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Spirogyra sp biomass used for bioremediation of malachite green dye from
aqueous solution. Biosorption process has been investigated as a function of pH, contact
time and equilibrium. The adsorption is strongly dependent on pH of the medium where
the removal efficiency increases as the pH turns to alkaline range. This reveals the basic
nature of the Malachite green and acidic nature of the Spirogyra sp biomass. Langmuir
model gave the best fitting to the biosorption data. Bioremediation results shows that
Spirogyra sp has accumulated varying amount of malachite green dye intracellularly
and could be employed for the removal of dyes from spent industrial effluents before

discharging it into the environment.
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Malachite green (MG), a synthetic basic
cationic dye imparts violet color in aqueous
solution. It is a member of the triphenylmethane
group, which is widely used in textile dyeing
industries, as a biological stain, dermatological
agent, veterinary medicine, temporary hair colorant,
additive to poultry feed to inhibit propagation of
harmful bacterial. The cationic dyesare moretoxic
than the anionic dyes?, asthese can easily interact
with negatively charged cells membrane surfaces,
and can enter into cells and concentrate in
cytoplasm?®. MG is toxic to mammalian cells and
also a mutagen, mitotic poison 4 and a proven
potent carcinogen °. It isresponsible for moderate
eyeirritation, causing painful sensitization to light.
It can cause permanent injury to the cornea and
conjunctive. Inhalation of MG may causeirritation
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to therespiratory tracks, vomiting, diarrhea, pain,
headache, and dizziness. L ong term exposure may
cause damage to the mucous membrane and
gastrointestinal tract’.

The color in water bodies reduces
penetration of sunlight to the lower layers and
hence, affectsthe aguatic life. Water soluble dyes
are characterized by their poor biodegradability
and it is estimated that about 20% of the total dye
remains in the effluent during the production
process’. With the legislations becoming more
stringent, considerableimportance has been given
to the treatment of the dye containing effluents.
Therefore, itishighly desirableto removethedyes
in general and MG in particular from water/
wastewater not only to protect water resources
but also for the protection of human health.
Conventional methodsfor the removal of malachite
green from waste water include physical—chemical
and biological treatment technologies. Among
them, biosorption has been found to be superior
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to other techniques for the treatment of
wastewaters containing dyes, pigments and other
colourants®interms of cost, simplicity of design,
ease of operation and insensitivity to toxic sub-
stances®.

Various low-cost biomasses, including
peel of fruit, potato plant wastes and dried algae
and ferns, have been used asthe potential biomass
materials to remove dyes from aqueous solutions
containing dyes 3. Algae have been found to be
potentially proper biosorbents because functional
groups on the cell wall and their high binding
affinity, fast growth and natural abundance around
the world. Many studies have shown that
Soirogyra spp. can effectively remove nutrient and
heavy metalsfrom aqueous solutions**. However,
there are few reports on the biosorption of dyes
from contaminated waters using Spirogyra spp.41
Themain objective of thisstudy wasto investigate
the potentiality of using Spirogyra sptreatment
for the biosorption of malachite green MG dyefrom
aqueous solutions. The effects of contact timeand
pH on the selective cationic dyes were studied.
Biosorptionisothermsand kinetics parameterswere
also calculated and discussed.

MATERIALS AND METHODS

All chemicalswereof analytical gradeand
were used without any further purification. Double
distilled water was used throughout this study.
Malachite green (MG) was obtained from Merck.
A stock solution of the dye was prepared by
dissolving thedyeintwicedistilled water. Working
solutions of the desired concentrations were
obtained by successive dilutions. The solution pH
was adjusted using 0.1N HCI or 0.1IN NaOH
obtained from Merck, India. Concentrations of dye
solutions were measured by monitoring the
maximum absorbance at A _ .= 586 nm using
Schimatzu UV-Vis spectrophotometer (Shimadzu
Model: UV 1601). Spirogyra speciesalgal biomass
sorbent wasthoroughly washed with distilled water
to remove filth and unwanted macro/
microorganisms. After drying in sunlight, the
biomass was dried in oven at 75 °C for 24 h and
then ground and sieved to obtain constant particle
sizes(178 mm). Prior to use.

In250mL Erlenmeyer flasks, 1.5 g/L of
sorbent were dispersed in water solutions
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containing malachitegreen (MG) concentrations
in the range 25-300mg/l. Theflakswere agitated
in an isothermal water bath shaker at 120rpm and
30a% until equilibrium was reached. Each
experiment was duplicated under identical
conditions.

Theamount of biosorption at equilibrium,
ge (mg/g), was calculated by:

V(C,-C,
LA
b

Where C, and C, are the initial and final
concentrations of dye (mg/L) in agueous solution,
respectively, V isthe volume of the solution (ml)
and m represents the weight of the sorbent (mg).
Dyeremoval percentage (E%) was calculated as

C,-C

Efu)= £ 100
(o z

Where C, (mg/L) is the liquid-phase
concentrations of dye at timet.

RESULTS AND DISCUSSION

Effect of contact time

The effect of contact time on malachite
green biosorption onto Spirogyra sp biomass, at
initial concentration of 100 mg/L, was studied in
Fig. 2. It was observed that the curve is smooth,
and continuous, leading to saturation. This
suggesting possible formation of dye monolayer
coverage on the surface of Spirogyra sp
biomass'®. Malachite green uptake was rapid via
first 200 min, and then proceeded at a slower rate
andfinally attains saturation. The next experiments
weredone overnight to be surethat full equilibrium
was attained.
Effect pH

Fig. 3, show the effect of solution pH (2-
10) on Spirogyra sp biomass biosorption capacity
for malachite green dye (100 mg/L) was studied. It
was found that malachite green dye biosorption
increase with pH increase from 2 to 5, but further
increase in pH from was no affected on the
sorption. Spirogyra sp biomass surface has
positivechargeat lower pH, thusmaking (H+) ions
compete effectively with malachite green dyes
causing adecrease in the amount of dye adsorbed.
At higher pH the surface of on Spirogyra sp
biomass, may be negatively charged which
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enhance the biosorption positively charged
cationic dyes through electrostatic force
attraction®’.
Biosor ption isotherms

As shown in Fig. 4, the isotherm rose
rapidly over theinitial stage of biosorption where
low Ce and ge values existed. This behavior
indicates that there were plenty of readily
accessible sites available on the sorbents.
Eventually aslow approach to equilibrium at high
concentrations occurred. As more sites arefilled,
it becomes difficult for the solute moleculesto find
a site for biosorption and/or the difficulty of
molecules in penetrating the layer of adsorbed
molecules aready covering the surface sites. Two
common isotherm models were tested: the
Langmuir and Freundlich models. Thelinear form
of Freundlich isotherm can be described by
following equation (1):

log g, = log Kp+ (%) g, @

WhereK_ (mg/g), isroughly anindicator
of the biosorption capacity and 1/n is the
biosorption intensity. Values of K_and n are
calculated from the intercept and slope of the plot
and arelistedin Table 1. The R? valueislower than
Langmuir isotherm. The value of Freundlich
exponent n is the range of n > 1, indicating a
favorable biosorption .

Thelinear form of the Langmuir equation
can be described by following equation (2).

el (@ e

Where C, (mg/L) is the equilibrium
concentration of the adsorbate, g, (mg/g) is the
amount of biosorption per unit mass, Q° and b are
Langmuir constantsrelated to biosorption capacity
and rate of biosorption, respectively. The linear
plot of specific biosorption (C/q,) against the
equilibrium concentration C_ shows that the
biosorption obeys the Langmuir model. The
Langmuir constants Q° and b were determined from
the slope and intercept of the plot and are
presented in Table 1. The R? values (0.998) suggest
that the Langmuir isotherm provides a good fit to
the isotherm data. This confirms the monolayer
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coverage process of malachite green dyes onto
Spirogyra sp biomass.

The essential characteristics of the
Langmuir isotherm can be expressed interms of a
dimensionless constant separation factor R *°
givenby Eq. (3)

1

R = TG, (3

Where C, (mg/L) is the highest initial
concentration of sorbent, and b (L/mg) isLangmuir
constant. The parameter R indicatesthe nature of

Table 1. Langmuir and Freundlich isotherm
Parameters for biosorption of malachite green

dyes onto Spirogyra sp

Isotherm Parameters Vaue
K (mg/g) 89.13

Freundlich n 2.6
R? 0.668
go(mg/g) 3205

Langmuir b(1/mg) 0.48
R2 0.995

Table 2. Comparison between pseudo-first,
second-order biosorption rate constant calculated
and experimental g, values

Model Parameter
ge,exp (mg/g) 399.1
First-order model K1 (h-1) 0.0074
geca (mg/g) 2331
R2 0.88
Second-order model K2 (g/mg h) 5.66*10°
h (mg/gh) 9.66
ge,ca (mg/g) 413.2
R2 0.998

Fig 1. Microscopic picture of Spirogyra sp. used in
this study.
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shape of the isotherm accordingly: R > 1;
Unfavorable biosorption, 0<R_<1; Favorable
biosorption, R =0; Irreversiblebiosorption, R =
1; Linear biosorption. The value of R_in the
present investigation hasbeen found to be 0.9737at
30#C showing that the biosorption of malachite
green dyes on Spirogyra sp biomass is favorable
at the temperature studied.
Biosor ption kinetics

To measuretherate-controlling and mass
transfer mechanism of malachite green biosorption
on Spirogyra sp biomass, kinetic data were
calculated by the pseudo-first-order and pseudo-
second-order kinetic models .

. ky
logige —qel=10g e —gmt (4)
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Fig 2. Effect of time on malachite green biosorption
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Fig 4. Biosorption isotherm of malachite green by
Spirogyra sp.
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Where k; (1/min), is pseudo-first-order
rate constant, k, (g/mg min) is the second-order
rate constant. g, (mg/g) is the amount of solute
adsorbed on the surface at equilibrium and g, (mg/
) istheamount of solute adsorbed at timet (min).
Table 2 showed the rate constants and correlation
coefficients (R?), which were calculated by the
pseudo-first-order and pseudo-second-order
kinetic models. The R? of the pseudo-second-order
biosorption kinetic model presented higher values
than those of the pseudo-first-order one, and their
calculated equilibrium biosorption capacities (q,
calc) fitted the experimental g, values well. The
results indicated that the pseudo-second-order
biosorption kinetic model was more appropriate
for dye biosorption process than the pseudo-first-
order one.

Thekinetic resultswerefurther analyzed

Fig 3. Effect of pH on the biosorption of malachite
green by Spirogyra sp
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8
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Fig 5. Intraparticle diffusion of malachite green by
Spirogyra sp
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by the intraparticle diffusion model to elucidate
the diffusion mechanism 2.

ge = kigtV? + C ..(6)

where g, isthe amount adsorbed at timet,
and kid (mg/g min 0.5)) is the rate constant for
intra-particle diffusion. Theintercept, C, in aplot
of g, versus t¥? represents the thickness of the
boundary layer. If C is zero then intra-particle
diffusion is the sole rate-limiting step, and the
larger the value of | the greater the contribution of
surface biosorption. The plot of g, (mg/g) versus
t¥2 isshown in Fig. 5. The plots were not linear
over the wholetime range, but could be separated
into threelinear regions, which suggeststhat there
are multiple stagesto the biosorption process. The
R?value >0.9, which indicates that biosorption of
mal achite green can be described by intra-particle
diffusion, but sincetheselinesdo not passthrough
the origin, we can conclude that intra-particle
diffusion is not the sole rate controlling step.

CONCLUSIONS

Equilibrium and kinetic studies were
carried out for theremoval of malachite green from
aqueous solution by sorption onto Spirogyra sp
biomass. The biosorption kinetics followed
pseudo-second-order model indicating
chemisorption. Intraparticle diffusion wasnot the
sole rate controlling step. Malachite green
biosorption followed Langmuir isotherm models.
The values of the Langmuir separation factor, R ,
indicated that the dye/Spirogyra sp biomass-
system was a favorable biosorption
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