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Chapter 1

ABSTRACT

A brief review of natural, anthropogenic and industrial sources of
Chromium(V1), chemistry of Chromium in soil and aquatic environment,
hazardous effect of Chromium(VI), kinetics and metabolism of Chromium in
human, Adsorption/ desorption of Chromium(VI) in soil and factors
affecting the mobility of Chromium(VI) in soil such as clays, soil matrix and
pH. Adsorption mechanism and kinetics, and some previous studies of
adsorption desorption of Chromium on different adsorbent have been
included in this chapter. The scope of the presentork has been outlined at
the end of this chapter.
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One of the serious threats to our fascinating and fragile environment is the
discharge of untreated effluent into the soil and water bodies. Among the various
contaminants, discharge of heavy metal ions into the environment are of prime
concern because dheir persistent nature, toxicity, and rbiedegradability
leading to ecological problem&hese heavy metals which have transferred to the
environment are highly toxic and can bio accumulate in the human body, aquatic

life, natural water bodies and algossibly get trapped in the soil.

Soil contamination by heavy metals is extremely pernicious because these
contaminants are environmentally persistent, unlike most organic contaminants,
metals are generally stubborn and cannot be degraded or readilyfiddtoxi
biologically. Toxic metals pose a particularly difficult letgrm pollution
problem [1].

The rapid development and proliferation of process industries have made
wastewater treatment a major concern in industrial areas. Advances in science and
techndogy have brought tremendous progress in many spheres of development,
but in the process, also contributed to degradation of environment all over the
globe due to very little attention paid to the treatment of industrial effluents. Thus
the presence of madtions in natural (mainly by volcanic activity and weathering
of rocks) or industrial wastewater and their potential impact has been a subject of

research in environmental science for a long time.

Chromium is one of the most commonly found metal contamténia soil.
Chromium has been extensively studied and their effects on human health are
regularly reviewed by international bodies such as the WHO [2]. These
Chromium compounds coming to the earth's surface not only contaminate surface
water (seas, lakeponds and reservoirs), but can also contaminate underground

water in trace amounts by leaking from the soil after rain and snow.

Elemental Chromium is a transitigroup metal belonging to group VIB
of the periodic table and has oxidation states rangmm f 2 to +6, of which the
Chromium(lll) and Chromium(VI) forms are the most important. Elemental
Chromium does not occur naturally in the environmé@mtvalent Chromium

[Cr(1I1)], which occurs naturally and is an essential nutrient, and hexavalent
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Chromum [Cr(V1)], which, along with the less common metallic Chromium (Cr),

Is most commonly produced by industrial processes. Chromium(lll) is essential to
normal glucose, protein, and fat metabolism and is thus an essential dietary
element while the Chromiui() is carcinogenicChromium(VI) compounds are
strong oxidizing agents and are highly corrosive. In environment, they generally
are reduced to Chromium(lll) cgpaunds. The Chromium(VI) compounds most
commonly encoutered in industry are potassium chrdeaand dichromate,
chromium trioxide, sodium chromate and dichromate, calcium chromate and

dichromate, lead chromate, strontium chromate, and zinc chromate [3].

Chromium is seventh most abundant el e
average concentratiasf 100 mg L [4]. Chromium has four stable isotopes with
masses of 50 (natural abundance 4.35%), 52 (83.8%), 53 (9.50%) and 54 (2.37%)
[5]. Chromium is the only elemental solid which shows anti ferromagnetic
ordering at or below room temperature [6]. #ishalso high corrosion resistance
and hardness. Many of its compounds are intensely colored. Because of its unique
characters, Chromium was widely used in electroplating, tanning, pigments, dyes,
industrial water cooling, metal finishing, magnetic tapegep pulp producing,
photographic film, automotive parts, chemical manufacturing, wood protection,
ore and petroleum refining, metallurgical and refractory producing, and other

industrial activities [9].

1.1 Sources & Chromium (VI)

Some importansources of ChromiunfV1) in Lithosphere are as given below:

1.1.1 Natural Sources

Chromium was discovered later than other metals because of its relatively
| ow concentr at i o rdetected attappeoxineaiely 100 gogm ircr u st
Chromium rich rocksAdditionally, Chromium does not appear terrestrially as a
native metal, but is strongly bonded to minerals in which it occurs. Naturally
occurring Chromium is usually present as trivalent Chromium. Hexavalent
Chromium in the environment is almost totallgrided from human activities
[10]. Chromium in water originates from natural sources, such as weathering of

rock constituents, wet precipitation and dry fallout from the atmosphere, and run
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off from the terrestrial systems. Natural sources of Chromiumnagiation in

soil are due to the weathering of parent rock48@o of Chromium in atmosphere

is from the natural sources [11, 12]. Chromium is a naturally occurring element in
rocks, animals, plants, soil, and volcanic dust and gases. In nature Chromium

ocaurs in more than fifty different ores. The following are some important ores:
A Bar b e re€rgQ0i)(OH)54HIDg
A Brezicaite: Cr
A Chr omi HELALRENH, Fe
A Chromatsite: CaCrO
A Ni chr omi?y@rFe" alpDs, Co Fe

Chromium mineralsra generally resistant to weathering. Therefore, 75%
of the annual transfer of Chromium into the environment is by mining activities
[13]. Its concentrations in industrial wastewaters range from 0.5 to 270.0'mg-L
[14]. The tolerance limit for Chromium(YIfor discharge into inland surface
waters is 0.1 mg-tand in potable water is 0.05 mg-[15].

In order to comply with this limit, it is essential that industries treat their
effluents to reduce the Chromium(VI) to acceptable levels [@éhtral polldion
control board inindia has set the maximum permissible limit of chromium
waste water to be below 0.01 mg for hexavalenChromium and 5 mg % for
the trivalent Chromium salt417]. It is therefore important to not only
recover/reuse Chromiunfrom waste stream prior to disposal feconomic

reasons but also to confirm the stringent laws.
1.1.2 AnthropogenicSources

Many industrial and other anthropogenic activities (e.g. disposal of
products or chemicals containing Chromium, or burningfassil fuels) are
responsible for discharging huge amounts of Chromium compounds into the

environment, including air, soil, and water [18].

The content of Chromium in soils is generally low. The range of mean

concentrations of Chromium varies from 7 to 1p0m and its content and
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di stribution in the soil mai nly depends
presence of additional amounts of the element in the soil is caused by human
activities, including emission of furnace or coke dust or combustidluidffuel

or tannery waste water or communal solid waste-21]9 Chromium and its
compounds are extensively used in textile, electroplating, leather tanning, metal
finishing, nuclear power plant, dyeing and photography indug2®s?3. Out of

the total chrome ore production 90% is used in metallurgical industries for steel,

alloy and nonferrous alloy production. Only 5% each has been used in refractory

(iron & steel, cement, glass, ceramics and machinery) and chemical (leather

tanning, platingwood preservation and pigment) industriegjgre 1.1) [24].

Heavy metal release to the environment has been increasing continuously
as a result of industrial activities and technological development, posing a
significant threat to the environment, pigbéind soil health [25]. Chromium is
released into the environment by a large number of industries such as mining, iron
sheet cleaning, chrome plating, leather tanning, wood preservation [26],
electroplating, metal finishing, textile industry and nucleawgr plants [27].
These industries contain Chromium(lll) and Chromium(VI) at a concentration
ranging from 10 to 100 mg/L [28, 29]. Lotigrm release of such wastewater may
result in the accumulation of heavy metals in soil.

Chrome ore

Refractories Metallurgical Industry

& Foundries Chemicals

Iron & steel, Cement, Stainless steel, Leather tanning, Plating,

Glass, Ceramics, Alloyed steel, Metal, Wood preservative,
Machinery, Others Nonferrous alloys Pigments, Others

Figure 1.1: Percentage use dthromium in different industry.
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1.1.3 Industrial Sources

The most important industrial sources of Chromium in the atmosphere are
those related to production of ferrochrome which is an alloy of Chromium and
Iron containing 50% to 70% Chromium. Hexavaletr@nium is present in the
effluents produced during the electroplating, leather tanning, cement, mining,
dyeing and fertilizer and photography industries and causes severe environmental
and public health problems [30]. The tanning process is one of tgestar
polluters of chromium all over the world. Most of the tanneries in India adopt the
Chromium tanning process because of its processing speed, low costs, and light
color of leather and greater stability of the resulting leather. In the Chromium
tanningprocess, the leather takes up only &6 of applied Chromium, and the
rest is usually discharged into the sewage system causing serious environmental
impact. Chromium ion in liquid tanning wastes occurs mainly in trivalent form,
which gets further oxidizeto Chromium(VI) form, due to the presence of organic

substances [31].
1.1.4 Mordant in Textile Industry

Demands of clothing and apparel increase with the improving sense of
fashion and lifestyle; thus textiles are manufactured to meet the growing demand.
Mor dants, are substances, (such as Chrom
They may be are veryoxic and may have a high impact on the wastewater
qguality. Many natural dyes (plant extracts, etc.) require a mordantnahdal
dyestuffs require large quantities of water for dyeing (Almost equal to or double
t hat of t he f i ber 0 srcerd ofrihe dyestuffshstay) an thé& b o u t
fabric, while the rest go down the dralbince Chromium is almost exclusively
used as the mordant on wool, chrome dye has become essentially synonymous
with mordant dye.Consequently natural dyes prepared from wild slazanbd
lichens can have a very high impact on the environment [32].

Thousands of smaficale dyeing units, employing millions of people,
generate enormous amount of polluted water. Mostly, the areas situated around
industrial belts are under stress duehte continuous disposal dfie untreated
water. The qualityf water is continuously deteriorating due to addition of toxic
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dyeing effluents. Dyeing effluents from textile industries lsighly toxic as they
contain a large number of metal compldyes (eg. Chromium and cobalt
complexes)[33, 34. The high concentrationf such dyes causes many water
borne diseases and increases B@D of receiving waterg35]. Hundreds of
smallscale dyeingndustries are facing closure since they are not treating their
effluents.It is not economical for them to treat the effluent [38].S. Patel et al
(1999) was found that, the textile, dyeing and printing industrial effluents have an
adverse effect on the soil and ground water eco systems. It is mainly due to
leachags of cationic and anionic species from textiles effluents through soil strata.
A comparison of collected data clearly indicates that abegif@ds increase in

the concentration of all parameters of effluent amended soil near the industrial
area [37].

Textile, dyeing and printing industrial effluent contain following metals:
Ca>Na>Mg>K>ZnxXr >Fe>Hg>Pb>Cu>Cd>As > Ni
Ground water near industrial area
Ca>Mg>Na>K>Zn>Fe€&r>Pb>Hg>Ni>Cu>Cd>As
Soil affected byndustrial effluents
Ca>Mg>Na>K>Fe>Zn€r >Cu>Pb>Ni>Hg>Cd

Unless, these soils are managed properly, it may lead to severe land and ground

water pollution affecting various component of the soil eco system [38].
1.2 Chemistry of Chromium in Environment

1.2.1 Chemistry of Chromium in Soill

The literature indicates that Chromium behavior in soil is complex, and
depends on environment conditions such as pH, oxidation reduction potential, and
ionic composition of the soil and groundera Very little information is available
concerning the chemical form of the element in the soil, but it is generally
assumed to occur as the t r-AyDacbnamg Chr om
occasional Chromium(lll) ions in place of Aluminium(lll) ionBae migration of
Chromium takes place only in a strongly acidic and reducing medium, where it

occurs in the form of the €rcation, or a strongly basic and oxidizing medium,




Chapter 1

where it occurs as the Cf anion. Due to low solubility of its compounds and
their high availability, Chromium plays an important role in the soil processes
[39-41]. During weathering, Chromium oxide in rocks tends to oxidize soluble
Chromium(V1) anions. Chromium(VI) is relativestable and mobile in soils that
are sandy or contain low organic matter concentration. In soils with high pH and
low organic matter content, Chromium(VI) is readily mobilized by groundwater,
but at lower pH and higher organic matter content Chromium(V1) aasorb or

be reduced to Chromium(lll) and then adsorbed onto theGloibmium(VI) in

soil is divided into two categories; exchangeable fraction, which is the fraction of
Chromium easily removed from the soil, and non exchangeable fraction, which
includes the fraction either very tightly adsorbed by the soil or precipitated on the
soil [42]. Chemical and physical processes that control the rate of transport and
mobility of chromium in soil include diffusion, adsorptioiesorption,

precipitationdissoluton, oxidationreduction, and complexation [43].

R. J. Bartlett (1991) [44] showed that Chromium(VI) is capable of moving
towards groundwater due to its extreme mobility, and it is in thermodynamic
equilibrium with the atmosphere. Chromium(VI) is the pradof oxidation of
Chromium(lll) with atmospheric oxygen and its presence is greater into the earth
crust. Since the natural oxidation of Chromium(lll) is extremely low, most of the
Chromium(VI1) found in soil and groundwater results from pollution. The
Chromium(lll) reactivity increase when the inert crystals and amorphous mineral
are transformed into organic and hydroxide forms which are smaller and more

mobile.

The equilibrium between the twoh@mium forms, Chromium(VI) and
Chromium(lll) in soil dependsipon soil physical and chemical characteristics.
The oxidation process is only controlled by the reaction kinetics, due to
Chromium(lll) species immobility and insolubility. Chromium(lll) tends to be
strongly bound by soil humic acid polymers, and thifn&y restricts the
availability of Chromium(lll) to be oxidized and reduce the organic matter
decomposition [45, 46]. The presence of manganese oxide in soil favors trivalent
Chromium oxidation, thus increasing the hazards connected to hexavalent

Chromium contamination of groundwater.
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Some previous studies found that the stable Chromium(lll) form in soil is
oxidized to Chromium(VI) by manganese dioxide, which serves as the electron
acceptor inEquation 1.1 The rate of Chr oMiOuywag | 1 1) o0
found to increase with decreasing pH [47, 48]. Chromium(lll) concentration, pH,
and the amount -MiO,surfadgeare theé parameteis toattolling b
the degree of oxidation [49]. The amount of Chromium(lll) oxidized to
Chromium(VI) was propdional to the manganese reduced. The following

oxidation equation was proposed:
CrOH;" + 1.5 MnQy(s) = HCrQ' + 1.5 Mrf* (1.1)

Both oxidation of Chromium(lll) and reduction of Chromium(VI) can be
thermodyamically favorable in soil. The transformation of Chromium(VI) to
Chromium(lll) within soils is likely to occur in the presence of electron donors
such as Fe (l1)50]. The rate and amount of reduction of Chromium(VI) in soil is
difficult to predict. Reduction of Chromium(VI) with organic compounds to
insoluble Chromium(lll)forms has been studied by several workers. Organic
matter present ilays provides a sufficient source of electrons for reduction of
Chromium(VI1) to Chromium(lll).Another sourcef Chromium(VI) reduction to
Chromium(lll) is from Fe(ll) in hematite and biotite. Past studies with pure
mineral phases have shown that even the small amounts of Fe (Il) contained in
hematite and biotite can reduce aqueous Chromium(VI) species to Chr@i)jum
resulting in the precipitation of (Fe,Cr)(OHX8]. Reduction of chromate by the
ferrous ions produced by dissolution of the ferrous iron components of hematite

and biotite in acidic media is described by the following reaction:
3[FeOliotite + 9H" + HCrO4' = CrOH" + 3FeOH" + 3H,0 (1.2)
1.2.2 Chemistry of Chromium in Aquatic Environment

Oxidation reduction processg@day a major role in the mobility,
transport, and fate of inorganic and orgawmttemical constituents in natural
waters. Of the possible oxidation states of Chromium, only hexavalent and
trivalent Chromium are of interest in environmental systems. Chromium
speciation in groundwater is affected by pE and pH conditibiggie 1.2) [51].

Chromium in natural waters exists in two oxidation states: +3, Chromium(lIl) or
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trivalent form; and +6, Chromium(VI) or hexavalent form. Chromium (VI)
species are anionic (i.e., HGfGnd CrQ?) and are generally mobile in most
neutral to alkaline systems. Theoportion of each ion in solution depends on pH
and total chromium concentration. The following are the important equilibrium

reactions for different Chromium(VI) species in aquatic environment [52]:

H,CrOs = H' + HCro, log K (25 °C) -0.8 (1.3)
HCrO,' = H" + Cro,? log K (25 °C) -6.5 (1.4)
2HCrO;' = COA + H,0 log K (25 °C) 1.52 (1.5)
HCr,O; = H" + CrO/~ log K (25 °C) 0.07 (1.6)

Equations 1.3, 1.4 and1.6 shows that the predominant species present, as
a function of the pH, are #8r0;, at pH less than 0.8, HCgat pH between 0.8 to
6.5, and Cr@" at pH above 6.Fquation 1.5does not contain anyHerms, and
therefore, in a certain pH range%2this reaction is nearly independent of pH and
depends only on total Chromium(VI) comteation. When the concentration of
chromium exceed 10 mM and under acidic conditions bichromate (4CrO
polymerizes to form dichromate (£?). Chromium(VI) species are strong
oxidants that are reduced to the trivalent state by aqueous Fe(ll) andcorgan
compounds [554]. As the pH becomes lower, Chromium(VI) species are
removed from solution by adsorption onto positively charged sorption sites [55].
The dominant Chromium(lll) species occurring in groundwater also depend on
pH. Apparent stability conabts (298 K, K=0.75) calculated for pertinent

reactions, relevant for Chromium(lll) speciations are [56]:

Cr*+ H,0 = CrOH" + H' log K (25 °C) -4.4 (1.7)
CrP*+ 2 H,O = Cr(OH)}" + 2 H' log K (25 °C) 10.6 (1.8)
Cr*+ 3 H20 = Cr(OH) + 3 H' log K (25 °C) -19.2 (1.9)
Cr*+ 4 H,0 = Cr(OH) + 4 H' log K (25 °C) -28.2 (1.10)

Cr(OH)" is the dominant species in natural ground waters with a pH
between 6, CrOH" and CPF* predominate in more acidic environment. Cr(@H)

and Cr(OH)' predominate in more alkaline environmeRigure 1.2). Chromium
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(111) solubility is limited due to the formation of hydrous oxides, Cr(gfb)) and
chromite (Fe,Cr)(OHJs), and the strong tendency to adsorb onto clays and other
solid phases. Chromium(lll) can also form soluble organic complexes,
particularly under acidic conditions. However, Chromium(lll) could be converted
to the more soluble Chromium(VI) if the redotate changes from reducing to
highly oxidizing [47, 57].
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Figure 1.2: A simplified Pourbaix diagram for chromium species at 156C
and [Cr(aq)]w: = 10858, 59].

1.3Hazardous Effects & Chromium (VI)

In the array of heavy metal ions, chromium is of special interest because it
is an essential nutrient as well as a carcinogen [60]. Dietary deficiency of
Chromium(lll) has found to cause faulty sugar metabolism [61], although in
combination with insulin,tiremoves glucose from the blood and also plays a key
role in fat metabolism [62]. On the other hand, Chromium(VI) is lethal to human

system because of its mutagenic and carcinogenic properties [63,r&d]ent
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Chromium is an essential micronutrient wdees Chromium(VI) is listed as a
Group 1 human carcinogen by the International Agency for Research on Cancer
[65].

1.3.1 Acute (Short Term) Health Effects

Shortterm effects of Chromium(VI) exposure (for example, from chromic
acid droplets or chromate dusnclude eye irritation and respiratory irritation,
sneezing, or sensitization; acute exposure to high levels of Chromium(VI) can
produce nervous system damage and liver disorder [66]. In high concentrations,
acute inhalation can cause ulcers in the Inasptum. In sensitive individuals,
inhalation of Chromium(VI) can cause an asthma attack. If very small quantities
are ingested, the body converts it to the trivalent form in the stomach. In larger
guantities or concentrations, however, ingestion of haeat Chromium
compounds can result in acute gastroenteritis, vertigo, gastrointestinal
hemorrhage, convulsions, ulcers, kidney damage or failure, and liver damage or
failure; approximately 1 g of potassium chromate is considered a lethal dose.
Significantacute exposure of the skin to Chromium(VI) can cause burns, liver

damage or failure, kidney damage or failure, and anemia [67] .

1.3.2 Chronic (Long Term) Health Effects

Hexavalent Chromium compounds are highly toxic when ingested or
inhaled. Carcinogeses caused by Chromium(VI) may result from the formation
of mutagenic oxidative DNA lesions following intracellular reduction to the
trivalent form [68].Excessive exposure to toxic Chromium(VI) results in various
health problems such as chronic ulcergnusitis, hemorrhage, and pulmonary
cancer [67]. Chromium(VI1), generally occurs in the form of chromate fOrO
and dichromate (GB;?), has the ability to diffuse through cell [69] and modifies
DNA transcription process which can lead to digestive tadtlung cancer [70].
If inhaled through the mouth, it can cause periodontitis and gingivitis. Impacts of
chronic skin exposure include dermatitis, hypersensitivity reactions, eczema, and
kidney or liver damage. The characteristic lesions resulting franer@um(V1)
exposure are referred to as "chrome holes" or "chrome ulcers." Chronic eye

exposure can result in conjunctivitis [71].
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1.3.3 Exposure Routes

Ingestion of Chromium(VI1) in drinking contaminated groundwater or
surface water. This is still being laoted within the scientific community. Dermal
contact through bathing or washing in Chromium(VI) contaminated water is
another exposure pathway. Chromates can enter the bloodstream through breaks
in the skin. Cr@” blood poisoning occurs when CfOdestoys red corpuscles.
Inhalation is also an important human exposure pathway; however, it is less likely
to be associated with exposure to Chromium(VI) contaminated soil and
groundwater and more likely associated with industrial processes such as welding,
cutting, heating of Chromium alloys, and work related practices. With low pH
rain or fruit juice (orange juice and lemon juice), the Chromium can be leached

off the wood surface [72].

1.3.4 Worker Health

Workers, rather than consumers, have the highestofigidverse health
effects from Chromium(VI) exposure. The industries with the greatest risk of
occupational exposure to Chromium(VI) are chrome electroplating, stainless steel
welding, metal coating and painting, printing, textiles, leather tanning, wood
preservation, and cement or masonry work. Inhalation risk may be from fumes
(welding), mists or droplets (electroplating, spray painting.) Dermal exposure can
result from contact with fluids, such as those used in electroplating, or materials
containing Chomium(VI), such as wet cement; smoking can increase the risks

from Chromium(VI) exposure [73].
1.3.5 Public Health

Chromium may enter in human body through food, water, air, or
adsorption through the skin when they come in contact with humans in riakjust
or residential settings. Industrial exposure accounts for a common route of
exposure for adults [74]. Chromium is found naturally in the soil in trace amounts,
which pose few problems. Exposure may occur from natural or industrial sources

of Chromium The average daily intake from air, water, and food is estimated to

be Il ess than 0.2 to 0.4 €g, 2.0 €g, and
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1.3.6 Environmental Hazards

There are both naturally occurring and anthropogenic sources of
Chromium compounds in the agoil, and water. Natural sources include volcanic
activity and the weathering of Chromiwcontaining rock. The dumping of
industrial waste materials significantly increases Chromium concentration in soll
and is usually accompanied by groundwater contatin [76]. Chromium in the
air is in the form of particles or droplets, which may be transported by wind and
deposited onto soil or water. The behavior of Chromium compounds in soil and
water is complex. Chromium (VI) can leach out of soil into groundwartel
migrate over time [73, 77]. Factors that determine whether the Chromium is in
trivalent or hexavalent form in different environmental media (air, soil, surface
water, ground water) include pH, oxygen levels, temperature and the presence of
other cherncals and organic matter [78].

1.4Kinetics and Metabolism of Chromium in Human

In mammals, Chromium(lll) is an essential trace element involved in lipid
and glucose metabolism. It is usually considered that almost all the Chromium in
food is present as Chromium(lll) [79]. About &l% of Chromium(lll) present in
the normal diet is awrbed [80]. Adsorption of ingested Chromium(VI)
compounds is greater than for Chromium(lll) compounds, ranging from
approximately 28%, although most of ingested Chromium(VI) is considered to
be reduced to Chromium(lll) in the stomach prior to absorpff® 81]. The
behavior and toxicity of Chromium is strongly dependent on the valency,
physicatchemical properties of the substance, the particle characteristics and the

route of exposure/administration.

Chromium(VI) chromate ions are transported into Isgelwhereas
Chromium(lll) compounds enter into cells by passive diffusion and phagocytosis.
Furthermore, water soluble Chromium(lll) aerosols of respirable size are more
efficiently absorbed from the respiratory system than from the gastrointestinal
tract, with approximately 5% being absorbed within hours of exposure, followed
by further slow systemic absorption over weeks or months. Uptake of deposited

and retained insoluble Chromium(lll) oxide particles is a very slow process and
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particles containing Chroium may be retained in the lung for years following
occupational exposure. In contrast, once deposited in the lungs, Chromium(VI)
compounds are generally transferred to the systemic circulation more readily than

Chromium(lll) compounds [7#82].

Chromiumy/1) is more efficiently adsorbed through the skin than
Chromium(lll) compounds. Chromium compounds are widely distributed in the
body, with a greater distribution reported following exposure to Chromium(VI)
compounds compared to Chromium(lll), reflectinige tgreater tendency of
Chromium(VI1) to cross plasma membranes. Chromium(VI) is unstable in the
body and is reduced to Chromium(V), Chromium(lV), and ultimately to
Chromium(lll) by endogenous substances such as ascorbate and glutathione and it
is believed at the toxicity of Chromium may result from damage to cellular

components during this process (e.g. through the generation of free radicals) [12].
1.5Adsorption Desorption of Chromium(VI) i n Soll

Various methods of Chromium removal include filtratiochemical
precipitation, adsorption, electrodeposition and membrane systems or even ion
exchange process. Among these methods, adsorption is one of the most
economically favorable and a technically easy metli@2]. In most soil
environment adsorption iséhdominating speciation process and thus the largest
fraction of heavy metal in a soil is associated with the solid phase of that soil.
Pollution problem arise when heavy metals are mobilized into the soil solution
and taken up by plants or transportedht® surface/ground water. The properties
of the soil are thus very important in the attenuation of heavy metals in the
environment. The solubility of heavy metals in soil is controlled by reactions with
solid phases [38]. Once introduced into the soil ithavy metal species undergo
several possible  fates including adsorption/desorption reactions,
precipitation/dissolution reactiopjant uptake and mobility through soil profile.

Adsorption is a major process responsible for accumulation of heavy
metals. Therefore the study of adsorption processes is of most importance for the
understanding of how heavy metals are transferred from a liquid mobile phase to
the surface of a solid pka [83]. There are two general surface complexes
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formations are described by the configuration geometry of the heavy metal at soil
surface. These includener andoutersphere surfaceomplexesand are defined

by the presence, or absence, of the hydration sphere of the adsorbate molecule
upon interaction. When at least one water molecule of the hydration sphere is
retained upon sorption, the surface complex is referred to asspitere. When

the ion is bound directly to the adsorbent without the presence of the hydration
sphere, an innesphere complex is formed [8¥].

Chemicals like heavy metals once introduced to the environment by one
particular method may spread to various environmentahponents. Heavy
metals may chemically or physically interact with the natural compounds, which
change their forms of existence in the environment. In general they may react with
particular species, change oxidation states and precipitate [88]. Heavy matal
be bound by particular natural substances, which may increase or decrease

mobility. Studying the dissipation of heavy metals is called speciation [89, 90].

The most important interfaces involved in heavy metal adsorption in soll
are predominantly wrganic colloids such as clays [91], metal oxides and
hydroxides [8], metal carbonates and phosphates. Also organic colloidal matter of
detrital origin and living organisms such as algae and bacteria provide interfaces
for heavy metal adsorption [925]. Adsorption of heavy metals onto these
surfaces regulates their solution concentration, which is also influenced by
inorganic and organic ligands. Those ligands can be of biological origin such as
humic and fulvic acids [96, 97] and of anthropogenic origichsas NTA, EDTA,
polyphosphates, and others {981], which can be found frequently in

contaminated soils and wastewater.

The most important parameters controlling heavy metal adsorption and
their distribution between soil and water are soil type, msatiation, metal
concentration, soil pH, solid: solution mass ratio, and contact timelabR In
general, greater metal retention and lower solubility occurs at high soil pH [106].
To predict fate and transport of heavy metals in soils both conceatuhl
guantitative model approaches have been developed. These models include the

determination of the nature of the binding forces, the description of the chemical
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and physical mechanisms involved in heavy nistatface reactions and the study
of the influence on variations of parameters swahpH, Eh, ionic strength and
others on adsorption [83].

Some important factors influencing chromium mobility in soil are

discussed here:
1.5.1 Clays

Several low cost adsorbents such as agricultural/industrial wastes a
natural/synthetic clay minerals have been used as effective adsorbents for removal
of heavy metals, organics and radionuclides [107, 108]. Hence, in the past
decades, clay minerals have been used as effective adsorbents for heavy metal
removal in watertreatment because of their strong-exchange and complex
formation abilities with the heavy metals [109, 110]. Knowing the sorption and
desorption characteristics of the heavy metals on the clay mineral, will in no small
measure, aid in modeling the laefor of the soil when contaminated by these
heavy metals. It will also be achieved through studying adsorption and desorption
behavior of clay minerals [108].

The clay buffer capacity and the initial pH play an importance role in the
mobility of the heay metals in the clay. Alkaline pH condition enhances the
precipitation of the heavy metals, thereby reducing their mobility [111]. Clay
minerals exhibit a strong affinity for heavy metals. They possess a wide pore size
distribution, ranging from micro (<GA°) to mesopores (2600 A°). The ionic
charges on the clay surface can also increase the adsorption capacity by attracting
oppositely charged polluting substances and convert them into harmless or easily
removed forms. A number of clay minerals have hegastigated for water and
waste water treatment, including sepiolite [112], kaolinite [113], montmorillonite
[114], smectite [115] and bentonite [116].

1.5.2 Soil Matrix

Soil is a very complex heterogeneous medium, which consists of solid
phases (the somatrix) containing minerals and organic matter and fluid phases

(the soil water and the soil air), which interact with each other and ions entering
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the soil system [117]. The ability of soil to adsorb metal ions from aqueous
solutions has consequences bwmth agricultural issues such as soil fertility and
environmental questions such as remediation of polluted soil and waste
deposition. The solid state of soil composes an average of 45% of soil bulk. It
consists of mineral particles, organic matter arghnicmineral particles. They

all play a very important role in giving the soil the ability to adsorb, exchange,
oxidise, reduce, catalyze and precipitate chemicals and metal ions [90].

Heavy metals added to soil will normally be retained at the sdcal
Movements of metals into other environmental compartments, i.e., ground water,
surface water, or the atmosphere, should be minimal as long as the retention
capacity of the soil is not exceeded. The extent of movement of a metal in the soill
system igntimately related to the solution and surface chemistry of the soil and to
the specific properties of the metal and associated waste matrix. The retention
mechanisms for metals added to soil include adsorption of the metal by the soll
solid surfaces angrecipitation. The retention of cationic metals by soil has been
correlated with soil properties such as pH, redox potential, surface area, cation
exchange capacity, organic matter content, clay content, iron and manganese
oxide content, and carbonate camt Anion retention has been correlated with

pH, iron and manganese oxide content, and redox potential.

Changes in the soil environment over time, such as the degradation of the
organic waste matrix, changes in pH, redox potential, or soil solution
compgaition, due to various remediation schemes or to natural weathering
processes also may enhance metal mobility. The extent of vertical contamination
is intimately related to the soil solution and surface chemistry of soil matrix with
reference to the metalnd waste matrix. It has been found that the relative
mobility of nine metals through Montmorillinite and Kaolinite to ®gVI) > Se
> As(Ill) > As(V) > Cd > Zn > Pb > Cu > Cr(lll) [118, 119].

1.5.3 Soil pH
Soil pH appeared to be greatest determination of Chromium solubility and
mobility in a light textured sandy soil [120]. The mobility and bioavailability of

heavy metals increases with decreased soil pH-1P&l, thus enhancing the
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uptake of heavy metalsylplants and thereby posing a threat to human health
[124, 125]. Thus the soil pH was found to play the most important role in
determining metal speciation, solubility from mineral surfaces, movement, and
eventual bioavailability of metals, due to its sigoeffects on solubility and
speciation of metals both in the soil as a whole and particularly in the soil solution
[126, 127].

The soil components responsible for element adsorption include, soll
humic substances, phyllosilicates, carbonates and varicldege minerals
(constituents such as Fe, Al, Mn and Ti oxides, stamye ordered
aluminosilicates as well as phyllosilicates coated by-A+br OH-Fe species
whose charge varies with the pH of the soil solution). Unlike phyllosilicates, the
variable clarge minerals (crystalline and short range ordered Fe, Alphities,
allophanes, imogolite) strongly retain heavy metals for their dependency on pH.
On these materials a hydroxylated or hydrated surface, positive or negative charge
is developed by adsoiph or desorption of Hor OH ions [87].

The pH at which the net variable charge on the surfaces of these
components is zero is called the point of zero charge (PZC). The reported PZC of
Feoxides, range from pH 7.0 to 9.5, whereas that ebXAtles rangs from pH
8.0 to 9.2 [128130]. Variable charge minerals selectivegsorb polyvalent
cations, even when their surfaces are positively charged (solution pH values lower
than the point of zero charge [PZC] of the adsorbesd)ne previous studies
suggestd that chromate forms ayuterspherecomplex on the surfaces of Fe and
Al oxides. However, spectroscopic studies have shown that chromateifioiens
spherecomplexes on goethite [131, 13Zhe pH value of the investigated soil is
naturally alkaline (8.2which promotes heavy metals precipitation and adsorption
onto the clay surface. Soil organic matter plays an important role in the adsorption

of heavy metal ions even in soils where its value is very low [85].
1.6 Adsorption Mechanism and Kineticts

The adsorption efficiency is often described by means of adsorption
equilibrium isotherms and kinetic studies. Chemical kinetics can be defined for

the soil chemical interaction as the study of the rate of chemical reaction and of

molecular process by whHicthe reaction occurs where transport is not limiting
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[133]. The application of kinetic theories to heterogeneous soil constituents is one
of the most important and challenging areas to be investigated. Chemical reactions
in soils are generally heterogemsp soil liquid reactions involve a solid
component of the soil and the soil solutions. In the agriculture fields, interaction
of soils with fertilizers ions, pesticides, insecticides, chemicals in irrigation water
etc lead to several ieexchange, adsoiipn, desorption and transport processes
accompanied by displacement of solutes and adsorbates in a liquid phase, solid
phase and at the interface. The processes ofexohange, simultaneous
adsorption and desorption of species bonded to charged surfaseil dby
electrostatic forces. Some methods commonly adopted to study kinetics of soill
chemical interactions resulting in adsorptaesorption are as follow:

1.6.1 Kinetic Methodologies

Kinetics deals with description of time dependent processes whagratr
dependent. Methods helpful in obtaining kinetic data for studying various types of
reaction in soil are mainly the following:

(i) Relaxation methods

(i) Batch methods

(i) Flow methods
Relaxation and batch methods are most suitable for adsogptidies only, while
flow methods are widely applied for desorption and leaching studies. A good
review on these methods is by D. L. Sparks (1989) [134]. R. A. Ogwada et al
(1986) [135] have investigated the effect of kinetic methodologies and degree of
agitation on rate parameters using five different methods. In the static technique,
there was no mixing, in continuous flow and batch method agitation was done.
The stirred method was based on stirring of the mixture. In a vortex batch
technique, the mixtureras rapidly mixed on a vortex mixer. Results showed that
significant diffusion exist in the static and miscible displacement methods because
of limited mixing.

Flow methods have been used in a number of kinetics studies on soil and
soil constituents [136Flow methods have also been used on soil reactions by D.
L. Sparks et al (1981), [137] and S. C. Hodge et al (1987) [138] for solute

transport in soils.
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1.6.2 Adsorption Equilibrium Study

Adsorption is usually described through an isotherm. The adsorptio
isotherm indicates how the adsorbed molecules distribute between the liquid
phase and the solid phase when the adsorption process reaches an equilibrium
state [139]. The adsorption isotherm is useful for representing the capacity of an
adsorption catalysfor providing description of the functional dependence of
capacity on the concentration of pollutant. The steeper the isotherm, the more
effective is adsorption that is, the sharper the rise of the isotherm to a given
ultimate capacity as concentrationcieases, the higher will be the effective
capacity at the concentration level desired for the treated water.

Experimental determination of the isotherm is a routine practice in
evaluating the feasibility of adsorption process. The adsorption isothertesrala
an equilibrium condition, however any practical detention time used in most
treatment applications do not provide sufficient time for true equilibrium to
obtain. Rates of adsorption are thus significant, as more rapid the approach to
equilibrium, tre greater is the fraction of equilibrium capacity utilized in a given
contact time.

Equilibrium adsorption isotherm is of important in designing the
adsorption system. Several isotherm equations are available and three important
isotherms i.e. Langmuir, reundlich and Temkin isotherms have been used

extensively by early researchers in this field [140].

Some of the studies conducted on adsorpdiesorption of Chromium

(V1) on different adsorbents have been summariz&dalrie 1.1
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Table 1.1: Some Previous Studies on Adsorptidndesorption of Chromium (VI)

S. No. | Adsorbent Experimental Reference
method

1. Cellulosei clay composite biosorbent Batch method [141]
2. EDTA modified cross linked chitosan resin Batch method [142]
3. Eucalyptus bark Batch method [31]
4. Activated carbon developed from Tamarind wood activated with Zinc Chlor| Batch method [143]
5. Tamarindus indica seeds Batch method [144]
6. Polypyrrole magnetic nanocomposite Batch method [145]
7. Waste Marigold Flowers Batch method [146]
8. Flyash Batch method [36]
9. Seeds of Artimisia absinthium Batch method [147]
10. Modified andunmodified bentonite clay Batch method [148]
11. Divinylbenzene copolymer resin Batch method [149]
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12. Mangrove leaf powder Batch method [150]
13. Sulfuric acid- modified Avocado seed Batch method [67]
14. Activated Carbon derived from Watdyacinth Batch method [151]
15. Activated Carbon primed from sugarcane bagasse Batch method [152]
16. Chitosan powder Batch method [76]
17. Organobentonite Batch method [153]
18. Admixtures of rice husk, shredded tyre and fly ash Batch method [154]
19. Natural clay used as Landfill liner Batch method [155]
20. Chemically modified Okra Powder Batch method [156]
21. One step steam pyrolysis corn cobs activated carbon Batch method [157]
22. Tamarind Pod Shell and Carbon Batch method [2]
23. Soil Colloids Batch method [158]
24, Palm tree branches Batch method [66]
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1.7 Scope of he Work

The main objective of the present study was to understand the process of
the adsorption desorption of the Chromium(VI) onto the soil. The study aimed to
investigate natural processes involved in adsorption of Chromium(VI) through
physical and chemical presses. The effect of variation of different parameters
on migration and adsorption of Chromium(VI) on soil has also been included. The
studied parameters mainly consist of initial Chromium(VI) concentration, contact
time, particle size of soil, amount obik pH of solution, and temperature. The
experiments were conducted and the best fitted kinetic model and adsorption
isotherm for the adsorption of Chromium(VI) onto the soil evaluated. The
parameters which influengeobility of Chromium(VI) in the substace soil and
groundwater have been studiédl predict further contamination trends under
various soil conditionsThermodynamic parameters, for instance enthalpy, Gibbs
free energy and entropy were evaluated to predict feasibility of adsorption

processes.

Remediation of the Chromium(VI) contaminated sites is often an costly
and time consuming process. Understanding of the phygbiemical processes
which affect adsorption and chemical state of Chromium(VI) is required to work
out any preventive/remedialrategy for remediation of Chromium contaminated

soil.

This study emphasizes to determine remediation of already contaminated
sites and to work out possible preventive measure to protect soil and water
resources from getting contamination. Results mag al®vide guidance for
selection of appropriate and cagfective remediation methods for contaminated
sites, and the study will help in designing the remedial/precautionary measure to
check the environmental pollution through soil and ground water. flidg snay
also be helpful for Pollution Control Board in framing guide line for disposal of

chemical waste from industries.
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Chapter 2

ABSTRACT

The chapter incorporates the details of various chemicals and reagents,
equipments, method ofspectrophotometric determination of Chromium(VI)
by 1, 5 Diphenylcarbazide, sample collection, geography of study area and
ground water scenario of Bhilwara district. Method of Batch sorption
experiment, physicechemical characteristics of soil samples, atysis of soil
by XRF, XRD, FTIR techniques, SEM image analysis of soil beforenal after
adsorption of Chromium(VIl) and point of zero charge have also been

described in this chapter.
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Chapter 2

This chapter describes the details of various chemicals and reagents,
equipments and analytical procedures adopted to study ofdbkerption of
Chromiun(VI) on Chromium contaminated soil. Soil characteristics, geography
of study area and analysis of syl XRF, XRD, FTIR and SEM, techniques have

also been described in this chapter.

2.1 Chemicals and Reagents

Potassium dichromate stock solution: Stock standard solution of
Chromium(VI), obtained by weighing 0.2829 g amount of potassium dichromate
and diluting it with deionized water making solution of 1000 ml; 1 ml of-thus
prepared solution contained 0.1 mg of chromium (VI)

Potassium dichromate sandard solution: Working solutionof desired strength

of Chromiun{Vl) was prepared by diluting the stock standard solution with
doubly distilled water.

Sulfuric acid, 10% (v/v): Dilute 10 mL of AR grade (Ranbaxy) sulfuric acid,
H>SOy, to 100 mL with deiorzed water.

Diphenylcarbazide solution: 0.5% solution of 14&liphenylcarbazide
(CeHsNHNH).CO, obtained by dissolving 0.5 g of idfphenylcarbazide in
acetone up to 100 ml and stored in a brown bottle. Discarded when the solution
became discolored.

Acetone Acetone of AR grade of Sigmaldrich was used for making
Diphenylcarbazide solution.

Concentrated orthophosphoric acid:AR grade orthophosphoric acid of Sigma
Aldrich was used.

Ammonium  peroxydisulphate  solution: solution of ammonium
peroxydisulphate wassed as oxidizing agent.

EDTA Solution: EDTA solutions of desired strength were prepared by using AR
grade disodium etylenediaminetetraacetatefIRd A) of Merck.

Sodium Hydroxide (NaOH): The solution of sodium hydroxide was prepared by
dissolving an apmximately weighed pellets of NaOH (BDH, AR grade) in
doubly distilled water for maintain the pH of solutions and for preaparing the
desired strength solutions.
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Concentrated HCI: AR grade HCI of sigma Aldrich was used for preparation of
HCI solution of desired strength and for maintaing the pH of solutions.

Calcium Chloride solution (CaCkL): AR gradeCaC} of sigma Aldrich was used
for preparation of solution of desired strength.

Sodium Nitrate (NaNGQs;): AR grade NaN@of BDH was used for preparation of
solution of desired strength.

Sodium Sulphate (NaSOs): NaSO, from Ranbaxy AR grade was used for
preparation of solution of desired strength by dissolving in deionized water.
Magnesum Chloride (MgCl,): MgCl, from Himedia was used for preparation of

solution of desired strength by desolving in deionized water.
2.2 Equipments

pH-Meter: The Systronics digital pH meter model, 335 was used for measuring
pH of the reaction mixtures antbr calculating pH.. with the maximum
uncertainity in pH of £ 0.01 unit..

Mini Rotatory Flask Shaker: Mac Mini rotator flask shaker (MSW 303) was
used to obtained supernatant liquid from solution.

Centrifuge: Centrifuge with 8x15 ml swing out heads wasdigo obtained
supernatant liquid from solution.

Electronic Balance: K. Roy electronic balance was used for weighing purposes.
The least count of balance is 0.0001 mg.

Stirrer: Abron exports magnetic stirrer with hot plate was used for stirring soll
suspesion at a fixed and suitable rpm.

Test Sieve:Different types of test sieves ranging from 100 BSS to 300 BSS were
used for sieving the soil samples.

Thermostate: For maintaining the temperature of the solution Chino fabricated
thermostate with electronielay was used.

UV-Visible Spectrophotometer: Systronics UWVisible Spectrophotometer 118
model was used for calculating tbencentration of Chromiuw') by measuring
absorbance at & = 540 nm.

X-Ray Diffractometer: Soil sample was characterized for struatuanalysis
using XRay diffractometer at Panjab University Chandigarh.
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Scanning Electron Microscope (SEM):Morphological studies soil sample were
performed on Scanning Electron microscope of EVO 18 carlzeiss model at USIC

Department, University of Rajasthan, Jaipur.

FT-IR Spectrometer: FT-IR analysis was carried out by using -lH
spectrophotometer to studyetlchemical bonding preseim the adsorption of
Chromiun(V1). It delivers excellent sensitivity reproducibility and stability. FTIR
spectrophotometer (Alph@ model, Bruker, Germany) is used to record the FTIR
spectra in the range of 4@M00 cm' by mixing the sample with dried KBr (in

1:20 weight ratio) with a resolution of 4 cm.

Wave-Dispersive XRay fluorescence Spectrometer (WEXRF): Analysis of
soil sample was done by usingVaveDispersive XRay fluorescence
Spectrometer at SAIF, Panjab Universitigandigarh.

2.3Sample Collection ad Treatment

The soil samples were collected from the process house, IV phase, RIICO

industrial area, BHILWARA from different depths which are given below:
From (G15) cm. Depth, IV Phase, RIICO Industrial Area, BHILWAHR&:]o-15
From (1530) cm. Depth, IV Phase, RIICO Industrial Area, BHILWARS;] 1530

The soil samples were dried in air for about three weeks. After drying the soil was

sieved in order to obtain different particle size distribution 300 BSS).
2.4 Geqgraphy of Study Area

Bhilwara is famous as "the city of textiles & loom25.35°N and
74.63°E. It has an average elevation of 421 metres (1381 feet). It falls between the
districts of Ajmer (in north) and Chittorgarh and Udaipur (in south). Major rivers
flowing through the district are Banas, Bedach, Kothari, Khari, Mansi, Menali,
Chandrabhaga and Nagdi. There is no natural lake in the district but there are
number of ponds and dams so the district is the most irrigated in the state of

Rajasthan.

The magr industry is textiles, with more than 850 manufacturing units in

the town. The main textile product is synthetic fabric used in trousers. The city

38



Chapter 2

boasts of producing around a billion metres p.a. of trouser fabric, making
Bhilwara one of the major tex¢ilcentres in India. The city has nine major and
five small spinning mills. The total spindlage installed at Bhilwara are
approximately 4.50 lacs, about 40% of the state capacity. It has 18 modern
process houses to process polyester/viscose suiting witmthel capacity of a
billion metrers of fabric. In the weaving sector it has approximately 13,500 looms
out of which about 9000 are modern shuttleless ones [1].

2.5 Ground Water Scenario d Bhilwara District,
Rajasthan

Soils of the district are classiie as f®@Illdywlsaam or, medi um
this type of soil is found in the hilly areas in the central parts of the district.
doambhi s type of soil i Sanfduandd ighasn chye lema
type of soil is found mostly nearthean ks of ri veoanspeldblyd nal |
and sthesentypés of soils are met within the hilly areas of the eastern blocks
of the district [2].

Textile industries of Bhilwara produce 75 per cent of the country's textile.
There are hundreds of syntiwettextile units in outskirts of Bhilwara on
Chittorgarh, Gangapur and Mandal roads. Most units are involved in spinning,
dyeing and weaving. The industry's poor effluent management system has long
poisoned the area affecting air, surface and subsurfat, vegricultural lands
and human health. A study by the state public health engineering department in
2004 found that most open wells in villages near the Kothari river that flowed
beside the industrial belt hach@mium (Cr), lead (Pb), iron (Fe), zingn) and
sodium (Na) above the norms set by the Bureau of India Standards. These
chemicals were similar to those found in textile unit's waste. The untreated and
partially treated effluents from the factory are either flowing intorthk that
joins the mgor rivers, or percolating in the sandy river bed. Villages downstream
had been affected. Water in open wells in these villages has turned green and

water from handpumps smells and tastes of chemicals [3].

A study through National Geochemical mapping (NGGiogramme of
Geological Survey of India (GSI) reveals that the areas with agricultural land use
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and stream water near the Banas and Kothari rivieiguile 2.1), those flow
beside the industrial belt had Cr, Pb, Zn;@sand NaO above the toxicity limit
which corroborate the fact mentioned above. Agricultural activity-ir© &ther
villages located downstream of the Banas river towards village Mangroop has

reached a standstill.

Chromium is one of the important mienutrients, which regulates the
plant gowth and it is taken up as chromate by plants. Its mobility in plants is very
low, and leads to enrichment and toxicity in soil. As far as the agricultural practice
is concerned, soil with Chromium concentration more than 64 ppm is considered
to be toxic.Most part of the area shows concentration more than this value
(Figure 2.2), which probably have been derived from the effluents released from
the textile industries and resulted in toxicity of the soil [3].

In Bhilwara, there are many Textil@dustries and according to study
based on NGCM programme in Rajasthan certain areas of Bhilwara having
Chromium up to 160 to 190 ppm [3]. So in this area Chromium should be
considered in the critical range of toxicity.

2.6 Batch Adsorption Experiments

The Batch tests were carried out in 250 ml flask using a contaminated soll
as a adsorbent. A stock solution of Chromium(VI) is prepared by weighing 0.2829
g amount of potassium dichromate and diluting it with deionized water making
solution of 1000 ml andhis solution is diluted as required to obtain solution
containing different initial concentration. A 2 g soil was mixed with 100ml of the
aqueous solutions of various initial concentration (0.5 mg, 1 mg, 2 mg, 3 mg and
5 mg) of chromium (VI) in each flask he stirring speed was kept constant at 120
rpm. The flasks were shaken at a constant rate, allowing sufficient time for
adsorption equilibrium. It was assumed that the applied shaking speed allows all
the surface area to come in contact with heavy metsl over the course of the
experiments. The study was performed at room temperature to be representative
of environmentally relevant condition. The effects of various parameters on the
rate of adsorption process were observed byingrinitial Chromiumy/1)

concentration, amount of soil, pate size, pH of solution an@mperature of the
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Figure 2.1: The land use map of the industrial belt of Bhilwara (Based on the

satellite imagery data) [3].
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Figure 2.2: Geochemical contour map showing thdistribution of C hromium
in the industrial belt of Bhilwara, Rajasthan. [More than 90% of the areas of

agricultural land use shows Giromium toxicity (>64ppm)] [3].
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solution. The solution volume(V) was kept constant. The change in
Chromium(VI)  concentration due to adsorption was determined
spectrophotometrically according to standard method [4]. The measurements were
made at the wavelength &=540nm, whi ch c¢
[5]. A purpe-violet colored complex was developed in the reaction between
Chromium(VIl) and 1, Hiphenylcarbazide in acidic condition. Using the

Equation 2.1, the concentrations of Chromi¥fl) at different time adsorbed in

soil solids was calculated,

_(G-Q)V

A M (2.1)

Whereq; is the amount of Chromium(VI) adsorbed onto the soil at tin@& is
the initial concentration of Chromium(VIE; is agueous phase concentration of
Chromium(VI1) at timet, V is the volume of the aqueous phaaad Mis the
weight of soil sample.

2.6.1 Color Development and Measurement of Chromium(VI) by

Diphenylcarbazide Method

Figure 2.3: Development of color byDiphenylcarbazide method.

A colorimetric method was used to determine soluble Chromium(VI) in
soil. 1 ml of the extract to be tested was transferred toral5@olumetric flask.
1:1 H,SO, solution to give a pH of 2 and 2.0 ml diphenylcarbazide solution was
added in it and mixed. Then diluted to 50 ml with doubly distilled water, and was

stand for 5 to 10 min for full color developmeriqure 2.3. An appropriate
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portion of the solution was transferred in to-am absorption cell and measures
its absorbane at 540 nm. Doubly distilled water was used as a reference. From
the absorbance, amount of Chromium present in sample was determined by

reference to the calibration curve [6].

2.6.2 Principle of Chromium(VI) Determination by U. V. Visible
Spectrophotometic Method

The diphenylcarbazide method involves the foramatof a purplered
complex of ChromiurgVl) with 1, 5 diphenylcarbazide in the acidic medium. Its
mol ar absorption coef f{ dheebtdinedacoloriea 540 nn
result of the redoxreaction Equation 2.2 of 1, 5diphenylcarbazide with
Chromium(V1) in acidic solution to form the Cr(I{giphenylcarbazone complex
that absorbs electromagnetic energy at 540 nmTRé acidity of the analyzed
solution influences the intensity of thel@g so it should be maintained at the
same level. The recommended pH is abegtsince it ensures high sensitivity of
the reaction. The color is stabilized by the presence of orthophosphoric acid. The
diphenylcarbazide method of determination of ChronfMincan be considered

selective. [810].

H J-N - .
[—-1/1\1-1\1-(‘(,145 /T\ N-CeHs
(i:O C\:\IO
H SNT
HN-N-C4H, BN Gt
diphenylcarbazide diphenylcarbazone
2Cr (V1) + Hdiphenylcarbazide> Cf 1)+ 3 diphenylcarbane (2.2)

2.6.3 Determination Procedure for Preparation of Calibration
Curve

In order to plot the calibration line, 0.0, 0.2, 0.6, 1, 1.5, 2.0, 5.0, 6.0,
8.0, and 10.0 ml of the working Chromium(VI) solutiomere measured in turns

into 50 ml flasks, which corresponded with the Chromium(VI) content in a
sample ranging from 0.0 to 0.05 mg. 1.0 ml ofSB, (1:1) and 0.3 ml of
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concentrated HPO, were added and the solution was diluted with distilled water
up to the mark. After 5 minutes, 2.0 ml of rdiphenylcarbazide was added to
eachsample. After another 10 mithe absorbance of the solutions was measured
in 1 cm cell s atlankaests Bh® dependenaegbetiveers the b
concentration of Chromium(VI) and absorbance is rectilinear over the whole
range of the examined concentratiokgy(re 2.4) and its correlation coefficient

is 0.993.

A similar procedure was used to determine the ecar@eChromium in the
soil samplesThe content of @romium in the soil was calculated according to the

Equation 2.1

0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -

Absorbance

0.3 -
0.2
0.1 4

0 T T T
0 0.01 0.02 0.03 0.04 0.05 0.06

Chromium (mg)

Figure 2.4: Calibration line for determination of Cr(VI) in the form of a

complex with 1, 5diphenylcarbazide.
2.7 Physico-Chemical Characterization of Soil Sample

The experimental portion of this research was conducted in two phases.
The first phase was pretreatment and characterization of soil sample collected
from RIICO Industrial Area, Bhilwara. Eh second phase was a series of
Chromium experiments to determine the kinetics of the adsorption reactions, the

amount of adsorption as a function of initial Chromium(VI) concentration,
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particle size, pH of solution and amount of sBiést suitable adsorptiosatherm
was determined foadsorption process. Desorption experiments was carried out
by soil washing, by NaOH and EDTA.

2.7.1 PhysiceChemical Characteristics of Soll

The tests were Performed with the help of CEG test house and research

centre Jaipur, and RARI, Durgapura Jaipur givén inTable 2.1andTable 2.2

Table 2.1:  The Physicechemical characteristics of the soil [§o.15.

S. No. | Parameters Soil

1. pH 8.2

2. Conductivity (dS/m) 0.21

3. Organic Carbon 0.18 %
4, Phosphate (per Kg) 24

5. Potash (per Kg) 254

6. Clay Content 3.67 %
7. Sand Content 72.57 %
8. Silt Content 23.76 %
9. Sodium absorption ratio 28.59
10. Cation Exchange Capacity (meg/100gm) 5.10

According to Rajasthan State Pollution Control Board, soil sample
collected from RIICO Industrial Ared&hilwara, IV Phase (Process House) have
202.91 mg/kg Total Chromium.
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Table 2.2 The Physicochemical characteristics of the soil [Z15-30.

S. No. | Parameters Soil

1. pH 8.3

2. Conductivity (dS/m) 0.22

3. Organic Carbon 0.19 %
4, Phosphate (per Kg) 21

5. Potash (per Kg) 249

6. Clay Content 4.66 %
7. Sand Content 71.37 %
8. Silt Content 23.97 %
9. Sodium absorption ratio 29.69
10. Cation Exchange Capacity (meg/100gm) 5.86

2.8 X-Ray Fluorescence Study

The XRF method was used for analysis okfament's total carentration
in examined soi[11]. As soil are ensemble of elements, therefore a multi element
technique capable of determining elements with accuracy is preferable. One such
technique is XRF in which major elements were analyzed oned fgisiss beads
at 50 kV and 50 mA tube operating conditions. The intensity obtained for the
elements were calibrated by using standards for both major and minor element

analysis [12].
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X-ray Flourescence (XRF) analysis is a widely used method of elemental
analysis and chemical analysis providing both qualitative and quantitative
compositional information. XRF can measure the wide range of measurable
elements covering nearly the entire periodic systemayXfluorescence model
Bruker S8 Tiger is used for thpresent work. It is a wavelength dispersiveay
fluorescence (WEXRF), which separates the characteristic wavelength with a
very high degree of resolution. Optimized analyzer, crystals and detectors are
used to separate and count the emitteichyé. WD XRF is unsurpassed in terms
of analytical accuracy and precision. In this method, the sample is excited with a
primary X-ray beam, causing the sample to have fluorescence. The primary X
rays eject electrons out of the inner atomic shellsaid L-shell). The resulting
Avacancyo is filled by an electron trans:t
shell of the atom, which are not involved in chemical bonding. Hence the samples

can be analyzed directly without advanced sample preparation.

X-ray fluorescencéXRF) spectrometry has also been used for analysis
and speciation of Chromium(lll) and Chromium(VI) {18]. The main advantage
of this technique is its capability of direct analysis of solid and liquid samples,

avoiding sample handling or at least redgdi to a minimum.
2.8.1 Results and Discussion

The XRF analysis of soil sample before and after adsorption of
Chromium(VI) shown inTable 2.3 XRF analysis confirm the following
composition of the elements in the soil before adsorption of Chromium(VI) : CaO
(64377 ppm), MnO (0.26%), SpJ61.660), FeOs (8.94%), Ni (407 ppm), Cr
(203 ppm), Co (26 ppm) and Zn (121 ppm). After adsorption of Chroifvl),

XRF revealed the following results: CaO (61675 ppm), MnO (0.25%), SiO
(60.23%0), FeO3(7.80%), Ni (305 ppm), Cr (226 ppm), Co (23 ppm) and Zn (119
ppm). The result confirmed the adsorption of Chromium(VI) by soil sample by
the increase in its corogition from 203 ppm to 226 ppm. Amount of CaO
decreases from 64377 ppm to 61675 ppm which indicates that Chromium bind
with the Calcium after its adsorption onto soil sample. It isialgmod agreement

with the result of XRD inSection 2.9 which confirm the formation of
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Table 2.3: Chemical Composition of [fo.15 before and after Cr(VI)

adsorption, determined by XRF technique

Chemical [S1]o-15, Before adsorption | [Si]o.15, After adsorption of
Components of Cr(VI) ppm Cr(VI) ppm
CaO 64377 61675
Sc 18 16

SiO; 61.66 % 60.23 %
TiO; 0.88 % 0.87 %
Vv 511 532

Cr 203 235
MnO 0.26 % 0.25%
Fe,03 8.94 % 7.80 %
Co 26 23

Ni 407 305

Cu 132 135

Zn 121 119

Ga 21 19

As 9 12

Rb 59 59

Sr 123 117

Y 30 26

Zr 202 169

Nb 16 14

Mo 3 2

Sn 0.0 1

Sb 2 4

Cs 5 7

Ba 222 239

La 35 37

Ce 77 75

Pb 32 34

Th 9 9

U 2 2
Compton 77.40 % 77.13 %
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Chromatite(CaCrQ). The composition of the other elements also changes after
Chromium(VI) adsorption indicates that these metals solubilize with wateiodue
constant stirring at the time of adsorption experiment.

2.9 X-Ray Diffraction Study

X-ray diffraction (XRD) pattern for soil samples before and after
Chromium(VI1) adsorption was recorded with pananalyticab¥X diffractometer
using CuKU =r1®4D6 &t Tiben K& radi ati on was Se¢
diffracted beam monochromator at 25 kV, and the diffraction pattern was
collected from 4 to ®Q 500 28 wiotrh 580 gantieput
to acquire Xray patterns with sufficiently higimtensities to identify the minerals

present.

In XRD the parallel planes inside the crystal called lattice planes are
designated by their integels k, and| called miller indices, which are of the
reciprocals of the intersection between the lattice pkmd the three
crystallographic axis that span the unit cell of the crystal. A given set of planes
with indicesh, k, Icut the aaxis of the unit cell in h section, b axis in k sections
and the eaxis in | sections. The incident-pay beam and the lattigganes have to
be oriented in a certain angle (d) to al
lattice planes in the distance,{#l interfere and give intensity maxum, which
occurs as a peak innay diffractogram, if their path difference 2ds an integer
of wavelength (@&). This relationship can
law [17, 18] agyiven inEquation 2.3

M. = 2.d,,,.sind (2.3)

The X-ray diffractogram consists of a plot of reflected intensity versus the
di ffracted angle 2d. Il n powder sampl es |\
same amount of the crystallites has the right orientation for the diffraction for all
lattice planes. If instead a certain pattern is preferred the intensity of some
reflection is lowered or increased. Information about the lattice parameters is
availabk from peak position. The sharpness of the diffraction lines is determined

from their intensity together with their breadth, which is called the full width at
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half maximum (FWHM). The breadth of the peak is increased with decreasing
crystallites size. TheXRD patterns of a sample show the intensity ofax
diffracted by different planes of the crystal at different angles. The crystal phase
identification is based on the comparision of the set of reflections of the specimen
with that of pure references plegsor with database [19].-Pay diffraction line
broadening analysis is used to determine crystallite size of the crystalline phase
using the Scherrer formula [20, 21] asEquation 2.4where,

Crystallite size= K/ Wco¥ (2.4)

K = shape f act or-rayradiaten useaW = differangetoh o f X
broadened profile width of the experimental jj\Vdnd standard profile width of

the reference sample(Ws) d = angl e of diffraction.

Compounds were identified by comparing with the Joint Committee on

Powder Diffraction Standards (JCPDS) cards in the conventional way.

2.9.1 Results and Discussion

The XRD pattern of the soil sample, before adsorption of Chm(vl) shows

sharp and pointed diffraction pealsiqure 2.5 at 2d values corre
5.94, 10.46 and 26.63 which indicates the crystalline nature of the soil with

certain degree of exfoliation. After the adsorption of Chromium(VI) the new sharp

peaks obtained at 2d v%aPllwe 782 H4R4espondi
49.17, 50.67 and 59.88 respectively [22]. Interestingly, the crystalline nature of

the soil is not dimrbed after the adsorption oh@mium (Figure 2.6) and the

new sharp peaks obtained a2 dvalues corresponding to 42.4149.17, are

attributed to the adsorption of Chromium which concurs with the reported values

in literature [ 23°caresjohddoGDd2#k wi th 2d 50.

The characteristic peaks of quartagy at 2 Y25]=(JCPBS cérd
3371 1161) [26], But after the adsorption of Chromium(VI) the spectrum appears
wi t h a peak° whith inZlicates=that2tite.mat8rial is amorphous and
contain pure Si@[27, 28]. The X-ray diffraction analysisKigure 2.6) showed
the presence ofhcomatite, CaCr@(JCPDS card 8458) identified by 49°12 d
peak R6,29-30], like a main crystalline phase.
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Figure 2.5: X-ray diffraction pattern of soil sample before adsorption of

Chromium(V1).
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Figure 2.6: X-ray diffraction pattern of soil sample after adsorption of

Chromium(V1).
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2.10Fourier Transform Infra -Red (FT-IR) Spectroscopy

The FTIR spectrum of soil was used to investigate the functional groups
present on the soil that could be responsible forattteorption of heavy metal
species [31]. By the help of this technique we can identify unknown materials, can
determine the quality or consistency of a sample and the amount of components in
a mixture. An infrared spectrum representdirgerprint of a samie with
adsorption peaks which correspond to the frequencies of vibrations between the
bonds of the atoms making up the material. Because each different material is a
unique combination of atoms, no two compounds produce the exact same infrared
spectrum. Terefore, infrared spectroscopy can result in a podiegtification
(qualitative analysis) of every different kind of material. This technique works on
the fact that bonds and groups of bonds vibrate at characteristic frequency. The
interactions of IRradiation with molecules result to variation in the dipole
moment and therefore, the transition take place in vibrational energy levels of the
molecules, which are quantized. The activation of the molecule leads to different
mode of fractional motions suds stretching (symmetric and asymmetric) and
bending, promotes the molecule in higher vibrational energy level. The energy of
the stretching vibrational motion is higher than that of the bending vibration and
the asymmetrical stretching motion (asymmaeirgtretching frequency) is higher
in energy than symmetrical stretching (symmetrical stretching frequency). The
transition in vibrational energy levels of the molecules gives IR spectrum, which
is the graph between the wave number and the % transmitbaraiesorbance.
FT-IR was performed by mixing the sample with KBr in 1:20 weight ratio.
Spectra were recorded in the range-4000 cm' with a resolution of 4 chi by

usingFT-IR spectrophotometer (Alpkh model, Bruker, Germany).
2.10.1 Results and Discsson

The FTIR spectra of the soil sample before adsorption of Chromium(VI)
are shown irFigure 2.7. A broad peak at 3421 ¢mis due toi OH stretching
(surfacei OH of SiOH) [32, 33], which indicate the presence of hydroxide group
in the sample and that at 2924 tnis attributed to €H stretching vibration in
soil. A peak around 2514 ¢hs h o WGH stretching [34]. The barat 1629 crit
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and 1428 cilcould be ascribed to the-BH bonding in water and CaO/ G®
respectively [35]. The peak characteristics of soil were observed at 109%iem
O- Ca stretching) [36], 781 c¢M(Si-O stretching of quartz and silica), 485 tm
(Si-O-Fe deformation) and 416 ¢hiSi-O-Si deformation), respectively [340].

The FTIR spectra of the soil sample after adsorption of Chromium(VI) are
shown inFigure 2.8 After adsorption, the FTIR spectrum of Chromium¢sojil
shows that peaks at 292m¢ and 2514 cil almost disappear and the peak 3421
cm*, 1629 cni', 1428 cni, 1028 cn, 781 cnt and 485 crif was shifted to 3418
cm?, 1631 cn, 1425 cnt, 1027 cnt, 775 cmi and 483 crif respectively. The
new peaks also appear at 689'camd 447 m™. The appearance of some of the
functional group in the range of 4800 cm' may be due to @netal bonds

present at the surface of soil [41].

Comparison of the characteristic absorbance easfgvarious functional
groupsyibrational bands of soil samples before and after adsorption of
Chromium(VI) are given ifable 2.4

There are considerable amendments in the spectral featurethafeéelsorption of
hexavalent Gromium and the change is more obvious in thel @gion ofthe
FT-IR spectrum. Chromium(VI) exists primarily as bichromate itCrO,') and
dichromate (GiO/”') in acidic medium [42]. A shifting in the peak 3421 timo
3418 cnt indicating interaction between hydroxyl group ar@hromium ions.
This fact is ale substantiated through the appearancelwdracteristic GO and
Si-O deformation peaks at 775 ¢rand 689 cril, respectively [43].

Hydrogen bonding interaction is also probable between the hydroxyl
protons in soil and the oxygen atoms in the bichroraaten. Furthermore, it is
also probable that the silanol groups in soil could be protonated as*'Si©OH
acidic medium and this would further reinforce the interaction of bichromate
anion with the positively charged soil surface [44, 45]. This is in aggagwith
the discussion irsection 3.3.4of Chapter 3 on the effect of solution pH. The
shift in the wave number corresponds to the change in the energy of the functional
groups, indicates the existence of Chromium binding process on the surface of the
sal [46].
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Figure 2.7: FT-IR spectra of soil sample before adsorption of Chromium(VI).
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Figure 2.8: FT-IR spectra of soil sample after adsorption of Chromium(VI).
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Table 2.4: Results of FTIR bands for soil sample collected from IV phase RIICO industrial area, Bhilwara.
S. No. | Chemical functional group/ Vibrational | Characteristics absorption range, Wavelength (ci)) Ref.
band Before  adsorption  of| After adsorption of
Cr(VI) Cr(VI)
1. Surface-OH of SIOH 3421 3418 [32, 33]
2. C-H stretching vibration 2924 - [34]
3. 3i OH stretching 2514 - [34]
4. H-OH bonding in H-0 1629 1631 [35]
5. Ca0/CO;> 1428 1425 [35]
6. Si-O-Ca 1028 1027 [36]
7. Si-O stretching of quartz andsilica 781 775 [37]
8. Si-O-Fe deformation 485 483 [38]
9. Si-O-Si deformation 416 416 [39, 40]
10. Cr-O - 775 [43]
11. Si-O deformation - 689 [43]
12. C- Metal bonds - 447 [41]
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2.11SEM Analysis

A scanning electron microscope (SEM) is a type of electron microscope
that produces images of sample by scanning it with a focused beam of electrons.
The morphological and topographical studies were carried out electron
microscope, which is a straight faawd technique for the determination of
morphology and size of solid catalysts [2The electrons interact with atoms in
the sample, producing various signals that contain information about the sample's
surfacetopographyand composition. The electron beasngenerally scanned in
araster scapattern, and the beam's position is combined with the detected signal
to produce an image. SEM can achieve resolution better than 1 nanometer.
Specimens can be observed in high vacuum, in low vacuum, in wet congitions
environmental SEM), and at a wide range of cryogenic or elevated temperatures.
The most common SEM mode is detection of secondary electrons emitted by
atoms excited by the electron beam. The number of secondary electrons that can
be detected dependamong other things, on the angle at which beam meets
surface of specimemg. on specimen topography. By scanning the sample and
collecting the secondary electrons that are emitted using a special detector, an

image displaying the topography of the suefaccreated.
2.11.1 Results and Discussion

Scanning electron micrograph of soil before and after adsorption of
Chromium(VI1) has been recorded and the spectrum is shotwigume 2.9 From
Figure 2.9 (a)it could be observed that prior to Chromium adsorptisoil are
having very fine pores on it and irregular surface structure, indicating soil is a
heterogeneous powddtigure 2.9(b) and2.9(c) shows that after adsorption, the
surface became abnormal and a great deal of crystal adhered to the surface, thes
images prove that, the Chromium(VI) ion was adsorbed by soil into its pores and

developed a layer of Chromium(VI) on the surface.

2.12Point of Zero Charge

The pHpzc is defined as the pH of the suspension at which the surface
(acidic or basic) functional groups of absorbents no longer contribute to the pH

value of the solution[47]. The relationship between pHpzc and adsorption
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Figure 2.9 (c): SEM image analysis of soil sample after adsorption of 2 mg
Chromium(VI)
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