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ABSTRACT: Environmental pollution particularly from heavy metals and minerals in the wastewater is the most
serious problem in India. Due to extensive anthropogenic activities such as industrial operations particularly mining,
agricultural processes and disposal of industrial waste materials; their concentration has increased to dangerous levels.
Heavy metals in industrial effluent include nickel, chromium, lead, arsenic and cadmium. So far, a number of efficient
methods have been reviewed for the removal of heavy metals such as chemical precipitation, ion exchange, reverse
osmosis, electro-dialysis, ultra-filtration, nano-filtration, coagulation, flocculation, floatation, etc. However, these
methods have several disadvantages such as high reagent requirement, unpredictable metal ion removal, generation of
toxic sludge etc. Adsorption process being very simple, economical, effective and versatile has become the most
preferred methods for removal of toxic contaminants from wastewater. This paper reviews the use of various readily
available natural materials as adsorbents of heavy metals from industrial wastewater. Various adsorbents reviewed
include activated carbon, activated alumina, iron acetate activated alumina, silica gel, hydrogels, magnetic graphene
oxide. And also Various low cost adsorbents reviewed includes sand, used tea leaves, eggshell, rice husk, activated
carbon, olive stones, wood sawdust etc.

KEYWORDS: Heavy metals, Adsorption, Activated carbon, Activated alumina, Silica gel, Magnetic graphene oxide,
Hydrogels, Low cost adsorbents.

I. INTRODUCTION

The quality of our environment is deteriorating day by day with the largest cities reaching saturation points and unable
to cope with the increasing pressure on their infrastructure. Industrial effluents, sewage and farm wastes are the major
pollutants contaminating the environment. Most of the industries discharge wastewater and their effluents containing
toxic materials into rivers without adequate treatment. Environmental pollution particularly from heavy metals and
minerals in the waste water is the most serious problem in India. Heavy metals are major pollutants in marine, ground,
industrial and even treated wastewater. Most of the point sources of heavy metal pollutants are industrial wastewater
from mining, metal processing, tanneries, pharmaceuticals, pesticides, organic chemicals, rubber and plastics, lumber
and wood products. The heavy metals are transported by runoff water and contaminate water sources downstream from
the industrial site. To avoid health hazards it is essential to remove these toxic heavy metals from waste water before its
disposal.

Most of the heavy metals discharged into the wastewater are found toxic and carcinogenic and cause a serious threat to
the human health. (Srivastava et al., 2006). The release of large quantities of hazardous materials into the natural
environment has resulted in a number of environmental problems and due to their non-biodegradability and persistence,
can accumulate in the environment elements such as food chain, and thus may pose a significant danger to human
health.

I.I HEAVY METAL TOXICITY
Heavy metals are elements having atomic weights between 63.5 and 200.6, and a specific gravity greater than 5.0.Most
of the heavy metals are dangerous to health or to the environment. Heavy metals in industrial wastewater include lead,

chromium, mercury, uranium, selenium, zinc, arsenic, cadmium, silver, gold, and nickel (Ahalya et al., 2003). The
main threats to human health from heavy metals are associated with exposure to lead, cadmium, mercury and arsenic.
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These metals have been extensively studied and their effects on human health regularly reviewed by international
bodies such as the world health organisation(WHQO). Acute heavy metal intoxications may damage central nervous
function, the cardiovascular and gastrointestinal (GI) systems, lungs, kidneys, liver, endocrine glands, and bones.
Chronic heavy metal exposure has been implicated in several degenerative diseases of these same systems and may
increase the risk of some cancers.

Table 1: SOURCES AND TOXILOGICAL EFFECTED OF SOME HEAVY METALS: (Alluri et al,. 2007).

Heavy Metal Sources Effects

Copper ) Water pipes; Copper water heaters;; | o Mental disorders, Anaemia;

Frozen greens and canned greens using copper to | Arthritis/rheumatoid arthritis; Hypertension,

produce an ultragreen color, Alcoholic beverages | Nausea/vomiting, Hyperactivity,

from copper brewery equipment. Schizophrenia.

) Instant gas hot water heaters; Hormone | o Insomnia, Autism, Stuttering,

pills; Pesticides. insecticides; fungicides; Copper | Postpartum psychosis, Inflammation and

jewelry; Copper cooking pots enlargement of liver, heart problem, Cystic
fibrosis.

Arsenic . Arsenic occur in rocks, soil, water, air | o Pollution of water affects both
and biota found in environment. plants and organisms living in water.

. In natural water, it is mostly found as | e Heavy metals can cause great harm

trivalent arsenite, or pentavalent arsenate. to humans, animals and the aquatic

J Combustion of fossil fuel is a major | ecosystem.

source of arsenic in the environment through | e Polluted water exposure causes

atmospheric deposition. skin, lung, bladder and kidney cancer as
well as pigmentation changes, neurological
disorders, muscular weakness in humans.

Cadmium ) Cadmium is produced as a by-product ) Cadmium is highly toxic to
mainly from mining, smelting and refining of humans, plants and animals.
sulphide ores of zinc. . Harmful effects of cadmium in
) Cadmium occurs naturally in the humans include a number of acute and
environment process of erosion and abrasion of chronic disorders, such as renal damage,
rocks and soils, forest fires and volcanic emphysema, hypertension and testicular
eruptions. atrophy etc.

Lead . It is found in storage batteries, television | e Lead is toxic to most living things.
tube, paint, printing, pigments, photographic . Lead is known to damage the
materials, fuels, matches and explosives. kidney, liver, reproductive system, basic
. One of the largest consumer of lead is cellular processes and brain function.
batteries storage industry and petroleum industry
in producing gasoline additives.

Fluoride . In Unnao, the content of fluoride in . Fluoride adversely affects the
ground water increases because of chemical and foetal cerebral function and
leather industries. neurotransmitters.

. Industries such s mining steel, . Many people are affected with
automobile, batteries and paints. Pollutants dental , skeletal and non-skeletal fluorosis.
arising from increasing industrialization. o People with cardio-vascular and
kidney problems.
° It affects every organ, tissue and
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cell in the body.

Nickel . Effluents of  silver refineries, | o Dermatitis, Myocarditis,
electroplating, zinc base casting and storage | Encephalopathy, pulmonary fibrosis, cancer
battery industries. of lungs, nose and bone, headache,

dizziness, nausea and vomiting, chest pain,
rapid respiration.

Chromium ) Steel and textile industry ) Skin rashes, respiratory problems,
haemolysis, acute renal failure, weakened
immune systems, kidney and liver damage,
alteration of genetic material, lung cancer,
Pulmonary fibrosis.

Non-biodegradable contaminants pose a serious health and environmental hazard and removal of these wastes cannot
be achieved using secondary methods. Hence, tertiary/advanced wastewater treatment methods such as ion exchange,
precipitation, membrane separation, electrolysis and adsorption_ can be used to remove these recalcitrant wastes. So
far, a number of efficient methods have been developed for heavy metal removal. Fenglian et al. (2011) and Rao et al.
(2011) reviewed various methods for the removal of heavy metals such as chemical precipitation, ion exchange, reverse
osmosis, electrodialysis, ultrafiltration, nanofiltration, coagulation, flocculation, floatation, etc. Generally, these
processes are efficient in removing the bulk of metals from solution at high or moderate concentrations. However,
chemical processes produce a large amount of metallic sludge, making metal recovery difficult. The sludge also needs
further disposal. In addition, effluent after such treatment usually has unacceptably high total dissolved solids. When
applied to dilute metal waste or lower concentrations of metal ions, these processes are either ineffective or not cost-
effective and require high level of expertise; hence they are not applied by many end-usersHowever, most of these
methods are costly and require high level of expertise; hence they are not applied by many end-users. For these reasons,
adsorption technology has gained a wider application due to its inherent low cost, simplicity, versatility and robustness.
Low cost adsorbents derived from agricultural by-products and industrial solid wastes could be used to remove
recalcitrant wastes from synthetic wastewater. Conversion of these materials into adsorbents for wastewater treatment
would help to reduce the cost of waste disposal. The adsorption of toxic waste from industrial wastewater using
agricultural waste and industrial by-products has been massively investigated (Basu et al., 2006; Srivastava et al.,
2006). The technical feasibility of various low-cost adsorbents for heavy metal removal from contaminated water has
been reviewed (Babel et al.,2003).Instead of using commercial activated carbon, researchers have worked on
inexpensive materials, such as chitosan, zeolites, and other adsorbents, which have high adsorption capacity and are
locally available. There are many sources of activated carbon from organic waste.

Table 2:.THE MAXIMUM CONTAMINATION LIMIT STANDARDS(MCLS)

Heavy Metal Atomic Number MCLS(mg/l)
Copper 29 0.25
Arsenic 33 0.050

Cadmium 48 0.01
Lead 82 0.006
Nickel 28 0.20
Chromium 24 0.05
Fluoride 09 15

1.1 NEED FOR THE REMOVAL OF HEAVY METALS
Discharge of industrial, domestic and agriculture waste in rivers and lakes cause deposit of pollutants in sediments.

Such pollutants include heavy metals, which danger for human health after being incorporated in food chain. Heavy
metals cannot be destroyed through biological degradation, as is the case with most organic pollutants. Incidence of
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heavy metals accumulation in fish, oysters, mussels, sediments and other components of aquatic ecosystems have been
reported from all over the world. Excessive amounts of some heavy metals can be toxic through direct action of the
metal or through their inorganic salts or via organic compounds from which in the metal can become easily detached or
introduced into the cell. Exposure to different metals may occur in common circumstances, particularly in industrial
setting. Accidents in some environments can result in acute, high level exposure. Some of the heavy metals are toxic to
aquatic organisms even at low concentration. The problem of metal pollution in water and aquatic organisms including
fish, needs continuous monitoring and surveillance as these elements do not degrade and tend to biomagnified in man
through food chain. Hence there is a need to remove the heavy metals from then aquatic ecosystems. Research and
development, therefore focSuses on sector-specific methods and technologies to remove colour and heavy metals.

1.1 TOXIC EFFECT ON AQUATIC ORGANISMS

Aquatic organisms are more affected by heavy metals in the environment. The toxicity is largely a function of the water
chemistry and sediment composition in the surface water system. The metals are mineralized by micro-organisms,
which in turn are taken up by plankton and further by the aquatic organisms. Finally, the metals by now, several times
biomagnified is taken up by man when he consumes fish from the contaminated water.

. Slightly elevated metal levels in natural waters may cause the following sub-lethal effects in aquatic
organisms: histological or morphological change in tissues;

) Changes in physiology, such as suppression of growth and development, poor swimming performance,
changes in circulation;

. Change in biochemistry, such as enzyme activity and blood chemistry;

) Change in behaviour; and

) Change in reproduction.

Il. METHODS OF HEAVY METAL REMOVAL
1.1 CHEMICAL PRECIPITATION

Chemical precipitation processes are the addition of chemical reagents, followed by the separation of the precipitated
solids from the cleaned water. Precipitation of metals is achieved by the addition of coagulants such as alum, lime, iron
salts and other organic polymers. Gopalratnam et al. (1988) found 80% removal of Zn, Cu, and Pb, and up to 96.2%
removal of oil from industrial wastewaters by using a joint hydroxide precipitation and air floatation system.

11.11 ION EXCHANGE

lon exchange is a reversible chemical reaction wherein an ion (an atom or molecule that has lost or gained an electron
and thus an acquired an electrical charge) from solution is exchanged for similarly charged ion attached to an immobile
solid particle. These solid ion exchanged particles are either naturally occurring inorganic zeolites or synthetically
produced organic resins. An organic ion exchange resin is composed of high-molecular-weight polyelectrolyte that can
exchange their mobile ions for of similar charge from the surrounding medium. Each resin has a distinct number of
mobile ion sites that set the maximum quantity of exchange per unit of resin. Most of the resins used are synthetic
because their characteristics can be tailored to specific application. Synthatic resin made by polymerization of organic
compounds in a porous threedimensional structure. lon exchange resins are classified as cation exchangers, whom it
has positively charged mobile ions available for exchange, and anion exchanger. Both anion and cation resins are
produced from the same basic organic polymers. They differ in the ionizable group attached to the hydrocarbon
network. It is this functional group that determines the chemical behavior of the resin. Resins can be broadly classified
as strong or weak acid cation exchangers or strong or weak base anion exchangers.
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11111 ELECTRODIALYSIS

Electro Dialysis (ED) is a membrane process, by which ions are transported through semi permeable membrane, under
the influence of an electricpotential. The membranes are cation- or anion-selective, which basically means that either
positive ions or negative ions will flow through. Cation-selective membranes are polyelectrolytes with negatively
charged matter, which rejects negatively charged ions and allows positively charged ions to flow through. Nataraj et al.
(2007) performed a new working system to investigate the removal of hexavalent chromium ions using a built
electrodialysis (ED) pilot plant comprising a set of ion-exchange membranes.

11.IV COAGULATION/ FLOCULATION

Coagulation and flocculation are an essential part of drinking water treatment as well as wastewater treatment.
Coagulation is the chemical reaction which occurs when a chemical or coagulant is added to the water. The coagulant
encourages the colloidal material in the water to join together into small aggregates called “flocs”. Suspended matter is
then attracted to these flocs. Flocculation is a slow gentle mixing of the water to encourage the flocs to form and grow
to a size which will easily settle out. Randtke et al.(1997) reviews the basic mechanisms involved in the removal of
organic contaminants by coagulation. Kuo et al.(2001) studied the effects of initial pH and turbidity, alum and pre
ozonation doses, and flocculation time on the removal of dissolved organic matter during alum coagulation.

1.V ULTRAFILTRATION

Ultrafiltration is a separation process using membranes with pore sizes in the range of 0.1 to 0.001 micron.
Ultrafiltration will remove high molecular-weight substances, colloidal materials, and organic and inorganic polymeric
molecules. It is a pressure-driven purification process in which water and low molecular weight substances permeate a
membrane while particles, colloids, and macromolecules are retained. The primary removal mechanism is size
exclusion, although the electrical charge and surface chemistry of the particles or membrane may affect the purification
efficiency. Landaburu-Aguirre et al. (2009) investigated the removal of zinc from synthetic wastewater.

11.VI MEMBRANE FILTRATION

Membrane filtration has received considerable attention for the treatment of inorganic effluent, since it is capable
removing not only suspended solid and organic compounds, but also inorganic contaminants such as heavy metals.
Depending on the size of the particle that can be retained, various types of membrane filtration such as ultra filtration,
nano filtration and reverse osmosis can be employed for heavy metal removal from wastewater. Unique specialties
enable UF to allow the passage of water and low-molecular weight solute, while retaining the macromolecules, which
have a size larger than the pore size of the membrane. The only disadvantage of this process is the generation of sludge.

11.VII REVERSE OSMOSIS

Reverse osmosis(RO) process cellophane-like membranes separate purified water from contaminated water. RO is
when a pressure is applied to the concentrated side of the membrane forcing purified water into the dilute side, the
rejected impurities from the concentrated side being washed away in the reject water. Applications that have been
reported for RO processes include the treatment of organic containing wastewater, wastewater from electroplating and
metal finishing, pulp and paper, mining and petrochemical, textile, and food processing industries, radioactive
wastewater, municipal wastewater, and contaminated groundwater (Slater et al., 1983; Cartwright, 1985; Ghabris et al,
1989; Williams et al., 1990).
ILVIII ADSORPTION

Adsorption is a process that occurs when a gas or liquid solute accumulates on the surface of a solid or a liquid
(adsorbent), forming a molecular or atomic film (the adsorbate). Adsorption is operative in most natural physical,
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biological, and chemical systems, and is widely used in industrial applications such as activated charcoal, synthetic
resins and water purification. Among these methods, adsorption is currently considered to be very suitable for
wastewater treatment because of its simplicity and cost effectiveness (Yadanaparthi et al.2009, Kwon et al., 2010,).
Adsorption is commonly used technique for the removal of metal ions from various industrial effluents (Gottipati et al.,
2012). In a bulk material, all the bonding requirements (be they ionic, covalent or metallic) of the constituent atoms of
the material are filled. But atoms on the surface experience a bond with whatever happens to be available. The exact
nature of the bonding depends on the details of the species involved, but the adsorbed material is generally classified as
exhibiting physiosorption and chemisorption.

ILIX TYPES OF ADSORPTION

At molecular level, adsorption is due to attractive interactions between a surface and a species being adsorbed.

) Physical Adsorption: It is a result of intermolecular forces of attraction between molecules of the adsorbent
and adsorbate. Physical adsorption occurs when the intermolecular attractive forces between molecules of a solid and
the gas are greater than those between molecules of the gas itself. Furthermore, it occurs lower or close to the critical
temperature of the adsorbed substances.

) Chemical Adsorption: It is a result of chemical interaction between the solid and the adsorbed surface. It is
also called activated adsorption. It is irreversible. It is particularly important in catalysis. Therefore, the energy of
chemisorptions considered like chemical reaction. It may be exothermic or endothermic processes ranging from very
small to very magnitudes. The elementary step in chemisorption often involves large activation energy (Activated
adsorption)

11.X .ADSORPTION DYNAMIC

It is generally accepted that adsorption dynamic consists of the following consecutive steps:

. Transportation of adsorbate from the bulk solution to external surface of the adsorbent by diffusion through
the liquid boundary layer.

) Internal (interphase) mass transfer the by pore diffusion from the outer surface of the adsorbent to the inner
surface the porous structure.

) Surface diffusion along the porous surface.

) Adsorption of the adsorbate on the active sites on the internal surface of the pores.

The last step, adsorption, is usually very rapid in comparison to the remaining steps. Therefore, the overall rate of
adsorption is controlled by either film or intra particle diffusion, or a combination of both.

11.X1 ADSORBENT PROPERTIES

To be suitable for commercial applications, a sorbent should have high selectivity to enable sharp separations, high
capacity to minimize the amount of sorbent needed, favorable kinetic and transport properties for rapid sorption,
chemical and thermal stability, including extremely low solubility in the contacting fluid, to preserve the amount of
sorbent and its properties, hardness and mechanical strength for long life, no tendency to promote undesirable chemical
reactions, the capability of being regenerated when used with commercial feed stocks.

11l. VARIOUS ADSORBENTS ARE USED IN ADSORPTION PROCESSES
1.1 ACTIVATED CARBON
Activated carbon is the most widely used adsorbent. It is a highly porous, amorphous solid consisting of micro
crystallites with a graphite lattice, usually prepared in small pellets or a powder. It can remove a wide variety of toxic

metals. Some widely used adsorbents for adsorption of metal ions include activated carbon (Pollard et al., 1992,
Satapathy et al., 2006), clay minerals (Wilson et al. 2006), biomaterials, industrial solid wastes and zeolites (Wang et

Copyright to JIRSET DOI:10.15680/1JIRSET.2016.050146 2272



o\
Li‘al
ISSN(Online): 2319-8753

IJIR SET ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology

(A High Impact Factor, Monthly Peer Reviewed Journal)

Vol. 5, Issue 2, February 2016

al, 2008). Natural material or certain waste from industrial or agricultural operation is one of the resources for low cost
adsorbents. Generally, these materials are locally and easily available in large quantities. Therefore, they are
inexpensive and have little economic value (Mohana et al., 2007) Scattered research has already been conducted on a
wide variety of sorbents. Some of the reported low-cost sorbents include bark/tannin-rich materials, lignin,
chitin/chitosan, dead biomass, seaweed/algae/alginate, xanthate, zeolite, clay, ash, peat moss, bone gelatin beads, leaf
mould, moss, iron-oxide-coated sand, modified wool modified cotton.

111.11 IRON COATED ACTIVATED CARBON

Activated corbon was impregnated with iron using ferrous chloride solution for the impregnation process for removing
arsenic, cadmium and lead from the synthetic waste water. Scanning electron microscopy (SEM) and energy
dispersive X-rayspectroscopy (EDS) analysis demonstrated that the impregnated iron was distributed on the internal
surface of the activated carbon. Iron impregnated activated carbon was treated with sodium hydroxide to stablize iron
in activated carbon. The impact of the amount of impregnated iron in activated carbon on aresenic, cadmium and lead
adsorption capacities and Kinetics were investigated in this study. Freundlich and langmuir mdels were also studied for
the reaction kinetics. Gu et.al (2005) developed iron containing granular activated carbon for arsenic removal from
water.
LI ACTIVATED ALUMINA

Activated alumina is a filter media made by aluminum ore so that it becomes porous and highly adsorptive. It can also
be described as a granulated form of aluminum oxide. Activated alumina removes a variety of contaminants that often
co-exist with fluoride such as excessive arsenic. The medium requires periodic cleaning with an appropriate regenerator
such as alum or acid in order to remain effective. Activated alumina has been used as an effective adsorbent especially
for point of use applications. The main disadvantage of activated alumina is that the adsorption efficiency is highest
only at low pH and contaminants like arsenates must be peroxided to arsenates before adsorption in addition, the use of
other treatment methods would be necessary to reduce levels of other contaminants of health concern. M. Ghaedi et.al
(2013) work on the adsorption by activated alumina.

111.1V IRON ACETATE COATED ACTIVATED ALUMINA

The adsorption potential of iron acetate coated activated alumina (IACAA) for removal of arsenic [As (I11)] as arsenite
by batch sorption technique is good. IACAA was characterized by XRD, FTIR, EDAX and SEM instruments.
Percentage adsorption on IACAA was determined as a function of pH, contact time and adsorbent dose. The study
revealed that the removal of As (I11) was best achieved at pH =7.4. The initial As (l11) concentration (0.45 mg/L) came
down to less than 0.01 mg/L at contact time 90 min with adsorbent dose of 1 g/100 mL. The sorption was reasonably
explained with Langmuir and Freundlich isotherms.

The overall study reveals that the adsorption of arsenic onto IACAA is found to be dependent on pH, adsorbent dose
and contact time. Best removal of As (lll) is achieved at pH = 7.4. The initial As (I1l) concentration (0.45\ mg/L)
comes down to less than 0.01 mg/L with the minimal adsorbent dose (1 g/100 mL) at contact time 90 minutes. The
thermodynamic studies of sorption of arsenic on IACAA show that the reaction is spontaneous and endothermic
process. The equilibrium data are fitted to both Langmuir and Freundlich adsorption isotherm. But it is found that
Langmuir isotherm model fitted well followed by Freundlich. The pseudosecond order kinetic model is found to be the
best correlation of the data for sorption of arsenic on IACAA. The kinetic of the reaction follows intraparticle diffusion
model. Bdhaditya Das et.al works on the arsenic (I11) adsorption on iron acetate coated activated alumina.

1LV SILICA GEL
Silica gel is a non-toxic, inert and efficient support and is generated by decreasing the pH value of the alkali silicate

solution to less than ten. The solubility of silica is then reduced to form the gel and as the silica begins to gel, cells in
silica are trapped in a porous gel, which is a three-dimensional SiO2 network. Porous silica gel is an inorganic synthetic
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polymeric matrix often used to entrap cells and its use for entrapment is called the sol-gel technique. Reactive sites of
silica gel exist in large numbers, and therefore, the number of immobilized organic molecules is high, which result in
good sorption capacity for metal ions.

111.VI MAGNETIC GRAPHENE OXIDE

Jin Hur, Jeawon Shin, Jeseung Yoo et.al (2015) proposed their work on Competitive Adsorption of Metals onto
Magnetic Graphene Oxide: Comparison with Other Carbonaceous Adsorbents. In this work, competitive adsorption
isotherms of Cu(ll), Pb(ll), and Cd(ll) were examined on magnetic graphene oxide(GO), multiwalled carbon
nanotubes(MWCNTS), and powered activated carbon(PAC). A series of analyses confirmed the successful synthesis of
the magnetic graphene oxide based on a simple ultrafiltration method. Irrespective of the adsorbents, the adsorption
was highly dependent on pH. The maximum adsorption capacities of the adsorbents were generally higher in the order
of Pb(11)> Cu(Il)> Cd(ll). The antagonistic effects were influenced by solution by solution pH as well as the type of
metals, and they were higher in the order of the magnetic GO> MWCNT> PAC.

HLVII HYDROGELS

M. Mohsen, N. A. Maziad E. Gomaa et.al (2015) prosed their work on “Characterization of Some Hydrogels Used in
Water Purification: Correlation of Swelling and Free-Volume Properties”. In this study, the main objective is to
develop a good chelation and ion exchange hydrogel. This hydrogel is obtained by polymerization of dimethyl amino
ethyl methacrylate (DMAEMA) and acrylic acid (AAc) by gamma irradiation, for the purpose of separation of some
heavy and toxic metals like Ni, Cu and Co from water. The adsorption affinity of DMAEMA/AAc hydrogel at different
treatment times is in the following order Ni> Cu> Co. However, the order becomes Co> Ni> Cu by the variation of the
pH of the metal ion solution; the variation of its concentration leads to a different order of Cu> Co> Ni.

IV. LOW COST ADSORBENT
IV.I DEFINITION

In general, an adsorbent can be assumed as “low-cost” if it requires a little bit processing, is abundant in nature, or is a
by-product or a waste from an industry. Natural material or certain waste from industrial or agricultural operation is one
of the resources for low cost adsorbents. Generally, these materials are locally and easily available in large quantities.
Therefore, they are inexpensive and have little economic value.

V.11 CHITOSAN

Chitosan and its derivatives are examples of value-added materials. They are produced from chitin, which is a natural
carbohydrate polymer found in the skeleton of crustaceans, such as crab, shrimp. Chitosan is a polymer obtained from
deacetylation of chitin.

IV.111 PREPARATION OF CHITOSAN

Shrimp shell waste materials were collected from Khulna, Bangladesh. Shrimp shells were scraped free of loose tissue,
washed with cold water and dried in sun for 2 days. Chitin was extracted from shrimp shell. The process mainly
involved the following steps:

IV.1V DEMINERALIZATION OF SHELL

In this step, the shells were suspended in 4% HCI at room temperature in the ratio of 1 : 14 (w/v). After 36 hours, the
shells were quite squashy and were rinsed with water to remove acid and calcium chloride.
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IV.V DEPROTIENIZATION OF SHELL

The demineralized shells were then treated with 5% NaOH at 90°C for 24 hours with a solvent to solid ratio of 12 : 1
(v/w). The residue was then collected and washed to neutrality in running tap water then it was dried in sun and the
product is chitin. The preparation of Chitosan is simply deacetylation of chitin.

Removal of acetyl groups from the chitin was achieved by using 70% NaOH solution with a solid to solvent ratio of 1 :
14 (w/v) at room temperature for 72 hours. The mixture was stirred after some times for homogenous reaction. The
resulting chitosans were washed to neutrality in running tap water and rinsed with distilled water. Then filtered and
dried in sun.

IV.VI EGG SHELL

Egg shell is largely-crystalline calcium carbonate. The calcium comes partly from the hen's bones and when necessary
the hen can mobilize 10 percent of her bone for the purpose.

IV.VII EGG SHELL PREPARATION

Natural and boiled hen and duck egg shells were washed with tap water several times then air-dried and incubated in
hot air oven at 400C for 30 minutes (because protein component in egg shell can denature at high temperature; >
400C). Consequently, egg shells were ground to a powder in a grinder, and sieved to obtain between 60-100 mesh
(0.25-0.104 mm) size particles.

IV.VII LIGNIN

Lignin or lignen is a complex chemical compound most commonly derived from wood, and an integral part of
secondary cell walls of plants and some algae. The term was introduced in 1819 by de Candolle and is derived from the
Latin word lignum meaning wood. It is one of the most abundant organic polymers on Earth, exceeded only by
cellulose, employing 30% of non-fossil organic carbon, and constituting from a quarter to a third of the dry mass of
wood. As a biopolymer, lignin is unusual because of its heterogeneity of a defined primary structure. Its most
commonly noted function is the support through strengthening of wood (xylem cells) in trees. In lignin structure there
is an aromatic three-dimensional polymer structure containing a number of functional groups such as phenolic,
hydroxyl, carboxyl, benzyl alcohol, metoxyl, and aldehyde groups, making it potentially useful as an adsorbent material
for removal of heavy metals from water. Guo et.al has studies adsorption of metals ions on lignin.

IV.IX CAST IRON FILINGS AND STEEL WOOL

Waste and low-cost materials like Cast-lron Filings (wastes from mechanical workshops, lathes) and Steel Wool
(commercially available, used for cleaning of wood surfaces prior to polishing) were investigated to assess their
potential for removal of Arsenic from water by the process of adsorption by conducting different types of batch
adsorption experiments, continuous flow column studies and candle filter studies. Batch sorption experiments brought
forth the effectiveness of sorbent materials for removal of Arsenic from water achieving a removal of 90-95% at
favorable pH conditions which lie in the normal range. Isothermal equilibrium data fitted well into the Langmuir model
suggesting formation of unimolecular monolayer of sorbate over a homogenous surface of uniform energy. Both
desorption studies and the shape of the saturation curves denote high affinity of the sorbent for the sorbate.
Regeneration studies indicate repeated regeneration of the sorbents thus extending the usage of the sorbent following
regenerations. While sulfates, Fluoride and chlorides have little influence on sorptive removal, phosphates and silicates
exercise considerable influence by reducing removal. Fixed bed continuous down-flow column studies conducted using
ground water spiked with 300ug/l Arsenic (V) at flow rates of 5.0 and 10.0 ml/min indicated the usefulness of the
sorbents for engineering applications for removal of Arsenic from water. Candle filter studies conducted by filling the
hollow portion of the candles used in the domestic filters filled with sorbent material further demonstrated the utility of
the existing household filters for removal of Arsenic (V) to less than the permissible limits of BIS/WHO by simply
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filling the hollow portion with the sorbent material. No leaching of Iron was found in the filtered water. Sridhar Rao.T*
et.al has works on low cost adsorption.

IV.X ZEOLITES

Zeolites are micro porous, aluminosilicate minerals. The term zeolite was originally coined in 1756 by Swedish
mineralogist Axel fredrik cronstedt, who observed that upon rapidly heating the material stibite, it produced large
amounts of steam from water that had been absorbed by the material. Based on this he called the material zeolite, from
the Greek meaning "to boil" and (lithos), meaning "stone". Zeolites have a three dimensional structure constituted by
(Si, Al) O4 connected by al their oxygen vertices forming channels tetrahedral the negative charge generated from the
isomorphism substitution. The advantage to zeolites over resins, apart from their much lower cost, is their ion
selectivity. Owing to zeolite's structural characteristics and their adsorbent properties, they have been applied as low
cost adsorbents. Ouki and Kavannagh studied the performance of natural zeolites on the treatment of mixed metal
effluents (Pb?*,Cd®* ,Cu?").

IV.XI SAWDUST

Sawdust and wood dust is a byproduct of cutting grinding or otherwise pulverizing wood with a saw or other tool, it is
composed of fine particles of wood. It is also the byproduct of certain animals, birds and insects which live in wood,
such as the woodpecker and carpenter ant. It can present a hazard in manufacturing industries, especially is terms of its
flammability. Sawdust is the main component of particleboard. li contains various organic compounds (lignin, cellulose
and hemicelluloses) with polyphenolic groups that could bind heavy metal ions through different mechanisms. Bryan
et.al showed adsorption of hexavalent chromium by red fire sawdust.

1IV.X1I CARBON ANODE DUST

Industrial waste is one of the best low-cost adsorbents for heavy metal and organic matter removal. Since these
materials are locally available in large quantities, they are inexpensive. Many applications of carbon materials are
strongly influenced by their surface chemistry. Thus their uses as adsorbents in aqueous solution, in catalysis or
electrochemical process are three examples in which the surface chemistry, microporous structure, high adsorption
capacity and high degree of surface reactivity can have an important relevance in the materials performance. The
carbon anode dust (CAD) originates from the baking and transport of carbon electrodes anodes in aluminum production
industry and it is not recycled. Strkalj et.al have studied comparative adsorption performance for Ni (I1) ions of acetic
acid-modified, KOH modified and unmodified carbon anode dust.

IV. X1l AGRICULTURAL WASTE

Hexavalent chromium is present in the effluents product during the electroplating, leather tanning , cement, mining,
dyeing and fertilizer and photography industries and cause environmental and public health problems. A.Y. Talokar
works on studies on removal of chromium from waste water by adsorption using agricultural biomass as adsorbents.
Non- conventional low cost adsorbents such as Fly ash powder(FA), Bagasse, Waste Straw Dust(WSD), Saw Dust(SD)
and Coconut coir as compared to the powder activated carbon(AC) for the removal of chromium from aqueous
solution. The efficiency of the adsorbent for the removal of chromium was investigated. The efficiency of adsorbent
used is found in the order of AC>Bagasse>FA>SD>WSD>Coconut coir. The effect of chromium solution pH, contact
time, adsorbent dosage, initial chromium concentration and adsorbent mesh size on adsorption were studied in a batch
experiment. Fly ash, Bagasse, WSD, SD, and Coconut coir were the most active at pH = 6, which is closer to pH of
chromium bearing industrial waste as compared to the pH 2.0 of powder activated carbon(PAC). The equilibrium data
for the adsorption of chromium were analysed in the light of Langmuir and Freundlich isotherm models. The ultimate
adsorption capacity for the adsorbents PAC, Bagasse, FA, SD, WSD and Coconut coir found out are 4.97 mg/gm, 4.91
mg/gm, 4.90 mg/gm, 4.89 mg/gm, 4.77mg/gm and 4.56 mg/gm respectively by column studies.
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IV.XIV NEEM LEAVES & EUCALYPTUS TREE PARTS

In the present work, chemically treated leaves, bark of eucalyptus & neem leaves have been used to study the
adsorption of hexavalent chromium. B.V. Babu et.al (2007) worked on the adsorbent prepared from neem leaves and
used for hexavalent chromium removal from aqueous solution. Neem leaves are activated by giving heat treatment and
with the use of concentrated hydrochloric acid (36.5 wt%). The activated neem leaves are further treated with 100 mol
of copper solution. Batch adsorption studies demonstrate that the adsorbent prepared from neem leaves has significant
capacity for adsorption of hexavalent chromium from the aqueous solution. The adsorption of hexavalent chromium is
found to be (99%) at low value of pH in the range of 1-3. Application of the Langmuir isotherm to the system yielding
maximum adsorption capacity of 62.97 mg/gm. Use of adsorbent prepared from neem leaves is capable and cost
effective for the removal of hexavalent chromium from aqueous solution.

Indu Sharma et.al(2011) investigated removal of chromium from industrial effluent. It was investigated using
Eucalyptus tereticornis bark with various parameters including amount of biomass, pH of solution and contact time.
Biomass(2%) was able to remove 88% and 91.5% of chromium at pH 4.0 and 5.0, respectively from solution amended
with 50 mg of hexavaent chromium 1/L. Maximum chromium removal capacities of treated bark biomass were 70%
and 94% from tannery effluent and chrome plating effluent, respectively in column mode. The adsorption parameters
were determined using both Langmuir and Freundlich isotherm model. Calorific value of native bark biomass, tannery
effluent and chrome plating effluent treated biomass were 2227, 3885 and 4003 kcal/kg, respectively with increase in
chromium laden biomass. The results revealed that chromium loaded bark biomass can be disposed off by incineration
or used in furnace as a fuel.

IV.XV RICE HUSK

Rice husk is agricultural waste mostly available in rural ares, collected their and grinding in grinders than sieved and
washed with distilled water repeatly for dirt and other particulate matter removal, then dryied in hot oven at 100°C for
24 hours, then either directly used as an adsorbent or treated with H,SO, and then washed again with distilled water for
removing acidity, washing upto totally acidity are removed and then dried at 100°C for 12 hours then collected in air
tight plastic bags and then used as an adsorbent. Ajmal, M., Rao. R.A.K., et.al(2003) are worked on Adsorption Studies
on Rice Husk.

IV.XVI TEAWASTE

Procedure to prepare the adsorbent, firstly teawaste washed and then rins with distilled water. After drying in 100°C, it
was ground and screened(mesh size 10). Decolorized and cleaned tea waste was dried at room temperature for a few
dayes by spreading on guaze. Black tea was used for the experiments, soluble and colored componants were removed
from tea by washing with boiling water. This was repeated until the water was virtually color less. The tea leaves were
then washed with distilled water and were oven dried for 12 hour at 85°C. The dried tea waste was sieved and stored in
sealed polythene bags. Amarasinghe BMWPK and Williams AR.2007, worked on tea waste adsorbent.

IV.XVII COCONUT HUSK
Coconut easily available in all temple and religious places, collected them dried in hot oven at 80°C for 4 hours and
then grinds in grinder in the powder from then sieved 120 mm sizes than washing with distilled water for dirt and other
particulate matter removing, then again dried at 100°C for 24 hours then used as an adsorbent. Abad M., P. Noguera, R.
Puchades,(2002) worked on this topic.
IV.VIII SEAWEED
Biosorption process is a promising technology for the heavy metals from industrial wastes and effluents using low-cost

and effective biosorbents. Seaweed is a effective adsorbent for removal of heavy metals ions. Md. Sayedur Rahman and
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Kathiresan V. Sathasivam (2015) worked on Heavy Metal Adsorption onto Kappaphycus sp. (this is a type of seaweed
found in Malaysia) from Aqueous Solutions. Adsorption of Pb?*,Cu?* |Fe?* and Zn®* onto dried biomass of red seaweed
Kappaphycus sp. was investigated as a function of pH, contact time, initial metal ion concentration and temperature.
The dried biomass of Kappaphycus sp. May be used as a low-cost biosorbent for removal of heavy metal ions from
aqueous solutions.

V. CONCLUSION

A review of various processes and adsorbents for heavy metal removal shows that adsorption process has great
potential for the elimination of heavy metals from Industrial wastewater using low cost adsorbents. More studies should
be carried out for low-cost adsorption process to promote large scale use of non-conventional adsorbents. Low cost
adsorbents should be used to minimize cost and maximize heavy metal removal efficiency. But imprigmentation
process gives better result.

REFERENCES

1. Alluri, HK,, Ronda, S.R., Settalluri, V.S., Bondili, V.S., Suryanarayana, V.,Venkatesshwar, P.(2007), Biosorption: An eco-friendly alternative
for heavy metal removal. Afr. J. Biotechnol. 6, 11,2924-2931.

2. Babel S. and Kurniawan T.A., (2003), Low-cost adsorbents for heavy metals uptake from contaminated water: a review, J. of Hazard Mater,
97,219-243.

3. Basu, A, Mustafiz, S., Islam, M.R., Bjorndalen, N., Rahaman, M.S., Chaalal, O. (2006), A Comprehensive Approach for Modeling Sorption of
Lead and Cobhalt lons through Fish Scales as an Adsorbent, Chemical Engineering Communications ,193, 580-605

4.  Cartwright, P.S., (1985), "Membranes Separations Technology for Industrial Effluent Treatment - A Review", Desalination, 56, 17 .

5.  D.Mohanaand C. U. Pittman Jr, (2007), Arsenic Removal from Water/wastewater using Adsorbents- A Critical Review, 105-111.

6.  Ghabris, A., Abdel-Jawad, M., and Aly, G.,(1989), "Municipal Wastewater Renovation by Reverse Osmosis, State of the Art", Desalination, 75,
213.

7.  Gopalratnam, V. C, et al. (1988), "The Simultaneous Removal of Oil and Heavy Metals from Industrial Wastewater by Joint Precipitation and
Air Flotation." Environ. Prog., 7, 84.

8.  Gottipati Ramakrishna and Mishra Susmita, (2012), Application of response surface methodology for optimization of Cr(I1l) and Cr(VI)
adsorption on commercial activated carbons, Research Journal of Chemical Sciences, 2(2), 40-48.

9.  Kwon J.S, Yun S.T., Lee JH., Kim S.0., Jo H.Y.,(2010), Removal of divalent heavy metals (Cd, Cu, Pb, and Zn) and arsenic (I11) from
aqueous solutions using scoria: kinetics and equilibrium of sorption, J. of Hazard Mater, 174, 307-313.

10. Pollard S.J.T., Fowler G.D., Sollars C.J. and Perry R.,(1992), Lowcost adsorbents for waste and wastewater treatment, a review, Sci. of Total
Environment, 116, 31-52.

11. Satapathy D., Natarajan G.S.,(2006), Potassium bromated modification of the granular activated carbon and its effect on nickel adsorption,
Adsorption, 12, 147-154.

12. Slater, C., Ahlert, R., and Uchrin, C.,(1983), "Applications of Reverse Osmosis to Complex Industrial Wastewater Treatment", Desalination,
48,171,

13. Srivastava, N.K., Majumder, B.C. ,(2008), Novel biofiltration methods for the treatment of heavy metals from industrial wastewater. J. Hazard.
Mater 151:1-8.

14. Srivastava, V.C., Swamy, M.M., Mall, I.D, Prasad, B., Mishra, I.M. (2006). Adsorptive removal of phenol by bagasse fly ash and activated
carbon: Equilibrium, kinetics and thermodynamics, Colloids and Surfaces A: Physicochemical and Engineering Aspects, 272: 89-104..

15. Wang S., Ang H.M. and Tade M.0.,(2008), Novel applications of red mud as coagulant, adsorbent and catalyst for environmentally benign
processes, Chemosphere, 72, 1621-1635.

16. Williams, M., Deshmukh, R., and Bhattacharyya, D.,(1990), “"Separation of Hazardous Organics by Reverse Osmosis Membranes",
Environmental Progress, 9, 118.

17. Wilson K., Yang H., Seo C.W. and Marshall, W.E., (2006), Select metal adsorption by activated carbon made from peanut shells, Bioresource
Tech., 97; 2266-2270.

18. Yadanaparthi S.K.R., Graybill D. and Wandruszka R.,(2009), Adsorbents for the removal of arsenic, cadmium, and lead from contaminated
waters, J. of Hazard Mater., 171, 1-15.

19. Acharyya SK: Arsenic contamination in groundwater affecting major parts of southern West Bengal and parts of western Chhattisgarh: source
and mobilization processes. Curr Sci 2002, 82:740-744.

20. Singh AK: Chemistry of arsenic in groundwater of Ganges-Brahmaputra river basin. Curr Sci 2006, 91(5):599-609.

21. Devi NL, Yadav IC, Shihua QI: Recent studies of arsenic contamination in groundwater of Northeastern India- a review Report and opinion
2009.1(3):22-32.  http://www.scribd.com/doc/22094764/Recent-Status-of-arseniccontamination-  in-groundwater-of-Northeastern-India-A-
Review.

22. Mandal BK: Arsenic in groundwater in seven districts of West Bengal, India - the biggest arsenic calamity in the world. Curr Sci 1996,
70(2):976-986.

Copyright to JIRSET DOI:10.15680/1JIRSET.2016.050146 2278


http://www.scribd.com/doc/22094764/Recent-Status-of-arseniccontamination-

23.

24.

25.

27.

28.

29.
30.

31.
32.

33.

34.
35.

36.
37.

38.
39.

40.

41.

42.

43.

44,

53.

54.

55.

56.

57.

58.

59.

60.

ISSN(Online): 2319-8753
ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology

(A High Impact Factor, Monthly Peer Reviewed Journal)

Vol. 5, Issue 2, February 2016

Smedley PL, Nicolli HB, Macdonald DMJ, Barros AP, Tullion JO: Hydrogeochemistry of arsenic and other inorganic constituents in
groundwater from La Pampa, Argentina. Appl Geochem 2002, 17(3):259-284.

Smedley PL, Kinniburgh DG: In United Nations Synthesis Report on Arsenic in Drinking Water, Chapter 1, Water and Sanitation, Protection of
the Human Environment, British Geological Surve. Wallingford, Oxon OX10 8BB, UK; 2005.

Greenwood NN, Earnshaw A: Chemistry of Elements. Oxford: Pergamon Press; 1984 (Chapter 13).

Ferguson JF, Davis J: A review of the arsenic cycle in natural waters. Water Res 1972, 6:1259-1274.

WHO: International Programme on Chemical Safety. Arsenic, Geneva: Environmental Health Criteria 18; 1981.
http://www.inchem.org/documents/ ehc/ehc/ehc018.htm.

Xu YH, Nakajima T, Ohki A: Adsorption and removal of arsenic from drinking water by aluminum-loaded Shirasu-zeolite. J Hazard Mater
2002, 92:275-287.

McNeill S, Edward M: Predicting arsenic removal during metal hydroxide precipitation. ) AWWA 1997, 89:75-82.

Singh TS, Pant KK: Equilibrium, kinetics and thermodynamic studies for adsorption of As (I11) on activated alumina. Sep Purif Technol 2004,
36:139-147.

Zang FS, Itoch H: Iron oxide-loaded slag for arsenic removal from aqueous system. Chemosphere 2005, 60:319-325.

Kundu S, Gupta AK: As (I11) removal from aqueous medium in fixed bed using iron oxide—coated cement (IOCC): Experimental and modeling
studies. J Chem Eng 2007, 129:123-131.

Genc H, Tjell JC, McConchie D, Schuiling O: Adsorption of arsenic from water using neutralized red mud. J Colloid Interface Sci 2003,
264:327-334.

Meng X, Banga S, Korfiatis GP: Effects of silicates, sulphate and carbonate on arsenic removal ferric chloride. Water Res 2000, 34:1255-1261.
USEPA: Technologies and Costs for the Removal of Arsenic from Drinking Water. Washington, DC: Office of Ground Water and Drinking
Water; 1999. EPA-815-R-00-012. http://water.epa.gov/drink/info/arsenic/upload/ 2005_11_10_arsenic_treatments_and_costs.pdf.

Driehaus W, Seith R, Jekel M: Oxidation of arsenite (I11) with manganese oxides in water treatment. Water Res 1995, 29:297-305.

Dong D, Nelson YM, Lion LW, William MS, Ghiorse C: Adsorption of Pd and Cd onto metal oxides and organic material in natural surface
coatings as determined by selective extractions: new evidence for the importance of Mn and Fe oxides. Water Res 2000, 34:427-436.

Kunzru S, Chaudhuri M: Manganese amended activated alumina for adsorption/oxidation of arsenic. J Environ Eng 2005, 131:1350-1353.
Salim M, Munekage Y, Min Naing K: Arsenic (1) removal from contaminated water using silica ceramic: a batch adsorption study. J Appl Sci
2007, 7(16):2314-2320.

Meenakshi S, Sundaram CS, Sukumar R: Enhanced fluoride sorption by mechanochemically activated Kaolinites. J Hazard Mater 2008,
153:164-172.

Samarghandi MR, Hadi M, Moayedi S, Askari FB: Two-parameter isotherms of methyl orange sorption by pinecone derived activated carbon.
Iranian J Environ Health Sci Eng 2009, 6:285-294.

Rajiv Gandhi M, Kalaivani G, Meenakshi S: Sorption of chromate and fluoride onto duolite a 171 anion exchange resin- a comparative study.
Elixir Pollut 2011, 32:2034-2040.

Khan AA, Singh RP: Adsorption thermodynamics of carbofuran on Sn(IV) arsenosilicate in H+, Na+ and Ca 2+ forms. Colloid surface 1987,
24:33-42.

Sairam Sundaram C, Viswanathan N, Meenakshi S: Defluoridation chemistry of synthetic hydroxyapatite at nano scale: equilibrium and
studies. J Hazard Mater 2008, 155:206-215.

Lagergren S: Zur theorie der sogenannten adsorption geldster stoffe. K. Sven Vetenskapsakad. Handl 1898, 24:1-39.

Ho YS: Second-order kinetic for the sorption of cadmium onto tree fern: a comparison of linear and non-linear methods. Water Res 2006,
40:119-125.

Weber WJ, Morris JC: Equilibria and capacities for adsorption on carbon. J Sanitation Eng Div 1964, 90:79-107.

Gupta VK, Saini VK, Jain N: Adsorption of As(l11) from aqueous solutions by iron oxide-coated sand. J Colloid Interface Sci 2005, 288:55-60.
Benjarnin MM, Bloom NS: In adsorption from aqueous Solution. New York: Plenum Press; 1981:41-60. P H Tewari Ed.

Islam M, Patel RK: Evaluation of removal efficiency of fluoride from aqueous solution using quick lime. J Hazard Mater 2007, 143:303-310.
Lalvani SB, Wiltowski T, Hubner A, Weston A, Mandich N: Removal of hexavalent chromium and metals cations by a novel carbon adsorbent.
Carbon 1998, 36(7-8):1219-1269.

Shengzhang G, Huiqu J, Juanliu H, Pingliu R, Tingli R: Removal mechanism of As (I11) by a novel Fe-Mn binary oxide adsorbent: oxidation
and sorption. Environ Sci Technol 2007, 41:4613-4619.

Chunming S, Robert WP: Significance of iron (I, 1) hydroxycarbonate green rust in arsenic remediation using zerovalent iron in laboratory
column tests. Environ Sci Technol 2004, 38:5224-5231.

Singh AP, Srivastava KK, Shekha H: Arsenic (111) removal from aqueous solutions by mixed adsorbent. Indian J Chem Technol 2009, 16:136—
141.

Horsfall M, Spiff AL: Effects of temperature on the sorption of Pb2+ and Cd2+ from aqueous solution by caladium bicolour (Wild Cocoyam)
biomas. Electron J Biotechnol 2005, 8:162-169.

Singh TS, Pant KK: Equilibrium, kinetics and thermodynamic studies for adsorption of As(lI1) on activated alumina. Sep Purif Technol 2003,
36:139-147.

Kuriakose S, Singh TS, Pant KK: Adsorption of As (I11) from aqueous solution onto Iron Oxide Impregnated Activated Alumina. Water Qual
Res J Canada 2004, 39(3):258-266.

Nagham A. Ageena, The use of Local Sawdust as an Adsorbent for the Removal of Copper lon from Wastewater using Fixed Bed Adsorption,
J., 28(2), 859-860 (2010).

N. M. Rane, R. S Sapkal, V. S. Sapkal, M. B. Patil and S. P. Shewale, Use of Naturally Available Low Cost Adsorbents for Removal of Cr (VI)
from Wastewater, Int. J. Chem. Sci. Appl., 1(2) (2010) pp. 65-69.

B. V. Lenntech, Rotterdamseweg, The Netherlands, Sources of Heavy Metals (1998-2011).

Copyright to JIRSET DOI:10.15680/1JIRSET.2016.050146 2279


http://www.inchem.org/documents/
http://water.epa.gov/drink/info/arsenic/upload/

61.
62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.
82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

ISSN(Online): 2319-8753
ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology

(A High Impact Factor, Monthly Peer Reviewed Journal)

Vol. 5, Issue 2, February 2016

D. Mohana and C. U. Pittman Jr, Arsenic Removal from Water/wastewater using Adsorbents- A Critical Review, January, 105-111 (2007).
Md. Monarul Islama, Shah Md. Masumb, M. Mahbubur Rahmana, Md. Ashraful Islam Mollab, A. A. Shaikhc and S. K. Roya, Preparation of
Chitosan from Shrimp Shell and Investigation of Its Properties, Int. J. Basic Appl. Sci., 11(1), 117-120 (2011).
C. Arunlertaree, W. Kaewsomboon, A. Kumsopa, P. Pokethitiyook and P. Panyawathanakit, Removal of Lead from Battery Manufacturing
Wastewater by Egg Shell, Sci. Technol., 29(3), 857-868 (2007).
J. Oremusova, Manual for Laboratory Practice in Physical Chemistry for Students of Pharmacy, Department of Physical Chemistry, Faculty of
Pharmacy, Comenius University, Bratislava (2007).
S. Schiewer and B. Volesky, Biosorption of Heavy Metals by Low Cost Adsorbents, Technical Report.
Md. Sayedur Rahman and Kathiresan V. Sathasivam, Faculty of Applied Sciences, AIMST University, 08100 Bedong, Kedah, Malaysia
(2015).
Jin Hur and Jaewon Shin, Department of Environment & Energy, Sejong University, Seoul 143-747, Republic of Korea. Jeseung Yoo and
Young-Soo Seo, Department of Nano Science &Technology, Sejong University, Seoul 143-747, Republic of Korea.
R. K. Gautam, S. K. Sharma, S. Mahiya, and M. C. Chattopadhyaya, “Contamination of heavy metals in aquatic media: transport, toxicity and
technologies for remediation,” in Heavy Metals In Water: Presence, Removal and Safety, S. K. Sharma, Ed., pp. 1-24, The Royal Society of
Chemistry, Cambridge, UK, 2015.
S.-L.Wang, X.-R. Xu, Y.-X. Sun, J.-L. Liu, and H.-B. Li, “Heavy metal pollution in coastal areas of South China: a review,” Marine Pollution
Bulletin, vol. 76, no. 1-2, pp. 7-15, 2013.

A. Sarkar, J. Bhagat, and S. Sarker, “Evaluation of impairment of DNA in marine gastropod, Morula granulata as a biomarker of

marine pollution,” Ecotoxicology and Environmental Safety, vol. 106, pp. 253-261, 2014.

P. Chowdhury, A. Elkamel, and A. K. Ray, “Photocatalytic processes for the removal of toxic metal ions,” in Heavy Metals in Water: Presence,
Removal and Safety, S. K. Sharma, Ed., pp. 25-43, The Royal Society of Chemistry, Cambridge, UK, 2015.
M. Zhang, B. Gao, J. Jin et al., “Use of nanotechnology against heavy metals present in water,” in Heavy Metals in Water: Presence, Removal
and Safety, S. K. Sharma, Ed., pp. 177-192, The Royal Society of Chemistry, Cambridge, UK, 2015.
S. Majumder, S. Gupta, and S. Raghuvanshi, “Removal of dissolved metals by bioremediation,” in Heavy Metals inWater: Presence, Removal
and Safety, S. K. Sharma, Ed., pp. 44-56,The Royal Society of Chemistry, Cambridge, UK, 2015.
J. He and J. P. Chen, “A comprehensive review on biosorption of heavy metals by algal biomass: materials, performances, chemistry, and
modeling simulation tools,” Bioresource Technology, vol. 160, pp. 67-78, 2014.
T. Macek and M. Mackova, “Potential of biosorption technology,” in Microbial Biosorption ofMetals, P. Kotrba, M.Mackova, and T. Macek,
Eds., pp. 7-17, Springer Netherlands, 2011.
M. Grassi, G. Kaykioglu, V. Belgiorno, and G. Lofrano, “Removal of emerging contaminants from water and wastewater by adsorption
process,” in Emerging Compounds Removal from Wastewater, G. Lofrano, Ed., pp. 15-37, Springer Netherlands, 2012.
M. Bilal, J. A. Shah, T. Ashfaq et al., “Waste biomass adsorbents for copper removal from industrial wastewater-a review,” Journal of
Hazardous Materials, vol. 263, part 2, pp. 322-333, 2013.
I.Michalak, K. Chojnacka, and A.Witek-Krowiak, “State of the art for the biosorption process—a review,” Applied Biochemistry and
Biotechnology, vol. 170, no. 6, pp. 1389-1416, 2013.
M. Fomina and G. M. Gadd, “Biosorption: current perspectives on concept, definition and application,” Bioresource Technology, vol. 160, pp.
3-14, 2014.
M. Rathod, K. Mody, and S. Basha, “Efficient removal of phosphate from aqueous solutions by red seaweed, Kappaphycus alverezii,” Journal
of Cleaner Production, vol. 84, no. 1, pp. 484— 493, 2014.
V. Webber, S. M. de Carvalho, and P. L. M. Barreto, “Molecular and rheological characterization of carrageenan solutions extracted from
Kappaphycus alvarezii,” Carbohydrate Polymers, vol. 90, no. 4, pp. 1744-1749, 2012.
FAO, Global Aquaculture Production 1950-2012, 2015.
F. Fu and Q. Wang, “Removal of heavy metal ions from wastewaters: a review,” Journal of Environmental Management, vol. 92, no. 3, pp.
407-418, 2011.
G. P. Rao, C. Lu, and F. Su, “Sorption of divalentmetal ions from aqueous solution by carbon nanotubes: a review,” Separation and Purification
Technology, vol. 58, no. 1, pp. 224-231, 2007.
J. Li, S. Zhang, C. Chen et al., “Removal of Cu(ll) and fulvic acid by graphene oxide nanosheets decorated with Fe304 nanoparticles,” ACS
Applied Materials and Interfaces, vol. 4, no. 9, pp. 4991-5000, 2012.
S. Stankovich, D. A. Dikin, G. H. B. Dommett et al., “Graphenebased composite materials,” Nature, vol. 442, no. 20, pp. 282- 286, 2006. The
ScientificWorld Journal 11
G. Xie, P. Xi, H. Liu et al., “A facile chemical method to produce superparamagnetic graphene oxide-Fe304 hybrid composite and its
application in the removal of dyes from aqueous solution,” Journal ofMaterials Chemistry, vol. 22,no. 3, pp. 1033- 1039, 2012.
X.-J.Hu, Y.-G. Liu, H.Wang et al., “Removal of Cu(ll) ions from aqueous solution using sulfonated magnetic graphene oxide composite,”
Separation and Purification Technology, vol. 108, pp. 189-195, 2013.
X.-J. Hu, Y.-G. Liu, G.-M. Zeng et al., “Effects of background electrolytes and ionic strength on enrichment of Cd(ll) ions with magnetic
graphene oxide-supported sulfanilic acid,” Journal of Colloid and Interface Science, vol. 435, pp. 138-144, 2014.
D. Nandi, T. Basu, S. Debnath, A. K. Ghosh, A. De, and U. C. Ghosh, “Mechanistic insight for the sorption of Cd(Il) and Cu(ll) from aqueous
solution on magnetic mn-doped Fe(I11) oxide nanoparticle implanted graphene,” Journal of Chemical and Engineering Data, vol. 58, no. 10, pp.
2809-2818, 2013.
Y. Wang, S. Liang, B. Chen, F. Guo, S. Yu, and Y. Tang, Synergistic removal of Pb(lI), Cd(l1) and humic acid by Fe304@mesoporous silica-
graphene oxide composites,” PL0oS ONE, vol. 8, no. 6,Article ID 65634, 2013.
P. Zong, S. Wang, Y. Zhao, H. Wang, H. Pan, and C. He, “Synthesis and application of magnetic graphene/iron oxides composite for the
removal of U(VI) from aqueous solutions,” Chemical Engineering Journal, vol. 220, pp. 45-52, 2013.

Copyright to JIRSET DOI:10.15680/1JIRSET.2016.050146 2280



93.

94.

95.

96.

97.

98.

99.

100.
101.

102.

103.

104.

105.

106.

107.

108.

w7 ISSN(Online): 2319-8753
IJIRSET ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology

(A High Impact Factor, Monthly Peer Reviewed Journal)

Vol. 5, Issue 2, February 2016

S. Kumar, R. R. Nair, P. B. Pillai, S. N. Gupta, M. A. R. lyengar,and A. K. Sood, “Grapheneoxide-MnFe204 magnetic nanohybrids for
efficient removal of lead and arsenic from water,” ACS Applied Materials & Interfaces, vol. 6, no. 20, pp. 17426— 17436, 2014.

Y. Zhang, L. Yan, W. Xu et al., “Adsorption of Pb(Il) and Hg(ll) from aqueous solution using magnetic CoFe204- reduced graphene oxide,”
Journal of Molecular Liquids, vol. 191, pp. 177-182, 2014.

H. L. Karlsson, J. Gustafsson, P. Cronholm, and L.MHler, “Sizedependent toxicity of metal oxide particles—a comparison between nano- and
micrometer size,” Toxicology Letters, vol. 188, no. 2, pp. 112-118, 2009.

J. P. Chen and S. Wu, “Acid/base-treated activated carbons: characterization of functional groups and metal adsorptive properties,” Langmuir,
vol. 20, no. 6, pp. 2233-2242, 2004.

H. Yan, H. Li, X. Tao et al., “Rapid removal and separation of iron(ll) and manganese(Il) from micropolluted water using magnetic graphene
oxide,” ACS Applied Materials & Interfaces, vol. 6, no. 12, pp. 9871-9880, 2014.

Yan H, Yang L, Yang Z, Yang H, Li A, Cheng R (2012) Preparation of chitosan/poly(acrylic acid) magnetic composite microspheres and
applications in the removal of copper(Il) ions from aqueous solutions. J Hazard Mater 229-230:371-380

Paulino AT, Belfiore LA, Kubota LT, Muniz EC, Almeida VC, Tambourgi EB (2011) Effect of magnetite on the adsorption behavior of Pb(ll),
Cd(I1), and Cu(ll) in chitosan-based hydrogels. Desalination 275:187-196

Chadlia A, Mohamed K, Najah L, Farouk M (2009) Preparation and characterization of new succinic anhydride grafted Posidonia for the
removal of organic and inorganic pollutants. J Hazard Mater 30:1579-1590

Crini G (2005) Recent developments in polysaccharide-based materials used as adsorbents in wastewater treatment. Prog Polym Sci 30:38-70
Wang X, Zheng Y, Wang A (2009) Fast removal of copper ions from aqueous solution by chitosan-g-poly(acrylic acid)/attapulgite composites.
J Hazard Mater 168:970-977

Bekiari V, Sotiropoulou M, Bokias G, Lianos P (2008) Use of poly(N,N-dimethylacrylamide- co-sodium acrylate) hydrogel to extract cationic
dyes and metals from water. Colloid Surf A 312:214-218

Ahn C.K., Park D., Woo S.H.,Park J.M., Removal of cationic heavy metal from aqueous solution by activated carbon impregnated with anionic
surfactants, J. Hazard. Mater., 2009, 164, 1130- 1136.

Amirnia S., Margaritis A.,Ray M., Adsorption of mixtures of toxic metal ions using non-viable cells of saccharomyces cerevisiae, Adsorpt. Sci.
Technol., 2012, 30, 43-63.

Amuda O.S., Giwa A.A.Bello I.A,, Removal of heavy metal from industrial wastewater using modified activated coconut shell carbon,
Biochem. Eng. J., 2007, 36, 174-181.

Asouhidou D.D., Triantafyllidis K.S., Lazaridis N.K., Matis K.A., Kim S.S.,Pinnavaia T.J., Sorption of reactive dyes from aqueous solutions by
ordered hexagonal and disordered mesoporous carbons, Micropor. Mesopor. Mater., 2009, 117, 257-267.

Babel S.,Kurniawan T.A., Cr(VI) removal from synthetic wastewater using coconut shell charcoal and commercial activated carbon modified
with oxidizing agents and/or chitosan, Chemosphere, 2004, 54, 951-967.

Baccar R., Bouzid J., Feki M.,Montiel A., Preparation of activated carbon from Tunisian olive-waste cakes and its application for adsorption of
heavy metal ions, J. Hazard. Mater., 2009, 162, 1522-1529

Copyright to JIRSET DOI:10.15680/1JIRSET.2016.050146 2281



