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ARTICLE INFO ABSTRACT

Edited by Richard Handy Arsenic is a well-known carcinogen with emerging reports showing a range of health outcomes even for low to

moderate levels of exposure. This study deals with arsenic exposure and associated increased lifetime cancer risk

Keywords: for populations in arsenic-endemic regions of rural Bengal, where arsenic-safe drinking water is being supplied at
Qrsemc present. We found a median total exposure of inorganic arsenic to be 2. 9 ug/Kg BW/day (5™ and 95 percentiles
ice

were 1.1 pg/Kg BW/day and 7.9 pg/Kg BW/day); with major contribution from cooked rice intake (2.4 ug/Kg
BW/day). A significant number of households drank arsenic safe water but used arsenic-rich water for rice
cooking. As a result, 67% participants had inorganic arsenic intake above the JEFCA threshold value of 3 ug/Kg
BW/day for cancer risk from only rice consumption when arsenic contaminated water was used for cooking
(median: 3.5 pg/Kg BW/day) compared to 29% participants that relied on arsenic-free cooking water (median:
1.0 pg/kg BW/day). Arsenic in urine samples of study participants ranged from 31.7 to 520 pg/L and was
significantly associated with the arsenic intake (r = 0.76); confirming the preponderance of arsenic exposure
from cooked rice. The median arsenic attributable cancer risks from drinking water and cooked rice were esti-
mated to be 2.4 x 10° and 2.7 x 10 respectively, which further emphasized the importance of arsenic exposure
from staple diet. Our results show that any mitigation strategy should include both drinking water and local
staple foods in order to minimize the potential health risks of arsenic exposure.

Drinking water
Exposure assessment
Cancer risk

1. Introduction

The notion that arsenic-contaminated water is the primary source of
arsenic exposure is being continuously challenged by new reports which
document high levels of arsenic exposure from foodstuff (Signes-Pastor
et al., 2016; Islam et al., 2017; Cubadda et al., 2017; Upadhyay et al.,
2019; Menon et al., 2020). In fact, arsenic exposure from food can be an
important source even when arsenic content in drinking water is mini-
mal (Halder et al., 2013; Kurzius-Spencer et al., 2014; Mondal et al.,
2021). Due to global food trade, the accumulation of arsenic in

agricultural crops produced in arsenic contaminated areas represents a
significant health risk to the importing countries (Shraim, 2017; Menon
et al., 2020). To safeguard the security of the global food chain, new
guidelines on arsenic content of food are now being set-up by regulatory
authorities (FAO Food and Agriculture Organization, 2014). For
example, the European Commission has now set a maximum permissible
limit for inorganic arsenic of 200 ug/Kg for polished rice, 250 ug/Kg for
parboiled or husked rice and 100 pg/Kg for rice intended to produce
infant or baby foods (European Commission (EC), 2015).

In India, naturally occurring arsenic in alluvial sediments and
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ARTICLE INFO

ABSTRACT

Keywords:

Sulfidation

Nano zerovalent iron
Arsenic

Kinetics

Removal mechanism

Sulphur modified nano zerovalent iron (S-nZVI) has shown considerable promise for removal of various aqueous
contaminants. However studies utilizing S—nZVI for removal of aqueous inorganic arsenic (As) is relatively rare,
which was studied in this work. Characterization of the synthesized S—nZVI showed typical core-shelled structure
with distorted outer shell consisting of iron oxide and FeS. The removal rate of both As(III) and As(V) by S-nZVI
was considerably enhanced compared to nZVI and highest As removal was observed at S/Fe ratio of 0.1 under
acidic condition. Results showed slight decrease in As removal efficiencies for S-nZVI aged upto 48 h, with
obvious drop in As removal efficiencies for longer aging time which although still exhibited higher reactivity
than bare nZVI. Spectroscopic investigation showed sulphur amendment of nZVI completely altered the As
sequestration mechanism compared to nZVI. While reduction of the adsorbed As(III) and As(V) was observed for
bare nZVIJ, in contrast, uptake of As(III) and As(V) by S-nZVI involves adsorption as As(III) and As(V) oxyanion
respectively with additional precipitation of As,Ss. Overall, the study shows that incorporation of FeS on the
surface of nZVI can be an effective modification strategy for efficient sequestration of As from contaminated

water.

1. Introduction

Arsenic (As) is a naturally occurring metalloid that is omnipresent in
the nature [1,2]. The geogenic contamination of As in groundwater have
severely compromised the quality of water thereby endangering the
lives of millions of people who are being exposed so such poison [2,3].
This is of particular concern for the rural populations of developing
countries such as India, Bangladesh, Vietnam, Cambodia etc where the
populations are severely dependent upon groundwater for drinking and
cooking purposes [2,4]. Long term intake of As via drinking water re-
sults in severe health implications including cancers [5,6]. As a result,
WHO and various environmental protection agencies have imposed a
stringent maximum permissible limit of 10 pgL.~! in drinking water [7].

Several technologies are being used for As removal from water and
includes coagulation-filtration, membrane separation, ion-exchange and

adsorption [8; references therein]. Among these various technologies,
adsorption is widely preferred for its simplicity and stable operations,
compactness, lack of added reagents, and cost effectiveness [9]. In the
last two decades, nanoscale zerovalent iron (nZVI) has received great
attention owing to its high reactivity to effectively remove a wide
spectrum of water contaminants, including As [10]. Arsenic is removed
from aqueous solution by adsorption onto the outer iron oxide layer of
nZVI by forming a strong surface complex [11,12] and/or by co-
precipitation with iron hydroxide formed in-situ from iron corrosion
[13,14]. However, although effective in contaminant removal, nZVI has
several limitations, particularly particle agglomeration due to inherent
magnetism and high surface energy, and surface passivation owing to
formation of thick surface oxide layer by reaction with water [15]. As a
result, a number of countermeasures are being researched to overcome
these limitations, which includes a range of physical and chemical
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Synthesis of Ni,P/CdS and Pt/TiO,
nanocomposite for photoreduction
of CO, into methanol
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Ankush kularkar*2, Subhamoy Bhowmick?? & Sadhana S. Rayalu2**

It is a great challenge to convert thermochemically stable CO, into value-added products such as CH,,
CH;O0H, CO via utilizing solar energy. It is also a difficult task to develop an efficient catalyst for the
reduction of CO,. We have designed and synthesized noble metal-free photocatalytic nanostructure
Ni,P/CdS and Pt/TiO, for conversion of CO, to methanol in the presence of sacrificial donor
triethylamine (TEA) and hydrogen peroxide. The synthesised catalysts physicochemical properties
were studied by using several spectroscopic techniques like; XRD, UV-DRS, XPS, TEM, SEM and PL.
Quantification of methanol by GC-MS showed encouraging results of 1424.8 and 2843 pmol g~ of
catalyst for Pt/TiO, and 5 wt% Ni,P/CdS composites, respectively. Thus, Ni,P/CdS is a promising
catalyst with higher productivity and significant selectivity than in-vogue catalysts.

From the past few decades, substantial changes have been witnessed in the atmosphere due to the burning of
fossil fuels' leading to an increase in the demand for renewable energy?. Also, the natural resources of fossil fuels
are decreasing day by day, thus increasing the demand for an alternate source of energy™*. 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 demand’. More efforts have been focused on substituting renewable biomass sources for
chemicals and fuels, which possess high energy density and environmentally friendly properties®. Mixing alcohol
with petroleum products increases the fuel’s combustion efficiency due to oxygen and reduces the emission of
pollutants into the atmosphere”®. 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 catalyst’. In
the petrochemical industry, the production of methanol from CO, 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 CO, 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 CO, hydrogenation to methanol reaction, the process must balance operation temperature megapascal
pressures to achieve high selectivity and production rate'®!!. Fujishima first reported the photocatalysis study
in 1972; in recent years, it's become a common word in chemistry and also various technology products'. 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 CO, present in the reactant stream'’. The reduction of CO, is mainly depending on the highly reduc-
ing electron, which has a high reduction ability to convert CO, into useful methanol'*. As per Gibb’s free energy
values, the CO, and methanol having — 394.4 and — 166.4 kJ/mol energy indicating that the reduction of CO, is
an exothermic reaction'®. Many processes are used for the conversion of CO, into methanol such as (1) chemi-
cal conversion method, (2) electrochemical conversion method, (3) photochemical reduction method and (4)
photoelectrochemical reduction method (Eq. 1).

CO, + 3H, — CH30H + H,O AHj9g = —49.51 kJ/mol (1)
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Zonal Center, CSIR-National Environmental Engineering Research Institute (NEERI), Calcutta, West Bengal 700107,
India. “Department of Analytical and Structural Chemistry, CSIR-Indian Institute of Chemical Technology,
Hyderabad 500007, India. “email: p.nagababu@neeri.res.in; s_rayalu@neeri.res.in
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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.
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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.
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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 poisoning is wide spread in ;
o Arsenic exposure Effects Intervention options
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ARTICLE INFO ABSTRACT
Article history: This paper reviews how active research in West Bengal has unmasked the endemic arsenism that has detrimental
Received 15 May 2017 effects on the health of millions of people and their offspring. It documents how the pathways of exposure to this
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toxin/poison have been greatly expanded through intensive application of groundwater in agriculture in the re-
gion within 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

Editor: D. Barcelo socio-cultural factors that determine the risks of exposure to arsenic in local groundwater. Successful interven-

tion options are also critically reviewed with emphasis on integrative strategies that ensure safe water to the pop-
Keywords: ulation, proper nutrition, and effective ways to reduce the transfer of arsenic from soil to crops. While no
Sustainable management universal model may be suited for the vast areas of the world affected with by natural contamination of ground-
Groundwater water with arsenic, we have emphasized community-specific sustainable options that can be adapted. Dissemi-
Rice nating scientifically correct information among the population coupled with increased community level
Bif’f“ar!‘ers participation and education are recognized as necessary adjuncts for an engineering intervention to be successful
Mitigation and sustainable.
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