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Abstract

Herein the present study focuses on arsenicdésjamination in groundwater, which plagues a sastion of the population
of the world. Even the conservative estimates leyWltorld Health Organization (WHO) estimate the namiif people plagued
by arsenic contaminated drinking water to be arolid@-200 million. The Ganga- Brahmaputra fluviahipk in India and
Padma-Meghna fluvial plains in Bangladesh are saige one of the worst groundwater calamities eohthmans. The Arsenic
levels in drinking water in some of the most popedastates in India are disproportionately highantthose defined by WHO
guidelines. The paper, thus, delves into the anpnamapermissible limits defined by WHO and regiomg@ivernments and its
consequential effects. It briefly analyses the majmurces of Arsenic contamination and its heattéces in India. The study
also looks closely into the states and districeggpéd by the As contamination and explores the jpremh treatment methods
employed in as removal from the drinking water.
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1. Introduction

Arsenic is one of the naturally occurring eletsen Earth’s crust and atmosphere. Its compounel&@own to be poisonous in
nature and pose serious health threats to organsresnic compounds are categorized into two groopganic and inorganic.
While the organic compounds of As, containing Abdnhds, are less common in occurrence, the inorgamigpounds are rather
often present around us. Most abundant compoundssadre in conjunction with Sulphur (as sulphidesyygen (oxides) or
carbonates. It is this inorganic As that posesthdhreats when it enters the human body througlowa sources such as water,
food or sometimes air. While the atmospheric omne of As is attributed to volcanic eruptionsediretc., or anthropogenic
sources like industrial smokes, etc., its threagllés rather low in comparison with its occurremigether forms. It is only when
As is present in high concentrations in air dumttustrial effluents and incomplete fossil fuel dmmstion, that it poses significant
threats.

However, unlike its formidable presence in atpi@se, As asserts its characters when found inrgate&ces and land. It is one
of the ten chemicals in the list of ‘Chemicals afblRc Health Concern’ by WHO and affects around Million people from
around 50 countries across the world (WHO, 2018)arf from developing countries like India, Chinargéntina, Mexico,
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Bangladesh, etc., even developed countries likeedritates of America is suffering from As contaattion. The most common
medium by which As enters the human body is drigkirater and its presence in soil, rocks and otbenétions is the leading
cause of water contamination with As, be it grouatbw or surface water. In this paper, we thus delvthe sources of As
contaminations, its threat levels and impact inidrehd then look into the methods of mitigating arghting As contaminated
water.

2. Permissible limits of arsenic for human body

Although the WHO has established a standardevafudesirable limit of As, there are quite diffegiand varying standards for
permissible limits across the world. The provisiogaideline value for As in drinking water, as $gt WHO, is 10ug/l or 0.01
mg/l (Edition, 2011). This is, however a provisibhait, which thus gives flexibility to regionahstitutions and governments to
determine the limits in accordance with the regiovaiations and conditions. The Indian Governmémnis specifies the
permissible limit of As in drinking water, in absenof alternative sources, asug@l or 0.05 mg/l (Hossain et al., 2005).

There are some basic assumptions, and the stgmamomalies, on which the permissible limits aadculated needs to
understood in order to be able better compreherdctinsequential impact it has on health of pomnatiexposed to As
contaminated water. The first and the basic undeglgpssumption, which often holds true for the \&esttions of population, is
the ‘absence of alternative source’ of intake of iks, the above values are the permissible limtien a person is not exposed to
any other form of As intake except through drinkimgter. This assumption holds true generally awther sources of As intake,
like air and food are rather less significant. Hoere recent studies have suggested presence santifevels of As in some food
grains and in Tobacco products, which we exploraénnext section. Thus, in order to ensure hesfbty, the actual limit for As
intake for a populace exposed to above two, or reordlar factors, should be significantly lower ththe prescribed limits. As
stated earlier, these factors are often absentyramd often neglected.

The second assumption on which the WHO cal@anatare based is that an average adult (of arodikg)sconsumes around 2L
of water daily (on an average). This assumptionmagelds a result that may not reflect the acfpedmissible limits for India. It
is found that water consumption and drinking patiatiffer from individuals to individuals, cultute culture and nation to nation.
People in India, being a tropical and thus warnmuntry, consume water higher than those in wesagch colder climates.
According to a study conducted by M. Amir Hossd#haskar Das, and other group of researchers tardieie the water
consumption patterns in West Bengal (Hossain P8l 3), the average intake of water per persordagmwas around 3.12+1.17
L/day. This is only for the direct intake of wat@he indirect intake of water was found to be ab@ril5 L per person per day.
Although these figures had slight variations defregadipon the age group and gender on account dhties that they undertake,
the generalized average value does hold true. Téuexage total (direct + indirect) water intake weadculated to be 4.92
L/person/day. Categorically, the total intake fatulh males, females and children was 6.10, 4.84, a&24 L/person/day,
respectively. Considering the fact that most pafténdia, except the Himalayas, have tropical ctiepahese figures on water
consumption can be thought of to be significantllid/for a large section of population of India.

Taking into account the water consumption pagtef India, the permissible limit of As in watdrasild be significantly lower
than the desirable limit of 0.01 mg/l set by WHCheTpermissible limit of 0.05 mg/l, which is fivartes the WHO standard,
exposes the people to significant levels of hetfitleats and the high-water consumption due to ¢laneonditions further
compounds the problem. Although the desirable Igeitby India too is 0.01 mg/l, but for practicakposes the limit of 0.05 mg/I
is the one adhered to. Bangladesh, like India,raady other countries, has set the permissible ion@.05 mg/l in order to first
target and rescue the people exposed to deadlisle¥éds contamination. While the explanations Ipehsuch standards may
seem to be pragmatic, the exposure to such levelsmaminations over a long period of time is so$tainable.

3. Sources of arsenicin groundwater

The occurrence of As in environment has pringdvéen attributed to two types of sources: geoganitanthropogenic. A major
concern emerging from recent studies is the ars&@turally, it is found in some of the rock forraais, and otherwise released
in industrial discharges and agricultural run-offshese run-offs and chemical pesticides consequerthtaminate the
groundwater as well pose significant threat of entethe food chain.

As is found to be present in large proportionariound 200 minerals (Bissen and Frimmel, 2008addition to these minerals,
the alluvial sediments that contain As in high pndjons contaminate, on dissolution or desorpttbe, groundwater and surface
water in deltas (Matschullat, 2000). Some sulfidimerals are found to contain As in large propaeiand this further leads
enhances the concentration of semimetals in wBienb@ et al., 2003).

Arsenopyrite, which is found in abundance, i® @i the most common mineral source of Arsenids Igenerally found in
anaerobic conditions and other minerals, such aspitates and silicates, that have the tendencyrta focky structures
(Smedley and Kinniburgh, 2002). Sulphur deputizessii\ the crystal lattice of its many mineral forndss is present in its
lower(reduced) oxidation state in two typical miaderof Realgar (As,) and orpiment (AsS;) and in its higher oxidation state in
arsenolite (Ag0s). As is found in varying proportions ranging frahree to ten micrograms per kg as a function ofsghecific
features of the minerals containing it. In compami$o areas containing other oxides, the areaseldttated content of oxides of
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iron and other metals in hydrous state are fourttht@ larger As content in their sediments. AltHotlge mechanism of release of
As in groundwater has not been well establisheé,etkistent studies suggest the dissolution of meiat bacterial activities
associated with the same as prominent cause obAceatration in water. In conjunction with this tex@l activity, the reductive
dissolution of the iron and aluminium oxides is sidered as the leading cause of As release in dwater and the process is
also found detrimental to the movability of the iAss.

While these geographical processes are considerde the leading cause of contamination of gmuater with As, the
anthropogenic sources also need to be considdredftects of which in groundwater contaminatiomather less pronounced.
Fossil fuel combustion, mining and use of chemigal@griculture, that are often found to contain, Ase the leading man-
controlled sources of As release in environment Thmbustion of coal has a widespread impact onethéronment. Its
combustion releases A3; and this many a times ends up in water resentbimugh the condensation cycles in flue systems
(Bissen and Frimmel, 2003).

The principal occurrence of As in groundwateinishe form of oxy anions, which are in turn foundwo states: arsenic (+111)
called as (arsenite) and arsenic (+V) which isechils arsenate (Ferguson and Gavis, 1972). The oi#iese states can be found
in the pH range of 6-9. The neutral species areHBAsO3 while the primary arsenate species are nalaot HAsq-4 and
divalent HA%-4 Which of the two oxidation states, either As)(lbr As (V), then becomes dominant in the grounéwad a
function of its encompassing conditions and thdagioal sources from which it originates (Welchaét 1988). The toxic nature
and the ease of removal of arsenic is differentAsr(lll) and As (V). As (lll) is found to be morearmful in nature due to its
relatively stable and non-reactive nature in congparwith As (+5) (Shankar and Shanker, 2014). Téiative stability makes it
even more difficult to remove As(lll) from water cathus poses high threat if it enters the humaryb®te different processes
that convert the solid As into liquid from are detental for the concentration levels of As in thater. One of the main causes of
release of As in groundwater is the dissolutiomxfhydroxides of iron in the groundwater due to noiial activity (Guo et al.,
2011).

4. Regions affected by ar senic contamination

The various sources of arsenic that contaminater across the subcontinent affect the lives itifoms of people directly and
indirectly. India is badly affected by consumptimingroundwater contaminated by arsenic. In resptmsequestion in parliament,
the Government of India acknowledged that 1.47 ecid?.7 million) people are at the frontlines ofeaic contamination of
potable water across 16,889 areas (Hindustantia®49). As per information entered by different 8savf India in the Integrated
Management Information System (IMIS) of this Mimystas on 31.03.2019, there are 60,365 habitatidfestad by various
chemical contaminants. Numbers of habitations &ty different chemical contaminants are givelowedn Table 1 (Jalshkti,
2019).

Table 1. Numbers of habitations affected by diffikichemical contaminants
Fluoride Iron Arsenic| Salinity| Nitratg Heavy
Metals

9,001 15,813| 18,600 1,446 2,162 60,365

The first incidences of detection of As in grdumter in India can be traced back to the Benggibrein the last two-three
decades of concluded millennia. Bengal Basin, wisctormed by the delta of Ganga-Brahmputra rivesrshe hotbed of the As
contamination of potable water. The reason for liiais been attributed to the large volumes of therac rich sediments brought
down by these rivers during the Pleistocene andetale periods. Within India west Bengal has 78 kdda 9 districts with
arsenic permissible limit of 0.05mg/It. One of flashiest areas of concern is the eastern sidéha§iBati river in Malda. Also the
regions of north and south of Parganas are gredfgcted. Some of the western side of Hooghly amdvidh are arsenic
contaminated. Mainly arsenic is evident up to teptd of 80m. The deeper you go the lesser is vedtected by arsenic.

Arsenic has also been detected in the statettaf Bradesh, Bihar, Assam, Chhattisgarh, JharklaaddKarnataka. In Bihar,
West Bengal and Uttar Pradesh mostly it is seatlivial soil while in Chhattisgarh the arsenic tamination is mostly visible in
volcanic rocks (Jalshkti, 2019).

Table 2 States with districts having arsenic cant@!®1-0.06 mg/l)

S.No. State Districts with As(0.01-0.1mg/l)
1. Andhra Pradesh Goontoor, Kurnul, Nellorie
2 Assam Gola, Jorhati, Lakhimpuri, Nayagaon, NaliSibasagar, Sonpur
3 Bihar Begusaraae, Bhaagalpur, Baxar, Dharbhadfast,and West
Champaaran, Gopaalganj, Hajipur, Chapra
4, Chhattisgarh Raijnandagaon
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Table 2. (Cont'd) States with districts having aisecontent (0.01-0.06 mg/l)

S.No. State Districts with As(0.01-0.1mg/l)
5. Delhi Whole of it
6. Daman & Diu Diu
7. Guijarat Amareli, Aanand, Bharuch, Bhavnagar,ddalGandhinagar, Kachh,
Rajkot, Vadodara
8. Haryana Bhiwanii, Mahendragarh, Palwaal, Roht&kisaa, Sonipat
9. Himachal Pradesh Kangra
10. Jammu & Kashmir | Jammu
11. Jharkhand Saahebgan]
12. Karnataka Raichuur, Yaadgir

13. Madhya Pradesh Beetul, Burhaanpur, Chindwanaaf) Khandwali, Mandsar,
Nemuch, Umariaa

14. Odisha Gajpati

15. Punjab Faridcoat, Gurdaaspur, Hoshiarpur, $angarn Taran

17. Rajasthan Ganga Nagar

18. Telangana Nalgondaa

19. Uttar Pradesh Aazamgarh, Badau, Bahraichhj,Bssbria, Gorakhpur, Jhansi
20. West Bengal Hooghli, Howraah, North south Baeag

5. Health effect of ar senic contamination

Arsenic is very fatal cancerous and harmful aomhant of drinking water. It occurs in both orgamind inorganic forms.
Organic As is less dangerous while inorganic Asésy much harmful as well as carcinogenic. This hasn extensively
emphasized in very well-known studies. Studies erthat it actually affects the gene proliferaticogess. It also deforms the
signal transduction pathway. It also damages thlerepairing, cycling and differentiating power tfie DNA. Some of the
transduction process that it hinders are proteisi§Baling thoroughfare, Nrf2- mediated thorougbfalAPK thoroughfare. Not
only carcinogenic but it causes other diseasesdéenal, cardiovascular, hypertension. Sometimatsd causes diabetes. When
the concentration increases to 0.05 mg/kg/day aertiwan this, then it stems many digestive systsueis like stomach ache,
vomiting etc. It is so much harmful in this casatthh may lead to even death and coma. Continuoisoping for 6 months with
arsenic causes lung disease, skin lesion and hgpeeptation. It was 2011 that USEPA changed the gibnold standard to
10mg/l while India still uses the same old standafier many years of this still we could witnegge tskin lesions. Arsenic
contamination is also transmitted through rice Wwhggrown in Bengal basin is also a matter of teeba

6. Arsenic treatment method

There are multiple treatment methods that assl us for arsenic removal from water. Dependingtion concentration level,
scale of treatment and costs, different methodstectthologies are used. Arsenic in its pentavaltate-As(V) is more mobile as
compared to its trivalent state-As(lll) which isegdominantly non-charged below a pH of 9.2. Thusstnad the treatment
techniques focus on removing Arsenic in the formsfV) rather than As(lIl). In solutions with higloncentration of As(lIl), it is
first converted to As(V) through oxidation by var®omeans and then subsequently removed by vagcohsitjues. The oxidation
techniques utilized are primarily of three typesAttive Oxidation by hypochlorite, permanganate, ) Passive oxidation by
the storing water in air for longer periods 3) ltusoxidation by exposing water to air and runnibdpack in wells. Another
effective method, although less economical, of reshof arsenic is the coagulation and filtrationthmel. It utilizes a coagulant,
such as lime, that coagulates the As and then remipitates the same with other metal hydroxidesadts. The most promising
results of As removal have been shown by the atisorpechnique. It utilizes different kinds of adsents like activated carbon,
granular ferric hydroxide, hydrous cerium oxide, et

Of particular interest in among the adsorberts been the shape and structure of adsorptivecsusia as to maximize the
adsorption. Other minor techniques used in Arséneiatment are Membrane techniques and lon-Exchagmbrane technique
uses two kinds of membranes for arsenic removal:doessure membranes such as microfiltration atrafidration and high-
pressure membranes such as nano-filtration andsewesmosis. This technique is independent on kthefghe water and other
solutes but is affected by the presence of collomatters. lon exchange method employs charged unedsuch as synthetic
resins, of defined ion exchange capacity to remngenic. It is slightly dependent on pH of watedaks(lll), being uncharged,
cannot be removed by this method. In the case sidration, several research projects have been peapio chart out adsorbents
which are cheaper and also efficient for removahienic from drinking water. Many adsorbents asgaloped and their loading
capacity was compared with other alternatives. Stae being taken to make adsorbents superior nomeocially available
adsorbents for higher range of ambient conditioas pH & temperature, having more surface area rande of adsorption
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capacity. Further, suitable wrapping and maintajron the build material by proper techniques isklthed to have their great
use with least effect on the efficiency

6.1 Oxidation and filtration method

Most of the chemicals like Cl, H202, Ca(CIlO)2 KiMO4 are mainly used to oxidise As3+ to As5+ ptbper care is not taken,
it releases many unwanted by products. UV oxidisgg 70% arsenic. When water is impaled with sukphV photo- oxidation
shows extremely good results for arsenic 3+ oxaakinetics study by aqueous chlorine and ozonelfimking water treatment.
Arsenic oxidation process is sometimes carriedusinig many bacteria in groundwater as catalysts Tethod is favorable when
iron and manganese are present in addition to iardeon- and manganese- oxidizing bacteria areniyaitilized to convert As3+
to As5+ which is naturally present in groundwat@ib{ et al., 2017).

6.2 Co-precipitation method

Co-Precipitation is a technique which is mosthed in small scale to remove arsenic contamindtamm drinking water. It is
done in 3 steps:(i) lime soothing (ii)gravity fdtion and coagulating technique. (iii)and finallycro filtration. Lime soothing is
very costly for removing only arsenic and therefdrés not that economical. Nevertheless, if itused for removal of water
hardness with arsenic removal then it is a goochatetMore lime is added to alter the pH and makmadte than 10 to remove
arsenic. At this pH range Mg(OHprecipitates and arsenic is removed by the metifarb- precipitation. Doing the same by
CaCQ is not that good for removal of As (Fields et 2D00). In India the method of co precipitatiorb&ing applied in a cost
effective way in household arsenic remediation netbgy in west Bengal. This project is run under guidance of Dr. Pahari
Basu, PI, Save the Environment, Kolkata (DST-gq\2i119). It is has been tested in 24 Paraganagh{Nafr West Bengal. 250 of
such filters have been set-up in the village Lalm@ftNadia district, and they cater to the drinkimater needs of around thousand
people residing in this village (DST-gov-in, 2019).

6.3 Adsorption method

Adsorption is the most widely used technology faatment of water containing elevated levels of &songst other heavy
metals. Due to its cost-effective feature and higifective response, the adsorption techniqueréfepred over any other
technique in removal of a variety of heavy mettlbas been very effective in bringing down theddsitent to less than 10 mg/L
and the effectiveness can be monitored by a vadegharacteristics. Column adsorption is most cemmethod of adsorption
used over a diverse range of chemicals to perfonrmubitude of functions. Adsorbents such as chegtptinaterials, activated
carbons and zeolites have been widely used for vamgdheavy metals including As. However, convergioadsorbents have
limited efficiency and capacity. On passing thetaorinated water through such columns containin@rsts, the target metal
gets adsorbed and the rest of the water is filteredHowever, after a definite period of use diirdee volume of processing, the
pores in the adsorption sites may all get blocked @olumns would need to be replaced with new o8ese of the common
adsorbents used for As removal are activated akiff\), iron-coated sand, granular ferric hydroxigdwligenous cartridges and
filters. The efficiency of these media also depemtshe oxidising agents that oxidise the As to &igtate which in turn makes
adsorption easier. Recently, with the emergenceaab-technology, many nano adsorbents have eméogael highly effective
and highly efficient in arsenic removal as compa@dhe conventional adsorbents. These adsorbehtsh are mostly carbon
based, such as Carbon Nano-Tubes(CNTs) or Grapbem®lymer type such as polymer layered silicateatomposites, offer
high sorption capacities and easy removal of treodmed material and these two factors together inefpaking this technology
cost-effective.

In India Dr. Nalini Sankararamakrishnan, Hacflor Ecological and Analytical testing, Indianstitute of Technology, Kanpur,
has done multiple studies on devising cost-effectiays of As removal from potable water. The tearden the professor has
carried out multiple studies for synthesis of Fetated/ Fe doped chitosan adsorbent, designing wfedtc filter, and field
analysis of sludge and wastewater (DST-gov-in, 20A%0, another project i.e. Development of Argeadsorbing polymeric
beads and their performance study in packed bathuw and Development of prototype systems to pmdirsenic-free safe
drinking water under the guidance of Prof. Priy&r3arkar, Department of Polymer Science and TdobgoUniversity of
Calcutta. This method focuses on severe capacifysatdsorbing bed which has 15.5mg/g of As5+ orbtsEs of nano-alumina
scattered in poly-acrylamide. Also there is cerafitier candle having adsorbent in polymer for Asnoval. There are similar
many other projects too being run in India with@gsion as a base technique to filter out arsemimfground water.

7. Conclusion

Arsenic contamination is a very severe problergroundwater. The paper thus concludes that thaigsible limit of 5Qug/l or
0.05 mg/l. set by the government of India is daogsly higher than the WHO guidelines of 0.01mg/eesglly considering the
hot and humid climate of India which results in Heg per capita consumption of water for drinkingpmses. Further, the
dominant cause of release of As into the groundywateong other causes, is attributed to the reductissolution of the Fe and
Al oxides. The states of West Bengal, Bihar, URaadesh and Gujarat are the worst affected by ithen& contamination in
India. Among these, the districts plagued in tlagest of Uttar Pradesh and Bihar need special aace the exposed population in
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these states have seriously low-income levels aarts access to quality health services. Skin mardeskin lesions, lesions in
digestive tract and cancer are some of the commounrgences amongst the people affected by arsentamination. While the

co-precipitation technique of removing arsenic froomtaminated water is highly expensive, the chahogidative techniques,

when used in conjunction with bacterial presenaashpromising results. Presently, the most widskydutechnique for treatment
of arsenic contaminated water is the adsorptioreReinnovations in the structure and compositibadsorbents using charcoal
show highly efficient results. Besides removal, Hade disposal of extracted arsenic is common ehgd for all the arsenic
treatment methods.
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