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From the past few decades, substantial changes have been witnessed in the atmosphere due to the burning of 
fossil  fuels1 leading to an increase in the demand for renewable  energy2. Also, the natural resources of fossil fuels 
are decreasing day by day, thus increasing the demand for an alternate source of  energy3,4. At present, much of 
our energy demands are met by fossil fuel, but this resource is not a renewable source and is associated with 
contemporary environmental issues. Thus, renewable sources of energy shall play a critical role in fulfilling the 
requirement of energy  demand5. More efforts have been focused on substituting renewable biomass sources for 
chemicals and fuels, which possess high energy density and environmentally friendly  properties6. Mixing alcohol 
with petroleum products increases the fuel’s combustion efficiency due to oxygen and reduces the emission of 
pollutants into the  atmosphere7,8. The regular trend for methanol synthesis uses syngas conversion with high pres-
sure and high thermal energy with heterogeneous catalytic reaction over alumina supported Cu/ZnO  catalyst9. In 
the petrochemical industry, the production of methanol from  CO2 reduction an important achievement. In this 
research area, efforts are continuing to increase the selectivity for methanol by reverse-water–gas-shift (RWGS) 
reaction in thermal catalytic  CO2 hydrogenation via Cu/ZnO-based catalyst. The great challenge in this reaction 
is to maintain the operating temperature and pressure. Due to the competing RWGS reaction, the exothermic 
nature of methanol synthesis, equilibrium-limited conversion, and the very high activation energy barrier of 
the  CO2 hydrogenation to methanol reaction, the process must balance operation temperature megapascal 
pressures to achieve high selectivity and production  rate10,11. Fujishima first reported the photocatalysis study 
in 1972; in recent years, it’s become a common word in chemistry and also various technology  products12. The 
theoretical target is to get chemical energy by using light energy with semiconductor materials. The electron 
present on the conduction band gets activated and migrates to the valance band of the semiconductor with the 
holes in the conduction band. Thus, the charge carriers facilitate the reaction wherein the electrons react with 
dissolved  CO2 present in the reactant  stream13. The reduction of  CO2 is mainly depending on the highly reduc-
ing electron, which has a high reduction ability to convert  CO2 into useful  methanol14. As per Gibb’s free energy 
values, the  CO2 and methanol having − 394.4 and − 166.4 kJ/mol energy indicating that the reduction of  CO2 is 
an exothermic  reaction15. Many processes are used for the conversion of  CO2 into methanol such as (1) chemi-
cal conversion method, (2) electrochemical conversion method, (3) photochemical reduction method and (4) 
photoelectrochemical reduction method (Eq. 1).

(1)CO2 + 3H2 → CH3OH + H2O �H298 = −49.51 kJ/mol

India. Kolkata 
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Arsenic retention in cooked rice: Effects of rice type, cooking water, and
indigenous cooking methods in West Bengal, India
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H I G H L I G H T S

• Paired raw and cooked rice prepared by
individual households was assessed.

• Cooking with arsenic-rich groundwater
elevated cooked rice arsenic concentra-
tion.

• The habit of drinking gruel heightened
the arsenic risk for the local communi-
ties.

• Arsenic in raw rice and cooking water
influence arsenic accumulation in
cooked form.

• Use of low-arsenic water for cooking al-
leviates arsenic exposure from cooked
rice.

G R A P H I C A L A B S T R A C T

a b s t r a c ta r t i c l e i n f o
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This study evaluated the concentration of arsenic in paired raw and cooked rice prepared by individual house-
holds in arsenic-endemic rural area of West Bengal. The aim was to investigate how the cooking habits of rural
villagers of West Bengal might influence the arsenic content of rice meals. It was found that the use of arsenic-
rich groundwater for cooking could elevate the arsenic concentration in cooked rice (up to 129% above the
raw sample), thereby enhancing the vulnerability of the rural population of West Bengal to arsenic exposure
through rice consumption. The risk is heightened by the habit of drinking the stewed rice water (gruel) in the
local communities. The cooking method employed, rice variety, background arsenic concentration in raw rice
and cooking water arsenic concentration were found to be important predisposing factors that could affect the
accumulation of arsenic in cooked form. The fundamental indigenous cooking practice followed by the villagers
requires use of low-arsenic water for cooking as a necessary strategy to alleviate arsenic exposure in their staple
food.

© 2018 Published by Elsevier B.V.
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1. Introduction

Human civilization has encountered the poisonous effect of arsenic
for thousands of years (Nriagu, 2002; Cullen, 2008). Arsenic exposure
above certain dosage can result in a wide array of health conditions
which includes hematological, endocrine, cardiovascular, renal, hepatic,
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Arsenic in groundwater of West Bengal, India: A review of human health
risks and assessment of possible intervention options
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H I G H L I G H T S

• Arsenic poisoning is wide spread in
West Bengal and millions of people are
at risk.

• Exposure routes are many and are
intertwined with the lifestyle of the
people.

• Various intervention options to address
the arsenic crisis are critically discussed.

• Universal mitigation model may not
suite the vast area contaminated with
arsenic.
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This paper reviews howactive research inWest Bengal has unmasked the endemic arsenism that has detrimental
effects on the health of millions of people and their offspring. It documents how the pathways of exposure to this
toxin/poison have been greatly expanded through intensive application of groundwater in agriculture in the re-
gionwithin the Green Revolution framework. A goal of this paper is to compare and contrast the similarities and
differences in arsenic occurrence in West Bengal with those of other parts of the world and assess the unique
socio-cultural factors that determine the risks of exposure to arsenic in local groundwater. Successful interven-
tion options are also critically reviewedwith emphasis on integrative strategies that ensure safewater to thepop-
ulation, proper nutrition, and effective ways to reduce the transfer of arsenic from soil to crops. While no
universal model may be suited for the vast areas of the world affected with by natural contamination of ground-
water with arsenic, we have emphasized community-specific sustainable options that can be adapted. Dissemi-
nating scientifically correct information among the population coupled with increased community level
participation and education are recognized as necessary adjuncts for an engineering intervention to be successful
and sustainable.
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