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Abstract. A review of adsorption mechanisms for heavy metal removal using low cost adsorpthas 

been carried out in this article. Some metal ion sequestration techniques used over the years have 

some demerits, ranging from generation of sludge to high operational cost. Adsorption process using 

low cost adsorbents has been found cost effective and environmentally nuisance-free.  In this 

review, various low cost adsorbents for heavy metal sequestration have been studied. The 

application of some adsorption models such as single and multi-component isotherms, adsorption 

thermodynamics, and kinetics as well as the effect of process parameters on heavy metal 

sequestration using low cost adsorbents has also been reviewed so as to better understand the 

adsorption process. From the literature reviewed, the percentage removal of chromium, copper and 

zinc was favoured by an increase in contact time, temperature, initial concentration, adsorbent 

dosage as well as a decrease in pH. 

 

 
1. Introduction 
High quality portable water is very necessary for domestic, industrial,agricultural and commercial purposes. 

Things provided by the environment in order to meet our desires and needs, which can be depended on with 

time are known as resources [1]. Water is the most essential of all the resources on earth and needs urgent 

attention. The major quantity of portable water is polluted as a result of industrialization. Water pollution 



ICECAE 2020
IOP Conf. Series: Earth and Environmental Science 614 (2020) 012166

IOP Publishing
doi:10.1088/1755-1315/614/1/012166

2

refers to any human activity which contaminates water and thereby, making it unfit for use as a resource. 

The rapid growth in urbanization as well as industrialization has brought about aquatic environmental 

degradation owing to sporadic discharge of effluents. As a result, heavy metals are deposited into the 

terrestrial and aquatic habitat, and this has equally brought about the biological cycling of hazardous heavy 

metals [2]. Heavy metals refer to any metallic element which has a density that is greater than 5.0g/cm
3
, 

hence, density which is five times greater than the density of water. They are toxic even with minute 

concentrations ranging from 1.0-10mg/l. However, some metal ions such as copper, mercury, zinc, 

chromium, lead,  nickel, Arsenic, cobalt, Tin and cadmium aretoxic even when present in a very minute 

quantity in the range of  0.001-0.1 mg/l concentration [3, 4]. The presence of metal ion in industrial 

wastewater or water is an environmental issue of global concern [5, 6]. They are of great concern owing to 

their non-biodegradability as well as their prevalence. Nnaji et al (2017) [7] pointed out that heavy metals 

are pollutants of priority owing to their persistence in the environment and their high mobility.  A significant 

increase in industrial use of metals together with the discharge of same over the years has un-avoidably 

brought about an increase of metallic substances in water bodies [8].  Heavy metals can equally occur 

through contamination in water from soil as well as through precipitation and  ground water systems [4, 9, 

10, 11].  

Several conventional methods which include ion exchange, chemical precipitation, reverse osmosis, 

electrochemical methods and carbon sorption [12, 13, 14, 15, 16] are available for sequestration of heavy 

metals from water.  However, they are not cost-effective. Adsorption has been found very effective in 

sequestration of heavy metals, owing to the fact that it is efficient in reducing metal ions to minute 

concentrations,  cheap, affordable, profitable and very easy in operation [17].  

The primary objective of this review work is to give an overview of the adsorption mechanisms using low 

cost adsorbents. Severeal sections relating to heavy metal adsorption such as the health effects, the 

permissible limits, the adsorption isotherms, kinetics, thermodynamics and the process parameters were 

highlighted for description of the adsorption process.    

 
2. Adsorption Techniques 
Adsorption is defined as the mass transport of substances from either gas or liquid state to a solid 

interface,which gets attached by physical and/or chemical interactions [18]. It is a mechanism where 

molecules move out of the solution and, thereby get attached to the surface of the chemical through 

physical and chemical bonding [19]. Adsorption differs from absorption in that adsorption is based on 

surface whereas, absorption is based on volume. A concept known as “sorption’ is used for both absorption 

and adsorption whereas desorption refers to the opposite of adsorption.  

 
2.1. Adsorption Models and Isotherms  
Adsorption process does not have a specific mechanism. However, the mechanism of action which exists 

between the adsorbent surface and the heavy metal ions can be described with the use of adsorption 

isotherms [20]. The adsorption models for both single and many component systems were studied by 

several researchers [21, 22, 23, 24, 25, 26, 27]. 

Adsorption process does not have a specific mechanism. However, the mechanism of action which exists 

between the adsorbent surface and the heavy metal ions can be described with the use of adsorption 

isotherms [20]. Adsorption isotherms can be described as the relationship obtained when the adsorbed 

material is determined as a function of the concentration of the adsorbent at a fixed temperature [19]. It is 

very important to analyze the isotherm data because it helps in developing equations that describe the 

results accurately. The equations, so developed also, help in the design and optimization of the process 

parameters. The most widely used isotherms for liquid/solid phase systems are the Langmuir and 
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Freundlich Isotherms, which are known as the two-parameter-theoritical isotherms [28, 29]. The major 

reasons behind their usage are likened to their easy interpretability as well as simplicity.  

2.1.1. Langmuir Isotherm 
The assumption of the Langmuir isotherm is based on the fact that the attainment of equilibrium is 

achieved when there is saturation of the adsorbent by the monolayer adsorbate substances [23]. 

The Langmuir isotherm is shown thus: 

  = Q                                                                                                                                (1) 

The linearized form of the Isotherm is: 
 =  + ( )                                                                                                                       (2) 

Where Qe = the quantity of the adsorbed adsorbate per unit mass of the adsorbent (mg/l) 

Ce = the adsorbate equilibrium concentration (mg/l) 

b = a constant which is related to the affinity existing between the adsorbate and the adsorbent. 

Qm = the saturation ability of the monolayer which is expressed theoretically. 

2.1.2. Freundlich Isotherm 
The Freundlich isotherm is an empirical model which takes the adsorbent mono molecular layer 

interference of the solute into consideration. Nevertheless, it is based on the assumption that there is a 

heterogenous surface possessed by the adsorbent, such that the binding sites are not similar [22]. For a 

single component system, the isotherm is described thus; [26]. 

=                                                                                                                                     (3) 

The linear form of the Isotherm is; 

Ln = ln  +  ln                                                                                                                (4) 

KF and n in the equation are the known as the Freundlich constants, where n gives the favourability of the 

adsorption technique and KF is the adsorption capacity.  KF and n can be determined by plotting ln qe versus ln 

Ce.  

2.1.3. Dubinin-Radushkevich Isotherm (DR) 
The Dubinin-Radushkevich Isotherm is another Isotherm that is used for single component adsorption. It 

has the form: 

=                                                                                                                               (5) 

The linear of Dubinin–Radushkevich isotherm is shown thus: 

lnnnnn  = lnnnnn  - β                                                                                                                      (6) 

Where qm=Dubinin–Radushkevich monolayer capacity (mmol / g),  

Β= a constant which is sorption energy-related, and ɛ=the Polanyi potential which is equilibrium 

concentration-related. Hence, 

=R T ln (1+ )                                                                                                                      (7) 



ICECAE 2020
IOP Conf. Series: Earth and Environmental Science 614 (2020) 012166

IOP Publishing
doi:10.1088/1755-1315/614/1/012166

4

R=gas constant (8.31J /mol K), T =the absolute temperature, b= a constant and E= the mean free energy, E 

which can be computed thus; 

E=                                                                                                                                     (8) 

2.1.4. Temkin Model 
Temkin isotherm model takes the interaction of the adsorbent and the adsorbing species into consideration.  

It is described as; 

                                                                                                                (9) 

The linear form of the isotherm is:   

qe =                                                                                                (10)                         

Thus, B1= , R= the universal constant (8.314 KJ/mol.K) and T is the absolute temperature (K). qe 

(mg/g)=amount of metal ion adsorbed/unit weight and Ce (mg/l=) amount of metal ion that is not adsorbed 

at equilibrium when in solution. KT and B1 are the Temkin constants. 

2.1.5. Radke-Praunsitz Model  
The Radke–Praunsitz isotherm is shown thus;  

qe                                                                                                                     (11) 

Where KRP (L/mg), FRP and NRP are the model parameters, which are obtained by a non-linear statistical fit 

of the equation to the experimental data.  

The Radke–Praunsitz equation has several important properties making it suitable for use in many 

adsorption processes. At low concentration it reduces to a linear isotherm. At high concentration it becomes 

Freundlich isotherm and for the special case of NRP = 0, it becomes Langmuir isotherm. 

2.1.6. Redlich-Peterson Model 
The Redlich–Peterson model is expressed by the following equation; 

                                                                                                                       (12) 

Where, AR (L/mg), BR (L/mg) and mR are the model parameters. This model expresses the adsorption 

process when dealing with a certain pollutants at high concentration.                      

2.1.7. Multi-component Isotherm Models 
The experimental measurement of multi-component adsorption isotherm is time consuming because of 

large number of variables involved. Thus, the problem of predicting multi-component adsorption isotherm 

from single component adsorption data has attracted a lot of attention. Several isotherms have been 

proposed to describe the competitive adsorption. Most of these isotherms are based on single component 

isotherm parameters and correction factors extracted from the experimental competitive data [30].  

2.1.8. Extended Langmuir Model 
The Langmuir isotherm can be extended for multi-component system to give the following form; 

                                                                                                            (13)                         
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Where Ce, i is the equilibrium concentration of the component i in the multi-component solution, qe, i is the 

equilibrium uptake of the component i, qm, i and bi are the single component Langmuir parameters for 

component i.  
This model is applicable when each single component obeys the Langmuir model in a single component 

system [30].  

2.1.9. Combination of Langmuir-Freundlich Model 
The competitive Langmuir-Freundlich model related to the individual isotherm parameters is expressed in 

the following equation.  

                                                                                                       (14) 

Where Ce, i is the equilibrium concentration of the component i in the multi-component solution, qe, i is 

the equilibrium uptake of the component i, qm, i and bi are the single component Langmuir parameters for 

component i.  

2.1.10. Competitive Redlich-Peterson Model 
The competitive Redlich-Peterson model related to the individual isotherm parameters is given by the 

following equation; 

                                                                                                    (15)                         

Where KRi (L/mg), bRi (l/mg) mR and mR, i are the Redlich-Peterson single component parameter for 

component i.  

2.1.11. Kinetic Models 
The kinetics of adsorption can be studied by using three kinetic models, first order and second order kinetic 

models. These models take into account the adsorbed quantities that will enable us in determining the 

reactor volume. 

2.1.11.1. First Order Rate Equation  
The first order kinetic models usually take the form; 

� �te
t qqk

dt
dq

�� 1                                            (16) 

Where qe and qt are the sorption capacities at equilibrium and at time t, respectively (mg/g) and k1 is the 

rate constant of first order rate adsorption, (1/min). After integration and applying boundary conditions, qt 

= 0 to qt = qt at t = 0 to t = t. 

The integrated form of equation (16) becomes 

 � � tkqqq ete
303.2

loglog 1���                                         (17) 

 
2.1.11.2. Second Order Rate Equation 
If the rate of sorption is a second order mechanism the second order kinetic rate equation is expressed as 

� �2te
t qqk

dt
dq

��                              (18) 

Where qe and qt are the sorption capacities (mg/g) at equilibrium and at time t, respectively and k is the rate 

constant of pseudo-second order sorption, g/mg.min). For the boundary conditions, qt=0 to qt at t=0 to t. 

The integrated form of Equation 18 gives: 
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� � kt
qqq ete

��
�

11
                           (19) 

Equation 19 can be rearranged to get: 

t
qkqq

t
eet

11
2
��                                       (20) 

Where t is the contact time (min), qe (mg/g) and qt (mg/g) is the amount of the solute adsorbed at 

equilibrium and at any time, t respectively. Equation (20) does not have the problem of assigning an 

effective qe. If pseudo-second order kinetics is applicable, the plot of 
tq

t
against t of Equation (20) should 

give a linear relationship, from which qe and k can be determined from the slope and intercept. 

2.1.11.3. Weber and Morris Intra-particle Diffusion Model 
Weber and Morris proposed intra-particle diffusion model, which can be written as; 

                                                                                                              (21) 

Where qt (mg/g) is the amount adsorbed at time t (s), Kid (mg/g s1/2) is the rate constant of intra-particle 

diffusion, C is the value of intercept which gives an idea about the boundary layer thickness, i.e. the larger 

intercept; the greater is the boundary layer effect.  

2.1.11.4. Elovich Kinetic Model 
A widely used equation to describe the kinetics of chemisorption is the Elovich equation: 

 = a exp (- )                            (22) 

Where a (mg/g.s) and b (g/mg) are parameters of the equation. The parameter (a) is regarded as the initial 

rate because dq/dt → a as q → 0 and parameter b is related to the extent of surface coverage and activation 

energy for chemisorption. Given that q = 0 at t = 0, the integrated form of Equation (22) becomes: 

 In                          (23) 

Where t0 = 1/ab. If t >> to, Equation (23) is simplified as: 

                            (24) 

3. Adsorption Thermodynamics 
The changes in the reaction expected during the sorption process require a brief idea of thermodynamic 

parameters. Thermodynamics parameters characterizing the equilibrium of the system are Gibbs free 

energy change ∆G, enthalpy change ∆H and entropy change ∆S. They are determined using the following 

equation, 
∆G

0
 = - RT ln Ka                                                                                                                 (25) 

Where ∆G
0 

(J/mmol) is Gibb’s energy change which is normally used to determine the feasibility and 

spontaneity of the adsorption process and is given as Equation 26, R is the universal gas constant(8.314 

J/mol/k), T is the absolute temperature (K) and Ka  is the thermodynamic equilibrium constant. 

∆G
0
 = ∆H

0
- T ∆S

0
                                                                                                                 (26)                         

 Substituting Equation 25 into Equation 26 yields Equation 27 

ln ka   =    -                                                                                                                      (27) 
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Where ΔH°(J/mol) represents enthalpy change, which indicates whether the process is exothermic(ΔH°< 0) 

or endothermic (ΔH° ˃ 0) and ΔS°(J/mmol/k) is the change in entropy. 

The thermodynamic equilibrium constant is taken as the Langmuir equilibrium constant, KL.  

 
4. Process Parameters for Adsorption of Heavy Metals 
Process parameters to be considered in heavy metal sequestration include the following; temperature, pH, 

particle size, contact time, adsorbent dosage and initial metal concentration. Usually, adsorption isotherms 

are used to describe the mechanism involved in adsorption process.The final residual metal concentration 

after adsorption is measured with the aid of Atomic absorption Spectrophotometer. In order to estimate the 

percentage removal of metal ions from aqueous solution, the following equation is used [31] 

 

%  Rem.  =   ×    100                                                                         (28) 

The metal uptake (qe) at equilibrium time can be calculated using equation (29) 

 
                                                                                    (29) 

Where Co and Ce are the initial and equilibrium adsorbate concentrations in solution(mg/l), respectively, V 
is a known volume of adsorbate solution (l), and mis a known mass of dry adsorbent (g). 

4.1. Effect of pH 
The pH value of the metal solution plays a major role in heavy metal adsorption. It contributes so much in 

adsorption capacity. The pH affects the behavior of the aqueous solution as well as the points of 

attachment for the surface [32].  The pH effect is dependent on the adsorbent surface charge.  The pH 

contributes to the adsorbent surface charge, ionization potential and distribution of metal ions [33]. For a 

negatively charged adsorbent surface, at a decreased pH, the negatively charged surface is neutralized by 

the H
+
 ions which are observed in large number, and in turn reduce the obstacle to diffusion with an 

increased adsorption rate. Previous studies showed that at lower pHvalues, the adsorption efficiency 

decreases while it increases at higher pH [32, 34]. Several authors have studied the effect of pH on heavy 

metal adsorption and they reported different optimum pH values for adsorption of copper, zinc and 

chromium. Tang et al. (2009) [35] studied the adsorption of chromium (VI) using activated carbon 

derived from coconut shell at a pH range of 2.0 to 8.0. Their result showed that the adsorption of Cr (VI) 

reduced with the increase in pH while the maximum adsorption was observed at  a pH of 2. Bhatti et al. 

(2007) [36] also investigated the adsorption capacity of activated carbon derived from almond shells. 

They observed a higher adsorption capacity at an acidic pH (pH< 5). Hossain et al. (2012) [37] 

investigated the effect of pH on banana peel. Their results showed that theadsorption capacities of Cu (II) 

increased from 0.7 mg/g to 1.76 mg/g when the pH was increased from pH 2 to pH 6. This was as a result 

of the freehydrogenion present for a pH less than 6. But the adsorption capacity reduced from pH 6 to pH 

12. This is due to the fact that at low pH, copper ions tend to be in competition with the hydrogen ion for 

the adsorbent surface attachment site and at a high pH, copper ions form precipitate in the solution 

[20].The adsorption of copper, chromium and zinc was investigated by Kaakani (2012) [34] using palm 

tree leaves. In his result, he found out that the optimum adsorption occurred at pH 5, 3 and 9 for copper, 

chromium and zinc respectively. Wan Ngah and Hanafiah (2008) [38] on the other hand, obtained an 

optimum pH value of 4 for adsorption of copper using Rubber. Banu (2006) [39], in his research on the 

adsorption of zinc using maize cob, got an optimum pH of 5.0. Other works include Tamarind Seed [40] 

with optimum pH of 3, Coconut shell [41] with optimum pH of 2, Hazelnut shell [42] with optimum pH 

of 1, Saw dust [43] with optimum pH of 2, Terminalia arjuna nuts [44] with optimum pH   of 1 and 

Ground nut husk [45] with optimum pH of 7. 
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4.2. Effect of Contact Time 
For adsorption to be complete, equilibrium between the adsorbent and the solute of the solution should be 

attained. Thus, a particular time is required for the interactions of the equilibrium in order to ensure that 

the adsorption is achieved. The time required for the equilibrium to be attained is known as the contact 

time. Several authors have studied the effect of contact time on adsorption. Their results showed that the 

rate of adsorption of metal ions increases with time, after a certain time, an optimum value is reached after 

which no more removal of metal ion takes place [26, 46, 47]. The amount of metal ion adsorbed at the 

contact time is a reflection of the maximum adsorption capacity achieved by the adsorbent under the 

operating conditions. The result obtained by Ushakumary (2013) [32] using milled adsorbents of mango 

peel and Alisma plantago aquatica showed that the rate of metal binding with biomass is more 

pronounced during the starting stages and it decreases and remains constant after 120min. Ngugi (2015) 

[48] studied the adsorption capacity of Mangroves from Kenyan coastand his result showed that 

equilibrium was achieved after 10minutes. After that, the rate of copper removal became stagnant as a 

result of the reduction in copper concentration together with the number of adsorption sites [49]. The same 

trend was observed in the adsorption of Cr (III) onto biogas residual slurry [50]. Similar result was 

obtained by Attahiru et al. ( 2003) [51] in  the sequestration of  copper (II) ions from aqueous solution 

using micaceous mineral of Kenyan origin. Brahmaiah et al. (2015) [52] in their research using rice 

strawobserved that at 40 min, the chromium removal was found to be optimum at 65%.  There was a high 

increase in the rate of adsorption of Cr(VI) using  tamarind wood activated carbon within 20 minutes, 

which decreased as the time was increased, thus attaining equilibrium within 40 minutes [53]. Similar 

results were equally obtained by Attia et al. (2010) [54], Selomulya et al. (1999) [55] and Khezami and 

Capart (2005) [56]. 

4.3. Effect of Initial Metal Concentration 
The rate of Adsorption depends on the initial concentration of solution. Previous studies on adsorption 

showed that the rate of adsorption increases at a lower concentration. Ushakumary (2013) [32] reported 

higher rate of  adsorption for Cd(II), Pb(II), Zn(II), Cr(III) and Cu(II) using milled adsorbents of mango 

peel and Alisma plantago aquatica when the concentration was low. This is because when the 

concentration was high, saturation of adsorption sites occurred which left most metal ions un-adsorbed [26, 

47]. Hence, at lower concentration, the rate of adsorption increased due to the availability of a larger 

surface area of the adsorbent [57]. Batch and column adsorption were conducted using coconut shell as an 

adsorbent to remove the chromium (Cr
6+

) from the effluent [58, 59, 60]. Their results showed that when the 

initial concentration was adjusted to 5-100 gm/L, the optimumremoval efficiency was 87.3% with the 

concentration of 50 mg/L. With the decrease in concentration, the removal efficiency was reduced.  Babu 

and Suresh (2009) [61] on the other hand, carried out adsorption of hexavalent chromium using sawdust. 

They reported that, as the concentration was adjusted to 50-500 mg/g;, the removal efficiency reduced from  

99.9% to 89% and equally attained the maximum adsorption capacity from 4.98 to 41.45 mg/g. Abdulrasaq 

and Basiru (2010) [62] investigated the use of coconut husk for Cu(II) removal from simulated industrial 

waste effluent. They reported that the adsorption of Cu (II) the metal ion adsorbed increased with increase 

in concentrations.  

4.4. Effect of Temperature 
Temperature can affect the adsorption capacity of the adsorbent depending on the types of adsorbent used. 

Temperature can change the adsorption equilibrium depending on whether the process is exothermic or 

endothermic.In order to find out the spontaneity of the process, the enthalpy, entropy and Gibbs free energy 

must be determined. Ho and Ofomaja (2006) [28] pointed out that Gibbs free energy (G°) is considered as 

the spontaneity indicator of a chemical reaction. The effect of temperature on adsorption rate is such that it 
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alters the molecular interaction and the solubility of the adsorbate [63]. With an increase of temperature the 

uptake of Cr(VI) increases continuously [64]. Kartikeyan et al. (2005) [43] reported thatthe adsorption of 

Cr(VI) on activated carbon increases as the temperature increases and thus the adsorption reaction is 

endothermic in nature The enhancement of adsorption capacity may be due to the chemical interaction 

between adsorbate ions and adsorbent, creation of some new adsorption sites or increase in the intraparticle 

diffusion of Cr(VI) into the pores of adsorbent at high temperatures [50]. Ngugi (2015) [48] carried out  

adsorption studies at varying temperatures (25 to 70 ºC) and he reported that the  percentage removal of 

copper  increased from 92.5% to 99.4% with an initial concentration of 200 ppm with a temperature rise 

from 20ºC to 70 ºC. The increase in percentage removal of the metal ions with temperature increase depicts 

that the adsorption process is an endothermic reaction. Park et al. (2010) [65] reported similar observation 

and argued that adsorption of heavy metals was endothermic in nature. Kashif et al. (2016) [66] studied the 

effect of temperature on Cu
2+

 adsorption on rice husk ash at various temperature ranges. Effect of 

temperature on 20 ppm, 30 ppm and 40 ppm copper standards was studied. In caseeach of copper standards 

(20 ppm, 30 ppm, 40 ppm), the maximum adsorption was noted at 50 ˚C. However as the temperature 

increased beyond 50 ˚C, desorption of Cu
2+

was observed. Therefore, an increase in temperature after 

certain limit, decreased the adsorption of Cu
2+

 and favored desorption from rice husk ash. 

4.5. Effect of Particle Size 
The particle size is an important parameter in adsorption process. The smaller the particle sizes of the 

adsorbent, the higher its adsorption rate. As the particle size decreases, the adsorption increases. This is 

because the surface area increases as the particle size decreases [32]. Several authors have studied the effect 

of particle size on adsorption. Amarasinghe and Williams (2007) [6] studied the effect of particle size on 

the adsorption of cu(II) ions using tea waste. They obtained percent removal of 57%, 53%, and 41% for 575 

µm, 925 µm and 1250 µm particle sizes respectively. Vijayaraghavan et al. (2006) [67] utilized crab shell 

for adsorption of copper (II). They reported maximum copper uptake of 243.9 at optimum particle sizeof 

0.767 mm, pHof 6 and adsorbent dosage of 5g/l. Eze et al. (2013) [68] investigated the effect of particle 

size on the bioremediation of  Zn(II) using unmodified and carboxymethylated fluted pumpkin andbroad-

leafed pumpkin pods.The results showed that the amount of metal ions adsorbed by individual particle size 

revealed optimum particle size ranges from 400-600 μm on unmodified adsorbent, and optimum particle 

size ranges of 850-1200 μm   for the modified adsorbent. 

4.6. Effect of Adsorbent Dosage 
The adsorbent dosage is an important parameter because this determines the capacity of an adsorbent. The 

removal of metal ions increases with an increase in the adsorbent dosage Ushakumary (2013) [32] 

investigated Cd(II), Pb(II), Zn(II), Cr(III) and Cu(II) adsorption using milledadsorbents of mango peel and 

Alisma plantago aquatic. His result showed that the adsorption of metal ions increased with the 

adsorbentdosage. Hence, with an adsorbent dosage above 0.4gm/100ml, equilibrium was reached. The 

metal removal percentage thus, increases with the increasing amount of adsorbent dosage [26, 69, 70].The 

adsorption of Cr(VI) ions using Bael fruit shell was investigated by Ramakrishna (2012) [71]. He reported 

that the Cr(VI) removal efficiency increased with the increase of adsorbent dose. Further increase in 

adsorbent dose did not produce any remarkable change [45, 72]. The trend of increase in removal capacity 

can be associated with the availability of more adsorption sites for the metal ions [44]. Brahmaiah et al. 

(2015) [52] on their research, investigated the effectiveness of untreated and treated rice straw for removal 

of Chromium.  They reported an increase in percent removal of chromium for both treated and untreated 

adsorbent with increase in adsorbent dosage. The optimum dosage for treated as well as untreated rice 

straw was 8g/100ml. 
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