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Abstract 

 

Cr(VI ) is a toxic metal and it is found in high concentration in industrial 

wastewater. There are many conventional methods in progress so far to 

remove metals. In this study, Ulva fasciata sp. was used as adsorbent to 

remove Cr(VI)  from wastewater. Freundlich, Langmuir and Tempkin 

isotherms  were  tested and they were fitted to the experimental data with high 

regression coefficients. Kinetic studies revealed that adsorption kinetics was 

followed by pseudo first order model. To optimize the removal of Cr(VI), 

response surface methodology with central composite design(CCD) was 

utilized. According to the CCD, the optimized values of variables are pH 6, 

initial metal concentration 26.36 mg/l and adsorbent dosage 3.0 g. The 

maximum percentage of adsorption of Cr (VI) at optimum conditions was 

77.12. 

 

INTRODUCTION:   

Now a days, water pollution due to industrial waste effluents which contaminate 

water by releasing heavy metals is a major threat to the world. Over dosage of heavy 

metals can hazardous to all the living organisms by damaging their metabolism. 
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Chromium is abundant in nature and is present in most of the effluents and pollutes 

water. Chromium is generally released by some of the industries such as leather 

tanning, mining, alloying, manufacturing of rubber, fungicides etc. Chromium can 

exist in different forms i.e. hexavalent, Cr (VI) and trivalent, Cr (III). Due to mobile 

in nature Cr (VI) is dangerous and carcinogenic. Solubility of Cr(OH)3 is less in water 

thus Cr(III) is non-toxic. So it is necessary to eliminate Cr (VI) from industrial water 

to reduce bad impacts on living organisms.  

It is possible to avoid the pollution by Cr(VI) either by eliminate Cr(VI) or by reduce 

Cr(VI) to Cr(III). Concentration of Cr (VI) in waste effluents is in the range of 50-200 

mg/l. But EPA defined that permissible level of Cr(VI)   is 0.1 mg/l and for drinking 

water 0.05 mg/l. Lot of conventional methods have developed to remove heavy metals 

in the last few decades such as ultra filtration, ion exchange, reverse osmosis, etc. but 

all these are expensive, generate toxic sludge and remove metal not up to the 

maximum. An alternate technique to remove Cr (VI) is adsorption, which is very 

effective and lot of adsorbents were used so far. Bisorption is one of the latest trends 

that is more effective and take attention in the recent years. So many biosorbents 

(agricultural waste, saw dust, plant leaves, etc.) were found. An algae has high 

binding capacity and cell walls of algae play a vital role to bind the metal due to the 

presence of >C=O, -OH, -SO4
-2  and amino groups on cell walls .  

The present study deals to evaluate the ability and probability of marine algae (Ulva 

fasciata sp.) which is low cost biosorbent to remove Cr(VI) from wastewater. 

Equilibrium and kinetic studies with various isotherms i.e Freundlich, Langmuir, 

Tempkin, pseudo first order and Pseudo second order were tested. 

 

PREPARATION OF ADSORBENT:  

A marine algae (Ulva fasciata sp.) used in the present study were collected from 

rocky seashore of Tenneti park which is 5km distance from Visakhapatnam town, 

A.P, India. The collected algae were first washed with well distilled water for many 

times to separate impurities from this biomass. Repeated the same till no impurities 

were found in the biomass ( algae). After washing the algae, they were dried in the 

presence of sunlight for few days and then put in hot air oven at 60-700C for 2 hrs. 

The dried algae were pulverized to fine powder then sieved to 75-212 µm particle size 

and was selected as biosorbent.  

 

PREPARATION OF CHROMIUM SOLUTION: 

Chromium solution was prepared by dissolving 2.8289 g of K2Cr2O7 in 1000 ml pure 

distilled water to get a stock solution of 1000 mg/l and it was diluted to get a standard 

solutions of different metal concentrations varied between 20 to 100 mg/l. The pH of 



Removal and equilibrium studies of Cr (VI) using Ulva fasciata sp. 1481 

the aqueous solution was adjusted by using 0.1N HCl and 0.1N NaOH solutions 

detected by pH meter.      

 

EXPERIMENTAL: 

Batch mode adsorption of chromium was carried out at various parameters by 

changing them alternatively like initial metal concentrations (20-100 mg/l), adsorbent 

dosage (0.1-0.5 g), pH (2-7), adsorbent particle size(75-212 µm) and percentage of 

metal adsorbed on adsorbent was analyzed at room temperature with shaking speed 

180rpm for 30min using AAS ( Atomic adsorption spectroscopy). The percentage of 

adsorption is calculated by using the formula given below: 

% adsorption = 
0

C0

C

Ceq
 ×100     ----------- (1) 

 C0 = initial concentration, Ceq = equilibrium concentration  

The quantity of adsorption using Ulva fasciata sp.  is calculated by the formula  

Qeq = 
m

VCeC )0( 
   -----------   (2)     

 m= mass of adsorbent 

 

Establishment of equilibrium (analysis of adsorption isotherms) : 

Adsorption isotherms were used to analyze how much adsorbate was adsorbed onto 

the adsorbent and ability of the adsorbent to interact with the metal in the solution. 

In this equilibrium studies, by taking 30 ml of metal solution from each standard 

solution varying 20-100 mg/l metal solution agitated with Ulva fasciata sp. with a 

specific dosage 0.1-0.5 g at room temperature ( 25 20 C) at constant stirring using 

orbital shaker at specific pH value. 

On continuous stirring equilibrium is established at a particular time. This equilibrium 

data can be analyzed by adsorption isotherms. In this study Langmuir, Freundlich, and 

Tempkin isotherms were used to describe the equilibrium characters of Cr (VI) onto 

Ulva fasciata sp. 

Langmuir isotherm is represented as  

qe = qm × 

bCe

Ce

1
   -----------   (3) 

where qm is maximum adsorption , which is measured by slope, qe = adsorption takes 

place at equilibrium  
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qe

Ce
 = 

bqm

1
 +  (

qm

1
) Ce   -----------   (4) 

Plot of a graph between Ce  and Ce/qe gives a straight line and values of qm and b are 

calculated using slope and intercept. qm value is measured the monolayer adsorption 

capacity of Ulva fasciata sp. 

Freundlich adsorption isotherm is represented as qe = Kf . Ce
1/n     -----------   (5) 

 Kf and n are Freundlich constants, which are measured by graphs. Kf and n describes 

ability of adsorption and intensity of adsorption respectively  

Linear form of Freundlich adsorption isotherm is given by  

     ln qe = ln Kf + 
n

1
 ln Ce ,  0 ˂ n ˂ 1    -----------   (6) 

Tempkin adsorption isotherm is represented as,  

  qe =  (
bT

RT
) ln (AT. Ce)   -----------   (7) 

 linear form of the above equation is  

qe =  (
bT

RT
)ln AT + (

bT

RT
) ln Ce   -----------  (8) 

 a plot of ln Ce vs qe, which gives a straight line, where  AT and bT are Tempkin 

adsorption isotherms 

 

RESULTS AND DISCUSSIONS: 

1. Effect of pH:  pH is the most valuable parameter to analyze the percentage 

adsorption of Chromium onto Ulva fasciata sp. Batch experiments were 

carried at different pH values ranging from 2 to 7 and results were recorded 

and are shown in figure.  With increasing pH from 2 to 7, percentage of 

adsorption was increased from 10.52 to 74.61(at pH=6). That is, maximum 

percentage of adsorption takes place at pH=6 at initial concentration 20mg/l. 

But after pH 6, with increasing pH, percentage of adsorption was reduced. As 

a result optimum pH for Chromium adsorption is 6. 
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Effect of pH
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              Fig.1 .Effect  of  pH on adsorption of Cromium by ulva fasciata sp.  

              for  0.1 g/ 30ml adsorbent concentration

 

2. Effect of concentration of adsorbent: 

The effect of metal ion concentration of Chromium on adsorption is shown in 

fig.2. Batch experiments were carried at various initial metal ion concentrations 

ranging 20 to 100 mg/l .All the results shown that percentage removal of 

Chromium decreases from 74.61 to 43.23 as the initial metal ion concentration 

increased from 20 mg/l to 100 mg/l by keeping other parameters as constant. 

The reason to decrease % adsorption with increase in concentration might be at 

lower concentration adsorbent provide more binding sites to all metal ions. 

After getting saturation, number of binding sites was decreased, hence % 

adsorption was decreased. 
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Fig.2 Effect  of  metal ion concentration on adsorption of Cromium by ulva fasciata sp.  

for  0.1 g/ 30ml adsorbent concentration
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3. Effect of contact time: The data collected from the batch experiments 

revealed that contact time is most powerful factor in order to get more % 

adsorption of Chromium onto Ulva fasciata sp. Experiments were carried out 

with various amounts of adsorbents at different initial concentrations. 

Observations showed that % adsorption was increased with increasing contact 

time which is varied from 20 - 30 min. Beyond 30 min there is no effect of 

contact time on adsorption. Thus the optimum value of contact time is 30 min. 

That is minimum of 30 min. required to get equilibrium at which maximum 

adsorption takes place. 

Effect of contact time
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      Fig.3  Effect of contact time on adsorption of cromium by ulva fasciata sp. 

       for  0.1 g/ 30ml adsorbent concentration

 

4. Effect of adsorbent particle size: To optimize the adsorbent particle size 

batch experiments were carried out at various sizes of adsorbent varying 75 - 

212 µm. With increasing particle size % adsorption was decreased from 74.61 

to 54.28 and metal uptake was decreased from 4.47 to 3.25. This is due to the 

fact that lowers the size of adsorbent, the more surface area is available to 

adsorption. 

Effect of adsorbent size
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         Fig.4 Effect  of  adsorbent size on adsorption of Chromium by ulva fasciata sp.  

         for  0.1 g/ 30ml adsorbent concentration  
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5. Effect of dosage: Batch experiments were carried out at various dosages of 

adsorbent by keeping the remaining factors as constant. By observing the 

recorded data, it was found that, with increasing dosage of adsorbent, % of 

adsorption was increased. This is due to the fact that with increasing dosage, 

adsorbent provides more reacting sites to absorb the chromium metal onto 

Ulva fasciata sp. 

 

Table.1: Regression constants of Freundlich, Langmuir and Tempkin adsorption 

isotherms for Ulva fasciata sp. 

Freundlich  isotherm 

 

Langmuir  isotherm Tempkin  isotherm 

 R² 

 Kf (mg/g) 

 n  (l/mg) 

0.9912 

1.5589 

2.2522 

R² 

qm (mg/g) 

b  (l/mg) 

0.9893 

16.1290 

0.0639 

R² 

AT 

bT 

0.9849 

0.8270 

312.01 

 

 

 

Effect of dosage
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     Fig.5 Effect  of adsorbent dosage on adsorption of Cromium by ulva fasciata sp.  

     for  0.1 g/ 30ml adsorbent concentration
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Table.2: Kinetic constants of chromium removal 

Metal  ion concentration Pseudo first order constants Pseudo second order 
constants 

     K1
 R2     K2

 R2 

20 mg/l 0.1923 0.9974 0.0260 0.9451 

40 mg/l 0.1637 0.9727 0.0163 0.9008 

60 mg/l 0.2035 0.9417 0.0067 0.7558 

80 mg/l 0.1923 0.9469 0.0062 0.7664 

100 mg/l 0.1773 0.9193 0.0051 0.7394 

 

 

Kinetic study: 

Pseudo first order model: The expression for the pseudo first order rate on 

adsorption capacity is given below 

 Log(qe – q)= log qe – 
303.2

1tK
    -----------  (9) 

where qe = adsorbed metal at equilibrium , qt = adsorbed metal at    specific 

time(mg/l). 

           K1 = pseudo first order rate constant, which is measured by the plot.  

          The data is satisfactorily fitted with regression coefficient R2 (= 0.9974). 

         All the parameters belong to pseudo first order equation are tabulated    
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Pseudo first order model
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Fig.6  Pseudo first order kinetics of Cr(VI) onto ulva fasciata sp.at pH 6, 0.1/30ml 

adsorbent concentration and size of adsorbent 75micrometers

 

 

Pseudo second order model: Pseudo second order model is expressed as 

below: 

               
dt

dq
= K2 (qe – qt)

2     -----------    (10) 

 K2 = second order rate constant 

qt and qe are quantity of adsorbed metal at a time(t) and at equilibrium 

respectively. Integrated equation of pseudo second order is   

  t/qt  = 1/K2qe
2 + t/qe 

 

By plotting a graph between t/qt and t , a linear curve was obtained and K2 

value calculated. The data fitted with poor regression coefficient (fig.7) 

indicated that adsorption of Cr(VI) onto Ulva fasciata sp. was not fitted to 

pseudo second order model. 
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Pseudo second order model
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Fig.7  Pseudo second order kinetics of Cr(VI) onto ulva fasciata sp. at pH6, 0.1/30ml

adsorbent concentration, adsorbent size 75micrometers

 

 

Experimental design and statistical analysis: 

Optimization of chromium adsorption on Ulva fasciata sp. was analyzed by using 

CCD and RSM. RSM (response surface methodology) is a technique utilized to 

evaluate the interaction between controlled experimental factors and measured 

response at selected desire. RSM was introduced to model experimental responses 

then converted into the modeling numerical experiments. 

 

Optimization of metal adsorption with CCD: 

The central composite design was applied using statistica 6.0 version. The total 

number of experiments identified with three most influenced factors were 16 

measured by the equation N= 2k+ 2k+r, here k= number of independent factors (=3) 

and r (=2) is the replications at center value to analyze error. 

The statistical calculations, the actual values of variables were coded with the 

following equation. 

                                                                     Xi = 
x

XXi



 
      -----------   (11) 

Here Xi = coded value of ith independent factor 

          X0 = coded Xi value at center point 

          Δx = step change value 

The second order empirical polynomial model, which is fitted with adsorption of 

chromium, is shown below: 
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       Yn = β0 +  
 


3

1

3

1

3

1

3

1

2
iii i

ijXiXjiiXiiXi 
         

----------- (12) 

Here, Yn is response, β0= const. coefficient, Xi = non-coded variable, βi is linear, βii  is 

quadratic, βij is second order interaction coefficient, ϵ is residual term. 

The experimental data using CCD are collected using software and listed in the table. 

The empirical relationship between responses and independent factors is expressed by 

the following quadratic model for the adsorption of chromium onto Ulva fasciata sp. 

 

Y= -66.855 + 31.227X1 + 0.751X2 + 184.198X3 - 2.605X1
2 - 0.006X2

2  

- 265.779X3
2- 0.045X1X2+5.625X1X3 - 0.112X1X3                                              -----------   (13) 

 

Here Y = % adsorption of chromium, X1 =pH, X2 = initial concentration, X3 = dosage 

of adsorbent 

 

The statistical significance at quadratic model is evaluated by ANOVA (analysis of 

variance). The significance of each coefficient is calculated by F & P values. The 

larger the F – value and smaller the p-value, the corresponding coefficients are more 

significant. P-value if less than 0.05 indicated that high significant is the model 

parameter. By the analysis of ANOVA table , it is found that chromium removal by 

Ulva fasciata sp. was fitted significantly by getting regression coefficient  

R2 = 0.9844.  

The percentage removal of chromium using Ulva fasciata sp. was analyzed by 

response surface plots, which are plotted between any two parameters by keeping 

remaining parameter as constant. From the surface plots the significant values of 

variables were optimized. The optimized adsorption conditions are pH 6, 

concentration of the metal solution 26.36 mg/l, dosage of adsorbent 0.3 g. The 

maximum percentage of adsorption of Cr(VI) at optimum conditions is 77.12. 
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Table.3: Coded Experimental Design 

Run 

No 

Coded values Actual values Experimental 

% adsorption pH concentration dosage pH concentration dosage 

1 -1.00000 -1.00000 -1.00000 5.000000 40.00000 0.200000 65.29 

2 -1.00000 -1.00000 1.00000 5.000000 40.00000 0.400000 74.86 

3 -1.00000 1.00000 -1.00000 5.000000 80.00000 0.200000 56.41 

4 -1.00000 1.00000 1.00000 5.000000 80.00000 0.400000 63.02 

5 1.00000 -1.00000 -1.00000 7.000000 40.00000 0.200000 64.61 

6 1.00000 -1.00000 1.00000 7.000000 40.00000 0.400000 74.37 

7 1.00000 1.00000 -1.00000 7.000000 80.00000 0.200000 50.1 

8 1.00000 1.00000 1.00000 7.000000 80.00000 0.400000 61.02 

9 -1.68179 0.00000 0.00000 4.318207 60.00000 0.300000 66.78 

10 1.68179 0.00000 0.00000 7.681793 60.00000 0.300000 64.13 

11 0.00000 -1.68179 0.00000 6.000000 26.36414 0.300000 77.12 

12 0.00000 1.68179 0.00000 6.000000 93.63586 0.300000 54.02 

13 0.00000 0.00000 -1.68179 6.000000 60.00000 0.131821 55.26 

14 0.00000 0.00000 1.68179 6.000000 60.00000 0.468179 75.35 

15 0.00000 0.00000 0.00000 6.000000 60.00000 0.300000 71.94 

16 0.00000 0.00000 0.00000 6.000000 60.00000 0.300000 71.94 

 

Table.4: Analysis of regression coefficients for chromium removal 

Term symbol Regr.coef Standard error t p 

const -66.855 28.87161 -2.31559 0.059809 

X1 31.227 7.03554 4.43841 0.004383 

X1
2 -2.605 0.54685 -4.76320 0.003116 

X2 0.751 0.25764 2.91348 0.026858 

X2
2 -0.006 0.00137 -4.68885 0.003365 

X3 184.198 51.52863 3.57467 0.011718 

X3
2 -265.779 54.68506 -4.86018 0.002822 

X1 X2 -0.045 0.02942 -1.51664 0.180147 

X1 X3 5.625 5.88473 0.95586 0.376051 

X2 X3 -0.112 0.29424 -0.38235 0.715382 
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Table.5: ANOVA  table for chromium removal 

Source 
Sum of 

squares 

Degrees 

of freedom 

Mean 

square 
Factor(F) Probability(p) 

X1 14.222 1 14.2224 5.1337 0.064039 

X2 62.855 1 62.8552 22.6881 0.003116 

X3 559.712 1 559.7118 202.0329 0.000008 

X1
2 60.908 1 60.9082 21.9854 0.003365 

X2
2 365.460 1 365.4597 131.9159 0.000026 

X3
2 65.441 1 65.4407 23.6214 0.002822 

X1 X2 6.372 1 6.3725 2.3002 0.180147 

X1 X3 2.531 1 2.5312 0.9137 0.376051 

X2 X3 0.405 1 0.4050 0.1462 0.715382 

Error 16.622 6 2.7704   

Total SS 1068.091 15    

        R2=0.98444 

 

Table.6: Experimental and predicted values of % chromium adsorption 

Experimental 

run 
Observed Predicted 

1 65.29 65.9369 

2 74.86 75.60795 

3 56.41 55.36816 

4 63.02 64.13921 

5 64.61 64.55592 

6 74.37 76.47696 

7 50.1 50.41718 

8 61.02 61.43822 

9 66.78 66.41811 

10 64.13 62.98558 
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11 77.12 75.58347 

12 54.02 54.05022 

13 55.26 55.85189 

14 75.35 73.25179 

15 71.94 72.06922 

16 71.94 72.06922 

 

      

 

 

Fig.8:  3-D plot of response surface of pH vs dosage 
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Fig.9: 3-D plot of response surface of pH vs concentration 

 

 

Fig.10:  3-D plot of response surface of concentration vs dosage 
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CONCLUSION 

Removal of Cr(VI) is strongly affected by various factors such as pH, initial metal 

concentration and dosage of adsorbent. Maximum removal of Cr (VI) taken place at 

pH 6. Freundlich, Langmuir and Tempkin isotherms were fitted to the experimental 

data satisfactorily. Adsorption kinetics was followed by the Pseudo first order model. 

RSM with CCD is the most useful technique to optimize the effected variables and 

percentage of adsorption. According to RSM, observed values and predicted values 

are significantly match with regression coefficient R2 = 0.9844. The maximum 

percentage of adsorption of Cr (VI) (77.12) was obtained at initial concentration 26.36 

mg/l, dosage of adsorbent 3 g, and pH 6.  

 

REFERENCES: 

[1]  S.S.Baral, S.N.Das,P.Rath, G.Roy Choudary and Y.V Swamy. Removal of 

Cr(VI) from aqueous solution using waste weed, salvinia cucullata, chemistry 

and ecology, vol 23, 105-0117, 2007 

[2] Manjeet Bansal, Diwan singh & V.K.Garg, Chromium(VI) uptake from 

aqueous solution by adsorption onto timber industry waste, Desalination  and 

water treatment, 12, 238-246,2009 

[3] Suresh Gupta & B.V.Babu,  Experimental, kinetic, equilibrium and 

regeneration studies for adsorption of Cr(VI) from aqueous solutions using 

low cost adsorbent(activated fly ash), Desalination  and water treatment 

,20,168-0178,2010 

[4] Ahmed El Nemr, pomegranate husk as adsorbent in the removal of toxic 

chromium from waste water, chemistry and ecology,  vol 23, 409-425,2007 

[5] Wei Kuang, Yebang Tan, Lihong Fu, adsorption kinetics and adsorption 

isotherm studies of chromium from aqueous solutions by HPAM- chitosan gel 

beads, Desalination  and water treatment, 45, 222-228, 2012 

[6] A El Nemr, A,El Sikaily, A.Khaled & O.Abdelwahab, removal of toxic 

chromium(VI) from aqueous solution by activated corbon using Casuarina 

equisetifolia, chemistry and ecology , 23, 119-129, 2007 

[7] Suresh Gupta, B.V Babu, removal of toxic metal Cr(VI) from industrial waste 

water using Saw dust as adsorbent: Equilibrium, Kinetics and Regeneration 

Studies 

[8] Narsi R Bishnoi, Anju Pant and Garima, Biosorption of copper from  aqueous 

solution using algal biomass,  Journal of scientific & Industrial reaserch, 63, 

813-816, 2004 



Removal and equilibrium studies of Cr (VI) using Ulva fasciata sp. 1495 

[9] Srinivasa R Popuri, Kalyani s, Suresh R Kachireddy & Krishnaiah A, 

Biosorption of hexavalent chromium from aqueous solution by using prawn 

pond algae(Sphaeroplea),Indial Journal of Chemistry, vol 46A, 284-289, 2007 

[10] P.Venkateswarlu, M.Venkata Ratnam, D. Subba Rao and M.Venkateswara 

rao, Removal of chromium from an aqueous solution using Azadirachta indica 

(neem) leaf powder as an adsorbent, International Journal of Physical sciences, 

vol 2, 188-195, 2007. 

[11] Josephina Plaza H. cazaon, Leonardo Benitez, Edgardo Donati, Marisa Viera, 

Biosorption of chromium(III) by two brown algae Macracystis pyrifera and 

Undaria pinntifida: Equilibrium and kinetic study,Eng.life sci., 12, 95-

103,2012 

[12] Uttam singh and Rajesh Kumar Kaushal, Treatment of waste water with low 

cost adsorbent - A review, VSRD International Journal of Technical & Non-

technical Research, vol 4, 2013 

[13] V.S.Sethu, J.M.Andresen and M.Cloke, Biosorption of Cu(II) from waste 

water using Azadirachta indica (Neem leaves),Journal of Environmental 

Research and Development, vol 3, 2009. 

[14] Y.Prasanna Kumar, P.King, V.S.R.K Prasad, Removal of copper from 

aqueous solution using Ulva fasciata sp.-A marine algae, 2006 

[15] Mohammad reja Hadjmohammadi, Mina Salary and Pourya Biparva, removal 

of Cr(VI) from aqueous solution using pine needles powder as biosorbent,  

Journal of  applied sciences and environmental sanitation, vol 6, 1-13, 2011 

[16] Kalyani, Y.prasanna Kumar, P.king, Use of central composite design in 

optimizing Zinc removal by an ecofriendly biosorbent pithophora cleaveana 

witttrock: Applications of isotherm, International Journal of Current Research, 

vol 8, 2016 

[17]   C.N Deepa, Jayadevappa and S.Suresha, Removal of Zn(II) ions from aqueous 

solution  and industrial waste water using leaves of Araucaria cooki,Archives 

of applied science Research, 5(4), 117-126,2013. 

[18]  Dilara, Ozturk, Tekin Sahan, Erkan Disli, Nahit Atkas,  Optimization with 

response surface methodology(RSM)of adsorption conditions of Cd(II) ions 

from aqueous solutions by pumice, Hacettepe J Biol & chem.,42(2), 183-

192,2014 

[19]  Darapureddi Krishna, and R. Padma Sree, Response Surface Modeling and 

Optimization of Cu (II)  

 Removal from Waste Water Using Borasus Flabellifer Coir Powder, 

International journal of applied science and engineering,  12, 3, 157,2014 



1496  P.Prasanna Kumar,  Y.Prasanna Kumar & B.Venkateswara Rao 

[20]  Havva Turkyilmaz, , Tolga Kartal, and Sibel Yigitarslan Yildiz, Optimization 

of lead adsorption of mordenite by response surface methodology: 

characterization and modification, Journal of Environmental health science 

and engineering, 12:5, 2014 

 


