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Abstract 

Heavy metal toxicity caused by industrial waste water and other natural sources has become a 
threat to the environment and ecosystem for the past many decades. Very small concentration of 
metallic ions present in water increases the health problems to humans and animals. Nickel is 
one of the non biodegradable, toxic, heavy metal ions present in waste water and ground water. 
Although there are various conventional treatment methods for removal of heavy metals from 
water and waste water e.g. chemical precipitation, membrane filtration, ion exchange, 
coagulation, flocculation, electrochemical technique, adsorption and co-precipitation.  Yet 
various researchers paid their attention towards biosorption which involve adsorption which is a 
highly effective and economical technique for removal of heavy metals from waste water. 
Attempts have been made to develop inexpensive adsorbents e.g. agricultural waste material, 
waste by products of pharmaceutical fermentation, food processing, fruit waste and dead 
microbial biomass used as low cost adsorbents, is attractive because it reduces the cost of waste 
disposal, thereby leading to environmental protection. Chemical modification to improve their 
efficiencies is also discussed. These waste materials pollute our environment or ecosystem and 
pose the problem of their disposal. So “use the waste to treat the waste” is the concept to avoid 
the environmental pollution. In this review various agricultural, microbial, synthetic, natural and 
other adsorbents used for removing Ni(II) from aqueous solution, optimum parameters and their 
removal efficiency from aqueous solution have been discussed.     

Introduction 

Water is a basic source of life, energy and thus is essential element to all living things on earth. 
In purest form water is colorless, odorless, and tasteless in nature. Level of contaminants has 
increased due to discharge of industrial effluents in aquatic ecosystems which pollute and 
contaminate the water streams naturally (Akhtar et al., 2013). However millions of people 
worldwide are suffering from shortage of fresh and clean drinking water. Water pollution raises a 
great concern now a days due to rapid industrialization e.g. metal mining operations, fertilizers, 
agricultural wastes, sewage, domestic wastes, alloy and leather industries, metal galvanizations 
paper industries and pesticides which have largely discharged various types of pollutants into 
environment and cause disorder into ecosystem (Abas et al., 2013). Chemicals, paper, petroleum 
and primarily metal sectors cause about 97% of water contamination (Gaballah et al., 1998). 
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Heavy metal pollution caused by industrial activities and technological development is posing 
significant threats to the environment and public health because of its toxicity, non-
biodegradability, bioaccumulation and persistent tendency through food chain (Reddad et al., 
2003; Bahadir et al., 2007; Pérez-Marín etal., 2008).  

‘Heavy metals’ refers to any elements with atomic weights between 63.5 and 200.6 with 
specific gravity greater than 5.0 (Srivastava and Majumder, 2008). Nickel is one of the non 
biodegradable, toxic, heavy metal ions present in waste water and ground water. Nickel was first 
isolated from mineral nicolite by Swedish Chemist Axel Crostedt in 1751 and the name “nickel” 
was derived from the term “Kupfenickel” which means ‘Old Nick’s Copper’ that the German 
miners gave to nicolite because of emission of toxic fumes when heated (Kotov and Nikitina, 
1995). The permissible limit of nickel in drinking water given by U.S. Environmental Protection 
Agency (EPA) is 0.015 mg/l. (Carrasco-Martin, et al., 1997). Nickel compounds released by 
industrial activities into the environment will adsorb onto the sediment and soil particles and 
become immobile. Nickel is more mobile in acidic soils and often leaches out into the 
groundwater (Sajwan et al., 1996). Concentration of nickel in industrial waste waters ranges 
from 3.40 to 900 mg/l (Patterson and Passino, 1987).   

It is necessary to follow Environmental regulations related to discharge of heavy metals 
in water streams and develop methods for their removal from waste water and water. The aim 
and objective of this review paper is to provide fundamental information and literature in 
adsorption of nickel ions from aqueous solution on various types of low cost adsorbents which 
include agricultural waste biomass, microbial, synthetic, natural and industrial waste by products 
etc which are also the sources of pollution. In this article an attempt has been made to review the 
adsorption process highlighting the applicability of adsorbents, optimum parameters and their 
adsorption efficiency.  

Characteristics of Nickel heavy metal 

Heavy metals belong to the group of metals and metalloids with atomic density greater than 4 
g/cmP

3
P or 5 times or more and are greater than water (Garbarino et., 1995; Hawkes, 1997; Jarup, 

2003), as Table 1 shows the important properties of Ni (II) ions. In elemental form metallic 
nickel is a hard and lustrous, silver white metal with high electrical and thermal conductivity, 
used in coatings prepared by electro plating and in manufacturing stainless steels and coins. In 
powder form nickel is reactive in air and ignites spontaneously (ATSDR, 2005). Usually nickel 
exists in the 0 and +2 oxidation states. Nickel exists less frequently in -1, +1, +3 and +4 
oxidation states and due to having electrical and thermal conductivities, nickel is resistant to 
electrical erosion, oxidation and corrosion at temperature of -20 to +30 (Coogan et al., 1989; 
WHO, 1991; Chau and Kulikovsky-Cordeiro, 1995; Higgins, 1995).  

Table 1: important properties of Ni (II) metal ion. 

Property Ni (II) ion 
Atomic weight (gmol P

-1
P) 58.71 

Atomic no 28 
Solubility @ 20ºC (gcmP

-3
P) 2.54 

Ionic redius 0.69 
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Pauling electronegativity 1.91 
Density 8.9 gcmP

-3 
Melting point 1455ºC 
Boiling point 2732 ºC 
Maximum contaminant Level (MCL) 0.2 mg/l by WHO 
standards for desirable nickel 
concentration 

in drinking water as 0.01 mg/l  
(WHO, 1996) 

standards for desirable nickel 
concentration 

in industrial effluents as 3.0 mg/l 
(WHO, 1996) 

 

Sources of nickel 

Nickel is released into the environment through natural and anthropogenic sources (Chen and 
Lin, 1998). Natural source of nickel to the environment are forest fires, vegetation, volcanic 
emissions and windblown dust. Anthropogenic sources of nickel to the environment are 
combustion of coal, diesel oil and fuel oil, the incineration of waste and sludge, use of phosphate 
fertilizers, stainless steel industry, galvanization, smelting, dyeing operation, batteries 
manufacturing, metal finishing, jewellery manufacturing, coinage, catalyst, nickel mining and 
processing etc. (Nordberg, et al., 2005; Krishnan et al., 2011). Industrial emissions add more 
than 100 times more nickel than that from natural sources e.g. in effluents of electroplating 
industries to the tune of 20-200 ppm (Nriagu, 1990; Revathi, 2005), effluents of silver refineries, 
zinc base casting and storage battery industries. The main pollution are from nickel plating 
industry caused by NiP

2+
P heavy metal ion in water. Nickel is present in small quantities (0.1-0.6 

ppm) in plants, animals and in small quantities in sea water. All these industries acquire 
established waste water regulations to minimize the human and environmental exposure to 
hazardous heavy metals. Some of other industrial processes that contribute to the presence of 
nickel are bakery (0.43 mg/l), soft drinks and flavoring (0.22 mg/l), ice cream (0.11 mg/l), textile 
dyeing (0.25 mg/l), laundry (0.1 mg/l), car wash (0.19 mg/l) and miscellaneous foods (0.11 mg/l) 
(Rao et al., 2001).  

Deleterious effect of Ni (II) ions in the ecosystem and environment 

Ni(II) is an essential nutrient needed by the body in trace amounts because it takes part in the 
synthesis of vitamin B12. However increase in the intake of Ni(II) or its compounds can lead to 
birth defects, embolism, asthma, hard metal related respiratory diseases and chronic bronchitis, 
etc. (Chen et al., 2008; Chen et al., 2009). Nickel toxicity associated with Ni(II) is mainly due to 
generation of reactive oxygen species (ROS) with subsequent oxidative deterioration of 
biological macromolecules. There are two step processes in which nickel can generate free 
radicals (FR) directly from molecular oxygen to produce superoxide anion and in continued 
process, produce highly toxic hydroxyl radical (OHP

-
P). They also inhibit antioxidant enzymes and 

deplete intracellular glutathione and causes pro-oxidative effects (Das, 2009). Toxicity of nickel 
causes pulmonary fibrosis and inhibits many enzymatic functions (Liphadzi and Kirkham, 2005) 
and skin contact with nickel causes a painful, fatal disease called “nickel itch”. The higher 
concentration of nickel causes harmful health effects like headache, dizziness, nausea, dry cough, 
tightness of the chest, chest pain, vomiting, shortness of breath, nasopharynx, cyanosis, extreme 
weakness, renal oedema, skin dermatitis, gastrointestinal disorder and rapid respiration (Parker, 
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1980; Revathi, 2005; Chen et al., 2008; Chen et al., 2009). Sulphide and oxide form of nickel 
poses excess risk of lung and nasal cancers (Satpathy, 2002). Due to deleterious effect of nickel 
WHO (World Health Organization) has prescribed standards for desirable nickel concentration in 
drinking water given in table 2, therefore it is necessary to bring the nickel concentration in 
waste water below the prescribed limit.  

Table 2. Permissible limit for nickel in different types of water 

Type of water Indian standard (mg/l) WHO (mg/l) 
Surface water 3 1 
Marine water 50 - 
Drinking water 0.02 0.02 
Public water supply 3 - 
 

Methods for the removal of heavy metals from water and waste water 

Various methods have been developed to remove heavy metals from water and waste water 
before discharge into the natural water bodies. These methods can be divided into biological, 
chemical and physical processes. Conventional methods include coagulation,  adsorption, 
chemical separation, filtration, membrane separation, ion exchange (Bolto et al., 2002), aerobic 
and anaerobic treatment (Bell et al., 2000), advanced oxidation process (Esplugas et al., 2002), 
electrolysis, microbial reduction (Shen and Wang, 1994), solvent extraction, electrochemical 
treatment (Rittmann, 2010;Yu et al., 2000), electro floatation, froth floatation, (Marvos et al., 
1994), reduction, chemical precipitation, ion exchange, reverse osmosis, dialysis, activated 
sludge (Pala and Tokat, 2002) and adsorption by coated carbon (Ajmal, et al., (1998). Most of 
these methods are expensive and so are not affordable for developing countries. These methods 
are associated with disadvantages such as use of toxic reagents, incomplete removal of heavy 
metals, high energy requirements, generation of toxic wastes, non selective, costlier due to 
operation, maintenance and produces sludge or secondary pollutants which require proper 
disposal (Eccles, 1999). There is need of safe and economical methods for the removal of heavy 
metal ions from polluted water so adsorption process is one of the easiest, safest and more cost 
effective processes for heavy metal removal from industrial effluents (Shah et al., 2009; 
Rahmani et al., 2009). This has therefore led to the use of adsorbents which have been found 
significant popularity because of their lower production costs, abundance of their ingredients in 
nature, low cost of their regeneration and further that they can be simply discharged after 
expiration.  

Adsorption process: Recently adsorption process has gained great interest as a more promising 
method because it is more effective and economic process for heavy metal removal. Adsorption 
is a technique through which some of fluid phase substances are removed by their transmission 
to the interface between fluid phase and solid (separate) phase and accumulation. Reduction in 
surface tension occur between the fluid and the solid phase because adsorption of fluid phase 
substances on the solid surface create required driving force for adsorption process. Adsorption 
also occurs due to the attractive interaction between a surface and the species being adsorbed at 
certain level (Monser and Adhoum, 2002). Solid porous material is called adsorbent material or 
biomass and components of fluid phase that adsorb by solid phase is called adsorbed component 
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or adsorbate. Movement of fluid phase components (adsorbate) and their accumulation on the 
solid surface will terminate as soon as the concentration of adsorbate at two phases reach an 
equilibrium condition. Non living biomass or natural biomass are used widely as metal binding 
agents because they have the capacity to lower the metal ion concentration to Parts Per Billion 
(ppb) level due to their affinity for cationic metals (Bailey et al., 1999; Gloaguen and Morvan, 
1997). Adsorption can be categorized into two types:  

1. Physisorption or Physical adsorption: It is a reversible phenomenon resulting from 
intermolecular forces of attraction (e.g. weak Vander waals forces of attraction) between 
molecules of the adsorbent and the adsorbate. It takes place with formation of multilayer of 
adsorbate on adsorbent.  
2. Chemisorption or chemical adsorption: it is an irreversible phenomenon and is also called 
as activated adsorption (Yadla et al., 2012). It occurs as a result of the chemical interaction or 
chemical forces of attraction or chemical bond between the solid and the adsorbed substance. It 
takes place with formation of unilayer of adsorbate on adsorbent. Chemical adsorption occurs at 
temperatures much higher than the critical temperature. Under certain conditions, both 
physisorption or chemisorption processes can occur simultaneously or alternately.  

Factors affecting the adsorption process: Adsorption process is mainly influenced by the 
nature of solution in which the contaminants are dispersed and the nature of adsorbent used. 
Some parameters should be considered during the adsorption process between adsorbent and 
adsorbate which are given below (Cheremisinoff and Morresi, 1978). 

1. pH of solution: pH is determination of adsorption in terms of hydrogen ion concentration. The 
adsorptive capacity of metal cations increase with increasing pH of the sorption system, but not 
in linear relationship. Sorption not occurs at highly acidic and alkaline conditions because 
hydrogen ions and hydroxyl ions compete for active sites on adsorbent surface respectively.  

2. Degree of ionization of the adsorbate: More highly ionized molecules are adsorbed to a 
small degree than neutral molecules. The degree of ionization of a species is affected by the pH.   

3. Particle size: It is the size of the molecule with respect to size of the pores. Larger molecules 
may be too large to enter small pores. This may reduce adsorption independent of other causes. 
Smaller particle sizes reduce internal diffusion and mass transfer limitation to the penetration of 
the adsorbate inside the adsorbent i.e. equilibrium is more easily achieved and nearly full 
adsorption capacity can be attained. 

4. Surface area of adsorbent: Large surface area provides greater adsorption capacity. Smaller 
the particle size and greater the surface area of the adsorbent more is the adsorption. 

5. Temperature: Adsorption reactions are normally exothermic, so adsorption capacity 
increases with decrease of temperature. In the range of 15-40ºC, the maximum equilibrium 
adsorption capacity for Ni (II) ions by the wood ash was reached at temperature of 25ºC (Parmar 
and Thakur, 2013). 

6. Effect of adsorbent dose: The percent removal of heavy metals increases rapidly with 
increase in concentration of adsorbents (Parmar and Thakur, 2013). But after certain 
concentration of adsorbent further increase in biomass concentration has no effect on removal 
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percentage because no metal ions left to be adsorbed on the empty active sites after equilibrium 
point is achieved. 

7. Effect of initial concentration of metal ion: The initial concentration of metal ion provides 
an important driving force to overcome all mass transfer resistance of metal between the aqueous 
and solid phases. There is a decrease in resistance for the uptake of solute from solution with 
increase of metal ion concentration (Parmar and Thakur, 2013). 

8. Contact time: Longer the contact time or retention, more complete adsorption will be 
achieved. But after the equilibrium has been achieved there is no increase in percent removal of 
metal ion. 

9. Solubility of solute: Substances slightly soluble in water will be more easily removed from 
water than substances with high solubility. 

10. Effect of agitation rate: Agitation means proper mixing of adsorbate and adsorbent. The 
adsorption removal efficiency is increased weakly with increasing agitation rate (Parmar and 
Thakur, 2013). 

Functional groups involve in adsorption 
Pearson (1963), Nieboer and Richardson (1980) have given the classification of metals which 
include metal affinity for ligands described in Table 4 (Remacle, 1990). Class A metal ions bind 
the ligands of Type I through oxygen. Class B metal ions bind with ligands of Type III and also 
show strong binding with ligands of Types II types of ligands. Borderline metal ions could bind 
these three types of ligands with different preferences. The symbol R represents an alkyl radical 
such. 
 
Table 4. Showing the functional groups involve in adsorption (Pearson, 1963; Nieboer and 
Richardson, 1980; Remacle, 1990). 
 

Ligand class Ligands Metal classes 
Type I: Ligands, preferred to, Class 
A 

F P

−
P, OR2RP

−
P, OHP

−
P, HR2RO, COR3RP

2−
P, SOR4RP

−
P , 

ROSOR3R P

−
P , NOR3RP

 − 
P, HPOR4RP

2−
P, POR4RP

3−
P, 

ROH, 
RCOOP

−
P, ROR 

Class A: Li, Be, Na, Mg, K, Ca, Sc, 
Rb, Sr, Y, Cs, Ba, La, Fr, Ra, Ac, 
Al, 
Lanthanides, Actinides 

Type II: Other important ligands ClP

−
P, Br P

−
P, NP

3 −
P , NOP

2 −
P , SOR3RP

2−
P, NHR3R, 

NR2R, RNHR2R, RR2RNH, RR3RN, R, OR2R, OR2RP

−
P, 

OR2RP

2− 

Borderline ions: Ti, V, Cr, Mn, Fe, 
Co, Ni, Cu, Zn, Ga, Cd, In, Sn, Sb, 
As 

Type III: Ligands preferred to Class 
B 

HP

−
P, IP

−
P, RP

−
P, CNP

−
P, CO, SP

2−
P, RSP

−
P, RR2RS, 

RR3RAs 

Class B: Rh, Pd, Ag, Lr, Pt, Au, Hg, 
Tl, Pb, Bi 

 
 

 
Various low cost adsorbents used for the removal of nickel 

Generally an adsorbent can be considered as “low cost” if it requires little processing, abundant 
in nature and if it is a byproduct or waste from industry. Natural material or certain waste from 
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industrial or agricultural operation is one of the resources for low cost adsorbents and are locally 
and easily available in large quantities; therefore they are inexpensive and have little economic 
value. A vast variety of raw materials originate from industrial and agricultural activities, results 
in production of chemical and solid wastes. The chemical wastes arise from the use of pesticides, 
dyes and fertilizers while the solid wastes include bagasse, sawdust, rice husk, peanut shell, 
coffee husk etc. and it is a concept of “using waste to treat waste”.  

Agricultural and plant based adsorbent for Ni(II) removal 
Now a day’s application of agricultural wastes adsorbents have raised great interest in the field 
of environmental study, since conventional treatment technologies for removal of toxic heavy 
metals are not economical and further generate huge quantity of toxic chemical sludge (Sud et 
al., 2008). According to previous study which reported various materials like crop husks, hulls, 
fruit fresh or peel azalla, coconut shells etc. used as adsorbents with or without chemical 
treatment shown in table 5 (Periasamy and Namasivayam, 1995; Zhao and Duncan, 1998; Jiang 
et al., 2008). Agricultural wastes are characterized by ready availability, affordability, eco 
friendliness and high uptake capacity for heavy metals due to the presence of functional groups 
which can bind metals to remove heavy metals from water and waste water (Olayinka et al., 
2009). Agricultural waste materials posses unique physical and chemical composition and 
composed of lignin and cellulose as the main constituents and other components are 
hemicellulose, lipids, proteins, simple sugar, starches, water and hydrocarbons. Functional 
groups e.g. hydroxyl and carboxylic groups present on the surface of agricultural waste material 
have important role in binding processes resulting in high affinity for metal cations (Sud et al., 
2008). 

Banana pith (Musacea zingiberales) used to remove Pb, Cu, Ni, Cr, Zn (Low et al., 
1995), carrot pulp removes Pb, Ni, Zn, Fe (Joshi et al., 2003), eucalyptus wood powder removes 
Pb, Ni, Zn, Fe (Joshi et al., 2003), ground corncobs removes Cd, Cu, Pb Ni, Zn (Vaughan et al. 
2001), paper mill sludge removes Pb, Cu, Ag, Cd , Pb, Ni, Zn, Fe  (Calace et al., 2003), sawdust 
removes Zn, Ni, Cd, Cu, Pb (Marin and Ayele, 2002), wheat stem and spent babul bark removes 
Ni (Verma and Shukla, 2000), waste tea leaves removes Pb, Ni, Zn, Fe (Joshi et al., 2003; 
Ahluwalia and Goyal, 2005). Grape stalk waste removes Cu and Ni with 15.9mg/g and 18.1mg/g 
adsorption capacity respectively (Villaescusa et al., 2004). Banana pith (Musacea zingiberales) 
was tested for its ability to adsorb metal ions from electroplating waste water and synthetic 
solutions under both batch and continuous flow conditions. The adsorption depends on both pH 
and concentration with optimum pH 4–5 and the equilibrium data followed the Langmuir 
isotherm model. Waste biomass such as wheat stem and babul bark was used to remove nickel 
from effluent of an electroplating industry (Verma and Shukla, 2000) and removal of nickel 
achieved was 2–10% less as compared to synthetic solution under similar conditions. Wheat 
straw activated carbon could remove 100% Ni(II) from initial nickel concentration of 25 mg/l at 
pH 4.0 in 4 h at 36 ± 2ºC. The uptake capacity of different metals by Quercus ilex phytomass 
(root, stem and leaf) was found to be in the order of roots Ni > Cd > Pb > Cu > Cr; stem Ni > Pb 
> Cu > Cd > Cr; and leaf Ni > Cd > Cu > Pb > Cr (Prasad and Freitas, 2000). Desorption with 10 
mM NaR4R EDTA was effective and there existed the possibility of recycling the phytomass. 
Biosorption capacity of plant biomass of Indian Saraparilla (Hemidesmus indicus) was studied 
with toxic heavy metals like As, Se, Zn, Fe, Ni, Co, Pb, Mn, Hg, Cr and Cu. The adsorption of 
activated carbon prepared from apricot stones, to remove Ni(II), Co(II), Cd(II), Cu(II), Pb(II), 
Cr(III) and Cr(VI) ions from the aqueous solution was studied (Kobya et al., 2005). Further, 
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adsorption capacities for these metals were found to in the order of Cr(VI) > Cd(II) > Co(II) > 
Cr(III) > Ni(II) > Cu(II) > Pb(II), respectively. Modified lignocellulosic fibre/jute was assessed 
for adsorption of heavy metal ions like Cu(II), Ni(II) and Zn(II) from aqueous solution (Shukla 
and Pai, 2005). The dye loaded jute fibre showed adsorption capacity of 8.4, 5.26 and 5.95 mg/g 
for Cu(II), Ni(II) and Zn(II), respectively, the equilibrium data fits well in Langmuir model.  

 
Peat- Peat is successfully used to remove nickel from aqueous solution studied at different pH 
values in static condition (Babel and Kurniawan, 2003). Equilibrium data fits well in Langmuir 
isotherm model correlated at different temperatures and first order kinetic model.  

Cellulose-Cellulose is a linear polymer chain formed by joining the anhydroglucose units into 
glucose chains bound together by -(1,4)-glucosidic linkages. Based on this linkage cellubiose is 
established as repeat unit for cellulose chains (O’Connel et al., 2008; Tang et al., 2008; Balat, 
2008). The modification of cellulose have been achieved by adding amine, amide, amidoxime, 
carboxyl, hydroxyl and imidazole type binding ligands to cellulose backbone through chemical 
modification. The adsorption of heavy metal on cellulose adsorbent is pH dependent (pH 4-6 that 
is narrow pH range). The equilibrium data fits well in the Langmuir isotherm model and in some 
cases by Freundlich isotherm model (O’Connel et al., 2008; Tang et al., 2008). 

Coir Pith: Coir pith is an agricultural solid waste adsorbent used for adsorption of Ni (II) ion 
from single and multi ion solution investigated by various researchers. This metal ion removal 
capacity is due to the presence of lignin (36%) and cellulose (44%) (Namasivayam et al., 2001; 
Redded et al., 2002; Shukla and Pai, 2005; Pino et al., 2006). Lignin and holo-cellulose are the 
main components in coir pith that play the major role in nickel adsorption. Hydroxyl and 
methoxyl are the main functional groups that are involved in nickel adsorption. Oxidation 
species of nickel involved in nickel adsorption by coir and modified coir pith (NaOH increased 
metal binding site that is free oP

-
P) are confirmed by X-ray adsorption spectroscopy (XAS) (Shukla 

and Pai, 2005; Li et al., 2007). 

Table 5. Summary of agricultural waste biomass for the removal of Ni(II) heavy metal ion  

Adsorbent Optimized conditions % removal or 
uptake (mg/g) 

E/K 
model 

References 

Hazelnut shell 
activated carbon 

pH-3, IMC- 15 to 20 mg/l, T-20 
to 30ºC 

10.11 mg/g L, Ps Demirbas et al. (2002) 

Orange peel pH-6, T-50 158 mg/g  Ajmal et al. (2000) 
Activated carbon 
from coirpith 

pH-5, T-30 62.5 mg/g L & F Kadirvelu et al. (2001) 

Bagasse, fly ash (FA) 
and powdered 
activated carbon 
(PAC) 

pH-8 PAC>FA>bagasse  Shivakant and 
Shivarajappa, (2009) 

Rambai stem 
(Baccaureamotleyana
) 

pH-4 to 5, AD-0.1 mg, IMC-30 
mg/l,  

51% F  Noor et al, (2011) 

Coconut leaves pH-8, AD-1.0 gm/50ml, IMC-
26.81mg/l, T-25 to 32,  

93.2% F, Pf Gowda et al, (2011) 

Peanut hulls pH- 4 to 5 53.65 mg/g  Periasamy and 
Namasivayam, (1995) 

Carbon derived from pH-4 to 6 85 % and 58.6%  Kannan, and  
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Palmyra Palm fruit 
seeds and commercial 
activated carbon 

 Thambidurai, (2008) 

Moringa oleifera 
seeds 

pH- 4 to 6, AD- 2.0 gm, IMC- 
4.0 mg/l 

>90%   Marques et al, (2012) 

Tamarind fruit shell  90%  Pandharipande and 
Rohit, (2013) 

Coconut husk (CH) 
and Teak tree Bark 
(TTB) 

pH- 7 to 8, AD-0.6 g  (CH)-81.4%, 
(TTB)-80.9% 

F, Ps Olayinka et al., (2009) 

Activated carbon 
from grain rice and 
walnut shell 

pH- walnut shell-5.7, grain rice-
3.45, AD- 2gm (10 gm/l), CT- 
60 min  

Grain rice- 
96.73% 
Walnut shell-
75.6% 

 Chamanchi  et al., 
(2012) 

 Babhul Bark powder pH-7.0 to 8.0, AD-5.0 gm, IMC- 
10 mg/l, CT- 120 min, T-30ºC 

83.4%   Patil et al., 2006 

Activated carbon 
from Thespesia 
Populnea bark (TPC) 

pH-6.5, AD-50 mg/50ml, IMC-
50 mg/l, CT-60 min 

91%  Prabakaran and Arivoli, 
2012 

Fruit peel of orange pH-6, T-50ºC, IMC-50mg/l 96%  Ajmal et al., 2000 
Jute fiber - 3.37 mg/g  Shukla and Pai, 2005 a 
Delonix regia bark 
(Gulmohar) 

pH-4, AD-2 to 12 g/l, CT-90 
min, IMC-20 mg/l,  

72.5%, 4.81 mg/g F, Ps Patil and Shrivastava, 
2010 

Leaf, Bark and Seed 
of Moringa 
Stenopetala 

pH- 5, 6 & 6, AD- 1.5, 2 & 2.5 g 
IMC-30, 20 & 50 mg/l, , CT-90, 
120 & 90, T-40, 30 & 23, 
agitation speed-250, 250 & 300 
rpm  

93.90%, 96.25%, 
97.50% for leaf, 
bark & seed 
respectively 

 Aregawi and Mengistie, 
2012 

Orange peel pH-5.0, AD-2 gm/l, T-25ºC, T-
60 min, agitation rate-200 rpm 

62.3 mg/g  Gonen and Serin, 
(2012) 

Teak tree bark 
powder (Tectona 
grandis) 

pH-5, IMC-10 mg/l, CT-30 min, 
T-303 K, particle size ≥ 120 
mesh, agitation speed-230 rpm 

9.6 mg/g  Patil et al., (2012) 

Bagasse fly ash pH-6.5, AD-10 g/l, IMC-12 
mg/l, CT-80 min 

90%  Gupta et al., 2003 

Coconut leaves pH-8.0, AD-2g, IMC-50 mg/l, 
CT-4 h 
 

93.18%  Gowda et al., 2012 

Tea waste AD-1.5 g, IMC-5 mg/l 85.7%  Kamali, 2010 
Tea waste - 86%  Malkoc and Nuhoglu, 

2005 
Waste tea leaves - 92%  Ahluwalia and Goyal, 

2005a 
Waste tea      
Corn cobe pH-6, AD-6 g, IMC-25 ppm/100 

ml, CT-90 min  
71.01 %  Arunkumar et al., 2014 

Pongamia pinnata 
seed shells 

Batch studypH-8, AD-3 g/300 
ml, IMC-10 mg/300 ml, CT-120 
min 

98.30 %  Rohini et al., 2014 

Pongamia pinnata 
seed shells 

Column study-  
pH-5, AD-20 gm, IMC-25 to 
100 ppm, depth of adsorbent-10 
cm, flow rate-3 ml/min, ,  

99%  Rohini et al., 2014 

Cashew Nut Shell pH- 5, IMC-20 mg/l, CT-30 73.89% L, F, Bailey et al., 1999 
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(CNS) min, exothermic reaction Pf & 
Ps 

Rice straw pH-4, AD-12g/100ml, CT-40 
min  

55%  Prasad et al., 2015 

Sugarcane Bagasse 
Pith (SBP-AC)  

pH-6.5, CT-4 h  140.85 mg/g L, Ps Krishnan et al., 2011 

Coir pith  pH-4-7, AD-5% (w/v), CT-10 
min, T-30ºC 

9.5 mg/g 
 

 Shukla and Pai, 2005; 
Pino et al., 2006; 
Namasivayam et al., 
2001; Redded et al., 
2002 

Casia fistula biomass - 100%  Hanif e al., 2007 
Maple saw dust - 75%  Shukla and Pai et al., 

2005 
Defatted rice bran, 
chemically treated 
soybean & cottonseed 
hulls 

- 87%  Marshall and Johns, 
1996 

saw dust of oak and 
black locust hard 
wood  

- 70-90%  Sciban et al., 2006 

Mustard oil cake - Upto 94%  Ajmal et al., 2005 
Dye loaded ground 
nut shells and saw 
dust 

- Up to 90%  Shukla and Pai et al., 
2005 

PEP (petiolar felt 
sheath palm)-peeling 
from trunk of palm 
tree 

- >70%  Iqbal et al., 2002 

Agro waste of black 
gram husk 

- Up to 93%  Saeed et al., 2005b 

kenaf core, kenaf 
bast, sugarcane 
bagasse, cotton, 
coconut coir, spruce 

- Up to 88%  Sciban et al., 2006 

Peat pH-5 61.27 mg/g  Bartczak et al., 2015 
Banana and orange 
peels 

pH-6 to 8 
 

Banana peel-6.88 
mg/g 
Orange peel-6.01 
mg/g 

 Annadural et al., 2002 

Wheat Bran  12 mg/g  Farajzadeh and Monji, 
2004 

Fluted pumpkin waste  12.69 mg/g L Horsfall and Spiff, 2005 
Coir pith  15.95 L & Ps Parab et al., 2006 
Coir pith activated 
carbon 

pH- 5.3,  62.5 L Kadirvelu et al., 2001 

Cocoa shell  2.63 mg/g - Meunier et al., 2003 
Bengal gram husk pH-5  19.56 mg/g F & L Saeed et al., 2005 
Almond husk 
activated carbon 

pH-5.0  37.17 L Hasar, 2003 

Coconut shell pH-9, AD-1.05g/l, IMC-1.05 0.21 mg/g  Hamidi et al., (2005) 
Waste Tea (Camella 
cinensis) 

pH-5, AD-0.2 gm, IMC-10 g/l - Ps, L 
& F 

Aikpokpodion et al., 
2010 

Limonia acidissimia pH-2, AD-1.5 gm, CT-180 84 % - Agarwal and Gupta, 
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(Apple wood) 
(Activated carbon) 

2015 

 

AD-adsorbent dose; CT-contact time; IMC-initial metal concentration; T-temperature;  E/K, Equilibrium/Kinetics; 
F-Freundlich; L-Langmuir; La-Lagergren; Pf-pseudo first order; Ps-Pseudo second order; UM-unmodified; M-
modified

 

Chemical modification of agricultural and plant waste adsorbents:  

Pre treatment of agricultural and plant wastes can extract soluble organic compounds and 
enhance chelating efficiency. Different types of modifying agents e.g. (1) base solutions (sodium 
hydroxide, calcium hydroxide, sodium carbonate) (2) mineral and organic solutions (HCl, 
HNOR3R, HR2RSOR4R, tartaric acid, citric acid, thioglycollic) (3) organic compounds (ethylenediamine, 
formaldehyde, epichlorohydrin, methanol), (4) oxidizing agent (HR2ROR2R), dye (reactive orange 13) 
etc. have been used for removing coloration of aqueous solutions, increasing efficiency of metal 
adsorption and removing soluble organic compounds have by many researchers (Rehman et al., 
2006; Hanafiah et al., 2006). The type of chemical used for the modification and their maximum 
adsorption capacities/%removal is given in table 6. 

Table 6. Summary of chemically modified agricultural wastes for the removal of Ni(II) 
heavy metal ion from aqueous solution 

Adsorbent Modifying 
agent 

Optimized conditions % removal or 
uptake (mg/g) 

E/K 
mod
el 

References 

Rice straw NaOH pH-4, AD-8g/100ml, CT-
50 min 

85% - Prasad et al., 2015 

Walnut shell NaOH pH-7.0-9.0, AD-10 gm/l, 
IMC-10 to 82.5 mg/l, T-
25ºC 

8.57 mg/g L, Ps Karimi-Jashini and 
Saadat, (2014) 

Peat soil, cow dung 
and digested paddy 
husk 

Ethanol pH-5.14, CT-120 min, T-
30ºC 

86.23%  Zhang and Ismail, 
2012 

Pouteria sapota 
seed 

HR2RSO4 pH-3, AD-100mg/100 ml, 
CT-3 to 4 h 

80 %  Rani et al., 2012 

Pine saw dust  Citric acid pH-3.9, AD-2gm, IMC-
2.625 mg/l 

65.9x10P

-3
P 

mg/gm 
F Moodley et al., 2011 

Holly sawdust Chemically 
modified 

pH-7 22.47 mg/g  Samarghandi et al., 
2011 

Ficus Religiosa 
(peepal) leaves  

HNOR3R  pH-7, AD-10 g/l, IMC-100 
mg/l, T-33 ± 1ºC, CT-60 
min 

6.35 mg/g ± 
0.54 mg/g 

F, Ps Aslam et al., 2010 

Coconut husk (CH) 
and Teak tree Bark 
(TTB) 

HCI pH- 7 to 8, AD-0.6 g   CH- 24.1%, 
TTB-29.9%   

F, 
Ps 

Olayinka et al., (2009) 

Cellulose Chemically 
modified 

pH-4.0-6.0,   L,  O’Connel et al., 2008; 
Tang et a., 2008; Balat, 
2008 

Orange peel 
cellulose  

acid and 
alkali 

CT- 60 min 95% L, F, 
Pf 

Tang etal., 2008; Li et 
al., 2007; Li et al., 
2007 
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Sawdust  (oak tree) HCl - 3.37 mg/g - Argun etal., 2007 
Calotropis procera 
leached biomass 
(LBM) 

Chemically 
modified 

pH-3, AD-1 to 25g/l, IMC-
5-500mg/l, CT-30 min 

85% F Pandey et al., 2007 

Coir fibers  HR2ROR2  4.33 mg/g L Shukla et al., 2006 
Hazelnut shell, 
orange peel, maize 
cob, peanut hulls, 
soyabean hulls & 
jack fruit 

NaOH  High metal 
adsorption 

 Kurniwan et al., 2006 

15.Babul bark 
(PBB) 

NaOH pH-7.0 to 8.0 PBB-80%  Patil et al., 2006 

Sawdust 
(Dalbergia sissoo) 

NaOH T-50ºC 10.7 mg/g L & 
F 

Rehman et al., 2006 

Jute fiber  Reactive 
Orange 13 

- 5.26 mg/g  Shukla and Pai, 2005 a 

Jute fiber HR2ROR2 - 5.57 mg/g  Shukla and Pai, 2005 a 
Sawdust Reactive 

Orange 13 
- 9.87 mg/g  Shukla and Pai, 2005 b 

Coir fibre HR2ROR2  >70%  Shukla and Pai et al., 
2005 

Fluted pumpkin 
waste  

0.5 N 2-
mercaptoet
hanoic acid  

 40 mg/g L Horsfall and Spiff, 
2005 

Fluted pumpkin 
waste 

1 N 2-
mercaptoet
hanoic acid  

 42.19 mg/g L Horsfall and Spiff, 
2005 

Coir pith  NaOH pH-4 to 7, AD-5% (w/v), 
CT-10 min, T-30ºC 

38.9%  Shukla and Pai, 2005; 
Pino et al., 2006; 
Namasivayam et al., 
2001; Redded et al., 
2002 

Activated carbon 
from almond husk  

HR2RSOR4 pH-5, carbonization temp-
700ºC, CT-50 min, AD-5 
g/l, IMC- 25 mg/l 

37.17 mg/g L  Hasar, (2003) 

Walnut sawdust  Formaldeh-
yde in 
HR2RSOR4 

CT-60 min,  6.43 mg/g Ps Bulut and Tez (2003) 

Activated carbon 
prepared (900ºC) 
from waste apricot  

KR2RCOR3 pH-5,  AD-0.7/10ml, IMC 
-10mg/l, CT-60 min,  

40-100% or 
101.01 mg/g 

L Fernandez-Lahore et 
al., 1999 

 

AD-adsorbent dose; CT-contact time; IMC-initial metal concentration; T-temperature;  E/K, Equilibrium/Kinetics; 
F-Freundlich; L-Langmuir; La-Lagergren; Pf-pseudo first order; Ps-Pseudo second order; UM-unmodified; M-
modified 

 
Removal of Ni (II) by microorganisms 
 
Fungal biomass 
 Mucor rouxii removes Ni with adsorption capacity of 5.24 mg/g (Yan and Viraraghavan (2003). 
Rhizopus nigricans removes Ni with 5mg/g efficiency (Fourest and Roux (1992; Holan and 
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Volesky 1995), Rhizopus arrhizus removes Ni the uptake capacity of 18 mg/g (Fourest and Roux 
(1992). Alkali treated biomass of Aspergillus niger was used to remove CdP

2+,
P CuP

2+
P, ZnP

2+
P, Ni P

2+
P 

and CoP

2+
P with uptake capacity of up to 10% of its weight (w/w) and show higher metal binding 

capacity as compared to Neurospora, Fusarium and Penicillium (Akthar et al., 1996). The 
kinetics of metal binding by showed that it is a rapid process and about 70–80% of the metal is 
removed from solution in 5 min followed by further slower rate.  
 
Algal biomass  
Ascophyllum nodosum removes Ni(II) with uptake capacity of 30 mg/g, (Holan and Volesky 
1995). Fucus vesiculosus removes Ni with adsorption capacity of 17 mg/g (Holan and Volesky 
1995). Lyngbya taylorii algae removes Cd, Pb, Ni, Zn (Klimmek et al., 2001), Phormidium 
laminosum removes Cu, Ni, Zn (Blanco et al., 1998),  Pilayella littoralis algae removes Al, Cd, 
Co, Cr, Ni, Zn (Carrilho and Gilbert, 2000), Scenedesmus obliquus removes Cr, Cu, Ni (Donmez 
et al., 1999). Chlorella vulgaris also removes nickel reported by Donmez et al. (1999). 
Sargassum natans removes Ni with adsorption capacity of 24-44 mg/g (Holan and Volesky 
(1995). Biosorption of Cu(II), Fe(II), Ni(II) and Zn(II) by dead biomass of the cyanobacterium 
Phormidium laminosum from single and binary metal solution was extremely rapid and consisted 
of a single phase (Blanco et al., 1998). The presence of a second metal in solution decreased the 
binding of Fe(II), Ni(II) and Zn(II) due to chemical blocking of the carboxyl groups of biomass 
but this had no effect on the binding of Cu(II). Washing with dilute acids was much faster and 
effective than NaOH, NaCl, CaClR2R and ultra pure water reaching equilibrium within 30 min and 
the efficiency was independent of the concentration of desorbent. Biosorption of Cu(II), Ni(II) 
and Cr(VI) from aqueous solution by dried algae Chlorella vulgaris, Scenedesmus obliquus and 
Synechocystis sp. was tested under laboratory conditions as a function of pH, initial metal ion 
and biomass concentration (Donmez et al., 1999) followed both Freundlich and Langmuir 
adsorption models. Microorganisms used as adsorbent for removal of Ni(II) from aqueous 
solution shown in table 7. 
 
Bacterial biomass  
Mattuschka and Straube (1993) reported that Streptomyces noursei removes nickel with 
adsorption capacity of 0.8 mg/g.  
 
Table 7: Microorganisms used as adsorbent for removal of Ni(II) from aqueous solution shown 
in tabulated form. 

Adsorbent Optimized conditions % removal or 
uptake (mg/g) 

E/K 
model 

References 

Cyanobacteria 
oscillatoria -virens 

pH-5.0, CT-60 to 75 84 mg/g L, Ps Das, 2012 

Aspergillus flavus AD-10 mg/l, IMC-10  mg/l -  Pandey et al., 2013 
Aspergillus niger pH-5 to 8, 0.5 N NaOH 50-60%  Rao and Bhargavi, 2013 
Column filled with 
sulfate reducing 
bacteria (SRB) and 
silica 

Column study- pH-4.5 to 7.0 >97.5%  Jong and parry, 2003 

Aspergillus niger and 
Rhizopus stolonifer 
(living cells) 

pH-6.8 to 8.9, T-30 ± 2ºC, 
incubation time-60 days 

47.1%, 1.0%, 
38.2%, 52.7% and 
35.4% 

 Onianwah et al., 2013 
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AD-adsorbent dose; CT-contact time; IMC-initial metal concentration; T-temperature;  E/K, Equilibrium/Kinetics; 
F-Freundlich; L-Langmuir; La-Lagergren; Pf-pseudo first order; Ps-Pseudo second order; UM-unmodified; M-
modified 

 Synthetic material and other adsorbents used for Ni (II) ion removal shown in table 8. 

Table 8. The synthetic, natural and other wastes used as adsorbents for the removal of 
Ni(II) ions from aqueous solution. 

By product Optimized condition % removal or uptake Reference 
Red mud  pH-9, metal ion conc-400mg/l,  160 mg/g Zoubulis et al.,1993 
Red mud pH-5, adsorbent dose 10 g/l 13.69 mg/g  Hannachi et al., 2010 
Iron/steel slag pH-1.5-9.0, metal ion conc-20 to 100 

mg/l,  
Effective metal 
removal 

- 

Calcined phosphate pH-5.0, adsorbent dose-10g/l 15.53 mg/g Hannachi et al., 2010 
Clarified sludge pH-5.0, adsorbent dose-10g/l 14.30 mg/g Hannachi et al., 2010 
Activated slag pH-4.0, adsorbent dose-10g/l 30 mg/g Feng et al., 2004 
Carbon anode pH-4.5, adsorbent dose-15g/l 8.64 mg/g Strkalj et al., 2011 
Fly ash pH-8, adsorbent dose-20g/l 0.99 mg/g Bayat, 2002 
Fly ash (power 
plant) 

pH-6, adsorbent dose-12 gm/100 ppm, 
cotact time-90 min 

76.84% Narayanan et al., 
2014 

Magnite pH-5.5 to 6, adsorbent dose-1g/l 18.43 mg/g Ortiz et al., 2001 
Anode dust pH-4.5 - Strkalj et al., 2011;  
Sewage sludge using 
chemical pyrolysis 

pH-5.5 to 6.0, AD-10 g/l, IMC-30 mg/l, 
CT-60 min, L & F 

16.9 mg/g Ocampo-Perez et al., 
2012 

Clay Mixture 
containing Boron 
Impurity (BC) 

Batch study- higher pH, CT-90 min, 
exothermic reaction, L, Ps 

81.86% Olgun, 2012; Tan et 
al., 2008 

Starch, activated 
charcoal, wood 
charcoal and clay 
(type bleaching 
earth) 

Batch study-pH-7.5 and 6.5, 
endothermic reaction, Pf 

- Choksi and Joshi, 
2007 

Fixed activated 
sludge reacter (FAS) 

- 87% Hassani et al., 2010 

Basic chelating 
anion exchange resin 

pH-4 to 6, IMC-5-30 mg/l, resin dose-25 
to 700 mg/l, 

 Dave et al., 2010 

Ceralite IR 120 
cationic exchange 
resin (CXR)-ion 
exchange 

Batch study- pH-5, F, Pf & L 28.57 mg/g Kumar et al., 2010 

Perlite pH- 6, AD-8 g/l, F, Ps 93% Mostaedi et al., 2010 
Khulays activated 
clay (bentonite) 

pH-2 to 9, CT-40 min, L, F,& Ps 70-100% Al-Shahrani, (2012) 

Cow Bone Charcoal pH-5.1, AD-0.01-0.03 gm/100 ml, IMC-
20 mg/l, , CT-60 min, T-298 K, L 

32.54 mg/g Moreno et al., 2010 

Powdered cow 
hooves (an inedible 
spare part of cows) 

pH-7, AD-1g, CT-20 min, T-298 K 78.5% Osasona et al., 2014 

 

Conclusion  
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In recent years, increasing cost and environmental considerations associated with the use of 
commercial adsorbents, has led to development of low cost adsorbents derived from renewable 
resources. A review of various low cost adsorbents presented in this paper shows the 
effectiveness and potential of adsorption process by using low cost adsorbents derived from 
agro-industrial, dead microorganisms, fermentation, food processing and municipal wastes etc. 
The adsorption capacity is dependent on the type of adsorbent used and the nature of waste water 
treated. Adsorption studies include the structural studies of adsorbents, batch and column studies 
on the parameters that affects the adsorption, adsorption isotherm modeling, kinetics and 
thermodynamics and enhancement of adsorption capacity through the modification of adsorbent. 
The use of waste materials as low cost adsorbents for removing various pollutants from water 
and waste water presents many features especially their contribution in the reduction of cost for 
waste disposal, therefore contributing to environmental protection. Although the amount of 
available literature data on the use of low cost adsorbents in water and waste water treatment is 
increasing at a tremendous pace, there are still several gaps which need to be filled. 
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