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ABSTRACT 

Arsenic contamination is not only affecting drinking water but also staple food such as rice. It 

has become a global issue as a dietary risk among humans. Naturally occurring arsenic in 

paddy soils gets magnified several folds by irrigating with arsenic contaminated groundwater, 

which further intensifies the problem. Numerous research is ongoing to reduce the arsenic in 

drinking water. After a review of various works of literatures, it was found that very little 

research has been conducted to remediate the As in household level through cooking of rice. 

To initiate the work as a background knowledge this study will conduct the paddy cultivation 

and post-harvesting practices in Murshidabad district of West Bengal. The objectives of this 

study will be to monitor the current arsenic exposure scenario in soil-paddy system, to 

explore the possibility of reducing Arsenic toxicity in the cooked rice by various pre-cooking 

and cooking methods.  

 

KEYWORDS – Arsenic, paddy, phase-wise cultivation, translocation, cooked rice, rice 

fermentation 
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1. INTRODUCTION 

Arsenic (As) is an extremely toxic metalloid scattered through the environment. Groundwater 

As contamination has recently grabbed popular attention and its deadly exposure is a global 

concern now. The areas of Indo-Gangetic and Ganga–Meghna–Brahmaputra plains are the 

worst suffering parts of the world considering this contamination scenario (Chakraborty et 

al., 2013).  

Being a carcinogenic heavy metal, As could be found in minerals of earth’s crust in different 

concentration in different geographical regions. The release of as from the surface of the 

Earth into groundwater happens mostly via natural geological and hydrological processes and 

causes groundwater as contamination (Koley et al., 2021; Kumar et al., 2021).  

The heavy metal enters the human body mainly through contaminated drinking water, which 

is a major threat for the human population. On the other hand, when the same polluted 

groundwater is used for cultivation purposes the problem increases and leads to as 

bioaccumulation and toxicity through the cultivated crops (Roychowdhury et al., 2003; Ruiz-

Huerta et al., 2017).  

Contaminated groundwater in many regions of India, especially in West Bengal, used for 

cultivation specially that of rice in dry seasons (Islam et al., 2017; Roychowdhury, 2008).  

It has been reported earlier that the exposure to As through drinking water and consumption 

of contaminated food stuffs for a longer period can adversely affects the human health and 

may cause several diseases including cancers, Melanosis, skin lesions, Hyperkeratosis, lung 

disease, and Peripheral vascular disease (Podgorski et al., 2017; Upadhyay et al., 2019).  

In view of as contamination, rice is one of the most severely affected crops in comparison 

with other staple crops like wheat and maize. The reason behind that is the flooded 

cultivation practice of rice. Thus, it puts the staple rice consuming population in grave danger 

due to high consumption rate in as contaminated areas (Awasthi et al., 2017).  

Rice is a dominant source of inorganic as through dietary intake for people who consume rice 

as staple food. Global agricultural ecosystem is getting contaminated day by day with 

growing anthropogenic pollution of As and in turn increasing human health risks. (Li et al. 

2011; Meharg et al. 2013; Meharg et al. 2009). 
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It has been well established that from the first stage of rice cultivation to the final harvesting 

stage the prevalence of as toxicity results in reducing root-shoot length in paddy plants 

(Majumdar & Bose, 2017).   

Asian countries have been reported for 90% of global rice production, using irrigational 

groundwater as the main source (Islam et al., 2016; Yu et al., 2020).  

It can be easily said that, identification of food chain as dominanceespecially in paddy and 

rice is an essential part of determining present and future human health risks. (Rehman et al., 

2021; Santra et al., 2013).  

Health hazard through rice as contamination is not a regional problem any longer. Since rice 

is traded all over the world, thus, leads to consumption of As through daily diet for the people 

living far from different rice production regions (Meharg et al., 2009).  

Persistent exposure to as causes many forms of cancer, skin cancer being the most dominant 

amongst them. Other forms include lung, liver, bladder, and kidney cancer. It has also been 

linked with variety of other adverse health conditions like cardiovascular, hematological, 

renal, endocrine, and hepatic diseases. Continuing dietary exposure through water, rice and 

other food stuffs in turn leads to bioaccumulation of as within the human body. Hence, the 

rice As contamination is especially concerning for almost half of the world’s population who 

consumes rice as a staple (Rahaman at al., 20011; Islam et al., 2017; Mondal et al., 2019; 

Farrell et al., 2021). 

That is why it became necessary to understand the accumulation scenario of as in paddy from 

different regions and its severe exposure in view of rice grain as staple crop.  
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Fig 1. Sources of arsenic exposure, health consequences and arsenic toxicity management 

(Rahaman et al., 2021) 
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1.1 Arsenic ingroundwater 

 

Arsenic groundwater pollution is a serious environmental and public health problem.  

Natural geological formations that contain arsenic in rocks and sediments are frequently the 

source of arsenic in groundwater. Arsenic pollution can also result from human activities 

such as mining and industrial operations. Consuming water tainted with arsenic can result in 

major health issues such as diabetes, cardiovascular disorders, skin lesions, and several types 

of cancer. Bangladesh, India, China, and the United States are just a few of the nations that 

are impacted by arsenic poisoning, which is a worldwide problem. The usage of deep tube 

wells for water delivery has a particularly negative impact on the Ganges Delta in Bangladesh 

and India. Rainwater collection systems, community water purifiers, and different filtration 

methods are ways to eliminate arsenic from groundwater. But getting rid of arsenic entirely 

can be difficult. To stop more contamination, sustainable water management techniques and 

the use of less contaminated water sources for consumption and irrigation are 

essential(Jomova et al., 2011). 

 

1.2 Arsenic in paddy 

 

Arsenic is harmful to human health, poisoning of paddy fields is a serious concern. 

Groundwater used for irrigation is the main source of arsenic in rice fields. As rocks weather 

bio-geochemically, arsenic is released into groundwater. Arsenic tends to build up in rice 

grains in paddy fields, particularly those that are flooded. This is brought on by alterations in 

soil chemistry and the development of iron plaques on the surfaces of paddy roots. Arsenic's 

mobility and toxicity are influenced by microorganisms in paddy soil, which are essential to 

its transformation. They have the ability to methylate arsenic, increasing its mobility and 

possibly increasing its toxicity. To lessen arsenic levels in rice, sustainable agricultural 

methods are crucial. These include creating rice varieties with lower arsenic uptake and 

utilizing less contaminated water for irrigation. (Rahman et al., 2007).  
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1.3 Cooked rice arsenic contamination 

 
 

Because of its growing environment, particularly in flooded fields, rice has a tendency to 

acquire more arsenic than other crops. The main issue is the more hazardous inorganic form 

of arsenic. Using a high water-to-rice ratio and properly washing rice before cooking will 

help lower arsenic levels. It also works well to cook rice in clean, low-arsenic water.Research 

indicates that cooking rice can lower its arsenic content by roughly 60–80%. But some 

arsenic still exists, so it's crucial to employ these techniques regularly.Over time, eating rice 

tainted with arsenic might increase your risk of developing skin lesions, cardiovascular 

conditions, and several types of cancer. (Mondal et al. (2010)  
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2.  ARSENIC CONTAMINATION OF GROUND WATER 

 

2.1 literature review 

 

Drinking water contaminated with arsenic is a major public health issue.Natural geological 

formations that contain arsenic in rocks and sediments are the main source of arsenic in 

drinking water. Arsenic levels in groundwater can also be caused by human activities such as 

mining, industrial operations, and the use of tainted water for irrigation. Prolonged exposure 

to drinking water tainted with arsenic can cause major health problems, such as diabetes, 

heart disease, skin lesions, and many types of cancer. The biggest danger is from inorganic 

arsenic, which is more toxic.Bangladesh, India, China, the United States, and portions of 

South America are among the numerous nations impacted by arsenic poisoning. In 

Bangladesh and India.Remediation Techniques: Rainwater collection systems, community 

water purifiers, and different filtration methods are ways to eliminate arsenic from drinking 

water. But getting rid of arsenic entirely can be difficult(Andrew et al 2006). 

Tube well water contamination by arsenic is a serious problem, particularly in areas like 

Bangladesh and the Indo-Gangetic plain. Although tube wells are a common drinking water 

source in many places, they frequently draw from groundwater that has a high arsenic 

content. This is especially true in areas with soft soils where groundwater naturally contains 

arsenic. Consuming water from tube wells tainted with arsenic can result in major health 

issues such as diabetes, cardiovascular disorders, skin lesions, and several types of cancer. 

Exposure over an extended period is very dangerous.Testing tube wells for arsenic levels is 

crucial to lowering exposure to arsenic. While wells with high levels of arsenic should be 

utilized for other purposes, such as washing, safe wells should be used for drinking water. 

Arsenic can also be eliminated from water with the use of filtration devices and community 

water purifiers (Nadakavukaren et al., 1984; Hindmarsh& McCurdy, 1986). 
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3. ARSENIC IN PADDY CULTIVATION 

3.1 Literature review 

Arsenic contamination is a global concern and it has affected almost every country like 

western USA, Mexico, Chile, Argentina, Hungary, Romania, Mongolia, Nepal, China, 

Bangladesh, Taiwan, Vietnam, Thailand, and India. According to the latest report by the 

Central Ground Water Board (CGWB), 21 states across the country have As levels higher 

than the specified permissible limit of 10 µg/l (BIS, 2012). The most affected regions are 

around the Ganga-Meghna-Brahmaputra (GMB) plains along with states like Uttar Pradesh, 

Bihar, Jharkhand, West Bengal, and Assam. The contamination is not only limited to 

drinking water but it also has entered our food chains. The usage of groundwater for 

irrigation along these regions has intensified the situation as the crops will uptake As and 

make it bioavailable.Different crucial mechanisms influence the mobility, bioavailability, and 

toxicity of arsenic in paddy cultivation. 

 

Oxidation and Reduction: Arsenic can exist in a variety of oxidation states, although its most 

common forms are arsenite (As(III)) and arsenate (As(V)). Arsenite, which is more mobile 

and poisonous, is frequently produced when arsenate is flooded. 

 

Iron Plaque Formation: By adsorbing arsenic and altering its uptake, iron plaques that 

develop on the roots of rice plants impact the dynamics of arsenic. 

 

Microbial Activity: The methylation, reduction, and volatilization of arsenic are all 

significantly influenced by microorganisms in the soil. Arsenic may become more mobile and 

possibly more dangerous as a result of these activities.Inorganic arsenic is methylated by 

microorganisms to produce organic forms, such as dimethylarsinic acid (DMA) and 

monomethylarsonic acid (MMA), which can be more mobile and toxic. 

 

Translocation from Root to Shoot: Arsenic is absorbed by paddy roots and moved to the 

grains and shoots, causing buildup in rice grains. 

 

The pH, redox potential, and organic matter content of the soil are some of the variables that 

affect these changes. Developing ways to reduce arsenic contamination in rice requires an 

understanding of these mechanisms (Majumdar et al., 2019). 
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The buildup of arsenic in paddy grains poses a serious risk to human health and food safety.  

Contaminated irrigation groundwater is the main source of arsenic in paddy grains. Arsenic is 

released into groundwater by the biogeochemical weathering of rocks, and rice plants 

subsequently absorb it. Rice roots absorb arsenic, which is then transferred to the shoots and 

grains. Arsenic dynamics in the soil-water-rice system are influenced by variables such as 

redox potential, soil pH, and iron plaque formation on roots. Eating rice tainted with arsenic 

can cause a number of illnesses, such as cancer, diabetes, heart disease, and skin blemishes. 

Mitigation Strategies: To lessen arsenic levels in rice, it is crucial to create rice types with 

lower absorption of the metal, use less contaminated irrigation water, and use sustainable 

farming methods. Arsenic's mobility and toxicity are influenced by microorganisms in paddy 

soil, which are essential to its transformation. They have the ability to methylate arsenic, 

increasing its mobility and possibly toxicity (Majumdar et al., 2019) 

 

4. ARSENIC IN COOKED RICE 

4.1 Literature review 

Arsenic contamination is a global concern and it has affected almost every country like 

western USA, Mexico, Chile, Argentina, Hungary, Romania, Mongolia, Nepal, China, 

Bangladesh, Taiwan, Vietnam, Thailand, and India. According to the latest report by the 

Central Ground Water Board (CGWB), 21 states across the country have As levels higher 

than the specified permissible limit of 10 µg/l (BIS, 2012). The most affected regions are 

around the Ganga-Meghna-Brahmaputra (GMB) plains along with states like Uttar Pradesh, 

Bihar, Jharkhand, West Bengal, and Assam. The contamination is not only limited to 

drinking water but it also has entered our food chains. The usage of groundwater for 

irrigation along these regions has intensified the situation as the crops will uptake As and 

make it bioavailable.(Jomova et al., 2011). 

Ingestion, inhalation, and skin absorption are some of the critical routes for arsenic entering 

human body. Both pentavalent and trivalent arsenic compounds are extensively and rapidly 

absorbed from the gastrointestinal tract. Several health problems are related to arsenic 

exposure, ranging from the development of cancer, inducing epigenetic changes, to skin 

diseases (Ozturk et al., 2022). 

https://www.frontiersin.org/journals/sustainable-food-systems/articles/10.3389/fsufs.2020.00053/full#B35
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Rice is the most common food item found to be heavily contaminated with As. Being the 

second most rice consuming country among the South and Southeast Asian countries, India is 

highly vulnerable to arsenic exposure through rice (Baldwin et al., 2012). In the eastern part 

of India, specifically in rural West Bengal rice constitutes 51% of daily diet, which can step 

up to 70% during shortage of non-vegetarian food items (signes and pastor et al., 2008). Rice 

grown in arsenic contaminated areas, near industrial areas, cotton fields, etc., accumulates 

more amount of inorganic as from soil than other crop (seyfferth et al., 2014; williams et al., 

2007). In general, the phosphate transporter mechanism is responsible for as uptake in plants, 

but the multiple transport mechanisms are also active in rice which results in excessive 

accumulation of inorganic as in this crop (sarkar et al., 2022). 

Indian subcontinent is known for erratic and irregular rainfall which compels the farmers to 

go for irrigation using groundwater and results in higher inorganic as accumulation in topsoil 

as well as in growing plants and their produce (brammer and ravenscroft, 2009). 

There are studies which emphasize that the brown rice retains more amount of As (70-80% 

higher) than the polished white rice due to presence of high amount of arsenic in germ layer 

in the former (Sun et al., 2008). Williams et al. (2005) reported inorganic As concentration in 

different varieties of rice such as basmati (0.02-1 mg/kg ), brown basmati (0.04 mg/kg  ), 

long red rice (0.05 mg/kg ), but higher concentrations in Thai (0.11-0.51 mg/kg) and Jasmine 

(0.11 mg/kg) rice. Further, unlike many other foods, inorganic arsenic constitutes about 27-

93% of total arsenic in rice that increases its food safety risk.Hassan et al. (2017) emphasized 

that the consumption of rice with 0.08 mg/kg of arsenic on regular basis have similar impact 

like intake of drinking water with 10 ppb of inorganic As. 

West bengal is one of the major rice producing states in india with 5,900,000 ha used for 

cultivation of rice alone (signes et al., 2008). However, prolonged use of as contaminated 

groundwater for cultivation purpose has led to high deposition of as in irrigated soil (meharg 

and rahman, 2003; roychowdhury et al., 2005). Groundwater with as concentrations in the 

range of 600–3700 μg/l and 19–68 μg/l, respectively have been reported from nine highly and 

five moderately as affected districts of west bengal (chakraborti et al., 2009), where rice 

cultivation is a regular process. During dry season groundwater is used for cultivation and 

flooding the soils to give rise to anaerobic condition in paddy cultivation.  

In india, rice is the staple food crop for eastern and southern people and a large population 

lives on a subsistence diet of rice and its derivatives (rahman et al., 2008). The rate 
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of evaporation of water during cooking process had an increased effect on as accumulation in 

the boiled rice. 

Considering higher accumulation of as in raw rice grain, dietary intake of as and related 

health hazards come through consumption of cooked rice. In terms of chronic as toxicity, the 

consumption of cooked rice plays a significant health threat. Several factors like raw rice 

grain as, cooking water as, cooking practice of the inhabitants, rice cultivars, role of 

micronutrients or other heavy metals and as species distribution, if any, might influence as 

accumulation in cooked rice (chowdhury et al., 2020). 

Halder et al., 2014 reported that water low in as (< 10 μg/l) used for cooking rice grain, 

significantly decreased the total and inorganic as content in cooked rice compared to raw rice. 

So, content of as in cooking water might play some important role behind as accumulation in 

cooked rice.Sengupta et al (2006) revealed that the traditional method of cooking (at rice 

water ratio of 1:6) with less As-contaminated water and discarding gruel removes 

approximately 57% of As in the cooked rice while cooking rice with As contaminated water 

of 50 μg/L enhances up to 35%–40% of As in cooked rice. According to Mridha et al (2021), 

cooking rice with As-safe water significantly releases As into the gruels. Similar trend have 

been established by Chowdhury et al (2020) which supports this finding.Gray et al 

(2016) demonstrated a decreasing trend of grain inorganic As accumulation while cooking As 

contaminated brown long grain, white medium grain, and parboiled rice with deionized water 

at a ratio of 2:1, 6:1 and 10:1 (water: grain) with increasing the volume of water. Cooking 

with a low amount of water does not eliminate As content, however, increasing water volume 

reduces up to 45% of iAs. A similar trend has been reported with As water by Jitaru et al 

(2016).Liu K L et al (2018) and Liao et al (2019) revealed an insignificant change in As 

concentration in cooked rice cooking in pressure cooker and stainless steel pot with deionized 

water. 

A number of variables, such as the type of rice and cooking techniques employed, can affect 

the amount of arsenic present in various cooked rice fractions. Higher amounts of inorganic 

arsenic (As(III) and As(V)), the most hazardous type of arsenic, are present in raw rice. 

Although cooking can lower its levels, some are still present. Monomethylarsonic acid 

(MMA) and dimethylarsinic acid (DMA) are examples of organic forms of arsenic that are 

also found. Although less harmful, these versions can nonetheless be harmful to one's health. 

Arsenic levels can be considerably decreased by utilizing a high water-to-rice ratio and 
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properly rinsing rice before cooking. Arsenic concentration can be lowered by up to 83% by 

boiling rice in extra water and then discarding the water.Because the outer layers of polished 

rice are removed, brown rice often has greater amounts of arsenic than polished rice. 

 

5. REMIDIATION APPROCHES 

5.1 Cooking methods 

Rice's arsenic content can be decreased by using various cooking techniques. Use a lot of 

water to rinse the rice well. Before cooking, this can aid in removing some of the surface 

arsenic. Parboiling is the process of partially boiling rice while it is still in its husk, followed 

by grinding and drying. Arsenic levels may be lowered by this procedure. Cook rice in a lot 

of water (six to ten parts water to one part rice), and then after cooking, drain the extra water. 

Arsenic levels can be lowered by up to 57% with this technique. Cook the rice in new water 

after soaking it in water for an hour and discarding the soaking water.Although the additional 

water approach is more efficient, some research indicate that pressure cooking rice can lower 

arsenic levels.The role of rice cultivar that is being cooked is also an important factor. 

Several other factors like washing of rice grain, rice grain-water ratio might influence cooked 

rice as accumulation. The interaction of as between rice grain and water during cooking 

process have been investigated (rokonuzzaman et al., 2022). 

Fig 2. Major causes and remediation of arsenic toxicity through cooking practices 

(Kumarathilaka et al., 2019) 
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In India, rice is the staple food crop for eastern and southern people and a large population 

lives on a subsistence diet of rice and its derivatives (rahman et al., 2008). The rate 

of evaporation of water during cooking process had an increased effect on as accumulation in 

the boiled rice.Considering higher accumulation of as in raw rice grain, dietary intake of as 

and relatedhealth hazards come through consumption of cooked rice. In terms of chronic as 

toxicity, theconsumption of cooked rice plays a significant health threat. Several factors like 

raw ricegrain as, cooking water as, cooking practice of the inhabitants, rice cultivars, role 

ofmicronutrients or other heavy metals and as species distribution, if any, might influence 

asaccumulation in cooked rice (chowdhury et al., 2020).Halder et al., 2014 reported that 

water low in as (10 μg/l) used for cooking rice grain,significantly decreased the total and 

inorganic as content in cooked rice compared to raw rice.So, content of as in cooking water 

might play some important role behind as accumulation incooked rice. 

 

So, it is of great importance right now to investigate the food chain arsenic contamination 

properly specially through staple rice grain in daily diet. Highly exposed blocks of West 

Bengal is a matter of concern regarding paddy cultivation and post-harvesting procedures. 

This proposed study will investigate the arsenic contamination in paddy from cultivation to 

cooking,focusing on Murshidabad district, one of the worst arsenic exposed part of West 

Bengal to create awareness among the stakeholders. This study will also try to establish some 

arsenic remediation methods through cooking practices which will help to combat the effects 

of this heavy metal in daily life for the community. 

 

5.2 Aims and objectives 

The objectives of this study are as follows: 

1. Investigating the phase wise cultivation of paddy in Baligram Village, Lalgola block 

of Murshidabad district of West Bengal to identify the trend of arsenic contamination. 

2. Comparison between cultivated rice grains in exposed and unexposed sites with 

respect to the collected rice grains of non-cultivation sites of West Bengal.   

3. Experiment on arsenic remediation methods in terms of pre-cooking and cooking 

practices 
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6. METHODOLOGY 

6.1 Study area 

Baligram Village, Lalgola block, Murshidabad district of West Bengal. 

 

6.2 Sample collection and preparation arsenic in food chain through paddy: 

Rice is the most common food item found to be heavily contaminated with As. Being the 

second most rice-consuming country among the South and Southeast Asian countries, India is 

highly vulnerable to arsenic exposure through rice (Baldwin et al., 2012). In the eastern part 

of India, specifically in rural West Bengal rice constitutes 51% of daily diet, which can step 

up to 70% during a shortage of non-vegetarian food items (signes and pastor et al., 2008). 

Rice grown in arsenic-contaminated areas, near industrial areas, cotton fields, etc., 

accumulates more amount of inorganic as from soil than other crops (seyfferth et al., 2014; 

williams et al., 2007). In general, the phosphate transporter mechanism is responsible for 

uptake in plants, but the multiple transport mechanisms are also active in rice which results in 

excessive accumulation of inorganic as in this crop (sarkar et al., 2022). 

Indian subcontinent is known for erratic and irregular rainfall which compels the farmers to 

go for irrigation using groundwater and results in higher inorganic as accumulation in topsoil 

as well as in growing plants and their produce (brammer and ravenscroft, 2009). 

There are studies which emphasize that the brown rice retains more amount of As (70-80% 

higher) than the polished white rice due to presence of high amount of arsenic in germ layer 

in the former (Sun et al., 2008). Williams et al. (2005) reported inorganic As concentration in 

different varieties of rice such as basmati (0.02-1 mg/kg ), brown basmati (0.04 mg/kg), long 

red rice (0.05 mg/kg ), but higher concentrations in Thai (0.11-0.51 mg/kg) and Jasmine (0.11 

mg/kg) rice. Further, unlike many other foods, inorganic arsenic constitutes about 27-93% of 

total arsenic in rice that increases its food safety risk.Hassan et al. (2017) emphasized that the 

consumption of rice with 0.08 mg/kg of arsenic on regular basis have similar impact like 

intake of drinking water with 10 ppb of inorganic As. 

West Bengal is one of the major rice producing states in India with 5,900,000 ha used for 

cultivation of rice alone (Signes et al., 2008). However, prolonged use of as contaminated 

groundwater for cultivation purpose has led to high deposition of as in irrigated soil 

(Mehargand Rahman, 2003; Roychowdhury et al., 2005). Groundwater with as 
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concentrations in the range of 600–3700 μg/l and 19–68 μg/l, respectively have been reported 

from nine highly and five moderately as affected districts of West Bengal (Chakraborti et al., 

2009), where rice cultivation is a regular process. During dry season groundwater is used for 

cultivation and flooding the soils to give rise to anaerobic condition in paddy cultivation. 

 6.3 Post harvesting of paddy: 

The cereal rice is marketed either as raw (non-parboiled rice) which is directly prepared by 

dehusking the whole grain of paddy or parboiled rice which undergoes a light boiling of the 

whole grain followed by mechanical dehusking to obtain the boiled rice grain. Preparation of 

parboiled rice using As contaminated water during post harvesting is a common practice in 

parts of Bengal delta, including West Bengal, India and Bangladesh (Chowdhury et al., 

2018b). A comparative analysis of drinking water, raw rice and cooked rice by Mondal et al. 

(2010) during their on-site studies in West Bengal showed that the concentration of as in 

parboiled rice was higher than that in raw rice. A study on distribution of as in different 

fractions of parboiled and non-parboiled rice grains in Bangladesh revealed the order of as 

concentrations as rice hull > bran-polish > brown rice > raw rice > polished rice (Rahman 

et al., 2007). 

It has been observed that, parboiled rice of different strains showed much higher as 

concentrations than that of raw rice strains. Analyses of as concentrations of paddy whole 

grains at various stages of parboiling have also showed an overall increase in finally 

parboiled grain from that of initial raw grain signifying accumulation of as from water during 

parboiling (Chowdhury et al., 2018b). 

  

 

 

6.4 Quality control and quality assurance 

 
A quality control study was done by digesting 30% of the solid samples through the hot plate 

digestion method. The protocol of hot plate digestion was the same as that of Teflon-Bomb 

digestion except that the samples were collected in a glass beaker and placed on a hot plate at 

90 °C without the involvement of pressure during digestion. Arsenic concentrations obtained 

through this process were compared to those obtained by Teflon bomb digestion for the same 

samples. To validate and assure the quality of the results obtained, As concentration of a 
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standard reference material [Rice Flour 1568a (National Bureau of Standards. Gaithersburg, 

MD, USA)] was analysed via both digestion protocols. 

The SRM sample (Rice flour: 1568a, Certified value of As: 0.29 μg/g) showed a recovery of 

92–94% and 80–82% of total As concentration when digested by Teflon bomb and the hot 

plate methods, respectively. Quality control tests were also performed by analyzing 

duplicates and calculating the recovery of spiked digested samples. 

 

6.5 Analysis 

 
Arsenic was analyzed by an atomic absorption spectrophotometer (Varian AA140, USA) 

coupled with Vapor Generation Accessory (VGA 77, Agilent technologies, Malaysia) using 

software version 5.1 in the hydride generation-atomic absorption (Das et al., 2024) 

 

 

 

 

7. RESULT AND DISCUSSION 

7.1 Arsenic in groundwater 

 

 
 

Fig. 3 Water arsenic concentration in tube well and tap 

water, Baligram village, Lalgola, Mursidabad 
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7.2 Phrase wise cultivation of paddy and arsenic translocation   
 

 

Fig. 4 Arsenic in various parts of paddy plant 

 

7.3 Arsenic in cooked rice 

RG: Rice grain 

CRG: Cooked rice grain 

TDW: Total discarded water 

 

Fig. 5 Arsenic in different fractions of cooked rice 
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7.4Remediation approaches by rice fermentation 

 

 

Fig 6.Arsenic in different fractions of rice and fermented rice (Pantavaat) 

 

RG: Rice grain 

CRG: Cooked rice grain 

TDW: Total discarded water 

PV: Pantavaat (Fermented rice) 

PVW: Pantavaat water (Fermented rice water) 

Based on collected samples from families (n=15) 

 

 

 
RG CRG TDW PV PVW 

Mean As 

conc. 

(µg/kg) 

207 124 105 78 58 

SD 52 72 30 32 25 

Range 141-285 52-267 55-150 31-139 30-112 
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8. Conclusion 

Naturally occurring arsenic in paddy soils gets magnified several folds by irrigating with 

arsenic contaminated groundwater, which further intensifies the problem. Numerous 

researches is ongoing to reduce the arsenic in drinking water. Cooking has a high impact on 

the arsenic load of cooked rice grain. So remediation of arsenic could be done by proper 

cooking methods and some pre and post-cooking modification or practices like fermentation 

of rice commonly known as making pantavaat. For conclusion, this study showed the current 

scenario of arsenic accumulation in paddy plant parts and cooking and fermented methods to 

remediate arsenic. Promoting best method and monitoring could result in arsenic remediation.  
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