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Arsenic is a group ‘A’ human carcinogen, also known as a 
hepatotoxic, hematotoxic, and genotoxic metalloid that impacts 
millions of human lives in more than 100 countries through natural 
groundwater contamination [1-4]. The impact is confined to the 
socioeconomically impoverished populations in most Asian 
countries [4,5]. Among the 56 Asian countries, 33 countries are 
reported to have elevated levels of arsenic in the groundwater, 
impacting nearly 120 million individuals (Figure 1) [1,3,4,6]. 

Figure 1: Arsenic contaminated countries and arsenic-exposed 
populations in Asia

India and Bangladesh are the two severely arsenic-affected Asian 
countries, where over 93 million inhabitants intake this nectar 
poison through water, food, soil, and air [1,4,7]. Consequently, 

thousands of the inhabitants died, and millions were at risk [7]. In 
addition to groundwater arsenic contamination, the entry of arsenic 
into the food chain in these regions poses the most significant 
challenge for scientists and policymakers to ensure millions of 
human lives’ safety [1]. In these regions, arsenic has been detected 
in almost all the main food crops, including but not limited to 
rice, wheat, maize, and pulses [1]. Additionally, vegetables are 
also found to contain elevated levels of arsenic in various places 
in these areas [1].

Rice is one of the staple foods of more than 3 billion people 
globally, with the highest percentage (90%) of consumption in 
Asian countries, including India and Bangladesh, where rice plants 
have been found as one of the top arsenic accumulators [8, 9]. 
Several genotoxic effects on the consumers of arsenic-laced cooked 
rice have shown a red flag to the researchers and policymakers 
to pay serious attention to this global public health challenge 
[10,11]. Studies on the health effects of arsenic or other heavy 
metals have been limited to human beings [10]. On the contrary, 
research on the genotoxic effects of arsenic on plants has been 
conservative and inadequate. Still, there is considerable debate on 
the threshold values for different plant metals [12,13]. A handful 
of studies investigate genotoxic impacts on plant species grown 
in contaminated environments [14]. Chromosomal aberrations, 
growth inhibitions, and irregular or abnormal mitotic divisions 
of cells have been reported in a few plant species when cultured 
in contaminated environments [14]. Studies indicate that arsenic 
trioxide could produce several genotoxic effects in the root-tips 
of Allium cepa (onion), including the formation of micronuclei, 
chromosomal bridge, multipolar anatelophase, bacilliform nuclei, 
pyknotic nucleus, and non-functional nuclei, when treated with 
different concentrations of arsenic, ranging between 100 µg/L and 
800 µg/L [15]. However, there is a lack of transgenerational studies 
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ABSTRACT
Groundwater arsenic contamination has impacted millions of lives in over 100 countries; India and Bangladesh are the foremost victims. Arsenic 
contamination of food materials, especially rice, the staple food, is the biggest concern in these regions. Arsenic-tolerant rice varieties can help protect 
millions of impoverished people in arsenic-affected areas. However, transgenerational studies on the impact of arsenic on rice varieties over generations are 
highly neglected. This article highlights the need for transgenerational studies in arsenic-contaminated areas. A few rice varieties have shown tolerance to 
arsenic that could be explored to investigate whether these varieties can be sufficiently tolerant if they continue to be grown in an arsenic environment for 
a few consecutive generations. Transgenerational or epigenetics studies, therefore, are vital in protecting millions of human lives.
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to see the impact of arsenic throughout generations on the genetic 
properties of a plant species. Unfortunately, transgenerational 
studies on plants to understand the effect of the environment 
are still in the early stages [16]. In a recent study, cerium oxide 
nanoparticles have induced the production of smaller and weaker 
tomato seeds when treated with different concentrations of cerium 
oxide [17]. Only a few researchers indicated the need for studies 
on the epigenetic effects of several environmental contaminants, 
including arsenic [11,18]. Although several arsenic-induced 
epigenetic effects, like altered methylation levels of DNA and 
gene promoters, histone acetylation, methylation, phosphorylation, 
and miRNA expression, have been reported in human contexts, 
it is not enough to reveal the genetic path of arsenic-associated 
cancer [19]. In contrast, plant models have mainly been unexplored 
for epigenetic effects of arsenic. 

Epigenetic studies could help us reveal the mechanism of 
transgenerational effects of arsenic on selected plant species, 
especially rice plants. Various rice varieties have been experimented 
with and have shown a significant level of tolerance to the toxic 
effects of arsenic, including but not limited to Swarnadhan, Pusa 
basmati, Badshabhog, and Tulsibhog [20,21]. In a recent study, 
several rice varieties typically grown in the northeastern Indian 
area were found to be tolerant of arsenic of 100µM [22]. Likewise, 
there is a need for continuing such experiments over a period to 
observe how different arsenic concentrations impact the growth 
and the genetic properties of the rice varieties across generations. 
In the consecutive generation, rice varieties may develop a natural 
resistance to arsenic that could develop arsenic-resistant rice 
varieties. The genetic mapping of these arsenic-resistant rice could 
also be adapted to developing other food-crops types such as wheat, 
maize, and pulse. The transgenerational study can be a miracle in 
the rural areas and the communities where arsenic-contained rice 
consumption is the maximum. Hence, solution-oriented arsenic 
studies are urgent to ensure millions of underprivileged people.

Funding: No funding.

Conflicts of Interest: The authors declare no conflict of interest 

References
1.	 Chakraborti D, Singh SK, Rashid HM, Rahman MM (2017) 

Arsenic: Occurrence in Groundwater. Encyclopedia of 
Environmental Health Burlington: Elsevier 2: 1-17.

2.	 Chakraborti D, Singh SK, Rahman MM, Dutta RN, Mukherjee 
SC, et al. (2018) Groundwater Arsenic Contamination in the 
Ganga River Basin: A Future Health Danger. International 
Journal of Environmental Research and Public Health 15: 180.

3.	 Shahid M, Imran M, Khalid S, Murtaza B, Niazi NK, et al. 
(2020) Arsenic Environmental Contamination Status in South 
Asia.  Arsenic in Drinking Water and Food: Springer 13-39.

4.	 Murcott S (2012) Arsenic contamination in the world. An 
international sourcebook.

5.	 Singh SK, Vedwan N (2015) Mapping Composite 
Vulnerability to Groundwater Arsenic Contamination: An 
Analytical Framework and a Case Study in India. Natural 
Hazards 75: 1883-1908.

6.	 Singh SK (2017) Conceptual framework of a cloud-based 
decision support system for arsenic health risk assessment. 
Environment Systems and Decisions 37: 435-450.

7.	 Singh SK, Stern EA (2017) Global Arsenic Contamination: 
Living with the Poison Nectar. Environment: Science and 
Policy for Sustainable Development 59: 24-28.

8.	 Mohanty S (2013) Trends in global rice consumption. Rice 
Today 12: 44-45.

9.	 Meharg AA, Zhao F-J (2012) Arsenic & rice. Springer Science 
& Business Media.

10.	 Banerjee M, Banerjee N, Bhattacharjee P, Mondal D, Lythgoe 
PR, et al. (2013) High arsenic in rice is associated with 
elevated genotoxic effects in humans. Scientific reports 3.

11.	 Baccarelli A, Bollati V (2009) Epigenetics and environmental 
chemicals. Current opinion in pediatrics 21: 243.

12.	 Singh S, Feldman C, Wunderlich S (2014) Disaster Issues 
and Management in Farm and Urban Crop Production. 
Perspectives in Public Health 134: 127-128.

13.	 Singh SK, Feldman C, Wunderlich S (2014) Heavy Metal 
Contamination Levels in Vegetables Grown in an Urban 
Community Garden in the Northeast USA: A Preliminary 
Study. Food Studies: An Interdisciplinary Journal 3: 77-87.

14.	 Patra M, Bhowmik N, Bandopadhyay B, Sharma A (2004) 
Comparison of mercury, lead and arsenic with respect to 
genotoxic effects on plant systems and the development of 
genetic tolerance. Environmental and Experimental Botany 
52: 199-223.

15.	 Singh S (2011) Arsenic contamination in water, soil, and food 
materials in Bihar. Germany: Lambert Academic Publishing.

16.	 Heard E, Martienssen RA (2014) Transgenerational epigenetic 
inheritance: myths and mechanisms. Cell 157: 95-109.

17.	 Wang Q, Ebbs SD, Chen Y, Ma X (2013) Trans-generational 
impact of cerium oxide nanoparticles on tomato plants. 
Metallomics 5: 753-759.

18.	 Ho D, Burggren W (2010) Epigenetics and transgenerational 
transfer: a physiological perspective. The Journal of 
experimental biology 213: 3-16.

19.	 Ren X, McHale CM, Skibola CF, Smith AH, Smith MT, et 
al. (2010) An emerging role for epigenetic dysregulation in 
arsenic toxicity and carcinogenesis. Environmental health 
perspectives 119: 11-19.

20.	 Dasgupta T, Hossain SA, Meharg AA, Price AH (2004) 
An arsenate tolerance gene on chromosome 6 of rice. New 
Phytologist 163 (1): 45-49.

21.	 Majumder B, Das S, Mukhopadhyay S, Biswas AK (2019) 
Identification of arsenic-tolerant and arsenic-sensitive rice 
(Oryza sativa L.) cultivars on the basis of arsenic accumulation 
assisted stress perception, morpho-biochemical responses, 
and alteration in genomic template stability. Protoplasma 
256: 193-211.

22.	 Thounaojam TC, Meetei TT, Panda SK, Upadhyaya H (2019) 
North East India Rice Genotypes: Screening of Arsenic 
Tolerant and Sensitive Rice at Germinating Stage. Journal 
of Stress Physiology & Biochemistry 15(4).

Copyright: ©2022 Sushant K. Singh. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

         Volume 4(4): 2-2


