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On account of our distorted belief system and vague philosophy there is excessive industrialization,
disproportionate traffic congestion in our cities and alarming increase in the use of ammunition. This
trend is visible worldwide. Our indulgence in such reckless acts is not only spoiling the environment
in an irreversible manner but is also responsible for many such suffering of the mankind which was
not there earlier. All these activities are responsible for the emission or surge of heavy metals such
as Cadmium, lead, Zinc, Mercury, Chromium, Nickel, Arsenic, Copper, Cobalt, Thallium, Iron,
Barium, Selenium and Vanadium etc. As these heavy metals are non-biodegradable, means not
capable of being decomposed to harmless substance by bacteria or other living organisms therefore
through air or water these metals attack the human being and the outcome are visible in the form of
different kind of cancers, Genetic disorder, Rheumatic disorder or malfunctioning of bones etc. The
current study is an attempt to explore the possibility of tackling these heavy metals in the waste
water through the process of adsorption using economically visible alternatives.

Copyright © Monika Kumari and Sanjay K Sharma, 2018, this is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided

the original work is properly cited.

INTRODUCTION

With increasing human modernity or civilization, industrial
activities have gradually reshuffled several toxic pollutants
from earth crust to the environment, we cannot deny it. Beside
this, no one is actually interested in environmental issues, as
their disperse life schedule keep them occupied and people
always keep environmental issues at a bay from them, we
cannot rule out the possibility. Among all environmental issues,
water pollution demands a great emphasis or concern. As water
is a constitutive treasure for all living organisms. We cannot
speculate our life without water. It is playing a vital role to
fulfilling the criteria of life or we can say that water is working
just like a ‘/ife preserver’. Our body consists of about 60-70%
of water. A person cannot be pertinent to live for a week
without water. It is only the water which makes our planet
peerless in this Universe. Several pollutant known to pollute
water, out of them one is the presence of heavy metals.
Because, the existence of heavy metals in water is a kind of
venom which works slowly in destroying the living organisms.
Our environment includes some pollutants that can be destroy,
but heavy metals are known as the “non-biodegradable” source
means we cannot destroy them. So their removal from water
and waste water demands a separate study as it became a
concern of global issue. A venom “heavy metals/semi metals
(metalloids)” are relatively dense metals that are known for its
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toxicity especially concerning to environment (Banfalvi, 2011).
The term “heavy metal” is generally applied to a class of
metals/metalloids having density more than 5 g/cm’ and atomic
number greater than 20 (Raut et al., 2012).The presence of
heavy metals in the eco-system leads to a numerous
environmental issues or eco-toxicities like diminution due to its
persistent accumulation. Ni, Pd, Cd, Cu, Zn, Fe, Co, Au etc.
these metals are highly toxic when their concentration crosses
there acceptable limit in this eco-system, intake of venom
metals may cause diverse health disputes like kidney damage,
skin dermatitis, anaemia, minimata disease and itia-itai disease
(Borba et al., 2006). Increasing accumulation of toxic heavy
metals in eco-system or in food chain lead to tremendous force
for their purification and eradication. Several scientists have
made various attempts for their removal from waste water, but
the techniques adopted by them have some limitations like cost
effectiveness, production of high sludge, handling, disposal
problem, technical requirements and the main thing regarding
this is that it is not Eco friendly anymore.To overcome the
limitations of conventional methods it becomes urgent to
develop a process which should be superior on these methods.
It have been proved by Various scientists that “bio-sorption
technique” is more desirable method for the remediation of
heavy metals such as Pt(II), Ni(II), Pb(Ill), Cd(Il), Cr(II),
Hg(II), Cr(IIT), Zn(II), and Cr(VI) etc.
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“Bio-sorption” can be defined as the characteristic property of
certain type of non-living, inactive bio molecules which have
adequate capacity as metal sequester even from very dilute one
(Ahluwalia & Goyal, 2007). Over recent years, research or the
outcome obtained by using biosorption process evoke it an
ideal alternative for eradication of heavy metals. It is a
physiochemical process. The accruement of chemical substance
between two immiscible faces (solid-liquid, liquid-gas and
liquid-solid) is called adsorption. It is a surface phenomenon.
It has been found that larger the surface area more will be the
adsorption. The process of removal of adsorbed substance from
the surface is called desorption. Due to high efficiency,
production of minimum biological sludge, lesser energy
requirement, ecofriendly, cost effectiveness, easiest and safest,
possibility of metal recovery and easy handling adsorption
process has been found to be more applicable as compared to
other methods for the treatment of heavy metals from discharge
water (Gholizadeh & Ziarati, 2016).

The presence of functional group (hydroxyl and carboxylic
groups), mainly cellulose, lignin and other components such as
lipids, hemicelluloses, proteins, starches, simple sugar, water
and hydrocarbons (Ahluwalia & Goyal, 2005; Calace et al.,
2003; Joshi et al., 2003; Low et al., 1995; Marin & Ayele,
2002; Vaughan et al, 2001;Verma & Shukla, 2000;
Villaescusa et al., 2004) on the surface of agriculture waste or
adsorbents plays an vital role in binding of adsorbent metals to
remove heavy metals from waste water (Sud et al., 2008).
Agricultural wastes adsorbents has raised great interest in the
field of environmental study and are -characterized by
affordability, availability, eco friendliness and high removal
capacity (Kehinde et al., 2009). Many researchers have
conducted experiment emphasizing on decreasing the
pollutants in the polluted water. The main focus of their study
is that how to treat the industrial waste water with the help of
low cost adsorbent. Different kind of bio- products like
Sugarcane bagasse (Mohan & Singh, 2002; Khan et al., 2001,
Ayub ef al., 1998; Ayub et al., 2001; Ayub et al., 2002), Rice
husk (Srinivasan et al., 1988; Ajmal et al., 2003; Suemitsu et
al., 1986; Khan et al., 2003), Sawdust (Ajmal et al., 1996;
Ayub et al., 2001; Kadirvelu et al., 2003; Khan et al., 2003;
Selvi et al., 2001; Tan et al., 1993), Oil palm shell (Khan et al.,
2003), Coconut husk (Tan et al., 1993), Neem bark (Ayub et
al., 2001),Wool, Pine needles, Olive cake, Almond shells,
Charcoal, Cactus leaves (Dakiky et al., 2002), Hazelnut shells
(Cimino et al., 2000; Demirbas, 2003; Dakiky et al., 2002),
Banana and Orange peels (Annadurai et al., 2003), different
Agro waste materials (Qaiser et al., 2007), Activated carbon
(Marzal et al., 1996), Granulated blast-furnace slag (Dimitrova
& Mehandgiew, 1998), Okra waste (Hashem, 2007), Marine
algae (Holan & Volesky, 1994), Seaweed biosorbent (Lee
&Volesky, 1997), Olive pomace (Pagnanelli et al.,2003),
Olive residue (Gharaibeh et al., 1998), Sunflower stalks
(Hashem et al., 2006), Peanut hulls (Hashem et al., 2005) etc.
have been investigated for the heavy metals treatment.

Tan and Xiao (2009) carried an experiment for Cadmium
removal from aqueous solution using ground wheat stems.
Results indicated that 0.1032 mmole of Cadmium uptake per
gram of ground wheat stems and this uptake is powerfully
affected by pH; at pH 5.0 maximum uptakes have been

observed. Single and binary removal of Copper(II), Nickel(II)
and Methylene blue (MB) from aqueous solution have been
investigated on raw and pretreated Spirogyra sp. using various
parameters like initial pollutant concentration, pH, contact
time, ionic strength (NaCl) and biosorbent dosage. Results
showed that raw and pretreated spirogyra sp. has adequate
removal efficiency is on the order of MB> Cu > Ni and Ni >
MB > Cu (Guler & Sarioglu, 2013). Hazelnut shell was used
to investigate the removal capacity of Cd(II), Zn(IT), Cr(III)
and Cr(VI). Batch experiment showed that metal adsorption
was pH dependent and maximum removal was attained at a
specific range of pH. While highest Cr (VI) removal was
observed at pH range of 2.5-3.5 (Cimino et al., 2000). In 2003,
Demirbas carried an experiment to remove Co(II) using
activated carbon obtained from hazelnut shell with varying
parameters such as the agitation speed (50-200 rpm), initial
metal ion concentration (13.30-45.55 mg/l), pH (2-8), particle
size (0.80-1.60 mm) and temperature (293-323 K). It has been
observed from this study that adsorption of Co (II) is pH
dependent and kinetics follows pseudo-second-order equation.
A particle size of 1.00-1.20 mm, at pH 6 adsorption capacity
(Qop) calculated from the Langmuir isotherm was 13.88 mg
Co(Il)/g at 303K. Dakiky et al., (2002) carried an experiment
for the treatment of Cr(VI) from industrial waste water by
using Cactus leaves, Wool, Sawdust, Almond shells, Olive
cake, Pine needles and Charcoal at different metal ion ratios
and significant results were obtained. An experiment was
examined at 30 °C for the treatment of Cu(II), Ni(II), Zn(II),
Co(II), and Pb(IT) having concentration range of 5- 25 mg/L. It
has been revealed that adsorption increased with increasing pH
as Pb(II)> Ni(IT)> Zn(I1)> Cu(IT)> Co(II). Adsorption was best
described by the Freundlich equation (Annadurai et al., 2003).
Many aquatic plants(Salviniales, Azolla filiculoides, Blechnum
indicum, Blechnum cartilagineum, Blechnum chambersii) have
capacity for accumulation of heavy metals (called hyper
accumulators) among them Azolla caroliniana was used to treat
Cr(VI), Hg(Il), and Cr(Ill) (Bennicelli et al., 2004). The
aquatic fern Azolla have adequate removal capacity for
various heavy metals. Azolla filiculoides has been used for the
treatment of Au(Ill) from aqueous solution and 86-100%
removal was obtained. It has been observed that with
increasing metal ion concentration adsorption also increases
(Antunes et al., 2001). Azolla filiculoides has been also
utilized for the removal of lead. Result showed that the
removal capacity ranging from 30% of the initial lead
concentration at pH 1.5 to approximately 95% at pH of 3.5
and 4.5 (Sanyahumbi et al., 1998). Algae Chlorella has been
used to treat Au(Il), Ag(I), Hg(II) and Cr(VI) ions and results
showed that algae biomass have good metal uptake capacity
(Darnall et al., 1986; Zhao & Duncan, 1997). In 1999 an
experiment was carried out to investigate Cu (II) removal using
immobilised and non-immobilised Azolla filiculoides. Result
showed that efficiency of Cu (IT) removal was in the order as
epichlorohydrin-immobilised Azolla> milled-sieved Azolla>
untreated Azolla (Fogarty et al., 1999). On the basis of these
investigations Azolla has been proven a good metal sequester.
Removal of Lead, Zinc, and Copper from Ceratophyllum
demersum (C. demersum) has been investigated. Data obtained
from this study indicated that C. demersum was significantly
used to remove Copper, Lead and Zinc from solution. Data
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obtained from batch studies revealed that within 20 minute
equilibrium was attained, adsorption can be well explained
with Langmuir Model and the process was best delineated by
pseudo second-order kinetics (Keskinkan et al., 2004).

Treatment of heavy metals using magnetic Nano material has
also been reported (Gautm et al., 2014). Nano particles of
CuFe,0, and NiFe,O4 have been investigated to treat heavy
metals Zinc, Nickel, and Copper from synthetic wastewater
(Sezgin et al., 2013). The uptake of Zn(II), Ni(IT) and Cu(IT)by
using CuFe,O4 as Nano particles was calculated as 99.80%,
98.85% and 83.50%, respectively and by using NiFe,O4 as
Nano particles the uptake of Zn(II), Ni(I) and Cu(Il) found to
be 99.91% , 36.56 % and 92.55%, respectively. It was found
that wheat bran a side-product of wheat milling industries has
better adsorption capacity of Copper ions. Magnetic
polyrhodanine Nano particles has been used to treat Hg(II)
ions. The kinetic study followed a pseudo-second-order
equation and the adsorption equilibrium study was best
delineated by Freundlich isotherm model (Song et al., 2011).
Humic acid (HA) coated with Fe;O,4 nanoparticles (Fe;O,/HA)
have been used to treat toxic metals such as Cd(II), Pb(Il),
Hg(Il) and Cu(ll) from waste water. Equilibrium attained
Within 15 minutes and adsorption is best described by
Langmuir adsorption isotherm model with highest adsorption
capacities from 46.3 to 97.7 mg/g. Results showed that at
optimized pH, 99% removal was obtained for Hg(II) and
Pb(II), and 95% removal was attained for Cu(Il) and Cd(II) in
natural and tap water (Liu et al., 2008). Some low cost
adsorbent after chemical modification such as Jackfruit, Pecan
shells, Rice husk, Hazelnut shell, Maize cob are also used as an
adsorbent for heavy metal removal. H,SO,, HCl, HNO;,
NaOH, KOH, acetone, polymerization, chloroform, H,0,,
Fenton reaction, ethanol, tetra ethylene glycol, diethyl ether,
and glycol have been used as a modifying agent to enhance the
adsorption capacity of wood based adsorbents. For modified
Pine bark maximum adsorption capacities were obtained by
NaOH (98 and 99%), HC1 (85 and 88%), Fenton (94 and 96%),
polymerization (94 and 97% ), tetra ethylene glycol (97 and %
98%), KOH (96 and 98%)and diethyl ether (95 and 97%),
acetone (65.5 and 69%), chloroform (82 and 85%), HNO; (75
and 77%), H,SO,4 (76 and 76%), ethanol (61 and 63%) and
glycol (90 and 94%) for Cd(II) and Pb(II) uptake respectively
(Argun & Dursun, 2006). As a result of modification
adsorption capacities of adsorbents increases with increasing
active surface area of adsorbents. Oak Sawdust modified by
HCI has been used to treat heavy metal ions Cu, Ni, and Cr
from aqueous solutions by Argun et al., (2007).This study
revealed that adsorption kinetics follows pseudo-second-order
reaction, Langmuir as well as D-R adsorption isotherms.
Results indicated that the adsorption process was endothermic
and spontaneous in nature under natural conditions. The
maximum removal competency found to be 93% for Cu (II) at
pH 4, 84% for Cr(VI) at pH3 and 82% for Ni(Il) at pH
8.Chemically modified biomass of Rhizopus nigricans has been
investigated for the Biosorption of Cr(VI) by Bai and Abraham
(2002), they found that treatment with formaldehyde (10%,
w/v) and mild alkalis (0.01 N NaOH and ammonia solution)
decrease the biosorption efficiency. However, (0.1 N HCI and
H,S0,), acetone (50%, v/v) and alcohols (50% v/v, CH;0H
and C,HsOH) enhanced the biosorbent uptake capacity for
Cr(VI). Adsorption of divalent heavy metal ions specially

Cu(Il), Zn(1l), Co(II), Ni(Il) and Pb(II) on acid and alkali
treated Orange and Banana peels was accomplished by
Annadurai ef al., (2003). Tomato factory waste treated by HCI
for the treatment of copper (II) ion from aqueous solutions was
investigated to identify metal ion removal efficiency of Tomato
biosorbent. On the basis of pH factor, the maximum % removal
was achieved at pH 8 as 92.08% (Yargic et al., 2015).
Chemically treated and untreated Olive stone was used to treat
Lead ion and later reused as a fuel in Pyrolysis process (Ronda
etal., 2015).

Study based on use of these biosorbents revealed that low cost
adsorbent can be fruitfully used for the treatment of heavy
metals. The aim of this study is to contribute low cost
adsorbents in the search and to ascertain possibilities of
utilization of various agricultural waste by-products and to
compare removal tendencies of various heavy metals such as
Ni(Il), Zn(II), Pb(I) and Cd(IT) using different by-products
mainly Tea and Coffee wastes.

Nickel (Ni)

Nickel is the chemically active hard and ductile transition metal
with atomic number 28. Ni is corrosion resistant that prevents
the surface from further corrosion by forming a protective
metal oxide layer. N1, ONi, °'Ni, “Ni, and *Ni, are the
naturally occurring isotopes of Ni with **Ni being the most
abundant with natural occurrence 68.077%. Nickel can form
various oxidation states from -1 to +4; however (II) is the most
common oxidation state of Ni (Denkhaus & Salnikow, 2002).
Ni can be extracted by both Pyro and Hydro Metallurgy,
however “Mond process” is predominantly used for Ni
extraction from its ores because Mond process being the most
efficient and ensure purity of Ni as high as 99.99 %. Ni is used
in many industrial and consumer applications, including
coinage, stainless steel, rechargeable batteries, electric guitar
string, and microphones capsules and specially for making
alloys with Copper, Aluminum, Chromium, Lead, Cobalt, Gold
and Silver. Nickel plays a biological role in some plants like
Archaebacteria, Fungi and Eubacteria. Urease, an enzyme of Ni
is virulence that is severity factor in some organisms that helps
to catalyze the hydrolysis of urea to yield Ammonia and
Carbamate. Ni uptake can affect human health by Nickel-
dependent bacteria. Food and water are the natural source of
Nickel exposure. Mining, smelting, Nickel plated utensils,
batteries manufacturing, electroplating, volcanic eruption,
spark plugs, fossil fuel consumption, jewelry, tobacco,
shampoo, coins, Nickel-Cadmium batteries and detergents are
the common sources of Nickel absorption by human being
(Peng et al., 2004; Kandah & Meunier, 2007; Malkoc,2006).
Cigarettes also contain Nickel as a Nickel carbonyl (Gautum et
al., 2014). Excess intake of Ni may be very toxic, even
carcinogenic and results into lung and nasal cancer (Peng et al.,
2004; Kandah & Meunier, 2007; Malkoc, 2006; Kyzas &
Kostoglou, 2015). Based on the World Health Organization
(WHO) guidelines, the maximum allowable concentration of
Ni in industrial wastewater is 2 mg/l equivalent to 2ppm or
2000ppb while that in drinking water the permissible limit
should be less than 0.1 mg/I equivalent to 0.1ppm or 100ppb.

Health effects

e Cardiovascular, contact dermatitis, allergic
sensitization, lung fibrosis and kidney diseases and
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respiratory tract cancer are the cause of excess intake
of Nickel (Oller et al., 1997; Mcgregor et al., 2000;
Seilkop & Oller, 2003).

e Nickel toxicity may cause lung and nasal cancer.

e Short-term exposure can be responsible for
miscellaneous clinical symptoms (nausea, headache,
vomiting, diarrhea, giddiness, visual disturbance,
cough, and abdominal discomfort).

Cadmium (Cd)

Cadmium is a very noxious metal. It can be found in soils, coal
and mineral fertilizers. It is used extensively in electroplating,
including batteries, metal coatings, pigments and plastics. The
main source of Cadmium (Cd) in surface and ground waters are
welding, nuclear fission plants, paints and plastics,
electroplating, Cd and Ni batteries, fertilizers etc. (Moreno-
castilla et al., 2004; Horiguchi et al., 1994; Kadirvelu &
Namasivayam, 2003). “ltai- itai” disease (A painful,
degenerative bone disease) first occurred in /1912 in Japan due
to chronic Cadmium toxicity and the source of Cadmium was
discovered to be from mitsui mining and smelting company
(Horiguchi et al., 1994). An excess exposure of Cd also causes
many acute problems such as high blood pressure, kidney
damage, osteoporosis and destruction of testicular tissue
(Moreno-Castilla et al., 2004; Horiguchi et al., 1994; Kadirvelu
& Namasivayam, 2003; Kobya et al., 2005; Nawrot et al.,
2010; Ghorbani & Eisazadeh, 2013; Jarup et al., 2000; Karthik
& Meenakshi, 2015). Zinc is an essential element for the
effective functioning of enzymes however there will be change
in the stereo-structure of the enzyme if it get replaced by Cd
resulting in impairing of catalytic activity (Jarup et al., 2000).

Health effects

Cadmium and Cadmium compounds have life threatening
effects on human and is known as human carcinogens.

e Ingestion of high level of Cadmium causes damage to
the lungs irritates the stomach, resulting to vomiting
and diarrhea.

e Long-term exposures can build-up possible kidney
disease, lung damage, and fragile bones.

e [tai-itai disease caused by intake of excessive amount
of Cadmium.

Lead (Pb)

Lead is malleable and soft unreactive post transition metal
having low melting point. It is amphoteric in nature. It occurs
mostly in (II) oxidation state rather it can form +4 oxidation
states with lighter member of the carbon group. Galena (PbS) is
the chief ore of Lead, mostly found with Zinc ores. High
density, high abundance, low cost, ductility, low melting point
and inertness towards oxidation make Lead a vital and useful in
plumbing, construction, bullet and shot, weight, construction,
white paints and radiation shielding. ***Pb, *Pb, *’Pb and
2%8pp are the most stable naturally occurring isotopes of Lead
with 2®Pb is the heaviest stable isotope and all undergoes o
decay to isotope of Hg with the emission of energy. Inorganic
lead (Pb) contaminates water system. This is there as a
consequences of human activities, such as mining,
manufacturing and burning of fuel causing leaded gasoline
(Bhowmick et al., 2014; Jouad et al., 2005), Lead and Lead

compounds to get spread out in all parts of our environment.
Lead can enter the body by ingestion, inhaling or skin
absorption. Ingestion of food and water contaminated with Pb
is the cause of lead poisoning in body. Acute Pb poisoning is
dangerously harmful to kidneys, liver and also adversely
affects the reproductive system and the toxic prodromes are
anemia, irritability, insomnia  headache, dizziness,
hallucination, weakness of muscles and renal damages
(Bhowmick et al., 2014; Jouad et al., 2005; Ding & Bao, 2014;
Awual & Hasan, 2014; Naseem & Tabhir, 2001; Nevin, 2009).
Hence, Pb has been categorized as a priority pollutant by the
United States Environmental Protection Agency (US EPA).
The maximum contaminant level (MCL) of Pb ions has been
set as 0.015 mg/1 equivalent to 0.015ppm or 15ppb in drinking
water whereas WHO limits it to 0.05 mg/l equivalent to
0.05ppm or 50ppb (Griffiths et al., 2012).

Health effects

US-EPA has determined that Lead is a human mutagen, an
agent causing change in the structure of gene. Lead poisoning
can disturb the function of body and affects the organs as it can
damage the nervous system, causing an increase in blood
pressure, weakness in fingers and wrists.

e High lead dosage can severely scathe the brain and
kidneys.

e Lead poisoning is also known to cause mental
abnormality, particularly in children (Nevin, 2009;
Ding & Bao, 2014).

e Lead poisoning is also responsible for miscarriage in
pregnant women.

e A high Lead level can damage the organs responsible
for sperm production in man.

Zinc (Zn)

Some metal ions are highly essential for proper functioning of
human organs such as Zinc (Zn), Copper (Cu), Manganese
(Mn), Magnesium (Mg) and cobalt (Co), (Zhang et al., 2014;
Kozlowski et al., 2009), However the excess intake of these
ions causes serious health issues to living organisms as they are
highly toxic, carcinogenic and get bioaccumulated in food
chain (Zhang et al., 2014; Kozlowski et al., 2009; Sebastian &
Srinivas, 2015; Omraei et al., 2011). On surface and in ground
water Zinc is one of the most common pollutants (Omraei et
al., 2011). Liquid and solid contaminated with Zn are referred
as hazardous wastes because of its non-biodegradability (A
substance which can’t be changed to a harmless end product or
state by dint of bacteria and may therefore ruin the
environment) and acute toxicity. According to WHO the
satisfactory concentration of Zn ions in drinking water should
be 5.0 mg/l, equivalent to Sppm or 5000ppb.

Health effects

Zinc toxicity can be caused due to excess intake of Zinc;
however, its small doses are essential for a healthy body. It can
be seen occurring at ingestion of greater than 225 mg of Zinc
(Fosmire, 1990; Rout & Das, 2009).

e Presence of excess Zinc can lower the Copper and
Iron absorption resulting in genetic disorder on
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account of Wilson Disease (WD) or Menkes Disease
(MD) and anemia respectively.

e The solution containing Zinc ion is highly toxic to
invertebrates (any animal missing of backbone),
bacteria, plants, and even vertebrate fish (aquatic life
having a backbone) (Smith & Lakson, 1946; Muyssen
et al., 2006)

e Excess or prolong Zn exposure can lead to severe
health problems, such as skin irritations, stomach
cramps, nausea, vomiting, and anemia (Zhang et al.,
2014; Kozlowski et al., 2009; Sebastian & Srinivas,
2015; Omraei et al., 2011).

Removal of Nickel

By using different by-products&
By using chemically modified by-products

Profusion use of Nickel and its compounds in industrial and
commercial  applications raising its demand. The
industrialization advancement has led to emission of pollutants
into ecosystems. Nickel can be released into environment due
to manmade and natural activities like fossil fuel consumption,
disposal of Nickel containing alloys, volcanic eruption and
weathering of soil and rocks etc.

Many low cost biosorbent have been used such as Agriculture
waste of Black gram husk (Saeed et al., 2005); Petiolar felt
sheath palm (Igbal et al., 2002); Maple saw (Shukla et al.,
2005); Rice bran, Soybean & Cottonseed hulls (Marshall &
Johns, 1996); Baker’s yeast (Padmavathy et al., 2003);
Mustard oil cake (Ajmal et al., 2005); Orange peel (Ajmal et
al., 2000); Activated carbon from coirpith (Kadirvelu et al.,
2001); Rambai stem (Khuzaimah et al., 2011); Coconut leaves
(Gowda et al., 2012); Peanut hulls (Periasamy &
Namasivayam, 1995); Moringa oleifera seeds (Marques et al.,
2012); Casia fistula biomass (Hanif et al., 2007); Tamarind
fruit shell (Pandharipande & Kalnake, 2013); Powder babbul
bark (Patil et al., 2006); Delonix regia bark (Gulmohar) (Patil
& Shrivastava, 2010); Leaf, Bark and Seed of Moringa
Stenopetala (Aregawi & Mengistie, 2013); Orange peel (Gonen
& Serin, 2012); Teak tree bark powder (Patil et al., 2012); Rice
straw (Brahmaiah er al., 2015); Banana and orange peels
(Annadurai et al., 2003); Almond husk activated carbon
(Hasar, 2003); Mango peel (Igbal et al., 2009) and Ficus
Religiosa (peepal) leaves (Zaheer et al., 2010) etc. for the
remediation of various heavy metal ions such as Cr(VI), Ni(Il),
Pb(1I), Cd(II), Cu(Il), Zn(Il) and Cr (III) etc. (see table 1).

Table 1 List of agricultural waste biomass for the removal/remediation of Ni(II) and other heavy metal ions

% removal or

Adsorbents Metal ion References
uptake (mg/g)
Black Gram Husk Cd(, Cuz(rlll()ﬁ;\] i(IT) and >93% Saeed et al., 2005

Pb(II), Cd(II), Cu(II),

PFP (Petiolar Felt Sheath Palm) Zn(ID), Ni(IT) and Cr(IIT)

Pb(IT) > Cd(II) > Cu(Il) > Zn(IT) > Ni(II) > Cr(II)

Igbal et al., 2002

Casia Fistula Biomass Ni(II) 100% Hanif et al., 2007
Maple Saw Ni(II) 75% Shukla et al., 2005
Baker’s Yeast NI(IT) 11.4 mg/g Padmavathy et al., 2003

Ni(II), Zn(II), Pb(1D),

Mustard Oil Cake Mn(1I), Cd(IT), Cu(IT) Upto 94% for Cu(II) Ajmal et al., 2005
and Cr(Il)
Orange Peel Zn, Ni, Cu, Pb and Cr Good results Ajmal et al., 2000
Activated Carbon From Coirpith Ni(II) 62.5 mg/g Kadirvelu et al., 2001
Rambai Stem (Baccaureamotleyana) Ni(II) 51% Khuzaimah et al., 2011
Coconut Leaves Ni(II) 93.18% Gowda et al., 2012
Peanut Hulls Ni(II) 53.65 mg/g Periasamy & Namasivayam, 1995
Moringa OleiferaSeeds Ni(II) >90% Marques et al., 2012
. . . o . N Pandharipande &
Tamarind Fruit Shell Ni(II) and Cr(VI) 50-85.36% For Ni(II)& 22-90.35% for Cr(VI) Kalnake, 2013
Powder Babbul Bark (PBB) Ni(II) High adsorption Patil et al., 2006
Delonix Regia Bark (Gulmohar) Ni(II) High adsorption Patil & Shrivastava, 2010
Leaf, Bark And Seed . 93.90%, 96.25%, 97.50% for leaf, bark & seed . .
Of Moringa Stenopetala Ni(ID) respectively Aregawi & Mengistie, 2013
Orange Peel Ni(II) High adsorption Gonen & Serin, 2012
Teak Tree Bgﬁ;g (‘i’isw)der (Tectona Ni(ID) 4.975 t0 10.101 mg/g Patil et al., 2012
Rice Straw Ni(II) Good results Brahmaiah et al., 2015
BananaPaer:liSOrange Ni(II) Banana peel-6.88 mg/g Orange peel-6.01 mg/g Annadurai et al., 2003
omond Hlusk Ni(ID) 97.8% Hasar, 2003
Mango Peel Cu(II), Ni(IT) and Zn(II) Cu(II)> Ni(I)> Zn(II) Igbal et al., 2009
Pine Dust Ni(II) High adsorption Moodley et al., 2011
Rice Husk Fe(1I), Pb(1I) and Ni(II) High adsorption Hegazi, 2013
Rice Husk Ni(II) High adsorption Manjeet et al., 2009
Maize Cob Ni(II) High adsorption Muthusamy et al., 2012
Chlorella Sorokiniana Ni(II) 98% Akhtar et al., 2004
gg:;a%e}f;zsez Ni(II) High adsorption Zaheer et al., 2010
Orange Peel Ni(II) 158 mg/g Kurniawan et al., 2006
Chlorella Vulgaris Ni(II) 58.4 mg/g Aksu & Donmez, 2006
Sphagnum Moss Peat Ni(II) Good results Ho et al., 1995

Rice Bran, Cottonseed Hulls
&Soybean

Cu(1l), Ni(II) and Zn(II)

High adsorption

Marshall & Johns, 1996

a
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An experiment was conducted on Cassia fistula biomass to
treat Nickel and 99-100% removal efficiency has been
observed (Hanif et al., 2007). Wastetea leaves were also
reported for the treatment of Nickel from aqueous solutions
(Ahluwalia & Goyal, 2005). Saw dust of black locust, maple
and oak, Agricultural waste materials as modified cotton seeds,
coir fibers, soybeans, corncobs, pecan, peanut, walnut, hazelnut
and groundnut shells have been also used for the Nickel uptake
(Sciban et al., 2006; Shukla ez al., 2005; Shukla & Pai, 2005;
Marshall & Johns, 1996; Vaughan et al., 2001; Johns et al.,
1998; Demirbas, 2003; Kurniawan et al., 2006). Zygnema sp.
biomass was used to treat Ni(Il) ions from electroplating
industrial wastewater using different parameters such as pH,
time and sorbent dosage. Optimum value of pH found to be 3.
It has been observed that biosorption efficiency affected by
the sorbent dosage and 76.4 % removal was obtained at a
dosage of 7.5 g/ (Sivaprakash et al., 2015).In 2000, an
experiment was carried out to compare the adsorption
efficiency of Chlorella vulgari and Chlorella Minimata to treat
Ni(II) ions. Results showed that Chlorella Miniata (more than
99%) has grater adsorption rate as compare to Chlorella vulgari
(around 33-41%) for the treatment of Ni(Il) ions (Wong et al.,
2000). In 2011, powder of mosambi fruit peelings (PMFP) has
been used as an low costadsorbent for the remediation of Ni(II)
ion from aqueous solutions (Krishna & Swmay, 2011).
Adsorption process was study at different parameters like pH,
agitation time, particle size, initial metal ion concentration, and
adsorbent dosages. They found that PMEP has great metal
recovery capacity and Adsorption process follows Langmuir
and Freundlich isotherm models. Maize cob has been used to
study Ni(II) removal by using atomic absorption spectroscopy
(AAS) for metal assessment (Muthusamy et al., 2012).
Adsorption process follows Langmuir and Freundlich isotherm
models and they also found maize cob as low cost waste
material, has significant metal recovery potential. 100% Ni(II)
removal was observed by using low cost fly ash. It has been
reported that increase in temperature decreases the adsorption
of Ni(Il). At pH of 9.4 to 10 highest metal removal was
obtained (Popuri et al., 2015).

In order to enhance chelating efficiency, agricultural and plant
wastes are pretreated with some modifying agents which can be
minerals, organic solutions, tartaric acid, thioglycollic, citric
acid or base solutions (calcium hydroxide, sodium hydroxide,
sodium carbonate, oxidizing agent, organic compounds
(ethylenediamine, epichlorohydrin, methanol, formaldehyde)
and dye (reactive orange 13) etc. These have been widely used
to treat heavy metals ions (Hanafiah et al., 2006). Shukla and
Pai (2005) conducted an experiment using modified
lignocelluloses fiber/jute for the treatment of heavy metal ions
like Cu(Il), Zn(IT) and Ni(IT) from aqueous solution. The dye
containing jute fiber showed adsorption capacity of 8.4, 5.95
and 5.26 mg/g for Cu(Il), Zn(II) and Ni(Il) respectively. The
equilibrium data followed Langmuir model. Peat and Cellulose
adsorbents are successfully used to remove Nickel from
aqueous solution at different pH values (Babel & Kurniawan,
2003). Equilibrium data fits well in Langmuir isotherm model.
Coir pith was used by various researchers to treat Ni ion, it is
an agriculture solid waste. Lignin (36%) and cellulose (44%)

are the chief components of coir pith that plays a key role for
the heavy metal removal (Kadirveluet al., 2001; Redded et al.,
2002; Shukla & Pai, 2005). Modified coir pith (treated with
NaOH) has shown good metal recovery by increasing metal
binding sites (Shukla & Pai, 2005; Li et al., 2007). Various
chemically treated agriculture wastes have been used for heavy
metals biosorption or remediation (see table 2).

Table 2 List of Chemically modified agricultural wastes for the
treatment/remediation of Ni (IT) heavy metal ions from aqueous

solution
. o
Adsorbents Modifying /o removal or References
agent uptake (mg/g)
Karimi-Jashini &
Walnut Shell NaOH 8.57 mg/g Saadat, 2014
Peat Coil, Cow
Dung And Digested Ethanol 86.23% Zhang & Ismail, 2012
Paddy Husk
Coconut Husk (CH) N
And Teak Tree HCI 01%%1234219/ ;;nd Kehinde ef al., 2009
Bark (TTB) Ittt
Babul Bark NaOH 80% Patil et al., 2006
Jute Fiber H,0, 5.57 mg/g Shukla & Pai, 2005
Activated Carbon o
From Almond Husk H,SO4 97.8% Hasar, 2003
Coconut Coir Pith H,SO4 High adsorption Ratan et al., 2016
EggShell Waste Vinegar 78.70% Stevens jgﬁatlokwa,
Coir Fiber Hydrogen peroxide Good results  Shukla et al., 2005
Saw Dust and Dye .
Loaded Groundnut Cu(In), Ni(ID), > 90% Shukla & Pai, 2005
Zn(II)
Shells
Rice Straw Acid and alkali Good results Brahm;g?}; etal,
. High adsorption
Rice Bran, Soybean Marshall & Johns,
& Cottonseed Hulls HCland NaOH  as compare to 1996
untreated waste
Peanut Formaldehyde Good results ~ Randall et al., 1978
Sawdust Sodium hydroxide = 10.47mg/g  Rehman et al., 2006
Formaldehyde in
Walnut Sawdust sulfuric acid 6.63mg/g Bulut & Tez, 2003
Sawdust Reactive Orange 13 9.87mg/g Shukla & Pai, 2005
Groundnut Shells Reactive Orange 13 7.49mg/g Shukla & Pai, 2005
Sulfuric acid and
Coirpith ammonium 62.5mg/g  Kadirvelu et al., 2001
persulphate
Red Onion Skin Formaldehyde 7.55mg/g  Kumar & Dara, 1981

Removal of Cadmium

Byusing different by-products&
By using chemically modified by-products

Cadmium and its compounds are highly noxious as compared
to other heavy metal ions. These are water soluble and tend to
accumulate in food chain. Cadmium can enter into our
ecosystem because of excess use in electroplating, welding, Cd
and Ni industries, paints and nuclear power plants etc. In the
human body accumulation of Cadmium is predominantly there
in kidneys resulting in their malfunctioning (Volesky & Holan,
1995). Wheat bran and rice bran was investigated for the
treatment cadmium and significantly encouraging results were
reported (Farajzadeh & Monji, 2004; Montanher et al., 2005;
Singh et al., 2005). A natural low cost biosorbent, Pomelo peel,
was used to treat Cd(Il) ions from aqueous solution using
various parameters such as pH, contact times and initial metal
ion concentrations. Cadmium uptake directly depends upon pH
ranging from 1 to 5 and at pH 5, maximum Cadmium removal
has been observed. Adsorption equilibrium process was well
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described by the Langmuir adsorption isotherm and adsorption
capacity found to be 21.83mg/g (Saikaew et al., 2009). low-
cost adsorbents: grapes bunches, sunflower leaves, almond
rinds, eucalyptus barks, bananas rinds and maize leaves have
been used to check the ability to remove Cadmium from
aqueous solutions. A sorption isotherm was used to evaluate
Cadmium uptake on these biosorbents. Results indicated that
the equilibrium process is well described by the Langmuir
model than the Freundlich equation and kinetics follow pseudo
second order rate model. Maximum removal was observed by
sunflower leaves 153.85 mg/g followed by eucalyptus barks
(99.30 mg/g), almond rinds (104.60 mg/g), grapes bunches
(75.64 mg/g), maize leaves (57.84 mg/g), bananas rinds (69.35
mg/g) (Benaissa, 2006). In 1993, brown marine
algae Sargassum  natans,  Ascophyllum  nodosum  (A.
nodosum) and Fucus vesiculosus have been examined to
remove Cd(II) ions from aqueous solutions. Results
demonstrated that A. nodosum accumulated have the highest
Cd(IT) removal capacity at pH 3.5 (Holan et al., 1993). Saudi
activated clay (bentonite) have been demonstrated for Cd(II)
removal under various operating variables such as initial metal
concentration, contact time, solution pH and clay dosage.
Results indicated that bentonite has the significant Cd(II)
uptake capacity and within 20 min equilibrium was achieved
and this uptake significantly depend on pH (Al-Shahrani,
2012). Bark of the plants such as Abies sachalinensis, Pecia
glehnii, dried plant biomass, Wheat bran, Husk of black gram
etc. have been tried for the removal of Cadmium (see Table 3).
Natural and chemically modified rice husk, rice polish, ground
nut husk, red onion skin and black gram husk have been used
for the removal of Cadmium (Tarley & Arruda, 2004; Saeed
et al., 2005; Singh et al., 2005; Kumar & Bandyopadhyay,
2006; Ajmal et al., 2006; Seki et al., 1997; Karnitz et al., 2007;
Okieimen et al., 1991; Kumar & Dara, 1981) (see table 3).

Table 3 List of agricultural wastes for the
treatment/remediation of Cd(Il) and other heavy metal ions
from aqueous solution

Sago Waste Pb(1I) and Cu(1l) 46.6 and 12.4 mg/g Quek et al., 1998
Pine Bark Cd(II), Pb(IT), Ni(Il) ~ Pb(IT) > Cd(II) > Cu(Il) >  Al-Asheh & Duvnjak,
and Cu(Il) Ni(II) 1997
EggShell Cd(IT) 100% Park et al., 2007
Fluted Pumpkin Horsfall & Ayebaemi,
Waste Pb(1I) and Cd(1I) 49.53 and 65.50 mg/g 2005
Fly Ash Cd and Cu 96.034% Hegazi, 2013
Chlorella Vulgaris Cd(I1) 86.6 mg/g Aksu & Donmez, 2006
Pomelo Peel Cd(I1) 21.83mg/g Saikaew et al., 2009
Grapes Bunches,
Sunflower L,%VCS’ Sunflower> almond rinds>
Almond Rinds, .
Cd(11) eucalyptus barks> grapes Benaissa, 2006
Eucalyptus Barks, .
. bunches> bananas rinds>
Bananas Rinds And .
X maize leaves
Maize Leaves
Rice Husk cd( 69% Kulkarni & Kaware,
2015
Saccharomyces cd(n Good results Volesky et al., 1993
Cerevisiae
Citrus Peels
( Orange Peels,
Lemon Peels And o . Schiewer & Patil,
Lemon-Based Cd(I1) 90% at high sorbent dosage 2008
Protonated Pectin
Peels)
Velazquez-Jimenez
Agave Bagasse Cd(Ir) 13.27mg/g etal., 2013
A“a“af,ge‘l’m"s“s cdq 18.21mg/g Foo et al., 2012
Activated Carbon Of
Apricot Stone Cd(IT) 33.57 mg/g Kobya et al., 2005
P Sldl“‘;‘cg“ajava cd(In 39.68 mg/g Foo et al., 2012
Parkia Speciosa Pods Cd(11) 25.64 mg/g Foo et al.,2012
Walnut Sawdust Cd(In) 4.39 mg/g Bulut & Zeki, 2007

% removal or

Table 4 List of Chemically modified agricultural wastes for the
treatment/remediationof Cd(II)ions from aqueous solution

Adsorbents Metal ion References
uptake (mg/g)
. Cd(ID) . . .
Coniferous Barks High adsorption Seki et al., 1997
Rice Polish Cd(I1) 9.72 mg/g Singh et al., 2005
Green Coconut Shell . . .
Powder Cd(IT) High adsorption Pino et al., 2006
Sugar-Cane Bagasse Krishnan &
Pith Cd(Im 2470 mg/g Anirudhan, 2003

Sugarcane Bagasse,
Rice Straw, Soybean Cd(II), Cu(II), Ni(II)

., Pb(ID)> Cu(Il)> Cd(ID)>

Hulls, Peanut Shells, Pb(II) and Zn(II) Zn(1I)> Ni(IT) Johns et al., 1998
Walnut Shells And
Pecan
Black Gram Husk Cd(IT) High adsorption Saced & Igbal, 2003
Parthenium Weed Cd(II) 99.7% Ajmal et al., 2006
Bagasse Fly Ash Cd(1T) and Ni(IT) High adsorption Srivastava et al., 2006
Bagasse Cd(1I) and Zn(II) Cd(11)>Zn(II) Mohan & Singh, 2002
Bagasse Fly Ash
(Waste Of Ni(II) and Cd(I) 90.0% Gupta et al., 2003
Sugarlndustry)
Rice Bran Cd(I), Cu(II), Pb(II) ~80.0% Montanher et al., 2005
and Zn(I)
Wheat Bran  C4UD, He(ID), PoD), oy o 1y phciny>cciny> Faraizadeh & Mongi,
Ni(II), Cr(1II) and Cu(h>Ni(ID) 2004
Cu(I) u !
Mango Peel Cd(II) and Pb(1) 68.92 and 99.05mg/g Igbal et al., 2009
Saudi Activated .
Bentonite Cd(II) 14.9 mg/g Al-Shahrani, 2012
Sun Flower Head .
Carbon (SHC) Cd(IT) 1.22 mg/g Jain et al., 2015
Sun Flower Stem .
Carbon (SSC) Cd(IT) 1.48 mg/g Jain et al., 2015
Golden Apple Snail Cd(1D) 81.301 mg/g Zhao et al., 2016

Py S
Adsorbents Mgdgleletng u/; tl;uel?el 0(‘[;?; /(; References
Sugarcane Bagasse Succinic anhydride =~ Good results ~ Karnitz et al., 2007
Kumar &
Rice Husk Sodium hydroxide 20.24 mg/g Bandyopadhyay,
2006
Base Tr;ﬁi‘i Juniper NaOH 29.54mg/g  Min et al., 2004
Ground Nut Husk EDTA 85% Okieimen et al., 1991
Red Onion Skin Formaldehyde 6.39mg/g  Kumar & Dara, 1981
Peanut Formaldehyde Good results ~ Randall ez al., 1978
Ground Nut Husk EDTA Good results  Okieimen et al., 1985
Kumar &
Rice Husk Sodium bicarbonate  16.18 mg/g Bandyopadhyay,
2006
Kumar
Rice Husk Epichlorohydrin 11.12 mg/g &Bandyopadhyay,
2006
Sawdust (Cedrus Sodium hydroxide 73.62% Memon et al., 2007
Deodar wood)
Sawdust (Pinus Formaldehyde in 929 mo/ Taty-Costodes et al.,
Sylvestris) Sulfuric acid ’ ge 2003
Walnut Sawdust Formald.e hyd.e mn 4.51 mg/g Bulut & Tez, 2003
sulfuric acid
Cassava Tuber Bark  Thioglycollic acid 26.3 mg/g Horsfall et al., 2006
Wheat Bran Sulfuric acid 101 mg/g  Ozer & Pirincci, 2006
Spent Grain Hydrochloric acid 17.3 mg/g Low et al., 2000
Azolla Filiculoides Hydrogen peroxide- 36 me/ Khosravi &
(Aquatic Fern) ~ Magnesium chloride &g Rakhshaee, 2005
Corncorb Nitric acid 19.3 mg/g Leyva_l;%%? setal.,
Corncorb Citric acid 55.2 mg/g Leyva—lze(l)rélso setal,
Agave Bagasse NaOH 18.32 mg/g  Velazquez-Jimenez
etal., 2013
Agave Bagasse HC1 12.5 mg/g Velazquez-Jimenez
etal., 2013
Agave Bagasse HNO; 13.5 mg/g Velazquez-Jimenez
etal., 2013
Honeycomb HNO; 61.16 mg/g Reddy et al., 2012
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Removal of Lead
By using different by-products &
By using chemically modified by-products

Contamination of water by lead is of great concern as it gets
tightly attached to particles of sediments, oil and waste sludge.
Lead can enter into our body through food chain resulting into
a variety of harmful biological effects depending upon the
duration of exposure and concentration. High Pb removal
efficiency has been observed by various scientist (see table 5)
using different agriculture wastes in their natural form viz.
soybean hulls, peanut shells, rice straw, walnut shells (Johns et
al., 1998); tree bark (Bankar & Dara,1985); black gram husk,
waste tea leaves, flowers of Humulus lupulus, water hyacinth
and Petioler felt sheath palm (Gardea- Torresdey et al., 2002;
Kamble & Patil, 2001; Igbal et al., 2002, 2005; Saeed et al.,
2005; Ahluwalia & Goyal, 2005). Activated carbons produced
from agricultural wastes, such as bagasse, walnut and hazelnut
shells and shells of apricot stones with great removal efficiency
and large surface area have been used to treat heavy metals
ions (Wilson et al., 2006; Ozdemir et al., 2011; Kadirvelu
et al., 2001; Dolas et al., 2011; Saka, 2012; Gajghate et al.,
1991; Vaughan et al., 2001). In 1998, 65% Lead removal
competency has been reported using bagasse fly ash (Gupta
et al., 1998). Maple Saw dust, Pinus sylvestries and rubber
wood saw dust have shown 85-90% proficiency for Lead
removal (Taty-Costodes et al., 2003; Raji et al., 1997). For
biosorption of Lead optimizes value of pH is ranging from 5-6
according to literature review. In 2009 an experiment was
investigated for Pb(I) removal on Orange peels by Schiewer
and Balaria (2009). They compared the removal efficiency of
Orange peel and protonated Orange peel and more than 90%
removal was observed using these biosorbents (Schiewer &
Balaria, 2009). In 2004 Coconut-shell was investigated to treat
Lead from aqueous solutions. It has been found that adsorption
was dependent on pH and at pH 4.5 maximum removal was
obtained. Adsorption equilibrium data fitted well to the
Freundlich, Tempkin isotherm and Langmuir isotherm models.
At pH 4.5, 26.50 mg/g removal efficiency has been observed
with the Langmuir model (Sekar et al., 2004). Modified form
of Apple residue with modifying agent phosphorous (V)
oxychloride (Lee et al., 1999); rose petals with modifying
agent NaOH (Karnitz et al., 2007); sugarcane modified with
succinic anhydride (Tsui et al., 2006) and calcium treated
sargassum (Nasir et al., 2007) have been utilized as excellent
adsorbent for Lead removal (see table 5).
Table 5 List of agricultural wastes for the
treatment/remediation of Pb(Il) and other heavy metal ions
from aqueous solution

Cd(1D)- 91%

Waste Of Black Gram Pb(1l), Zn(I), Cd(I1I), Pb>Cd> Zn> Cu>

Saced et al., 2005

Husk Ni(II) and Cu(IT) Ni
Soymida Febrifuga Bark Pb(II) 100% Bankar & Dara, 1985
Coconut Char Pb(IT) 100% Gajghate et al., 1991
. Pb(1I),Cd(II), Cu(Il) and o Montanher et al.,
Rice Bran Zn(I), >75% 2005
Saw Dust Pb(Il)and Cu(ll)  3.19and1.79 mg/g  Yuer al., 2001
Sugar-Beet Pectin Gels Cu, Pb and Cd High metal recovery Mata et al., 2009
Rice Husk Fe, Pb and Ni 94.885% to 96.954% Hegazi, 2013
Sunflower Seed Peel Pb(II) 99% Ozdemir et al., 2004
Orange Peel Pb(ID) >90% SCthCer‘(’;‘gBalam’
Coconut-Shell Pb(1I) 26.50 mg/g Sekar et al., 2004
Marine Green Ulva  calcium chloride-treated 22.93me/ C‘}ll‘;ﬁ]li:;liz;g:n
Fasciata Sp.Carbon (CCUC) . ge ?
2014
. sodium sulphate- Jeyakumar &
I{,\;[ :;;Zfa(s}rccg;i\;i treated U.fasciata carbon 24.15mg/g Chandrasekaran,
P- (SSUC) 2014
. sodium carbonate- Jeyakumar
I{,\;[ :;;Z;(S}rccg;i\;i treated U. 23.47 mg/g &Chandrasekaran,
P- fusciata carbon (SCUC)) 2014

Casuarina Glauca Tree

Pb(II) and Cr(III)

High adsorption

Abdel-Ghani et al.,

Leaves 2008
Nipah Palm Shoot Pb(II) 1550 mg/g  Wankasi e al., 2006
Biomass
Velazquez-Jimenez
Agave Bagasse Pb(1I) 7.84 mg/g etal., 2013
Activated Carbon Of Velazquez-Jimenez
Apricot Stone PbdI) 22.85 mgfg etal., 2013
Activated Carbon Of Anirudhan &
Coconut Buttons Po(I) 94.35 mg/g Sreekumari, 2011
Passion Fruit Skin Pb(1I) 85.68 mg/g Gerola et al., 2013
Sugarcane Bagasse Pb(IT) 11.63 mg/g Dos et al., 2010
Walnut Sawdust Pb(1D) 6.54 mg/g Bulut & Zeki, 2007

% removal or

Adsorbents Metal ion References
uptake (mg/g)
Pb(1I), Zn(II), Cu(I), o .
Peanut Shells Ni(IT) and Cd(IT) >75% Wilson et al., 2006

Pb(IT), Cr(IIT), Cd(II),

PFP (Petiolar Felt Sheath Cu(ID), Zn(IT) and

Palm)

Good results Iqbal et al., 2002

Ni(IT)
Oriza Sativa Husk Pb(ID) >98% Zulkali et al., 2006
Humulus Lupulus Pb(II) 74.2 mg/g Gardea-Torresdey et

al., 2002
Hg-100%, Pb-100%,
Cd- 100%, Ni-92%
and Cu-73%
Pb(1I) -95.3%,
u(ID-91.2% and

Hg(IT), Pb(II), CA(ID),

Coir Pith Ni(II), and Cu(II)

Kadirvelu et al.,
2001

Apple Residue Waste  Pb(II), Cu(II) and Cd(II) C Lee et al., 1999

Table 6 List of Chemically modified agricultural wastes for the
treatment/remediation of Pb(II) heavy metal ions from aqueous

solution
e o
Adsorbents Mgdglefﬁltng “/:) t‘:;: (;‘::; /(;)- References
Apple Residue Acidic methanol Good results Lee et al., 1999
Rose Biomass NaOH 87.74 mg/g Nasir et al., 2007
Ground Nut Husk EDTA >98% Okieimen et al., 1991
Red Onion Skin Formaldehyde 10.9 mg/g Kumar & Dara, 1981
Peanut Formaldehyde Good results Randall ef al., 1978
Ground Nut Husk EDTA Good results Okieimen et al., 1985
Rice Husk Tartaric acid 120.48 mg/g Wong et al., 2003
Sa;v;lll‘ljsctsfrl’iél)ms Fosrflr;;ll(rliech;/g;m 9.78 mg/g  Taty-Costodes et al., 2003
Walnut Sawdust Fomaldehy@e m 4.48 mg/g Bulut & Tez, 2003
sulfuric acid
Peanut Husk Sulfuric acid 29.14 mg/g Lietal., 2006
Banana Stem Formaldehyde >99% Noeline ef al., 2005
Spent Grain Hydrochloric acid 35.5 mg/g Low et al., 2000
lmpzzztspi}\tifinca Sodium hydroxide 13.50 mg/g Hanafiah et al., 2006
Azolla Filiculoides Hydrogen peroxide- 228 mg/e Khosravi &
(Aquatic Fern) Magnesium chloride Rakhshaee,2005
Alfalfa Biomass Sodium hydroxide 89.2 mg/g Tiemann et al., 2002
Bagasse Fly Ash Hydrogen peroxide 96-98% Gupta & Ali, 2004
Nipah Palm Shoot Mercaptoacetic acid 21.85 mg/g Wankasi et al., 2006
Biomass
Velazquez-Jimenez et al.,
Agave Bagasse NaOH 20.54 mg/g 2013
Velazquez-Jimenez et
Agave Bagasse HC1 12.40 mg/g al. 2013
Velazquez-Jimenez et al.,
Agave Bagasse HNO; 14.43 mg/g 2013
Honeycomb HNO; 74.17 mg/g Reddy et al., 2012
Passion Fruit Skin NaOH 112.99 mg/g Gerola et al., 2013
Passion Fruit Skin NaOH and citric acid ~ 204.08 mg/g Gerola et al., 2013
Red Mud H,0, 88.20 mg/g Gupta et al., 2001
Sugarcane Bagasse NaOH 30.68 mg/g Dos et al., 2010
Sugarcane Bagasse citric acid 52.63 mg/g Dos et al., 2010
Sugarcane Bagasse NaOH and citric acid  33.09 mg/g Dos et al., 2010
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Removal of ZINC

By using different by-products &

By using chemically modified by-products

Zinc is one of the most precious element or nutrient for
biological function of body. It is believed that it contain anti-

oxidant properties which protects our skin from aging effects.

It is used as a catalyst during rubber manufacturing. As a
pigment, Zinc is used in cosmetics, plastics, wallpaper,
photocopier paper, printing inks etc. Zinc is the 23rd most

abundant element on the

Earth's crust but due to

industrialization its concentrations are rising unnaturally in
ecosystem particularly in drinking water resulting in severe
health problems such as Teratogenesis (Process by which
congenital malformation are produced in an embryos or fetus),

Table 7 List of agricultural wastes for the treatment/remediation of Zn(II) and other heavy metal ions from aqueous solution

% removal or

Adsorbents Metal ion References
uptake (mg/g)
(Cocos Nli:(i);e(;l;%t Coir Dust Zn(II) High adsorption Israel & Eduok, 2012
Azadirachta Indica Bark Zn(1I) 33.49 mg/g King et al., 2008
Lemon Peel Zn(II) 87.5% Rajoriya & kaur, 2014
Banana Peel Zn(1I) 90.5% Rajoriya & kaur, 2014
Bagasse Cd(1I) and Zn(II) High adsorption Mohan & kumar, 2002
Cork Powder Zn(1I), Cu(II) and Ni(II) High adsorption Chubar et al., 2003
Tectona Grandis Leaves Zn(1I) High adsorption Kumar et al., 2006
Rice Husk Ash (RHA), Zn(1I), Cd(1I) High adsorption Srivastava et al., 2008
Mature Leaves Of The Neem Tree Zn(II) 147.08 mg /g Arshad et al., 2008
Stem Bark Of The Neem Tree Zn(1I) 137.67 mg/g Arshad et al., 2008
Orange Wastes Zn(1I), Cd(II) and Pb(II) Pb(II) >Zn(II) > Cd(II) Perez Marin et al., 2008
Olive Oil Mill Solid Residues Zn(II) >95% Hawari et al., 2009
Physic Seed Hull (PSH) Cd(1I) and Zn(II) 47% and 36% Mohammad et al., 2010
Activated Sludge Zn(1I) Good results Mishra & Chaudhury, 1996
Waste-Reclaimed Adsorbent Cu(Il) andZn(1I) 1.68 mg/g and 0.06 mg/g Joetal., 2010
98% in synthetic wastewater and
Cork Powder Zn(1I) electroplating industrial wastewater was Kanawade & Gaikwad, 2011
91%.
Alga Chlorella Vulgaris Zn(II) and Cd(II) Good results Ting et al., 1989
Olive Oil Mill Residues Zn(1I) Good results Hawari et al., 2009
Sugar Beet Pulp Pb(I), C“(H)’I\IZ%(II)D’ Cd(I), and -y 1y Cu(iny > Za(In) > Cd(I> Ni(ID) Reddad ef al., 2002
Bagasse-Based Activated Carbon Zn(IT) and Cd(II) Good results Mohan & Singh, 2002
Date Pits-Based Activated Carbon Pb(1l), Zn(1I), Co(Il) and Fe(III) 100% Awwad et al., 2013
Microalgae Zn(I1) and Cu(II) Good results Chan et al., 2013
Industrial \gve;sstteesslﬁl(iig; ;Steel Plant Zn(ID) 726 mgg Mishra et al., 2013
Aquatic Moss Fontinalis Antipyretica Zn(1I) and Cd(II) 28.0 and14.7 mg/g Martins et al., 2004
Bentonite Zn(1I) Good results Bellir et al., 2013
Botrytis Cinerea Zn(II) Good results Tunali & Akar, 2006
Black Gram Husk Zn(ID), Cd(H)I;‘tfi}lI()H)’ Ni(IDand Pb(H)gu?I(Ij)gI%\IT(IZI;l(H) > Saeed et al., 2005
Carrot Residues Cr(I1I) ,Cu(II) and Zn(II) Cr(1I1)>Cu(1l)>Zn(1I) Nasernejad et al., 2005
Cassava Waste Cd, Cuand Zn Good results Abia et al., 2003
Cassava Waste Zn(II) and Cd(II) 55.82, 86.68 mg/g Horsfall & Abia, 2003

Dried Marine Green Macroalga
Caulerpa Lentillifera
Dried Marine Green

Zn(II), Cu(II) , Pb(II) and Cd(II)

Pb(Il)> Cu(I)> Cd(II)
> Zn(ID)

Pavasant et al., 2006

Macroalga(Chaetomorpha linum) ) Cu(ID)and Zn(II) Good results Ajjabi & Chouba, 2009
Rice Bran Zn(1I), Cd(1I), Pb(1I) and Cu(1l) Good results Montanher et al., 2005
Oflignite-Based Fly Ash Zn(IT) and Cd(II) Good results Bayat, 2002
Walnut Shell Cu(1l), Zn(II) and Cd(1I) 14.53,7.47 and 7.29 mg/g Najam et al., 2016
Immobilized Stem-Bark (IMSB) Zn(II) 91.60% Osemeahon et al., 2015
Solid Residue Of Olive Mill Products Zn(1I) 5.40 mg/g Gharaibeh ef al., 1998
Sun Flower Stalks Zn(II) 30.73 mg/g Sun & Shi, 1998
Red Mud Zn(II) 12.59 mg/g Lopez et al., 1998
Apricot Stones Carbon Zn(1I) 13.21mg/g Budinova et al., 1994
Coconut Shells Carbon Zn(II) 12.76 mg/g Budinova et al., 1994
Lignite Coal Carbon Zn(I) 11.11 mg/g Budinova et al., 1994
Almond Shell (Carbon) Zn(1I) 6.65 mg/g Ferro-Garcia et al., 1988
Olive Stone (Carbon) Zn(II) 5.10 mg/g Ferro-Garcia et al., 1988
Peach Stone Carbon Zn(II) 5.0 mg/g Ferro-Garcia et al., 1988
Bagasse Carbon Zn(1I) 31.11 mg/g Ferro-Garcia et al., 1988
Clarified Sludge Zn(II) 15.53 mg/g Bhattacharya et al., 2006
Rice Husk Ash Zn(II) 14.30 mg/g Bhattacharya et al., 2006
Activated Alumina Zn(1I) 13.69 mg/g Bhattacharya et al., 2006
Neem Bark Zn(II) 13.29 mg/g Bhattacharya et al., 2006
Sugar Beet Pulp Zn(II) 35.6 mg/g Pehlivan et al., 2006
Fly ash Zn(1I) 7.84 mg/g Pehlivan et al., 2006
Agave Bagasse Zn(II) 35.6 mg/g Velazquez-Jimenez et al., 2013
Carrot Residues Zn(II) 29.61 mg/g Nasernejad et al., 2005
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carcinogenesis and Mutagenesis (Process causing changes in
the gene structure). To overcome these affects caused by intake
of excess amount of Zinc it becomes urgent to remove this
metal from waste water using different by-products. Various
attempts have been carried out for the eradication of Zn ion
from industrial waste water by using different by-product (see
table 7).An experiment was conducted to study the sorption
capacity of immobilized plant stem-bark (IMSB) to discharge
Zn(I), Cd(I), Pb(Il), Mn(II), Cr(Il) andFe(Il) ions using
different parameters such as contact time, ionic strength,
temperature, pH and initial metal ion concentration. The result
showed that the sorption capacity of Zn(II), Cd(II), Pb(I),
Mn(II), Cr(Il) and Fe(Il) by IMSB were 91.60%, 85.08%,
97.85%, 65.20%, 78.46%, and 78.52% respectively
(Osemeahon et al., 2015). The biomass of Azadirachta
indicabark has been used to remove Zn(Il) ions from aqueous
solutions using different parameters such as contact time,
initial metal ion concentration, pH, biosorbent dosage and
average biosorbent size. At pH 6 maximum Zinc biosorption
occurred and it has been noted that percentage biosorption
increases with increase in the biosorbent dosage. Data obtained
from the experiment were tested with the adsorption models
like Freundlich, Langmuir and Redlich-Peterson isotherms.
Langmuir isotherm best fitted on the experimental data with
maximum biosorption capacity of 33.49 mg/g of Zinc ions
on A. indica bark biomass (King ef al.,2008). Aloe Vera leaves
powder (AV), multi walled Carbon nanotube (MWCNTs) and
activated Aloe Vera powder (AAV) as an adsorbents have been
used for the treatment of Zn(II) from aqueous solutions using
various parameters such as adsorbent dosage, pH and contact
time.

Table 8 List of Chemically modified agricultural wastes for the
treatment/remediation of Zn(II) heavy metal ions from aqueous

solution
. % removal or
Adsorbents Metal ion References
uptake (mg/g)
Rose (Rosa Centifolia) NaOH 73.8 mg/e Nasir et al.. 2007
Petals
0il Palm Frond (OPF) NaOH 90% Salam;t(l)r%i etal,
Natural And Activated H,S0, 4 54mgle Pradas et ., 1994

Bentonite

Cassava Waste Good results

Cassava Waste

Peanut
Hardwood Sawdust

Hardwood Sawdust

Thioglycollic acid
Thioglycollic acid

Formaldehyde
Formaldehyde in acidic
medium
Sodium hydroxide
Sawdust Reactive

559.74 mg/g
Good results
Good results

Good results

Abia et al., 2003
Horsfall & Abia,
2003
Randall et al., 1978

Sciban et al., 2006
Sciban et al., 2006

Sawdust o 17.09 mg/g Shukla & Pai, 2005
range 13
Cassava Tuber Bark Thioglycollic acid 83.3 mg/g Horsfall ez al., 2006
Azolla Filiculoides Hydrogen peroxide- 48 mo/ Khosravi &
(Aquatic Fern) Magnesium chloride &g Rakhshaee, 2005
Carrot Residues HC1 29.61mg/g Nasen;eégcsl etal,
Groundnut Shells Reactive-Orange 13 9.57 mg/g Shukla & Pai, 2005
Red Onion Skin FormalAdehyd§ mnan 9.42 mg/g Kumar & Dara, 1981
acidic medium
Banana Peel Acid- treated 2.75 mg/g Annadurai et al., 2003
Banana Peel Alkali- treated 2.25 mg/g Annadurai et al., 2003
Orange Peel Acid-treated 2.75 mg/g Annadurai et al., 2003
Orange Peel Alkali-treated 2.65 mg/g Annadurai et al., 2003
Velazquez-Jimenez
Agave Bagasse NaOH 50.12 mg/g etal., 2013
Velazquez-Jimenez
Agave Bagasse HC1 42.31 mg/g etal., 2013
Velazquez-Jimenez
Agave Bagasse HNO; 54.29 mg/g etal., 2013

This study revealed that the removal efficiency of Zn(II) onto
each of AV, MWCNTs and AAYV increases with the increase of
the adsorbent dosage, pH and contact time. the maximum
adsorption efficiency were examined to be 58.54% for AV at
(2.2 g, pH 5 and 6 hr),96.27% for MWCNTs at (0.06 g, pH 5
and 6 hr) and 80.83% for AAV at (1.6 g, pH 5 and 6 hr)
(Moosa et al., 2016).

Removal/Remediation of Ni(Il), Pb(Il), Cd(Il), Zn(Il) Using
Indian Tea And Coffee Wastes

Over the last few years, tea and instant coffee have taken a
valuable place in most popular kinds of beverage drunk by
millions of people all over the world as a result of which the tea
and instant coffee industries are touching the zenith of success
day by day. In India, yearly production of tea is approximately
857000 tons (Wasewar, 2010) and the production of coffee is 6
million tons per year. During this generation and consumption
plenty of tea wastes (From the Restaurant and Cafeteria or tea -
processing industries) and coffee wastes are usually recycled
into the environment without any remediation or treatment,
causing environmental’/hygiene problems and contaminate our
ecosystem by emitting organic matter. To resolve these
problems, strategies are being scrutinized to appraise their
better usage as energy source. On account of its low cost and
abundant availability, tea and coffee wastes have been utilized
as convenient way of treatment of industrial wastewater. The
composition of fresh tea contains various components, such as,
tannin, caffeine, amino acids, polyphone (include catechins),
lignin, flavonoids, other phenolic compounds are mainly
aromatic carboxylate, carboxylate, fluorine, phenolic hydroxyl
and oxyl groups, vitamins and polysaccharides. The cell wall of
tea waste consists of carbohydrate, cellulose, lignin having
hydroxyl groups in their structures (Aikpokpodion et al., 2010).
Dry tea leaves contain 30-35% Polyphenols and behave as a
metal scavenger from solution and wastewater. Coffee waste
and coffee pulp contains Tannins, caffeine, Polyphenols,
proteins, Carbohydrates, Minerals, Caffeine, Potassium, and
some organic solid residue (Padmapriya et al., 2013).

An experiment was carried out in which Vigna radiata has
been grown in soil contaminated with chromium using tea
waste as an suitable adsorbent or as a fertilizer mixed with soil
is used to protect plant from the phytotoxicity (It is toxic effect
of a compound on plant growth) of Cr(IIl) (Azmat & Akhter,
2010). Another experiment was investigated to check the
Competency and characterization of wasted black tea (WBT)
for the treatmentl of Zn(Il) and Ni(II) ion from aqueous
solution. Maximum capacity found to be upto 90.91 mg Ni/g
adsorbent and 166.67 mg Zn/g (Malakahmad et al., 2016).
Shaikh ez al. (2011) at the end of experiment they found that
tea waste has good capacity as an adsorbent for the Arsenic
removal and is highly dependent on pH. At pH 7 maximum
arsenic removals was noticed as 92.5%. Aikpokpodion et al.
(2010) study revealed that with increasing metal ion
concentration the uptake of Nickel ions by the tea wastes was
increased. Tea waste and coconut husk could be served as an
acceptable low cost adsorbents for the treatment of Cr (V1) ions
from wastewater (Dave et al., 2012). Thakur and Parmar
(2013); Wasewar ef al. (2008), have investigated tea waste as a
good metal sponger for Cu, Ni and Fe metal ions. A list
containing recovery of heavy metals Zn(II), Pb(II), Cd(II) and
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Ni(IT) using tea and coffee wastes can show the effectiveness
of tea and coffee wastes for the treatment of heavy metals
according to previous research (see table 9). To enhance the
adsorption efficiency, adsorbent can be pre- treated with
chemical such as bases, acids, detergents and dyes etc (Ajmal
et al.,1998).

Table 9 List of agricultural wastes for the treatment/
remediation of heavy metals Ni(IT), Cd(II), Pb(II) and
Zn(Iusing Tea and Coffee wastes

% removal or

Waste Metals References
uptake (mg/g)
Zn(II), Ni(IT), ~ Pb(II)> Fe(Il)> Zn(I)>  Ahluwalia & Goyal,
Tea Leaves (Waste) py iy o Fe(IT) Ni(I) 2005
Tea Waste Ni(II) and Zn(II) 71% and 79% Kamali, 2010
Tea Waste Ni(IT) 15.26mg/g Malkocz‘go‘ol‘s]“h"gl“’
Waste Tea (Camella . o Aikpokpodian et al.,
Cinensis) Ni(lD) 98% 2010
Tea Wast Pb(Il) and Cd(Il)  High adsorpti Sreedevi &
ca Waste an 1gh adsorption Parameswari, 2016
Tea Waste Cd(u)f\lli)(tl’gl) and by ms N> Cd(I) Mahi ef al., 2005
Amarasingh &
Tea Waste Cu(II) and Pb(1) 48 and 65 mg/g Williams, 2007
Tea Waste Cd(II) and Cu(Il) Good reults Cay et al., 2004
Wasted Black Tea  Ni(II) and Zn(Il) 90.91 and 166.67 mg/g Malakazhonl’gde’ al.,

Tea Leaves (Hydrazine

Monohydrate- Pb(IT) and Zn(IT)  120.8 and 79.76 mg/g  Shrestha et al., 2013
Exhausted)
Waste Tea
(Formaldehyde- Zn(1) 120.50mg/g Shah et al., 2015
Treated)
Waste Tea Leaves Pb(II), Cd(II) and Pb(Il)> Cd(IT) > Zn(II)  Tee & Khan, 1988

Zn(II)

M"dlﬁ;’gfstr:e“ Tea \(11r) and Ni(IT) 04212 and 03116 mg/g ~ Yang et al., 2016
Tea Waste Cd(IT), Pb(IT) and 16.87, 33.49 and 21.02 Wan et al., 2014
Cu(II) mg/g
Activated Tea Waste Pb(1I) 99.7% Mondal, 2010
Tea Waste Adsorbent Cu(II) and Cd(II) Cu(II)> Cd(1T) Dwivedi et al., 1970
Spent Tea Leaves Pb(IT) 85-100 mg/g. Lavecchia et al., 2010
Waste Tea Leaves Pb(1I) 166.6 mg/g Cheraghi et al., 2015
Tea Waste Pb(1I) 70% to 100% Yeo et al., 2013
Spent Leaves Of Green Pb(II) 83-130 mg/g Zuorro & Lavecchia,
And Black Tea Black tea > green tea 2010
Tea Wastes Ni, Cr, Cr, Cu 100% Nandal ef al., 2014
and Pb
Coffee Grounds Cu(II), Zn(1I), . . Utomo & Hunter,
Cd(IT) and Pb(Iy  High adsorption 2006
Coffee Grounds  Cu(II) and Pb(II) Pb(Il)> Cu(Il) Scm“‘;‘)l;z etal,
Cd(1I), Cu(1) Davila-guzman et al.,
Spent Coffee Ground and Pb(Il) Pb(IT)>Cu(II)>Cd(1T) 2016
Tea factory waste Zn(1l) Good results Wasewar et al., 2009

Presently these days water pollution is a curse to mankind and
it has become essential to develop alternate approach which is
not so expensive but at the same time equally effective to treat
the waste water to eliminate heavy metals. This study is an
attempt in that direction and the outcome is quite encouraging
In terms of efficiency of removal/eradication of heavy metals
from waste water stream by making use of very inexpensive
medium of adsorption. Industrial scale replication of such lab
studies is worth considering as at macro level it not only save
the national medical outlay against the treatment of those who
are suffering of poisoning of heavy metals but it also saves the
most precious human resource of the country which otherwise
can be utilized effectively.

References

1. Abdel-Ghani, N. T., El-Nashar, R. M., & EI-
Chaghaby, G. A. (2008). Removal of Cr (IIl) and
Pb(IT) from solution by adsorption onto Casuarina
glauca tree leaves. Electron. J. Environ. Agric. Food
Chem, 7(7),312-313.

2. Abia, A. A, Horsfall, M., & Didi, O. (2003). The use
of chemically modified and unmodified cassava waste
for the removal of Cd, Cu and Zn ions from aqueous
solution. Bioresource Technology, 90(3), 345-348.

3. Ahluwalia, S. S., & Goyal, D. (2005). Removal of
heavy metals by waste tea leaves from aqueous
solution. Engineering in life Sciences, 5(2), 158-162.

4. Ahluwalia, S. S., & Goyal, D. (2007). Microbial and
plant derived biomass for removal of heavy metals
from wastewater. Bioresource technology, 98(12),
2243-2257.

5. Aikpokpodion, P. E., Ipinmoroti, R. R., & Omotoso,
S. M. (2010). Biosorption of nickel (II) from aqueous
solution wusing waste tea (Camella cinencis)
materials. American-Eurasian Journal of
Toxicological Sciences, 2(2), 72-82.

6. Ajjabi, L. C., & Chouba, L. (2009). Biosorption of Cu
2+ and Zn 2+ from aqueous solutions by dried marine
green macroalga Chaetomorpha linum. Journal of
environmental management, 90(11), 3485-3489.

7. Ajmal, M., Mohammad, A., Yousuf, R., & Ahmad, A.
(1998). Adsorption behaviour of cadmium, zinc,
nickel and lead from aqueous solutions by Mangifera
indica seed shell. Indian Journal of Environmental
Health, 40(1), 15-26.

8. Ajmal, M., Rao, R. A. K., & Khan, M. A. (2005).
Adsorption of copper from aqueous solution on
Brassica cumpestris (mustard oil cake). Journal of
hazardous materials, 122(1), 177-183.

9. Ajmal, M., Rao, R. A. K., & Siddiqui, B. A. (1996).
Studies on removal and recovery of Cr (VI) from
electroplating wastes. Water Research, 30(6), 1478-
1482.

10. Ajmal, M., Rao, R. A. K., Ahmad, R., & Ahmad, J.
(2000). Adsorption studies on Citrus reticulata (fruit
peel of orange): removal and recovery of Ni(Il) from
electroplating wastewater. Journal of Hazardous
Materials, 79(1), 117-131.

11. Ajmal, M., Rao, R. A. K., Ahmad, R., & Khan, M. A.
(2006).  Adsorption  studies on  Parthenium
hysterophorous weed: removal and recovery of Cd(II)
from wastewater. Journal of hazardous
materials, 135(1), 242-248.

12. Ajmal, M., Rao, R. A. K., Anwar, S., Ahmad, J., &
Ahmad, R. (2003). Adsorption studies on rice husk:
removal and  recovery of Cd(l) from
wastewater. Bioresource technology, 86(2), 147-149.

13. Akhtar, N., Igbal, J., & Igbal, M. (2004). Removal and
recovery of nickel (II) from aqueous solution by loofa
sponge-immobilized biomass of Chlorella
sorokiniana: characterization studies. Journal of
Hazardous Materials, 108(1), 85-94.

14. Aksu, Z., & Donmez, G. (2006). Binary biosorption of
cadmium (IT) and nickel (II) onto dried Chlorella

24800 |Page



Monika Kumari and Sanjay K Sharma., Biosorption of Ni(11), Zn(11), Cd(11) and Pb(11) Ions From Water And Waste
Water Using Different Biosorbents: A Review

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

vulgaris: co-ion effect on mono-component isotherm
parameters. Process Biochemistry, 41(4), 860-868.
Al-Asheh, S., & Duvnjak, Z. (1997). Sorption of
cadmium and other heavy metals by pine
bark. Journal of Hazardous Materials, 56(1-2), 35-51.
Al-Shahrani, S. S. (2012). Removal of cadmium from
waste water using Saudi activated bentonite. WIT
Transactions on Ecology and the Environment, 163,
391-402.

Amarasinghe, B. M. W. P. K., & Williams, R. A.
(2007). Tea waste as a low cost adsorbent for the
removal of Cu and Pb from wastewater. Chemical
Engineering Journal, 132(1), 299-309.

Anirudhan, T. S., & Sreekumari, S. S. (2011).
Adsorptive removal of heavy metal ions from
industrial effluents using activated carbon derived
from waste coconut buttons. Journal of Environmental
Sciences, 23(12), 1989-1998.

Annadurai, G., Juang, R. S., & Lee, D. J. (2003).
Adsorption of heavy metals from water using banana
and orange peels. Water Science and
Technology, 47(1), 185-190.

Antunes, A. P. M., Watkins, G. M., & Duncan, J. R.
(2001). Batch studies on the removal of gold (III)
from aqueous solution by Azolla
filiculoides. Biotechnology letters, 23(4), 249-251.
Aregawi, B. H., & Mengistie, A. A. (2013). Removal
of Ni(II) from aqueous solution using leaf, bark and
seed of Moringa Stenopetala adsorbents. Bulletin of
the Chemical Society of Ethiopia, 27(1), 35-47.

Argun, M. E., & Dursun, S. (2006). Removal of heavy
metal ions using chemically modified adsorbents. J.
Int. Environ. Appl. Sci, 1(1-2), 27-40.

Argun, M. E., Dursun, S., Ozdemir, C., & Karatas, M.
(2007). Heavy metal adsorption by modified oak
sawdust: Thermodynamics and kinetics. Journal of
hazardous materials, 141(1), 77-85.

Arshad, M., Zafar, M. N., Younis, S., & Nadeem, R.
(2008). The use of Neem biomass for the biosorption
of zinc from aqueous solutions. Journal of Hazardous
Materials, 157(2), 534-540.

Awual, M. R., & Hasan, M. M. (2014). Novel
conjugate adsorbent for visual detection and removal
of toxic lead (II) ions from water. Microporous and
Mesoporous Materials, 196, 261-269.

Awwad, N. S., El-Zahhar, A. A., Fouda, A. M., &
Ibrahium, H. A. (2013). Removal of heavy metal ions
from ground and surface water samples using carbons
derived from date pits. Journal of environmental
chemical engineering, 1(3), 416-423.

Ayub, S., Ali, S. 1., & Khan, N. A. (2001). Efficiency
evaluation of neem (Azadirachta indica) bark in
treatment of industrial wastewater. Environmental
Pollution Control Journal, 4(4), 34-38.

Ayub, S., Ali, S. 1., & Khan, N. A. (2002). Adsorption
studies on the low cost adsorbent for the removal of
Cr (VD from electroplating
wastewater. Environmental Pollution Control
Journal, 5(6), 10-20.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ayub, S., Ali, S.I., Khan, N.A., & Rao, RAK.
(1998). Treatment of wastewater by agricultural
waste. Environmental Protection Control Journal,
2(1), 5-8.

Azmat, R., & Akhter, H. I. R. A. (2010). Changes in
some biophysical and biochemical parameters of
mungbean (Vigna radiata L) Wilczek grown on
chromium-contaminated soil treated with solid tea
wastage. Pak. J. Bot, 42(5), 3065-3071.

Babel, S., & Kurniawan, T. A. (2003). Low-cost
adsorbents for heavy metals uptake from contaminated
water: a review. Journal of  hazardous
materials, 97(1),219-243.

Bai, R. S., & Abraham, T. E. (2002). Studies on
enhancement of Cr (VI) biosorption by chemically
modified biomass of Rhizopus nigricans. Water
Research, 36(5), 1224-1236.

Banfalvi, G. (2011). Heavy metals, trace elements and
their cellular effects. In Cellular Effects of Heavy
Metals (pp. 3-28). Springer Netherlands.

Bankar, D. B., & Dara, S. S. (1985). Effectiveness of

Soymida febrifuga bark for scavenging lead
ions. Proc. Natl. Semin. Pollut. Cont. Environ.
Manage, 1, 12.

Bayat, B. (2002). Combined removal of zinc (II) and
cadmium (II) from aqueous solutions by adsorption
onto high-calcium Turkish fly ash. Water, Air, and
Soil Pollution, 136(1-4), 69-92.

Bellir, K., Lehocine, M. B., & Meniai, A. H. (2013).
Zinc removal from aqueous solutions by adsorption
onto bentonite. Desalination and Water
Treatment, 51(25-27), 5035-5048.

Benaissa, H. (2006). Screening of new sorbent
materials for cadmium removal from aqueous
solutions. Journal of hazardous materials, 132(2),
189-195.

Bennicelli, R., Stepniewska, Z., Banach, A,
Szajnocha, K., & Ostrowski, J. (2004). The ability of
Azolla caroliniana to remove heavy metals (Hg (II),
Cr (II), Cr (VD) from municipal waste
water. Chemosphere, 55(1), 141-146.

Bhattacharya, A. K., Mandal, S. N., & Das, S. K.
(2006). Adsorption of Zn(II) from aqueous solution by
using different adsorbents. Chemical Engineering
Journal, 123(1), 43-51.

Bhowmick, S., Chakraborty, S., Mondal, P., Van
Renterghem, W., Van den Berghe, S., Roman-Ross,
G., .. & Iglesias, M. (2014). Montmorillonite-
supported nanoscale zero-valent iron for removal of
arsenic from aqueous solution: Kinetics and
mechanism. Chemical Engineering Journal, 243, 14-
23.

Borba, C. E., Guirardello, R., Silva, E. A., Veit, M. T.,
& Tavares, C. R. G. (2006). Removal of nickel (IT)
ions from aqueous solution by biosorption in a fixed
bed column: experimental and theoretical
breakthrough curves. Biochemical — Engineering
Journal, 30(2), 184-191.

Brahmaiah, T., Spurthi, L., Chandrika, K., Ramanaiah,
S., & Prasad, K. S. (2015). Kinetics of Heavy Metal

24801 |Page



International Journal of Recent Scientific Research Vol. 9, Issue, 3(C), pp. 24790-24810, March, 2018

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

(Cr & Ni) Removal from the Wastewater by Useing
Low Cost Adsorbent. World Journal of Pharmacy and
Pharmaceutical Sciences, 4(11), 1600-1610.
Budinova, T. K., Petrov, N. V., Minkova, V. N., &
Gergova, K. M. (1994). Removal of metal ions from
aqueous solution by activated carbons obtained from
different raw materials. Journal of Chemical
Technology and Biotechnology, 60(2), 177-182.

Bulut, Y., & Tez, Z. (2003). Removal of heavy metal
ions by modified sawdust of walnut. Fresenius
Environmental Bulletin, 12(12), 1499-1504.

Bulut, Y., & Zeki, T. E. Z. (2007). Removal of heavy
metals from aqueous solution by sawdust
adsorption. Journal of Environmental Sciences, 19(2),
160-166.

Calace, N., Nardi, E., Petronio, B. M., Pietroletti, M.,
& Tosti, G. (2003). Metal ion removal from water by
sorption on paper mill sludge. Chemosphere, 51(8),
797-803.

Cay, S., Uyanik, A., & Ozasik, A. (2004). Single and
binary component adsorption of copper (II) and
cadmium (II) from aqueous solutions using tea-
industry  waste. Separation  and  Purification
Technology, 38(3), 273-280.

Chan, A., Salsali, H., & McBean, E. (2013). Heavy
metal removal (copper and zinc) in secondary effluent
from wastewater treatment plants by microalgae. 4ACS
Sustainable Chemistry & Engineering, 2(2), 130-137.
Cheraghi, M., Sobhanardakani, S., Zandipak, R.,
Lorestani, B., Merrikhpour, H. (2015). Removal of
Pb(IT) from Aqueous Solutions Using Waste Tea
Leaves. Iranian Journal of Toxicology 9 (28).

Chubar, N., Carvalho, J. R., & Correia, M. J. N.
(2003). Cork biomass as biosorbent for Cu(II), Zn(II)
and Ni(I). Colloids and Surfaces A: Physicochemical
and engineering aspects, 230(1), 57-65.

Cimino, G., Passerini, A., & Toscano, G. (2000).
Removal of toxic cations and Cr (VI) from aqueous
solution by hazelnut shell. Water research, 34(11),
2955-2962.

Dakiky, M., Khamis, M., Manassra, A., & Mer'eb, M.
(2002). Selective adsorption of chromium (VI) in
industrial wastewater using low-cost abundantly
available adsorbents. Advances in environmental
research, 6(4), 533-540.

Darnall, D. W., Greene, B., Henzl, M. T., Hosea, J.
M., McPherson, R. A., Sneddon, J., & Alexander, M.
D. (1986). Selective recovery of gold and other metal
ions from an algal biomass. Environmental science &
technology, 20(2), 206-208.

Dave, P. N., Pandey, N., & Thomas, H. (2012).
Adsorption of Cr (VI) from aqueous solutions on tea
waste and coconut husk.

Davila-Guzman, N. E., Cerino-Cordova, F. J., Loredo-
Cancino, M., Rangel-Mendez, J. R., Gomez-Gonzalez,
R., & Soto-Regalado, E. (2016). Studies of adsorption
of heavy metals onto spent coffee ground:
equilibrium, regeneration, and dynamic performance
in a fixed-bed column. International Journal of
Chemical Engineering, 2016.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Demirbas, E. (2003). Adsorption of cobalt (II) ions
from aqueous solution onto activated carbon prepared
from hazelnut shells. Adsorption  Science &
Technology, 21(10), 951-963.

Denkhaus, E., & Salnikow, K. (2002). Nickel
essentiality, toxicity, and carcinogenicity. Critical
reviews in oncology/hematology, 42(1), 35-56.
Dimitrova, S. V., & Mehandgiev, D. R. (1998). Lead
removal from aqueous solutions by granulated blast-
furnace slag. Water Research, 32(11), 3289-3292.
Ding, G., & Bao, Y. (2014). Revisiting pesticide
exposure and children's health: Focus on
China. Science of the Total Environment, 472, 289-
295.

Dolas, H., Sahin, O., Saka, C., & Demir, H. (2011). A
new method on producing high surface area activated
carbon: the effect of salt on the surface area and the
pore size distribution of activated carbon prepared
from pistachio shell. Chemical engineering
journal, 166(1), 191-197.

Dos Santos, V. C. G., Tarley, C. R. T., Caetano, J., &
Dragunski, D. C. (2010). Assessment of chemically
modified sugarcane bagasse for lead adsorption from
aqueous medium. Water Science and
Technology, 62(2), 457-465.

Dwivedi, A. K., & Rajput, D. P. S. (1970). Studies on
adsorptive removal of heavy metal (cu, cd) from
aqueous solution by tea waste adsorbent. I Control
Pollution, 30(1).

Farajzadeh, M. A., & Monji, A. B. (2004). Adsorption
characteristics of wheat bran towards heavy metal
cations. Separation and Purification
Technology, 38(3), 197-207.

Ferro-Garcia, M. A., Rivera-Utrilla, J., Rodriguez-
Gordillo, J., & Bautista-Toledo, I. (1988). Adsorption
of zinc, cadmium, and copper on activated carbons
obtained from agricultural by-
products. Carbon, 26(3), 363-373.

Fogarty, R. V., Dostalek, P., Patzak, M., Votruba, J.,
Tel-Or, E., & Tobin, J. M. (1999). Metal removal by
immobilised and non-immobilised Azolla
filiculoides. Biotechnology Techniques, 13(8), 533-
538.

Foo, L. P. Y., Tee, C. Z., Raimy, N. R., Hassell, D. G.,
& Lee, L. Y. (2012). Potential Malaysia agricultural
waste materials for the biosorption of cadmium (II)
from aqueous solution. Clean Technologies and
Environmental Policy, 14(2), 273-280.

Fosmire, G. J. (1990). Zinc toxicity. The American
Jjournal of clinical nutrition, 51(2), 225-227.

Gajghate, D.G., Saxena, E.R., & Vittal, M. (1991).
Removal of lead from aqueous solution by activated
carbon. Indian J Environ Health, 33, 374-379.
Gardea-Torresdey, J., Hejazi, M., Tiemann, K.,
Parsons, J. G., Duarte-Gardea, M., & Henning, J.
(2002). Use of hop (Humulus lupulus) agricultural by-
products for the reduction of aqueous lead (II)
environmental health hazards. Journal of hazardous
materials, 91(1), 95-112.

Gautam, R. K., Sharma, S. K., Mahiya, S., &
Chattopadhyaya, M. C. (2014). Contamination of

24802 |Page



Monika Kumari and Sanjay K Sharma., Biosorption of Ni(11), Zn(11), Cd(11) and Pb(11) Ions From Water And Waste
Water Using Different Biosorbents: A Review

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

heavy metals in aquatic media: transport, toxicity and
technologies for remediation.

Gerola, G. P., Boas, N. V., Cactano, J., Tarley, C. R.
T., Gongalves, A. C., & Dragunski, D. C. (2013).
Utilization of passion fruit skin by-product as lead (II)
ion biosorbent. Water, Air, & Soil Pollution, 224(2),
1446.

Gharaibeh, S. H., Wa'il, Y., & Al-Kofahi, M. M.
(1998). Removal of selected heavy metals from
aqueous solutions using processed solid residue of
olive mill products. Water Research, 32(2), 498-502.
Gholizadeh, E., & Ziarati, P. (2016). Remediation of
Contaminated Rice Farmlands Soil and Oryza sativa
Rice Product by Apple Pomace as Adsorbent.
Biosciences biotechnology research asia 13(4).
Ghorbani, M., & Eisazadeh, H. (2013). Removal of
COD, color, anions and heavy metals from cotton
textile wastewater by using polyaniline and
polypyrrole nanocomposites coated on rice husk
ash. Composites Part B: Engineering, 45(1), 1-7.
Gonen, F., & Serin, D. S. (2012). Adsorption study on
orange peel: removal of Ni(Il) ions from aqueous
solution. African Journal of Biotechnology, 11(5),
1250-1258.

Gowda, R., Nataraj, A. G., & Rao, N. M. (2012).
Coconut leaves as a low cost adsorbent for the
removal of Nickel from Electroplating effluents. /nt J
Sci Eng Res, 2(12), 1-5.

Griffiths, C., Klemick, H., Massey, M., Moore, C.,
Newbold, S., Simpson, D., ... & Wheeler, W. (2012).
US Environmental Protection Agency valuation of
surface water quality improvements. Review of
Environmental Economics and Policy, 6(1), 130-146.
Guler, U. A., & Sarioglu, M. (2013). Single and
binary biosorption of Cu(Il), Ni(Il) and methylene
blue by raw and pretreated Spirogyra sp.: equilibrium
and kinetic modeling. Journal of Environmental
Chemical Engineering, 1(3), 369-377.

Gupta, V. K., & Alj, 1. (2004). Removal of lead and
chromium from wastewater using bagasse fly ash—a
sugar industry wastes. Journal of colloid and interface
science, 271(2), 321-328.

Gupta, V. K., Gupta, M., & Sharma, S. (2001).
Process development for the removal of lead and
chromium from aqueous solutions using red mud—an
aluminium industry waste. Water research, 35(5),
1125-1134.

Gupta, V. K., Jain, C. K., Ali, 1., Sharma, M., & Saini,
V. K. (2003). Removal of cadmium and nickel from
wastewater using bagasse fly ash—a sugar industry
waste. Water research, 37(16), 4038-4044.

Hanafiah, M. A. K., Ibrahim, S. C., & Yahya, M. Z.
A. (2006). Equilibrium adsorption study of lead ions
onto sodium hydroxide modified Lalang (Imperata
cylindrica) leaf powder. J. Appl. Sci. Res, 2, 1169-
1174.

Hanif, M. A., Nadeem, R., Bhatti, H. N., Ahmad, N.
R., & Ansari, T. M. (2007). Ni(Il) biosorption by
Cassia fistula (Golden Shower) biomass. Journal of
Hazardous Materials, 139(2), 345-355.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Hasar, H. (2003). Adsorption of nickel (II) from
aqueous solution onto activated carbon prepared from
almond husk. Journal of hazardous materials, 97(1),
49-57.

Hashem, A., Abdel-Halim, E. S., El-Tahlawy, K. F.,
& Hebeish, A. (2005). Enhancement of the adsorption
of Co (II) and Ni(Il) ions onto peanut hulls through
esterification using citric acid. Adsorption Science &
Technology, 23(5), 367-380.

Hashem, A., Abou-Okeil, A., El-Shafie, A., & EI-
Sakhawy, M. (2006). Grafting of high a-cellulose pulp
extracted from sunflower stalks for removal of Hg (II)
from aqueous solution. Polymer-Plastics Technology
and Engineering, 45(1), 135-141.

Hashem, M. A. (2007). Adsorption of lead ions from
aqueous solution by okra wastes. International
Journal of Physical Sciences, 2(7), 178-184.

Hawari, A., Rawajfih, Z., & Nsour, N. (2009).
Equilibrium and thermodynamic analysis of zinc ions
adsorption by olive oil mill solid residues. Journal of
hazardous materials, 168(2), 1284-1289.

Hegazi, H. A. (2013). Removal of heavy metals from
wastewater using agricultural and industrial wastes as
adsorbents. HBRC Journal, 9(3), 276-282.

Ho, Y. S., Wase, D. J., & Forster, C. F. (1995). Batch
nickel removal from aqueous solution by sphagnum
moss peat. Water Research, 29(5), 1327-1332.

Holan, Z. R., & Volesky, B. (1994). Biosorption of

lead and nickel by Dbiomass of marine
algae. Biotechnology and  Bioengineering, 43(11),
1001-1009.

Holan, Z. R., Volesky, B., & Prasetyo, I. (1993).
Biosorption of cadmium by biomass of marine
algae. Biotechnology and bioengineering, 41(8), 819-
825.

Horiguchi, H., Teranishi, H., Niiya, K., Aoshima, K.,
Katoh, T., Sakuragawa, N., & Kasuya, M. (1994).
Hypoproduction of erythropoietin contributes to
anemia in chronic cadmium intoxication: clinical
study on [Itai-itai disease in Japan. Archives of
toxicology, 68(10), 632-636.

Horsfall, M., & Abia, A. A. (2003). Sorption of
cadmium (IT) and zinc (IT) ions from aqueous
solutions by cassava waste biomass (Manihot sculenta
Cranz). Water Research, 37(20), 4913-4923.

Horsfall, M., & Ayebaemi, 1. (2005). Effect of metal
ion concentration on the biosorption of Pb2+ and
Cd2+ by Caladium bicolor (wild cocoyam). African
Journal of Biotechnology, 4(2), 191.

Horsfall, M., Abia, A. A., & Spiff, A. L. (2006).
Kinetic studies on the adsorption of Cd 2+, Cu 2+ and
Zn 2+ ions from aqueous solutions by cassava

(Manihot sculenta Cranz) tuber bark
waste. Bioresource technology, 97(2), 283-291.
Igbal, M., Saeed, A., & Kalim, 1. (2009).

Characterization  of adsorptive  capacity and
investigation of mechanism of Cu2+, Ni2+ and Zn2+
adsorption on mango peel waste from constituted
metal  solution and  genuine electroplating

24803 |Page



International Journal of Recent Scientific Research Vol. 9, Issue, 3(C), pp. 24790-24810, March, 2018

effluent. Separation Science and Technology, 44(15),
3770-3791.

98. Igbal, M., Saeed, A., & Zafar, S. 1. (2009). FTIR
spectrophotometry, kinetics and adsorption isotherms
modeling, ion exchange, and EDX analysis for
understanding the mechanism of Cd 2+ and Pb 2+
removal by mango peel waste. Journal of hazardous
materials, 164(1), 161-171.

99. Israel, U., & Eduok, U. M. (2012). Biosorption of zinc
from aqueous solution using coconut (Cocos nucifera
L) coir dust. Archives of Applied Science
Research, 4(2), 809-19.

100.Jain, M., Garg, V. K., Garg, U. K., Kadirvelu, K., &
Sillanpaa, M. (2015). Cadmium removal from
wastewater using carbonaceous adsorbents prepared
from sunflower waste. International Journal of
Environmental Research, 9(3), 1079-1088.

101.Jarup, L., Hellstrom, L., Alfvén, T., Carlsson, M. D.,
Grubb, A., Persson, B., ... & Elinder, C. G. (2000).
Low level exposure to cadmium and early kidney
damage: the OSCAR study. Occupational and
environmental medicine, 57(10), 668-672.

102.Jeyakumar, R. S., & Chandrasekaran, V. (2014).
Adsorption of lead (II) ions by activated carbons
prepared from marine green algae: equilibrium and
kinetics studies. International Journal of Industrial
Chemistry, 5(1), 2.

103.Jo, Y. H., Do, S. H., Jang, Y. S., & Kong, S. H. (2010,
October). The removal of metal ions (Cu2+ and Zn2+)
using  waste-reclaimed adsorbent for plating
wastewater treatment process. In Proceedings of the
World Congress on Engineering and Computer
Science (ed. SI Ao, C. Douglas, WS Grundfest, J.
Burgstone).

104.Johns, M. M., Marshall, W. E., & Toles, C. A. (1998).
Agricultural by-products as granular activated carbons
for adsorbing dissolved metals and organics. Journal
of Chemical Technology and Biotechnology, 71(2),
131-140.

105.Joshi, N., Ahluwalia, S. S., & Goyal, D. (2003).
Removal of heavy metals from aqueous solution by
different bio-waste  materials. Res. J.  Chem.
Environ, 7(4), 26-30.

106.Jouad, E. M., Jourjon, F., Le Guillanton, G., &
Elothmani, D. (2005). Removal of metal ions in
aqueous solutions by organic polymers: use of a
polydiphenylamine resin. Desalination, 180(1-3), 271-
276.

107.Kadirvelu, K., & Namasivayam, C. (2003). Activated
carbon from coconut coirpith as metal adsorbent:
adsorption of Cd(II) from aqueous solution. Advances
in Environmental Research, 7(2), 471-478.

108.Kadirvelu, K., Kavipriya, M., Karthika, C., Radhika,
M., Vennilamani, N., & Pattabhi, S. (2003).
Utilization of various agricultural wastes for activated
carbon preparation and application for the removal of
dyes and metal ions from aqueous
solutions. Bioresource technology, 87(1), 129-132.

109.Kadirvelu, K., Thamaraiselvi, K., & Namasivayam, C.
(2001). Adsorption of nickel (II) from aqueous
solution onto activated carbon prepared from

coirpith. Separation and purification
Technology, 24(3), 497-505.

110.Kadirvelu, K., Thamaraiselvi, K., & Namasivayam, C.
(2001). Removal of heavy metals from industrial
wastewaters by adsorption onto activated carbon
prepared from an agricultural solid waste. Bioresource
technology, 76(1), 63-65.

111.Kamali, M. A. (2010). Removal of Heavy Metal from
Industrial Wastewater Using Ultrasonic Assisted by
Tea Waste as Adsorbent (Doctoral dissertation, UMP).

112.Kamble, S. K., & Patil, M. R. (2001). Removal of
heavy metals from wastewater of thermal power
station by water-hyacinths. Indian  Journal of
Environmental Protection, 21(7), 623-626.

113.Kanawade, S. M., & Gaikwad, R. W. (2011). Removal
of zinc ions from industrial effluent by using cork
powder as adsorbent. International journal of
chemical engineering and applications, 2(3), 199.

114.Kandah, M. 1., & Meunier, J. L. (2007). Removal of
nickel ions from water by multi-walled carbon
nanotubes. Journal of hazardous materials, 146(1),
283-288.

115.Karimi-Jashni, A., & Saadat, S. (2014). Investigation
of factors affecting removal of nickel by pre-treated
walnut shells using factorial design and univariate
studies. Iranian Journal of Science and Technology.
Transactions of Civil Engineering, 38(C1+), 309.

116.Karnitz, O., Gurgel, L. V. A., De Melo, J. C. P,
Botaro, V. R., Melo, T. M. S., de Freitas Gil, R. P., &
Gil, L. F. (2007). Adsorption of heavy metal ion from
aqueous single metal solution by chemically modified
sugarcane bagasse. Bioresource technology, 98(6),
1291-1297.

117.Karthik, R., & Meenakshi, S. (2015). Chemical
modification of chitin with polypyrrole for the uptake
of Pb(Il) and Cd(Il) ions. International journal of
biological macromolecules, 78, 157-164.

118.Kehinde, O. O., Oluwatoyin, T. A., & Aderonke, O.
0. (2009). Comparative analysis of the efficiencies of
two low cost adsorbents in the removal of Cr (VI) and
Ni(Il) from aqueous solution. African Journal of
Environmental Science and Technology, 3(11).

119.Keskinkan, O., Goksu, M. Z. L., Basibuyuk, M., &
Forster, C. F. (2004). Heavy metal adsorption
properties of a submerged aquatic plant
(Ceratophyllum demersum). Bioresource
Technology, 92(2), 197-200.

120.Khan, N. A., Ali, S. 1., & Ayub, S. (2001). Effect of
pH on the Removal of Chromium (Cr)(VI) by Sugar
Cane Bagasse. Sultan Qaboos University Journal for
Science [SQUJS], 6(2), 13-19.

121.Khan, N. A., Shaaban, M. G., & Jamil, Z. (2003).
Chromium removal from wastewater through
adsorption process. In Proc. UM Research Seminar
2003 organized by Institute of Research Management
and Consultancy (IPPP).

122.Khosravi, M., & Rakhshaee, R. (2005). Biosorption of
Pb, Cd, Cu and Zn from the wastewater by treated
Azolla filiculoides with H202/MgCI2. International
Journal of Environmental Science &

Technology, 1(4), 265-271.

24804 |Page



Monika Kumari and Sanjay K Sharma., Biosorption of Ni(11), Zn(11), Cd(11) and Pb(11) Ions From Water And Waste
Water Using Different Biosorbents: A Review

123.Khuzaimah, N., Nour, U. M., & Maitra, S. (2011).
Removal of nickel ion from aqueous solution using
Rambai stem (Baccaurea motleyana)
adsorbent. Journal of environmental science &
engineering, 53(3), 257-262.

124.King, P., Anuradha, K., Lahari, S. B., Kumar, Y. P., &
Prasad, V. S. R. K. (2008). Biosorption of zinc from
aqueous solution using Azadirachta indica bark:
equilibrium and kinetic studies. Journal of Hazardous
Materials, 152(1), 324-329.

125.Kobya, M., Demirbas, E., Senturk, E., & Ince, M.
(2005). Adsorption of heavy metal ions from aqueous
solutions by activated carbon prepared from apricot
stone. Bioresource technology, 96(13), 1518-1521.

126.Kozlowski, H., Janicka-Klos, A., Brasun, J., Gaggelli,
E., Valensin, D., & Valensin, G. (2009). Copper, iron,
and zinc ions homeostasis and their role in
neurodegenerative disorders (metal uptake, transport,
distribution and regulation). Coordination Chemistry
Reviews, 253(21), 2665-2685.

127.Kratochvil, D., Pimentel, P., & Volesky, B. (1998).
Removal of trivalent and hexavalent chromium by
seaweed  biosorbent. Environmental — Science &
Technology, 32(18), 2693-2698.

128.Krishna, R. H., & Swamy, A. V. V. S. (2011). Studies
on the removal of Ni(Il) from aqueous solutions using
powder of mosambi fruit peelings as a low cost
sorbent. Chemical Sciences Journal.

129.Krishnan, K. A., & Anirudhan, T. S. (2003). Removal
of cadmium (IT) from aqueous solutions by steam-
activated sulphurised carbon prepared from sugar-
cane bagasse pith: Kinetics and equilibrium
studies. Water Sa, 29(2), 147-156.

130.Kulkarni, S. J., & Kaware, J. P. (2015). Analysis of
packed bed adsorption column with low cost
adsorbent for cadmium removal. Int. J. of Thermal &
Environmental Engineering, 9(1), 17-24.

131.Kumar, P., & Dara, S. S. (1981). Binding heavy metal
ions with polymerized onion skin. Journal of Polymer
Science Part A: Polymer Chemistry, 19(2), 397-402.

132.Kumar, U., & Bandyopadhyay, M. (2006). Sorption of
cadmium from aqueous solution using pretreated rice
husk. Bioresource technology, 97(1), 104-109.

133.Kurniawan, T. A., Chan, G. Y., Lo, W. H., & Babel,
S. (2006). Comparisons of low-cost adsorbents for
treating wastewaters laden with heavy metals. Science
of the total environment, 366(2), 409-426.

134.Kyzas, G. Z., & Kostoglou, M. (2015). Swelling-
adsorption interactions during mercury and nickel ions
removal by chitosan derivatives. Separation and
Purification Technology, 149, 92-102.

135.Lavecchia, R., Pugliese, A., & Zuorro, A. (2010).
Removal of lead from aqueous solutions by spent tea
leaves. Chemical Engineering Transactions, 19, 73-
78.

136.Lee, H. S., & Volesky, B. (1997). Interaction of light
metals and protons with seaweed biosorbent. Water
Research, 31(12), 3082-3088.

137.Lee, S. H., Shon, J. S., Chung, H., Lee, M. Y., &
Yang, J. W. (1999). Effect of chemical modification

of carboxyl groups in apple residues on metal ion
binding. Korean Journal of Chemical
Engineering, 16(5), 576-580.

138.Leyva-Ramos, R., Bernal-Jacome, L. A., & Acosta-
Rodriguez, 1. (2005). Adsorption of cadmium (II)
from aqueous solution on natural and oxidized
corncob. Separation and Purification
Technology, 45(1), 41-49.

139.Li, Q., Zhai, J., Zhang, W., Wang, M., & Zhou, J.
(2007). Kinetic studies of adsorption of Pb(II), Cr (IIT)
and Cu(Il) from aqueous solution by sawdust and
modified peanut husk. Journal of Hazardous
Materials, 141(1), 163-167.

140.Liu, J. F., Zhao, Z. S., & Jiang, G. B. (2008). Coating
Fe304 magnetic nanoparticles with humic acid for
high efficient removal of heavy metals in
water. Environmental science & technology, 42(18),
6949-6954.

141.Lopez, E., Soto, B., Arias, M., Nunez, A., Rubinos,
D., & Barral, M. T. (1998). Adsorbent properties of
red mud and its use for wastewater treatment. Water
research, 32(4), 1314-1322.

142.Low, K. S., Lee, C. K., & Leo, A. C. (1995). Removal
of metals from electroplating wastes using banana
pith. Bioresource Technology, 51(2-3), 227-231.

143.Low, K. S., Lee, C. K., & Liew, S. C. (2000). Sorption
of cadmium and lead from aqueous solutions by spent
grain. Process Biochemistry, 36(1), 59-64.

144.Mahvi, A. H., Naghipour, D., Vaezi, F., & Nazmara,
S. (2005). Teawaste as an adsorbent for heavy metal
removal from industrial wastewaters.

145.Malakahmad, A., Tan, S., & Yavari, S. (2016).
Valorization of Wasted Black Tea as a Low-Cost
Adsorbent for Nickel and Zinc Removal from
Aqueous Solution. Journal of Chemistry, 2016.

146.Malkoc, E. (2006). Ni(II) removal from aqueous
solutions  using cone biomass of Thuja
orientalis. Journal of hazardous materials, 137(2),
899-908.

147 .Malkoc, E., & Nuhoglu, Y. (2005). Investigations of
nickel (IT) removal from aqueous solutions using tea
factory waste. Journal of Hazardous
Materials, 127(1), 120-128.

148.Marin, J., & Ayele, J. (2002). Removal of some heavy
metal cations from aqueous solutions by spruce
sawdust. I. Study of the binding mechanism through
batch experiments. Environmental technology, 23(10),
1157-1171.

149.Marques, T. L., Alves, V. N., Coelho, L. M., &
Coelho, N. M. (2012). Removal of Ni(Il) from
aqueous solution using Moringa oleifera seeds as a
bioadsorbent. Water science and technology, 65(8),
1435-1440.

150.Marquez, G. E., Ribeiro, M. J. P., Ventura, J. M., &
Labrincha, J. A. (2004). Removal of nickel from
aqueous solutions by clay-based beds. Ceramics
International, 30(1), 111-119.

151.Marshall, W. E., & Johns, M. M. (1996). Agricultural
by-products as metal adsorbents: Sorption properties
and resistance to mechanical abrasion. Journal of

24805 |Page



International Journal of Recent Scientific Research Vol. 9, Issue, 3(C), pp. 24790-24810, March, 2018

Chemical Technology and Biotechnology, 66(2), 192-
198.

152.Martins, R. J., Pardo, R., & Boaventura, R. A. (2004).
Cadmium (IT) and zinc (IT) adsorption by the aquatic
moss Fontinalis antipyretica: effect of temperature, pH
and water hardness. Water Research, 38(3), 693-699.

153.Marzal, P., Seco, A., Gabaldon, C., & Ferrer, J.
(1996). Cadmium and zinc adsorption onto activated
carbon: influence of temperature, pH and
metal/carbon ratio. Journal of Chemical Technology
and Biotechnology, 66(3), 279-285.

154.Mata, Y. N., Blazquez, M. L., Ballester, A., Gonzalez,
F., & Munoz, J. A. (2009). Sugar-beet pulp pectin gels
as biosorbent for heavy metals: preparation and
determination of biosorption and  desorption
characteristics. Chemical Engineering
Journal, 150(2), 289-301.

155.McGregor, D. B., Baan, R. A., Partensky, C., Rice, J.
M., & Wilbourn, J. D. (2000). Evaluation of the
carcinogenic risks to humans associated with surgical
implants and other foreign bodies—a report of an
IARC Monographs Programme Meeting. European
Journal of cancer, 36(3), 307-313.

156.Memon, S. Q., Memon, N., Shah, S. W., Khuhawar,
M. Y., & Bhanger, M. 1. (2007). Sawdust—A green
and economical sorbent for the removal of cadmium
(1) ions. Journal of Hazardous Materials, 139(1),
116-121.

157.Min, S. H., Park, J. K., Han, J. S., & Shin, E. W.
(2003). Mechanism of cadmium ion removal by base
treated juniper fiber.

158.Mishra, S. P., & Chaudhury, G. R. (1996). Removal of
zinc from wastewater using waste
biomass. International  journal of environmental
studies, 50(2), 117-124.

159.Mishra, U., Paul, S., & Bandyopadhaya, M. (2013).
Removal of zinc ions from wastewater using industrial
waste sludge: A novel approach. Environmental
Progress & Sustainable Energy, 32(3), 576-586.

160.Mohammad, M., Maitra, S., Ahmad, N., Bustam, A.,
Sen, T. K., & Dutta, B. K. (2010). Metal ion removal
from aqueous solution using physic seed hull. Journal
of hazardous materials, 179(1), 363-372.

161.Mohan, D., & Singh, K. P. (2002). Single-and multi-
component adsorption of cadmium and zinc using
activated carbon derived from bagasse—an
agricultural waste. Water research, 36(9), 2304-2318.

162.Mondal, M. K. (2010). Removal of Pb(Il) from
aqueous solution by adsorption using activated tea
waste. Korean journal of chemical engineering, 27(1),
144-151.

163.Montanher, S. F., Oliveira, E. A., & Rollemberg, M.
C. (2005). Removal of metal ions from aqueous
solutions by sorption onto rice bran. Journal of
Hazardous Materials, 117(2), 207-211.

164.Moodley, K., Singh, R., Musapatika, E. T., Onyango,
M. S., & Ochieng, A. (2011). Removal of nickel from
wastewater using an agricultural adsorbent. Water
SA4, 37(1), 41-46.

165.Moosa, A. A., Ridha, A. M., & Hussien, N. A. (2016).
Removal of Zinc Ions from Aqueous Solution by

Bioadsorbents and CNTs. American Journal of
Materials Science, 6(4), 105-114.

166.Moreno-Castilla, C., Alvarez-Merino, M. A., Lopez-
Ramon, M. V., & Rivera-Utrilla, J. (2004). Cadmium
ion adsorption on different carbon adsorbents from
aqueous solutions. Effect of surface chemistry, pore
texture, ionic strength, and dissolved natural organic
matter. Langmuir, 20(19), 8142-8148.

167.Muthusamy, P., Murugan, S., & Manothi, S. (2012).
Removal of Nickel ion from industrial waste water
using Maize cob.ISCA Journal of Biological
Sciences, 1(2), 7-11.

168.Muyssen, B. T., De Schamphelaere, K. A., & Janssen,
C. R. (2006). Mechanisms of chronic waterborne Zn
toxicity in Daphnia magna. Aquatic toxicology, 77(4),
393-401.

169.Najam, R., & Andrabi, S. M. A. (2016). Removal of
Cu(Il), Zn(IT) and Cd(IT) ions from aqueous solutions
by adsorption on walnut shell-Equilibrium and
thermodynamic studies: treatment of effluents from
electroplating industry. Desalination —and  Water
Treatment, 57(56), 27363-27373.

170.Nandal, M., Hooda, R., & Dhania, G. (2014). Tea
wastes as a sorbent for removal of heavy metals from
wastewater. Int. J. Curr. Eng. Technol, 4(1), 244-247.

171.Naseem, R., & Tahir, S. S. (2001). Removal of Pb(II)
from aqueous/acidic solutions by using bentonite as an
adsorbent. Water Research, 35(16), 3982-3986.

172.Nasernejad, B., Zadeh, T. E., Pour, B. B., Bygi, M. E.,
& Zamani, A. (2005). Camparison for biosorption
modeling of heavy metals (Cr (IIT), Cu(Il), Zn(II))
adsorption from wastewater by carrot
residues. Process Biochemistry, 40(3), 1319-1322.

173.Nasir, M. H., Nadeem, R., Akhtar, K., Hanif, M. A., &
Khalid, A. M. (2007). Efficacy of modified distillation
sludge of rose (Rosa centifolia) petals for lead (II) and
zinc (II) removal from aqueous solutions. Journal of
Hazardous Materials, 147(3), 1006-1014.

174 Nawrot, T. S., Staessen, J. A., Roels, H. A., Munters,
E., Cuypers, A., Richart, T., ... & Vangronsveld, J.
(2010). Cadmium exposure in the population: from
health risks to strategies of
prevention. Biometals, 23(5), 769-782.

175.Nevin, R. (2009). Trends in preschool lead exposure,
mental retardation, and scholastic achievement:
association or causation. Environmental
Research, 109(3), 301-310.

176.Noeline, B. F., Manohar, D. M., & Anirudhan, T. S.
(2005). Kinetic and equilibrium modelling of lead (II)
sorption from water and wastewater by polymerized
banana stem in a batch reactor. Separation and
Purification Technology, 45(2), 131-140.

177.0kieimen, F. E., Ogbeifun, D. E., Nwala, G. N., &
Kumsah, C. A. (1985). Binding of cadmium, copper,
and lead ions by  modified  cellulosic
materials. Bulletin of environmental contamination
and toxicology, 34(1), 866-870.

178.0kieimen, F. E., Okundia, E. U., & Ogbeifun, D. E.
(1991). Sorption of cadmium and lead ions on
modified groundnut (Arachis hypogea) husks. Journal

24806 |Page



Monika Kumari and Sanjay K Sharma., Biosorption of Ni(11), Zn(11), Cd(11) and Pb(11) Ions From Water And Waste
Water Using Different Biosorbents: A Review

of Chemical Technology and Biotechnology, 51(1),
97-103.

179.0ller, A. R., Costa, M., & Oberdorster, G. (1997).
Carcinogenicity assessment of selected nickel
compounds. Toxicology and applied
pharmacology, 143(1), 152-166.

180.Omraei, M., Esfandian, H., Katal, R., & Ghorbani, M.
(2011). Study of the removal of Zn(IT) from aqueous
solution using polypyrrole nanocomposite.
Desalination, 271(1), 248-256.

181.0semeahon, S. A., Barminas, J. T., & Saljaba, G. M.
Evaluation on the Application of Immobilized
Stereospermum  kunthianum  Stem-bark for the
Removal of Pd 2, Cd 2, Cr 2, Fe 2, Zn 2, Mn 2 in
Aqueous Solution.

182.0zdemir, M., Bolgaz, T., Saka, C., & Sahin, O.
(2011). Preparation and characterization of activated
carbon from cotton stalks in a two-stage process.
Journal of analytical and applied pyrolysis, 92(1),
171-175.

183.0zdemir, M., Sahin, O., & Guler, E. (2004). Removal
of Pb(Il) ions from water by sunflower seed peel.
Fresenius Environmental Bulletin, 13(6), 524-531.

184.0zer, A., & Pirincci, H.B. (2006). The adsorption of
Cd(I) ions on sulphuric acid-treated wheat bran.
Journal of Hazardous materials, 137(2), 849-855.

185.Padmapriya, R., Tharian, J.A., & Thirunalasundari, T.
(2013). Coffee waste management-An overview.
International Journal of Current Science, 9, 83-91.

186.Padmavathy, V., Vasudevan, P., & Dhingra, S. C.
(2003). Biosorption of nickel (IT) ions on Baker's
yeast. Process Biochemistry, 38(10), 1389-1395.

187.Pagnanelli, F., Mainelli, S., Veglio, F., & Toro, L.
(2003). Heavy metal removal by olive pomace:
biosorbent  characterisation  and  equilibrium
modelling. Chemical Engineering Science, 58(20),
4709-4717.

188.Pandharipande, S. L., & Kalnake, R. P. (2013).
Tamarind  fruit  shell  adsorbent  synthesis,
characterization and adsorption studies for removal of
Cr (VD &Ni(II) ions from aqueous
solution. International Journal of Engineering Science
& Emerging Technologies, 4(2), 83-89.

189.Park, H. J., Jeong, S. W., Yang, J. K., Kim, B. G., &
LEE, S. M. (2007). Removal of heavy metals using
waste eggshell. Journal of environmental
sciences, 19(12), 1436-1441.

190.Patil, A. K., & Shrivastava, V. S. (2010). Adsorption
of Ni(Il) from aqueous solution on Delonix regia
(Gulmohar) tree bark. Archives of Applied Science
Research, 2(2), 404-413.

191.Patil, S. J., Bhole, A. G., & Natarajan, G. S. (2006).
Scavenging of Ni(II) metal ions by adsorption on PAC
and babhul bark. Journal of environmental science &
engineering, 48(3), 203-208.

192.Patil, S., Renukdas, S., & Patel, N. (2012). Kinetic and
Thermodynamic study of removal of Ni(II) ions from
aqueous solutions using low cost adsorbents. Int. J.
Environ. Sci, 3(1), 322-340.

193.Pavasant, P., Apiratikul, R., Sungkhum, V.,
Suthiparinyanont, P., Wattanachira, S., & Marhaba, T.
F. (2006). Biosorption of Cu 2+, Cd 2+, Pb 2+, and Zn
2+ using dried marine green macroalga Caulerpa
lentillifera. Bioresource Technology, 97(18), 2321-
2329.

194.Pehlivan, E., Cetin, S., & Yanik, B. H. (2006).
Equilibrium studies for the sorption of zinc and copper
from aqueous solutions using sugar beet pulp and fly
ash. Journal of hazardous materials, 135(1), 193-199.

195.Peng, S. H., Wang, W. X., Li, X., & Yen, Y. F.
(2004). Metal partitioning in river sediments measured
by sequential extraction and  biomimetic
approaches. Chemosphere, 57(8), 839-851.

196.Perez-Marin, A. B., Ballester, A., Gonzalez, F.,
Blazquez, M. L., Munoz, J. A., Saez, J., & Zapata, V.
M. (2008). Study of cadmium, zinc and lead
biosorption by orange wastes using the subsequent
addition method. Bioresource technology, 99(17),
8101-8106.

197.Periasamy, K., & Namasivayam, C. (1995). Removal
of nickel (IT) from aqueous solution and nickel plating
industry wastewater using an agricultural waste:
peanut hulls. Waste management, 15(1), 63-68.

198.Peternele, W. S., Winkler-Hechenleitner, A. A., &
Pineda, E. A. G. (1999). Adsorption of Cd(Il) and
Pb(Il) onto functionalized formic lignin from sugar
cane bagasse. Bioresource Technology, 68(1), 95-100.

199.Pino, G. H., de Mesquita, L. M. S., Torem, M. L., &
Pinto, G. A. S. (2006). Biosorption of cadmium by
green coconut shell powder. Minerals
engineering, 19(5), 380-387.

200.Popuri, A. K., & Guttikonda, P. (2015). Use of
Agricultural Waste (Fly Ash) for Removal of Nickel
Ions from Aqueous Solutions. Research Journal of
Pharmacy and Technology, 8(12), 1665-1668.

201.Pradas, E. G., Sanchez, M. V., Cruz, F. C., Viciana,
M. S., & Perez, M. F. (1994). Adsorption of cadmium
and zinc from aqueous solution on natural and
activated bentonite. Journal of Chemical Technology
and Biotechnology, 59(3), 289-295.

202.Qaiser, S., Saleemi, A. R., & Mahmood Ahmad, M.
(2007). Heavy metal uptake by agro based waste
materials. Electronic Journal of Biotechnology, 10(3),
409-416.

203.Quek, S. Y., Wase, D. A. J., & Forster, C. F. (1998).
The use of sago waste for the sorption of lead and
copper. Water Sa, 24(3), 251-256.

204.Raji, C., Shubha, K. P., & Anirudhan, T. S. (1997).
Use of chemically modified sawdust in the removal of
Pb(Il) ions from aqueous media. Indian Journal of
Environmental Health, 39(3), 230-238.

205.Rajoriya, S., & Kaur, B. (2014). Adsorptive removal
of zinc from waste water by natural biosorbents. /nt J
Eng Sci Inv, 3, 60-80.

206.Randall, J. M., Hautala, E., & McDonald, G. (1978).
Binding of heavy metal ions by
formaldehyde-polymerized peanut skins. Journal of
Applied Polymer Science, 22(2), 379-387.

24807 |Page



International Journal of Recent Scientific Research Vol. 9, Issue, 3(C), pp. 24790-24810, March, 2018

207.Ratan, S., Singh, 1., Sarkar, J., & Naik, R.M. (2016).
The Removal of Nickel from Waste Water by
Modified Coconut Coir Pith. Chem Sci J, 7(136), 10-
60.

208.Raut, N., Charif, G., Amal Al-Saadi, S. A. A., &
Abrar, A. A. (2012). A critical review of removal of
zinc from wastewater. In Proceedings of the World
Congress on Engineering (Vol. 1, pp. 4-6).

209.Reddad, Z., Gerente, C., Andres, Y., & Le Cloirec, P.
(2002). Adsorption of several metal ions onto a low-
cost  biosorbent:  kinetic  and  equilibrium
studies. Environmental science & technology, 36(9),
2067-2073.

210.Reddy, D. H. K., Lee, S. M., & Seshaiah, K. (2012).
Biosorption of toxic heavy metal ions from water
environment using honeycomb biomass—an industrial
waste material. Water, Air, & Soil Pollution, 223(9),
5967-5982.

211.Ronda, A., Martin-Lara, M. A., Calero, M., &
Blazquez, G. (2015). Complete use of an agricultural
waste: Application of untreated and chemically treated
olive stone as biosorbent of lead ions and reuse as
fuel. Chemical Engineering Research and
Design, 104, 740-751.

212.Rout, G. R., & Das, P. (2009). Effect of metal toxicity
on plant growth and metabolism: 1. Zinc.
In Sustainable Agriculture (pp. 873-884). Springer
Netherlands.

213.Saeed, A., & Igbal, M. (2003). Bioremoval of
cadmium from aqueous solution by black gram husk
(Cicer arientinum). Water Research, 37(14), 3472-
3480.

214.Saced, A., Igbal, M., & Akhtar, M. W. (2005).
Removal and recovery of lead (II) from single and
multimetal (Cd, Cu, Ni, Zn) solutions by crop milling
waste (black gram husk). Journal of Hazardous
Materials, 117(1), 65-73.

215.Saikaew, W., Kaewsarn, P., & Saikaew, W. (2009).
Pomelo peel: agricultural waste for biosorption of
cadmium ions from aqueous solutions. World Acad
Sci Eng Technol, 56(56), 287-291.

216.Saka, C., & Sahin, O. (2011). Removal of methylene
blue from aqueous solutions by using cold plasma-and
formaldehyde-treated onion skins. Coloration
Technology, 127(4), 246-255.

217.Saka, C., Sahin, O., & Kucuk, M. M. (2012).
Applications on agricultural and forest waste
adsorbents for the removal of lead (II) from
contaminated  waters. International  Journal  of
Environmental Science and Technology, 9(2), 379-
394.

218.Salamatinia, B., Kamaruddin, A. H., & Abdullah, A.
Z. (2010). Regeneration and reuse of spent NaOH-
treated oil palm frond for copper and zinc removal
from wastewater. Chemical Engineering
Journal, 156(1), 141-145.

219.Sanyahumbi, D., Duncan, J. R., Zhao, M., & Van
Hille, R. (1998). Removal of lead from solution by the
non-viable biomass of the water fern Azolla
filiculoides. Biotechnology letters, 20(8), 745-747.

220.Schiewer, S., & Balaria, A. (2009). Biosorption of Pb
2+ by original and protonated citrus peels:
equilibrium, kinetics, and mechanism. Chemical
Engineering Journal, 146(2),211-219.

221.Schiewer, S., & Patil, S. B. (2008). Modeling the
effect of pH on biosorption of heavy metals by citrus
peels. Journal of Hazardous Materials, 157(1), 8-17.

222.Sciban, M., Klasnja, M., & Skrbic, B. (2006).
Modified hardwood sawdust as adsorbent of heavy
metal ions from water. Wood science and
technology, 40(3), 217.

223.Sciban, M., Klasnja, M., & Skrbic, B. (20006).
Modified softwood sawdust as adsorbent of heavy
metal ions from water. Journal of Hazardous
Materials, 136(2), 266-271.

224.Sebastian, J., & Srinivas, D. (2015). Factors
influencing catalytic activity of Co-Zn double-metal
cyanide complexes for alternating polymerization of
epoxides and CO 2.dpplied Catalysis A:
General, 506, 163-172.

225.Seilkop, S. K., & Oller, A. R. (2003). Respiratory
cancer risks associated with low-level nickel
exposure: an integrated assessment based on animal,
epidemiological, and mechanistic data. Regulatory
Toxicology and Pharmacology, 37(2), 173-190.

226.Sekar, M., Sakthi, V., & Rengaraj, S. (2004). Kinetics
and equilibrium adsorption study of lead (II) onto
activated carbon prepared from coconut shell. Journal
of colloid and interface science, 279(2), 307-313.

227.Seki, K., Saito, N., & Aoyama, M. (1997). Removal of
heavy metal ions from solutions by coniferous
barks. Wood Science and Technology, 31(6), 441-447.

228.Selvi, K., Pattabhi, S., & Kadirvelu, K. (2001).
Removal of Cr (VI) from aqueous solution by
adsorption onto activated carbon. Bioresource
technology, 80(1), 87-89.

229.Seniunaite, J., Vaiskunaite, R., & Bolutiene, V. (2014,
January). Coffee grounds as an adsorbent for copper
and lead removal form aqueous solutions.
In Environmental Engineering. Proceedings of the
International ~ Conference  on  Environmental
Engineering. ICEE (Vol. 9, p. 1). Vilnius Gediminas
Technical University, Department of Construction
Economics & Property.

230.Sezgin, N., Sahin, M., Yalcin, A., & Koseoglu, Y.
(2013). Synthesis, characterization and, the heavy
metal removal efficiency of MFe, Oy (M= Ni, Cu)
Nanoparticles. Ekoloji, 22(89), 89-96.

231.Shah, J., Jan, M. R., ul Haq, A., & Zeeshan, M.
(2015). Equilibrium, kinetic and thermodynamic
studies for sorption of Ni(Il) from aqueous solution
using formaldehyde treated waste tea leaves. Journal
of Saudi Chemical Society, 19(3), 301-310.

232.Shaikh, M. S., Qureshi, K., & Bhatti, 1. (2011).
Utilization of tea waste for the removal of arsenic (I1I)
from aqueous solution. Sindh University Research
Journal-SURJ (Science Series), 43(1).

233.Shakirullah, M., Ahmad, 1., & Shah, S. (2006).
Sorption studies of nickel ions onto sawdust of
Dalbergia sissoo. Journal of the Chinese Chemical
Society, 53(5), 1045-1052.

24808 |Page



Monika Kumari and Sanjay K Sharma., Biosorption of Ni(11), Zn(11), Cd(11) and Pb(11) Ions From Water And Waste
Water Using Different Biosorbents: A Review

234.Shrestha, B., Homagai, P. L., Pokhrel, M. R., &
Ghimire, K. N. (2013). Exhausted Tea Leaves-a low
cost bioadsorbent for the removal of Lead (II) and
Zinc (II) ions from their aqueous solution. Journal of
Nepal Chemical Society, 30, 123-129.

235.Shukla, S. R., & Pai, R. S. (2005). Adsorption of
Cu(IT), Ni(Il) and Zn(II) on dye loaded groundnut
shells and sawdust. Separation and purification
Technology, 43(1), 1-8.

236.Shukla, S. S., Yu, L. J., Dorris, K. L., & Shukla, A.
(2005). Removal of nickel from aqueous solutions by
sawdust. Journal of hazardous materials, 121(1), 243-
246.

237.Singh, K. K., Rastogi, R., & Hasan, S. H. (2005).
Removal of cadmium from wastewater using
agricultural waste ‘rice polish’. Journal of hazardous
materials, 121(1), 51-58.

238.Sivaprakash, K., TL, A. B., & Madhavan, J. (2015).
Biosorption of Nickel from Industrial Wastewater
using Zygnema sp. Journal of The Institution of
Engineers (India): Series A, 96(4), 319-326.

239.Smith, C. J., Livingston, S. D., & Doolittle, D. J.
(1997). An international literature survey of “IARC
Group [ carcinogens” reported in mainstream cigarette
smoke. Food and Chemical Toxicology, 35(10), 1107-
1130.

240.Smith, S. E., & LAKSON, E. (1946). Zinc toxicity hi
rats. Antagonistic effects of copper and liver. Journal
of Biological Chemistry, 163, 29-38.

241.Song, J., Kong, H., & Jang, J. (2011). Adsorption of
heavy metal ions from aqueous solution by
polyrhodanine-encapsulated magnetic
nanoparticles. Journal of colloid and interface
science, 359(2), 505-511.

242 Sreedevi, P., & Parameswari, C.S. (2016).
Bioremediation of Lead and Cadmium by Tea Waste.
Journal of Environmental Science, Toxicology and
Food Technology (IOSR-JESTFT), 10(2), 103-107.

243 .Srinivasan, K., Balasubramanian, N., & Ramakrishna,
T. V. (1988). Studies on chromium removal by rice
husk carbon. Indian  journal of environmental
health, 30(4), 376-387.

244 Srivastava, V. C., Mall, I. D., & Mishra, I. M. (2008).
Removal of cadmium (II) and zinc (II) metal ions
from binary aqueous solution by rice husk
ash. Colloids and surfaces A: physicochemical and
engineering aspects, 312(2), 172-184.

245.Stevens, M., & Batlokwa, B. (2017). Removal of
Nickel (II) and Cobalt (II) from Wastewater Using
Vinegar-Treated Eggshell Waste Biomass. Journal of
Water Resource and Protection, 9(08), 931.

246.Sud, D., Mahajan, G., & Kaur, M. P. (2008).
Agricultural waste material as potential adsorbent for
sequestering heavy metal ions from aqueous solutions-
A review. Bioresource technology, 99(14), 6017-
6027.

247.Suemitsu, R., Uenishi, R., Akashi, 1., & Nakano, M.
(1986). The use of dyestuff-treated rice hulls for
removal of heavy metals from waste water. Journal of
Applied Polymer Science, 31(1), 75-83.

248.Sun, G., & Shi, W. (1998). Sunflower stalks as
adsorbents for the removal of metal ions from
wastewater. Industrial & engineering  chemistry
research, 37(4), 1324-1328.

249.Tan, G., & Xiao, D. (2009). Adsorption of cadmium
ion from aqueous solution by ground wheat
stems. Journal of hazardous materials, 164(2), 1359-
1363.

250.Tan, W. T., Ooi, S. T., & Lee, C. K. (1993). Removal
of chromium (VI) from solution by coconut husk and
palm pressed fibres. Environmental Technology,
14(3), 277-282.

251.Tarley, C. R. T., & Arruda, M. A. Z. (2004).
Biosorption of heavy metals using rice milling by-
products. Characterisation and application for removal
of metals from aqueous effluents.
Chemosphere, 54(7), 987-995.

252.Taty-Costodes, V. C., Fauduet, H., Porte, C., &
Delacroix, A. (2003). Removal of Cd(IT) and Pb(II)
ions, from aqueous solutions, by adsorption onto
sawdust of Pinus sylvestris. Journal of Hazardous
Materials, 105(1), 121-142.

253.Tee, T. W., & Khan, A. R. M. (1988). Removal of
lead, cadmium and =zinc by waste tea
leaves. Environmental Technology, 9(11), 1223-1232.

254.Thakur, L. S., & Parmar, M. U. K. E. S. H. (2013).
Adsorption of heavy metal (Cu2+, Ni2+ and Zn2+)
from synthetic waste water by tea waste
adsorbent. International Journal of Chemical and
Physical Sciences, 2(6), 6-19.

255.Tiemann, K. J., Gamez, G., Dokken, K., Parsons, J.
G., & Gardea-Torresdey, J. L. (2002). Chemical
modification and X-ray absorption studies for lead (II)
binding by Medicago sativa (alfalfa)
biomass. Microchemical Journal, 71(2), 287-293.

256.Ting, Y. P., Lawson, F., & Prince, I. G. (1989).
Uptake of cadmium and zinc by the alga Chlorella
vulgaris: Part 1. Individual ion species. Biotechnology
and Bioengineering, 34(7), 990-999.

257.Tsui, M. T., Cheung, K. C., Tam, N. F., & Wong, M.
H. (2006). A comparative study on metal sorption by
brown seaweed. Chemosphere, 65(1), 51-57.

258.Tunali, S., & Akar, T. (2006). Zn(Il) biosorption
properties of Botrytis cinerea biomass. Journal of
hazardous materials, 131(1), 137-145.

259.Utomo, H. D., & KA, H. (2006). Adsorption of heavy
metals by exhausted coffee grounds as a potential
treatment method for waste waters. E-Journal of
Surface Science and Nanotechnology, 4, 504-5006.

260.Vaughan, T., Seo, C. W., & Marshall, W. E. (2001).
Removal of selected metal ions from aqueous solution
using modified corncobs. Bioresource
technology, 78(2), 133-139.

261.Velazquez-Jimenez, L. H., Pavlick, A., & Rangel-
Mendez, J. R. (2013). Chemical characterization of
raw and treated agave bagasse and its potential as
adsorbent of metal cations from water. Industrial
Crops and Products, 43, 200-206.

262.VERMA, B., & Shukla, N. P. (2000). Removal of
Nickel (II) from electroplating industry effluent by

24809 |Page



International Journal of Recent Scientific Research Vol. 9, Issue, 3(C), pp. 24790-24810, March, 2018

agrowaste carbons. Indian Journal of Environmental
Health, 42(4), 145-150.

263.Villaescusa, 1., Fiol, N., Martiinez, M., Miralles, N.,
Poch, J., & Serarols, J. (2004). Removal of copper and
nickel ions from aqueous solutions by grape stalks
wastes. Water research, 38(4), 992-1002.

264.Volesky, B., & Holan, Z. R. (1995). Biosorption of
heavy metals. Biotechnology progress, 11(3), 235-
250.

265.Volesky, B., May, H., & Holan, Z. R. (1993).
Cadmium biosorption by Saccharomyces
cerevisiae. Biotechnology and Bioengineering, 41(8),
826-829.

266.Wan, S., Ma, Z., Xue, Y., Ma, M., Xu, S., Qian, L., &
Zhang, Q. (2014). Sorption of lead (II), cadmium (II),
and copper (II) ions from aqueous solutions using tea
waste. Industrial &  Engineering Chemistry
Research, 53(9), 3629-3635.

267.Wankasi, D., Horsfall Jnr, M., & Ibuteme Spiff, A.
(2006). Sorption kinetics of Pb2+ and Cu2+ ions from
aqueous solution by Nipah palm (Nypa fruticans
Wurmb) shoot biomass. Electronic  Journal of
Biotechnology, 9(5), 0-0.

268.Wasewar, K. L. (2010). Adsorption of metals onto tea
factory waste: a review. International Journal of
Research and Reviews in Applied Sciences, 3(3), 303-
322.

269.Wasewar, K. L., Atif, M., & Prasad, B. (2008).
Characterization of factory tea waste as an adsorbent
for removal of heavy metals.J. on Future Eng.
Tech, 3(3), 47-53.

270.Wasewar, K. L., Atif, M., Prasad, B., & Mishra, I. M.
(2009). Batch adsorption of zinc on tea factory
waste. Desalination, 244(1-3), 66-71.

271.Wilson, K., Yang, H., Seo, C. W., & Marshall, W. E.
(2006). Select metal adsorption by activated carbon
made from peanut shells. Bioresource technology,
97(18), 2266-2270.

272.Wong, J. P. K., Wong, Y. S., & Tam, N. F. Y. (2000).
Nickel biosorption by two chlorella species, C.
Vulgaris (a commercial species) and C. Miniata (a
local isolate). Bioresource Technology, 73(2), 133-
137.

273.Wong, K. K., Lee, C. K., Low, K. S., & Haron, M. J.
(2003). Removal of Cu and Pb from electroplating
wastewater using tartaric acid modified rice
husk. Process Biochemistry, 39(4), 437-445.

274.Yang, S., Wu, Y., Aierken, A., Zhang, M., Fang, P.,
Fan, Y., & Ming, Z. (2016). Mono/competitive
adsorption of Arsenic (III) and Nickel (II) using
modified green tea waste. Journal of the Taiwan
Institute of Chemical Engineers, 60, 213-221.

275.Yargic, A. S., Sahin, R. Y., Ozbay, N., & Onal, E.
(2015). Assessment of toxic copper (II) biosorption
from aqueous solution by chemically-treated tomato
waste. Journal of Cleaner Production, 88, 152-159.

276.Yeo, S. Y., Choi, S., Dien, V., Sow-Peh, Y. K., Qi, G.,
Hatton, T. A., ... & Thio, B. J. R. (2013). Using
magnetically responsive tea waste to remove lead in
waters under environmentally relevant conditions.
PloS one, 8(6), c66648.

277.Yu, B., Zhang, Y., Shukla, A., Shukla, S. S., & Dorris,
K. L. (2001). The removal of heavy metals from
aqueous solutions by sawdust adsorption—removal of
lead and comparison of its adsorption with
copper. Journal of hazardous materials, 84(1), 83-94.

278.ZAHEER ASLAM, M. U. H. A. M. M. A. D,
Ramzan, N., Naveed, S., & Feroze, N. (2010). Ni(II)
removal by biosorption using Ficus religiosa (peepal)
leaves. Journal — of  the  Chilean  Chemical
Society, 55(1), 81-84.

279.Zhang, X. T., & Ismail, M. H. S. (2012). Adsorption
Mechanism and Properties of Mixed Agricultural
Wastes Adsorbent for Nickel (IT) Removal. J. Purity,
Utility Reaction & Environ, 1(2), 80.

280.Zhang, Y., Chi, H., Zhang, W., Sun, Y., Liang, Q.,
Gu, Y., & Jing, R. (2014). Highly efficient adsorption
of copper ions by a PVP-reduced graphene oxide
based on a new adsorptions mechanism. Nano-Micro
Letters, 6(1), 80-87.

281.Zhao, B., Zhang, J. E., Yan, W., Kang, X., Cheng, C.,
& Ouyang, Y. (2016). Removal of cadmium from
aqueous solution using waste shells of golden apple
snail. Desalination and Water Treatment, 57(50),
23987-24003.

282.7Zhao, M., & Duncan, J. R. (1997). Batch removal of
sexivalent chromium by Azolla filiculoides.
Biotechnology and applied biochemistry, 26(3), 179-
182.

283.Zulkali, M. M. D., Ahmad, A. L., & Norulakmal, N.
H. (2006). Oryza sativa L. husk as heavy metal
adsorbent: optimization with lead as model
solution. Bioresource technology, 97(1), 21-25.

284.Zuorro, A., & Lavecchia, R. (2010). Adsorption of
Pb(Il) on spent leaves of green and black tea.
American Journal of Applied Sciences, 7(2), 153.

How to cite this article:

Monika Kumari and Sanjay K Sharma.2018, Biosorption of Ni(II), Zn(II), Cd(II) and Pb(II) Ions From Water And Waste
Water Using Different Biosorbents: A Review. Int J Recent Sci Res. 9(3), pp. 24790-24810.
DOI: http://dx.doi.org/10.24327/ijrsr.2018.0903.1729

skeoskoskoskoskokosk

24810 |Page



