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A B S T R A C T   

Pollution by heavy metals is a serious global problem due to its toxicity, abiotic characteristics, abundant 
sources, and cumulative behavior. On the other hand, considering the importance of rice consumption as an 
important part of nutrition in Lordegan and Ahvaz cities, this study was conducted to evaluate the carcinogenic 
risk of heavy metals lead, cadmium, zinc, nickel and in local Champa rice cultivated in these two cities. 16 
Champa rice samples were collected from the fields of Lordegan and Ahvaz cities. The elements were read in 
three replicates by Varian 710-ES atomic emission device. The results showed that the concentration of cadmium 
and nickel in the cultivated rice in the two studied cities was within the range of the national standard of Iran and 
the Codex standard. Carcinogenic risk values for lead, cadmium and nickel in Champa Lordegan and Ahvaz rice 
were within the safe range. Also, the non-carcinogenic risk for these heavy metals in the two studied areas was 
less than 1 and was in the safe range. Rice pollution in Champa in Ahvaz can be due to the industrial nature of 
this city, and in Lordegan, it is due to pollution through pesticides, chemical fertilizers, and transportation. Long- 
term consumption of contaminated rice may endanger the health of residents of these areas. It is recommended to 
carry out regular and up-to-date monitoring strategies in these two cities to prevent the entry of these toxic heavy 
metals into the human food chain. Also, more studies are needed to evaluate the complete scenario and make 
definitive decisions.   

1. Introduction 

Today, with the growing population and the expansion of urbani-
zation, industrial globalization, and technological progress, the extent of 
environmental pollution has also increased. It has become an important 
part of the problems of human societies[1]. Heavy metals are among the 
most important pollutants that penetrate the environment through 
natural resources and human activities, including soil erosion, weath-
ering of the earth’s crust, agricultural operations using various fertilizers 
and pesticides, mining, industry working with metals, combustion of 
fossil fuels, discharge of various effluents and municipal and industrial 
wastewater, and irrigation of agricultural soils with polluted water 
[2–5]. One of the characteristics of heavy metals in nature is that they 

are non-biodegradable [6]. The toxicity of these metals in the human 
body depends on the dose absorbed, the route of exposure, and the 
duration of contact (acute or chronic) [2]. The most important metals 
are zinc(Zn), nickel(Ni), lead(Pb), and cadmium(Cd). Cadmium is a 
highly toxic metal that can cause kidney damage, high blood pressure, 
and mutagenicity [7–9]. Its compounds are known to be human car-
cinogens, especially in the prostate and lungs [10–12]. Increased blood 
pressure and kidney damage, abortion, premature babies, hemoglobin 
biosynthesis disorders, anemia, male infertility, brain damage, nervous 
system disorders, and decreased learning power are some of the effects 
of increasing the concentration of lead in the body. Nickel metal is toxic 
in high concentrations, which disrupts the biological activity of cells, 
delays growth, reduces hematopoiesis, and interferes with iron 
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absorption. Nickel salts accumulate in the brain and lung tissue after 
entering the bloodstream, causing respiratory distress and possibly lung 
carcinogenesis. Contact with nickel causes skin inflammation [13]. Zinc 
is a metal essential for survival due to its effect on enzyme activity and 
protein production [6]. But above all, it accumulates in the prostate, 
bones, muscles, and liver [7]. The accumulation of heavy metals 
absorbed in plant organs in concentrations above standards, while 
reducing the growth and yield of agricultural products, contaminates the 
food chain and endangers the health of human communities [14,15]. 
This is why food security has become a global concern today [16]. At the 
same time, the issue of food safety is becoming increasingly important to 
consumers of agricultural products, including rice [1,17]. Rice is the 
staple food of more than half of the world’s population, especially in 
Asia, Africa, and South and North America, providing about 70 percent 
of their daily caloric needs. Over 300 million hectares of agricultural 
land worldwide are under rice cultivation, 90 % located in Asia [12,13, 
18]. According to statistics, per capita, rice consumption in Asia is 
85 kg/year, and in the world, it is equivalent to 58.8 kg/year. In Iran, 
this product is the second-most consumed food after wheat. Rice is one 
of the main ingredients in all kinds of Iranian food. Given the population 
growth policies in Iran, there is no doubt that the demand for rice will 
increase significantly annually [13,19,20]. Rice contamination with 
heavy metals is one of the possible cases of environmental pollution 
during which, under certain conditions such as water, soil, and prox-
imity of rice fields to industrial centers and related wastewater, heavy 
elements are transferred to rice and accumulate in it [20]. Because of 
how important heavy metals are to human health and how much people 
want to eat rice, this study aims to evaluate the carcinogenic and 
non-carcinogenic risk of heavy metals due to consumption one type of 
rice (champa) that is grown in cities like Lordegan and Ahvaz in the 

southwest of Iran. 

2. Materials and methods 

2.1. Study area 

Lordegan city is located in the south of Chaharmahal and Bakhtiari 
provinces and, in terms of relative position, leads from the north to 
Borujen Wardel cities, from the south to Kohgoluyeh and Boyer Ahmad 
provinces, from the east to Isfahan province and from the west to Khu-
zestan province. It is located in the Zagros mountains and 1700 m above 
sea level (Fig. 1). Ahvaz is the capital of Khuzestan province and the 
largest city in this province. This city is limited to Shush, Shushtar, and 
Bavi cities from the north, Azadegan plain cities from the west, Khor-
ramshahr, Shadegan, and Mahshahr cities from the south, and Ramshir, 
Ramhormoz, and Haftgol cities from the east. Ahvaz City is 12 m above 
sea level (Fig. 1). The Khersan and Armand Rivers, which are the main 
tributaries of the Karun River, pass through Lordegan City. Karun River 
is one of the most important rivers of Iran that runs a long way in 
Khuzestan province and is closely related to a group of essential in-
dustries such as petrochemical, metallurgy, and oil. It also has a large 
share of urban and agricultural wastewater. As a result, any metallic 
elements in the wastewater entering this river, particularly heavy 
metals, can be regarded as a possible concern and contaminant [21]. 

2.2. Data gathering and sampling 

In this study, a total of 16 samples of Champa rice after harvesting 
and husking were collected from farmers in Lordegan and Ahvaz cities 
were purchased in 2021. Then local Champa rice samples were coded, 

Fig. 1. The location of the study areas, Ahvaz and Lordegan cities of Iran.  

M.J. Mohammadi et al.                                                                                                                                                                                                                        



Toxicology Reports 12 (2024) 578–583

580

recorded, and transported to the laboratory in nylon bags. After 
spreading the samples on clean paper in the open air to dry, the samples 
were dried and completely powdered by the mill and stored in poly-
ethylene containers. 

2.3. Sample preparations and chemical analysis 

To determine the concentration of raw white rice’s zinc, nickel, lead, 
and cadmium elements, collected rice samples were washed with double 
distilled water to remove possible contaminants. The samples were dried 
in the oven at a temperature of 110–120 degrees Celsius. Then the 
samples were placed in the oven at 151 degrees Celsius to obtain white 
ash without carbon. Then 1 g of each sample was powdered by an 
electric mill and extracted from them by acid digestion with 4 M nitric 
acid at a temperature of 95 ◦C. After filtering the extracts with Whatman 
42 filter paper and making a stock solution and standards, zinc, nickel, 
lead, and cadmium elements were read by an atomic emission device at 
a concentration of 100 micrograms per liter. Finally, each sample’s zinc, 
nickel, lead, and cadmium elements were read in three replicates by the 
Varian 710-ES atomic emission device in terms of micrograms per dry 
gram. Statistical processing of the results was done by SPSS22 software. 
Thus, the Kolmogorov-Smirnov test was used to ensure the normality of 
the data. A Mann-Withney statistical test was used to compare the 
average concentrations of the studied elements in different rice samples 
[3,7]. 

2.4. Assessment of carcinogenic risk 

The risk of carcinogenesis indicates the probability of a person get-
ting more cancer during a lifetime due to exposure to a potential 
carcinogen. In this regard, carcinogenicity is the assumption that there is 
a relationship between increasing the dose or exposure to the concen-
tration of a pollutant and increasing the risk of developing cancer. There 
is a line. The resulting slope in this relationship is the Cancer Slope 
Factor, and its unit is expressed based on each milligram of the chemical 
substance per kilogram of body weight per day. The USEPA proposes the 
carcinogenic slope factor for cadmium, lead, and nickel. 

The equation below is used to evaluate the risk of carcinogenesis:  

CR= EDI*CSF                                                                                (1) 

CR: Carcinogenesis Risk 
CSF: Carcinogenicity Slope Factor 
The amount of pollutant received through rice per kilogram of body 

weight per day (Estimated Daily Intake) was calculated using the 
following Eq. (2):  

EDI=(EFr ˟ ED ˟ IR ˟ C)/ (BW ˟ AT)                                                  (2) 

EDI: The amount of daily dose in mg kg-1 day− 1 

EFr: Frequency of exposure (365 days a year) 
ED: Duration of exposure (15 years for children & 70 years for adults) 
IR: Rice consumption (82 mg day − 1 for adults and 25 mg day − 1 for 

children) 
C: Metal concentration in rice (mg kg − 1 of rice) 
BW: Average body weight (32.7 kg for children and 70 kg for adults) 
AT: Average exposure time for carcinogenic and non-carcinogenic 

substances (2190 for children and 10,950 kg for adults)[22] 
The carcinogenic risk (CR) is the probability that an individual will 

acquire cancer at some point throughout their lifespan due to exposure 
to carcinogenic hazards. Generally speaking, the USEPA states that a CR 
below 1 ˟ 10 − 6 can be considered inconsequential, whereas a CR 
exceeding 1 ˟ 10 − 4 is likely to be hazardous to human health. For social 
stability and human health, a CR between 1 ˟ 10 − 4 ⁓ 1 ˟ 10 − 6 is 
considered acceptable or bearable. In this investigation, the CR was 
evaluated only for Ni(1.7), Cd (0.380), and Pb (0.0085) based on the 
available toxicological data for SF[23–25]. 

2.5. Assessment of non-carcinogenic risk 

In this research, the hazard quotient (HQ) was used to calculate non- 
carcinogenic risk (Eq. (3)). The RfD indicates the reference dose in terms 
of (mg kg− 1 day− 1). Its value for Cd, Pb, Ni and Zn metals is 0.0005, 
0.0035, 0.02 and 0.3 respectively. If its value is less than 1, there is no 
non-carcinogenic risk, but if its value is greater than 1, the non- 
carcinogenic risk is unacceptable and high [22,23]  

HQ = ADI/RfD                                                                              (3)  

3. Results and discussion 

We used the Mann–Withney test to compare Cd, Pb, Zn and Ni in 
Ahvaz and Lordegan. In this study, the average concentration of Zn and 
Ni measured in Lordegan is lower than in Ahvaza (Figs. 4 and 5). The 
results show that Zn (P-value <0.001) and Ni (P-value <0.001) were 
significantly different in the two cities (Table 1). Although the average 
concentration of Cd and Pb measured in Ahvaz were higher than in 
Lordegan (Figs. 2 and 3), the average concentration of cadmium (P- 
value=0.066) and lead (P-value=0.195) were not significantly different 
(Table 1).  

3.1. Comparison of measured heavy metal concentration with standard 
concentration 

According to the national standard of Iran No. 12968, the maximum 
permissible cadmium in rice equals 0.06 [26]. The study results are in 
Table 1, and the figure shows that the amount of Cd in Lordegan 
(0.0165) and Ahvaz (0.0295) rice is lower than the national and Codex 
standards. Based on the statistical analysis, there was no significant 
difference (P-Value = 0.066) between the amounts of Cd in the Champa 
rice of Lordegan and Ahvaz. According to the national standard of Iran 
No. 12968, the maximum allowable Pb in rice is equal to 0.15 [26]. The 
results of the present study in Table 1 and Fig. 3 show that the amount of 
Pb in the rice of Champa Lordegan (7 times) and Ahvaz (9 times) is 
significantly higher than the national standard of Iran. Although its 
amount is slightly lower in Lordegan than in Ahvaz, based on the sta-
tistical analysis, there was no significant difference between the lead 
values of the two cities (P-Value = 0.195). 

In the case of rice, the standard limit for nickel and zinc has not been 
defined. However, the permissible limit of nickel for cereals in the Codex 
standard is 10 mg kg− 1. The concentration of Ni in Ahvaz (0.1876) and 
Lordegan (0.0196) is within the standard range. The amount of Zn and 
Ni measured in the rice of Ahvaz is significantly higher than that of 
Lordegan. According to the statistical analysis, there is a significant 
difference between the amounts of Zn (P-Value<0.001) and Ni (P-Val-
ue<0.001) in the rice of the two cities. So far, several studies have 
investigated the concentration of heavy metals in rice consumed in Iran 
and other countries. Among them, we can mention the study of Parisa 
Ziarati in 2016, who investigated the number of heavy metals Pb, Cd, 
and Ni in Iranian and imported rice consumed in Tehran.The results 
showed that Cd and Pb exceeded the permissible limit. In the current 
study, the amount of Pb is more than the national limit [26]. In 2012, 
Shekarzadeh and his colleagues measured Cr, Cd, and Pb in irrigation 
water and Tarem rice cultivated in three cities of Mazandaran province. 
Cd and Pb metal were above the permissible limit, and Cr metal was 
below the standard limit [27]. In another study, Azad Bakht et al. 
investigated the concentration of Pb, Cd, and As in 108 Iranian and 
imported rice samples in Yazd province. The Pb concentration in the 
samples was more than the permissible limit, but the concentration of Cd 
and As was lower than the permissible limit [28]. Zazouli et al. inves-
tigated the Cd concentration in Mazandaran province rice in 2008. The 
Cd concentration in rice samples exceeded the FAO limit [29]. 
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Malkutian investigated Pb, Cd, Ni, and Cr concentrations in 2010. The 
results showed that the lead exceeded the permissible limit of 
FAO/WHO [30]. The number of samples and different sampling points, 
as the type of cultivated rice, can be the reason for the difference in some 
of the results of these studies. Since Ahvaz is a metropolis with various 
industries, the Pb concentration exceeding the standard can be caused 
by the use of pesticides, pollution caused by industrial wastewater, and 
pollution of irrigation water, transportation, paint factories, and in-
dustries iron and steel, non-ferrous metal industries, garbage, and resi-
dues containing burnt lamps and used batteries enter the environment 

[31,32]. Lordegan contains small and few industries. Its heavy metals 
can be caused by human pollution related to these industries, agricul-
tural activities, and transportation. 

3.2. Carcinogenic risk (CR) and non-carcinogenic risk 

The results in Table 2 show that the average risk of carcinogenesis 
(CR) and non-carcinogenic risk in children and adults, respectively, for 
the lead element in Champa Lordegan rice, is 1.152E-09 and 2.694E-09, 
so it is in the safe range. CR for lead element in Champa rice of Ahvaz is 
9.619E-10 and 2.249E-09, respectively, which is in the safe range. CR 
for cadmium metal in children and adults in Champa Lordegan rice was 
estimated as 1.118E-09 and 2.615E-09, respectively, and in Ahvaz 
6.299E-10, and 1.472E-09, respectively. CR of cadmium in two cities is 
within the probable range. CR for nickel in Champa Lardegan rice in 
children and adults is 3.204E-08 and 7.489E-08, which is in the safe 
range for children and adults. Nickel CR in Champa Ahvaz rice is for 
children and adults, respectively, 3.347E-09 and 7.825E-09, so it is in 
the safe range. Nickel in agricultural soils is probably of human origins, 
such as precipitation caused by greenhouse gas emissions, industrial 
activities, and refinery dust, which has been mentioned in many studies 
[23,24]. The Table 2 shows that HQ less than 1,and therefore 
non-cancerous risks are also acceptable. 

In the study of Khoshnaz Payandeh and his colleagues, the carcino-
genic risk of cadmium, lead, and nickel metals was higher than 10− 4 in 
cultivated rice samples of Khuzestan province. These results were 
consistent with the present study on nickel. Carcinogenic risk values of 
nickel and cadmium metals in rice of the Hunan region in China have 
been reported as 0.00393 and 0.0343, respectively, which were higher 
than 10− 4, and the consumption of this rice has the potential to cause 
cancer in humans [33]. In the study of Nehreen Majed, the carcinogenic 
risk of cadmium metal (7.33E− 03) was in the range of carcinogenicity, 
and lead, nickel, and zinc metals were in the permissible range [24]. In 
the study of Ting Huan et al. the carcinogenic risk of Cr, As, and Cd 
exceeded the 10–4 risk index threshold, indicating the carcinogenic risk 
for the human body [34]. The number of samples and different sampling 
points, as the type of cultivated rice, can be the reason for the difference 
in some of the results of these studies. 

4. Conclusion 

This study investigated the concentration of heavy metals nickel, 
lead, cadmium, and zinc in Champa rice grown in Lordegan and Ahvaz 
cities and the carcinogenic ana non-carcinogenic risk assessment of 
these heavy metals. The concentration of cadmium and nickel in the 
cultivated rice in the two studied cities was within the range of the 
national standard of Iran and the Codex standard. However, the lead 
concentration in Lordegan and Ahvaz was higher than the standard. 
There was no significant difference between lead and cadmium con-
centrations of Champa rice grown in the two cities. However, there was 
a significant difference between rice’s zinc and nickel concentrations. 
Also, the concentration of heavy metals measured in Ahvaz was higher 
than in Lordegan. Carcinogenic risk values for lead, cadmium and nickel 
in Champa Lordegan and Ahvaz rice were within the safe range. Also, 

Table 1 
Result of the Mann–Withney test to compare the concentration of heavy metals in Champa rice of Ahvaz and Loredgan.   

City Mean(mg kg¡1) Std. Deviation Min Max CV Test statistic P-value 

Cd Ahvaz  0.0295  0.0157  0.0131  0.0580  0.533  -1.839 0.066  
Lordegan  0.0165  0.0035  0.0129 0.0207 0.211 

Pb Ahvaz  1.3496  0.4860  0.9800  2.4870  0.360  -1.365 0.195  
Lordegan  1.1265  0.0634  0.0200 0.2100 0.501 

Zn Ahvaz  29.455  12.4346  17.8900  50.6000  0.422  -3.361 < 0.001  
Lordegan  1.5651  0.5406  1.0500 2.7600 0.345 

Ni Ahvaz  0.1876  0.0679  0.1100  0.3100  0.362  -3.361 < 0.001  
Lordegan  0.0196  0.0053  0.0120 0.0270 0.272  

Fig. 2. The average concentration of cadmium in the Lordegan and 
Ahvaz regions. 

Fig. 3. The average concentration of lead in the Lordegan and Ahvaz regions.  

M.J. Mohammadi et al.                                                                                                                                                                                                                        



Toxicology Reports 12 (2024) 578–583

582

the non-carcinogenic risk for these heavy metals in the two studied areas 
was less than 1 and was in the safe range. Rice pollution in Champa in 
Ahvaz can be due to the industrial nature of this city, and in Lordegan, it 
is due to pollution through pesticides, chemical fertilizers, and trans-
portation. Considering the measured levels and amounts of heavy 
metals, long-term consumption of contaminated rice may endanger the 
health of the residents of these areas. On the other hand, more studies 

should be done to evaluate the complete scenario and make definitive 
decisions. Also, to prevent the entry of these toxic heavy metals into the 
human food chain in these two cities, careful monitoring and regularly 
updated monitoring strategies are needed. 

Fig. 4. The average concentration of zinc in the Lordegan and Ahvaz regions.  

Fig. 5. The average concentration of nickel in the Lordegan and Ahvaz regions.  
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Champa rice samples.  

Carcinogenic risk Non- Carcinogenic risk 

Pb Lordegan children 1.152E-09 0.000542 
Adult 2.694E-09 0.000254 

Ahvaz children 9.619E-10 0.000453 
Adult 2.249E-09 0.000212 

Cd Lordegan children 1.118E-09 4.12E-05 
Adult 2.615E-09 1.93E-05 
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