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Abstract: 
Rice (Oryza sativa L.) may contain harmful substances such as heavy metals, posing health risks to humans. Several factors contribute to rice 

serving as a source of toxic heavy metals. This study aims to conduct a comprehensive risk assessment of heavy metals contamination (Cd, 

Cr, Pb, As, Ni, Zn, Hg, Fe, and Cu) of polished rice in the local market of Al-Ahsa, Saudi Arabia. We employed an Inductively Coupled 

Plasma Optical Emission Spectrometry (ICP-OES) to assess the impact of a 2-hour soaking, washing, and cooking process on the 

concentrations of heavy metals in rice samples. In raw polished rice, the level of arsenic (As) remained within the safe limit without any 

significant difference being observed. However, lead (Pb) was present at high levels with a highly significant difference observed. Levels of 

zinc (Zn) and mercury (Hg) were lower than the specifications set by the World Health Organization (WHO) and the Saudi Standard 

Specification. Cadmium (Cd) and chromium (Cr) were detected in all samples. In cooked rice samples, the mean concentrations were within 

the limits recommended by the WHO, except for lead (Pb). Whereas insuring food safety and safeguarding citizens' health holds great 

significance, the study also demonstrated the effectiveness of pre-cooking treatments, including soaking, washing, and cooking, in 

significantly reducing the concentrations of toxic elements in rice and the results obtained were within safe and recommended limits. 
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__________________________________________________________________________________________________________________ 

1. Introduction 

Cereals like rice, oats, and maize are included in the typical daily diet, supplying humans with essential nutrients, 

including proteins and carbohydrates. Rice, scientifically known as (Oryza sativa L.), is one of the most extensively cultivated 

grains and plays a vital role in meeting global food demands. It serves as the primary staple food for more than half of the 

world's population, especially in developing countries in Asia [28]. Recent reports from the Food and Agriculture 

Organization reveal that rice production have reached 498.3 million metric tons, with 90% of it being used for consumption 

[11; 17]. With over 110,000 cultivated varieties worldwide, varying in quality and nutritional content, rice is grown in more 

than 100 countries. Following post-harvest processing, rice can be classified as either white or brown. The availability and 

consumption of rice are ultimately determined by regional and cultural preferences, as well as the need for stability during 

storage and transportation. According to economic reports, Saudi Arabia imported approximately 1.5 million tons of rice in 

2022, with an average annual import value exceeding 4 billion Saudi riyals. Per capita rice consumption reached 45 kilograms 

per year. Therefore, if the population of the kingdom reaches 55 million people by 2030, Saudi Arabia may require around 

2.47 million tons of rice in that year. In financial terms, the value of rice imports could reach 15.5 billion Saudi riyals annually 

[13; 24]. 

Rice prices are subject to fluctuations in global markets and crop quantities in producing countries, which directly impacts 

Gulf countries, including Saudi Arabia, as one of the largest rice importers. Saudi Arabia's annual rice consumption is 

approximately 1.55 million tons. India is the leading exporter of rice to the kingdom. The Saudi market offers various rice 

varieties, with Indian Basmati rice being the most important. Saudi Arabia is one of the largest consumers of rice outside of 

East Asian countries. In the Saudi market, the most popular rice types are Indian Basmati rice, including the Mazza and white 

varieties, which account for about 60% of the market. American rice follows with a 15% share, followed by various types of 

Pakistani rice, representing 12% of the market. Thai rice holds a share of around 5%, while Egyptian (Australian) rice 

accounts for approximately 3%. In 2022, Saudi Arabia imported $ 1.23 billion worth of rice, securing its position as the 

world's third-largest rice importer. Saudi Arabia imports rice primarily from: India ($990M), Pakistan  $107M), United States 

($68M), Vietnam ($20.2M), and Thailand ($10.1M) [23]. Although brown rice is often marketed as a healthier option due to 

its unique bioactive compounds absent in polished white rice, the latter remains more popular despite its lower fiber and fat 
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content. Nonetheless, rice remains a beneficial source of several essential nutrients, including magnesium, phosphorus, 

manganese, selenium, iron, folic acid, thiamin, and niacin. Its popularity stems from factors such as ease of cooking, taste 

preference, and longer shelf life. In Saudi Arabia, rice holds a significant position in the diet influenced by culture and 

traditions. A traditional Saudi Arabian dish called "Kabsah" consists of rice and meat [5]. Al-Mssallem et al. [3] stated that 

there are over 150 types of rice worldwide, with "Basmati" being the most preferred in Saudi Arabia, followed by American 

and Calrose rice. Due to unsuitable climate and water conditions, Saudi Arabia relies entirely on rice imports. According to 

[6], Saudi Arabia ranked fourth in global rice import quantity and second in global rice value from 2009-2013. The same 

authors indicated that consumer preferences led Saudi Arabia to import more expensive rice. The presence of contaminants in 

both locally produced and imported rice raises concerns about regulatory measures and quality control practices in the Saudi 

local market. Additionally, diet can be a source of toxic elements exposure [2]. Heavy metal poisoning may lead to serious 

complications, as lead, mercury, arsenic, and cadmium are among the most common metals that may cause poisoning in 

people. Here are the most prominent complications of poisoning with each of them: (1) Complications of lead poisoning 

Complications of lead poisoning include: severe, high blood pressure, destruction of tissues of the reproductive system, 

anemia, kidney disease, depression, and anxiety. (2) Complications of mercury poisoning include destruction of tissues and 

cells of the lungs and brain, vision disturbance, gastrointestinal disorders, skin changes, hearing loss, memory disorder, mouth 

and throat irritation, and gingivitis. (3) Complications of arsenic poisoning include disorders of the nervous and digestive 

systems, persistent low blood pressure, anemia, cardiomyopathy, and cancer. (4) Complications of cadmium poisoning 

include: decreased functional capacity of the lungs and kidneys, anemia, disorder or loss of sense of smell, and softening of 

the bone sheet [10]. 

 

Naturally occurring toxic metals such as cadmium (Cd), manganese (Mn), lead (Pb), arsenic (As), chromium (Cr), and 

antimony (Sb) have contaminated the environment, including water, air, soil, and food, leading to negative impacts on human 

health [38]. The excessive mobility of As, Cd, and Pb in soil due to indiscriminate pesticide and fertilizer use is a serious 

concern for producing safe and uncontaminated crops globally [16]. Although rice is a popular source of nutrients for humans, 

including vitamins, carbohydrates, minerals, and essential elements, it also poses a significant risk of toxic metal exposure due 

to its tendency to accumulate more metals compared with other cereals [27]. Rice plants are particularly effective at absorbing 

arsenic and cadmium into their grains compared with other cereal crops; the levels in rice grains depend on cultivation 

conditions. The bioavailability of these toxic metals increases under flooded conditions [27]. However, industrial activities 

have made these toxic heavy metals one of the most pressing environmental issues [33], primarily due to intensified 

agriculture as well as rapid urbanization and industrialization. Heavy metals, as they bioaccumulate through the food chain, 

pose significant risks to human health [4]. Assessing the contamination of toxic metals in food is crucial for ensuring its 

quality. Exceeding certain threshold levels can lead to various adverse health effects [7], considering their resistance to 

biodegradation, ability to accumulate over time, and long biological half-lives. Exposure of humans to high or low levels of 

toxic metals like As, Pb, and Cd through polluted air or diet may result in severe detrimental effects on lung, skin, kidney, 

prostate, and gallbladder cancer [22]. Foodstuffs typically contain varying concentrations of toxic elements [25]. If large 

amounts of food containing heavy metals are consumed, it can lead to negative health effects like neurological disorders, 

cancer, and damage to vital organs such as the kidneys, lungs, and liver [20]. Rice plays a vital role as a staple food in Saudi 

Arabia, and its different varieties vary in terms of their origin, essential components, and levels of toxic metals. All rice 

imports to the Kingdom undergo inspection at entry ports and by the Food and Drug Authority to ensure compliance with 

specifications. Imports that do not meet the authority's requirements or the specifications stated in shipping documents are not 

allowed and are either returned or re-exported. These measures ensure that the Saudi market is not exposed to products of 

questionable quality. However, there may still be variations in quality levels among different types of rice, leading to price 

differences in the local market. 

 

 Rice has become a staple on the dining tables of most Saudi households, making Saudi consumers the largest consumers of 

rice in the kingdom, particularly when it comes to high-quality Basmati rice. However, there is also a significant segment of 

the Indian, Filipino, and Bengali labor force that consumes lower-quality varieties, such as parboiled rice and others. Arab 

nationalities rank next in terms of rice consumption. According to the latest statistics and studies, the annual rice consumption 

in the Kingdom is approximately 1.55 million tons [8; 34].  

The concentration of heavy metals in foods should always be lower than the recommended guidelines by the WHO [12]. Rice 

contains beneficial bioactive compounds such as ferulic acid, phytosterols, and oryzanol, but it can also contain heavy metals 

like Cd, Hg, and Pb [39]. The Gulf Cooperation Council (GCC) Standardization Organization (GSO 2055-2), a regional 

regulatory body, is involved in ensuring food safety [14]. There is limited information available on the levels of toxic 

elements in foods consumed in Saudi Arabia due to its heavy reliance on imported foods from various countries. This study 

aims to determine and verify the impact of soaking, washing, and cooking processes on heavy metals of five varieties of 

polished rice in Al-Ahsa, Kingdom of Saudi Arabia, using a modern analytical method (ICP-OES). The obtained results were 

compared with the recommended safe limits by the WHO and the Gulf specifications for rice [18] to ensure the safety of rice 

and preserve the health of citizens. 
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2. Materials & Methods: 

2.1. Materials:   

2.1.2. Sampling 

    In March 2023, a comprehensive set of 125 representative samples was gathered from the Al-Ahsa market in Saudi Arabia. 

These samples encompassed five distinct types of polished rice, specifically: long-grain/creamy 2022 (India), long-grain/white 

2022 (USA), long-grain/red 2022 (Hassawi), long-grain/white 2022 (Pakistan), and long-grain/white 2022 (Vietnam). Each 

variety was represented by twenty-five samples, resulting in a total of 125 samples. Every sample weighed 2 kg and was 

obtained from selected suppliers. Subsequently, the collected samples were transported to the laboratory of the Food Science 

& Nutrition Department at the College of Agriculture & Food Science, King Faisal University. Samples were stored in 

polypropylene plastic bags at room temperature for further analysis. 

2.2.Methods: 

    This study estimated the levels of certain heavy elements in samples of five varieties of local and imported rice (Oryza 

sativa L.) from the local market of Al-Ahsa, Saudi Arabia. The estimation was carried out using the Inductively Coupled 

Plasma Optical Emission Spectrometry (ICP-OES) Model Agilent 5100 Synchronous Vertical Dual View (SVDV) Serial No. 

MY15180008, as mentioned by Khan et al. [23]. 

2.2.1. Preparation and cooking of samples:  

    The rice samples were randomly selected. Saudi Arabian tap water, a blend of desalinated and groundwater, can contain 

contaminants. To prevent heavy metal contamination, deionized water was used. To prepare the rice samples for cooking, we 

followed common pretreatment methods commonly used by local consumers. These methods involved soaking the rice in a 

5:1 ratio of deionized water to rice for 2 hours, followed by rinsing it three times with deionized water. Each rice sample was 

then cooked individually in a stainless-steel pot for 40 minutes [7]. Finally, we assessed the levels of heavy metals before and 

after the cooking process was completed. 

2.2.2. Heavy metals analysis: 

    Using the ICP-OES Model Agilent 5100 Synchronous Vertical Dual View (SVDV) Serial No. MY15180008, rice samples 

were analyzed for metal ion concentrations of cadmium (Cd), lead (Pb), arsenic (As), chromium (Cr), zinc (Zn), iron (Fe), 

mercury (Hg), nickel (Ni), and copper (Cu), in accordance with APHA guidelines [9] Quality control samples from the 

National Institute of Standards and Technology (NIST) were utilized to confirm instrument readings, and accuracy and 

precision were confirmed using standard reference materials and external references. The National Research Center, Dokki, 

Giza, Egypt, central laboratories network, spectroscopy lab, and other locations hosted analyses. The following are the limits 

of quantification (LOQ) and limits of detection (LOD) for certain metals: There is a 0.002 mg/L LOD and a 0.0076 mg/L 

LOQ for Cd; Pb. 

2.2.3. Statistical analysis: 

   The collected data were statistically analyzed using the Statistical Package for Social Science (SPSS) software (version 20.0, 

produced by IBM Software, Inc., Chicago, USA). We used Paired samples t-test to evaluate the significance before and after 

cooking. We performed a one-sample t-test to compare the results of each group with specific values indicated by WHO. 

Duncan multiple range test was performed to compare the content of heavy metals among different types of rice. The data was 

presented as mean ± standard error of the mean (SEM). 

 3. Results and discussion: 

3.1. Heavy Metal Content of Rice Samples: 

    Rice plays a vital role as a staple food in Saudi Arabia. The Kingdom of Saudi Arabia places significant importance on 

ensuring food safety and implementing strict measures to protect the health of its citizens. The Food and Drug Authority 

consistently issues stringent instructions to minimize food contamination and prevent the spread of chronic diseases. As the 

Kingdom imports approximately 1.55 million tons of rice annually from various sources, primarily India, there is a possibility 

of some rice samples exceeding the safe limits for heavy metal content [31]. Due to the potential dangers heavy metals pose to 

human health, such as cancer and environmental harm. 

The analysis of heavy metal content in raw rice samples before any treatments is presented in Table (1). A total of 125 rice 

samples commonly consumed in the Al-Ahsa region of Saudi Arabia were analyzed for concentrations of heavy metals and 

other elements. These samples included various varieties of Al-Ahsa (Saudi Arabia), India, Pakistan, the USA, and Vietnam. 

The analysis was conducted on unwashed samples in 5 replicates. The heavy metal content, including Cd, Cr, Pb, As, Ni, Zn, 

Hg, Fe, and Cu, was analyzed and compared to the safe limits set by the WHO and the Saudi Arabian standard specifications 

for rice and the results are summarized in Table (1). 

The selected rice samples exhibited varying concentrations of heavy metals. Higher concentrations of Cr, Pb, Ni, Fe, and Cu 

were observed, while lower concentrations of Cd, Zn, Hg, and as were recorded in raw rice samples. The data in Table (1) 

revealed significant variations in Fe and Zn concentrations, which could be attributed to differences in the sources of rice. 

There were significant differences in Cd content between Indian and Pakistani rice samples, with a statistically significant 

level of 0.05%. Indian and Pakistani rice samples fell within the safe limits for mercury, zinc, arsenic, and chromium content, 

while Vietnamese rice exceeded the safe limit for lead. Raw American rice demonstrated safe limits for heavy metal content, 

except for slightly exceeding the maximum limits for lead, iron, and copper as specified in the standard. However, all tested 
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samples showed significantly elevated lead and iron contents, surpassing the maximum safe limits by four times. These 

findings align with previous studies. Notably, the copper content in the rice samples fell within acceptable limits according to 

WHO [14] and Gulf specifications for heavy metal content [3]. 

 

 

Table 1. Mean heavy metal contents of some polished rice collected from various areas in Al-Ahsa market (n= 5, on dry 

weight, mg/kg). 

 

Rice 

type 
Heavy metals (mg/kg) 

 Cd Cr Pb As Ni Zn Hg Fe Cu 

Standard 0.10c 0.30c 0.20e 0.05a 0.50c 40.00a 0.20a 0.80e 3.00d 

Hindi 0.28a 0.30c 0.97a 0.06a 0.68a 23.60d 0.01bc 5.33b 4.57a 

Pakistan 0.16b 0.32bc 0.88b 0.05a 0.62b 24.14c 0.01bc 21.87a 3.21c 

USA 0.08d 0.22d 0.75c 0.04a 0.46d 16.27f 0.02b 4.53c 3.20c 

Vietnam 0.08d 0.34b 0.51d 0.04a 0.29e 17.44e 0.01bc 3.87d 2.41e 

Hasawi 0.09cd 0.72a 0.91b 0.05a 0.28e 25.47b 0.01c 4.71c 3.24b 

p-value 0.000 0.000 0.000 0.427 0.000 0.000 0.000 0.000 0.000 

Mean 0.13 0.37 0.70 0.05 0.47 

 

24.49 

 

0.04 

 

6.85 3.27 

 
SEM 0.006 0.006 1.11 0.005 0.003 0.113 0.001 0.070 0.005 

The same letter indicates no significant difference (p> 0.05) between the same values in a column. 

 

The WHO standard of polished rice regarding Cd, As, Ni, Zn, and Hg content was favorable, with values of 0.09, 0.05, 0.28, 

and 25.47 mg/kg, respectively [15; 37]. Similarly, Vietnamese rice exhibited content values of 0.08, 0.04, 0.29, 17.44, and 

0.01 mg/kg for Cd, As, Ni, Zn, and Hg, respectively. It is important to note that all tested samples showed significant 

differences and elevated levels of lead and iron, surpassing the maximum safe limits by four times. These findings are 

consistent with previous reports by [4; 34]. However, the copper content in the rice samples fell within acceptable safe limits. 

Cadmium and arsenic, particularly, have a greater inclination to accumulate in rice due to their characteristics. This is due to 

the conversion of arsenic into arsenate during rice cultivation, leading to its significant accumulation in rice grains, up to 10 

times higher than in other staple crops. Lead, the second most commonly occurring element after arsenic, is highly toxic to 

humans, especially when it exceeds the maximum allowable limits in food. These heavy metals can also stress rice plants 

during growth, potentially causing tissue expansion and ultimately posing a risk to consumers [7]. 

Based on the findings presented in Table (1), the levels of arsenic in the polished rice samples before soaking and cooking 

were within the safe range, ranging from 0.05 to 0.06 mg/kg for all five samples. The results obtained agree with [1; 36]. 

However, all rice varieties exhibited notably higher iron content, ranging between 2.18 and 6.07 mg/kg, suggesting their 

potential to address iron deficiency concerns [19]. 

In this study, we evaluate the efficacy of various pretreatment methods, including soaking in deionized water, rinsing, and 

cooking, on the retention and elimination of essential and toxic heavy metals in rice. The concentrations of Cd, Cr, Pb, As, Ni, 

Zn, Hg, Fe, and Cu were analyzed in 125 samples of five commonly consumed rice varieties in the Saudi Arabian market 

using ICP-OES.  

The analysis was performed before and after subjecting the rice samples to a 2-hour soaking, washing, and cooking process. 

The results, presented in Table (2), revealed a significant reduction in the levels of heavy metals post-treatment, with the 2-

hour soaking proving highly effective in reducing the concentration of toxic elements. The findings were compared to the 

standard specifications established by the WHO to assess the safety and nutritional value of the treated rice samples.  

This comprehensive investigation into the impact of pretreatment methods on heavy metal retention and elimination in rice is 

crucial for ensuring the preservation of essential elements while minimizing the risk of toxic metal exposure through this 

widely consumed staple food. The study highlights the importance of employing appropriate pretreatment techniques to 

enhance the safety and nutritional quality of rice, thereby contributing to the overall health and well-being of consumers.  

Table (2) clearly shows that the levels of lead (Pb) exceeded the recommended limits set by [35]. However, the concentrations 

of Ni, Cd, Cr, As, Zn, Hg, and Fe remained within the acceptable range according to the [29] and [35]. The levels of Cu were 

higher than the recommended limits, except for the Vietnam and Hassawi rice samples. Nonetheless, the presence of Cd, Pb, 

and Hg in the environment pose a significant risk to human health. Moreover, soaking and washing partially removed toxic 

metal concentrations.  
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The variations in the levels of essential and toxic elements in rice can be attributed to several factors, including rice variety, 

the permeability of the outer layers of rice grains to water, the specific elements in question, and the ability of organic 

compounds and proteins in the grains to bind with metals. These observations align with earlier studies that investigated the 

impact of various rice processing techniques on the alteration of crucial elements [26;30]. Rinsing rice grains with water 

successfully reduced Pb concentrations to safe levels in 36 rice brands [4]. Some elements can penetrate the inner layers of 

rice grains and migrate to the surface after a brief soaking period of 2-hours. However, extended soaking durations, such as 

overnight soaking, proved more efficient in removing toxic minerals from the rice. Therefore, the length of the soaking time 

affects the reduction of elemental concentrations in the samples [26; 30]. Several studies have emphasized the importance of 

treating rice before cooking and consumption to ensure food safety and prevent foodborne diseases from a biological and 

health perspective. This involves steps such as rice washing, soaking, and proper cooking [4; 7; 26]. It is recommended to 

follow the guidelines provided by local health and food safety authorities to implement best practices in rice handling [30].  
Exposure to these contaminants can result in chronic symptoms resembling those of other disorders. Cadmium, a poisonous, 
non-essential element, is commonly present in phosphate fertilizers and byproducts of zinc manufacturing. It has various 
industrial applications and can cause degenerative changes and carcinogenic activity in different organs. Lead gradually 
accumulates over time, primarily in bones, leading to toxic consequences in bodily systems [2; 26; 32]. Statistical analysis 
tests were conducted to assess the impact of pre-cooking treatments (such as soaking, washing, and cooking) on different rice 
samples. These tests focused on the average levels of heavy metals for each rice variety separately. The aim was to determine 
which rice types are most affected and responsive to these treatments and identify which specific heavy elements are 
influenced and removed by soaking, washing, rinsing, and cooking.  

 
Table 2. Effect of sawing, washing, and cooking on means heavy metal contents of some polished rice collected from various 

areas of Al_Ahsa market (n= 5, on dry weight, mg/kg). 

   Rice type Heavy metals (mg/kg) 

 Cd Cr Pb As Ni Zn Hg Fe Cu 

Standard 0.10a 0.30a 0.20d 0.05a 0.50a 40.00a 0.20a 0.80e 3.00d 

Hindi 0.06b 0.10c 0.57a 0.04a 0.33b 11.42e 0.00c 3.07b 4.19a 

Pakistan 0.03c 0.12bc 0.48b 0.04a 0.49a 19.70c 0.00c 6.07a 3.01cd 

USA 0.08a 0.12b 0.35c 0.03b 0.25bc 9.42f 0.00c 2.56c 3.09bc 

Vietnam 0.08a 0.13b 0.21d 0.03b 0.18c 13.39d 0.00c 2.18d 2.17e 

Hasawi 0.09a 0.12b 0.51b 0.03b 0.15c 20.93b 0.01b 2.28cd 3.11b 

P-value 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 

Mean 0.07 0.15 0.39 0.04 0.32 19.14 0.04 2.83 3.10 

S.E.M 0.006 0.005 0.011 0.004 0.003 0.200 0.001 0.009 0.003 

      The same letter indicates no significant difference (p > 0.05) between the same values in a column. 

 

 

Tables (3–7) present the effects of the initial treatments on each rice variety individually. The results in Table (3) revealed a 

significant effect of lead on the Indian rice variety. Although the lead averages did not show clear differences among the 

Indian rice replicates, the statistical analysis indicated that it was still affected by the pre-cooking treatments. Similarly, for the 

Pakistani variety, arsenic, cadmium, and chromium did not appear in Table (4). The impact of heavy metals like lead, 

chromium, and mercury on the Hassawi rice variety is evident from Table (5). The American rice variety showed a high 

response to pre-cooking processes, especially with lead and cadmium (Table 6). Furthermore, the statistical analysis in Table 

(7) indicated that the Pakistani rice variety was most affected, with arsenic, cadmium, cobalt, and mercury showing a 

significant impact at a significance level of less than 0.05 [18; 29]. Additionally, the results of the study showed significant 

reductions in harmful mineral content through the pre-cooking treatments. 

 

 

Tables (4-7) for all five rice varieties. According to the WHO and standard specifications, most heavy element concentrations 

have decreased to safe levels. These reductions were statistically significant at a level of less than 0.05%. Based on the 

findings, the safest rice varieties were ranked as follows: Pakistani, Hassawi, American, Vietnamese, and Indian. Overall, this 

study demonstrated the significant effect of pre-cooking processes (soaking, washing, and cooking) on removing heavy metals 

from rice samples, ensuring consumer safety. These results highlight the commitment of systems to quality standards and 

consumer protection. In general, the results obtained are consistent with the recommended legislation [21]. 

In a comprehensive study conducted in Beijing, the presence of heavy metals in commercially available rice was 

monitored.The study analyzed 537 rice samples in Beijing for nine heavy metals: Cd, Cr, Cu, Fe, Mn, Ni, Pb, strontium (Sr), 

and Zn. The ranking of heavy metal pollution grades in rice was as follows: Pb had the highest grade, followed by Zn, Ni, Cu, 

Cd, and Cr. Similarly, the risk grades were ranked as follows: Cu had the highest risk grade, followed by Zn, Cd, Pb, Cr, and 

Ni. The findings demonstrated that the level of heavy metal pollution in rice, as indicated by the Nemerow pollution index, 

was low. This suggests that the overall health status of rice in Beijing was deemed safe [21]. Also, In the end, we can say that 

the health status of rice inspected is safe. 
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Table 3.‎Comparison‎between‎Mean‎heavy‎metal‎contents‎(mg/kg)‎of‎Hassawi‎rice‎before‎and‎after‎pre-treatments. 

 

Pc, Cr and Hg not detected (more‎affected) n= 5 measurements – ( P > 0.05)  no significant 

 

Table‎4.‎Comparison‎between‎Mean‎heavy‎metal‎contents‎(mg/kg)‎‎of‎Hindi‎rice‎before‎and‎after‎pre-treatments. 

Variable  
Difference 

\Mean 

Stander 

deviation 

t 

statistic 

p-

value 

As 0.00667 0.01155 1.000 0.423 

Cd 0.12667 0.02082 10.539 0.009 

Cr 0.20333 0.00577 61.000 0.000 

Ni 0.12600 0.12817 1.703 0.231 

Hg 0.01100 0.00100 19.053 0.003 

Zn 4.44333 0.49410 15.576 0.004 

Fe 15.80333 0.29501 92.783 0.000 

Cu 0.19667 0.00577 59.000 0.000 

Pb not detected (more‎affected) n = 5 measurements – ( P > 0.05)  no significant‎ 

 

Table 5.‎Comparison‎between‎Mean‎heavy‎metal‎contents‎(mg/kg)‎of‎Vietnam‎rice‎before‎and‎after‎pre-treatments. 

Variable+ 
Difference 

\Mean 

Stander 

deviation 

t 

statistic 

p-

value 

As 0.01333 0.01155 2.000 0.184 

Cr 0.09667 0.00577 29.000 0.001 

Ni 0.21000 0.01732 21.000 0.002 

Hg 0.01300 0.00300 7.506 0.017 

Zn 6.85000 0.23431 50.637 0.000 

Fe 1.97667 0.38786 8.827 0.013 

Cu 0.11000 0.01732 11.000 0.008 

     Pb, Cd, not detected (more‎affected)  n = 5  measurements – ( P > 0.05) no significant 

 

Table 6.‎Comparison‎between‎Mean‎heavy‎metal‎contents‎(mg/kg) of‎USA‎rice‎before‎and‎after‎pre-treatments. 

Variable  
Difference 

\Mean 

Stander 

deviation 

t 

statistic 

p-

value 

As 0.01667 0.01155 2.500 0.130 

Cr 0.21000 0.01732 21.000 0.002 

Ni 0.10367 0.02829 6.347 0.024 

Hg 0.01200 0.00100 20.785 0.002 

Zn 4.05333 0.07572 92.719 0.000 

Fe 1.69333 0.11015 26.626 0.001 

Cu 0.23667 0.05508 7.443 0.018 

Pb‎and‎Cd‎not‎detected‎(more‎affected) n = 5 measurements – ( P > 0.05 ) no significant 

Variable 
Difference 

\Mean 

Stander 

deviation 

t 

statistic 

p-

value 

As  0.01333 0.01155 2.000 0.184 

Cd  0.22667 0.02517 15.600 0.004 

Ni  0.35000 0.04583 13.229 0.006 

Zn  12.18333 0.34385 61.370 0.000 

Fe  2.25667 0.05132 76.168 0.000 

Cu  0.37667 0.06807 9.585 0.011 



 EFFECTS OF SOAKING, WASHING, AND COOKING ON HEAVY METAL CONCENTRATIONS.. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 68, No. 4 (2025)‎ 

 

243 

Table 7.‎Comparison‎between‎Mean‎heavy‎metal‎contents‎(mg/kg) of‎Pakistan‎rice‎before‎and‎after‎pre-treatments. 

Variable Difference \Mean Stander deviation t  statistic p-value 

Pb 0.39667 0.00577 119.000 0.000 

Ni 0.12333 0.04041 5.286 0.034 

Zn 4.54000 0.40336 19.495 0.003 

Fe 2.42667 0.03055 137.579 0.000 

Cu 0.12667 0.06429 3.413 0.076 

As,‎Cd,‎Cr,‎and‎Hg‎not‎detected‎(more‎effected) n = 5 measurements – ( P > 0.05 )  no significant 

 

4.Conclusion: 

In conclusion, this comprehensive study provides valuable insights into heavy metal levels in commonly consumed rice 

varieties in Saudi Arabia's Al-Ahsa region. The findings highlight the need for regular monitoring and strict quality control to 

ensure rice product safety and protect consumer health. The analysis indicated that although some heavy metals, like arsenic, 

were within safe limits, lead was present at elevated levels in raw polished rice samples. However, the study also 

demonstrated that pre-cooking treatments, including soaking, washing, and cooking, significantly reduced toxic element 

concentrations in rice. Furthermore, regular monitoring and analysis of food samples are essential to ensure ongoing 

compliance with food safety regulations and protect public health. Ultimately, these findings contribute to the overarching 

goal of ensuring a safe and nutritious food supply. 
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