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A B S T R A C T: 
     The aim of the current research was to evaluate the heavy metals contamination in Kurdish rice from the main rice-producing 

areas in Kurdistan and its health risk assessment. The Kurdish rice samples were collected from different locations and the 

concentration of heavy metals was measured by using Inductively Coupled Plasma-optical emission spectrometry (ICP-OES). The 

Estimated Daily Intake (EDI) was also calculated to evaluate the potential health risk assessment for the Kurdish local population 

through rice consumption. The mean EDI values from the rice consumption of most Kurdish rice samples were significantly 

higher than the safe limits set by FAO/WHO. The heavy metals were detected in the descending order Fe > Mn > Zn > Cu > Cr > 

Ni > As > Co > Cd in the rice samples. The results demonstrate that Kurdish rice from the investigated region has been 

contaminated with some heavy metals (As, Cr, Mn and Ni) which is probably linked to the used wastewater for irrigation, 

fertilisers and soil contamination. Overall, the local population's health might be at risk due to the combination of various metals. 

Therefore, strict food safety regulations are recommended for cereal crops, as well as, regular monitoring of soil contamination, 

water quality, application of fertilisers and pesticides in the agricultural areas in Iraqi Kurdistan.  

 
KEY WORDS: Heavy metals, Kurdish rice, Contamination, Estimated Daily Intake, Health risk assessment  
DOI: http://dx.doi.org/10.21271/ZJPAS.35.3.10 

ZJPAS (2023) , 35(3);110-118  .       

 

 

1. INTRODUCTION: 

  
     Rice is a staple and is considered an important 

of Iraqi food component. Rice is mainly consists 

of carbohydrates, fiber, proteins, and fat. heavy 

metals and vitamins (Sumczynski et al., 2018). 

Moreover, also contain a number of toxic 

elements depending on the environment, genetics, 

crop management, and soil characteristics (Lange 

et al., 2019) which could be hazardous to 

consumers' health (Rittirong and Saenboonruang, 

2018). Heavy metal contamination of food has 

become a major concern in recent years due to the 

possibility of their accumulation in bio-systems 

through water and soil pollution (Lokeshwari and 

Chandrappa, 2006).  

 

 

 

 

 

Kurdish rice (Oryza sativa L.) is one of the 

agricultural products in Iraqi Kurdistan. Even 

though Iraq is primarily a market for long grain 

milled rice but the Kurdish community prefers 

short grain rice. The Food and Agriculture 

Organization (FAO) reported that the average of 

rice consumption for Iraqi population was 36.8 kg 

per capita per year in 2022 (FAOSTAT report, 

2022). According to KRG Ministry of Planning, 

2019, rice consumption in Iraqi Kurdistan 

increased from 32 kg per capita in 2016 to 38.5 kg 

per capita in 2017. While, rice production has 

decreased by 50% from 22,262 to 11,838 metric 

tons in 2020 and 2021, respectively on a planted 

area of 1408.9 hectare, due to the prolonged water 

crisis in Kurdistan region (KRSO, 2021). The 

local production of rice currently covers only 
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about 6% of local needs. There are some famous 

areas in the Kurdistan region with a high 

reputation for growing top-quality Kurdish rice 

(Short grains) such as Akre, Harir and Batas, and 

Bani Khelan, and this resulting a high demand 

from buyers. 

Numerous studies have examined the levels of 

heavy metals in rice grains from various countries, 

particularly As, Cd, Pb, Ni, Mn, Cu, Cr, and Zn. 

Then, consuming polluted rice grain causes the 

transfer of heavy metals from the rice to the 

human body, causes serious health hazards 

(Zulkafflee et al., 2022). For instance, High levels 

of As in rice can lead to severe skin problems and 

serious cancers (Kalita et al., 2018). Thus it is 

important to determine the amounts of heavy 

metals in the cultivated Kurdish rice.  

In Kurdistan, the accumulation of heavy metals in 

crops like rice is a serious problem, due to the 

usage of wastewater for agricultural irrigation, 

pesticides, and using high level of chemical 

fertilizer. However, the source of irrigation water 

is varied among the areas in Kurdistan, including 

watermills, water pumps from rivers, wellsprings, 

artesian wells, and rainfall (Mahmood and Akbay, 

2016). The public is concerned about exposure to 

heavy metals through the consumption of 

contaminated food crops. To the best our 

knowledge, very few researches  have been 

published that examine the heavy metals in 

Kurdish rice cultivars (Wahab and Abdulazeez, 

2015). 

Therefore, the aim of this study is to determine (i) 

the heavy metals in cultivated Kurdish rice (ii) 

determine estimated daily intake (EDI) in the 

studied Kurdish rice samples, and (iii) determine 

maximum tolerable daily intake (MTDI) 

according to the recommendations by the Joint 

FAO/WHO Expert Committee on Food Additives 

compared to the safe limits set by FAO/WHO. 

The results of this study on Kurdish rice could be 

considered safe for consumption by the Kurdish 

population as far as the content of heavy metals 

are concerned. 

 

2. Materials and Methods 

The study area and sample collection 

Fourteen Kurdish short grain rice samples [Akre 

(Se Mahi), Akre (Shash Mahi), Akre Ruta or 

(Tahalf), Bani Khelan, Bansnduq, Baqubara, 

Shaqllawa Batas, Bazian, Belula, Daradoen, Kani 

Krmanj, Niska Jo, Salah Agha, and Shex Tawil] 

were collected from different locations in Iraqi 

Kurdistan between June and August 2022. 

Besides, 1 kg of polished rice samples belonging 

to the sampling sites were collected from different 

areas in Iraqi Kurdistan. The samples were 

separately kept into clean plastic bags, labelled 

and brought to the laboratory for further analysis. 

The study areas in Iraqi Kurdistan are showed on 

the map based on the latitudes and longitudes of 

each location. These areas were selected based on 

predominant potential areas of rice production 

(Figure 1). 
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Figure 1. Map of sampling site of Kurdish rice cultivated in Kurdistan Region, Iraq. 

Samples preparation 

The collected rice samples were cleaned from 

husk and then sieved through a 355 µm sieve 

(prufsieb – ISO 3310-1) to reduce flour to remain 

fine fractions to verify that no defects were 

visible, which was then sifted to obtain the 

appropriate flour. All samples were dried in oven 

at 105 °C for 2h, and then they were finely 

powdered using a stainless steel grinder (COF-

3820). The samples were kept in room 

temperature storage until analysis. 

Determination of heavy metal concentrations 

A microwave digestion system [Multiwave GO 

Plus – Anton Paar, Austria] was used for sample 

digestion. . Briefly, about 0.5g of sample weighted 

directly into PTFE-TFM vessels, acid mixture of 

8mL HNO3 + 1 mL H2O2 was added to vessels 

and closed immediately. The operational 

conditions and the heating program used were 

performed according to these conditions: a ramp 

time of 20 min to reach 200°C and a hold time of 

20 min at 200°C. The vessels were opened and 

vented after being cooled to room temperature. In 

that moment, the vessels were filled with 

deionized water from [Barnstead GenPure - 

Thermofisher], then closed and vigorously shaken 

to eliminate any remaining colloids that may have 

been attached to the vessel walls. The resultant 

was filtered using a Whatman filter paper 41 pore 

size 20 μm and diluted to a final volume of 25 mL 

in a volumetric flask with Deionized water and 

stored at 4 °C.  

The heavy metals concentrations were determined 

in digested samples using Inductivity Coupled 

 lasma Optical Emission Spectrometry (A 

Thermo Scientific iCA  7600 IC -OES Duo with 

Intelligent Scientific Data Solution  (ISDS).  

Health risk assessment 
The EDI of heavy metals has been calculated in 

order to assess the possible human health risk 

assessment. The calculated values were compared 

to the PTWI in order to determine the possible 

harm to human health of heavy metals from eating 

rice. The EDI was calculated by the following 

equation: (Chamannejadian et al., 2013) 

      
  

  
 ……….…………eq.1 

Where, EDI is estimated daily intake (mg kg
−1

 

body weight), C is the average of heavy metal 

concentrations in rice (mg kg
−1

 dry weight), DC is 

daily rice consumption (g day
-1

) per capita. For 

the Kurdistan population 100.82 g per capita per 

day was taken based on a database published by 

FAO (FAOSTAT database, 2022), BW is the 

average of body weight (kg), An average body 

weight of 70 kg was taken for adults in the current 

research zones of Iraqi Kurdistan. 

Statistical analysis 

The data ware analyzed by ANOVA using 

XLSTAT-pro (version 7.5.2) with for the CRD-

factorial design. Fisher Least of Significant 
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Difference (LSD) was used to determine the 

significant differences between the studied rice 

samples at  ≤ 0.05. 

3. Results and Discussion  

 In this experiment, the concentration of heavy 

metals in the grains of selected Kurdish rice 

cultivars were analyzed using ICP, and the EDI 

for rice consumption by the local population was 

calculated based on the heavy metal levels in the 

rice samples. The obtained results of heavy metals 

(As, Cd, Co, Cr, Cu, Fe, Mn, Ni, and Zn) found in 

14 Kurdish rice samples from various areas are 

shown in Tables 1, and the EDI of heavy metals 

from Kurdish rice consumption was presented in 

Table 2. 

Arsenic 

Arsenic, as a metalloid, it is poisonous to both 

plants and animals. Compared to other cereals, 

rice absorbs As more effectively, mostly from 

polluted irrigation water paddy soil, pesticides and 

fertilizers. The high amounts of As can 

accumulate in rice which is cultivated in paddy 

soil and be transferred to rice more efficiently 

(Chu et al., 2021). The As only detected the rice 

sample which is cultivated in Salah Agha site   

0.40 mg kg
-1 

which is twofold higher than the 

FAO/WHO safe limit 0.2 mg kg
-1

. According to 

(Polizzotto et al., 2013, Kormoker et al., 2022), 

the use of excessive amounts of chemical fertilizer 

and polluted groundwater for irrigation during 

crop cultivation cause the transfer of As from soil 

to plant. Therefore, to some point, it is undesirable 

to use the Sirwan River without treatment directly 

for agricultural purposes (Issa and Alshatteri, 

2021). The EDI for As was 0.58 mg kg
-1

 BW, 

which was higher than the maximum tolerable 

daily intake MTDI of As (0.126) in Kurdish rice 

cultivated in the Salah Agha area.  

Cadmium 

Cadmium is a toxic element that is generally 

spread through industrial manufacturing and 

agricultural activities (Lien et al., 2021). The 

concentration of Cd in in the studied Kurdish rice 

samples ranged between 0.01 to 0.02 mg kg
-1

, and 

only the Baqubara contained about 0.07 mg kg
-1

 

which was higher than another studied samples. 

The Cd concentration in all the rice samples were 

lower than the safe limit of Cd set by FAO/WHO 

(0.4 mg kg
-1

). According to several study, the 

concentration of Cd in rice grain in Thailand and 

Bangladesh was between0.014-0.055
 

and 0.98-

1.61 mg kg
-1

 respectively (Srinuttrakul et al., 

2018, Hasan et al., 2022). The mean EDI of Cd 

was 0.10 mg kg
-1 

BW for Baqubara rice samples, 

which is the only EDI value for rice consumption 

higher than the MTDI set by WHO/FAO (0.46 mg 

kg
-1

 BW) among the other Kurdish rice samples. 

Cobalt 

It was observed that the lowest concentration of 

Co was found in Baqubara (0.00 mg kg
-1

) 

whereas, the highest concentration of Co was 

found in Akre Se Mahi rice 0.09 mg kg
-1

. 

Meanwhile, there is no safe limit for Cobalt in rice 

grain. In addition, the concentration of Co for the 

Kurdish rice cultivated at Akre Ruta or (Tahalf), 

Belula, Daradoen, and Salah Agha were lower 

than the detection limits of the technique (LOD of 

Co was 0.0008 ppm). These results are slightly in 

line with results from the findings of a study from 

Iran, which obtained concentration for Co 

between 0.13 to 0.41 mg kg
-1

 in domestic rice 

(Naseri et al., 2015). However, there is no 

provisional tolerable daily intake (PTDI) set for 

Co, but the mean EDI value of Co was calculated 

for all the Kurdish rice cultivars, and the EDI 

values were between 0.00 to 0.09 mg kg
-1

 BW, 

which lower than the MTDI (0.1 mg kg
−1

), except 

for Akre rice (Se Mahi), the EDI of Co was 0.13 

mg kg
−1

 BW which was higher than MTDI for Co 

0.1 mg kg
−1

 BW. 

Chromium 

The Cr concentration in the studied values 

different between samples significantly, the lowest 

value was recorded for Bani Khelan rice (0.81 mg 

kg
-1

) followed by Kani Krmanj > Daradoen > 

Baqubara > Akre Ruta or (Tahalf) > Salah Agha > 

Shex Tawil > Bansnduq > Akre Se Mahi > Belula 

> Niska Jo > Batas > Bazian > Akre Shash Mahi. 

The result indicate that the Cr concentration in the 

all studied samples higher than safe limit set by 

FAO/WHO (1 mg kg
-1

) expect for Bani Khelan 

rice sample. Our result is in contrast with a study 

conducted in Bangladesh, which have been found 

for that Cr concentration ranged between 11.54 

and 23.67 mg kg
-1

 (Hasan et al., 2022). This might 

be a result of absorbing Cr ions through the 

irrigation water and soil to the rice plants 

(Mohanty et al., 2011, Majhi and Samantaray, 

2020). In addition the mean EDI values of Cr in 

all rice samples were higher than the safe intake 

limit of adults for Cr 0.020 to 0.035 mg kg
-1

 

(Dietary Reference Intakes (DRIs) from National 

Academies) (Zulkafflee et al., 2022).  

Copper 

Excessive consumption of Cu could be harm to 

liver and kidneys (Barber et al., 2021). The lowest 

was in Bani Khelan (2.18 mg kg
-1

) and the highest 

concentration of Cu was achieved in Bansnduq 
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(5.49 mg kg
-1

), which lower than the FAO/WHO 

codex safe limit of Cu in rice (20 mg kg
-1

). The 

range of Cu concentration in Kurdish rice samples 

was lower than the results found in collected rice 

samples in Bangladesh (Kormoker et al., 2022), 

Tanzania (Machiwa, 2010), and Ethiopia (Guadie 

et al., 2022). This may be due to the high content 

of lime content in Kurdistan’s soil (Dalshad et 

al.), which can raise soil pH and improve the 

ability of soil to absorb of heavy metal ions. 

Additionally, it may promote the precipitation of 

heavy metal hydroxide or carbonate minerals 

which is conducive to reduce the bioavailability of 

heavy metals in soil (Wang et al., 2012). In 

regards to health risk, the EDI value for Bansnduq 

and Bani Khelan Kurdish rice were 7.90 and 3.13 

mg kg
-1

 BW, respectively, which was lower than 

MTDI (30 mg kg-1 BW) set by (FAO/WHO, 

2003). Thus, there is no risk from the Kurdish rice 

consumption for this metal.  

Iron 

Rice is the only cereal crop that can be cultivated 

on flooded soil for a long period of time. 

According to the data obtained from the studied 

rice samples, the Fe concentrations ranges from 

the lowest of 6.60 mg kg
-1

) to the highest (of 

49.02 mg kg
-1

) for Daradoen and Akre Shash 

Mahi, respectively. The Fe concentration in all the 

studied rice samples were much lower than the 

FAO/WHO safe level. Similarly, the 

concentrations of Fe in the rice samples ranged 

from 10.8 to 45.3 mg kg
-1

 in two type of rice 

studied by (Salih et al., 2021). This might be due 

to presence low content of Fe in rice grain grown 

in Kurdistan region which the soils are calcareous 

and contain low amount of available Fe (Rasheed 

and Salih, 2020). Additionally, it was determined 

that the mean EDI of Fe from the rice samples was 

greater than the MTDI set by FAO/WHO (0.8 mg 

kg
-1

 BW). 

Manganese 

Regarding Mn, the lowest concentration and its 

EDI were found in Belula (8.36 mg kg
-1

 and 12.04 

mg kg
-1

 BW), and the highest concentration were 

found in Niska Jo (29.46 mg kg
-1

 and 42.43 mg 

kg
-1 

BW). The concentration of Mn in all analyzed 

rice samples was much higher than MTDI and the 

safe limit set by FAO/WHO (1 mg kg
-1

). Our 

results are in accordance with the results reported 

by (Oliveira et al. (2012), the concentration of Mn 

were ranged from 4.6 to 19 mg kg
-1

 in three rice 

samples collected in Barazil. Additionally, the Mn 

Concentrations was 2.9 to 40.8 mg kg
-1

 in 

eighteen rice samples were evaluated in Pakistan 

(Wasim et al., 2019) , and 3.56 to 27.28 mg kg
-1

  

were found in three different rice samples in 

China (Zeng et al., 2015). Compared to those, the 

concentration of Mn in the studied rice samples is 

in the range reported globally. This might be due 

to the high concentration of Mn in the soil of 

Kurdistan (Kassim et al., 2013). 

Nickel 

Nickel is also considered as a hazardous heavy 

metal that has been linked to human cancer and 

several health issues (Denkhaus and Salnikow, 

2002). The concentration of Ni was ranged from 

the lowest in Bani Khelan (0.13 mg kg
-1

) to the 

highest in Bansnduq (1.29 mg kg
-1

), which were 

higher than the safe limit set by FAO/WHO (0.1 

mg kg
-1

).  Among all sampling sites, Ni 

concentrations and its EDI value in all Kurdish 

rice samples were above the safe limit of Ni (0.3 

mg kg
-1

) for rice consumption set by WHO, 1996, 

except for Bani Khelan rice, this indicating the 

possibility of rice contamination from the water 

resources used for irrigation (Majid et al., 2018), 

and the high content of Ni found in soil samples in 

Kurdistan (Kassim et al., 2013, Khudhur et al., 

2018). According to previous studies on cereal 

crops found that nickel tends to accumulate in 

soils, this might due to the external sources such 

as fertilizers and pesticides (Martínez-Cortijo and 

Ruiz-Canales, 2018). Compared to the results 

from this study, Kormoker et al. (2022) reported 

that the average concentration of Ni was ranged 

from 3.81 to 13.23 mg kg
-1

 in rice samples 

gathered from ten sampling sites in Bangladesh. 

Nickel can be flushed from the human system 

after intake, however food contamination with Ni 

should still be regarded.  Seriously since mixing 

Ni with other harmful active compounds in the 

human system can cause serious toxicity (Abd 

Rashid et al., 2018). 

Zinc 

Kurdish rice cultivated in Akre (Shash Mahi) had 

the lowest Zn content (12.26 mg kg
-1

), while rice 

in Bansnduq had the highest Zn level (18.38 mg 

kg
-1

). For Zn in rice grains, the FAO/WHO has 

established a safe level of 60 mg kg
-1

. Similarly, 

the results revealed that rice samples from 

Bansnduq had the greatest EDI of Zn, while Akre 

rice (Shash Mahi) samples had the lowest. These 

results generally demonstrated that the EDI of Zn 

was lower than the safe limit set by WHO/FAO 
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(40 mg kg
-1

). It has been confirmed that the zinc 

toxicity decreases with increasing pH, as the 

origin of Zinc contamination is mainly refers to 

the irrigation water than the soil (Martínez-Cortijo 

and Ruiz-Canales, 2018). In compare, the range of 

Zn concentration ranged from 97.34 to 121.76 mg 

kg
-1 

in the rice samples from the main industrial 

areas of Bangladesh (Hasan et al., 2022). In 

accordance with our results, the concentrations of 

Zn in the rice samples ranged from 8.66 to 17.4 in 

two type of rice (Salih et al., 2021). This might 

due to the high capacity of Zn absorption, which 

causes a decrease in the availability of Zn in 

calcareous soils in Iraqi Kurdistan (Mam-Rasul, 

2019).  

4. Conclusions 

The findings of this study showed that As, Cd, Co, 

Cr, Cu, Fe, Mn, Ni, and Zn, were present in rice 

samples from the main Kurdish rice-growing 

regions in Kurdistan. Some of the heavy metals 

(As, Cr, Mn, and Ni) concentrations were higher 

than the safe limit set by FAO/WHO. The effects 

of heavy metals on human health are based on 

concentrations that have built up over time via 

dietary consumption. Morover, health issues 

might arise as a result of dangerous heavy metals 

being present in food crops like rice. therefore, the 

presence of the heavy metal contents in the rice 

represents the level of contamination in different 

selected areas. Since rice is the primary staple in 

the Kurdish diet and can be consumed once or 

twice a day. Thus, more precautions should be 

assumed for Kurdish rice and control measures 

should be taken. As a result, it's critical to measure 

and keep an eye on the heavy metal content in 

Kurdish rice. Furthermore, the analysis of soil 

contamination and irrigation water should be 

conducted in order to obtain reliable evidence to 

confirm. 
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Table 1. Heavy metals concentrations in Kurdish rice sample (Means ± SD) in mg kg
-1

, n=3 

 Rice cultivars As Cd  Co Cr  Cu  Fe Mn  Ni  Zn 

Akre (Se Mahi) ND 0.01 ± 0.01 de 0.09 ± 0.02 a 1.26 ± 0.02 f 2.40 ± 0.04 k 16.63 ± 0.21 d 12.08 ± 0.14 h 0.90 ± 0.01 d 16.77 ± 0.04 d 

Akre (Shash Mahi) ND 0.02 ± 0.00 bc 0.05 ± 0.00 b 5.81 ± 0.04 a 2.85 ± 0.01 i 49.02 ± 0.21 a 13.05 ± 0.09 g 0.84 ± 0.01 e 12.26 ± 0.03 n 

Akre Ruta (Tahalf) ND 0.01 ± 0.00 cde ND 1.08 ± 0.02 gh 3.10 ± 0.02 g 10.72 ± 0.13 h 21.27 ± 0.09 d 0.60 ± 0.02 h 16.09 ± 0.06 g 

Bani Khelan ND 0.01 ± 0.01 bcde 0.02 ± 0.00 c 0.81 ± 0.03 j 2.18 ± 0.05 l 10.71 ± 0.29 h 8.90 ± 0.10 l 0.13 ± 0.02 l 13.69 ± 0.05 m 

Bansnduq ND 0.02 ± 0.01 bc 0.02 ± 0.01 c 1.24 ± 0.03 f 5.49 ± 0.06 a 9.81 ± 0.09 i 22.47 ± 0.14 c 1.29 ± 0.01 a 18.38 ± 0.04 a 

Baqubara ND 0.07 ± 0.01 a 0.00 ± 0.00 d 1.07 ± 0.02 gh 3.11 ± 0.02 g 13.80 ± 0.14 f 17.74 ± 0.13 e 1.24 ± 0.02 b 16.65 ± 0.07 e 

Batas ND 0.02 ± 0.00 b 0.02 ± 0.01 c 1.49 ± 0.03 c 4.69 ± 0.05 c 13.76 ± 0.11 f 11.80 ± 0.14 i 0.52 ± 0.00 j 14.10 ± 0.03 k 

Bazian ND 0.01 ± 0.01 bcde 0.06 ± 0.01 b 2.10 ± 0.02 b 5.08 ± 0.04 b 34.23 ± 0.46 b 17.79 ± 0.21 e 0.94 ± 0.01 c 17.49 ± 0.02 c 

Belula ND 0.02 ± 0.01 bc ND 1.32 ± 0.01 e 2.97 ± 0.06 h 15.06 ± 0.12 e 8.36 ± 0.04 m 0.57 ± 0.01 i 13.92 ± 0.05 l 

Daradoen ND 0.01 ± 0.00 bced ND 1.06 ± 0.01 h 2.70 ± 0.03 j 6.60 ± 0.07 k 14.82 ± 0.13 f 0.44 ± 0.01 k 16.51 ± 0.04 f 

Kani Krmanj ND 0.01 ± 0.00 e 0.03 ± 0.01 c 1.01 ± 0.02 i 3.57 ± 0.05 e 10.65 ± 0.17 h 11.00 ± 0.13 k 0.64 ± 0.02 g 14.95 ± 0.02 j 

Niska Jo ND 0.01 ± 0.00 bcede 0.05 ± 0.00 b 1.38 ± 0.03 d 4.49 ± 0.05 d 18.70 ± 0.15 c 29.46 ± 0.15 a 0.80 ± 0.01 f 15.77 ± 0.06 h 

Salah Agha 0.40 ± 0.02 a 0.02 ± 0.00 bc ND 1.10 ± 0.01 gh 3.39 ± 0.04 f 11.11 ± 0.10 g 11.31 ± 0.07 j 0.94 ± 0.01 c 15.69 ± 0.04 i 

Shex Tawil  ND 0.02 ± 0.00 bc 0.02 ± 0.01 c 1.11 ± 0.01 g 2.47 ± 0.06 k 9.29 ± 0.05 j 23.26 ± 0.11 b 0.43 ± 0.03 k 17.84 ± 0.04 b 

**FAO/WHO 

    safe limits 
0.2 0.4 Not set 1.0 20 450 1.0 0.1 60 

Different Letters inside the column indicates significant differences in treatment according to LSD test at (P ≤0.05). 

*ND; Not detected, ** From the Codex Alimentarius Commission (CAC) Standard Codex Standard 193-1995; amended in 2019.  

***According to the tolerance limit of copper in food (Chinese GB Standards, 15199-1994). 
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Table 2. The Estimated daily intake (Means ± SD) of heavy metals from the Kudish rice samples in mg kg
-1

 body weight for an adult 

with 70 kg body weight. 

 Rice cultivars As Cd  Co Cr  Cu  Fe Mn  Ni  Zn 

Akre (Se Mahi) ND 0.01 ± 0.01 de 0.13 ± 0.02 a 1.81 ± 0.03 f 3.46 ± 0.06 k 23.95 ± 0.30 d 17.39 ± 0.20 h 1.29 ± 0.02 d 24.16 ± 0.06 d 

Akre (Shash Mahi) ND 0.02 ± 0.01 bc 0.07 ± 0.00 b 8.36 ± 0.05 a 4.11 ± 0.01 i 70.60 ± 0.30 a 18.79 ± 0.14 g 1.21 ± 0.01 e 17.66 ± 0.04 n 

Akre Ruta or 

(Tahalf) 
ND 0.01 ± 0.00 cde  ND 1.55 ± 0.03 gh 4.47 ± 0.03 g 15.44 ± 0.19 h 30.63 ± 0.13 d 0.87 ± 0.03 h 23.17 ± 0.08 g 

Bani Khelan ND 0.02 ± 0.01 bcde 0.03 ± 0.01 c 1.16 ± 0.05 j 3.13 ± 0.07 l 15.43 ± 0.42 h 12.82 ± 0.15 l 0.19 ± 0.03 l 19.71 ± 0.07 m 

Bansnduq ND 0.02 ± 0.01 bc 0.03 ± 0.02 c 1.78 ± 0.05 f 7.90 ± 0.09 a 14.12 ± 0.13 i 32.36 ± 0.20 c 1.86 ± 0.02 a 26.48 ± 0.06 a 

Baqubara ND 0.10 ± 0.01 a 0.00 ± 0.00 d 1.54 ± 0.03 gh 4.48 ± 0.03 g 19.87 ± 0.20 f 25.55 ± 0.19 e 1.79 ± 0.02 b 23.99 ± 0.10 e 

Batas ND 0.03 ± 0.01 b 0.03 ± 0.01 c 2.15 ± 0.04 c 6.76 ± 0.08 c 19.82 ± 0.16 f 17.00 ± 0.20 i 0.74 ± 0.00 j 20.31 ± 0.05 k 

Bazian ND 0.02 ± 0.01 bcde 0.09 ± 0.01 b 3.03 ± 0.03 b 7.32 ± 0.05 b 49.30 ± 0.66 b 25.62 ± 0.30 e 1.35 ± 0.01 c 25.19 ± 0.04 c 

Belula ND 0.02 ± 0.01 bc  ND 1.90 ± 0.01 e 4.28 ± 0.09 h 21.68 ± 0.17 e 12.04 ± 0.05 m 0.83 ± 0.01 i 20.05 ± 0.07 l 

Daradoen ND 0.02 ± 0.01 bced  ND 1.53 ± 0.01 h 3.89 ± 0.05 j 9.50 ± 0.10 k 21.35 ± 0.19 f 0.63 ± 0.01 k 23.78 ± 0.05 f 

Kani Krmanj ND 0.01 ± 0.00 e 0.04 ± 0.01 c 1.46 ± 0.03 i 5.14 ± 0.07 e 15.34 ± 0.25 h 15.84 ± 0.19 k 0.91 ± 0.03 g 21.53 ± 0.03 j 

Niska Jo ND 0.02 ± 0.00 bcede 0.08 ± 0.00 b 1.98 ± 0.04 d 6.46 ± 0.07 d 26.94 ± 0.22 c 42.43 ± 0.21 a 1.15 ± 0.02 f 22.71 ± 0.08 h 

Salah Agha 0.58 ± 0.02 a 0.02 ± 0.01 bc  ND 1.58 ± 0.02 gh 4.88 ± 0.05 f 16.00 ± 0.15 g 16.29 ± 0.10 j 1.36 ± 0.02 c 22.59 ± 0.05 i 

Shex Tawil  ND 0.02 ± 0.00 bc 0.02 ± 0.01 c 1.60 ± 0.01 g 3.55 ± 0.09 k 13.38 ± 0.08 j 33.51 ± 0.16 b 0.62 ± 0.04 k 25.69 ± 0.06 b 

 0.126
c
 0.046

c
 Not set 

e
 0.035

f
 30

c
 0.8

d
 5.0 0.3

b
 40

c
 

Different Letters inside the column indicates significant differences in treatment according to LSD test at (P ≤0.05). 

*ND; Not detected. 
a
(RDA 1989), 

b
(WHO 1996), 

c
(JECFA 2003), MTDI =Maximum tolerable daily intake, 

d
EFSA, FAO/WHO, 2010, 

e
 No PTDI set for Co has been provided there 

Maximum Tolerable Daily Intake is (MTDI) value of 0.1 mg kg
−1

 body weight (Naseri et al., 2014). 
f
Dietary Reference Intakes (DRIs) from National Academies, the 

safe intake limit of adults for Cr is in the ranges 0.020 to 0.035 mg/kg/day. 




