.03 0.05 0.32 3.52 0.10 0.09 0.16 0.95 10.27  

Falafel 0.03 0.02 0.05 0.24 4.87 0.09 0.08 0.15 0.70 14.22  

Special pizza 0.03 0.02 0.01 0.09 1.78 0.10 0.05 0.05 0.27 5.20  

Vegetable pizza 0.06 0.01 0.02 0.07 7.46 0.18 0.02 0.07 0.21 21.77  

Fried chicken thigh 0.01 0.02 0.01 0.12 2.44 0.03 0.06 0.03 0.37 7.12  

Fried chicken nugget 0.01 0.02 0.01 0.13 2 0.02 0.07 0.03 0.40 6.10  

Fried mushroom 0.06 0.007 0.08 0.73 4 0.19 0.21 0.24 2.14 11.73  

 (PTDI - mg/kg/day): Cr: 0.1, Ni: 5, Pb: 3.57, Cu: 3, Fe: 48 (FAO/WHO, 2016) 

 

For adults, the Cr levels were higher than PTDI values in just 2 samples: Mushroom burger 
and “Corn with mushroom and cheese”. However, the Cr levels for children were higher than PTDI 
limits in “Fried potatoes with mushroom and cheese”, Hamburger, Cheese burger, Mushroom 
burger, “Hamburger with mushroom and cheese”, Hot dog, “Corn with mushroom and cheese”, 
“Snack with meat and mushroom”, Vegetable pizza, and Fried mushrooms. 

The THQ values for heavy metals are separately presented in Figures 1 and 2 for the two 
different age groups. 

According to these two figures, the highest THQ values for adults (33.84) and children 
(98.72), associated with toxic Pb levels, are obtained by consuming 100 g of “Hamburger with 
mushroom and cheese” per day.  

Regarding the other examined fast foods, the THQ ranges for adults are 1.8–33.84 for Pb, 
0.006–0.08 for Cr, 0.36–3.6 for Ni, 0.18–18.4 for Cu and 0.53–10.93 for Fe; and for children, they 
are 5.25–98.72 for Pb, 0.01–0.26 for Cr, 0.02–10.5 for Ni, 0.52–53.66 for Cu, and 1.68–31.11 for 
Fe. Accordingly, the THQ values of heavy metals in the fast foods consumed in Isfahan are in the 
following order: Cr < Ni < Cu < Fe < Pb.  
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Figure 1. Target Hazard Quotient for adults of heavy metals due to the consumption of fast-foods in Isfahan 

urban. 

 

 
 

Figure 2. Target Hazard Quotient for children of heavy metals due to the consumption of fast-foods in 
Isfahan urban. 
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It should be noted that except for Cr, for which the THQ value in all the fast food 
samples is less than 1.0 for both age groups, the THQ values of other metals in most 
samples are higher than 1.0 for both adults and children. 

Figure 3 illustrates the HI values for the total intake of fast foods consumed by adults and 
children. As is observed, the HI values of all fast food samples for the two age groups (children and 
adults) are higher than 1.0. This indicates that fast-food consumers are at risk of developing non-
cancerous diseases in the long run. 
 

 
Figure 3. Hazard Index for adults and children of heavy metals due to the consumption of fast-foods in 

Isfahan urban. 
 

 
 

The ILCR values of heavy metals in the fast foods consumed in Isfahan are presented in 
Table 4 for children and adults separately. The results indicate that the levels of Cr (in both age 
groups) and Ni (in children only) is higher than the permissible limits. On the other hand, the Pb 
contents of food samples are at critical levels (1x10-4) except in 7 samples (Cheese burger, Hot 
dog, Special snack, “Snack with meat and mushroom”, Vegetable pizza, Fried chicken thighs, and 
Fried chicken nuggets), in which they are within the permissible limit (1x10-5), and except in 
“Hamburger with mushroom and cheese”, in which the Pb level is above the permissible limit in 
adults. These risk values indicate that long-term consumption of fast foods would lead to cancer in 
adults and children, but the carcinogenicity risks of Cr, Ni, and Pb are greater for children. 
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Table 4. Incremental lifetime cancer risk for adults (70 kg) and children (24 kg) from consumption 
of fast-foods in Isfahan urban. 
 Adults Children 
Sampels Cr Ni Pb Cr Ni Pb 
Fried potatoe 1×10-2* 17×10-3* 2.55×10-4 4×10-2* 51×10-3* 8.5×10-4 
Fried potatoe with mushroom and 
cheese 

2×10-2* 17×10-3* 2.55×10-4 65×10-3* 51×10-3* 8.5×10-4 

Hamburger 45×10-3* 51×10-3* 5.95×10-4 13×10-2* 136×10-3* 1.785×10-3* 
Double burger 15×10-3* 119×10-4 5.95×10-4 45×10-3* 34×10-3* 1.785×10-3* 
Cheese burger 5×10-3* 119×10-4 5.95×10-5 105×10-3* 34×10-3* 1.7×10-4 
Mushroom burger 65×10-3* 17×10-3* 2.55×10-4 195×10-3* 51×10-3* 8.5×10-4 
Hamburger with mushroom and cheese 5×10-2* 68×10-3* 1.105×10-3* 155×10-3 221×10-3* 3.315×10-3* 
Pirashki 5×10-3* 51×10-3* 4.25×10-4 2×10-2* 136×10-3* 1.445×10-3* 
Hot dog 35×10-3* 119×10-4 5.95×10-5 105×10-3* 34×10-3* 1.7×10-4 
Special corn 5×10-3* 34×10-3* 4.25×10-4 15×10-3* 119×10-3* 1.275×10-3* 
Corn with mushroom and cheese 65×10-3* 34×10-3* 3.4×10-4 19×10-2* 102×10-3* 9.35×10-4 
Special snack 5×10-3* 119×10-4 5.95×10-5 25×10-3* 34×10-3* 1.7×10-4 
Snack with meat and mushroom 2×10-2* 119×10-4 5.95×10-5 55×10-3* 34×10-3* 1.7×10-4 
sambusa 15×10-3* 51×10-3* 4.25×10-4 2-10×5 153×10-3* 1.36×10-3* 
Falafel 15×10-3* 34×10-3* 4.25×10-4 45×10-3* 136×10-3* 1.275×10-3* 
Special pizza 15×10-3* 17×10-3* 1.7×10-4 5×10-2* 34×10-3* 5.95×10-4 
Vegetable pizza 3×10-2* 34×10-3* 8.5×10-5 9×10-2* 85×10-3* 4.25×10-4 
Fried chicken thigh 5×10-3* 34×10-3* 8.5×10-5 15×10-3* 102×10-3* 2.55×10-4 
Fried chicken nugget 5×10-3* 34×10-3* 8.5×10-5 1×10-2* 119×10-3* 2.55×10-4 
Fried mushroom 3×10-2* 119×10-3* 6.8×10-4 95×10-3* 357×10-3* 2.04×10-3* 
*Value higher than the permissible range 
 
 

DISCUSSION 

Concentrations of heavy metals 

Cr 

Overall, the amount of Cr was significantly higher in a Mushroom burger than in the other 
food products examined in the present study. It should be noted that the amount of Cr was within 
the permissible limits in 5% of the samples. These findings are fully consistent with the results of a 
study by Islam & Desk (2018) conducted in Bangladesh on commonly consumed foods (meat, 
eggs, fish, milk, vegetables, and fruits). In this survey, Cr concentrations in all the food groups 
(except chili) were higher than the maximum allowable concentration of Cr in foods. A study by 
Sultana, Rana, Yamazaki, Aono & Yoshida (2017) on vegetables and fruits in Bangladesh reported 
Cr concentrations exceeding the permissible limit. Also, Nuapia, Chimuka & Cukrowska (2018) 
showed that the mean concentrations of Cr in cabbage and bean samples are higher than the 
allowed limits. 

As shown in Table 1, the two main ingredients of the Mushroom burger are meat and 
mushrooms, which can increase the levels of toxic metals in this sandwich. 

The accumulation of toxic metals in mushrooms is mainly influenced by the ecosystem, 
type of soil, the acidic substances used in the cultivation of mushrooms, and mushroom species; 
so the increase of heavy metals concentrations in mushrooms is in many ways different from that 
in other plants. According to different studies, mushrooms have a texture that can readily absorb 
heavy metals, especially Cr. Therefore, the high levels of Cr found in mushrooms can be due to the 
high amount of Cr in the materials used for their cultivation (Sithole, Mugivshisa, Amoo & Olowoyo, 
2017).  

Recent studies have shown that food processing is one of the causes of food contamination 
with heavy metals. Meat processing, packaging, and unhealthy sales methods have been reported 
as causes of heavy metal contamination in red meat. On the other hand, feeding livestock and 
poultry with forage and feed contaminated with heavy metals can be regarded as another source of 
heavy metal contamination (Yakup, Sabow, Saleh & Mohammed, 2018). 
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Ni 
 

According to Table 2, the permissible level of Ni in foods has been specified as 0.5 mg/kg. 
The results of this study show that 95% of the examined food samples contained Ni at levels below 
the maximum limit recommended by FAO/WHO; except Fried mushrooms, whose Ni content was 
above 0.5 mg/kg. 

Ni is toxic at high concentrations and can cause gastrointestinal bleeding, hemolysis, acute 
renal failure, chest pain, encephalopathy, sperm reduction, pulmonary fibrosis, and lung cancer 
(Charles, Ogbolosingha & Afia, 2018). Currently, the consumption of edible mushrooms is on the 
rise. In developed countries, mushrooms have long been used in various foods because of their 
high protein levels and the rare minerals they contain. Heavy metals concentrations are 
significantly higher in mushrooms than in other vegetables and fruits; this shows that mushrooms 
have a very effective mechanism for the easy intake of heavy metals. Thus, the high levels of toxic 
elements found in mushrooms may outweigh their nutritional benefits, to the extent that eating 
even a single mushroom may endanger human health (Türkmen & Budur, 2018).  

Stoyanova, Sirakov, Velichkova & Staykov (2015) reported a higher concentration of Ni in 
different species of marine fish than the permissible level set by food safety standards. A study by 
Kawser-Ahmed, Baki, Kundu, Islam, Islam & Hossain (2016) examined the hazards of heavy 
metals in Bangladesh river fish and showed that the average concentration of Ni in these fish is 
higher than the maximum permissible level recommended by FAO/WHO. Furthermore, the findings 
of Latif et al. (2018) are consistent with the results of the present study concerning the mean 
concentration of Ni in vegetables. 

Pb 

Given the significant difference between the mean concentrations of Pb found in the 
examined fast foods in Isfahan and the permissible limit of lead, these foods were contaminated 
with Pb. 

Based on the results, 100% of the tested fast foods had Pb levels above the limit set by 
FAO/WHO. The highest concentration of Pb was observed in “Hamburger with mushroom and 
cheese”, followed by Fried mushrooms, Double burger, and Hamburger. 

Nowadays, consumers show a lot of interest in meat products, which can be contaminated 
with metals at the manufacturing and processing stages. With technological advances and the 
easier preparation of these foods in the shortest possible time and with the more favorable taste 
and the cheaper price of such products in comparison to meat, they have become increasingly 
popular among consumers. However, failure to tackle health issues such as polluted drinking water 
and feed used for livestock could potentially contaminate these meat products with environmental 
contaminants such as heavy metals (Abedi, Zabihzadeh, Eskandari & Ferdowsi, 2018). 

Pb, a known toxic element, could enter the body through air, water, and food and cause 
great damage to the nervous system, kidneys, liver, bone marrow, and blood. Other negative 
effects of increased Pb levels in the body include hemoglobin biosynthesis and anemia, 
hypertension, kidney damage, abortion, and premature infants, nervous system disorder, brain 
damage, male infertility, and decreased learning ability. This toxic metal cannot be eliminated by 
washing or cooking (Seyfferth, McClatchy & Paukett, 2016). 

Analyzing the concentration of Pb in some meat products, Bamuwamye, Ogwok & 
Tumuhairwe (2015) reported that Pb levels in 3 samples (grilled pork, beef, and chicken) are 
higher than the permissible limit. Kawser-Ahmed, Baki, Kundu, Islam, Islam & Hossain (2016) 
studied the heavy metal contents of 5 fish species in Bangladesh and showed that the average 
concentration of Pb in these food sources is higher than that specified in the Food Standards 
Agency (FSA) guidelines; which is consistent with the findings of the present study. 
Sobhanardakani (2018) demonstrated that Pb levels are not within the acceptable range in 80% of 
processed meats. Besides, Marín et al. (2018) reported a range of 0.0192–0.0958 mg/kg for the 
mean concentration of Pb in foods. However, the Pb levels found in the present research are 
higher than the standard level. As shown in Table 2, the examined meat products had the highest 
amount of lead among the fast-food samples. In addition, the concentration of Pb in meat products 
was above the level recommended by FAO/WHO. So, the food consumers in Iran, and fact in the 
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whole country, are recommended to cut down on the consumption of red meat to reduce their lead 
intake. 

Cu 

According to the FAO/WHO standards, the permissible limit for Cu in fast foods is 10 
mg/kg. All the fast-food products examined in this study had Cu levels lower than this value. 
Rajeshkumar & Li (2018) reported Cu concentrations of 0.21–1.45 mg/kg in fish, which is lower 
than the values found in the present research. Latif et al. (2018) found Cu concentration of 65 
mg/kg in vegetables, which is much higher than the values obtained in the present study. In their 
study of metals contained in poultry meat, Bayomi, Darwish, Elshahat & Hafez (2018) concluded 
that the average concentration of Cu in poultry is within the permissible limit proposed by 
FAO/WHO. 

Fe 

Based on the results of this study, 10% of the examined fast foods produced in Isfahan 
contained Fe levels higher than the limit suggested by FAO/WHO. The highest concentration of Fe 
came from Vegetable pizza, followed by Hamburger. 

Fe plays a major role in several functions and processes within the body, including the 
formation of blood cells; however, in high doses, it becomes a toxic element. Two types of Fe 
generally exist in food sources: heme and non-heme. Heme Fe, found only in meat, fish, and 
poultry, is absorbed better than non-heme Fe found in vegetables, enriched foods, supplements, 
and acidic foods. Moreover, vitamin C and other acids naturally found in fruits, juices, and some 
vegetables help increase the absorption of Fe. Fe at high concentrations could lead to liver cancer, 
cardiac arrhythmias, and diabetes (Alturiqi & Albedair, 2012; Sharma, Katnoria & Nagpal, 2016).  

Therefore, considering the higher concentration of Fe in Vegetable pizza compared to the 
other fast food products tested, the consumption of such foods can increase the level of Fe in the 
body. 

Vegetables are essential components of the human diet, and if they are contaminated with 
heavy metals, their consumption could pose a risk to human health. The accumulation of heavy 
metals in vegetables is affected by many factors including the concentration of heavy metals in 
soil, the composition of phosphate, organic and nitrogen fertilizers added to the soil, and the 
application of some pesticides and herbicides. Thus, to prevent the contamination of agricultural 
products with heavy metals, it is necessary to measure the concentrations of nutrients in the soil  
regularly  to avoid excessive application of fertilizers that generally contain heavy metals as well 
(Sharma, Katnoria & Nagpal, 2016; Sultana, Rana, Yamazaki, Aono & Yoshida, 2017). 

In a study on fish, meat and meat products, Alturiqi & Albedair (2012) showed that the 
concentration of Fe exceeds the acceptable level suggested by FAO/WHO and the European 
Commission (EC); this, by the way, is in line with the findings of the present study. By analyzing 
the concentrations of some heavy metals in grilled meats in Awka, Nigeria, Bamuwamye, Ogwok & 
Tumuhairwe (2015) obtained average Fe levels of 5.58–24.55 mg/kg; which is lower than the Fe 
concentration found in the present study. A study by Sultana, Rana, Yamazaki, Aono & Yoshida 
(2017) on vegetables reported an average Fe level of 23,474.75 mg/kg. The highest amount of Fe 
found in our samples was much lower than that reported by Sultana, Rana, Yamazaki, Aono & 
Yoshida (2017). 

EDI of heavy metals in fast foods for adults and children 

The EDI of Ni, Pb, Cu, and Fe in the fast foods examined in our study were lower than the 
maximum permissible limits set by the joint committee of FAO/WHO. Also, according to the results 
of this study, Cr concentrations for adults and children were smaller than the levels suggested by 
PTDI in 90% and 50% of the tested fast foods, respectively. Moreover, for both age groups, the 
concentrations of Cr in Mushroom burger and “Corn with mushroom and cheese” were above 0.1; 
which suggests that these food products could pose a serious health hazard in terms of Cr 
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contamination. 
In a similar survey, Stoyanova, Sirakov, Velichkova & Staykov (2015) found much lower 

EDI of Zn, Cd, Pb, and Ni from fish than the PTDI values. In a study by Mohamed, Haris & Brima 
(2017) on four staple foods (rice, wheat, meat, and chicken) in Saudi Arabia, the EDI of Pb from all 
tested samples were found to be within the allowed range. A study by Ismail, Riaz, Akhtar, Amjad, 
Shahzad & Mujtaba (2017) titled ‘Intake of Heavy Metals through Milk and Toxicity Assessment’ 
showed that only the EDI of Pb and Cd are lower than the PTDI values. Darwish, Atia, Khedr & 
Eldin (2018) reported lower EDI of Pb and Cd from meat than the PTDI levels. Also, a study by 
Pappalardo, Copat, Ferrito, Grasso & Ferrante (2017) on the heavy metal content of canned tuna 
found lower EDI of Cd, mercury (Hg) and Pb than the proposed PTDI values. 

Non-carcinogenic health hazards of heavy metals in fast foods for adults and children 

Based on the results illustrated in Figures 1 and 2, Pb poses the highest hazard to the 
health of fast food consumers in Isfahan. 

It should be noted that the THQ value obtained for each element in the fast foods 
consumed in Isfahan was the same for adults and children, with Pb and Cr having the highest and 
lowest THQs, respectively. The main reason for the low THQ of Cr in both age groups could be its 
relatively high RfD value (Tajdar-Oranj et al., 2018). 

Among the fast foods tested, “Hamburger with mushroom and cheese” posed the highest 
risk for non-cancerous diseases such as cerebrovascular, dermatologic and respiratory illnesses, 
diabetes, and hypertension.  

According to the results of previous studies, in addition to meat and mushroom, heavy 
metals have also been found in the cheese used in some fast foods. Metals can find their way into 
cheese at various stages of production. Livestock feed contaminated with heavy metals, 
contaminated water used by livestock and contaminated containers, and processing equipment in 
dairy farms could be the potential sources of heavy metals in the milk and cheese produced by 
dairy companies. Moreover, due to the affinity of heavy metals with caseins and fats, clotting 
increases the amount of these metals in cheese relative to other dairy products (Christophoridis, 
Kosma, Evgenakis & Bourliva, 2019). 

Since the highest THQ has been reported for “Hamburger with mushroom and cheese” 
followed by Fried mushrooms, the consumption of these fast foods is not recommended more than 
once a week. Results of studies also plainly show that exposure to Pb can be minimized if fast food 
consumption is restricted to once a week. 

The HI values of all the considered metals in the examined fast foods were found to be 
much higher than 1.0 for both children and adults; implying that both age groups are at risk of non-
cancerous diseases. Yet, the values of this parameter were considerably higher for Fried 
mushrooms and “Hamburger with mushroom and cheese”; which is indicative of the adverse 
effects of these foods, especially on children.  

Bamuwamye, Ogwok & Tumuhairwe (2015) reported the maximum HI value for roast beef, 
with a higher value for children than adults. These findings are consistent with the findings of the 
present study. An investigation by Kawser-Ahmed, Baki, Kundu, Islam, Islam & Hossain (2016) on 
the non-carcinogenic hazards of heavy metals in fish in Bangladesh indicated that the HI values 
associated with fish consumption are above 1.0. Pappalardo, Copat, Ferrito, Grasso & Ferrante 
(2017) found a THQ of higher than 1.0 for Hg in canned tuna. Sultana, Rana, Yamazaki, Aono & 
Yoshida (2017) reported the highest THQ level for metals in fruits and vegetables; which in the 
present study is higher for children than adults. Evaluating the health risks of noodle samples 
collected from Iranian supermarkets, Tajdar-oranj et al. (2018) revealed that both adults and 
children are at risk of non-carcinogenic diseases through exposure to aluminum (Al). Also, Igbiri, 
Udowelle, Ekhator, Asomugha, Igweze & Orisakwe (2018) reported that the THQ and HI values of 
Pb, Ni, and Cu in edible mushroom samples exceed the permissible ranges. 
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ILCR for adults and children through the consumption of fast foods  

Based on the results of ILCR obtained in this study, the intake Cr followed by Ni and Pb 
from fast foods is associated with increased cancer risk in adults and children. In all the samples 
studied, Cr level was higher than the permissible limit for both age groups. 

For adults, Ni concentrations were above the permissible limit in 75% of the tested foods 
and highly hazardous (1x10-4) in 25% of the food samples; but for children, Ni levels were above 
highly hazardous (1x10-4) in all the examined samples.  

Similarly, for adults, Pb concentrations were above the permissible level in 5% of the 
examined fast food samples, highly hazardous (1x10-4) in 60% of the samples, and average 
(1x10-5) in 35% of the tested samples; however for children, Pb contents were above the 
permissible limit in 40% of the examined food samples and highly hazardous (1x10-4) in 60% of the 
samples. Thus, it can be concluded that frequent exposure to low doses of Cr and Ni can lead to 
many types of cancers in the long run.  

Cr can enter the body through eating or breathing, with the former being more important. Cr 
(III) is less absorbed in the stomach than Cr (IV). Trivalent Cr is an essential element in diet and it 
is naturally found in many vegetables, fruits, meats, and grains; so it is beneficial for health if 
consumed this way. However, a high intake of hexavalent Cr can cause gastrointestinal bleeding, 
hemolysis, acute renal failure, sperm reduction, pulmonary fibrosis, and lung cancer (Charles, 
Ogbolosingha & Afia, 2018). Based on this evaluation, the type of Cr found in the examined fast 
food samples is Cr (IV). 

A study by Kawser-Ahmed, Baki, Kundu, Islam, Islam & Hossain (2016) revealed that high 
Ni accumulation in all types of fish could lead to cancer. Sultana, Rana, Yamazaki, Aono & 
Yoshida (2017) found that in all the samples examined, the highest carcinogenicity risk comes from 
the accumulation of arsenic (As) and Cd in fruits and vegetables. Charles, Ogbolosingha & Afia 
(2018) indicated that the cancer risk of Cr, Ni, and Pb was higher than 1x10-4; which is in line with 
the findings of this study. Moreover, Igbiri, Udowelle, Ekhator, Asomugha, Igweze & Orisakw 
(2018) revealed that Ni concentration in edible mushrooms posed the highest cancer risk. 

CONCLUSION 

This study has found the average concentrations of heavy metals in the fast foods generally 
consumed in the city of Isfahan (Iran) to be in the following order: Pb > Cr > Fe > Ni > Cu. The 
results show that despite the high levels of Pb in some fast food samples, these foods have a 
lower EDI than the PTDI level suggested by FAO/WHO. Therefore, considering the potential health 
risks associated with the consumption of fast foods contaminated with heavy metals, proper 
measures should be taken to avoid long-term exposure to such products. In this research, only the 
THQ for Cr was lower than 1.0 in all the examined samples, and the highest THQ value belonged 
to Pb. On the other hand, HI was greater than 1.0 for all the metals in the considered fast foods. 
The highest THQ and HI values for metals in food samples were obtained for children. Also, Cr 
showed the highest ILCR for children. The highest concentrations of metals were found in the 
Mushroom burger, Fried mushrooms, “Hamburger with mushroom and cheese” and vegetable 
pizza. Thus, it is recommended that environmental studies be carried out on soil and agricultural 
products regularly and that the concentrations of metals, and especially heavy metals, in soil and 
crops be annually measured to control their contamination and to reduce the levels of heavy 
metals in vegetables such as mushrooms. There is also a need for careful monitoring of the 
amounts of fertilizers and pesticides used in farms. Given the increasing consumption of cultivated 
mushrooms in Iran, more attention should be paid to the conditions and environment of mushroom 
farms. Since heavy metals enter the meat and dairy products (frequently consumed as burgers and 
cheese) through the environment, air, water, and contaminated livestock feed, it is recommended 
that these contaminants be periodically and regularly monitored. Although the presence of a toxic 
element in food does not mean that the food must be banned, proper planning for the consumption 
of foods that may contain heavy metals, especially mushrooms, meat and dairy products, can 
prevent or reduce the harm inflicted by these elements in the body. 

 



Madani et al. (2020) 
Risk assessment of heavy metals (chromium, nickel, lead, copper, and iron) in fast foods consumed in 
Isfahan, Iran 

Journal of Bioenergy and Food Science. Vol.7: e3032020JBFS, 2020 
15 

 
Declaration of Conflicting Interests 

The authors have declared that there is no conflict of interest. 
 

REFERENCES 

Abedi, A., Zabihzadeh, M., Hosseini, H., Eskandari, S., & Ferdowsi, R. (2018). Determination of 
lead, cadmium, iron and zinc contents in the meat products supplied in Tehran. Iranian Journal 
of Nutrition Sciences & Food Technology, 13(3), 93-102. 

Alturiqi, A.S., & Albedair, L.A. (2012). Evaluation of some heavy metals in certain fish, meat and 
meat products in Saudi Arabian markets. Egyptian Journal of Aquatic Research, 38(1), 45-49. 
https://doi. org/10.1016/j.ejar.2012.08.003 

AOAC. (1998). Official Method of Analysis. Washington DC: AOAC. 

Bamuwamye, M., Ogwok, P., & Tumuhairwe, V. (2015). Cancer and non-cancer risks associated 
with heavy metal exposures from street foods: evaluation of roasted meats in an urban setting. 
Environmental Pollution and Human Health Risk, 3(2), 24-30. https://doi. org/10.12691/jephh-3-
2-1 

Bayomi, R.M., Darwish, W.S., Elshahat, S.S.M., & Hafez, A.E. (2018). Human health risk 
assessment of heavy metals and trace elements residues in poultry meat retailed in Sharkia 
governorate, Egypt. Slovenian Veterinary Research, 55, 211-219. https://doi.org/ 
10.26873/SVR-647-2018  

Charles, I.A., Ogbolosingha, A.J., & Afia, I.U. (2018). Health risk assessment of instant noodles 
commonly consumed in port Harcourt, Nigeria. Environmental Science and Pollution Research, 
25, 2580-2587. https://doi.org/10.1007/s11356-017-0583-0 

Christophoridis, C.H., Kosma, A., Evgenakis, M., & Bourliva, A. (2019). Determination of heavy 
metals and health risk assessment of cheese products consumed in Greece. Journal of Food 
Composition and Analysis, 82(103238), 373-345. https://doi.org/10.1016/j.jfca.2019.103238 

Darwish, W.S., Atia, A.S., Khedr, M., & Eldin, W.F.S. (2018). Metal contamination in quail meat: 
residues, sources, molecular biomarkers, and human health risk assessment. Environmental 
Science and Pollution Research international, 25, 20106–20115. 
https://doi.org/10.1007/s11356-018-2182-0 

FAO/WHO. (2010). Evaluation of certain food additives and contaminants. Geneva Switzerland: 
FAO/WHO.  

FAO/WHO. (2016). List of chemicals in functional category food Contaminant. Geneva 
Switzerland: FAO/WHO. 

Hadayat, N., Oliveira, L.M., Silva, E.D., Han, L., Hussain, M., Liu, X., & MA, L.Q. (2018). 
Assessment of trace metals in five most-consumed vegetables in the US: Conventional vs. 
organic. Environmental Pollution, 243, 292-300. https://doi.org/ 10.1016/j.envpol.2018.08.065 

Igbiri, S., Udowelle, N.A., Ekhator, O.C., Asomugha, R.N., Igweze, Z.N., & Orisakwe, O.E. (2018). 
Edible mushrooms from Niger delta, Nigeria with heavy metal levels of public health concern: a 
human health risk assessment. Recent Patents on Food, Nutrition & Agriculture, 9(1), 31-41. 
https://doi.org/10.2174/2212798409666171129173802 

Islam, S., & Desk, S. (2018). Heavy metals in meat with health implications in Bangladesh. Journal 
of Food Science & Technology, 2(2), 218-227. 

Ismail, A., Akhtar, M.S., Amjad, F., Shahzad, M.A., & Mujtaba, A. (2017). Intake of heavy metals 
through milk and toxicity assessment. Pakistan Journal of Zoology, 49(4), 1413-1419. 

Kawser-Ahmed, M., Baki, M.A., Kundu, G.K., Islam, S., Islam, M., & Hossain, M. (2016). Human 
health risks from heavy metals in fish of Buriganga river, Bangladesh. Springerplus, 5(1), 1-12. 
https://doi.org/10.1186/s40064-016-3357-0 



Madani et al. (2020) 
Risk assessment of heavy metals (chromium, nickel, lead, copper, and iron) in fast foods consumed in 
Isfahan, Iran 

Journal of Bioenergy and Food Science. Vol.7: e3032020JBFS, 2020 
16 

Latif, A., Bilal, M., Asghar, W., Azeem, M., Ahmad, M.I., Abbas, A., Ahmad, M.Z., & Shahzad, T. 
(2018). Heavy metal accumulation in vegetables and assessment of their potential health risk. 
Journal of Environmental Analytical Chemistry, 5(1), 2380-2391. https://doi.org/ 10.4172/2380-
2391.1000234 

Majabadi, H., Solhi, A.M., Montazeri, A., Shojaeizadeh, D., Nejat, S., Farahani, F.K., & Djazayeri, 
A. (2016). Factors influencing fast-food consumption among adolescents in Tehran: A 
qualitative study. Iranian Red Crescent Medical Journal, 18(3), 1-9. 
https://doi.org/10.5812/ircmj.23890 

Manzoor, J., Sharma, M., & Wani, K.A. (2018). Heavy metals in vegetables and their impact on the 
nutrient quality of vegetables: A review. Journal of Plant Nutrition, 1744-1763. 
https://doi.org/10.1080/01904167.2018.1462382 

Marín, S., Pardo, O., Sánchez, A., Sanchis, Y., Vélez, D., Devesa,V., Font, G., & Yusàa, V. (2018). 
Assessment of metal levels in foodstuffs from the region of Valencia (Spain). Toxicology 
Reports, 5, 654–670. https://doi.org/10.1016/j.toxrep.2018.05.005 

Mohamed, H., Haris, P.I., & Brima, E.I. (2017). Estimated dietary intakes of toxic elements from 
four staple foods in Najran City, Saudi Arabia. International Journal of Environmental Research 
and Public Health, 14(12), 1-14. https://doi.org/10.3390/ijerph14121575 

Nuapia, Y., Chimuka, L., & Cukrowska, E. (2018). Assessment of heavy metals in raw food 
samples from open markets in two African cities. Chemosphere, 196, 339-346. 
https://doi.org/10.1016/j.chemosphere.2017.12.134 

Pappalardo, A.N., Copat, C., Ferrito, V., Grasso, A., & Ferrante, M. (2017). Heavy metal content 
and molecular species identification in canned tuna: Insights into human food safety. Molecular 
Medicine Reports, 15, 3430-3437. https://doi.org/10.3892/mmr.2017.6376 

Rajeshkumar, S., & Li, X. (2018). Bioaccumulation of heavy metals in fish species from the 
meiliang bay, Taihu lake, China. Toxicology Reports, 5, 288-295. 
https://doi.org/10.1016/j.toxrep.2018.01.007 

Real, M.I.H., Azam, H.M., & Majed, N. (2017). Consumption of heavy metal contaminated foods 
and associated risks in Bangladesh. Environmental Monitoring and Assessment, 189(12), 1-14. 
https://doi.org/10.1007/s10661-017-6362-z 

Saher, N.U., & Kanwal, N. (2018). Heavy metal contamination and human health risk indices 
assessment in shellfish species from Karachi coast, Pakistan. Academia Journal of Food 
Research, 6(1):12-20. https://doi.org/10.15413/ajfr.2017.0103 

Seyfferth, A.L., McClatchy, C., & Paukett, M. (2016). Arsenic, lead, and cadmium in U.S. 
mushrooms and substrate in relation to dietary exposure. Environmental Science & Technology, 
50(17), 9661-9670. https://doi.org/10.1021/acs.est.6b02133 

Sharma, A., Katnoria, J.K., & Nagpal, A.K. (2016). Heavy metals in vegetables: screening health 
risks involved in cultivation along wastewater drain and irrigating with wastewater. Springerplus, 
5(488), 1-16. https://doi.org/10.1186/s40064-016-2129-1 

Sithole, S.C., Mugivshisa, I.I., Amoo, S.O., & Olowoyo, J.O. (2017). Pattern and concentrations of 
trace metals in mushrooms harvested from trace metal-polluted soils in Pretoria, South Africa. 
South African Journal of Botany, 108, 315-320. https://doi.org/10.1016/j.sajb.2016.08.010 

Sobhanardakani, S. (2018). Analysis of contamination levels of cu, pb, and zn and population 
health risk via consumption of processed meat products. Jundishapur Journal of Health 
Sciences, 10(1), 1-6. https://doi.org/10.5812/jjhs.14059 

Stoyanova, S., Sirakov, I., Velichkova, K., & Staykov, Y. (2015). Chemical composition and content 
of heavy metals in the flesh of the different marine fish species. Journal of Bioscience and 
Biotechnology, 297-301. 

Sultana, M.S., Rana, S., Yamazaki, S., Aono, T., & Yoshida, S. (2017).  Health risk assessment for 
carcinogenic and noncarcinogenic heavy metal exposures from vegetables and fruits of 
Bangladesh. Cogent Environmental Science, 3(1), 1-17. 
https://doi.org/10.1080/23311843.2017.1291107 



Madani et al. (2020) 
Risk assessment of heavy metals (chromium, nickel, lead, copper, and iron) in fast foods consumed in 
Isfahan, Iran 

Journal of Bioenergy and Food Science. Vol.7: e3032020JBFS, 2020 
17 

Tajdar-Oranj, B., Shariatifar, N., Alimohammadi, M., Peivasteh-Roudsari, L., Khaniki, G.J., Fakhri, 
Y., & Mousavi-Khaneghah, A. (2018). The concentration of heavy metals in noodle samples 
from Iran's market: probabilistic health risk assessment. Environmental Science and Pollution 
Research InternationaL, 25(31), 30928-30937. https://doi.org/10.1007/s11356-018-3030-y 

Türkmen, M., & Budur, D. (2018). Heavy metal contaminations in edible wild mushroom species 
from Turkey’s black sea region. Food Chemistry, 254, 256-259. 
https://doi.org/10.1016/j.foodchem.2018.02.010 

USEPA. (2000). Risk based concentration table. Washington DC: USEPA. 

USEPA. (2006). Region III risk-based concentration table: technical background information, 
United States Environmental Protection. Washington DC: USEPA. 

USEPA. (2011). Exposure factors handbook 2011 edition (final report). Washington DC: USEPA. 

Wang, S., Wu, W., Liu, F., Liao, R., & Hu, Y. (2017). Accumulation of heavy metals in soil-crop 
systems: a review for wheat and corn. Environmental Science and Pollution Research 
InternationaL, 24(18), 15209-15225. https://doi.org/10.1007/s11356-017-8909-5 

Yakup, N.Y., Sabow, A.B., Saleh, S.J., & Mohammed. G.R. (2018). Assessment of heavy metal in 
imported red meat available in the markets of Erbil city. Journal of University of Babylon, Pure 
and Applied Sciences, 26(6), 177-183. 

 


