
ISSN  0973 – 6921 ; EISSN 2319 – 5983                                                         J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol.10 No. 03, January-March 2016 

392 
 

STATISTICAL OPTIMIZATION OF ADSORPTION VAR-
IABLES FOR BIOSORPTION OF CHROMIUM (VI)  
USING CARROT BASED ADSORBENTS EQUILI- 

BRIUM AND KINETIC STUDIES 
Desai S.M. 1, Charyulu N.C.L.N 2, Behara D. K.3 and Satyanarayana S. V.*

3
 

1.  Department of Chemical Engineering, Dayananda Sagar College of Engineering,  
 Bangalore (INDIA)  

2. Department of Chemical Engineering, Chaitanya Bharathi Institute of Technology,         
Hyderabad (INDIA) 

3.  Department of Chemical Engineering, Jawaharlala Nehru Technological University, 
Anantapur, Anantapuramu (INDIA)   

 

Received October 10, 2015                                                     Accepted February 08, 2016 

ABSTRACT 
Hexavalent chromium pollution is the most substantial difficulties faced today due to quick 
industrialisation and heavy usage of chromium in industrial process. The present study aimed to 
employ low-cost agro waste biosorbent from carrot (Daucuscarota) with crude, HCl treated and 
NaOH treated forms for the removal of hexavalent chromium ions from aqueous solution. All 
the biosorption experiments were carried out in batch mode to optimize process parameters 
using response surface methodology. Based on central composite design, quadratic model was 
developed to correlate the variables to the response. Through Analysis of Variance (ANOVA), it 
was observed that, pH and initial concentration were significant for all the adsorbent. Among all 
the adsorbents tested, HCl treated carrot removed a maximum of 98.9% with highest initial 
metal concentration of 122.72mg/l, at pH of 2.72, temperature of 42.9°C with lowest biomass 
loading of 2.8 g/100 ml  compared to other two adsorbents. The effect of parameters namely, 
initial metal ion concentration, pH, temperature, biomass loading on chromium removal 
efficiency were studied. The experimental data fits well to Langmuir, Freundlich and Temkin 
isotherms with Regression coefficient (R2) more than 0.94 for all the adsorbents. The HCl 
treated carrot had maximum monolayer adsorption capacity of 109.89 mg/g and a separation 
factor of 0.385 indicating it as best adsorbent among the three tested adsorbents. Pseudo second 
order kinetics model fits well to the experimental data for all the three adsorbents. 

Key Words : Biosorption,  Daucuscarota,  Hexavalent chromium, ANOVA, Isotherms and 
kinetics 

 
INTRODUCTION 

In recent years, chromium pollution has 
become one of the most serious environmental 
problems. Presence of chromium even in trace 
amounts is toxic. With the rapid development 
of many industries (mining, surface finishing, 
metallurgy, electroplating, leather and photog-
raphy) wastes containing chromium are dire-
ctly or indirectly being discharged into the 
environment causing serious environmental 
pollution and even threatening human life1. 
Chromium is present in air, water and soil in 

varying concentrations. Chromium has been 
considered as 16th toxic pollutant among the 
existing heavy metals. The concentrations of 
chromium are generally low when it occurs 
naturally, but its concentrations tend to be rather 
high in the contaminated areas around industries 
where chromium and its compounds are used. 
Industrial effluents containing chromium can 
directly contaminate the surrounding water res- 
ources. Due to its carcinogenic and teratogenic 
nature it has become a serious health concern2. 
The tolerance limit for chromium for discharge 
into inland surface waters is 0.1 mg/l and for *Author for correspondence 
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potable water is 0.05 mg/l.  In order to comply 
with this limit, it is essential that industries treat 
their effluents to reduce the chromium 
concentration   in    water    and    wastewater    to 
acceptable levels before its transport and cycling 
into the natural environment3. Appropriate 
technologies are used to reduce the level of 
chromium in final effluents. In wastewater treat-
ment, various methods utilized to remove chrom-
ium that include reduction followed by chemical 
precipitation4, ion exchange5, electrochemical 
precipitation6, reduction7, solvent extraction8,  
evaporation, reverse osmosis9and adsorption10 . 
The search for new technologies to remove 
chromium from wastewater has directed 
attention to biosorption especially using agro 
waste biomass, which is based on metal binding 
to various biological materials. Biosorption is a 
fast, reversible or irreversible reaction of the 
chromium with biomass. Many biosorbent such 
as zeolite NaX11, Hypnea valentiae12, Jordanian 
Pottery13, activated carbon14 and surface 
modified tannery waste15 were tried for 
chromium removal. Further agro wastes such 
as tamarind fruit shell16 and Almond Green 
Hull17 was also utilized as successful 
adsorbents for chromium removal. 
In the present study carrot peel powder, HCl 
activated carrot peel powder and NaOH 
activated carrot peel powder were used as 
adsorbents for chromium removal. The 
primary reason for selection of material lies in 
characteristic ability to remove metals apart 
from most abundant availability as waste 
materials in India. 

AIMS AND OBJECTIVES 
To quantify the biosorption of chromium by 
carrot based adsorbents and to select the best out 
of them. Central Composite Design (CCD) and 
Response Surface Analysis (RSM) selected and 
regression analysis was performed to test the 
model. Analysis of variance (ANOVA) was used 
to check the interaction effects of the parameters. 
The effect of pH, initial chromium concentration, 
adsorbent dosage and temperature were studied 
on chromium removal efficiency by conducting 
batch adsorption experiments. Further, experi 
mental results were tested using Langmuir, 
Freundlich and Temkin adsorption isotherm 

models.  In  addition, the experimental data were 
fitted to pseudo-first order and pseudo second 
order equations. 

MATERIAL AND METHODS 

Carrot peel as biosorbent 
Crude carrot peel (C) 
Carrot peel, a waste product of kitchen was 
collected from cafeterias and hostel mess in 
Kumarswamy Layout Bangalore, India. 
Waste biomass collected from different 
source were washed with distilled water, sun 
dried, powdered and sieved using 60/80 
mesh BSS standard sieve to get uniform 
sized particles. The fraction that was 
retained on 80 meshes were collected, 
washed thoroughly with distilled water and 
dried in the hot air oven for 2 hours at 80ºC.  
Pre-treatment with HCl (CH) 
The crude carrot peel powder were treated 
with 1N HCl in the ratio 1:10 solid to acid 
solution and soaked   for an hr. Then, it was 
kept on the water bath maintained at 70ºC 
for 30 min. After, which it was cooled and 
thoroughly washed with double distilled 
water and filtered. The cake was separated 
and dried in the oven for 6 hours at 60ºC.  
Pre-treatment with NaOH (CN) 
The crude carrot peels powder were treated 
with 1N NaOH in the ratio 1:10 solid to base 
solution and soaked for an hr. Then, it was 
kept on the water bath maintained at 70ºC 
for 30 min. After which it was cooled and 
thoroughly washed with double distilled 
water and filtered. The cake was separated 
and dried in the oven for 6 hrs at 60ºC. 
Preparation of chromium stock solution 
Synthetic chromium solution was prepared by 
dissolving potassium dichromate (K2Cr2 O7) in 
double distilled water. 1000 ppm of stock 
chromium solution was prepared by dissolving 
2.83 mg of potassium dichromate in one litre of 
double distilled water. Other required concentra 
tions were prepared by diluting the stock 
solution. The pH of the solution was adjusted to 
the required value. 
Preparation of Diphenylcarbazide (DPC) 
solution  
Diphenylcarbazide (DPC) solution was 
prepared by dissolving 250 mg of DPC in 50 
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ml of acetone in 100 ml volumetric flask. 
Analysis of chromium18 
0.25 ml of phosphoric acid was added to 1ml 
of standard sample containing known 
concentration of chromium, pH was adjusted 
to 1.0±0.3 using 0.2N sulphuric acid. The 
solution was mixed well and then diluted to 
100 ml in a volumetric flask using double 
distilled water. Further 2 ml of DPC solution 
was added and mixed well. After full colour 
development for 10 min., 4ml of this 
solution was used in an absorption cell and 
the concentrations were measured 
spectrometrically at 540 nm in UV-double 
beam spectrophotometer [Shimadzu- UV 
Visible 1700]. The calibration curve was 
prepared by measuring the absorbance of 
different known concentrations of chromium 
solutions. A straight line was obtained with 
R2 of 0.994. 
Initial experiments 
The initial experiments were conducted to 
fix limits of the variables. Maximum 
chromium removal was observed with initial 
metal ion concentrations in the range of 50 – 
250 ppm, pH 1-7, temperature 30-45oC and 
biosorbent dosage of 1 - 10 g/100 ml. These 
ranges of variables were employed for 
further studies. 
Design of experiments using Central 
Composite Design (CCD)19 

The parameters such as initial metal ion 
concentration, pH, temperature and 
biosorbent dosage were chosen as 
independent variables and the removal 
efficiency of chromium as output response. 
A 24 full factorial experimental design, with 
seven replicates at the centre point and thus a 
total of 31 (24+2*4+7) experiments were 
employed in this study using the statistical 
software, MINITAB 16 (PA, USA). The 
centre point replicates were chosen to verify 
any change in the estimation procedure as a 
measure of precision property. Each 
independent variable had 5 levels which 
were -2, –1, 0, +1 and +2. Therefore, a total 
of 31 different combinations were chosen in 
random order according to a CCD 
configuration for four factors. The analysis 
focused on how the removal efficiency is 
influenced by independent variables, initial 

metal concentration (X1), pH (X2), 
temperature (X3) and biosorbent dosage (X4). 
The dependent output variable is maximum 
removal efficiency (Y). 
Response Surface Methodology (RSM) 
Response surface methodology is an 
empirical statistical technique employed for 
multiple regression analysis by using 
quantitative data obtained from properly 
designed experiments to solve multivariate 
equations simultaneously. The experiments 
with different metal ion concentration, pH, 
temperature and adsorbent dosage were 
employed simultaneously covering the 
spectrum of variables for the removal of 
chromium in CCD. 
The regression analysis was performed to 
estimate the response function and 
subsequently a second order polynomial 
equation was obtained. A statistical software 
package Minitab 16 was used for regression 
analysis of the data obtained and to estimate 
the coefficient of the regression equation. 
The equations were validated by the 
statistical test called ANOVA. The 
significance of each term in the equation is 
to estimate the goodness of fit in each case. 
Response surface were drawn to determine 
the individual, square and interactive effects 
of test variable on percentage removal of 
chromium. 
Batch experiments 
Batch adsorption studies were performed by 
shaking 200 ml of different solutions in plant 
tissue culture bottle with lid in constant 
temperature shaker at the conditioned 
mentioned by central composite design to 
obtain the equilibrium data. All experiments 
were performed in triplicate and samples 
were analysed by the spectrophotometric 
method and the results were averaged.  
Optimization of parameters 
The second degree polynomial equation is 
solved and the optimum values for the 
variables are obtained using response 
optimizer in Minitab 16. 
Batch experiments adsorption isotherms 
and kinetics 
Experiments were conducted by varying 
initial concentration and keeping other 
parameters at optimum values as explained 
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in batch experiments. The adsorption of 
chromium ions were calculated from the 
change in metal concentration in the aqueous 
solution before and after equilibrium 
sorption by using the following equation 1. 

푞 =
[(푐 − 푐 )푉]

푊
… … … … … … … … (1) 

where qe is adsorbed metal (mg/g adsorbent), 
V is the volume of solution(l), W is the 
amount of sorbent (g), and Co and Ce (mg/l) 
are the initial and equilibrium chromium 
concentrations of the solution respectively. 
The % chromium removal was calculated 
using the following equation 2. 

푐 − 푐
푐

푥 100 … … … … … … … … … (2) 

RESULTS AND DISCUSSION 
FTIR spectrum of carrot based adsorbents 
The   FTIR   spectrum for crude tamarind before  
 

and after chromium adsorption is shown in      
Fig. 1. After   comparing  the spectra before and 
after adsorption, it is observed that C-N group of 
aromatic amines contribute strongly for counter 
ion exchange for chromium. Other functional 
groups which contribute for chromium ion 
exchange are     –OH group of carboxylic acid 
and –NH2 group of primary amines. From Fig. 2, 
it is observed that C-N group of aromatic amines 
and –NH2 group of primary amines contribute 
strongly for counter ion exchange for chromium. 
Other functional group which contribute for 
chromium ion exchange are –OH group of 
alcohols, phenols, aldehydes, C=O group of keto 
esters or carbonyl and alkyl halides and from 
Fig. 3,  it can be seen that C-N group of aromatic 
amines and alkynes contribute strongly for 
counter ion exchange for chromium. Other 
functional groups which contribute for chromium 
ion exchange are alkanes and carboxylic acid. 

 
Fig. 1 : FTIR spectra of untreated  carrot peals 

 
Fig. 2 :  FTIR spectra of HCL treated carrot   peals 
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Fig. 3 :  FTIR spectra of NaOH treated carrot peals 

Central Composite Design (CCD) analysis 
From the results of experiments performed 
according to the CCD design, it may be 
observed that the percentage removal is higher 
at lower pH. In acidic pH, the biosorbent 
surface may be protonated and hence the 
positively charged biosorbent removes higher 
amounts of chromium in the anionic form 
HCrO4-. With the increase in the pH of the 
system, the degree of protonation on the surface 
reduces gradually and hence at higher pH, 
above 3.0, other mechanism like physical 
adsorption on the surface of sorbent could have 
taken an important role in sorbing chromium 
and exchange mechanism might have reduced.20 

Percentage biosorption of chromium decreased 
as the initial chromium concentration increased. 
Such behaviour can be due to the increase in the 
quantity of chromium to the fixed number of 
available active sites on the biosorbent.21 The 
percentage biosorption of chromium increased 
as the biosorbent dosage increased. This 
phenomenon is evident because with an 
increase in biosorbent dosage, the surface 
available and hence, number of active sites 
available for chromium removal would be 
high22.The percentage biosorption of chromium 
increased as the temperature increased. With 
the increase in temperature the pores in the 
adsorbent enlarges resulting in getting more 
surface area available for diffusion and 
adsorption23. 
Response Surface Methodology (RSM) 
Regression analysis was carried to fit the 

response function and the results are 
reported as equation 3, 4 and  5 for C, CH, 
CN, respectively. 
푌 = 55.4986 − 7.7329푋 − 8.7537푋 +
8.0121푋 + 12.2113푋 − 1.2932푋 +
1.2207푋 − 0.5356푋 + 2.0807푋 +
1.6769푋 푋 + 1.8944푋 푋 − 5.6756푋 푋 +
1.3932푋 푋 + 1.1332푋 푋 + 3.8282푋 푋  
(3) 
푌 = 95.4943 − 2.8242푋 − 7.6258푋 +
19.3925푋 + 4.6875푋 − 4.7254푋 −
6.9504푋 − 6.9204푋 − 1.9504 푋 −
4.0963푋 푋 − 1.8988푋 푋 + 3.8587푋 푋 +
1.2987푋 푋 + 3.1287푋 푋 − 0.8062푋 푋 --- 
(4) 
푌 = 47.4786 − 4.8713푋 − 13.1954푋 +
7.9004푋 + 6.6263푋 + 2.1840푋 +
1.1915푋 + 0.1190푋 − 0.3785푋 +
2.7456푋 푋 + 1.8669푋 푋 − 0.1269푋 푋 −
4.7294푋 푋 − 0.0381푋 푋 + 1.9706푋 푋 ---
(5) 
The equations 3, 4 and 5 explain the effect of 
individual variable (linear and squared) and 
interactive effects on chromium adsorption 
onto different adsorbents. 
The parity plot (Fig. 4) to (Fig. 6) showed a 
good correlation between the experimental and 
predicted values of percentage removal of 
chromium indicating strong agreement of model 
data with the experimental data. Multiple 
Regression coefficient (R2) is calculated from 
the second degree polynomial equation 
(equation 3, 4 and 5), which is R2= 0.857 for C, 
0.91 for CH and 0.816 for CN indicates that the 
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predicted values are closer to experimental data. 
For a good statistical model, R2 value should be 
closer to 1 and a value of >0.75 indicates 
aptness of the model. The R2 value of 0.8575 

for C implies that more than 85.75% of 
experimental data was compatible with the 
model and only less than 14.25% of the 
variations are not explained by the model. 

 
Fig. 4 : Parity plot showing the distribution of experimental vs predicted values of percentage 

removal of chromium (VI) for untreated carrot 

 
Fig. 5 : Parity plot showing the distribution of experimental vs predicted values of percentage 

removal of chromium (VI) for HCL treated carrot 

 
Fig. 6 : Parity plot showing the distribution of experimental vs predicted values of percentage 

removal of chromium (VI) for NaOH treated carrot 
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Analysis of Variance (ANOVA) 
The analysis of variance for the response has 
been projected in Table 1. The ANOVA of the 
regression model demonstrated that the model 
for CH was strongly significant and others are 
significant, as it is evident from the Fisher’s F-
test (Fmodel=19.68) and a low  probability value 
(Pmodel>F=0.002). From Table 1, it is evident 
that regression model was strongly significant 
for all three adsorbent, Linear effect of  
X1,X2,X3 and X4 are significant while square 
effect was significant for CH. Interactive effect 
was not significant for all three adsorbent  as 
seen in the counter plot Fig. 7. (only counter 
plot of CH is shown) 
Each contour plots represents a number of 
combinations of two test parameters with the 
other parameter maintained at zero levels. 
Interactive effect of all the combinations 

were not significant expect initial conc. vs 
pH for CH shown slight significant. From 
the Fig. 7, it is clear that % chromium 
removal increased as the pH and initial 
concentration were decreased. And % 
chromium removal increased as biosorbent 
dosage and temperature increased. 
The second degree polynomial equation 
(equation 3, 4 and 5) was solved and the 
optimum values for the variables are 
obtained using response optimizer in Minitab 
16. The optimum values for C, CH and CN 
are shown in Table 2. 
From Table 2, it is evident that, out of the 
three adsorbent tested, CH was the best 
adsorbent as it can remove more chromium 
i.e. 98.9% at lowest adsorbent dosage of 
2.8g/100 ml and at highest initial concentra-
tion of 122.72 ppm. 

Table 1 : Analysis of Variance (ANOVA) for the selected quadratic model for the 
removal of chromium by C,CH and CN (* significant) 

Source 
DF Sum of squares F Prob>F 

C CH CN C CH CN C CH CN C CH CN 

Regression 14 14 14 9503.9 14723.8 8074.8 16.88 19.68 8074.8 0.023* 0.002* 0.001* 

Linear 4 4 4 8393.6 11140.1 7300.1 21.26 12.41 7300.1 0.000* 0.010* 0.008* 

Square 4 4 4 206.4 2825.3 178.0 0.52 3.15 178.0 0.720 0.044* 0.884 

Interaction 6 6 6 903.9 758.4 596.7 1.53 0.56 596.7 0.232 0.754 0.702 

Residual 
Error 16 16 16 1579.4 3591.8 2512.7 - - 2512.7 - - - 

Total 30 30 30 11083.3 18315.5 10587.5 - - 10587.5  - - 

Table 2 : Optimized parameters for C, CH and CN 

Biosorbent 

Initial metal 
ion 

concentration 
(ppm) 

pH 
Temperature 

(oC) 

Biomass 
load 
(g/l) 

Predicted 
% 

chromium 
removal 

Desirability 
index (D) 

 

C 51.2295 1.0 35.26 3.9896 92 1.000 
CH 122.7273 2.72 42.95 2.8 98.9 1.000 
CN 50 1 32.7338 7.5756 92 1.000 
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Fig. 7 : Response and contour plots for HCL treated carrot peals 

Effect of pH 
The adsorbing solution pH has significant 
influence for the removal of chromium ions. 
Experiments were conducted over a range of 
pH values (1-7), keeping other conditions at 
optimum conditions and the obtained values 
are shown in Fig. 8. As seen from the Fig. 8 
that, biosorption capacity of chromium is high 
at around pH of 1.0 for all the adsorbents. Rao 
et al.,24 reported similar results for the 
biosorption of chromium using tamarind pod 

shell. Some functional groups, such as N-H are 
positively charged when protonated and may 
electrostatically bind with negatively charged 
metal complexes. At lower pH, the biosorbent 
is positively charged due to protonation and 
dichromate ion exists as anion leading to an 
electrostatic attraction between them19. As pH 
increases, de-protonation starts and thereby 
results in decrease of adsorption capacity. 
Maximum chromium removal of 99.69% was 
found for HCl treated carrot. 

 
Fig. 8 : Effect of pH on biosorption of chromium 
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Effect of initial concentration of 
chromium ions 
The variation of the biosorption of chromium 
was studied by varying initial concentrations 
from 50-250 mg/l keeping other conditions 
at optimum values as shown in Fig. 9. 
Adsorption capacity decreases with increase 
in initial concentration. It can be inferred 
from the Fig. 9 that, maximum removal is 
achieved at the initial concentration of 50 

ppm. This is due to the fact that, at lower 
initial concentration sufficient adsorption 
sites are available for adsorption of 
chromium ions and at higher concentrations, 
the chromium ions will be more than the 
available adsorption sites25. It is observed 
that, 99.05% of chromium removal is 
achieved at 50 ppm for HCl treated carrot. 
All the adsorbents showed the similar type of 
behaviour. 

 
Fig. 9 : Effect of initial concentration on biosorption of chromium 

Effect of adsorbent dosage 
To examine the effect of adsorbent dosage 
on removal of chromium, adsorbent dosage 
was varied from 1 g/100ml to 10 g/100 ml 
keeping other conditions at optimum values 
and the result is shown in Fig. 10. There is 
an increase in removal of chromium ion with 
increase of adsorbent dosage as exhibited by 

all the adsorbent as seen from Fig. 10. It is 
apparent that, the chromium ion removal 
increases with increase in adsorbent dosage 
due to the greater availability of the 
exchangeable active sites or the surface area 
for adsorption25. The maximum removal of 
99.9% is observed at the dosage of 10 g/100 
ml for HCl treated carrot. 

 
Fig. 10 : Effect of biosorbent dosage on biosorption of chromium 
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Effect of temperature 
Temperature effect on biosorption of 
chromium was studied by varying the 
temperature between 30oC to 45oC keeping 
other conditions at optimum values for all 
the three adsorbents as shown in Fig. 11. It 
is observed from Fig. 11 that, there is an 
increase in adsorption with increase in 
temperature from 30oC to 45oC. The 
maximum removal of 98.03% is observed at 

45oC for HCl treated carrot. This behaviour 
may be due to the endothermic nature of 
adsorption process. The rise in % removal of 
chromium (VI) may be due to creation of 
some new sorption sites on the sorbent 
surface as the temperature increase or may 
be due to the increased rate of intra particle 
diffusion of sorbate ions into the pores of 
adsorbent at higher temperature, as diffusion 
is an endothermic process26. 

 
Fig. 11 : Effect of temperature on biosorption of chromium 

Adsorption isotherms27 
Sorption equilibrium provides fundamental 
physicochemical data for evaluating the 
applicability of sorption process as a unit 
operation. Sorption equilibrium is usually 
described by an isotherm equation whose 
parameter expresses the surface properties 
and affinity of the sorbent at fixed 
temperature, pH and initial metal 
concentration. Adsorption isotherms are 
mathematical models that describe the 
distribution of the adsorbate species among 
liquid and solid phases, based on a set of 
assumptions that are related to the 
heterogeneity or homogeneity of the solid 
surface, the type of coverage and the 
possibility of interaction between the 
adsorbate species. In this study, equilibrium 
data were analysed using the Freundlich, 
Langmuir and Temkin isotherms expression. 
The Langmuir isotherm 
The Langmuir model suggests, as a 
hypothesis, that uptake occurs on a 

homogeneous surface by monolayer 
adsorption without interaction between 
sorbed molecules. This model is described 
by the equation 6 

푞 = ….................(6) 
 Where qe (mg/g) and Ce (mg/l) in the above 
equation are the amount of adsorbed metal 
per unit weight of biosorbent and unadsorbed 
metal concentration in solution at 
equilibrium respectively, qmax (mg/g) is the 
maximum amount of metal per unit weight 
of biomass to form a complete monolayer on 
the surface bound, b (l/mg) is the Langmuir 
constant related to the energy of adsorption. 
The equation 6 may be written in linear form 
as : 

= …(7) 

As per equation 7, a plot of qeq
-1 and Ceq

-1 
provides qmax and b are constants which are 
related to the affinity of the sites. The Langmuir 
constants obtained are presented in Table 3. 
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They indicate that Langmuir isotherm model fits 
best for all the adsorbents as seen by high R2 
value. CH exhibits highest maximum monolayer 
adsorption capacity of 109.9 mg/g. In addition, 
the effect of isotherm shape can also be used to 
predict whether an adsorption system is 
favourable or unfavourable. If KR is less than 1 
then it is favourable. From (Table 3), it is seen 
that for all the adsorbent it is favourable. 
The Freundlich model proposes a monolayer 
adsorption with a heterogeneous energetic 
distribution of active sites and with interactions 
between sorbed molecules, as described by the 
equation 8  below, 

푞 = 퐾 퐶 ...........................…....(8) 
Where Ce(mg/L) is the equilibrium concentration 
and qe(mg/g) is the amount adsorbed metal ion 
per  unit  mass of the adsorbent. The constant n is  

the Freundlich equation exponent that represents  
the parameter characterizing quasi-Gaussian 
energetic heterogeneity of the adsorption 
surface29. Freundlich constants Kf and n are the 
indicators of adsorption capacity and adsorption 
intensity respectively. Above equation 8 can be 
linearized in logarithmic form and Freundlich 
constants can be determined graphically as 
shown in equation 9 below. Both Langmuir and 
Freundlich models are developed for a single- 
layer metal sorption. 

ln qe = ln Kf + 1/n ln ce…...................(9) 
Freundlich isotherm constants are presented in 
Table 4, it can be observed that Freundlich 
isotherm model fits well with all the three  
adsorbents and the HCl treated carrot adsorbent 
exhibits the best out of all adsorbents with the 
value of Kf  as 1.513 and n as 1.277. 

Table 3 : Langmluir isotherm constants the freundlich isotherm 

Biosorbent 
Langmuir isotherm constants the 

Freundlich Isotherm R2 Separation 
factor KR qmax(mg/g) b(l/mg) 

C 13.64 0.0231 0.998 0.223 

CH 109.89 0.0106 0.995 0.3852 

CN 7.34 0.0351 0.995 0.159 

Table 4 : Freundlich isotherm constants 

Biosorbent 
 

Freundlich 
constants R2 

Kf(l/g) n 

C 0.390 1.234 0.991 

CH 1.513 1.277 0.999 

CN 0.3097 1.238 0.987 

Temkin Isotherm Equation 
The Temkin isotherm equation assumes that, 
the heat of adsorption of all the molecules in 
layer decreases linearly with coverage due to 
adsorbent-adsorbate interactions and that the 
adsorption is characterized by a uniform 
distribution of the bonding energies30. The 
nonlinear form of Temkin isotherm model is 
given by mathematical equation 10. 

푞 =
푅푇
푏

ln(퐴 퐶 ) … (10) 

equation 10 can be linearized to get equation 
11 as follows : 

푞 = 퐵 푙푛퐴 + 퐵 푙푛퐶 … (11) 

and BT =  where, T is the absolute 
temperature in  0K , R is the universal gas 
constant and constant  bT  is related to the heat 
of adsorption. Another constant AT is the 
equilibrium binding constant corresponding to 
the maximum binding energy. A plot of qe vs 
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ln Ce at a fixed temperature will yield Temkin 
isotherm constants, AT and BT as shown in 
Table 5. It is seen from Table 5, that the 

adsorption followed Temkin model as 
regression coefficient (R2) is high and it is 
highest for CN at 0.992. 

Table 5 : Temkin isotherm constants 

 
Biosorbent 

Temkin constants 
R2 

bT(l /g) AT (l/mg) 
C 1.8575 0.443 0.9911 

CH 2.4663 1.622 0.979 
CN 0.9824 0.725 0.9921 

Adsorption kinetics 
In order to study  the controlling mechanism of 
biosorption processes for example, mass 
transfer and chemical reaction, pseudo-first-
order and pseudo-second-order equations are 
utilised to examine the experimental data. 
Equilibrium study is important in determining 
the efficacy of adsorption. It is also necessary 
to identify the adsorption mechanism for a 
given system. In addition, information on the 
kinetics of metal uptake is required to select 
the optimum conditions for full scale batch or 
continuous metal removal processes30. 
Pseudo first order or Lagergren’s kinetic 
model 
The Lagergen kinetic rate equation or Pseudo 
first order  for the sorption of liquid-solid 
system was derived based on solid adsorption 
capacity. It is one of the most broadly used 
sorption rate equations for sorption of a solute 
from a liquid solution. Accordingly, the overall 
adsorption rate is directly proportional to the 
driving force, i.e., the difference   between  
initial  and  equilibrium  concentrations  of  the  
adsorbate  (qe-qt). Therefore, the pseudo first 
order kinetic equation can be expressed as 
mathematical equation indicated in equation 
12. 

푑푞
푑

= 퐾 (푞 − 푞 ) … (12) 

 
where ‘qe’ is the amount of solute adsorbed at 
equilibrium per unit mass of adsorbent (mg/g), 
‘qt(mg/g) is the amount of solute adsorbed at 
any given time ‘t’ and ‘K1’ is the rate constant. 
After Integration, the equation 12 will yield 
linear form equation 13 as follows. 

ln (푞 − 푞 )=푙푛푞 − 퐾 푡… (13) 

‘K1’ can be calculated from the slope of the 
linear plot between ln (qe-qt) vs. ‘t’. The 
obtained average rate constant value K1, qe and 
R2 values are reported in the Table 6. The low 
values of R2 indicating that, the adsorption data 
does not follow Pseudo first order kinetics. 
Pseudo second kinetic model 
The rate of pseudo-second-order reaction is 
dependent on the amount of solute adsorbed  
on the surface of adsorbent and the amount 
adsorbed at equilibrium. The pseudo-second- 
order kinetic model which is based on the 
assumption that chemisorption is the rate-
determining step have the equation 14 as 
follows31-35. 

푑푞
푑

= 퐾 (푞 − 푞 ) … (14) 

Where K2 (g/mg min) is the rate constant of 
pseudo-second-order model, qe is the amount 
of saluted sorbate sorbed at equilibrium(mg/g), 
qt is amount of saluted  sorbate on the surface 
of the sorbent at any time t(mg/g). After 
integrating equation 14, the linear form of 
equation 15 can be obtained36-39. 

푡
푞

=
1

퐾 푞
+

1
푞
푡… (15) 

The pseudo-second-order rate constant (K2) 
and the equilibrium adsorption capacity (qe) 
can be determined experimentally from the 
intercept and slope of the plots of 
t/qt  versus ‘t’.  The obtained average rate 
constant value K2, qe and R2 values are also 
reported in the Table 6. 
It is seen from Table 6 that the adsorption of 
chromium with all the adsorbent is following 
pseudo second order kinetics (high R2) and the 
theoretical value of qe is in good agreement 
with the experimental qe value40,41. This 
indicates adsorption may be  chemisorptions. 
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Table 6 : Parameters of the kinetic models for the adsorption of Chromium on different 
adsorbents 

Biosorbent 
qe(exp) 
mg/g 

 

Pseudo first order Pseudo second order 

K1 min-1 qe(theo) mg/g 
mg/g R1

2 K2 
g/mg.min qe(theo) mg/g R2

2 

C 3.76 0.0162 3.77 0.94 0.0165 3.76 0.994 

CH 3.83 0.0037 2.63 0.86 0.0028 3.89 0.951 

CN 1.74 0.006 1.2 0.90 0.0058 2.09 0.965 
 CONCLUSION 

In the present work, biosorption of chromium 
was studied in batch experiments using three 
types of biosorbents derived from carrot peal. 
Central composite design was adopted to study 
the effect of variation in parameters such as 
initial chromium concentration, pH, 
temperature and adsorbent dosage. For all the 
adsorbents, it is observed from the student ‘t’ 
test that, linear effect of pH, initial 
concentration was significant and for CH, only 
squared effect of pH was significant. Analysis 
of variance also showed that, a reasonably high 
regression coefficient of 0.91, ensuring a 
satisfactory agreement of the second order 
regression model with the experimental data. 
The optimization of process variables indicates 
that, CH removed maximum chromium of 
98.9% with highest initial metal concentration 
of 122.72 mg/l, pH of 2.72, temperature of 
42.9 °C and lowest biomass loading of 2.8 
g/100 ml.  Among all the adsorbents CH is the 
best with a highest removal capacity. 
Langmuir, Freundlich and Temkin isotherm 
models were in good agreement with 
experimental results. The biosorption of 
chromium obeyed the pseudo second-order 
biosorption kinetic model as it is fitted the 
experimental data with a high correlation 
coefficient, R2 of 0.994. Further, sorption is 
endothermic in nature. 
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