
1. Introduction 
The quality and safety of food are essential to all 

societies. The effect of contaminants on the quality and 
safety of foods for humans is one of the serious global 
issues widely considered by researchers. Among the 
contaminants, heavy metals are very important and raise 
much attention due to their long biological half-life, highly 
persistent, destructive, and non-biodegradable properties. 
The routes of exposure to heavy metals are ingestion, skin 
contact, and inhalation, although the main route is food 
consumption (1). Heavy metals enter the environment 
through natural and anthropogenic sources, such as 
weathering of the earth’s crust, erosion of soil, runoff, 
industrial effluent discharge, pesticides, contaminated 
dust fall, and the like. Some heavy metals are essential 

to plant growth at low concentrations in agricultural 
soils, but others are highly toxic to humans and can be 
absorbed and accumulated in crops and eventually 
enter the human body through ingestion. The possible 
adverse effects of toxic heavy metals on human health are 
skeletal disorders, metabolic and gastrointestinal diseases, 
kidney failure, and cancers (2-5). Heavy metal pollution 
in food, which is in the form of primary and secondary 
pollution, is related to environmental pollution and food 
preparation, processing, and cooking. In recent years, the 
concentration of heavy metals has considerably increased 
in the environment. To assess the health risks of heavy 
metals, it is of great importance to have information about 
their concentrations in foods and diet. Contamination 
of bread, the main fraction of the human diet, is highly 
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Abstract
The effect of environmental pollution on contamination and the safety of foods for human 
consumption is a serious global issue, which has been widely addressed. Heavy metals are among 
the most frequent environmental pollutants that are extremely health-threatening. This cross-
sectional study aimed at investigating the heavy metal content in different types of bread used 
in Zahedan, Southeastern Iran. A total of 36 different bread types, such as Sangak, Lavash, and 
Taftoon, baked by bakeries in Zahedan, were examined for various heavy metals (cadmium, lead, 
chromium, arsenic, copper, cobalt, mercury, zinc, and nickel) by inductively coupled plasma-
optical emission spectrometry. The hazard quotient (HQ) of Taftoon, Lavash, and Sangak was < 1 
in males, females, and children. In addition, the total health risk of the nine studied heavy metals 
had a ranking order of HIchildren > HIfemales > HImales > 1, demonstrating an increasing potential. The total 
carcinogenic risk factor for bread was 9.98 × 10-5 and 3.26 × 10-3 in males and females, respectively. 
Regarding the carcinogenicity of heavy metals in bread samples collected in Zahedan, it is highly 
recommended that measures, such as implementing a food control system, proper flour storage, 
and training farmers, should promptly be taken to reduce contamination.
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important and causes health risks (6, 7). 
According to the National Research Council, health risk 

assessment includes four steps, namely, hazard identification, 
exposure assessment, dose/response assessment, and risk 
characterization (8-10). Given the accumulation of heavy 
metals in crops, the health and life of humans and beings are 
threatened by the food chain. Therefore, food safety is one of 
the most serious health and environmental concerns. In this 
regard, for the safe consumption and reduction of the health 
effects of foodstuffs, monitoring these toxic metals increased 
over the past decades (3, 11).

Among foodstuffs and diets, bread provides energy and 
nutrients, such as vitamins, proteins, lipids, and minerals 
that are essential to humans (12). Bread is considered a 
valuable and sacred food in the Iranians’ food basket. 
Based on the consumption pattern of the households, 
the average consumption of bread (per capita) in Iranian 
households is 320 g/d, which is five times greater than that 
of Europeans (60 g/d). The low cost and wide accessibility 
make the bread play an important role in satiating and 
supplying a major part of the energy demand in Iranian 
households (13). Lavash, Taftoon, and Sangak are high-
consumption traditional Iranian bread types, made from 
soft white flour with a higher extraction level compared 
to Western ones (14). The present study seeks to assess 
the health risks (carcinogenicity and non-carcinogenicity) 
of heavy metals, including cadmium (Cd), lead (Pb), 
chromium (Cr), arsenic (As), copper (Cu), cobalt (Co), 
mercury (Hg), zinc (Zn), and nickel (Ni), in commonly 
consumed bread types in Zahedan, Iran.

1.1. Human Health Risk Assessment 
It is a method for estimating the probable adverse health 

effects of exposure to carcinogenic and non-carcinogenic 
chemicals (15, 16). The health risk assessment includes four 
basic steps, namely, (a) the identification of risk sources 
and receptors, (b) exposure assessment, (c) risk assessment 
or toxicity analysis, and (d) risk characterization (17, 18). 
Hazard identification investigates chemicals with possible 
hazards at any given location, concentration, and spatial 
distribution. In the study area, As, Pb, Hg, Cd, Cr, Co, 
Ni, Cu, and Zn were identified as possible hazards for 
the community.

Exposure assessment helps estimate and measure the 
intensity, frequency, and duration of human exposure to 
an environmental contaminant. In the study, exposure 
assessment was performed by measuring the average daily 
intake (18) of heavy metals in Iranian traditional bread types 
(Lavash, Taftoon, and Sangak) collected from the study area. 
The daily intake of metals depends on both concentration 
amount and daily consumption of food. In addition, body 
weight can affect pollutant tolerance. Exposure through 
ingestion is calculated using Eq. (1) (15, 19):

Average daily dose (ADI)ing = C IR EF ED
BW AT

× × ×
×

      Eq. (1)

Table 1 presents the parameters of heavy metal exposure 
assessment.

Risk or dose-response assessment estimates toxicity 
caused by the level of exposure to chemicals. According 
to the International Agency for Research on Cancer, 
heavy metals are classified into two dangerous categories 
(carcinogenic and non-carcinogenic) based on their 
carcinogenic risks (15, 21).

Non-carcinogenic hazard assessment is typically 
conducted to estimate the potential risk of metal-
contaminated food to human health using the hazard 
quotient (HQ), which is a unitless number representing 
the probability of an adverse effect and a ratio between 
the calculated exposure dose and the reference dose 
(RfD). The HQ of the consumption of foodstuffs by local 
inhabitants can be measured for each heavy metal and 
is defined as the quotient of ADI divided by the toxicity 
threshold value, which is referred to as the RfD of a 
specific heavy metal (22, 23), as shown in Eq. (2): 

HQ = 
ADI
RfD

                                                                        Eq. (2)

where RfD (µg/kg/d) is defined as the maximum 
tolerable daily intake of a specific heavy metal that does 
not result in any deleterious health effects, according to 
the United States Environmental Protection Agency’s 
(US EPA’s) Integrated Risk Information System. HQ < 1 
serves as the absence of adverse effects on the specified 
population, while HQ > 1 implies that the specified 
population is at non-carcinogenic risk (24).

Table 1. Exposure Assessment Parameters

Parameters Unit

Values

Non-Carcinogen Carcinogen

Males Females Children Males Females

Average daily dose (ingestion) mg/kg/d

Concentration of trace (C) mg/kg

Exposure duration (ED) Year 30 30 15 70 70

Exposure frequency (11) Day 365 365 365 365 365

Average time (20) Day ED × 365 ED × 365 ED × 365 70 × 365 70 × 365

Ingestion rate g/d 450 450 150 450 450

Body weight kg 70 60 15 70 60
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Since exposure to two or more pollutants may result 
in increasing and/or interactive effects, to estimate the 
total potential non-carcinogenic risks caused by exposure 
to a mixture of heavy metals, the hazard index (HI) (11) 
for a specific receptor/pathway combination (e.g., diet) 
is calculated by the sum of each metal HQ computed 
according to the EPA guidelines for health risk assessment 
(25) using Eq. (3).

HI =  n
i=1 HQ∑  = HQAs + HQPb + HQCu + HQZn + HQCo + 

HQHg + HQNi + HQCr + HQCd                                  Eq. (3)

If the computed HI is < 1, the exposed population is 
unlikely to experience evident harmful effects, and if HI 
is > 1, there may be an increased concern for the adverse 
effects of non-carcinogenic compounds (25). 

Carcinogenic risk assessment is estimated as the 
incremental probability of an individual developing 
cancer over a lifetime as a result of exposure to the 
potential carcinogen (15). Eq. (4) is used to calculate the 
excess lifetime cancer risk (ELCR):

ELCR = ADI × CSF                                                           Eq. (4)

where, the incremental lifetime cancer risk (ELCR) is 
defined as the incremental probability of an individual 
to develop any type of cancer over his lifetime as a result 
of 24-hour per day exposure to a given daily amount of a 
carcinogenic element for seventy years. The cancer slope 
factor (CSF) is a carcinogen potency predictor defined 
as the risk generated by a lifetime average amount of a 

carcinogen substance and is specific for each contaminant 
(25). Thus, the probable cancer risk caused by exposure 
to a specified dose of heavy metal in eating bread can be 
computed using the ELCR.

The total ELCR is commonly utilized to measure 
the lifetime cancer risk of several heavy metals that are 
considered carcinogenic hazards. This value is obtained 
by calculating the sum of the ELCR values related to the 
studied carcinogenic chemicals (26) using Eq. (5).

Total ELCR =  n
i=1 Risk∑                                                Eq. (5)

According to the US EPA’s guidance for acceptable or 
tolerable carcinogenic risks, CR ranges from 10−6 to 10−4. 
In general, CR values < 10−6 indicate negligible cancer 
risks, and those > 10−4 are referred to as unacceptable 
cancer risks (21). Another method for the description 
of risk is the Delphi method. According to the obtained 
results and the Delphi method, ELCR is classified into 
seven grades (Table 2) for estimating carcinogenicity (26).

Risk characterization predicts the potential 
carcinogenicity and non-carcinogenicity in the specified 
group of the study area by integrating and interpreting all 
data gathered and information processed to achieve the 
quantitative predictions of health problems and hazard 
indices (15).

2. Materials and Methods
The present study was performed in Zahedan 

(Fig. 1), the capital of Sistan and Baluchistan Province, 
Southeastern Iran (60.52° East, 29.32° North; 1384 m 

Table 2. The Grades of Excess Lifetime Cancer Risk Based on the Delphi Method

Grade I Extremely Low Risk  < E-06 Completely Acceptable

Grade II Low risk E-06, E-05 Not willing to care about the risk

Grade III Low-medium risk E-05, 5E-05 Not caring about the risk

Grade IV Medium risk 5E-05, E-4 Caring about the risk

Grade V Medium-high risk E-04, 5E-04 Caring about the risk and willing to invest

Grade VI High risk 5E-04, E-03 Paying attention to the risk and taking action to solve it

Grade VII Extremely high risk  > E-03 Rejecting the risk and insisting on solving it

Fig. 1. Location of the Studied Region



Avicenna J Environ Health Eng. 2024;11(2) 85

Carcinogenicity and non-carcinogenicity effect heavy metals

AMSL), with a population of more than 800 000, which is 
considered a moderately urbanized area with several small 
industries (26, 27).

2.1. Sample Collection
The health hazards of heavy metals in bread were 

assessed in the present cross-sectional study in Zahedan. 
Overall, 36 samples of wheat bread, including Sangak, 
Taftoon, and Lavash, were randomly collected from 
traditional bakeries in the city in June 2020 (according 
to the number of districts in Zahedan municipality, 6 
districts were selected, and 6 samples were taken from 6 
bakeries in each district).

2.2. Sample Preparation and Analysis
To avoid contamination after production, the oven-

fresh loaves were purchased directly from the bakeries. 
All the collected samples were stored in clean polythene 
bags, according to their types, and then transferred to the 
laboratory for analysis.

Wheat bread samples were cut into small pieces and dried 
in an oven at a temperature of 50 °C for 48 hours, and finally, 
all samples were ground in a blender with a stainless-steel 
blade and then sieved with mesh No. 60 ( < 0.25 mm). 
Next, 1 g of each sample was weighed using a digital scale 
and transferred to a 50-mL Erlenmeyer flask; then, 10 mL 
of 65% nitric acid and 2 mL of hydrogen peroxide were 
added to it. The samples were stored overnight at room 
temperature and then heated up to 70°C for at least eight 
hours on a hot plate until a clear residue was obtained. Next, 
the digested samples were filtered into a 25-mL volumetric 
flask using Whatman filter paper with double-distilled 
water (6). All samples were analyzed by inductively coupled 
plasma-optical emission spectrometry (Spector Arcos 
Model, Germany) to determine the heavy metals content.

For quality control and quality assurance of analysis, all 
samples and standard solutions were analyzed twice, and 
the coefficient of variation of repeated analysis was less 
than 3% for each heavy metal.

All digested samples, laboratory blanks, and standard 
spiked samples were analyzed for quality control and 
quality assurance. The laboratory blank values for each 

target element were significantly lower than the samples 
and were used to adjust the metal concentration in 
the bread samples. Then, the standard deviation was 
calculated, and the detection limit (MDL) of the method 
was estimated as follows:

MDL = Mean + 2 × SD Eq. (6)

The MDL range was between 0.01 Lg/kg (Cd) and 9.5 
mg/kg (Zn). The recovery percentage of heavy metals in 
standard spiked samples was between 98% and 103%. 
Further, the coefficient of variation of repeated analysis, 
as analytical precision, was less than 3% for each of the 
six analytes. The integrated pollution index was assigned 
as the average value of all the pollution indices of all the 
investigated metals.

3. Results and Discussion
The standard values of heavy metals in bread are listed 

in Table 3. 
The heavy metal content measured in 36 bread samples 

is provided in Table 4. 

Table 3. Standard Values of Heavy Metals in Bread

Metal
Reference Value (mg/kg)

INSO FAO/WHO 

Al NM* 5

As NM* 0.1

B NM* NM

Cd 0.03 0.05

Fe 85 5

Hg NM* 0.03

Mg NM* 1000

Na NM* 1200

Pb 0.15 2.5

Zn NM* 50

Note. INSO: Iranian National Standards Organization; FAO: Food and 
Agriculture Organization; WHO: World Health Organization; Al: Aluminum; 
As: Arsenic; B: Boron; Cd: Cadmium; Fe: Iron; Hg: Mercury; Mg: Magnesium; 
Na: Sodium; Pb: Lead; Zn: Zinc. *Not mentioned.

Table 4. Heavy Metal Contents in the Studied Bread Types (mg/kg)

Metal
Taftoon Lavash Sangak

Recovery (%)
Mean Min. Max. Mean Min. Max. Mean Min. Max.

As 6.284 1.79 15.04 4.25 1.79 6.88 4.078 2.45 6.0579 88

Cd 10.351 1.09 28.56 10.040 5.77 15.78 3.663 2.35 5.59 94

Co 5.295 1.76 9.34 1.6025 0.43 2.64 4.17 0.43 6.61 89

Cr 148.21 108.57 204.89 230.138 180.41 302.11 252.358 201.94 305.11 93

Cu 733.690 477.79 1063.58 496.797 391.69 593.89 459.85 405.62 521.77 90

Hg 3.908 1.49 6.53 3.476 2.66 4.33 3.881 2.44 5.22 87

Ni 258.044 132.51 710.78 237.375 121.17 354.64 170.081 106.64 221.04 86

Pb 173.045 113.82 221.85 39.926 21.66 55.3 34.055 21.66 45.51 90

Zn 7281.166 5216.02 11291.4 4463.44 3420.81 5301.64 3898.76 3132.58 4558.21 98

Note. As: Arsenic; Cd: Cadmium; Co: Cobalt; Cr: Chromium; Cu: Copper; Hg: Mercury; Ni: Nickel; Pb: Lead; Zn: Zinc; Min.: Minimum; Max.: Maximum.
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3.1. Non-carcinogenic Risk Analysis
The present study assessed the heavy metal exposure 

and daily intake hazards of bread types as the main part 
of Iranian food, based on the US EPA methodology. 
As the first step in the non-carcinogenic analysis, the 
ADI and HQ underwent calculation. The results of the 
non-carcinogenicity of trace elements in bread samples 

for males, females, and children are summarized in 
Tables 5, 6, and 7. The non-carcinogenicity of trace 
elements in bread samples is presented in Table 7, 8.

The HQ results using Eqs. (1) and (2) revealed that 
exposure to As, Co, Cd, Cr, Cu, Hg, Ni, Pb, and Zn in bread 
samples collected in Zahedan was < 1 for all males, females, 
and children. Comparing these values with the standards 

Table 5. Non-carcinogenicity of Trace Elements in Bread Samples for Males

Metal
ADI RfDa HQ

Taftoon Lavash Sangak Taftoon Lavash Sangak

As 4.04E-05 2.73E-05 2.62E-05 0.0003 1.35E-01 9.11E-02 8.74E-02

Cd 6.65E-05 6.45E-05 2.35E-05 0.001 6.65E-02 6.45E-02 2.35E-02

Co 3.40E-05 1.03E-05 2.68E-05 0.0003 1.13E-01 3.43E-02 8.94E-02

Cr 9.53E-04 1.48E-03 1.62E-03 0.003 3.18E-01 4.93E-01 5.41E-01

Cu 4.72E-03 3.19E-03 2.96E-03 0.04 1.18E-01 7.98E-02 7.39E-02

Hg 2.51E-05 2.24E-05 2.50E-05 0.0003 8.37E-02 7.45E-02 8.32E-02

Ni 1.66E-03 1.53E-03 1.09E-03 0.02 8.29E-02 7.63E-02 5.47E-02

Pb 1.11E-03 2.57E-04 2.19E-04 0.0035 3.18E-01 7.33E-02 6.26E-02

Zn 4.68E-02 2.87E-02 2.51E-02 0.3 1.56E-01 9.56E-02 8.35E-02

HI 1.39E + 00 1.08E + 00 1.10E + 00

Note. As: Arsenic; Cd: Cadmium; Co: Cobalt; Cr: Chromium; Cu: Copper; Hg: Mercury; Ni: Nickel; Pb: Lead; Zn: Zinc; HI: Hazard index; ADI: Average daily dose; 
RfD: Reference dose; HQ: Hazard quotient; EPA: Environmental Protection Agency. a Obtained from Integrated Risk Information System, EPA, US.

Table 6. Non-carcinogenicity of Trace Elements in Bread Samples for Females

Metal
ADI RfDa HQ

Taftoon Lavash Sangak Taftoon Lavash Sangak

As 4.71E-05 3.19E-05 3.06E-05 0.0003 1.57E-01 1.06E-01 1.02E-01

Cd 7.76E-05 7.53E-05 2.75E-05 0.001 7.76E-02 7.53E-02 2.75E-02

Co 3.97E-05 1.20E-05 3.13E-05 0.0003 1.32E-01 4.01E-02 1.04E-01

Cr 1.11E-03 1.73E-03 1.89E-03 0.003 3.71E-01 5.75E-01 6.31E-01

Cu 5.50E-03 3.73E-03 3.45E-03 0.04 1.38E-01 9.31E-02 8.62E-02

Hg 2.93E-05 2.61E-05 2.91E-05 0.0003 9.77E-02 8.69E-02 9.70E-02

Ni 1.94E-03 1.78E-03 1.28E-03 0.02 9.68E-02 8.90E-02 6.38E-02

Pb 1.30E-03 2.99E-04 2.55E-04 0.0035 3.71E-01 8.56E-02 7.30E-02

Zn 5.46E-02 3.35E-02 2.92E-02 0.3 1.82E-01 1.12E-01 9.75E-02

HI 1.62E + 00 1.26E + 00 1.28E + 00

Table 7. Non-carcinogenicity of Trace Elements in Bread Samples for Children

Metal
ADI RfDa HQ

Taftoon Lavash Sangak Taftoon Lavash Sangak

As 6.28E-05 4.25E-05 4.08E-05 0.0003 2.09E-01 1.42E-01 1.36E-01

Cd 1.04E-04 1.00E-04 3.66E-05 0.001 1.04E-01 1.00E-01 3.66E-02

Co 5.30E-05 1.60E-05 4.17E-05 0.0003 1.77E-01 5.34E-02 1.39E-01

Cr 1.48E-03 2.30E-03 2.52E-03 0.003 4.94E-01 7.67E-01 8.41E-01

Cu 7.34E-03 4.97E-03 4.60E-03 0.04 1.83E-01 1.24E-01 1.15E-01

Hg 3.91E-05 3.48E-05 3.88E-05 0.0003 1.30E-01 1.16E-01 1.29E-01

Ni 2.58E-03 2.37E-03 1.70E-03 0.02 1.29E-01 1.19E-01 8.50E-02

Pb 1.73E-03 3.99E-04 3.41E-04 0.0035 4.94E-01 1.14E-01 9.73E-02

Zn 7.28E-02 4.46E-02 3.90E-02 0.3 2.43E-01 1.49E-01 1.30E-01

HI 2.16E + 00 1.68E + 00 1.71E + 00

Note. As: Arsenic; Cd: Cadmium; Co: Cobalt; Cr: Chromium; Cu: Copper; Hg: Mercury; Ni: Nickel; Pb: Lead; Zn: Zinc; HI: Hazard index; ADI: Average daily dose; 
RfD: Reference dose; HQ: Hazard quotient; EPA: Environmental Protection Agency.
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mentioned in Table 3, it was found that they are lower 
than the standard for heavy metals in bread. According to 
Table 7, the highest and lowest HQ amounts among the 
studied elements in bread belonged to Cr (males: 0.451, 
females: 0.526, and children: 0.701) and Cd (males: 0.0155, 
females: 0.0601, and children: 0.0802), respectively.

The highest HI amount for the samples collected in 
Zahedan was observed in Taftoon (males: 1.39, females: 
1.62, and children: 2.16), while the lowest HI amount 
belonged to Lavash (males: 1.08, females: 1.26, and 
children: 1.68). Based on the findings (Table 7), the HI of 
bread samples was 1.19, 1.39, and 1.85 for males, females, 
and children, respectively. The mean HI of the three 
studied bread types was > 1. The HI ranking order of the 
studied bread types for males, females, and children was 
as follows:

1 ˂ HILavash ˂ HISangak ˂ HITaftoon

According to the results of the study by Ghoreishy et 
al, HQ levels of Pb in Sangak and Taftoon bread samples 
collected in Isfahan, Iran, were 0.19 and 1.62, respectively. 
The HQ of Pb in Sangak (males: 6.26 × 10-2, females: 
7.30 × 10-2, and children: 9.73 × 10-2) and Taftoon (males: 
0.318, females: 0.371, and children: 0.494) in the above-
mentioned study was higher than that in the present 
research, indicating the higher amount of Pb in bread 
baked in Isfahan compared to that in Zahedan. Naghipour 
et al found that the ADI of As, Cd, Pb, Cr, Ni, and Cr in 
the studied bread types was 0, 0.5, 4.2, 6.4, 7.4, and 1.6 μg/
kg, respectively. The total daily intake of the studied heavy 
metals was 17.5 μg/kg. In addition, the highest Cd amount 
(0.8 μg/kg) was detected in Sangak (28). Zolfaghari et al 
demonstrated that the total HQ of wheat consumption for 
Pb, Cd, and As was 0.08, 0.07, and 0.0005, respectively. 
In the present study, after Cr, the highest HQ amount 
belonged to Pb. In line with the results of the study by 
Zolfaghari et al (29), those of the present study confirmed 
that the HQ of none of the elements was > 1. Ghanati 
et al compared the HQ of heavy metals between rural 
and urban samples and reported a ranking order of 
Cu > As > Zn > Co > Ni > Cd > Pb > Hg > Cr. The HQ in the 
rural population was higher than in the urban population. 
HI for rural and urban samples were 1.83 and 2.28, 
respectively (23).

The HQ in the present study had the following 
ranking orders:

HQ ranking orders of Taftoon for males and children:

HQCd ˂ HQNi ˂ HQHg ˂ HQCo ˂ HQCu ˂ HQAs ˂ HQZn ˂ 
HQPb = HQCr 

HQ ranking orders of Taftoon for females:

HQCd ˂ HQNi ˂ HQHg ˂ HQCo ˂ HQCu ˂ HQAs ˂ HQZn ˂ 
HQCr = HQPb

HQ ranking orders of Lavash for males, females, and 
children:
HQCo ˂ HQCd ˂ HQPb ˂ HQHg ˂ HQNi ˂ HQCu ˂ HQAs ˂ 
HQZn ˂ HQCr

HQ ranking orders of Sangak for males, females, and 
children:

HQCd ˂ HQNi ˂ HQPb ˂ HQCu ˂ HQHg ˂ HQZn ˂ HQAs ˂ 
HQCo ˂ HQCr

Ghoreishy et al revealed that the Pb weekly intake 
following the consumption of Sangak and Taftoon bread 
by inhabitants in Isfahan was 4.77 mg/kg of bw and 40.93 
mg/kg of bw, respectively, while it was much higher in 
Taftoon than the provisional tolerable weekly intake (25 
mg/kg of bw). In most cases in the present study, the target 
risk coefficient values were > 1 (6).

3.2. Carcinogenic Risk Analysis
Long-term exposure to even very small amounts of 

some toxic metals (e.g., AS, Pb, Cr, Cd, or Ni) is a risk 
factor for cancer. The total amount of these elements in 
different bread samples and the CSF for different metals 
are presented in Table 9. 

The carcinogenicity ranking order of bread types 
collected in Zahedan for males and females was as follows:

Total ELCRTaftoon ˂ Total ELCRSangak ˂ Total ELCRLavash

Based on the results (Table 8), the highest carcinogenicity 
(above 1 × 10-4 - 1 × 10-6) belonged to Ni in Taftoon 
(1.5 × 10-3 for males and 1.76 × 10-3 for females), followed 
by Cd (9.98 × 10-4 for males and 1.16 × 10-3 for females). 
Conversely, the lowest carcinogenicity was related to 
Pb in Sangak (1.86 × 10-6 for males and 2.17 × 10-6 for 
females) among carcinogens. It was also observed that the 
estimated ELCR was grade VII (very high risk), not within 
the accepted range of E−04 to E−06.

The total carcinogenicity for Taftoon, Lavash, and 
Sangak was 2.20E-03, 3.14E-03, and 3.05E-03 in males 
and 2.57E-03, 3.66E-03, and 3.56E-03 in females. Among 
the studied heavy metals, Ni and Pb had the highest and 
lowest carcinogenicity, respectively. The results of the 
present study showed that there was a slight increase in 
the carcinogenicity of heavy metals in the most consumed 
bread types in Zahedan. It can be due to different factors 
affecting the heavy metal contamination of food and bread.

Unexpectedly, heavy metals were found in all the 
samples with the ranking orders as follows (according to 
the sample results of Table 3):

Taftoon: CZn > CCu > CNi > CPb > CCr > CCd > CAs > CCo > CHg

Lavash: CZn > CCu > CNi > CCr > CPb > CCd > CAs > CHg > CCo

Sangak: CZn > CCu > CCr > CNi > CPb > CCo > CAs > CHg > CCd
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The overall ranking order of the traced elements was 
as follows:

CZn > CCu > CNi > CCr > CPb > CCd > CAs > CHg > CCo

Although the results of the analysis of variance 
demonstrated a significant difference in the mean 
concentrations of Cd, Co, Cr, Cu, Pb, and Zn among the three 
bread types (P ˂  0.05), no significant differences were found 
for As, Hg, and Ni. The mean As content in bread samples 
ranged from 6.284 μg/kg to 4.078 μg/kg, and As content in 
100% of the samples was lower than the permissible limit 
in food (100 μg/kg) (30). Thus, all the studied samples were 
safe for As content. Naghipour et al (28) reported an As 
content lower than that of the present study for all the bread 
samples. As regards Pb, the highest content in Taftoon 
bread was 173.045 µg/kg, which was higher than that of the 
study performed in Yazd, Iran (101.27 ± 28.40 µg/kg) (31). 
The results of the above-mentioned study showed that the 
Pb content of all samples was lower than the permissible 
limit in food (200-250 µg/kg) (30).

Comparing the results of this study with the standards 
listed in Table 3, it was found that the Pb content in all 
samples exceeded the permissible limit in food (between 
200 μg/kg and 2500 μg/kg). The mean detected level of Cd 
in the bread samples ranged from 10.351 μg/kg to 3.663 

μg/kg. The permissible limit for Cd in food is 50 μg/kg 
(30). According to the results, Cd content in all the studied 
samples was lower than the permissible limit. Ghoreishy et 
al (6) reported that the Cd content in Sangak and Taftoon 
was less than that detected in all bread samples. The mean 
Hg content in the studied bread types was 3.755 μg/kg, 
which was lower than that reported by Feyzi et al (30) and 
Ghanati et al (23).

The highest amounts of Ni and Cu in Taftoon bread 
were 258.044 μg/kg and 733.69 μg/kg, respectively. 
According to the recommendation of the World Health 
Organization, 26-300 μg/kg of bw Ni is permissible for 
daily intake (oral absorption). The obtained contents were 
far below the permissible limit of Cu in food (10000 μg/
kg) (30). The obtained Ni and Cu contents in the present 
study were higher than those of the study by Ghanati et 
al and Alomary and Wedian (23, 32). The average Co 
content in the collected bread samples was 3.689 μg/kg. 
The LD50 for soluble Co salt was estimated between 150 
mg/kg and 500 mg/kg (25). Moreover, the Zn content in 
bread samples ranged from 11291.400 μg/kg to 3132.58 
μg/kg, which was lower than the permissible limiting 
foods (50 000 μg/kg) (30). In addition, Zn values were 
lower than the permissible limit in foods (50 000 μg/kg). 
The highest Zn and Co contents in Taftoon were 5.259 μg/
kg and 7281.166 μg/kg, respectively. Further, the average 

Table 8. Non-Carcinogenicity of Trace Elements in Bread Samples

Metal
ADI RfDa HQ

Children Female Male Children Female Male

As 4.87E-05 3.65E-05 3.13E-05 0.0003 1.62E-01 1.22E-01 1.04E-01

Cd 8.02E-05 6.01E-05 5.15E-05 0.001 8.02E-02 6.01E-02 5.15E-02

Co 3.69E-05 2.77E-05 2.37E-05 0.0003 1.23E-01 9.22E-02 7.91E-02

Cr 2.10E-03 1.58E-03 1.35E-03 0.003 7.01E-01 5.26E-01 4.51E-01

Cu 5.63E-03 4.23E-03 3.62E-03 0.04 1.41E-01 1.06E-01 9.06E-02

Hg 3.76E-05 2.82E-05 2.41E-05 0.0003 1.25E-01 9.39E-02 8.05E-02

Ni 2.22E-03 1.66E-03 1.43E-03 0.02 1.11E-01 8.32E-02 7.13E-02

Pb 8.23E-04 6.18E-04 5.29E-04 0.0035 2.35E-01 1.76E-01 1.51E-01

Zn 5.21E-02 3.91E-02 3.35E-02 0.3 1.74E-01 1.30E-01 1.12E-01

HI 1.85E + 00 1.39E + 00 1.19E + 00

Note. As: Arsenic; Cd: Cadmium; Co: Cobalt; Cr: Chromium; Cu: Copper; Hg: Mercury; Ni: Nickel; Pb: Lead; Zn: Zinc; HI: Hazard index; ADI: Average daily dose; 
RfD: Reference dose; HQ: Hazard quotient; EPA: Environmental Protection Agency.

Table 9. Carcinogenicity of Trace Elements in Bread Samples

Metal CSFa

Risk

Male Female

Taftoon Lavash Sangak Taftoon Lavash Sangak

As 1.5 6.06E-05 4.10E-05 3.93E-05 7.07E-05 4.78E-05 4.59E-05

Cd 15 9.98E-04 9.68E-04 3.53E-04 1.16E-03 1.13E-03 4.12E-04

Cr 0.5 4.76E-04 7.40E-04 8.11E-04 5.56E-04 8.63E-04 9.46E-04

Ni 0.91 1.51E-03 1.39E-03 9.95E-04 1.76E-03 1.62E-03 1.16E-03

Pb 0.0085 9.46E-06 2.18E-06 1.86E-06 1.10E-05 2.55E-06 2.17E-06

Total ELCR 3.05E-03 3.14E-03 2.20E-03 3.56E-03 3.66E-03 2.57E-03

Note. As: Arsenic; Cd: Cadmium; Cr: Chromium; Ni: Nickel; Pb: Lead; ELCR: Excess lifetime cancer risk; CSF: Cancer slope factor. a Obtained from California 
Environmental Protection Agency, US.
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Cr content in the bread samples was 210.235 μg/kg. The 
highest Cr amount in Sangak was 252.358 µg/kg, which 
is lower than that of the study by Ghanati (0.354 mg/kg) 
(23). Zn content found in the present study was higher 
than that reported by Das et al and Ahmed et al (33, 34). 
Co content measured in the current study samples was 
lower than that reported by Naghipour et al and Ghanati 
et al (23, 28). The mean content of all trace elements in 
the present study was lower than the permissible limits 
advised for daily intake. Based on the obtained data, the 
consumption of this mostly used traditional bread in 
Zahedan was safe. However, knowledge of the adverse 
effects of trace elements on body health is limited, and 
even small amounts of such elements may cause different 
levels of tissue damage.

3.3. Different Factors Affecting the Heavy Metal 
Contamination of Foodstuff and Bread

The environment, especially agricultural soils, is one 
of the main sources of the contamination of bread with 
heavy metals. In such regions, heavy metals in the soil are 
transferred to the roots of crops, such as wheat, rice, and 
the like. The preparation and process of bread are the other 
routes of heavy metal contamination. During processing 
and preparation, some contents, such as water, salt, yeast, 
flour, and baking soda, may contaminate bread with heavy 
metals (28, 29). In addition, metal trays, contaminated 
bakery ovens due to the lack of supervision, and heavy 
metal-contaminated fuels are effective parameters in the 
contamination of bread with heavy metals (28). Food 
processing equipment and containers have long been 
recognized as the sources of contamination with trace 
metals, such as Fe, Cu, Pb, and Cr. According to the 
research by Alomary and Wedian, bakeries that use heavy 
and light oils as energy sources should work to reduce 
bread contamination by changing the use of electricity or 
taking special care when baking bread (32).

Based on the results of the present study, it is 
recommended that bakeries using heavy and light oils as 
energy sources attempt to minimize bread contamination 
by either switching the electricity as the energy source or 
applying hygiene standards for the bakery. The secondary 
contamination of bread includes packaging and air 
pollution in the bakery (28).

4. Conclusion
Human health and food safety are very closely linked to each other. 
The increased concentration of heavy metals in recent decades 
urges the need to pay more attention to eliminating the potential 
sources of these toxins and preventing their entry into the human 
body, especially through food and water ingestion. According to 
the cancer risk assessment, while the concentrations were safe, the 
bread was carcinogenic in the end. It was also revealed that the 
widely used bread types in Zahedan are not generally safe from 
carcinogenicity aspects but are acceptable for non-carcinogenic 
determinants. Moreover, the trace element hazards are remarkable 
in children. It is also suggested that further studies examine heavy 

metal contamination at different stages of bread preparation and 
determine factors contributing to heavy metal contamination. 
It is highly recommended that controlling measures, such as 
the implementation of a food control system, proper storage of 
flour, and training farmers, should promptly be taken to reduce 
contamination possibility.
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