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INTRODUCTION

Malachite green, a triphenylmethane dye and non-volatile

compound, has been expressively prohibited in some countries

to use in aquaculture industry as a strong antifungal, antibac-

terial and antiparasitical agent in fish farming1,2 due to its high

residue, highly toxic, teratogenic, carcinogenic, mutagenic,

etc3. However, it is still used due to its low price, ready avail-

ability and bactericidal effect on fungus diseases prevention

and control4, which might enter into the food chain and cause

carcinogenic and mutagenic for aquatic organisms5. As such,

it is extremely important to develop methods for malachite

green removal from waste effluents based on an environmental

point of view.

Nowadays, it is well known that biosorption with bioma-

terial as sorbent is very efficient and relatively inexpensive

method for dye and metal contaminant removal owing to its

simple operation, low cost, wide material source without any

secondary pollution. Thus, a large number of biomaterials have

been utilized as absorbent for contaminant removal, such as

chitosan6, yeast cell7, husk leaf8, sugarcane bagass9, rice husk10,

oil palm fibers11, lemon peel12, sawdust13-15, agricultural by-

product16-18 and hen feathers19 etc. Among these, bamboo leaves

biomass is a potentially attractive biosorbent owing to its rich

natural resource in the world. It mainly consists of cellulose,

hemicellulose, lignin and polyphenol20,21 with many different

of surface functional groups such as alcohols, aldehydes,

carboxylic acids, ketones and phenolic hydroxides22. There-

fore, bamboo leaves biomass has been extensively applied to
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the extraction of antioxidant18,23, flavonoids24, polysaccharides

and hemicelluloses preparation21,22, pozzolanic material25,26.

However, to our best of knowledge, no study has been carried

out using natural bamboo leaves biomass for malachite green

removal via adsorption.

In the present study, bamboo leaves biomass was used as

biosorbent for malachite green removal via adsorption from

aqueous solution and the malachite green adsorption behavior

by bamboo leaves biomass was investigated under variable

systematic parameters using Langmuir and Freundlich sorption

isotherms. The experimental results demonstrate that bamboo

leaves biomass as ecofriendly and inexpensive biosorbent is

potential for malachite green removal from aqueous solution.

EXPERIMENTAL

Fresh bamboo leaves biomass were collected from a local

farm in Xinzhou district (Wuhan, China), malachite green was

purchased from Shanghai Chemical Reagent Company (China)

without purification when used. All other reagents and solvents

were of analytical grade otherwise specified.

General procedure: The collected bamboo leaves biomass

were washed repeatedly with distilled water to remove dust

and soluble impurities, allowed to air-dry in the sun and then

dried further in an oven at 75 °C for 12 h. The resulting sample

was crushed into a fine powder by a pulverizing machine

(Joyoung, China) and then sieved to pass through a 100 mesh

screen. The bamboo leaves biomass powder was kept in a glass

bottle for further use.
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The stock solution of malachite green containing 500

mg L-1 was prepared by dissolving accurately weighed 1 g of

malachite green with 250 mL of distilled water and then

quantifying to 500 mL volumetric flask. The solution pH was

adjusted with 0.1 mol L-1 NaOH or HCl solutions using a

Thermo 868 pH meter (Thermo Orion Corporation, America)

supplied with a combined glass electrode.

Detection method: The composition of the as-prepared

bamboo leaves biomass was determined by FT-IR spectrometer

(Nicolet AVATAR 330 FTIR; Thermo Electron Corporation,

Madison, WI, USA). The morphology of bamboo leaves

biomass powder was evaluated by a JEOL-2100F scanning

electron microscope (Japan) with the accelerating voltage of

200 kV.

Malachite green adsorption experiments were performed

using a batch equilibrium technique by placing 0.10 g of

bamboo leaves biomass in a 100 mL conical flask containing

50 mL of malachite green solution at various initial concen-

trations and equilibrating on a thermostatic shaker (Tongzhou

Instrument Plant, China) with a speed of 200 rpm. At desirable

time interval, the sample solution was withdrawn and

centrifuged by a TDL40B centrifuge (Anke Instrument Plant,

China) at 3000 rpm for 10 min and then, the concentration of

remaining malachite green was determined at 618 nm by the

spectrophotometer (Thermo Spectronic, USA). The removal

efficiency (R %) and the adsorption capacity(qe, mg g-1) of

malachite green by bamboo leaves biomass was calculated by

using eqn.(1) and (2), respectively.
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where C0 and Ce (mg L-1) are the initial and equilibrium concen-

trations of malachite green in solution, respectively, m (g) the

mass of bamboo leaves biomass and V (L) the volume of

malachite green solution.

RESULTS AND DISCUSSION

 Optimization of malachite green absorption condition

in aqueous solution by bamboo leaves biomass: The solid-

liquid adsorption is a complicated system depending on

adsorbent, adsorbate, solution pH, temperature, pressure, etc.

Thus, the optimization of absorption condition is crucial for

investigating the solid-liquid adsorption behavior.

Fig. 1 shows the effects of solution pH and initial malachite

green concentration on malachite green removal efficiency or

malachite green absorption capacity at fixed experimental

condition. Firstly, solution pH plays a very important role on

malachite green adsorption in aqueous solution by bamboo

leaves biomass. As shown in Fig. 1a for malachite green

removal efficiency from solution by bamboo leaves biomass

as a function of pH with malachite green initial concentration

of 50 mg L-1 and 60 min equilibrium time at ambient tempe-

rature, malachite green removal efficiency increases remark-

ably with increasing pH up to pH 6, at which malachite green

adsorption nearly reaches the adsorption saturation. This may

be due to the composition of absorbent bamboo leaves biomass

because solution pH may affect both aqueous chemistry and

surface binding-sites of the absorbent27. As shown in Fig. 2a,

the FT-IR spectrum of bamboo leaves biomass reveals that

there exist many carboxyl and hydroxyl groups on the surface

of bamboo leaves biomass. As such, the protonation-deproto-

nation equilibrium of bamboo leaves biomass in aqueous

solution is affected greatly by solution pH to impact further

the cationic malachite green absorption28. Therefore, pH 6 is

thought to be the optimum pH for malachite green adsorption

in aqueous solution by bamboo leaves biomass at ambient

bamboo leaves biomass temperature. On the other hand, the

initial absorbate concentration is very important parameter for

adsorption behavior of solid-liquid adsorption as well because

it provides an important driving force to overcome the resis-

tances of mass transfer off all molecules between aqueous

phase and solid phase29. As shown in Fig. 1b for the initial

malachite green concentration dependence of malachite green

removal efficiency at pH 6 and ambient temperature, it was

observed that malachite green removal efficiency by bamboo

leaves biomass tended to decrease slightly from 97.6 to 94.8

% with the initial malachite green concentration from 10 to

50 mg L-1 and then decreased markedly to 54.6 % with the

initial malachite green concentration up to 150 mg L-1. This

might result from the morphology of the absorbate bamboo

leaves biomass, as shown in Fig. 2b for SEM image of bamboo

leaves biomass. It was found that the rough and irregular

surface of bamboo leaves biomass has considerable number

of pores, which result in suitable binding site for malachite

green. As such, at low initial malachite green concentration,

the binding sites are enough to accommodate malachite green

and thus malachite green removal efficiency is quite high, while

at high initial malachite green concentration, malachite green

reaches accommodation saturation. This is verified further by

initial malachite green concentration dependence of malachite

green adsorption capacity. Fig. 1c showed that the malachite

green adsorption capacity increases with initial malachite green

concentration and when initial malachite green concentration

is up to 100 mg L-1, malachite green adsorption reach satura-

tion. So, 100 mg L-1 is thought to be the suitable initial mala-

chite green concentration at pH 6 and ambient temperature.
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Fig. 1. Malachite green removal efficiency and adsorption capacity

dependence of pH (a), initial malachite green concentration (b, c)

for equili-brating time 90 min at ambient temperature. a: C0 = 50

mg g-1. b, c: pH 6
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Fig. 2. FT-IR spectrum (a) and SEM image (b) of bamboo leaves biomass

Thermodynamics and kinetics of malachite green

absorption in aqueous solution by bamboo leaves biomass:

Generally, the solid-liquid adsorption is dependent on tempe-

rature. However, for malachite green adsorption in aqueous

solution by bamboo leaves biomass investigated in this work,

the temperature has no appreciable effect on malachite green

removal efficiency (not shown here), which was also observed

by Sun et al.30 for the biosorption of dyes onto biomass. There-

fore, it is potential for implementation of the industrialization

for absorbent bamboo leaves biomass powder to enable to

operate at ambient temperature.

Malachite green adsorption capacity by bamboo leaves

biomass as a function of time was carried out at different initial

malachite green concentration at pH 6 at ambient temperature.

It was shown that malachite green absorption by bamboo leaves

biomass is very rapid to reach absorption equilibrium in nearly

60 min. The experimental results were fitted the kinetic Eqn.

(3) and (4) with respect to pseudo-first order and pseudo-

second order reactions, respectively (Fig. 3). It can be seen

that the pseudo-second order kinetic equation is fitted better

than the pseudo-first order one for malachite green adsorption
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Fig. 3 Fitted kinetic curves with respect to pseudo-second order reaction

for malachite green adsorption in aqueous solution by bamboo

leaves biomass with initial malachite green concentration of 20 mg

g-1 ( ), 75 mg g-1 (•), 100 mg g-1 ( ) at pH 6 and ambient

temperature. Inset: the fitted kinetic curves with respect to pseudo-

first order reaction

by bamboo leaves biomass with the coefficient of determi-

nation (R2) of more than 0.9999. The calculated equilibrium

adsorption capacity from pseudo-second-order kinetics is

49.25 mg g-1, which is very close to the saturation adsorption

capacity (40 mg g-1) in Fig. 1c.
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where t (min) is time, qe and qt (mg g-1) are the adsorption

capacity at equilibrium  and at time t, respectively and k1

(min-1) and k2 (mg g-1 min-1) are the first-order and second

order rate constants, respectively.

Adsorption isotherm for malachite green adsorption

in aqueous solution by bamboo leaves biomass: Two general

isothermal adsorption models, Langmuir and Freundich

models were used for the analyses of malachite green adsor-

ption by bamboo leaves biomass. Langmuir model is based

on the assumption of monolayer adsorption on homogeneous

surface31, while Freundlich model is an empirical model and

assumed to heterogeneous adsorption with uniform energy,

which are expressed in Eqn. (5) and (6), respectively.

e0L0e CQK

1

Q

1

q

t
+=  (5)

ln qe = ln Kf + (1/n) ln Ce  (6)

where qe (mg g-1) is the equilibrium adsorption capacity, Ce

(mg L-1) is the adsorbate equilibrium concentration remained

in the solution, Qo is the maximum adsorption capacity, KL

and Kf (L mg-1) are Langmuir and Freundlich constants,

respectively, which are related to the energy of adsorption and

1/n is the heterogeneity factor.

Fig. 4 presents Langmuir and Freundlich adsorption

isothermal for malachite green adsorption in aqueous solution

by bamboo leaves biomass with initial malachite green concen-

tration of 100 mg L-1 at pH 6 at ambient temperature. It can be

seen that Langmuir adsorption isothermal is fitted better to the
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Fig. 4. Langmuir adsorption isotherm for malachite green adsorption in

aqueous solution by bamboo leaves biomass at pH 6 and ambient

temperature with initial malachite green concentration of 100 mg

g-1. Inset: Freundich adsorption isotherm

experimental data with fitting coefficient of determination (R2)

of 0.9995 than the Freundlich one with fitting coefficient of

determination (R2) of 0.8446, representing malachite green

adsorption in aqueous solution by bamboo leaves biomass as

Langmuir isothermal adsorption. Therefore, malachite green

adsorption in aqueous solution by bamboo leaves biomass takes

place in homogeneous surface of sorbent, the adsorption process

is monolayer and adsorption of each malachite green molecule

has equal activation energy. Based on Langmuir adsorption

isothermal, the maximum equilibrium adsorption capacity was

estimated to be 48.3 mg g-1, which is in agreement with that

based on the kinetic equation above. This further corroborates

the reliability of the experimental results.

Conclusion

In present study, malachite green adsorption behavior in

aqueous solution by the native bamboo leaves biomass has

been investigated systematically. The rapid malachite green

absorption by bamboo leaves biomass in aqueous solution at

pH 6 necessitates only 1 h to reach equilibrium and could be

operated at ambient temperature, which is attributed to the

morphology and composition of bamboo leaves biomass. The

malachite green adsorption kinetics in aqueous solution by

bamboo leaves biomass observes the pseudo-second order

reaction and the adsorption isotherms of malachite green onto

bamboo leaves biomass could be interpreted by Langmuir

adsorption isotherm with a monolayer adsorption capacity of

48.3 mg g-1, indicating the malachite green adsorbed in homo-

geneous surface of bamboo leaves biomass, the malachite green

monolayer adsorption process and adsorption of each molecule

with equal activation energy. Therefore, the native bamboo

leaves biomass is potential in efficient removal of malachite

green from aqueous solution due to its low cost, ease-handling

and environmental friendliness.
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