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Chapter - 1

INTRODUCTION
1.1. General
Safe drinking water is essential to humans and other life form even though it provides no
calories or organic nutrients. Access to safe drinking water has improved over the last
decades in almost every part of the world, but approximately one billion people still lack
access to safe water. However, some observers have estimated that by 2025 more than
half of the world population will be facing water-based vulnerability. A report issued in
2009 suggests that, by 2030 in some developing regions of the world, water demand will
exceed supply by 50%. Water is a vital fluid and universal solvent.
Since pure water is a regulator of all body‟s functions, it is equated with life.It is the
main source of energy transport for every single cell in the body, conducting electrical
and magnetic energy that supplies power to life.The water may be contaminated by
natural sources or by industrial effluents.One such contaminant is Arsenic. Arsenic is one
of the most toxic metal ions and poses serious health risk in India as well as other
countries of the world. Arsenic exists in -3, 0,+3 and +5 oxidation states. The most
inorganic species are Arsenate As (V) and Arsenite(III).
The presence of Arsenic in water, especially in ground water, has become a
worldwide problem in the past decades. Arsenic contamination of ground water is a form
of ground water pollution which is often due to naturally occurring high concentrations of
arsenic in deeper levels of ground water. It is a high profile problem due to the use of
deep tube-well for water supply. Arsenic is introduced into the soil and ground water
during weathering of rocks and subsequent leaching and runoff. It can also be introduced
into soil and ground water from anthropogenic sources.[1]
Chronic arsenic exposure is linked to irritation of the digestive tract, nausea, vomiting,
and diarrhoea. Characteristic skin abnormalities attributed to chronic arsenic consumption
is the appearance of dark or light spots on the skin and small corns on the palm, sole and
trunk. Furthermore, chronic arsenic consumption has been linked to increased risk of
cancers of the lung, kidneys and liver.[2]

1.2. Removal of Arsenic
A number of treatment processes for removal of arsenic from ground water are available
to meet the lower arsenic standard, such as coagulation/precipitation, membrane filtration,
ion exchange, adsorption, reverse osmosis and nanofiltration.
The chemical cost in precipitation process are usually lower compared to adsorption
process. However, precipitation and separationprocess requires much higher investment
compared to adsorption system.
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The drawback in ion exchange process is that it is quite complicated with regeneration
equipment and therefore it requires more operational personnel compared to adsorption
processes.
Reverse osmosis and nanofiltration equipment are also quite expensive. These are not
widely used for arsenic removal application, because there are many less expensive
techniques available. But these must be given scope due to their high efficiencies.
In Karnataka, high Arsenic content in ground water is found in many villages of
Raichur and Yadgiri district. A ground water study by UNICEF, Rural Development and
Panchayat Raj Department, for the first time detected Arsenic contamination in South
India. Vandali village in Raichur District has been detected with High levels of Arsenic in
village well, a carcinogen, had about 25 times more arsenic than the permissible level.[3]
In the present work an attempt is made to remove Arsenic from ground water using
adsorption technique.

1.3. Objectives of the proposed study
1. To analyse the water sample collected from Vandali village of Raichur District
for Arsenic content
2. To synthesize Zerovalent Iron Nanoparticles(INP) in the Laboratory
3. To treat the Arsenic affected water sample with prepared INP at varying dosages
of INP and pH
4. To know the efficiency of prepared INP at various dosages and pH in Arsenic
Removal
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Chapter - 2

ARSENIC
2.1.Arsenicin Environment
Water and land-living plants and animals show a wide range of sensitivities to different
chemical forms of arsenic. In general, inorganic forms of arsenic are more toxic to the
environment than organic forms and among inorganic forms, arsenite is more toxic than
arsenate. This is probably because the way in which the various forms are taken up into
the body differs and once taken up, they act in different way in the body. Arsenate, on the
other hand, affects the key energy producing process that takes place in all cells.
Concentrations of arsenic in open ocean sea water are typically low (1-2µg/litre). Arsenic
levels in ground water average about 1-2µg/litre except in areas with volcanic rock and
sulphide mineral deposits where arsenic levels can range up to 3mg/litre.
Arsenic is present in more than 200 mineral species, the most common of which is
Arsenopyrite. It has been estimated that about 1/3rd of the atmospheric flux of arsenic is of
natural origin. Inorganic arsenic of geological origin is found in ground water used as
drinking water in several parts of the world.
Arsenic is introduced into water through the dissolution of rocks, minerals and ore.
Contributed as by-product of smelting ores and used in other industries. Ground waters
are often found to contain arsenic in specific areas such as West Bengal-Bangladesh belt
and are recently discovered in several parts of South India.[4]

2.2.

Chemistry Of Arsenic

Arsenic is situated in 33rd spot on the periodic table. Arsenic laid a major role in the
bronze age, as it was added to bronze as a strengthener. Arsenic reacts well with
halogens exceptions of astatine.

Reaction of arsenic with water:
Pure arsenic is insoluble in water; however, many arsenic compounds dissolve easily in
water. Arsenic in the form of arsenic trisulphide and arsenic acid are examples of arsenic
compounds that have formed their ways into water supplies.


Reaction of arsenic trisulphide with water to form hydrogen sulphide and
arsenious acid:
As2S3(s) + 6H2O(l)3H2S(g) +2H3AsO3(aq)[5]

2.3.

Drinking Water Quality Standards With Reference To
Arsenic
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Potable water must be free of anything that would degrade human health. Also, it should
not damage the materials used in its transportation and storage. Portable water must be
suitable for maintaining human health (personal hygiene, medical treatment, and field
feeding).
Water quality standards give a basis for selecting or rejecting water intended for human
activity. These standards provide minimum accepted values for safeguarding human
health.[6]
Table 2.1 Drinking water standards prescribed by various authorities

2.4.

Sl. No.

Authority

Permissible limits
(mg/L)

1

MCL, EPA

10 ppb

2

WHO

0.01

3

BIS

0.01

Effects of arsenic

Arsenic when consumed in excess (more than 10 ppb or 0.01mg/L) can cause several
health problems.Arsenic effects a broad range of organs and systems including






Skin
Nervous System
Respiratory System
Cardiovascular System
Liver,Kidney,Bladder and prostrate

2.4.1. Arsenicosis
Arsenicosis,or arsenic poisoning,results from entry of large amounts of arsenic in the
body. This cumulative build-up of toxins causes serious health problems over the long
run.
Eventually, Arsenicosis leads to cancers of the liver, skin, lymphatic system, lungs and
urinary tract.
More than 137 million people in 70 countries are currently suffering from
arsenicosis, and a report recently predicted that in the next decade in Bangladesh alone,
“One out of every ten adult deaths” will be a result of arsenicosis.[7]
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Fig 2.1 Arsenicosis

2.4.2. Cardiovascular Effects
Both acute and chronic exposure to high levels of arsenic may result in a wide range of
cardiovascular effects. Acute arsenic poisoning may cause both diffuse capillary leakage
and cardiomyopathy, resulting in shock.
Arsenic ingestion from contaminated water has been reported to cause outbreaks of
cardiomyopathy.
Other reportsof arsenic poisoning have resulted in peripheral vascular disease, rather than
congestive heart failure.
Gangrene of the extremities, known as “blackfoot disease”, has been reported with
drinking arsenic contaminated well water.[7]
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Table 2.2 Cardiovascular effects

2.4.3. Neurologic Effects
In studies that support an association, arsenic-exposed patients may develop destruction
of axonal cylinders, leading to peripheral neuropathy.
Arsenic may cause encephalopathy at acute high doses (>2mg As /kg /day).
Sensory effects, particularly painful dysesthesia, occur earlier and may predominate
in moderate poisoning, whereas ascending weakness and paralysis may evident in more
severe poisoning.[7]

Fig 2.2 Neurological effects

2.4.4. Dermal Effects
Pigment changes palmoplantar hyper keratosis are characteristic of chronic arsenic
exposure.
Benign arsenical keratosis may progress to malignancy.
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Delayed effects of acute or chronic exposure may be seen as Mee‟s lines in nails.
Mee‟s lines are horizontal lines in the nails of digits.
In most cases, arsenical keratosis show little cellular atypia and may remain
morphologically benign for decades.[7]

Fig 2.3 Dermal effects

2.4.5. Respiratory Effects
Inhalation of high concentrations of arsenic compounds produces irritations of the
respiratory mucosa.
Smelter workers experiencing prolonged exposures to high concentrations of airborne
arsenic at levels rarely found today had inflammatory and erosive lesions of the
respiratory mucosa, including nasal septum perforation.
Lung cancer has been associated with chronic arsenic exposure in smelter workers and
pesticide workers.[7]

Fig 2.4 Respiratory methods
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Chapter- 3

STUDY AREA
In this chapter the location, geographical features, main crops, population, rainfall and
climates are discussed.

3.1. About Raichur
RAICHUR district is known as – Rice Bowl of INDIA situated in the eastern parts of
KARNATAK covering five taluks i.e. Devadurga, Lingasugru, Manvi, Raichur,
Sindhanur. Ranks first in Mosambi (sweet lime) production, has established market for
the cotton industry. Raichur district has the only gold manufacturing unit and is one of the
nation‟s most efficient thermal power plant. Raichur district popularly known as Do-Aab
lie between two important rivers of Karnataka State, Krishna (North side) and
Tungabhadra (South side).Raichur is famous for its produce of rice, oilseeds and cotton.

3.2. Geographical Features, Location, Main Crops, Population,
RainfallAnd Climate
Raichur district is bounded by the Krishna River on the north and theTungabhadra River
on the south. The wedge of land between the rivers is known as theRaichur Doab, after
the city of Raichur. Bijapur and Gulbarga districts lie to thenorthacross the Krishna River.
Bagalkot and Koppal districts lie to the west. Across theTungabhadra lies Bellary District
of Karnataka to the southwest and MahabubnagarofTelangana to the southeast. [11]
Kurnool District of Andhra Pradesh state lies to the east, andincludes the lower portion of
the Raichur -584 102 .Geographical 15 ̊ 09 ' to 16 ̊ 34„ Northlatitude location 75 ̊ 46 ‗ to
77 ̊ 35 ' East longitude Temperature 45 ̊ C (Max.) 18 ̊ C(Min.)
Average Rainfall 681 mm Rivers Tungabhadra, Krishna Area 8,441sq km DistrictRaichur
headquarter Population 1,924,773 (As per 2011 census) Population 228 per sqkm density
Sex ratio 992 per 1000 male Literacy rate 60.46% Airport HyderabadInternational Airport
Major Industrial 4 Industrial Estates & 4 Industrial AreasInfrastructure. [11]
Raichur district lies between 15 deg. 09 min. and 16 deg. 34 min. N latitude and 75 deg.
46 min. And 77 deg. 35 min E longitude and in between two major rivers, namely, the
Krishna and the Tungabhadra. The general slope of the district is from the northwesttowards the south-east, its average height above the Mean Sea-Level being just
1,311feet.
The district is bounded on the north by the district of Gulbarga, on the west by thedistricts
of Bijapur and Dharwar, on the east by the district of Mahboobnagar of AndhraPradesh,
and on the south by the districts of Kurnool, also of Andhra Pradesh andBellary. The two
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rivers, the Krishna and the Tungabhadra, form the entire northern andsouthern boundaries
of the district.
The region around Lingasugur,gets the least amount of rainfall in the district
whiletowards the south as well as the east, rainfall increases. During the south-west
monsoonmonths, viz., June to September, the district received about 71% of the annual
rainfall,September being the month with the highest rainfall. In the post-monsoon months
ofOctober and November also, the district receives some rain. [11]
The variations in the annualrainfall from year to year are large as is the case in the
neighbouring districts.The district on the whole has a dry climate, the period from
November to Maybeing the driest part of the year. Even during the south-west monsoon
period, thehumidityare not very high.
Generally Rain is observed between June to December. The rainfall inthe district occurs
from South- West monsoon extends from June to September and ranges from 998.2 to
594.30 mm. An average of 59 rainy days registered during1901 to1970, with the rainfall
contribution of about 64.9% from South-West monsoon and byNorth-East monsoon
35.1%. The yearly normal rainfall of 772 mm recorded during 1971-2000 and is about
600 mm in the NE region of the dist.[11]
Table 3.1 Geological features, location, main crops, population, rainfall and climate
Lingasugur

Devadurga

Manvi

Geography

16.17ᵒN 76.52ᵒ E(12)

16.433ᵒN 76.917ᵒE(16)

15.983ᵒ N 77.05ᵒ E(20)

Main crops

Rice,Ragi,Jowar,
Maize,
Pulses,Oilseeds,
Cashews, Coconut,
Arecanut,CardamomChillies,
Cotton,
Sugarcane,Tobacco.[13]

Rice,Ragi,Jowar,Maize,
Pulses,Oilseeds,Cashews,
Coconut,Arecanut,
Cardamom,Chillies,Cotton,Suga
rcane,
Tobacco.[17]

Rice,Ragi,Jowar,Maize,
Pulses,Oilseeds,
Cashews,
Coconut,Arecanut,Cardamom,
Chillies,Cotton,Sugarcane,Tob
acco.[21]

Total- 35,411
Population
(as per 2011 (Males 17,707 Females17,704 Children- 4,905)
census)
Literacy rate- 76.10% (Male83.97%
Female68.30%)(14)

Total- 28,929 (Males-14,626
Females-14,303
Children4,572)
Literacy rate-69.49%
(Male-77.72%
Female61.14%)[18]

Total- 46,465
(Males-23,261 Females-23,204
Children-6171)
Literacy rate-67.62%
(Male-75.18%
Female60.10%)[22]

Rainfall

597mm per annum[15]

639mm per annum[19]

632mm per annum[23]

Climate

26.7ᵒ C per annum[15]

27.6ᵒ C per annum[19]

27.5ᵒ C per annum[23]

3.3.Urge for arsenic free water
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Hundreds of people across 44 villages in Raichur and 19 villages in Yadgir are drinking
water contaminated by the deadly toxic chemical, Arsenic.
However, in the absence of alternative source of water, people in these villages are forced
to use the polluted water with arsenic content above the safe limit of 0.05 ppm.
Ooty, a village n Devadurgataluk, Raichur District, has two open wells and three
borewells. Except one borewelldirlled a year ago, the others have an arsenic content of
0.086 ppm. And, the one safe borewell is not sufficient to cater to all the people.
At Vandali in Devadurgataluk, Raichur district, all five borewell have arsenc content as
high as 0.273 ppm.
At Nilogal in Lingasugur taluk of Raichur district, five of the six borewell have
arsenic content to the extent of few ppm. People are forced to drink the contaminated
water as one bore wells not sufficient to again cater to all people.
Piped water supplies to the villages too is contaminated by arsenic. Borewells of
Pamanakallur village in Manvitaluk have arsenic to the extent of 0.099 ppm.
Arsenic –free water is sold to people at Rs.2 a can of 10 litres. Around 76 households
among 500 buy this, while the rest make do with arsenic-contaminated water.
Arsenic s a chemical found deep inside the earth. It is usually found in the areas with
gold deposits. Ground water deep inside the earth is prone to be contaminated with
arsenic. [10]
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Fig 3.1 Area affected with Arsenic

Fig 3.2 Raichur District Key Map

(Arsenic affected areas)

Chapter - 4
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LITERATURE REVIEW
4.1.Removal of Arsenic by Various Methods
Several methods have been used from time to time for removing excess arsenic. These methods
can be classified into four categories based on the principle of arsenic removal.
1.
2.
3.
4.

Adsorption methods
Membrane methods
Oxidation methods
Ion exchange methods

4.1.1. Adsorption Methods
Adsorption methods have been successfully applied to the high efficiency removal of
arsenic from ground water. Adsorptive media that have been most widely used are
activated alumina, ion exchange resin, elemental iron or iron compounds etc. In some
cases more than one of the media mentioned above are used together in order to maximise
the adsorption of arsenic compounds. Prefiltration of the contaminated water is required
in order to remove particulate matter that can deactivate the adsorption media and / or
physically plug the adsorption bed.[8]

4.1.2. Membrane Methods
Membrane methods like reverse osmosis, nanofiltration, and electro dialysis are capable
of removing all kinds of dissolved solids including arsenic from water. In this process
water is allowed to pass through special filter media which physically retain the
impurities in water. The water, for treatment by membrane techniques, shall be free from
suspended solids and arsenic in water shall be in pentavalent or trivalent form. Most
membranes, however, cannot withstand oxidising agents. [8]

4.1.3. Oxidation Methods
Most treatment methods are effective in removing arsenic in pentavalent form and hence
include an oxidation step as pretreatment to convert arsenite to arsenate. Arsenite can be
oxidised by oxygen,ozone, free chlorine, hypochlorite, permanganate, hydrogen peroxide
and fulton‟s reagent but Atmospheric oxygen, hypo chloride and permanganate are
commonly used for oxidation in developing countries:




H3AsO3 + 1/2O2= H2AsO4- + 2H+
H3AsO3 + HClO = HAsO4-- +Cl-+3H+
3H3AsO3 + 2KMnO4 = 3AsO4-- + 2MnO2+ + 2K+ + 4H+ + H2O

Air oxidation of arsenic is very slow and can take weeks for oxidation but chemicals like
chlorine and permanganate rapidly oxidize arsenite to arsenate under wide range of
conditions.[9]
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4.1.4. Ion Exchange Method
The process is normally used for the removal of specific undesirable cations and anions
from water. Here the medium used is a synthetic resin of more well defined ion exchange
capacity and the resin becomes exhausted, it needs to be regenerated. The arsenic
exchange and regeneration equations with common salt solutions as regeneration agent
are as follows:


Arsenic exchange
2R-Cl



+

HAsO4 -- = R2HAsO4 +2Cl-

Regeneration
R2HAsO4 + 2N+ + 2Cl- = 2R-Cl + HAsO4-- +2Na+
Where R stands for ion exchange resin.

The arsenic removal capacity depends on sulphate and nitrates contents of raw water as
sulphate and nitrate are exchanged before arsenic. The ion exchange process is less
dependent on pH of water.The efficiency of ion exchange process is radically improved
by pre-oxidation of As(III) to As(V) but the excess of oxidation often needs to be
removed before the ion exchange in order to avoid the damage of sensitive resins.[9]
Table 4.1.Difference between various methods

Methods
Oxidation and sedimentation: air
oxidation, chemical oxidation

Membrane
techniques:
nanofiltraton, reverse osmosis

Ion exchange techniques:
Ion exchange resin, other sorbents

Adsorption Techniques:

Advantages
1) Relatively simple, low cost,
but slow process(air)
2) Relatively simple and rapid
process(chemical)
3) Oxidizes other impurities and
kills microbes
1) Well-defined
and
high
removal efficiency
2) No toxic solid wastes
produced
3) Capable
of
removal
contaminants
1) Relatively well known and
Commercially available
2) Well- defined technique
3) Many possibilities and scope
for development
1) No daily sludge problem
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Disadvantages
1) Process removes only
some of the arsenic
2) Used as pretreatment for
other process

1) High capital and running
costs
2) High-tech operation and
maintenance
3) Arsenic-rich
rejected
water is produced
1) Produces arsenic- rich
liquid and solid wastes
2) Relatively high cost
3) High tech operation and
maintenance
1) Requires monitoring break
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Nano Particles as Adsorption

throughout the periodical
regeneration

4.2. Adsorption
Adsorption is the adhesion of atoms, ions, or molecules from a gas, liquid, or dissolved
solid to a surface. Theprocess creates a film of the adsorbate on the surface of the
adsorbent. This process differs from absorption, in which a fluid (the adsorbate) is
dissolved by or permeates a liquid or solid (the absorbent).Adsorption is a surface-based
process while absorption involves the whole volume of the material. The term sorption
encompasses both processes, while desorption is the reverse of it. Adsorption is a surface
phenomenon.

4.3. Studies On Arsenic Removal
4.3.1. Removal of Arsenic (III) from Contaminated Water by Synthetic
Nano Size Zerovalent Iron (A. R. Rahmani, H. R. Ghaffari, and M.
T. Samadi)World Academy of Science, Engineering and Technology
International Journal of Environmental, Chemical, Ecological,
Geological and Geophysical Engineering Vol:4, No:2, 2010 [24]
The present work was conducted for Arsenic (III)removal, which one of the most
poisonous groundwater pollutants, by synthetic nano size zerovalent iron (nZVI). Batch
experiments were performed to investigate the influence of As (III), nZVI concentration,
pH of solution and contact time on the efficiency of As (III) removal. nZVI was
synthesized by reduction of ferric chloride by sodium borohydrid. SEM and XRD were
used to determine particle size and characterization of produced nanoparticles. Up to
99.9% removal efficiency for arsenic (III) was obtained by nZVI dosage of 1 g/L at time
equal to 10 min. and pH=7. It could be concluded that the removal efficiency were
enhanced with increasing of ZVI dosage and reaction time, but decreased with increasing
of arsenic concentration and pH for nano sized ZVI. nZVI presented an outstanding
ability to remove As (III) due to not only a high surface area and low particle size but also
to high inherent activity.

4.3.2. Nanoparticle zerovalent iron effects on Arsenic(V) removal
(H.KoohpayehzadehEsfahaania*, A. Torabiana, T. Yazdanparastca,
Department of Environment Engineering, Tehran University Tehran,
Iran, Department of Environment Engineering, Tehran University ,
Tehran, Iran, Department of Fisheries and Environmental, University
of Science and Technology , Tehran, Iran Proceedings of the 4th
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International Conference on Nanostructures (ICNS4) 12-14 March,
2012, Kish Island, I.R. Iran) [25]
Arsenic is one of the most toxic Elements presents in the groundwater and surface water,
that threat human and other animals‟ health. Arsenic removal has done with different
kinds of methods. In this test has investigated arsenic removal from drinking water with
nanoparticle zerovalent iron (NZVI) down to standard limit (0.01 mg/lit). In this
experience arsenic mixed with NZVI in ultrasonic then separates from water with
VATMAN paper 0.45 μm. Then survived arsenic in the water measured with ICP device
with As>0.01mg/lit measurement. In this article effect of mixed time, pH, NZVI dose and
arsenic dose has investigated. After many tests 1mg arsenic can be removed 100% with
0.05g NZVI in 8min. pH and time mixing change investigated in this article. Arsenic has
removed 100% in high range of pH from 5 to 10. Ions chloride, sulphate and chromium
don‟t have influence in arsenic removal level instead of present carbonate, bicarbonate
and phosphate ions.

4.3.3. Removal of Arsenic from Aqueous Solutions Using Nanoscale Iron
Particles (Ching Yuan and Hsing-Lung Lien, Department of Cvl
and Environmental Engineering University of Kaohsiung,
Taiwan)[26]
Removal of As(V) using nanoscale iron particles was examined in batch reactors.
Nanoscale iron particles, utilizing zerovalent iron with a diameter less than 100 nm as
reactive materials, have been demonstrated to effectively remediate a wide variety of
common environmental contaminants. In this study, characterization of nanoscale iron
particles and their corrosion products was conducted using SEM-EDX, XRD, BET
surface area analyzer and Laser Zee Meter. SEM-EDX results indicated adsorption of
arsenic onto the iron surface, and XRD analysis found the formation of iron corrosion
products including lepidocrocite, magnetite and/or maghemite at a reaction period of 7 d.
Measurements of zeta potential revealed that the nanoscale iron particles have a zero
point of charge at pH 4.4. Increasing adsorption amounts of arsenic with decreasing pH
can therefore be attributed to the positive surface charge of the particles at lower pH. The
maximum adsorption capacity of nanoscale iron particles determined by the Langmuir
equation was about 38.2 mg/g. Normalization of the adsorption capacity to specific
surface areas provides insight into the importance of iron types and the contact time of
reactions in influencing arsenic uptake.
4.3.4.

Arsenic (V) removal from groundwater using nanoscale
Zerovalent Iron as a colloidal reactive barrier (Sushil Raj Kanel, Jean
Mark Greneche and Heechul Choi, Department of Environmental Science and
Engineering, Gwangiu Institute of Science and Technology, France) [27]

The removal of As(V), one of the most poisonous groundwater pollutants, by synthetic
nanoscale zerovalent iron (NZVI) was studied. Batch experiments were performed to
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investigate the influence of pH, adsorption kinetics, sorption mechanism, and anionic
effects. Field emission scanning electron microscopy (FE-SEM), high resolution
transmission electron microscopy (HR-TEM), X-ray diffraction (XRD), X-ray
photoelectron spectroscopy (XPS), and Mo¨ssbauer spectroscopy were used to
characterize the particle size, surface morphology, and corrosion layer formation on
pristine NZVI and As(V)-treated NZVI. The HR-TEM study of pristine NZVI showed a
coreshell-like structure, where more than 90% of the nanoparticles were under 30 nm in
diameter. Mo¨ssbauer spectroscopy further confirmed its structure in which 19% were in
zero-valent state with a coat of 81% iron oxides. The XRD results showed that As(V)treated NZVI was gradually converted into magnetite/maghemite corrosion products over
90 days. The XPS study confirmed that 25% As(V) was reduced to As(III) by NZVI after
90 days. As(V) adsorption kinetics were rapid and occurred within minutes following a
pseudo-first-order rate expression with observed reaction rate constants (kobs) of 0.020.71 min-1 at various NZVI concentrations. Laser light scattering analysis confirmed that
NZVI-As(V) forms an inner-sphere surface complexation. The effects of competing
anions revealed that HCO3-, H4-, SiO40, and H2PO42-are potential interfering agents in
the As(V) adsorption reaction. Our results suggest that NZVI is a suitable candidate for
As(V) remediation.

4.3.5. Removal of Arsenic(III) from Groundwater by Nanoscale ZeroValent Iron (Sushil Raj Kanel, Brucemanning, Laurentcharlet,
andHeechulchoi, Department of Environmental Science and Engineering,Gwangju
Institute of Science and Technology (GIST),1 Oryong-dong, Buk-gu, Gwangju
500-712, Korea,Department of Chemistry and Biochemistry,San Francisco State
University, 1600 Holloway Avenue,San Francisco, California 94132, and
EnvironmentalGeochemistry Group, LGIT, University of Grenoble I/CNRS,BP
53, F-38041 Grenoble Cedex, France) [28]
Nanoscale zero-valent iron (NZVI) was synthesized and tested for the removal of As(III),
which is a highly toxic, mobile, and predominant arsenic species in anoxic groundwater.
We used SEM-EDX, AFM, and XRD to characterize particle size, surface morphology,
and corrosion layers formed on pristine NZVI and As(III)-treated NZVI. AFM results
showed that particle size ranged from 1 to 120 nm. XRD and SEM results revealed that
NZVI gradually converted to magnetite/maghemite corrosion products mixed with
lepidocrocite over 60 d. Arsenic(III) adsorption kinetics were rapid and occurred on a
scale of minutes following a pseudo-first-order rate expression with observed reaction
rate constants (kobs) of 0.07-1.3 min-1 (at varied NZVI concentration). These values are
about 1000_higher than kobs literature values for As(III) adsorption on micron size ZVI.
Batch experiments were performed to determine the feasibility of NZVI as an adsorbent
for As (III) treatment in groundwater as affected by initial As (III) concentration and pH
(pH 3-12). The maximum As (III) adsorption capacity in batch experiments calculated by
Freundlich adsorption isotherm was 3.5 mg of As(III)/g of NZVI. Laser light scattering
(electrophoretic mobility measurement) confirmed NZVI-As(III) inner-sphere surface
complexation. The effects of competing anions showed HCO3-, H4SiO40 and H2PO42Department of Civil Engineering, BEC, Bagalkot
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are potential interferences in the As(III) adsorption reaction. Our results suggest that
NZVI is a suitable candidate for both in-situ and ex-situ groundwater treatment due to its
high reactivity.

4.3.6. Spectrophotometric Determination of Trace Amounts of Arsenic
In Sediment, Flyash and Water Samples (V.Kavitha1 and
K.Palanivelu, Department of Chemistry, Sathyabama University,
Chennai-119, Tamil Nadu, India. Centre for Environmental Studies,
Anna University, Chennai-25, Tamil Nadu, India. International
Journal of ChemTech Research CODEN (USA): IJCRGG ISSN:
0974-4290 Vol.7, No.5, pp 2333-2340, 2014-2015) [29]
A simple, rapid, cost-effective spectrophotometric method is developed to determine
arsenic in ppm levels. The present study is based on the reaction of arsenate with acidified
molybdate and vanadate to form a molybdovanadoarsenate complex. The heteropoly acid
complex formed interacts with cationic dye, Rhodamine B resulting in pinkcoloured ionpair complex whose absorbance is measured at 590 nm. The colour developed is
instantaneous and is stabilized with polyvinyl alcohol. Beer‟s law is obeyed up to 0-0.24
μgmL-1. The molar absorptivity, Sandell‟s sensitivity, detection limit and limit of
quantification (LOQ) are 1.653 × 105 L mol-1cm-1, 4.532 × 10-4 μgcm-2, 0.00916 μg
mL-1 and 0.02785 μgmL-1 respectively. The composition of ion-pair complex formed is
found to be arsenic: molybdenum: vanadium: Rhodamine B is 1:11:1:4 by mole-ratio
method. The proposed method is highly sensitive for arsenic with phosphate alone
interferes which is eliminated by reducing arsenate to arsine. The method is useful in
determining arsenic at low concentrations in sediment, fly ash and water samples.

4.3.7. Application of Iron Based Nanoparticles as Adsorbents for
Arsenic Removal from Water (AgostinaChiavola*a, Emilio
D‟Amatoa, Marco Stollerb, Angelo Chianeseb, Maria Rosaria Bonia,
Department of Civil Building and Environmental Engineering,
Sapienza University of Rome, Via Eudossiana, 18, Rome 00184, Italy,
Department of Chemical Materials Environmental Engineering,
Sapienza University of Rome, Via Eudossiana, 18, Rome, 00184,
Italy, Vol. 47, 2016) [30]
Arsenic contaminations of groundwater in several parts of the world are the results of
natural and/or anthropogenic sources, and have a large impact on human health. Millions
of people rely on groundwater for drinking water supply; therefore, contamination of
these sources represents a strong limitation to their civil and urban development. Due to
the toxicity and potential carcinogen effect, in 2001 the World Health Organization has
reduced the maximum allowable concentration of arsenic in drinking water to 10 g/L.
Department of Civil Engineering, BEC, Bagalkot
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This new limit has been then adopted by numerous countries, such as Italy. Among the
methods used to reduce arsenic concentration, the adsorption process has often proved to
be the most suitable in the case of drinking water sources. Adsorption efficiency strongly
depends on the type of adsorbents. In the case of arsenic contaminated groundwater, a
number of media have been tested so far (alumina, iron-based), some of which providing
good removal. However, there is still an high interest in new media capable of providing
better performances, i.e. longer duration of the column plants where the adsorption
process is usually implemented at the full-scale. Recently there has been increasing
interest on the application of nanoparticles and nanostructured materials as efficient and
viable alternatives to conventional adsorbents in the removal of metals from water. Due to
their small size, they possess a large surface area and a high surface area to volume ratio.
These characteristics improve the adsorption capacity of the nanoparticles and make them
potentially suitable for the application where higher removal efficiency are required. The
present work investigates the application of a new nano-adsorbent for arsenic removal
from water. The media was produced in laboratory and made by magnetite nanoparticles.
These iron-based nanoparticles, characterized by a very small size (9 nm), showed high
removal rate, providing a specific adsorption capacity at equilibrium of about 8.25 [mg
As/g ads]. Among the investigated models, the pseudo-second order best fitted the
experimental data of the kinetic tests. Comparisons made with the performance provided
by commercial adsorbents and other materials confirms the use of magnetite
nanoparticles for the removal of arsenic as a promising technique.

4.3.8. Arsenic Removal from Groundwater by Electrocoagulation
Process in a Filter-Press-Type FM01-LC Reactor(Omar J. Flores,
José L. Nava*, Gilberto CarreñoUniversidad de Guanajuato,
Departamento de IngenieríaGeomática e Hidráulica, Av. Juárez 77,
Zona Centro, C.P. 36000, Guanajuato, Guanajuato, México. Received:
29 May 2014 / Accepted: 11 August 2014 / Published: 25 August
2014) [31]
Treatment of groundwater containing arsenic by electrocoagulation (EC) has been studied
in a filterpresstype FM01LC reactor using 3 cell stack with aluminum as the
sacrificial anode. The influence of current density and mean linear flow velocity on the
As removal efficiency was analyzed. Groundwater was collected from deep well (320 m
deep) located in Guanajuato, Mexico (arsenic 50 g L-1, carbonates 40 mg L-1, hardness
80 mg L-1, pH 7.5 and conductivity 150 S cm-1). Prior to EC experiments arsenite
contained in groundwater was oxidized to arsenate by addition of 1 mg L–1 hypochlorite
typically used for disinfection. Arsenate removal by EC might involve adsorption on
aluminum hydroxides generated in the process. Arsenate depletion from 50 to 3.9 g L–1
was obtained at current density and mean linear flow velocity of 6 mA cm–2 and 1.8 cm
s–1, respectively, with energy consumption of 3.9 kWh m3. The convenience of using
the FM01-LC cell as a test reactor, which avoids oxygen evolution reaction during the
aluminumelectrodissolution, is also discussed.
Department of Civil Engineering, BEC, Bagalkot
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4.3.9. ANALYSIS
OF
ARSENIC
FROM
WATER
BY
SPECTROPHOTOMETRIC METHOD (Vu Van Tien, 1Dao Van
Bay, 1Dang Xuan Thu and 2*Tran Van Chung Faculty of Chemistry,
Hanoi National University of Education, 136 XuanThuy Street,
CauGiay District, Hanoi, Vietnam Department of Analysis, Institute of
Chemistry and Materials, Hanoi, Vietnam) [32]
Arsenic compounds are widely used, have been recognized as toxicants. The arsenic
contaminated drinking water Arsenic from water may be determined by many methods
such as atomic adsorption spectroscopy (AAS), Inductively coupled plasma atomic
emission spectroscopy (ICP-AES), electrochemistry and spectrophotometry with silver
diethyldithiocarbamate. This article presents a study on the arsenic determination from
water by spectrophotometric method based on molybdate reagent. This method poses
high sensitivity and selectivity but has not been studied in detail. The obtained results
have sugested the experimental optimum conditions for arsenic determination by
spectrophotometric method using molybdate reagent. The method consists of three steps
(i) arsinization of arsenic to producing AsH3, (ii) AgNO3, H2O2reagents oxidized AsH3
to producing As(V) and (iii) the reaction of As(V) with molybdate reagent to produce
molybdenum blue complex. The absorbance of molybdenum blue complex at the wave
length of λ = 878 nm has been used for arsenic determination. The LOD and LOQ of the
method are 2 and 7ppb respectively.

4.3.10.
Synthesis of Magnetite Nanoparticles for Arsenic Removal
from Ground Water Pond (KarthikRajendran*1, GopalSamy
Balakrishnan1, JegatheesanKalirajan, Department of Biotechnology,
St. Michael College of Engineering &TechnologyKalayarkoil,
Sivagangai – 630 551, Tamil Nadu, India. International Journal of
PharmTech Research CODEN (USA): IJPRIF, ISSN: 0974-4304
Vol.8, No.4, pp 670-677, 2015) [33]
Magnetite nanoparticles were synthesized by chemical co-precipitation technique from
FeCl2. The structure, morphology and magnetic properties of magnetite were
characterized by X-ray Diffraction (XRD), Scanning Electron Microscope (SEM) and
Vibrating Sample Magnetometer (VSM). The result of XRD spectral pattern with
characterization was indicated the presence of Magnetite nanoparticles. SEM micrograph
of the Magnetite nanoparticles showed in the nano range of size has average diameter
26.78 nm. Magnetic characteristic of Magnetite nanoparticles was indicated super
paramagnetic properties. The saturation magnetic was 90.01 emu g-1. Therefore, the
Magnetite nanoparticles are suitable to remove arsenic in the water by a simple magnetic
adsorption process. It was found that as the removal efficiency of Arsenic from ground
water by magnetite nanoparticles. The magnetite nanoparticles ores are effective in
Department of Civil Engineering, BEC, Bagalkot
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removing arsenic from ground water. Nearly 95 % of arsenic was adsorbed from water
using 4 g/L adsorbent dose at the optimum pH of 5.5. The results achieved in this
research valuable for future studies for the treatment of groundwater for the removal of
arsenic making the water safe for drinking purpose.ighest adsorption of 95% was
achieved.

4.3.11.
Emerging and Innovative Techniques for Arsenic Removal
Applied to a Small Water Supply Systems (Antonio A.L.S. Durate ,
Silivia J.A. Cardoso and Antonio J. Alcada ,Dept. of Civil
Engineering, University of Minho, Portugal, 11 December 2009) [34]
The impact of Arsenic on Human Health has lead its drinking water MCL to be
drastically reduced 50 to 10 ppb. This has resulted in technical and operational impacts on
many drinking water treatment plants that have required onerous upgrading to meet the
new standard.This work presents a case study that describes the development of low-cost
techniques for efficient arsenic control in drinking water. The results obtained at the
Manteigas WTP (Portugal) demonstrate the successful implementation of an effective and
flexible process of reactive filtration using iron oxide. At real-scale, very high removal
efficiencies of over 95% were obtained.

4.3.12.
Nanofiltration Membrane Process for the Removal of
Arsenic from Drinking water (M.T. Uddin, M.S.I. Mozumder, M.A.
Islam, A Journal on Chemical Engineering and Technology published
:27 August,2007)[35]
The removal of arsenic from drinking water by nanofiltration membranes was
investigated. Experiments were conducted with tap water to arsenate and arsenite were
added. Two types of nanofiltration membranes i.e., NF-90 and NF-200 had been tested.
The effects of various operating conditions, e.g., applied pressure, feed concentration,pH
and temperature were also investigated. The pH and Arsenic concentration in the feed and
the operating temperature are found to be decisive factors in determining arsenic
concentrations remaining in the permeate. The level of removal of As(v) was higher than
98% for both membranes, but that of As(III) was much lower. It can be concluded that
by controlling the operating parameters, source water containing As(V) may be recovered
as drinking water to EPA maximum contaminant level quality standards, but that water
containing As(III) must undergo a pre oxidation treatment before passing through a
nanofiltration membrane in order to maintain drinking water quality.

4.3.13.
Arsenic Removal from drinking water by Advanced
Filtration Processes (Antonio A.L.S.Durate ,University of Minho,
Braga, Sara L.C.Oliveria, Teresa Amorim) [36]
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All over the world the presence of arsenic in water sources for human consumption has
been raising great concern in terms in terms of public health since many epidemiologic
studies confirm the potential carcinogenic effect of arsenic. Membrane separation
processes are suitable for water treatment because they can provide an absolute barrier
for bacteria and viruses, besides removing turbidity and colour. This work presents a few
conclusions based on a laboratorial study performed to evaluate the efficiency of arsenic
removal using ultrafiltration, microfiltration and solar oxidation processes under different
experimental conditions for relevant parameters. The results showed removal efficiencies
higher than 90%.
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Chapter - 5

MATERIALSAND METHODS
In this Chapter method of water analysis, experimental setup and methodology adopted
for Arsenic removal is being discussed in detail.

5.1. Ground Water Quality Analysis:
Various water samples collected from Vandali were collected.The depth of the bore wells
were noted as our main concern was to treat arsenic effected ground water. The water
samples collected were subjected to chemical analysis. The analysis was carried out using
standard methods in laboratory.
Since, Arsenic contamination in ground water was our main concern. Initial
Arsenic content was determined by convenient methods and was treated with prepared
iron nanoparticles and the methodology involved the following process:

5.2. Analysis Of Initial Arsenic Concentration:
To obtain the initial arsenic concentration, the calibration graph of known concentration
of Arsenic solution versus the absorbance measured using colorimeter was drawn and the
absorbance of the water sample was noted which was later back traced to obtain
concentration.[39]]

5.2.1. Standard Calibration Graph:
Arsenic (III) stock solution was prepared (1 mg/L) by dissolving 0.1734g of NaASO2 in
100 mL of double distilled water. Working standard was prepared by appropriate serial
dilution.

Procedure:
1.
2.
3.
4.
5.

6.

Aliquots of sample solution containing 0.05– 0.3 mg/L of standard arsenic (III)
solution were transferred into a serial 10 mL calibrated flask.
Potassium Iodide few drops were added to convert Arsenic (V) to Arsenic (III) if
any present.
Followed by Potassium iodate (2%, 1mL) then hydrochloric acid ( 1M, 1mL) were
added.
The mixture was gently shaken until yellow colour appear indicating the liberation
of iodine.
This was followed by addition of Safranine O (0.02%, 0.5mL) and 2mL of sodium
acetate solution. The solution of was kept for 2 minutes and made up to the mark
with double distilled water.
The absorbance was measured in the range of 530-540 nm in the colorimeter
against the corresponding reagent black.
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Reagent blank was prepared by replacing the analyte (Arsenic) solution with
double distilled water.
8. The absorbance corresponding to the blank was set to 0, and then the absorbances
of the aliquots were obtained.
9. Then calibration graph was plotted with absorbance on y-axis and concentration
on x-axis.
10. All the above reagents were added to the water sample and the absorbances were
noted which gives the concetration of Arsenic in the water sample. [39]
7.

5.2.2. Determination of Arsenic in Contaminated Water Sample:
Ground water sample from the selected places were collected in polythene bottles,
which was filtered using whatman 41 filter paper.
2. And same procedure mentioned above is carried out to for the determination of
Arsenic concentration in the sample water.
3. The absorbance of the sample is obtained through the colorimetric ananlysis this is
traced to obtain the concentration of arsenic. [39]
1.

Fig 5.1: Standard Solution for Calibration graph
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Fig 5.2: Colour variation of sample and synthetic sample

5.3. Preparation Of Zero Valent Iron Nano Particles:
Iron Nanoparticles are prepared by Chemical process which is least expensive and can be
easily handled.
Iron nanoparticles were mainly choosen because of their large surface area high surface
reactivity, High affinity of iron to be bounded with arsenic, capability of removing
arsenic at any pH and invariant arsenic removal in presence of other competing ions.
There are two procedures for preparation of INP: Batch and Semi Batch procedures.
Semi batch procedure: It is the addition of Ferric Chloride drop wise to the
Sodium Borohydride. It results in smaller sized INP.
2. Batch Procedure: Addition of Ferric Chloride to Sodium Borohydride in the
reactive amount which results in biggers sized INP.
1.

Hence the Semi – Batch procedure is obtained in our analysis. [24, 25]

Procedure:
1.
2.

3.
4.

Nano sized particles were produced by reduction of ferric iron in the presence of
sodium borohydride.
These particles were prepared freshly by adding 0.16 M NaBH4 aqueous solution
drop wise to a 0.1 M FeCl3-6H2O aqueous solution at ambient temperature and
under atmospheric conditions.
Solids borohydride (NaBH4, 0.6053 g) solids were dissolved in 100mL of 0.1 M
NaOH solution (0.16 M NaBH4 in 0.1 M NaOH solution)
2.7030 g of FeCl3.6H2O was dissolved into 100 mL double distilled water (0.1 M
FeCl3.6H2O).

NaBH4 solution can be made either in water or NaOH solution, NaBH4 is unstable in
water and can quickly result in a loss of reduction power. [24, 25]
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Addition of the FeCl3(in pipette) to the NaBH4(in beaker on stirrer) solution in the
presence of vigorous magnetic stirring on the magnetic stirrer by using magnetic stirrer
bar 150-200 rpm resulted in the rapid formation of the black precipitates as the ferric iron
reduced to Fe0 and precipitated according to the following reaction:
2FeCl3 + 6NaBH4 + 18H2O  2Fe0(s) + 6B(OH)3 + 21H2 + 6NaCl [24]

Fig 5.3: Preparation of INP

Fig 5:4 Cooling Centrifuge

Storage of prepared sample:
The precipitate was separated from the supernatant by centrifuging technique at 5000 rpm
for 30 minutes and washed with double distilled water twice using same technique. The
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wet precipitate was spread on the petriplate and kept in the oven at 110o–150o for half an
hour. Then scratched with a hygienic new blade and stored in small vials at cold and dry
condition. [24]

5.4. FESEM Analysis:
The prepared INP are analysed for their size by FESEM (Field Emission Scanning
Electron Microscope) as this analysis is essential to predict the absorption efficiency. This
analysis was done in Shivaji University, Kolhapur.

Fig 5.5: Nano particles

5.5. Properties of Iron Nano Particles:
5.5.1. Physical Properties:
Nanodots or nanopowderarespherical high surface area metal structures. Average Particle
size of nanoscale Iron particles are typically 10-250 nm, we have obtained the nano
particles of size 45.12 nm which is well within the range. [40]
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Fig 5.5FESEM image of synthesized INP in Nano scale
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Fig 5.6FESEM image of synthesized INP in micro scale

5.5.2. Chemical Properties:
The reactivity of the nano particles is entirely due to surface area. A large quantity of
energy is stored in nano particles as surface free energy. Due to this property Iron Nano
particles can be beneficial in non-oxidizing environment.[40]
5.5.3. Magnetic Properties:
Iron Nano Particles are also known as magnetic nano particles. Nano particles that are
made of a ferro or ferro magnetic material, and below a certain size (generally 10-20 nm),
can exhibit a unique form of magnetism called superparamagnetism. Since this is an
important phenomena present only in Iron Nano Particles. [40]

5.6. Application:
The prepared Iron Nanoparticles where usedin the removal of Arsenic from ground water.
The Removal of Arsenic from ground water was carried out in the following manner:
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5.6.1. Treatment of water sample:
The whole set of below procedure was carried out keeping pH as a constant parameter
and varying mass of INP added and time parameters for both the water samples. pH
ranges from 4-10 (4, 5, 7, 10).
Procedure:
1.
2.
3.
4.
5.
6.

7.
8.

400 mL of sample was taken in a beaker then the pH of the sample was adjusted
to the fixed pH of 4 using acids/bases and buffers (HCl / NaOH)
This sample was equally divided in four beakers
The contact time was fixed to 15 minutes.
Fixed concentration of zero valent INP (0.1 g/L, 0.5 g/L, 1 g/L, 2 g/) were added
These samples were stirred at an rpm of 150-300 for 5-7 minutes
After the contact time of a small volume of the enough sample for Arsenic testing
was collected and subjected to colorimetric Arsenic analysis mentioned in the
above section
The absorbance was measured and the concentration of residual arsenic was
traced back in the calibration graph
The same procedure was carried out for other pH ranges i.e. 5, 7, 11 [24]

Fig 5.7 (a): Treatment at fixed pH and varying mass (pH4)
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Fig 5.7 (b): Treatment at fixed pH and varying mass (pH5)

Fig 5.7 (c): Treatment at fixed pH and varying mass (pH7)
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Fig 5.7(d): Treatment at fixed pH and varying mass (pH11)

Fig 5.8: Residue after treatment of sample with 10mg/L
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Chapter-6

RESULTS AND DISCUSSION
This chapter discusses the results of the study of water quality of the study area, Arsenic
removal by synthesized Iron Nano Particles and efficiency of the adopted process.

6.1. Standard Calibration Graph
Concentration In The Samples:

And

Initial

Arsenic

The graph is obtained by measuring the absorbance of the Arsenic samples of known
concentration (0.1, 0.5, 1.0, 2.5 g/L).
The concentration of the sample is taken along x-axis and the absorbance/optical density
is taken along y-axis.
Major numberof points that are co-linear are joined to obtained a straight line. This is
taken as a reference to find out the various other concentrations of Arsenic i.e.



Initial Arsenic concentration in the sample before treatment
Residual Arsenic present after treatment by varying mass of INP and pH
parameters keeping the contact time fixed.

The following table gives the concentration and corresponding OD are tabulated from the
colorimeter.
Table 6.1: Gives the Optical densities for various concentrations of the standard
prepared
Sl. No.

Concentration (mg/L)

Optical Density

1

Blank

0

2

0.05

0.08

3

0.1

0.14

4

0.15

0.24

5

0.20

0.3

6

0.25

0.42

7

0.30

0.48

8

Vandali sample = 0.2835(from the graph)

0.47
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Optical Density
Optical Density

0.6
0.5

y = 1.628x - 0.007

0.4
0.3
0.2

Optical Density

0.1
0
-0.1 0

0.1

0.2

0.3

0.4

Concentration (mg/L)

Fig 6.1: Graph that represents Concentration of the sample versus optical density
Gives the x co – ordinate for the corresponding optical density y co –
ordinate
To find the unknown concentration of the sample the absorbance of the sample was noted
and the concentration of Arsenic in the sample was obtained by the equation of the graph
that is y = 1.6286x -0.0071.

6.2. Residual Arsenic Content:
The sample was treated using Iron Nano Particle (INP), with constant contact time of 15
minutes. The mass of INP and pH were varied keeping one parameter constant at a time
and varying the other.
After the contact time the absorbance was tabulated. This absorbance corresponds to the
untreated Arsenic that is left out. The following table gives the absorbance of the samples
treated at varying mass of INP and pH.
Table 6.2: Residual Arsenic Content after treatment
Mass of INP
(g/L)

0.1

0.5

1.0

2.0

4

0.11

0.06

0.02

0.01

5

0.14

0.08

0.03

0.02

7

0.22

0.14

0.08

0.04

11

0.35

0.24

0.18

0.07

pH
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Table 6.3: The following table gives the Residual Arsenic Present in the sample after
treatment with varying mass of INP and pH parameters
Mass of INP

pH

Optical Density

Concentration
(mg/L)

0.1 (g/L)

4

0.11

0.0719

5

0.14

0.0903

7

0.22

0.1394

11

0.35

0.2192

4

0.06

0.0412

5

0.08

0.0534

7

0.14

0.0903

11

0.25

0.1578

4

0.02

0.0166

5

0.03

0.0227

7

0.08

0.0534

11

0.18

0.1148

4

0.01

0.0104

5

0.02

0.0166

7

0.04

0.0289

11

0.07

0.047

0.5 (g/L)

1.0 (g/L)

2.0 (g/L)
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6.2.1. Graphical Representation of the Table 6.3:
This graphical representation was carried out to know the effect of the two parameters on
the Arsenic concentration. It was done by two ways
1) Keeping the mass of INP added constant and varying the pH
2) pH is constant and Mass is varied
1) Constant Mass of INP:
In this part of our study the mass of Iron Nano Particle is kept Constant and the pH is
varied. For example fixing up the mass to be 0.1 g/L and plotting the graph for pH 4, 5, 7,
11 on the Optical Density curve.

Optical Density
0.6

mass of INP = 0.1 g/L

Optical Density

0.5
0.4
0.3
Optical Density

0.2
0.1
0
-0.1

0

0.1

0.2

0.3

0.4

Concentration (mg/L)

Fig 6.2: Shows the extent of treatment at 0.1 g/L of dosage of INP at various pH
Table 6.4: Concentration of Residual Arsenic at 0.1 g/L dosage and varying pH
pH

Y co-ordinate

X co-ordinate

pH 4

0.11

0.0719

pH 5

0.14

0.0903

pH 7

0.22

0.1394

pH 11

0.35

0.2192
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Optical Density

mass of INP = 0.5 g/L

0.6

Optical Density

0.5
0.4
0.3
Optical Density

0.2
0.1
0
-0.1

0

0.1

0.2

0.3

0.4

Concentration (mg/L)

Fig 6.3: Shows the extent of treatment at 0.5 g/L of dosage of INP at various pH
Table 6.5: Concentration of Residual Arsenic at pH 4 and varying mass of INP
pH

Y co-ordinate

X co-ordinate

pH 4

0.06

0.0412

pH 5

0.08

0.0534

pH 7

0.14

0.0903

pH 11

0.25

0.1578

Optical Density

mass of INP = 1.0 g/L

0.6

Optical Density

0.5
0.4
0.3
Optical Density

0.2
0.1
0
-0.1

0

0.1

0.2

0.3

0.4

Concentration (mg/L)

Fig 6.4: Shows the extent of treatment at 1 g/L of dosage of INP at various pH
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Table 6.6: Concentration of Residual Arsenic at pH 4 and varying mass of INP

pH

Y co-ordinate

X co-ordinate

pH 4

0.02

0.0166

pH 5

0.03

0.0227

pH 7

0.08

0.0534

pH 11

0.18

0.1148

Optical Density

mass of INP = 2.0 g/L

0.6

Optical Density

0.5
0.4
0.3
Optical Density

0.2
0.1
0
-0.1

0

0.1

0.2

0.3

0.4

Concentration (mg/L)

Fig 6.5: Shows the extent of treatment at 2 g/L of dosage of INP at various pH
Table 6.7: Concentration of Residual Arsenic at pH 4 and varying mass of INP
pH

Y co-ordinate

X co-ordinate

pH 4

0.01

0.0104

pH 5

0.02

0.0166

pH 7

0.04

0.0289

pH 11

0.07

0.047
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Optical Density

pH 4

0.6

Optical Density

0.5
0.4
0.3
Optical Density

0.2
0.1
0
-0.1

0

0.1

0.2

0.3

0.4

Concentration (mg/L)

Fig 6.6: Shows the extent of treatment at pH 4 and varying dosages
Table 6.8: Concentration of Residual Arsenic at pH 4 and varying mass of INP
Dosage g/L

Y co-ordinate

X co-ordinate

0.1

0.11

0.0719

0.5

0.06

0.0412

1

0.02

0.0166

2

0.01

0.0104

pH 5

Optical Density
0.6

Optical Density

0.5
0.4
0.3
Optical Density

0.2
0.1
0
-0.1

0

0.1

0.2

0.3

0.4

Concentration (mg/L)

Fig 6.7: Shows the extent of treatment at pH 5 and varying dosages
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Table 6.9:Concentration of Residual Arsenic at pH 5 and varying mass of INP
Dosage g/L

Y co-ordinate

X co-ordinate

0.1

0.14

0.0903

0.5

0.08

0.0534

1

0.03

0.0227

2

0.02

0.0166

Optical Density
pH 7

0.6

Optical Density

0.5
0.4
0.3
Optical Density

0.2
0.1
0
-0.1 0

0.1

0.2

0.3

0.4

Concentration (mg/L)

Fig 6.8: Shows the extent of treatment at pH 7 and varying dosages
Table 6.10: Concentration of Residual Arsenic at pH 7 and varying mass of INP
Dosage g/L

Y co-ordinate

X co-ordinate

0.1

0.22

0.1394

0.5

0.14

0.0903

1

0.08

0.0534

2

0.04

0.0289
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Optical Density

pH 11

0.6

Optical Density

0.5
0.4
0.3
Optical Density

0.2
0.1
0
-0.1 0

0.1

0.2

0.3

0.4

Concentration (mg/L)

Fig 6.9: Shows the extent of treatment at pH 11 and varying dosages
Table 6.11: Concentration of Residual Arsenic at pH 4 and varying mass of INP
Dosage g/L

Y co-ordinate

X co-ordinate

0.1

0.35

0.2192

0.5

0.25

0.1578

1

0.18

0.1148

2

0.07

0.047

6.3. Synthetic Sample Analysis:
Analysis of the synthetic sample was done in order to analyse the efficiency of the INP
with respect to the initial Arsenic concentration at varying pH and mass of INP added.
Thus determining the various test result and application of the effective and the most
efficient condition for the removal of arsenic.
Procedure:
The double distilled water was taken and the concentration was made up to 1mg/L and
10mg/l of Arsenic using SodiumBorohydride (NaAsO2). The standard solution was
prepared. The treatment procedure of this sample is same as that of the ground water
sample.
The test results are as follows:
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Table 6.12: Residual Arsenic Content after treatment of sample with Initial
concentration 1mg/L
Mass of INP
(g/L)

0.1

0.5

1.0

2.0

4

0.18

0.13

0.09

0.08

5

0.21

0.15

0.1

0.9

7

0.29

0.21

0.15

0.11

11

0.42

0.31

0.25

0.14

pH

Table 6.13: The following table gives the Residual Arsenic Present in the synthetic
sample with concentration 1mg/L after treatment with varying mass of INP and pH
parameters
Mass of
INP

pH

Optical
Density

Concentration
(mg/L)

Efficiency
(%)

0.1 (g/L)

4

0.18

0.1148

88.5

5

0.21

0.1333

86.67

7

0.29

0.1824

81.75

11

0.42

0.2622

73.77

4

0.13

0.0842

91.58

5

0.15

0.0965

90.35

7

0.21

0.1333

86.66

11

0.31

0.1947

80.53

4

0.09

0.0596

94.04

5

0.1

0.0657

93.42

0.5 (g/L)

1.0 (g/L)
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2.0 (g/L)

7

0.15

0.0964

90.35

11

0.25

0.1578

84.21

4

0.08

0.0535

94.65

5

0.9

0.0596

94.40

7

0.11

0.0719

92.80

11

0.14

0.0903

90.46

Table 6.14: Residual Arsenic Content after treatment of sample with Initial
concentration 10mg/L
Mass of INP
(g/L)

0.1

0.5

1.0

2.0

4

1.77

1.72

1.68

1.67

5

1.8

1.74

1.69

1.68

7

1.88

1.8

1.74

1.7

11

2.01

1.9

1.84

1.73

pH

Table 6.15: The following table gives the Residual Arsenic Present in the synthetic
sample with concentration 1mg/L after treatment with varying mass of INP and pH
parameters
Mass of
INP

pH

Optical
Density

Concentration
(mg/L)

Efficiency
(%)

0.1 (g/L)

4

1.77

1.091

89.09

5

1.8

1.1096

88.90

7

1.88

1.1587

88.41
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0.5 (g/L)

1.0 (g/L)

2.0 (g/L)

11

2.01

1.2385

87.62

4

1.72

1.0605

89.39

5

1.74

1.0727

89.27

7

1.8

1.1096

88.90

11

1.9

1.1710

88.29

4

1.68

1.0359

89.64

5

1.69

1.0421

89.96

7

1.74

1.0727

89.27

11

1.84

1.1342

88.65

4

1.67

1.0297

89.70

5

1.68

1.0359

89.64

7

1.7

1.0482

89.52

11

1.73

1.0666

89.33
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6.4. Efficiency of the Process:
6.4.1. Effect of pH on Efficiency:

Efficiency (%)
Removal Efficiency (%)

120
100
80

mass of INP: 0.1
(mg/L)

60

0.5 (mg/L)

40
1.0 (mg/L)
20
2.0 (mg/L)

0
0

2

4

6

8

10

12

pH

Fig 6.10: Efficiency of the process at varying pH
The above fig. shows that As (III) removal efficiency increases significantly with
decreasing pH. The picture depicts the effect pH on the removal efficiency at varying
mass of INP.


The pH dependent behaviour is explained by Ionization of both the adsorbate and
adsorbent causing repulsion at the surface at the basic pH and decreasing the net
As (III) adsorption

Under acidic condition the corrosion of Fe0 ions accelerates. Hence as the Fe0 ions
corrodes and dissociates for adsorption of As




In basic condition when the ferrous ions dissolves from iron surface, collides with
hydroxyl ions, it produces ferrous hydroxide precipitate that deposits on the
reactive sites which hinder the reaction
It can be concluded that acidic condition is better for the treatment
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6.4.2. Effect of pH on Efficiency:

Efficiency (%)
Removal Efficiency (%)

120
100
80
60

pH 4

40

pH 5

20

pH 7
pH 11

0
0

0.5

1

1.5

2

2.5

mass of INP (g/L)

Fig 6.11: Efficiency of the process at varying dosage
The above fig. shows that As (III) removal efficiency increases significantly with increase
of Fe0 concentration. The picture depicts the effect of mass of INP added on the removal
efficiency at varying pH.




Increased concentrations of INP provide more iron surface active sites for
collision with As (III) molecules which accelerates the As (III) removal
efficiencies and also increases oxidation and deduction reactions.
The higher As (III) removal with time elapse is due to the superior surface area of
INP demanding a much lower dose than that of micro scale iron.

6.4.3. Effect of Initial Mass of Arsenic in water on the efficiency of the
process

Removal Efficiency (%)

Efficiency %
98
96
94
92
Efficiency (%)

90
88
0

5

10

15

Initial Arsenic Concentration mg/L

Fig 6.12: Efficiency of the process at varying Initial mass of Arsenic in water
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The above figure shows the efficiency of the process with increasing Initial concentration
of Arsenic. The above analysis was done to efficiency of the process with increasing
concentration of Arsenic. The results can be tabulated as follows:
 As the concentration of Arsenic in the water increases the removal efficiency
decreases of INP/process
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7. CONCLUSION
•

Few places of Raichur district which have contaminated groundwater, application
of low cost and high performance method can be highly effective.

•

Without any advanced facilities INP in very low scale could remove arsenic from
aqueous solution at very short time over a wide range of pH.

•

In processes, INP, efficiently increases by decreasing pH and increase in mass of
INP added, efficiency of the process decreases with the increase in Initial Arsenic
Concentration
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