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In this work, styrene removal from wastewater by using sugarcane waste (bagasse) as an adsor-
bent was studied. Equilibrium isotherms and kinetics were determined; the effects of bagasse 
particle size and concentration, solutions pH, and temperature on the biosorption of styrene 
were studied in batch experiments. Adsorption equilibrium data was successfully fitted to Lang-
muir isotherms (R2=0.986) and Freundlich isotherms (R2=0.96). Also, the kinetics of biosorption 
was fitted to pseudo-second order equations (K2=0.00146 g mg-1 min-1, qe=24.5 mg g-1 for particle 
size range of 88-105 µm). 
 According to the obtained results, an empirical equation was presented that could be used to 
calculate the percentage of styrene adsorption. The results showed that an increase in tem-
perature caused a decrease in styrene removal. Moreover, maximum uptake was observed with 
NaOH-treated bagasse. It was found that an increase in average particle size decreased the bio-
sorption rate. According to the calculated heat of adsorption, this sorption can be classified as a 
chemical biosorption. The optimum uptake was determined to be 88% at a pH equal to 12.1, a 
temperature of 35 oC, a particle size of 420-500 µm, and a bagasse concentration of 1 g L-1.

1. Introduction

Styrene is a major chemical component which has 
many uses such as manufacturing polystyrene, plastics, 
and styrene-butadiene rubbers. It is a colorless, volatile, 
strong-smelling, and aromatic compound which is only 
slightly soluble in water (300 mg L-1). The boiling point and 
vapor pressure of styrene is 145 °C and 10 mmHg, respec-
tively. The annual production of this chemical by the petro-
chemical industry in Iran was 1.45×105 kg in 2008 [1]. The 
release of styrene, which is a highly toxic chemical, into the 
environment can occur through inappropriate disposal and 
handling. The increasing presence of styrene can be a great 
risk for the environment as well as a health concern. The ef-
fects from exposure to styrene may involve the central ner-
vous system and include complaints of headache, fatigue, 
dizziness, confusion, drowsiness, malaise, difficulty in con-
centrating, and a feeling of intoxication. The International 
Agency for Research on Cancer (IARC) classifies styrene as 
a potential human carcinogen [2]. The United States Envi-

ronmental Protection Agency has limited the concentration 
of styrene in drinking water to 0.1 mg L-1. The UK occupa-
tional exposure limit is 50 ppm over an 8 hour working day 
[3]. Therefore, the development of different methods to 
remove styrene from industrial wastes, like wastewater, 
has generated significant interest. Conventional treatment 
methods such as precipitation, activated sludge processes, 
membrane processes, etc. have some major disadvantages 
when styrene is a concern factor [4-6]. For example, since 
styrene is classified as a volatile organic compound (VOC), a 
significant quantity of it can exit these processes and pollute 
the air during the aeration of the activated sludge bioreac-
tor [4,5,7]. Another point of concern is the toxic effect of 
styrene on biomass performance and properties [6]. Addi-
tionally, the industrial application of such processes is often 
restricted because of technical and economic constraints. 
Biofiltration is a commonly used process to remove VOCs 
such as styrene from air streams. It is particularly appropri-
ate for applications with low inlet concentrations and high 
gas flows. The VOC is absorbed into a moist layer containing 
the micro-organisms which facilitates biodegradation. In 
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unsteady state conditions, adsorption onto the inert sol-
id bed is also significant [8]. Mofidi et al. investigated the 
adsorption of VOC vapors in a fluidized bed. The effects of 
parameters such as flow rate, particle size, concentration, 
and adsorption capacity were previously investigated [8].

The biosorption/bioaccumulation methodology involv-
ing pollution removal from wastewater or waste gas by 
adsorption on biological materials has recently attracted 
considerable attention due to its cost effectiveness, avail-
ability of large surface area, selective adsorption of pollu-
tion, capability of reducing the concentration of pollutants 
significantly below the permissible limit, and the possibility 
of material regeneration [9-13]. A number of studies deal-
ing with metal ion removal were carried out using naturally 
available biomaterials such as eucalyptus bark, saw dust, 
sugarcane bagasse (SCB) and sugar beet pulp, coconut husk 
fibers, palm pressed fibers, wool and pine needles, orange 
waste, and palm flowers [14-17]. In recent years, microbial 
biomass has also been successfully employed in biosorp-
tion studies [18-20].

The selection of optimal physicochemical conditions such 
as optimum pH, temperature, particle size, and biomass 
concentration is an important step in the development of 
biosorption processes. The study of process kinetics and 
equilibrium is another fundamental step, giving important 
information about the uptake mechanism [19]. 

Bagasse is a by-product of sugarcane. Bagasse, like oth-
er woods, is composed of peel and pulp. The dominant 
components of these adsorbents are cellulose, lignin, and 
pentose, respectively. This material can be used in the pro-
duction of medium density fiberboard (MDF) composites 
and good quality wood. Bagasse also has the potential to 
be used for biofuel production and is economically viable 
for bioethanol and biomethane production [21]. Recently, 
bagasse is found to be a valuable adsorbent in biosorption.

The biosorption of styrene from aqueous solutions with 
plant based adsorbents (bagasse) has not been previously 
reported.

Some published literature utilized Langmuir and Freun-
dlich models (two-parameter models) for describing the 
biosorption isotherm due to their simplicity, physical sig-
nificance, easy interpretation, and well-established nature 
[12]. In addition to their simplicity, the two-parameter 
models can be easily linearized and are thus preferred. 

The optimization of pertinent parameters of a process is 
usually carried out by the design of experiments (DOE) [22]. 
Response surface methodology, such as central composite 
design (CCD), is employed [23-25].

The aim of this study was to investigate the possibility of 
the biosorption of styrene by means of bagasse. The bio-
sorption kinetics of styrene was also examined. Additional-
ly, the effects of four parameters, specifically temperature, 
solution pH, particles size, and bagasse concentration on 
biosorption, were determined using statistical design of ex-
periments such as response surface methodology. 

2. Materials and methods

2.1. Biosorbent preparation 

Bagasse was supplied by the Hafttappe sugarcane factory 
in Khuzestan province, Iran. After washing it with deionized 
water and drying at 80 °C in a convection oven for 18 hr, the 
residues were ground and sieved into different fractions 
[26, 27]. The ranges of the size of the fractions are present-
ed in Table 1.

Table 1. The coded forms of all parameters.
Parameters -2 -1 0 1 2

Temperature (°c) 65 55 45 35 25

pH 13.6 12.1 7.5 2.2 1.3

Bagasse concen-
tration(g L-1)

10 7 5 3 1

Bagasse particles 
size (µm)

610-700 420-500 177-210 88-105 55-76

2.2. Chemical treatment of bagasse

Twenty grams of dried bagasse was stirred for 24 hr with 
800 ml of an aqueous solution of NaOH (0.5 M) or HCl (0.5 
M) for base-treated or acid-treated, respectively. After fil-
tration, the treated bagasse was washed with deionized 
water until the pH of the solution reached 7. Then it was 
dried at 80 °C in a convection oven for 18 h [26, 27].

2.3. Styrene solution preparation

Styrene (analytical grade) was purchased from Merck Co. 
Ltd. (Darmstadt, Germany) and deionized laboratory water 
was used for making the aqueous mixtures. The prepara-
tion of styrene was carried out using a special injector with 
a volume of 25 µl. The concentration of styrene in all exper-
iments was 200 mg L-1. 

2.4. Analysis of styrene 

The concentration of styrene in aqueous solutions was 
measured by an Agilent series 1200 HPLC equipped with 
a reverse phase Eclipse XDB C18 Agilent column (5 μm, 
4.6×250 mm). In this measurement, the mobile phase was 
75% acetonitrile and 25% water. The styrene concentration 
was determined using an injection volume of 10 μl of solu-
tion at a wavelength of 245 nm (UV detector) in a mobile 
phase with a flow rate of 1 ml min-1 [28].

2.5. FTIR spectroscopy 

FTIR spectroscopy was used to identify the chemical 
groups present in the structure of biosorbent. The spectra 
of the biosorbent for all normal bindings were recorded in 
a Fourier transform infrared spectrometer (Bruker, Tensor 
27) with the sample prepared as KBr disc.
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2.6. Central composite experimental design

In this work, the design of experiments (DOEs) was car-
ried out using response surface methodology (RSM). For 
this purpose, Minitab software (V. 15) was employed. 

The central composite design (CCD), which is adequate 
for fitting a quadratic surface and usually is good for pro-
cess optimization, was applied for the experimental design. 
In order to investigate the effect of operating parameters 
on the biosorption efficiency of styrene by bagasse, four in-
dependent variables were chosen: temperature, pH of the 
solution, bagasse concentration, and bagasse particle size. 
The coded values of process variables were obtained from 
Eq. (1): 

Xi =                                                   i = 1, 2, 3, …                      (1)             

Where xi is the dimensionless coded value of an inde-
pendent variable, Xi is the real (encoded) value of an inde-
pendent variable, xcp is the value of Xi at the center point, 
and     xi is the step change value. The second order equation 
response was used to correlate the dependent and inde-
pendent variables that can be stated in the form of the fol-
lowing equation: 

                                                                                                

where Y is the process response or output (dependent 
variable); b0 is constant; b1, b2 and b3 are linear coefficients; 
b12, b23 and b13 are cross product coefficients; b11, b22 and 
b33 are quadratic coefficients; xi is coded independent vari-
ables temperature (x1); and pH (x2), bagasse concentration 
(x3), and bagasse particles size (x4) that are represented in 
terms of coded factors (-2, -1, 0, +1 and +2). A positive sign 
in the equation indicates a synergistic effect of the vari-
ables, while a negative sign represents an opposite effect of 
the variables. The optimum values of the parameters were 
determined by solving the regression equation, analyzing 
the surface of the counter response surface plot. The coded 
forms of the parameters studied are listed in Table 1. 

2.7. Desorption procedure 

Desorption of the adsorbed styrene from the biosorbent 
was studied in a batch system. Sample mixtures were heat-
ed for three hours while stirring; then, the mixture was fil-
tered using a vacuum pump and the solution was separated 
for analysis.

2.8. Experimental run 

2.8.1. Kinetics studies 

The experiments were conducted with five different 
bagasse particle size distributions, shown in Table 1, with 
an initial styrene concentration of 200 mg L-1 and bagasse 

concentration of 5 g L-1. The mixture was agitated at 300 
rpm. The solution was analyzed for the residual styrene 
concentration. 

2.8.2. Biosorption isotherms 

A number of batch experiments were conducted at a 
constant temperature (35 °C) using a 500 ml serum bottle. 
The concentration of dried bagasse added to each serum 
bottle was 3 g L-1   and consisted of a total volume of 500 
ml styrene solution with an initial concentration of 200 mg 
L-1. All bottles were then sealed with Teflon coated silicone 
septa and aluminum crimps caps to minimize evaporation; 
they were mixed at 300 rpm on a magnetic mixer for 3 hr. 
The amount of styrene adsorbed was determined using the 
following equation:

0( )C C Vq
m

− ×
=                                                                                                                      (3)

Where q is styrene uptake (mg g-1), C0 and C are the con-
centration of the styrene before and after biosorption (mg 
L-1), V the volume of the aqueous phase (l), and m is the 
amount of biosorbent (g). 

3. Results and discussion

3.1. Biosorption kinetics 

Fig. 1 shows a styrene concentration profile versus an 
agitation time using dried bagasse with two different par-
ticle size distributions at an initial styrene concentration of 
200 mg L-1. It can be seen that biosorption consisted of two 
phases: A primary rapid phase and a secondary slow phase 
which is more apparent for small particle size diameter (88-
105 µm). Equilibrium time was reached after 120 min for a 
particles size of 88-105 μm and 180 min for a particle size of 
177-210 μm. Note that with a decrease in particle size, the 
rate of adsorption increases.

The equations for the determination of kinetics were:

 
                                                   
                                                                              
ec

Where qt and qe (mg g-1) are biosorption capacity at time 
t and at equilibrium, respectively, K2 (g mg-1 min-1) is the 
rate constant of pseudo-second order and Kf (min-1) is the 
constant rate of first order equation. 

Plots of (          ) versus time for both particle sizes arshown 
in Fig. 2 and the variation of  Ln                          time for both 
particle sizes is shown in Fig. 3. 

As can be observed in Figs. 2(a, b) and Figs. 3(a, b), us-
ing a pseudo-second order equation is slightly better than a 
first order equation. 
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The linearity of the plots indicates the applicability of this 
kinetic model for styrene uptake. The values of K2, obtained 
from the plot, were 0.00135 g mg-1 min-1 for particle size of 
177-210 µm and 0.00146 g mg-1 min-1 for particle size of 
88 - 105 µm. The value of qe for both sizes was calculated 
as 22.2 mg g-1, which is very close to experimental results 
(21 mg g-1). Gerrad et al. have also shown that the kinetic 
adsorption of styrene by active carbon or perlite was fitted 
to the second order equation slightly better than first order 
[29].

3.1.1. Biosorption isotherms

  Both the Langmuir and Freundlich models were used to 
describe biosorption isotherms. The Langmuir equation 
can be expressed as [30]:

1
m e

eq q bC
=

bCe+                                                                                                                (6)

Where qe is the amount of styrene adsorbed (mg g-1) at 
equilibrium condition, Ce is the equilibrium concentration 
(mg L-1), b is a constant related to the energy of biosorption 
(l mg-1), and qm is the amount of styrene per unit weight of 
adsorbent to form a complete monolayer on the surface.

   The constant b and qm are the parameters of the Lang-
muir equation and can be determined from a linearized 
form of the Eq. (6):

1e e

e m m

C C
q q b q

= +
                                                                                                                       

The Freundlich model can be written as [31]:

1/ n
e eq kc=                                                                                                                                (8)

Where k and n are empirically constants and were de-

Fig.1. Effect of contact time on styrene removal at two different particles 
size range (c0=200 mg L-1, bagasse concentration 5 g L-1).

Fig. 2. Plot of t/qt vs. time (t) for the sorption kinetic of styrene on Bagasse (a) 88≤ particle size (µm) ≤ 105 (b) 177≤particle size (µm) ≤ 210 (C0=200 mg 
L-1, bagasse concentration 5 g L-1).

Fig. 3. Plot of log                               vs. time (t) for the sorption kinetic of sty-
rene on Bagasse and 177≤ particle size (µm) ≤ 210 (C0=200 mg L-1, bagasse 
concentration 5 g L-1)
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termined from linearized form of the Freundlich equation: 

1( ) ( )e eLn q Ln k C
n

= +                                                                                                             (9)
 
Figs. 4(a) and 4(b) show the applicability of these models 

for styrene biosorption for bagasse. The model parameters 
and correlation coefficient value (R2) are given in Table 2.

According to Table 2, very high regression correlation co-
efficients (>0.96) were found for both of the studied mod-
els. According to our results, both models are suitable for 
describing the biosorption equilibrium of styrene by the 
bagasse. Based on the Langmuir isotherm, the maximum 
capacity (qm) of styrene was 25.64 mg g-1. Khorramzadeh et 
al. studied biosorption of mercury ions (Hg(II)) on different 
biosorbents in which the results have shown goodadsorp-
tion of mercury ions by sugarcane bagasse in comparison 
to other biosorbents [32]. Gerrad et al. have shown that 
the experimental data of adsorption of styrene from pol-
luted air was fitted to the Frundlich model (R2=0.99 to 1) 

Fig. 4. Styrene biosorption isotherms (a) Langmuir isotherm (b) 
Freundlich isotherm.

Table 2. Langmuir and Freundlich model parameters for biomass.
Langmuir isotherm Freundlich isotherm

qm(mg g-1)     b(l mg-1)                                                          R2 k n R2

Biomass  25.64    0.0438      0.986           363  1.92          0.96

when perlite was used as an adsorbent medium [29].

3.2. The effect of temperature, solution pH, particles size, 
and bagasse concentration on biosorption efficiency of sty-
rene 

The various levels of adsorption efficiency for the com-
binations of the four pertinent factors in biosorption pro-
cesses using the CCD design of experiments is presented in 
Table 3. The analysis of variance (Table 4), in which the sec-
ond order polynomial regression model for the prediction 
of adsorption efficiency was tested for adequacy, showed 
that the regression model, as well as the linear and the 
square term, were highly significant. The refined regression 
model for the percentage of adsorption (P-A), as a function 
of terms in which according to the P-values present in Table 
5 were significant, is presented below:

Table 3. CCD design matrix (in coded form) and observations for 
four factors (T: temperature (°C), P-S: particle size of adsorbent 
(µm) c: concentration of adsorbent in solution (g L-1) and P-A is 
percentage of adsorption).

pH T(°C) P-S(µm) C(g l-1) P-A(%)

0 0 0 0 60

-1 1 -1 1 62

1 1 -1 -1 68

1 -1 1 -1 48

-1 -1 -1 -1 81

-1 -1 1 1 76

-1 1 1 -1 89

0 0 0 0 52

1 -1 -1 1 48

1 1 1 1 72

1 -1 -1 -1 69

1 1 -1 1 70

0 0 0 0 63

-1 1 -1 -1 69

-1 1 1 1 61

0 0 0 0 53

-1 -1 1 -1 77

-1 -1 -1 1 83

1 -1 1 1 43

1 1 1 -1 92

0 0 0 -2 83

-2 0 0 0 85

0 2 0 0 65

0 0 0 2 50.5

0 0 0 0 49.5

0 0 2 0 55

0 0 -2 0 58

2 0 0 0 42

0 0 0 0 50

0 -2 0 0 45
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tration of adsorbent in solution (g L-1), respectively. 
The coefficient of determination, R2, for the above model 

was calculated to be 0.84913 which shows that the regres-
sion model is suitable for describing adsorption efficiency.

The response surface plots for adsorption efficiency are 
shown in Fig. 5. Referring to Fig. 5(a), it could be inferred 
that an increase in pH causes an increase in efficiency and 
this effect is more pronounced at high levels of P-S. As well, 
this effect is confirmed at different levels of bagasse in Fig. 
5(b).

Totally, it was observed that treating bagasse with NaOH 
or HCl increase biosorption efficiency. However, the maxi-
mum biosorption efficiency was by NaOH-treated bagasse 
and the minimum was by untreated bagasse. (Fig. 5(a))

Referring to Figs. 5(b) and 5(c), it is obvious that increas-
ing the bagasse concentration increased the styrene bio-
sorption efficiency. Esfandiar et al. also showed that an 
increase in adsorbent dosage resulted in an increase of bio-
sorption efficiency [27].

It could be inferred by Fig. 5(d) that at a low level of P-S, 
biosorption efficiency is decreased as the temperature in-
creased; furthermore, Fig. 5(c) indicates that with a high 
concentration of bagasse, the effect of temperature on 
biosorption efficiency is approximately negligible. Mofidi et 
al. also noted that with a decrease in particle size of acti-
vated carbon, the adsorption of styrene from polluted air 
increased [8].

 In order to estimate the heat of biosorption (∆H), a new 
set of experiments at four different temperatures were 
carried out and the Langmuir parameters were calculated. 
Since b is equilibrium constant, its dependence on tem-
perature can be used to estimate enthalpy changes of bio-
sorption [33, 34]:

   The plot of Ln (b) versus  is a straight line and is depicted 
in Fig. 6. By considering universal gas constant (R) as 1.987 
cal mol-1 K-1, the value of ∆H was found to be -6.135 kcal 
mol-1, which indicated that the reaction was exothermic. 

The magnitude of ∆H may give an idea about the type 
of sorption. The two main types of adsorption are physi-
cal adsorption and chemical adsorption. The enthalpy for 
physical adsorption is usually no more than 1 kcal mol-1 ;and 
the enthalpy for chemical adsorption is more than 5 kcal 
mol-1 [33, 34] .We may conclude that styrene biosorption on 
bagasse is a chemical process. 

3.3 FTIR analysis

Figs. 7(a), (b), and (c) show the FTIR spectra of the un-
treated, NaOH-treated, and HCl-treated bagasse after sty-
rene biosorption, respectively. As it could be seen from the 
FTIR spectra, many functional groups are presented on the 
bagasse surfaces [35]. 

Table 4. ANOVA of the second order polynomial model for adsorp-
tion efficiency of styrene obtained from the CCD results.

Table 5. Estimated regression coefficients, t-statistics and signifi-
cance probability of the second order polynomial model for bio-
sorption of styrene results of CCD runs.

)11(( ) G H sLn b
RT RT R
∆ ∆ ∆

=− =− +
 

Source DF Seq SS Adj SS Adj MS F P

Blocks 2 0.076380 0.076380 0.038190 8.54 0.002

Regres-
sion

8 0.392311 0.392311 0.049039 10.96 0.000

Linear 4 0.174854 0.174854 0.043714 9.77 0.000

Square 2 0.069807 0.069807 0.034903 7.80 0.003

Interac-
tion

2 0.147650 0.147650 0.073825 16.50 0.000

Residu-
al Error

19 0.084989 0.084989 0.004473

Lack-of-
Fit

16 0.076777 0.076777 0.004799 1.75 0.358

Pure 
Error

3 0.008212 0.008212 0.002737

Total 29 0.553680

Term Coeff  SE Coeff T P

Constant 0.545833 0.02789 19.574 0.000

Block 1 0.047000 0.01764 2.665 0.019

Block 2 0.023000 0.01764 1.304 0.215

PH -0.044167 0.01394 -3.168 0.007

T 0.040833 0.01394 2.929 0.012

P-S 0.010833 0.01394 0.777 0.041

C -0.059583 0.01394 -4.273 0.001

PH*PH 0.028646 0.01304 2.196 0.047

T*T 0.019896 0.01304 1.526 0.151

P-S*P -S 0.011146 0.01304 0.855 0.408

C*C 0.049271 0.01304 3.778 0.002

PH*T 0.081250 0.01708 4.758 0.000

PH*P-S -0.005000 0.01708 -0.293 0.774

PH*C -0.006250 0.01708 -0.366 0.720

T*P-S 0.051250 0.01708 3.001 0.010

T*C -0.017500 0.01708 -1.025 0.324

P-S*C -0.018750 0.01708 -1.098 0.292

P-A = 0.576875 - 0.0441667(pH) - 0.0408333(T)- 0.0108333 
(P-S) +  0.0595833(C)+ 0.0247656(pH) 2 + 0.0453906(C)2  + 
0.0812500(pH×T) + 0.0512500(T×P-S)                               (10)

In this equation T, P-A, P-S, and C are temperature (°C), 
percentage of adsorption, particle size (µm), and concen
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(a)                                                                 (b)

(C) (D)

                                                                                  

Fig. 6. Plot of ln(b) versus 1⁄T

As can be noted, the main difference between the pre-
sented spectra in Fig. 7 is in C=C stretching bands. The two 
first shoulders in Fig. 7(a), 1600-1650 cm-1, can be attributed 
to C=C bands in the lignin structure; the third peak, 1700-
1750 cm-1, is attributed to S=O in the pentosan  structure. 

The comparison of the spectra showed that during treat-
ment with NaOH, lignin C=C stretching peaks disappeared-
due to its removal of lignin. After the biosorption process, 
a peak was observed at 1600-1650 cm-1 and is attributed to 
the presence of styrene [Fig. 7 (c)].

FTIR spectra were used to explain the effect of the ad-
sorbent’s pH on the efficiency of the biosorption process. 
When HCl was added to the bagasse, the structure of 
cellulose was exploded. The alkaline treatment removed 
hemicelluloses and lignin mainly from the surface of ba-
gasse fibers. As a result, a surface with more roughness 
and a higher surface area was generated [36]. The results 
revealed that the treated bagasse had a higher adsorp-
tion capacity and between these two kinds of treatments, 
the NaOH-treated bagasse showed a higher capacity than
the HCl-treated. It is known that a C=C band exists in both 
styrene and lignin structures. However, because of the de-
struction of lignin, this band does not exist in NaOH-treated 
bagasse. 

4. Conclusion 

The removal of styrene from polluted aquatic systems 
was carried out by using bagasse as the adsorbent medium.   
The pseudo-second order kinetic model gives a better view 
of describing the adsorption process. The parameters of 
both isotherms, Langmuir and Freunlich, were determined. 
Also, it was found that as particle size increased, the rate 
of biosorption decreased. The biosorption efficiency was 
decreased by increasing the adsorption temperature, and it

Fig. 5. Effects of all parameters on the percentage of adsorption. (a) effect of pH and P-S on P-A (T= 45 °C, C= 5 g L-1). (b) Effect of pH 
and C on P-A ((T= 45 °C, P-S= 177-210 µm). (c) Effect of T and C on P-A (pH= 7.5, P-S= 177-210 µm). (d) Effect of T and P-S on P-A (C=5 g 
L-1, pH= 7.5).
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(a)  (b)

appears that styrene biosorption on bagasse is a chemical 
process. 

According to the obtained results, the biosorption of sty-
rene was affected by the pH, in which the maximum bio-
sorption efficiency was determined to be in NaOH-treated 
bagasse. 

 Moreover, an equation was presented that could deter-
mine the optimum condition for the biosorption process. 
This equation includes all affecting parameters that had 
been considered in this study. 

The optimum uptake was determined to be 88% at a pH 
of 12.1, a temperature of 35 oC, a particle size of 88-105 
µm, and an adsorbent concentration of 10 g L-1.

References

[1] World Petrochemicals. SRI Consulting. (2008). https://
www.ihs.com/industry/chemical.html.

[2] EPA, S. C. (2001). United States Environmental Protec-
tion Agency.

[3] Warhurst, A. M., & Fewson, C. A. (1994). Microbial me-
tabolism and biotransformations of styrene. Journal of 
applied bacteriology, 77(6), 597-606.

[4] Cheng, W. H., Hsu, S. K., & Chou, M. S. (2008). Volatile 
organic compound emissions from wastewater treat-
ment plants in Taiwan: legal regulations and costs of 
control. Journal of environmental management, 88(4), 
1485-1494.

[5] Hsieh, C. C. (2000). Removal mechanisms of VOCs in an 
activated sludge process. Journal of hazardous materi-
als, 79(1), 173-187.

[6] Fallah, N., Bonakdarpour, B., Nasernejad, B., & Mogha-
dam, M. A. (2010). Long-term operation of submerged 
membrane bioreactor (MBR) for the treatment of syn-
thetic wastewater containing styrene as volatile organ-
ic compound (VOC): Effect of hydraulic retention time 
(HRT). Journal of hazardous materials, 178(1), 718-724.

[7] Lin, T. Y., Sree, U., Tseng, S. H., Chiu, K. H., Wu, C. H., & 
Lo, J. G. (2004). Volatile organic compound concentra-
tions in ambient air of Kaohsiung petroleum refinery in 

Fig. 7. FTIR analysis of Bagasse (a) untreated biomass (b) NaOH-treated biomass (c) NaOH-treated biomass after biosorption.

 (c)

 

40
45
50
55
60
65
70
75
80
85
90

0 1000 2000 3000 4000 5000

T
ra

n
sm

it
ta

n
ce

 [
%

]

(Wavenumber .(cm -1))
 

40
45
50
55
60
65
70
75
80
85
90

0 1000 2000 3000 4000 5000

Tr
an

sm
it

ta
n

ce
 [

%
]

(Wavenumber .(cm -1))

 

40
45
50
55
60
65
70
75
80
85

0 1000 2000 3000 4000

T
ra

n
sm

it
ta

n
ce

 [
%

]

(Wavenumber .cm -1))



   N. Fallah  et al. / Advances in Environmental Technology 1 (2015) 31-40                                                                           39 

Taiwan. Atmospheric Environment, 38(25), 4111-4122.
[8] Mofidi, A., Asilian, H., & Jafari, A. J. (2013). Adsorption 

of volatile organic compounds on fluidized activated car-
bon bed. Health Scope, 2(2), 84-89.

[9] Ho, Y. S. (2003). Removal of copper ions from aqueous 
solution by tree fern. Water research, 37(10), 2323-
2330. 

[10] Nasernejad, B., Zadeh, T. E., Pour, B. B., Bygi, M. E., & 
Zamani, A. (2005). Camparison for biosorption model-
ing of heavy metals (Cr (III), Cu (II), Zn (II)) adsorption 
from wastewater by carrot residues. Process biochemis-
try, 40(3), 1319-1322.

[11] Basci, N., Kocadagistan, E., & Kocadagistan, B. (2004). 
Biosorption of copper (II) from aqueous solutions by 
wheat shell. Desalination, 164(2), 135-140. 

[12] Vijayaraghavan, K., & Yun, Y. S. (2008). Bacterial biosor-
bents and biosorption. Biotechnology advances, 26(3), 
266-291.

[13] Aksu, Z. (2005). Application of biosorption for the re-
moval of organic pollutants: a review. Process bochemis-
try, 40(3), 997-1026.

[14] Tsezos, M. (2001). Biosorption of metals. The experi-
ence accumulated and the outlook for technology devel-
opment. Hydrometallurgy, 59(2), 241-243. 

[15] Marín, A. P., Aguilar, M. I., Meseguer, V. F., Ortuno, J. F., 
Sáez, J., & Lloréns, M. (2009). Biosorption of chromium 
(III) by orange (Citrus cinensis) waste: batch and contin-
uous studies. Chemical engineering journal, 155(1), 199-
206.

[16] Elangovan, R., Philip, L., & Chandraraj, K. (2008). Bio-
sorption of hexavalent and trivalent chromium by palm 
flower (Borassus aethiopum). Chemical engineering 
journal, 141(1), 99-111. 

[17] Sarin, V., & Pant, K. (2006). Removal of chromium from 
industrial waste by using eucalyptus bark. Bioresource 
technology, 97(1), 15-20. 

[18] Das, S. K., & Guha, A. K. (2009). Biosorption of hexava-
lent chromium by Termitomyces clypeatus biomass: ki-
netics and transmission electron microscopic study. Jour-
nal of hazardous materials, 167(1), 685-691. 

[19] Wang, J., & Chen, C. (2006). Biosorption of heavy met-
als by Saccharomyces cerevisiae: a review. Biotechnolo-
gy advances, 24(5), 427-451.

[20] Ferraz, A. I., & Teixeira, J. A. (1999). The use of floccu-
lating brewer’s yeast for Cr (III) and Pb (II) removal from 
residual wastewaters. Bioprocess engineering, 21(5), 
431-437. 

[21] de Albuquerque Wanderley, M. C., Martín, C., de Mo-
raes Rocha, G. J., & Gouveia, E. R. (2013). Increase in 
ethanol production from sugarcane bagasse based on 
combined pretreatments and fed-batch enzymatic hy-
drolysis. Bioresource technology, 128, 448-453. 

[22] Montgomery D.C., (2005). Design and Analysis of Ex-

periments, 6th edition, John Wiley Sons, Inc, Arizona, 
USA. 

[23] Imandi, S. B., Bandaru, V. V. R., Somalanka, S. R., Ban-
daru, S. R., & Garapati, H. R. (2008). Application of sta-
tistical experimental designs for the optimization of me-
dium constituents for the production of citric acid from 
pineapple waste. Bioresource technology, 99(10), 4445-
4450. 

[24] Lotfy, W. A. (2007). The utilization of beet molasses as 
a novel carbon source for cephalosporin C production by 
Acremonium chrysogenum: optimization of process pa-
rameters through statistical experimental designs. Biore-
source technology, 98(18), 3491-3498. 

[25] Majumder, A., & Goyal, A. (2008). Enhanced produc-
tion of exocellular glucansucrase from Leuconostoc 
dextranicum NRRL B-1146 using response surface meth-
od. Bioresource technology, 99(9), 3685-3691.

[27] Khoramzadeh, E., Nasernejad, B., & Halladj, R. (2013). 
Mercury biosorption from aqueous solutions by sugar-
cane bagasse. Journal of the Taiwan institute of chemical 
engineers, 44(2), 266-269.

[28] Esfandiar, N., Nasernejad, B., & Ebadi, T. (2014). Re-
moval of Mn (II) from groundwater by sugarcane bagasse 
and activated carbon (a comparative study): Application 
of response surface methodology (RSM). Journal of in-
dustrial and engineering chemistry, 20(5), 3726-3736.

 [29] Zheng, Z. M., Hu, Q. L., Hao, J., Xu, F., Guo, N. N., Sun, 
Y., & Liu, D. H. (2008). Statistical optimization of culture 
conditions for 1, 3-propanediol by Klebsiella pneumoni-
ae AC 15 via central composite design. Bioresource tech-
nology, 99(5), 1052-1056. 

[30] Gerrard, A. M., Misiaczek, O., Hajkova, D., Halecky, M., 
& Páca, J. (2005). Steady state models fort the biofiltra-
tion of styrene/air mixtures. Chemical and biochemical 
engineering quarterly, 19(2), 185-190.

 [31] Langmuir, I. (1916). The constitution and fundamental 
properties of solids and liquids. Part I. solids. Journal of 
the American chemical society, 38(11), 2221-2295.

[32] Freundlich H., 1906. Uber die adsorption in losungen, 
Phys Chem. 57,385–470.

[33] Khoramzadeh, E., Nasernejad, B., & Halladj, R. (2013). 
Mercury biosorption from aqueous solutions by sugar-
cane bagasse. Journal of the Taiwan institute of chemical 
engineers, 44(2), 266-269.

34] Asasian, N., Kaghazchi, T., & Soleimani, M. (2012). Elim-
ination of mercury by adsorption onto activated carbon 
prepared from the biomass material. Journal of industri-
al and engineering chemistry, 18(1), 283-289.

[35] Özer, A., & Özer, D. (2003). Comparative study of the 
biosorption of Pb (II), Ni (II) and Cr (VI) ions onto S. cer-
evisiae: determination of biosorption heats. Journal of 
hazardous materials, 100(1), 219-229.

[36] Rodrigues Filho, G., de Assunção, R. M., Vieira, J. G., 
Meireles, C. D. S., Cerqueira, D. A., da Silva Barud, H., ... 



40                                                                                 N. Fallah  et al. / Advances in Environmental Technology 1 (2015) 31-40  

& Messaddeq, Y. (2007). Characterization of methylcellu-
lose produced from sugar cane bagasse cellulose: Crys-
tallinity and thermal properties. Polymer degradation 
and stability, 92(2), 205-210.

[37] García-Hernández, E., Licea-Claveríe, A., Zizumbo, 
A., Alvarez-Castillo, A., & Herrera-Franco, P. J. (2004). 
Improvement of the interfacial compatibility between 
sugar cane bagasse fibers and polystyrene for compos-
ites. Polymer composites, 25(2), 134-145.


	5-1008  22 1
	5-1008  22 2
	5-1008 3
	5-1008  22 3
	5-1008 5
	5-1008  22 4
	5-1008  22 5
	5-1008  22 6
	5-1008  22 7
	5-1008  22 8



