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ABSTRACT

Arsenic (As) is ubiquitously prevalent in organiadainorganic forms in the environment. Inorganicemic is
classified as Group | carcinogen to both humans anials. It is causing contamination of water,,a&nd soil,
which has led to chronic arsenicos is as a newlgrging public-health issue. Acute or chronic expesaf arsenic
through groundwater endangers the health of moas th00 million people worldwide specially the resits of the
densely populated Indo-Bangladesh Gangetic deliarddial reduction of iron oxyhydroxide(FeOOH) theduses
major arsenic pollution in the plains of Ganges-Meg-Brahmaputra Rivers has also been discussedy-tterm
exposure to arsenic can cause skin lesions, capeémonary diseases, cardiovascular diseases, nexigity, and
memory loss. Several experimental studies performedimapan, Mexico have shown high concentratién o
inorganic As in BECs, which can be used as a maii&ecancer. With more stringent regulations, afisecontent
requires to be reduced to a few parts per billidarious techniques are being developed to providerdc-free
drinking water like membranes, coagulation, aniolenge, disposable iron media, softening etc. r@ematural
methods like bioremediation and phytoremediatiom@so being widely used
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INTRODUCTION

Arsenic, a naturally occurring toxic metalloid isiquitously found in the environment. It is the R@host abundant
metal in the Earth’s crust and is one of the mafmstituent of more than 200 minerals like sulpbjdeEsenates,
arsenites and oxides [1].It can be derived fronurshtas well as man-made activities [2].

In nature it spreads through the weathering ofricseontaining rocks and ores, volcanic eruptiond aertain
biological activities. The permissible concentratiaf arsenic in soil is 0.2-40 pg/g, in urban aifi02ng/mand in
natural water is 1-2 pgfL In addition to this, anthropogenic activitiesdliknetal extraction, smelting, burning of
fossil fuels, processing wastes, poultry and svieeel additives and use of arsenical herbicidesstigides are also
a source of arsenic contamination [3].

Over the centuries arsenic has been used for metntifag herbicides, pesticides and wood presereatj¢].Today,
Gallium Arsenide is a fundamental compound useseimiconductor, light emitting diodes, transistarhi@ology,

and detection of X-rays [5]. It is a well-known pon and is used to make rat poison. Arsenicum alfwinite

arsenic), prepared from arsenic trioxide powdesésiuas a homeopathic remedy [6]. Despite beingenpal toxic,

arsenic is an essential element needed for ouiigdhgy. A level of about 0.00001% is needed for growth and a
healthy nervous system. WHO has set guideline vaflil®e01 mg/L (10 ppb) for As in drinking water [7]

It occurs in the environment in two forms- inorgaand organic arsenic. Organic arsenic is foursbme food like
fish and shellfish. On the other hand, inorgamgeaic is prevalent in nature in various oxidattetes (-3,0,+3,+5)
but is mostly found as trivalent arsenite(fAsor pentavalent arsenate (Ag48]. It is usually found in industries,
building products and arsenic contaminated watesehic is extremely toxic in its inorganic form aisdalso
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regarded as number one toxin in the United Statesr@mental Protection Agency(UNEPA) list of padats and
as Group | carcinogen by International Agency fes&arch on Cancer(IARC) [9], [10].

Arsenic contamination in water is a global problemajorly affecting the people of countries like Argina, Chile,
Mexico, China, USA, Hungary and South and East A%lH. The most affected region is the Indo-Bangkid
Gangetic delta, with an estimated 25 million peopieBangladesh in over 42 districts and over 20%thef
population of West Bengal being exposed to contatiun. Hence, Arsenic exposure is a major enviranaie
concern [12].

2. MECHANISM OF ARSENIC EXPOSURE

Ingestion and/or inhalation are the two routes efeXposure. Trivalent arsenic oxide, being morggoluble, is
easily absorbed by the skin as compared to theapaleint form. The exact mechanism for the metatwoli$
arsenic is still not known, but a few hypothesegehaeen put forward.

Arsenic metabolism is a chain of reduction and abi@h reactions[16]. As show in figure 1, the gaisttestinal
tract absorbs iAslll and iAsV and the methylatidnAs by the enzyme methyltransferase takes pladbdniver.
Inside the cell, AsV is converted to Aslll, in theesence of S-adenosylmethionine (SAM), a methybd@and co-
factor glutathione (GSH). It is then methylated nmnomethylated (e.g., MMAIIl, MMAV) and dimethylate
arsenic metabolites (e.g., DMAIIl, DMAV) [13], [14]16]. It has been proposed that methylation aativate the
toxic and carcinogenic properties of arsenic, sihd@s been shown that mono/dimethylated As spema@ affect
gene transcription, and are more formidable enziymibitors and cytotoxins than non-methylated aicsarspecies.
Cellular damage by biotransformation of As can odtwough reactive oxygen species (ROS), and dsaugh
epigenetic mechanisms like changes in DNA methyfapatterns, altered expression of microRNAs amstohe

modification [15], [16].
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Figure 1: Schematic representation of proposed ar senic-induced car cinogenic mechanisms [1], [16]
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2.2 STAGES OF ARSENIC POISONING
There are two types of Arsenic Poisoning:

Acute Poisoning: Acute arsenic poisoning occurs due to accidentgéstion of pesticides or insecticides and
sometimes from attempted suicide. Doses less thanrgsult in vomiting and diarrhoea but are resbiwhin 12
hours without treatment. Lethal doses for acutesquiing varies from 100mg to 300mg and dependinghen
amount consumed, death occurs in 24 hours to 4 [d&}ysSome clinical features observed are nausemiting,
abdominal pain, acute psychosis, skin rash anduesiz Haematological abnormalities, respiratoryiufei
pulmonary oedema, frequent neurological manifestatiike peripheral neuropathy and metabolic charge also
reported. Best indicator of recent ingestion (1agg] is urinary arsenic concentration [18].

Chronic Poisoning: Long term exposure to arsenic leads to arsengopaig or arsenicosis. The absorbed arsenic
accumulates in liver, lungs, kidney, muscles, nasveystem, spleen and heart with smaller amoumgssiting in
keratin rich tissues like hair, skin and nails eatrow exposure. This leads to multiple organufailand hence
malignancy. General clinical features include sKasions with hyperpigmentation, depigmentation, and
hyperkeratosis, arsenic-related malignancies otk lung, kidney and liver, vascular diseaseshsas peripheral
and cardiovascular diseases, arteriosclerosis kBlacdisease, and Hypertension. Non-specific spmstinclude
abdominalgia, diarrhoea, dyspepsia and mental slpai loss of memory[19].

3. CHRONIC ARSENICOSIS IN CATTLE WITH SPECIAL REFERENCE TO ITS METABOLISM IN
ARSENIC ENDEMIC VILLAGE OF NADIA DISTRICT WEST BENGAL INDIA.

More than 60 million people are at high risk ofeamie exposure in Asia alone, out of which maximusome are
from West Bengal, India. According to the repoitsspite of being supplied with arsenic free wdtarl2 years,
people still suffer from arsenicosis. It was foutigt this was mainly due the consumption of milld anilk
products being obtained from cattle that consumed i\ drinking water[20]. Bakul K. Dattaet al. (2010
performedan experiment using the cattle faecalandttir,etc to find out whether the ingested dcsencattle was
present in the milk that was consumed by the pedipéetly or indirectly by milk product [21]. Thirtmilch cattle
were selected randomly from both Ghetugachi villaGéakda block of district Nadia, West Bengal, &di
(experimental village) and Akna village of distridboghly, West Bengal, India (control village). iHdaeces and
milk samples were collected from the cattle. Dnmtkiwater, straw samples andindian cottage cheésady from
sweet shopswere also collected. Speciation of mrsemmilk and faeces of experimental and contrilbge was
done Arsenic content was observed in all the samplésguatomic absorption spectrometer.lt was found tha
thetotal arsenic content in the samples of milkkproducts, water, straw, hair and faecal mattereahigh in the
cattle of the experimental village in comparisonttie control village. As shown in Figure 2, speoiatstudy
demonstrates that the mean arsenite concentratisn7®.29%,while the mean arsenate concentratiot4m8%
and organoarsenic compounds concentration was 8.21%e milk samples. Whereas the concentration of
organoarsenic compounds in faeces was 90.93%.
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Figure 2- Graphical representation of speciation percentagein faeces and milk [21]

4. SPECIATION OF ARSENIC IN EXFOLIATED URINARY BLADDER EPITHELIAL CELLSFROM
INDIVIDUALS EXPOSED TO ARSENIC IN DRINKING WATER

In human being, inorganic arsenic is methylatedniethyl- As (MAs) and dimethyl-As (DMAS) species.
Dimethylthioarsinic acid (DMTA) has recently beeetected in urine samples of the people in the asdfected
areas [22]. Studies have shown that arsenic coratimt in urine can be used as a marker in orderark inorganic
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arsenic. Series of experiments were performed wivegaty-one individuals (2 males and 19 femalesvbenh 14—
64 years of age) were randomly selected from Zimapdexico, where the people were exposed to high
concentration of arsenic in drinking wat@the urine samples as well as bladder epithelids dBECs) were
collected from these people. BECs were centrifubate300 x g for 10 minutes at 4°C in order toasslthem and
the cells were transferred into a 1.5-mL eppendétéshing was done using phosphate-buffer salineSyP&nd
centrifugation was again performed at 300 xg fanibutes at 4°C. The cells were again washed witl$ RBd
centrifuged. The pellets were packed and storelyince at —80°C for a few days. The urine samplere stored at
—75°C. Lysis of BECs pellets and urine samples deaee using 1.25 mL of 0.5% solution of Triton X-1(&lgma-
Aldrich) in deionized water. The BEC lysates waeated with 2% L-cysteine hydrochloride at room penature
for 70 minutes, which reduced pentavalent arsgméciss into trivalent species. Then it was treatéd Sodium
borohydride (NaBHk) in a Tris-HCI(Sigma- Aldrich) buffer (pH 6.0) fgrenerating hydrides. Analysis of As species
in urine and BECs samples was done using hydridergéion atomic absorption spectrometry using caying
(HG- CT-AAS).

Arsenic concentration in the urine samples was dotm range from 4.8 to 1,947 ng As/mL.69% of arseni
metabolites were found to be DMAs [8]. In BECs, #rsenic concentration ranged from 0.18 to 11.4Asfng
protein out of which 43% were DMAs. 42% of inorgaarsenic was present in BECs as compared to 11%éria.
MAs were present in lesser concentration in BECe@b as in urine samples. The As metabolites im&n urine
have been used as markers for a person’s capacitethylate inorganic arsenic. This study showsnmaortant
connections between the concentration of As spéciasine and BECs [9].The test on urinary samglesws that
Asspecies have shown only a recent exposure tganir As. However, As species concentration in BESSigct
the integrated exposure over a time of about 2§@.dBhus, Arsenic species in BECs provide a mom@piate
tool for risk assessment of cancer of urinary béadahd other diseases which are associated witinichexposure
[12].

5. TESTING POLLUTION MECHANISMSFOR SEDIMENTARY AQUIFERSIN BANGLADESH

Aquifers, 100m-300m deep provides Bangladesh andt\Bengal with more than 90% of its drinking waf€he
groundwater contains more than 50 pg/L of arsenigp to 1,000,000 water wells placing the healt@@imillion
people at a risk. In aquifers beneath the Holoddedplains, in the alluvial and deltaic plains thie Ganges,
Meghna and Brahmaputra Rivers, the concentratioarggnic commonly exceeds the Bangladesh drinkiaigmw
standards (50 pg/L) [23]. Data was collected fotewaamples from the wells of Faridpur and Lakshmglistricts
of Bangladesh and compared with the literature tatast three mechanisms proposed to explaineflease of As
in groundwater —

1. Anoxic conditions permit reduction of iron oxyhydides (FeOOH) and release of sorbed arsenic tdisolu

2. Arsenic is released by oxidation of arsenical jgyiit the alluvial sediments as aquifer drawdownnisr
atmospheric oxygen to invade the aquifer

3. Arsenic anions sorbed to aquifer minerals are digd into solution by competitive exchange of phasp
anions derived from overutilization of fertilizar oil surface.

It was inferred that the mechanism of arsenic pioltuby the oxidation of arsenical pyrite is acedpé only for
oxic environments, typically surface waters. Whée tarsenic pollution occurs in subsurface and a&noxi
environments, the pyrite oxidation model is not laygble, and a different model is necessary. Tieesfthe
reduction of FeOOH is a suitable model that wowddapplicable in most of the situations as it iseggnand not site
specific. In the deltaic plain of the Ganges-MegBmahmaputra Rivers, concentrations of arsenicrougdwater
commonly go beyond the regulatory limits becaus®@®# is microbially reduced and releases its solbad of
arsenic into the groundwater. The pyrite oxidatropthod and competitive exchange with fertilizer gtttate
method do not contribute to arsenic pollution. Mhual degradation of buried deposits of peat cassgre
pollution. Reduction of FeOOH and release of sordesgnic serve as a generic model for arsenic nongion of
aquifers where the water is anoxic, especially whitle organic matter is abundant (e.g.- in delta®as that
support peatland during climatic optimum conditlpns

6. ARSENIC REMOVAL FROM WATER

As contamination in groundwater is a problem oastibphic proportion because arsenic at high cdreténs in
drinking water causes severe health effects. Magothe epidemiological evidence indicates thatersics
concentration exceeding 50ug/L is not safe for ijgubkalth [24].Arsenic removal technologies havedme
increasingly important. The current regulation ahking water standard is becoming more stringewt gequires
arsenic content to be reduced to a few parts ghkorbi Conventionally, there are several methods dosenic
removal like coagulation and flocculation, pre@giion, membrane filtration, adsorption and ion exae[25], [27].
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Alternative methods like ozone oxidation, biorenagidin, phytoremediation and electrochemical treatsiare also
used in the removal of arsenic.

In the process of arsenic removal, coagulation floatulation are among the most common methods eyeql.
Electrocoagulation (EC) is a favourable electrodicainreatment technique that does not requireatthdition of
chemicals or regeneration. lon exchange resin @S| method are both capable of removing organicispef
arsenic from drinking water. The technique of ppéation, generally using Fe (lll) or lime softegiis suited for
removal of higher concentrations of arsenic [28B][ Membrane technology, especially nanofiltratisrused to
meet the regulations for low arsenic concentrationdrinking water. Table-1 shows some of the maigsenic
removal technologies along with their advantagesdiantages and percentage of arsenic removedtehy t

Table-1: A review of some of the main arsenic removal technologies [27]

Technologies Advantages Disadvantages Re(T/?)V al
Reverse osmosis No toxic solid waste is produced. ggﬂiréz(:h operation and maintenance 96
Electrodialysis Capable of removing other contamisa Toxic wastewater is produced 95
Iron coagulation Common chemicals are available. dirBentation and filtration are needed 94.5

’ A Produces toxic solid waste.

Iron oxide coated sand No regeneration is requEegected to be cheap, Yet 1o be standardized. 93

Well-defined medium and capacity. The process {igh cost megilum. .

. - equires high-tech operation and
lon exchange resin less dependent on pH of water. Exclusive [on _. : 87
I ) ) maintenance. Regeneration creates| a
specific resin to remove Arsenic. ;
sludge disposal problem.

Membrane ) . - Very high-capital cost.
techniques(Nanofiltration) Well-defined and high-removal efficiency. High water rejection. 95
Oxidation/precipitation Oxidizes other impurities and kills microbes Efficient control of the pH and oxidation 90
(Chemical oxidation) Relatively simple and rapid process. step is needed.

The advantage of these technologies is that thiggiesftly remove contaminants but have certain dragks like

toxic waste production in solid, liquid or sludgerh, requirement of high tech operations and maariee and high
purchasing costs. As shown in Table-1, reverse smrand nanofiltration techniques are comparabkbeir high

arsenic removal capacity with no toxic waste prdiduc But the cost and maintenance requirementshigse in

case of nanofiltration.

We also observed that adsorption and membranatiiilir techniques are more efficient than other dbainbased
technologies. Furthermore, Iron Oxide Coated S3AE$) filtration technique based on adsorption sfl@y iron
oxide coated sand, is widely used due to its céipalh remove arsenic to a value of less than B pgimplicity,

ease of operation and applicability to small s¢edatment systems. Environment friendly biologicedthods like
bioremediation and phytoremediation that involvenogal of arsenic from water by microorganisms atahis
respectively are also economical.

CONCLUSION

Contamination of drinking water by arsenic remainserious public health problem, affecting hundrefdsillions
individuals worldwide. It affects multiple biologit systems, sometimes even years after exposureedver,
although a number of mechanisms have been proptisedxact etiology of arsenicos is is still nobkm. Arsenic
contamination causes health related issues infattan beings and animals. It mostly enters the loddige cattle
through straw and drinking water that they consukhgman beings maybe affected by the consumptioAsof
contaminated milk and milk products, in additiondinking water. The inorganic arsenic gets stdrethe skin,
nails, hair and epithelial cells of the urinary ddar leading to cancer in the urinary bladder atietrodiseases.
Hence detection as well as removal of arsenic jgoitant from the environment in order to protecinanms and
animals from its hazardous effects. Removal methid@scoagulation and flocculation, precipitaticagsorption
and ion exchange, membrane filtration are somén@frhiethods employed for the removal of arsenicditan
environment friendly methods like bioremediatior grhytoremediation.

Acknowledgement

The Authors are thankful to the Jaypee Instituténfdrmation Technology, Noida for providing us #ike facilities
to carry our work on time. We owe a deep senseatitgde to Dr. Pammi Gauba, Associate Professepatment
of Biotechnology, JIIT, Noida, for her kind helpdacooperation throughout our study.

244



Pammi Gauba et al J. Chem. Pharm. Res., 2016, 8(6):240-245

REFERENCES

[1]S Chouhan; SJ Floréndian journal of experimental biolog®010, 48(7), 666.

[2]P TchounwolReviews on environmental heatt$09, 14(4), 211-230.

[3] DK Nordstrom,Science (Washingtor002, 296(5576), 2143-2145.

[4] FA Rahman; DL Allan; CJ Rosen; MJ Sadowskgurnal of environmental quali004, 33(1), 173-180.

[5] ATanaka,Toxicology and applied pharmacolqg904, 198(3), 405-411.

[6] SN Kundu; K Mitra; AK BukhsiComplementary Therapies in Medici2@)0, 8(3), 157-165.

[7] PL Smedley; DG Kinniburghipplied geochemist/002, 17(5), 517-568.

[8] A Hernandez-Zavala; OL Valenzuela; T MateksZ Drobnd; J Dedina; GG Garcia-Vargas; DJ Thorhkk
Del Razo; M StybloEnviron Health Perspec008, 116(12), 1656-1660.

[9] IARC Working Group on the Evaluation of Carcgemic Risks to Humans; World Health Organizatiomg a
International Agency for Research on Cancer.Soniekidg-water disinfectants and contaminants, ingigd
arsenic. Vol. 84. IARC Press, Lyon, Frar§4.

[10] AH Smith; C Hopenhayn-Rich; MN Bates; HM Goedé Hertz-Picciotto; HM Duggan; R Wood; MJ Kosnett
MT Smith, Environmental health perspectivd§92, 97,259-267.

[11] A Tuinhof, World Bank Technical Repo, 98-165.

[12] TK Dey; P Banerjee; M Bakshi; A Kar; S Gho#ffiternational Letters of Natural Scien¢2814, 8(1), 45-58.
[13] S Lin; Q Shi; FB Nix; M Styblo; MA Beck; KM H#bin-Davis; LL Hall; JB Simeonsson; DJ Thomdeurnal
of Biological Chemistry2002, 277(13), 10795-10803.

[14] PP Simeonova, Ml LUSTERIournal of environmental pathology, toxicology amtology 2000, 19(3), 281-
286.

[15] L Vega; M Styblo; R Patterson; W Cullen; C WjaD Germolecloxicology and Applied Pharmacolqd001,
172(3), 225-232.

[16] VD Martinez; EA Vucic; DD Becker-Santos; L GWL Lam, Journal of toxicology2011, 2011.

[17] RN RatnaikePostgraduate medical journa2003, 79(933), 391-396.

[18] JP Campbell; JA AlvareAmerican family physicigri989, 40(6), 93-98.

[19] G Sun; X Li; J Pi; Y Sun; B Li; Y Jin; Y XuJournal of Health, Population and Nutritip2006, 24(2), 176-
181.

[20] P Bhattacharya; AC Samal; J Majumdar; SC $amorld J AgricSci2009, 5(4), 425-431.

[21] BK Datta; A Mishra; A Singh; TK Sar; S Sarkdt;Bhatacharya; AK Chakraborty; TK Mand&gcience of the
total environment2010, 409(2), 284-288.

[22] S Das; J Chowdhury; L Ghoshdbgurnal of Pakistan Association of Dermatologig14, 24(4), 286-291.
[23] IM McArthur; P Ravenscroft; S Safiulla; MF Tlmall, Water Resources Resear@001, 37(1), 109-117.

[24] JC Ng; J Wang; A Shrainghemosphere2003, 52(9), 1353-1359.

[25] OS Thirunavukkarasu; T Viraraghavan; KS Sulaaian; S TanjoréJrban water 2002, 4(4), 415-421.

[26] OS Thirunavukkarasu; T Viraraghavan; KS Sulaarmn,Water, air, and soil pollutio2003, 142(1-4), 95-
111.

[27] TS Choong; TG Chuabh; Y Robiah; FG Koay; | AZbéesalination 2007, 217(1), 139-166.

[28] JR Parga; DL Cocke; JL Valenzuela; JA Gomes;Kesmez; G Irwin; H Moreno; M Weir, Journalf
Hazardous Materials2005, 124(1), 247-254.

245



