Activated biomass of the green microalga Chlamydomonas variabilis
as an efficient biosorbent to remove methylene blue
dye from aqueous solutions
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ABSTRACT
The raw and activated biomass of a green microalga, Chlamydomonas variabilis, were investigated as adsorbents for the
removal of methylene blue (MB) dye from aqueous solutions. Chlamydomonas variabilis was isolated and cultivated to obtain
a sufficient algal biomass. The collected biomass was first oven-dried and then activated by H,SO,. The results obtained
showed that the optimum adsorption of MB occurred over 30 min of contact time at pH 7 and an biosorbent dose of 1.5
and 1.0 g:L™* of dried biomass and activated biosorbent, respectively. Point of zero charge (pHpzc) was recorded at pH 6.8
and 6.9 for dried and activated biomass, respectively. The activated biomass was a more effective biosorbent than was the
dried biomass: At a MB concentration of 82.4 mg-L™, the minimum removal was greater than 98% using 1 g-L™" activated
biomass with a maximum adsorption capacity (g ) of 115 mg-g™*, whereas at a MB concentration of 56.4 mg-L™, the

max’

maximum removal did not exceed 80.8% using 1.5 g-L ™' raw biomass with a g, _of 18.3 mg-g™". Furthermore, the Freundlich
and Langmuir isotherm models of adsorption showed a better model fit when using activated biomass than when using raw
biomass, with the former yielding R? values greater than 0.9. The kinetic data suggest that the adsorption of MB follows the
pseudo-second-order equation better than the pseudo-first-order one. This study demonstrates that the activated biomass of
Chlamydomonas variabilis can be used as an effective biosorbent for the treatment of dye-containing wastewater streams.

Keywords: Chlamydomonas variabilis, activated biomass, biosorption, methylene blue dye treatment

INTRODUCTION

The environmental impacts caused by agricultural and
industrial effluents, and release of urban solid waste into
surface water and open dumpsters, have worsened in

recent years, drawing the concern of all segments of society
(Monteiro et al., 2017; Pinto et al., 2016; Bharathi and Ramesh,
2013). Over 10 000 different types of dyes and pigments are
used in the textile and printing industries. The industrial

use of synthetic dyes involves complex compounds such as
triphenyl methane, azo-dyes, and heterocyclic/polymeric
structures. Elimination of these hazardous pollutants and
their dangerous effects is of concern for the environment and
society (Zazouli and Moradi, 2015).

Methylene blue (MB) is an important basic dye that is
widely used for dyeing fabric, calico, cotton and tannin
printing, as an oxidation-reduction indicator, purified zinc-
free form, as an antiseptic and for other medicinal purposes.
Although not particularly hazardous, methylene blue can
have various harmful effects (Hamdaoui and Chiha, 2007).
The dye can cause permanent or temporary eye burns in
humans and other animals. If the dye is swallowed, it can
result in various symptoms, including gastrointestinal tract
irritation, nausea, vomiting, and diarrhoea. If inhaled,
it can cause methemoglobinemia, cyanosis, convulsions,
tachycardia, and dyspnea. Methylene blue can also irritate the
skin (Senthilkumaar et al., 2005; Ghosh and Bhattacharyya,
2002). Due to these effects, it is important to remove
methylene blue from wastewaters. Conventional methods
of methylene blue removal, such as chemical oxidation and
adsorption, chemical precipitation and chemical coagulation,
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have limitations to their use, because they are cost-intensive
and produce large amounts of solid waste, creating a

higher pollution potential than that of the effluents treated
(Al-Fawwaz and Abdullah, 2016).

Over the past few decades, the biosorption of dyes by
microorganisms has been developed as a cost-effective and eco-
friendly technique. The term ‘biosorption’ can be defined as the
passive absorption of organic and inorganic species such as dye
molecules and metal ions, by the microbial biomass (Banat et
al., 1996). Many types of microbial biomasses such as bacterial
(Kalme et al., 2010), microalgal (Wang et al., 2007; Badr et al.,
2016; Clark and Anliker, 1980), and fungal bomass (Fu and
Viraraghavan, 2002), can act as an efficient biosorbent for toxic
dye removal from industrial effluents.

Among the various microbes, microalgae have been
demonstrated as a superior candidate for the removal of dye
molecules due to their abundant occurrence in all habitats,
their high surface area, and low cost and availability (Liang et
al., 2017). Many functional groups on the algal cell wall, such
as hydroxyl, amide, carboxyl, and sulphurhydryl, etc., are
responsible for absorption of dye molecules (Sarwa and Verma,
2013). Previous studies have indicated that the green algae
Enteromorpha spp. and Spirogyra rhizopus have high adsorption
capacities for MB and acid red 274, respectively. Non-living
biomass appears to have greater adorption potential than does
living biomass because it requires no nutrient supply and is not
affected by toxicity in wastewater treatment (Liang et al., 2017).

A widely used, but expensive, technology for dye adsorption
is activated carbon adsorption. Therefore, there is a growing
interest in the modification of low-cost, readily available
natural materials for biosorption of metal ions and dyes. Low-
cost adsorbents include adsorbents that are abundant in nature,
waste materials from other industries, or by-products. Recently,
extensive efforts have been made to develop new adsorbents
and improve existing ones, such as granular activated carbon,
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iron oxide coated sand, and porous cellulose carrier modified
with polyethyleneimine. (Badr et al., 2016).

The main objective of this work was to evaluate the removal
effectiveness of MB removal by raw and activated biomass of
the green microalga Chlamydomonas variabilis.

MATERIALS AND METHODS
Preparation of biosorbents

Algae were collected from the Nile River at the intake of
El-Giza Water Works by using a phytoplankton net (80 pm
mesh). To remove dirt and/or other impurities present in the
raw materials, the collected algal biomass was washed several
times with deionized water. Algal species were then isolated
using BG,, medium (Stanier et al., 1971).

Isolation, purification and identification of algal strain

The algal strain was isolated by spreading 0.1 mL water
samples into Petri dishes containing modified BG, medium
plus 1.5% agar (for solidification). Single colonies of algae
were then re-cultivated in specified liquid media as non-
axenic batch cultures (50 mL). Re-cultivation was performed
at 25 £ 2°C under a photoperiod of 24 h with white
fluorescent lamps at light intensity =2 500 lx. The green alga
(Chlamydomonas variabilis) were isolated and purified in
nitrate with modification of 0.3 g-L™* NaNO, (see Table 1).
Algal identification was performed using the identification
keys (Komarek and Fott, 1983; Friedrich, 1976; Geitler, 1932).

Cultivation of isolated algal strains

The algal isolate of Chlamydomonas variabilis was cultivated

in BG,, medium (see Table 1) to obtain a sufficient amount

of algal biomass for the batch adsorption experiments. Mass
multiplication and incubation was carried out under white
fluorescent lamps at a light intensity of ~ 2 500 Ix and a
temperature of 25 + 1°C for 7 days. Biomass was then harvested
by centrifugation (2 000 rmin for 15 min) into 100 mL sterile
(polypropylene) centrifuge tubes, washed with generous
amounts of deionized water, resuspended and washed again.

Drying of algal biomass

The algal biomasses were oven-dried at 70°C for 24 h to constant
weight and then ground by using an agate stone mortar and
pestle to obtain a powdered homogeneous dried algal biomass.

Activation of dried algal biomass

Five hundred milligrams of dried biomass was gradually
added to 400 mL of 98% H_SO,. The resulting mixture was
maintained at room temperature for 24 h and then subjected
to refluxing in a fume hood for 5 h. After cooling, the reaction
mixture was poured into ice water (2 L) and filtered. The filtrate
was repeatedly washed with distilled water and soaked in 1%
NaHCO, solution to remove any remaining acid. The sample
was then washed with distilled water until the pH of the
activated carbon reached 6, The sample was then oven-dried
at 160°C for 48 h and then stored in a glass bottle until used
(El-Sikaily et al., 2007).
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TABLE 1
BG,, medium composition

Macroelement nutrient Concentration (mg-L™)

NaNO, 1500.00
K,HPO, 40.00
MgSO,7H,0 75.00
CaCl,-7H,0 36.00
Citric acid 6.00
Na CO, 20.00
Na EDTA 1.00
Ferric ammonium citrate 6.00

Microelement nutrient Concentration (g-L™")

H,BO, 2.860
MnCl,-4H,0 1.810
Zn$O,7H,0 0.222
Na,MoO,2H,0 0.390
CuSO,5H,0 0.079
Co (NO,),-6H,0 0.0494

Biosorbent characterization
FT-IR analysis of dried and activated algae

Fourier transform infrared spectroscopy (FT-IR) analysis of
the raw and activated biosorbents was performed in the range
of the infrared spectra within 400 to 4 000 cm™, and spectrum
analysis was performed according to Guibaud et al. (2003.

High-resolution transmission electron microscope (HRTEM)

Algal biomass specimens were examined under a high-resolution
transmission electron microscope (JEM-2100 JEOL) according
to Williams and Carter (1996. HRTEM allows evaluation of

the morphological characteristics of the algal biomass surface
and measurement of the pore fractions and particle sizes to
determine if they will be at the nanoscale size (1-100 nm) or not.

Energy dispersive X-ray microanalysis (EDX)

Energy dispersive X-ray microanalysis techniques can be used
to determine the distributions of various elements inside the
biomass (Figueira et al., 1999).

Preparation of adsorbate

Different concentrations of MB (with the molecular formula
C H ClN3S~X HZO), with a chemical structure as shown in Fig. 1

167718
were prepared by dilution of a 1 000 mg-L™ stock solution.

Batch adsorption experiments

The effects of pH (3-9), biosorbent dosage (0.125-3 g-L™),
contact time (0—60 min), and initial dye concentration
(20-80 mg-L™) on MB removal were investigated. Biosorbents
were placed in 250 mL stoppered reagent bottles at a constant
shaking speed (150 rmin™). All of the experiments were
carried out at room temperature (25°C + 2°C). The samples
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Chemical structural formula of MB

were centrifuged and MB concentration in the supernatant was
determined at 665 nm using a UV-visible spectrophotometer
(Cary 100 UV-Vis).

Determination of point of zero charge (pHm)

pH, . is a significant variable to indicate the biosorption ability

on the surface of the biosorbent; it is performed by adopting the
method of Brouers and Al-Musawi (2015). The dried and activated
biosorbent of 0.2 g was added to 250 mL stoppered reagent bottles
with different pH values at a constant shaking speed (150 rmin™)
for 30 min. The final pH (pH,) was measured and the graph of
ApH (ApH = pH —pH,) against the initial pH (pH,) was plotted.
The pH,,, . is finally derived from the curve when ApH = 0.

PZC

Adsorption isotherms

The relationship between MB biosorption capacity and MB
concentration at equilibrium has been described by two sorption
isotherm models: the Langmuir (Langmuir, 1918) and Freundlich
models (Freundlich, 1907). The two biosorption isotherms were
applied to both a raw biosorbent and activated biosorbent to
determine the surface properties and affinity of the biosorbents
and to compare their biosorptive capacities for MB. These
isotherms are represented by the following linearized equations:

Langmuir isotherm

C/q,=1/bg, +C/q @

max max

where g, is the amount of dye sorbed per unit mass onto
dried algae (mg-g™), g, is maximum adsorption capacity at
complete monolayer coverage (mg-g™), and b is a Langmuir
constant that relates to the heat of adsorption (mg-L™).

Freundlich isotherm
logq,=1logk + 1/nlog C, )

where g_ is the equilibrium adsorption capacity (mg-g™), C, is
the equilibrium concentration of dye in the solution (mg-L™),
k, represents the adsorption capacity when the dye equilibrium
concentration equals to 1 (mg-g™), and n is the degree of
dependence of adsorption on the equilibrium concentration.

Application of kinetic modeling

In order to examine the controlling mechanism of the
adsorption processes, such as mass transfer or chemical
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reaction, two kinetic models, including the pseudo-first-order
equation (HO et al., 2000), and pseudo-second-order equation
(Weber and Morris 1963) were applied, as expressed by the
following two equations:

Pseudo-first-order equation

log(%e —4c) = 10g e — S ®)
where k (1-min™) is the rate constant of a pseudo-first-order
equation, and g, (mg-g™") and q, (mg-g™") are the amount sorbed
at equilibrium and at time ¢ (min), respectively. A straight

line of In (g, - g,) versus ¢ suggests that this kinetic model is
applicable to the data.

Pseudo-second-order equation

t t

t
= 2+—
q, Kxq? q,

©)

where k, (g-mg™"-min™) is the rate constant of a pseudo-
second-order equation and g, (mg-g™') is the amount sorbed at
equilibrium.

RESULTS AND DISCUSSION
Characterization of algal biosorbents
FT-IR spectroscopy

Several functional groups were found in the structure of raw
and activated biomasses of isolated algae, as shown in Fig. 2.
The functional groups of the raw and activated biomass are
located at different wave numbers with higher transmittance
values for raw biomass. The FT-IR spectra display the wave
number of absorption peaks, indicating the nature of the raw
and activated biomasses of Chlamydomonas variabilis. The
bands at 3 553 and 3 409 cm™ represent the bonded ~-OH of
carboxylic groups on their surface. The band at 3 240 cm™
represents the stretching of the -NH group. The aliphatic
C-H group is represented by the bands at 2 960-2 920 and
2850 cm™. The bands within 2 366—2 028 cm™ represent the
stretching of the S-H group in the activated biomass. The peaks
at 1 637-1 617 cm™ represent the stretching of carbonyl group
(-HC=0, R,C=0); these groups can be conjugated or non-
conjugated to aromatic rings (Cesar and Marco, 2004).
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Figure 2
FT-IR spectra of raw and activated biomass of
Chlamydomonas variabilis
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The bands at 1 450-1 377 cm™ represent the stretching
of amides (C-N and N-H) from proteins. It has been well
documented that these functional groups located on the cell
wall react with dye species and facilitate dye-binding processes.
(Kumar et al., 2015; Bakatula et al., 2014; Bulgariu and
Bulgariu, 2014; Abbas et al., 2013a & b; Chinedu et al., 2012;
Monteiro et al., 2012; Zakhama et al., 2011).

High resolution transmission electron microscopy
(HRTEM)

The HRTEM examination of the raw and activated biomasses of
Chlamydomonas (Fig. 3) revealed the morphological nature of the
biomass materials. The biomasses are characterized by an irregular
surface with nanopores and nanoparticles that can facilitate dye
sorption. Furthermore, Chlamydomonas is characterized by a
sheath or projection that might be one of the defense mechanisms
against dye toxicity. This sheath might prevent the dye from
entering the algal cell via the functional chemical groups on its
surface which complex or chelate the dyes (Bergey, 1989).

Energy dispersive X-ray spectroscopy (EDX)

The raw and activated biomasses of Chlamydomonas variabilis
were characterized and examined by using EDX to determine
their chemical composition as shown in Fig 4.

Carbon and oxygen were abundant components of the raw
and activated biomasses of Chlamydomonas, with percentage
weights of 55.2% C and 34.1% O for raw biomass and of 62.1%
C and 31.2% O for activating biomass. EDX is a useful tool
for evaluating the elemental and chemical components of
biosorbents. The abundant components revealed by EDX as the
major groups in the two biomasses are compatible with FT-IR
data, with many functional groups playing roles in biosorption
(Dmytryk et al., 2014).

Batch adsorption experiments
Determination of the optimum conditions for dye removal

The optimum adsorption conditions (pH, contact time, algal
dose, and initial metal concentration) for MB removal are

shown in Fig. 5. pH is considered to be the most important
parameter affecting dye biosorption from solutions (Hammud
et al., 2011; Farzadkia et al., 2012). Here, the best adsorption
was achieved at pH 7, with percentage removal of 79.9% and
100% for raw and activated biomasses, respectively. Mokhtar
et al. (2017) found that MB uptake by marine macro-alga
Euchema spinosum was in an equilibrium state with slight
fluctuations observed at pH 4 and above, They explain this
as being due to the biosorbent surface becoming positively
charged when the pH is between 3.5 and 5.8, whereas the
biosorbent surface began to be negatively charged at pH

> 5.8. Thus, at a higher pH of the solution, absorption of
positively charged dye molecules, such as cationic dyes, is
electrostatically favorable. Furthermore, in the present study,
the percentage removals of MB by raw and activated biomass
were achieved at 78.9% and 97.3%, respectively, through

15 min of contact time. Sagar and Rastog (2017) observed
that MB adsorption by the dried biomass of Oscillatoria

spp. increased with time, until reaching a constant value at
which no further dye was removed from the solution, with
the maximum adsorption occurring within the first 60 min.

® Raw biomass

@ Activated biomass

i 77\7.74\7-'-;7\7-7\7_m‘\7\\7-7\7L7\\7—_\

C O N P S Na Mg S CI K Ca Mn Fe
Elements
Figure 4

Energy dispersive X-ray microanalysis (EDX) for raw and activated
biomass of Chlamydomonas

a Quter sheath

Nanoparticles

Figure 3
TEM micrographs of (a) raw and (b) activated biomasses of Chlamydomonas variabilis showing cell with the outer sheath, an irregular
surface, and nanopores and nanopatrticles
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Figure 5
The optimum conditions for MB adsorption by dried (Chl) and activated
(A Chl) biomass of Chlamydomonas

However, Moghazy and Abdo (2018) found that the contact
time at which maximum MB removal of 89.5% was achieved
was 30 min, using the dried microalgal biomass collected from
a high-rate algal pond.
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The maximum removal of MB was achieved at a biosorbent
doses of 1.5 g-L™! for raw biomass and 1 g-L ™ for activated
biomass; however, the adsorption capacity (g,) was 10.3 and
18.3 mg-g™', respectively. Deokar and Sabale (2014) showed
that 0.1 g-L™' of dried Ulva lactuca was found to be the optimal

adsorbent dose.

Regarding the optimum initial dye concentration, it was
shown that the activated biomass removed more than 98% of
MB at a concentration of 82.4 mg-L™, whereas the raw biomass
achieved a maximum removal not exceeding 80.8% at an MB
concentration of 56.4 mg-L™". Deokar and Sabale, (2014) found
that the dried biomass of Ulva lactuca yielded a maximum
removal of approximately 65% at an initial MB concentration

100 mg-L™".

Determination of point of zero charge (psz J

At pHPZC, the biosorbent has zero charge on its surface.

As shown in Fig. 6, the two curves of dried and activated
biosorbents cross the y-axis zero line at pH 6.8 and 6.9,
respectively. The surface of dried and activated biosorbents

was positively charged at pH < 6.8 and 6.9. At pH > pH

PZC

the surface of biosorbents began to be negatively charged.

Thus, at a higher pH solution, biosorption of positively

charged molecules, such as cationic dyes, is electrostatically

favorable. At pH > pH_ , the biosorption of cationic dye onto
pzc

algal biosorbents is favourable due to the presence of active

functional groups (Yagub et al., 2014).

Application of biosorption isotherms

Isotherm data acquired for MB removal by the raw and
activated biomasses is presented in Table 2 and Figs 7 and

=0—Dried biomass
== Activated biomass

pH,

Figure 6

PZC plot of dried and activated biosorbent

TABLE 2
Isotherm models parameters for the raw and activated algal
biomass
Langmuir constants Raw biomass Activated biomass
q,., (mg/g) 18.3 115
R? 0.618 0.929
Freundlich constants
K, 1.26 68.5
N 0.79 1.73
R? 0.862 0.99
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8, represented by the linearized Langmuir and Freundlich
isotherms. The Langmuir and Freundlich isotherms exhibited
a better fit when using the activated biomass data than the raw
biomass data, with R? values greater than 0.9 (Wattanachai
et al., 2011), while the two isotherm data of the raw biomass
did not fit well (R? > 0.9). The Langmuir maximum sorption
capacity (g, , ) of the raw and activated biomass was found to
be 18.3 and 115 mg-g™, respectively. The g _of the Langmuir
model was assumed to represent the maximum amount of
MB which forms a complete monolayer on the surface of the
biosorbent. The Freundlich constant (1) was 1.26 and 67.1
for the raw and activated biomass, respectively. In studying
raw and modified Carolina algae, a linear relationship for the
Langmuir isotherm was found by Hammud et al. (2011), with
an R*value of >0.9 and g equal to 55 and 64 mg-g™' for raw
and formaldehyde-modified algae, respectively. However, they
found that the Freundlich isotherm showed a reduced fit (R?
less than 0.9) for both biosorbents, with a constant (1) equal
to 2.5 and 2.7 for the raw and formaldehyde-modified algae,
respectively. Mikati et al. (2013) observed that the g of acid
(HCI) modified Chaetophora elegans was greater than that of
the raw biomass; however g was 143 and 320 mg-g™ for the
raw and modified biomass, respectively.

The raw biosorbent shows a lower sorption capacity
than that of chemically modified biomaterials. The chemical
modification increases the active sites’ number or replaces
the existing sites by more attractive ones. Many inorganic or
organic chemical reagents are used for this purpose, so Table
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Figure7
Langmuir isotherm for MB adsorption onto (a) raw and (b) activated
algal biomasses
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3 show the comparison of the uptake of pollutants by different
modified and unmodified biomaterials (Mikati et al., 2013).

Application of kinetic modelling

In order to investigate the adsorption of MB onto dried and
activated Chlamydomonas variabilis biomass, two kinetic
models were used, including the pseudo-first-order model and
pseudo-second-order model. The values of the first-order rate
constant, kf, are determined from Eq. 3 as shown in Table 4 and
Figs 9 and 10. The R? values obtained were less than 0.9 and the
calculated g, values did not agree with the experimental values
which reveal that the adsorption does not follow the pseudo-
first-order equation.

By applying the pseudo-second-order kinetic model, the
R? value was greater than 0.99, and the calculated q, value is
very close to the experimental value, which suggests that MB
adsorption could occur by chemisorption. Therefore, it could
be suggested that the adsorption of MB follows the pseudo-
second-order model better than the pseudo-first-order one.

2
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Figure 8
Freundlich isotherm for MB adsorption onto (a) raw and (b) activated
algal biomasses
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TABLE 3
Comparison of the uptake of pollutants by modified and unmodified biomaterials
(mg/g)
Biomass Pollutant Treatment e 19 9 Sources
Raw Modified
Carolina H,CO 55 64 Hammud et al. (2011)
HCI 143 320
Chaetophora elegans MB Mikati et al. (2013)
Citric acid 143 20
Chlamydomonas variabilis H,SO, 18.3 115 This work
Rice Straw MG - 256.4 Gong et al. (2006)
Pb (II) Citric acid 7.71 82.64
Pinus merkusii Low et al. (2004)
Cu (IT) 2.56 23.70
Pb (11) 26.5 36.6
Cladophora glomerate HCl Yalcin et al. (2008)
Cu (IT) 15.5 22.5
TABLE 4
Kinetic values calculated for MB sorption onto dried and activated biomass
Pseudo first order Pseudo second order
Adsorbent
K, R, q,(mg-g™) K, R, q.cal (mg-g™') | q.,exp(mg-97)
Dried biomass 0.043 0.722 3.8 0.23 0.9994 22.0 22.4
Activated biomass 0.042 0.438 4.7 0.08 0.9995 18.2 18.0
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Plot of a- pseudo first order and b- pseudo second order equation for MB
adsorption onto the dried biomass
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Plot of a- pseudo first order and b- pseudo second order equation for MB
adsorption onto the activated biomass
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Kosti¢ et al. (2018) found that the kinetic results of the
sorption process of dye by mesoporous triple-metal nanosorbent
were well fitted to the pseudo-second-order model.

Ozkan (2010) and Wang and Chen (2009) stated that
adsorption kinetics data for algal biomasses are well represented
by the pseudo-second-order model, thus supporting the basic
assumption in the model that chemisorption or effective
electrostatic interactions play a major role in adsorption.
However, Kosti¢ et al. (2017) concluded that the pseudo-second-
order model can better describe the kinetics of sorption of MB
onto xanthated corn cob. The sorption capacities calculated by
the pseudo-first and pseudo-second model are close to those
determined by experiments.

CONCLUSION

The data acquired from the biomass characterization show
that the raw and activated biomasses of the green alga
Chlamydomonas variabilis are effective biosorbents for

MB. The biosorbent optimization analyses revealed that

the optimum adsorption of MB occurred through 30 min
of contact time at pH 7 and an biosorbent dose of 1.5 and
1.0 gL' of raw and its activated biosorbent, respectively.
pH,, data explain that the surface of biosorbents began

to be negatively charged at pH > 6.8 and 6.9 for dried and
activated biomass, respectively, and this is favourable for
biosorption of cationic dye onto algal biosorbents on the
active sites of many functional groups. Furthermore, the
Langmuir and Freundlich isotherms of activated biomass
showed a better fit (R? > 0.9) than did those of raw biomass,
withagq of18.3and 115 mg-g™ for raw and activated
biomass, respectively. A minimum removal of greater than
98% at an MB concentration of 82.4 mg-L™' was achieved using
1 g-L " activated biomass, whereas the maximum removal at
an MB concentration of 56.4 mg-L™' did not exceed 80.8 %
using 1.5 g-L™' raw biomass. The kinetic data proved that the
adsorption of MB follows the pseudo-second-order model
better than the pseudo-first-order one so that it is suggested
that the biosorpton mechanism is chemisorption reaction.
These findings indicate that the acid-activated algal biomass
of Chlamydomonas variabilis can be considered a promising
biosorbent for the effective removal of dye.
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