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ab s t r ac t
The removal of dyes from wastewater is crucial and considered an environmental challenge. Biosorption 
is an alternative technology to conventional processes aiming at the removal of toxic metals and dyes 
from polluted waters. In this study, Cystoseira barbata (Stackhouse) C. Agardh was used to remove the 
methylene blue (MB) from aqueous solution. The effects of solution pH, contact time and initial MB 
concentration at different temperatures were investigated. The adsorption reached to equilibrium in 
25 min and the pH did not have an important role on the biosorption. The Freundlich isotherm model 
showed slightly stronger correlation than Langmuir isotherm model especially at 25°C. The maximum 
adsorption capacity (qm) increased in parallel to the rise of temperature and reached to 14.97 mg/g at 
45°C. C. barbata can be successfully used for the removal of MB from aqueous solution.
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1. Introduction

Environmental pollution has become a significant prob-
lem to all living organisms by the rapid increase in indus-
trialization and technology [1,2]. Synthetic dyes are one of 
the main pollutants causing health disorders and damages 
in human life [3]. For example, methylene blue (MB) is an 
organic and common type of colorants, usually used to dye 
cotton, wool and other materials. MB may also cause serious 
health problems such as vomiting, hard breathing and men-
tal disorder [4] and even very low concentration of the dye in 
water is not desired [5,6]. Direct discharge of these effluents 
into wastewater plants and/or environment may cause dif-
ferent problems [7]. In this respect, the removal of dyes from 
wastewater is important.

There are several treatment methods for the removal of 
colorants [8] such as chemical coagulation, ion-exchange 
and adsorption [9–11]. Bioadsorption or biosorption among 

these techniques is an alternative method since it is easier, 
faster, more economic and efficient compared to conven-
tional techniques [12,13]. In this technique, however, espe-
cially solution pH and contact time are of high influence on 
biosorption capacity [14]. Several organisms such as fungi, 
bacteria and algae have been suggested as biosorbents in 
biosorption studies, among which macroalgae (seaweeds) 
were found to be capable of efficiently adsorbing various 
water polluting agents including dyes [15,16]. There are 
many studies on macroalgae treated with different colo-
rants to find out the adsorption capacities [17–19]. Brown 
alga Cystoseira barbata (Stackhouse) C. Agardh is a com-
mon species mostly found in temperate regions such as the 
Mediterranean Sea, Indian and Pacific Oceans. Algae have 
carboxyl, hydroxyl, sulphate and amino groups in cell wall 
polysaccharides, which act as binding sites responsible for 
the biosorption [20]. As for brown algae, carboxyl and sul-
phate groups are active compounds as binding sites since 
the cell walls generally contain cellulose, alginic acid and 
sulphated polysaccharides [21].
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The aim of the study was to evaluate the removal of MB 
from aqueous solution using C. barbata. The effects of solution 
pH, contact time and concentration of MB solution were also 
tested. The experimental data were fit to different isotherm 
models namely the Langmuir and the Freundlich. FTIR and 
SEM analyses were utilized to characterize and compare MB 
loaded and unloaded C. barbata.

2. Experimental

2.1. Biomass

Brown alga C. barbata (Stackhouse) C. Agardh was col-
lected from the Dardanos Campus of Canakkale Onsekiz 
Mart University. The biomass was rinsed to remove some 
impurities and dried in an oven at 60°C until constant weight 
was reached. Dried biomass was ground and sieved.

2.2. Reagent and equipment

All chemicals used were analytical grade (Merck). All the 
solutions were prepared with distilled water. For biosorption 
experiments, stock MB solution (1,000 mg/L) was used and 
different concentrations of MB (5, 10, 20, 50, 100, 150, 200, 250 
and 300 mg/L) were prepared from stock solution using dis-
tilled water. The MB concentration in the solution was mea-
sured with a spectrophotometer (Rayleigh Vis-7220 G). The 
pH values of aqueous solutions were adjusted using 0.1 M 
HCl or 0.1 M NaOH. Samples were filtered through Millipore 
Millex-HV hydrophilic PVDF 0.45 µm syringe filter. A Wise 
Bath WSB-30 model shaker was used for the adsorption 
experiments.

2.3. Biosorption experiments

The batch adsorption technique was employed to assess 
the adsorption of MB from the aqueous solution. C. barbata 
(100 mg) was put into a 50 mL falcon tube and treated with 
10 mL of a MB solution. All the biosorption experiments 
were carried out using 10 mL aqueous MB solutions. The test 
solutions were shaken at 250 rpm at room temperature for 
60 min, centrifuged at 3,000 rpm and the supernatants were 
filtered through the syringe filters. The adsorbed amount 
of MB was calculated following the spectrophotometrically 
measurement of supernatant at 665 nm.

2.4. Determination of optimum pH

Four pH values (3, 5, 7 and 9) were tested in the trial. 
Accordingly, 100 mg dried C. barbata was put into the Falcon 
tubes filled with 10 mg/L MB solutions at different pH val-
ues. The tubes were shaken at room temperature for 60 min 
at 250 rpm. The samples were centrifuged, filtered and the 
absorbance of the supernatant was measured.

The percentage of MB removal (% R) from the aqueous 
solution was calculated as follows:
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where C0 is the initial MB concentration (mg/L) and Ce is the 
equilibrium concentration of MB (mg/L).

2.5. Determination of optimum contact time

Dried biomass (100 mg) was added into 10 mL of MB 
(10 mg/L) solution and the pH was adjusted to 5. Falcon tubes 
were shaken at room temperature for different time intervals 
(10, 25, 50, 100, 150, 200 and 300 min). Samples were centri-
fuged, filtered and the absorbance of the supernatant mea-
sured with the spectrophotometer.

The amount of MB uptake, qt (mg/g), at each interval was 
calculated using the following equation:
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where C0 (mg/L) is the initial MB concentration, Ce (mg/L) is 
the concentration of MB solution at a given time, V (L) is the 
volume of metal solution and M (g) is the mass of biosorbents 
(dry weight).

2.6. Adsorption isotherms

10 mL MB test solutions (pH 5) were prepared at different 
concentrations (5, 10, 20, 50, 75, 100, 150, 200, 250 and 300 mg/L) 
and added into the Falcon tubes each containing 100 mg of 
dry biomass. The test solutions were shaken for 25 min at 
25°C and 45°C. The amount of MB adsorbed was calculated 
using Eq. (2). In the equation qt is substituted with qe.

2.7. Characterization of biomass

Fourier transformed-infrared spectroscopy (FTIR) spec-
tra were obtained using a Perkin-Elmer FTIR Spectrometer 
(Spectrum BX-II). Biomass of C. barbata was dried to a con-
stant weight at 60°C and 1 mg of the biomass was then pel-
leted with 100 mg KBr. FTIR analysis was performed in the 
range of 400–4,000 cm–1 for the characterization of biomass.

Morphological features of algal biosorbent particles 
before and after the adsorption were obtained using the 
Scanning Electron Microscope (SEM, Jeol JSM 7100F) at accel-
erating voltages of 5 and 7 kV attached to an X-ray energy 
dispersive spectrometer (EDX). Before the scanning process, 
all samples were dried and coated with gold to enhance elec-
tron conductivity. SEM micrographs were taken at different 
magnifications.

3. Results and discussions

3.1. Determination of optimum pH

The trials were conducted from pH 3 to 9 since the pH of 
the solution is critically important in the adsorption process 
[22,23]. In the range mentioned above, the effect of pH on the 
biosorption of MB by C. barbata was negligible as shown on 
Fig. 1. The MB concentrations adsorbed were almost constant 
at different pH values.

3.2. Determination of optimum contact time

Fast response of sorbents to the chemicals, or in other 
words, fast sorption equilibrium is very important in an 
adsorption process. The relationship between contact time 
and biosorption of MB onto C. barbata was given in Fig. 2. 
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The results showed that the adsorption reached to equilib-
rium within 25 min while the fastest part was observed in 
the first 10 min due to the effective interaction between MB 
dye molecules and active sites on the surface of grounded 
biomass [3]. MB amount adsorbed did not increase anymore 
and kept almost constant at 1.00 mg/g for the periods longer 
than 25 min.

3.3. Adsorption isotherms

The equilibrium data at different temperatures were ana-
lyzed with Langmuir and Freundlich isotherms. The mono-
layer of the adsorbate on the adsorbent surface was predicted 
with the Langmuir model while the multi-layer adsorption 
isotherm, the Freundlich model, was applied to the heteroge-
neous surfaces. The Langmuir model was shown below [24]:
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m
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where qe (mg/g) is the amount of MB adsorbed at equilibrium, 
Ce (mg/L) is the equilibrium concentration of the MB solution, 
qm (mg/g) is the maximum adsorption capacity and aL is the 
Langmuir constant related to the energy of adsorption.

A linear form of the Freundlich equation was given  
below [25]:

log log logq K n Ce f e= +  (4) 

where Kf (mg/g) is related to adsorption capacity and n is an 
empirical parameter that varies with degree of heterogeneity. 

Fig. 3 shows the adsorption isotherms used to character-
ize the interaction between MB and algal biomass. According 
to the results of the experiment, MB amount adsorbed by 
C. barbata increased in higher solution concentrations. The 
maximum adsorption capacities (qm) of C. barbata were 
12.78 and 14.97 mg/g at 25°C and 45°C, respectively. In this 
study, Freundlich isotherm model showed a better fit than 
the Langmuir isotherm model for all the temperatures stud-
ied (Table 1). A comparison of the qm of C. barbata and some 
selected adsorbents were presented in Table 2. The qm value 
of C. barbata in MB solution was higher than that of Posidonia 
oceanica and a commercial product zeolite.

3.4. Characterization of biomass

3.4.1. FTIR

The FTIR spectroscopy method is largely used to charac-
terize the mechanism of binding on algal surfaces with the 
help of the hydroxyl, carboxylic acid, amine, amino, sulfonyl 
and phosphate functional groups found in the structure of 
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Fig. 1. Effect of pH on the biosorption of MB.
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Fig. 2. Effect of contact time on the biosorption of MB.
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Fig. 3. Sorption isotherm curves for biosorption of MB at 25°C 
and 45°C.

Table 1
Langmuir and Freundlich isotherm models of C. barbata for MB 
at different temperatures

Temperature 
(°C)

Langmuir isotherm 
model

Freundlich isotherm 
model

qm 

(mg/g)
aL RL

2 nf Kf 

(mg/g)
RF

2

25 12.78 0.43 0.8525 1.46 3.67 0.9875
45 14.97 1.79 0.9614 2.56 6.94 0.9809
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algae [12,37,38]. The FTIR spectra of C. barbata were given in 
Fig. 4. It was seen that MB was generally attached to hydroxyl, 
amine and carboxyl groups of biomass, which were given in 
Table 3 together with the other functional groups of the bio-
mass. Similar results were also reported in some studies car-
ried out with MB [28,31].

3.4.2. SEM

SEM is a useful tool to examine the surface structure of 
the biosorbent. In this study, the surface microstructures 
of C. barbata samples were analyzed by the SEM/EDS tech-
nique (Fig. 5). The SEM micrographs indicated the presence 
of rough and flat surfaces on unloaded samples (Fig. 5(a)). 

Table 2
Maximum MB adsorption capacities of different adsorbents

Adsorbent qm 

(mg/g)
Temperature 
(°C)

References

Raw Posidonia oceanica 
(L.) fibres

5.56 30 [26]

Petalonia fascia 28.50 25 [27]
Gracilaria corticata 95.41 30 [28]
Ulva lactuca 40.20 25 [29]
Ulothrix sp. 86.10 25 [10]
Daucus carota stem 55.50 30 [30]
Kappaphycus alvarezii 74.40 30 [31]
Zeolite 12.70 25 [32]
Casuarina equisetifolia 110.80 25 [33]
Peat 111.00 25 [34]
Peat 143.90 70 [35]
Artocarpus  
odoratissmus skin

184.60 25 [36]

Cystoseira barbata 12.78 25 This study
Cystoseira barbata 14.97 45 This study

(a)

(b)

Fig. 4. FTIR spectra of C. barbata unloaded (a) and loaded with 
MB (b).

Fig. 4. SEM images of C. barbata unloaded (a) and loaded with 
MB (b).

Table 3
Functional groups observed in FTIR of C. barbata

Functional group Wavenumber (cm–1)
Unloaded Loaded with MB

–OH and – NH streching 3,306 3,302
–CH stretching 2,926 2,933
–OH 2,296 2,314
C = O groups in amide 1,623 1,611
C-O stretching 1,419 1,417
C-O carboxyl 1,233 1,227
S=O stretching 1,025 1,019
S-O stretching 815 829
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Fig. 5(b) showed how the surface structure changed when 
the sample loaded with MB. After the biosorption process, 
the surface of the algal sample appeared roughed and more 
porous compared to the unloaded raw sample.

4. Conclusion

In this study, the effect of various parameters such as 
pH, contact time and initial MB concentration were investi-
gated on the adsorption of MB by C. barbata. The findings 
were further supported by FTIR and SEM analyses to see the 
differences after biosorption. In this study, the effect of con-
tact time and initial MB concentration were more effective 
on the biosorption capacity than that of pH. The biosorption 
reaction reached equilibrium within the first 25 min and the 
maximum adsorption capacity (qm) was 14.97 mg/g at 45°C. 
Freundlich isotherm model showed a better fit than the 
Langmuir isotherm model. The possible functional groups 
in C. barbata responsible for binding of MB were proven 
hydroxyl, amine and carboxyl groups. The biomass can be 
modified by crosslinking with various chemicals to further 
increase the qm. As a result, C. barbata can be used as an alter-
native and low-cost material for the removal of MB from 
aqueous solution.
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