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ABSTRACT

Background: Recently, there has been a great concern about the consumption of
dyes because of their toxicity, mutagenicity, carcinogenicity, and persistence in the
aquatic environment. Therefore, the aim of this study was to determine the feasibility
of using Lemna minor for Acid Blue 292 (AB292) dye removal from aqueous
solution and to determine the optimal conditions.
Methods: This experimental study was conducted in the batch systems to investigate
the effects of parameters such as contact time, initial concentration of dye, pH and
Lemna minor biomass dose. Isotherms and kinetic studies of dye adsorption were
performed using equilibrium data.
Results: According to the results, a maximum removal efficiency of 98.5% was
obtained at pH of 3 and the contact time of 90 min; initial dye concentration 10 mg/L
and adsorbent dose 3g/L. The adsorption data was best fitted to the Langmuir
isotherm and pseudo-second order kinetic model.
Conclusion: The results showed that Lemna minor could be used as a cost-effective
adsorbent for removing AB292 dye from textile wastewater efficiently.

1. Introduction
The textile industries are recognized as the main
industry to use a great amount of water and
synthetic dyes which ends in generating a high
volume of colorful wastewater [1-3]. It is stated
that 1000000 kg/yr of dyes is discharged into the
effluents by textile industries [4]. The synthetic

dyes are classified as anionic, cationic and
nonionic (in which the acid replaces anionic dye
group) [2]. The toxicity and harmful impacts of
the dyes have been confirmed by many studies
conducted throughout the world [5]. The dyes can
threaten the human health by their carcinogenic
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and mutagenic properties; also, the aquatic life can
be influenced by the blocking of sunlight
penetration and the reduction of oxygen in water
bodies [6-8].
Since the textile dyes have complex aromatic
structure, they are resistant against the
conventional biological treatment methods
indicating the necessity to use the effective and
promising methods to remove these dyes [9-10].
The previous studies have indicated that the
adsorption onto activated carbon is a reliable,
inexpensive and significantly effective technique
to remove the dyes; however, the high cost of
activated carbon limits its use [11-14].
In the recent decades, various materials such as
Azolla, fly ash, wheat straw, apple pomace, fungi,
orange peels, soy meal hull, eggshell, and etchas
have been applied to develop low-cost and
effective adsorbents [15-17]. Lemna minor is one
of wide-spread aquatic plants, which is classified
as duckweed species group, with special
characteristics including rapid growth, high
nutritional value, and high water purification
capabilities, also used to remove the pollutants
from water and wastewater. A number of studies
have been conducted by the scientists to remove
the heavy metals, dyes, etc by Lemna minor [1820].
Therefore, the purpose of the present study was
to assess Lemna minor capability to remove the
AB292 dye. Also, the effects of several parameters
including contact time, pH, adsorbent dose and
initial dye concentration were investigated.

2. Materials and Methods
2.1. Chemicals and experiments
All chemicals used in this work were of GR grade
obtained from Merck (Darmstadt, Germany). The
chemical structure of Azo Dye Acid Blue 292
(molecular weight: 616.49and Molecular Formula
C22H14N6Na2O9S2 and CAS Number: 5850-35-1)
is shown in Fig. 1. The pH of the solution was
adjusted by 0.1M H2SO4 or NaOH. All

Removal of Acid Blue 292 onto Lemna minor

experiments were conducted in batch mode in 250
mL conical flasks.

Fig. 1: Chemical structure of the used Acid blue 292.

2.2. Preparation of adsorbent
The Lemna minor biomass was collected from
the wetlands of Sari, Iran. It was sun dried and
then crushed and sieved to 1-2 mm particle sizes.
Then the biomass was treated with 0.1 M HCl for
5 hr, followed by washing with distilled water and
drying [17]. The prepared adsorbent was stored to
use in experiments. The BET-N2 method using an
ASAP 2000 apparatus- based nitrogen adsorption–
desorption isotherms at 77K was applied to
determine the specific surface area of the resultant
adsorbent. The surface morphology of adsorbent
was observed with a Philips XL30 scanning
electron microscope (SEM) before and the after
adsorption process.
2.3. Sorption studies
Adsorption experiments were carried out by
agitating 0.3 g of adsorbent with 100 ml of desired
concentration of AB292 dye solution in a thermo
stated rotary shaker (ORBITEK, Chennai, India)
at 200 rpm and 25oC in various contact times (10,
20, 30, 45, 60, 75, 90, 120, 150 and 180 min). Dye
concentration was estimated by monitoring the
absorbance at 632 nm using a UV-vis
spectrophotometer (DR-5000). PH was measured
using a pH meter (300 Hanna Instrument, USA).
The samples were removed from the shaker at
predetermined time intervals and the dye solution
was separated from the adsorbent by
centrifugation at 4000 rpm for 10 min. The
absorbance of supernatant solution was measured.
The effect of pH on the adsorption of AB 292 dye
was studied by conducting equilibrium sorption
tests at different pH values [3-11] using 3 g of
powdered biomass for 90 min.
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The pH was adjusted by using dilute NaOH and
HCl solutions. Effect of adsorbent dosage was
studied with different adsorbent doses (0.5-5 g/L)
and 100 ml of 100 mg/L AB 292 dye solutions at
equilibrium time and pH 3. The experiments were
carried out using3 g of biomass for 90 min.
Langmuir, Freundlich and Temkin isotherms were
employed to study the adsorption capacity of the
adsorbent. The amount of AB 292 dye adsorbed by
biomass was calculated from the differences
between the amount added to the biomass and the
dye content after adsorption using the following
equation [21-23]:

are saturated and unclear after using the adsorption
experiments. Also, the specific surface area was
30 m2/g which was greater than the surface of
adsorbents probably due to potent and effective
adsorbent.

q e=

3.3. Effect of Contact
Concentration of AB292

Where qe is the dye uptake (mg/g), C0 and Ce
are the initial and final dye concentrations in the
solution respectively (mg/L), V, the solution
volume (L) and M is the mass of biosorbent (g).

The experiments to study the effect of contact
time were carried out in various concentrations of
AB292dye at constant value of pH=3, and the
results are shown in Fig. 4. As seen in Fig. 4, the
removal efficiency of AB292 increased with time
until reaching an equilibrium constant value after
90 min for all concentrations .

3. Results and Discussion
3.1. Adsorption characterization
Figures 2a and b show the SEM images of
adsorbent in both before and after use. The SEM
images show the texture and porosity of adsorbent.
The difference between the adsorbent surfaces
can be concluded by the comparison of the
images. Before the use of adsorbent, the porous
surface of adsorbent was obvious, however, they

3.2. Effect of pH
The effect of pH for the adsorption of AB292
dye onto Lemna minor is shown in Fig. 3. It can
be seen that the adsorption of AB292 dye was pHdependent. The results show that the amount of
adsorbed dye onto Lemna minor decreases as the
pH increases from 3 to 11.
Time

and

Initial

The percentage removal efficiency for AB292
dye decreased with increasing AB292 dye
concentration in the aqueous solutions. Thus, in
the concentration of 10 mg/L the highest
adsorption percentage was observed and with
increasing the concentration amount from 10 to
200 mg/L, adsorption percentage decreased from
98.9% to 74.4%.

Fig. 2: The SEM image of modified Lemna minor a: before use b: after used .
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3.4. Effect of Lemna minor dosage on the
adsorption capability
The effect of biomass dosage on removal rate of
AB292dye was investigated in different activated
carbon doses (0.5-5 g/L), while other parameters
were kept constant. As can be seen from Fig. 5,
the adsorption capability and the adsorption rate
dramatically increased with the amount of biomass
used.

Fig. 5: Effect of adsorbent dose on AB292 dye removal
efficiency (contact time= 75min, C0=100 mg/L, pH=3).

3.5. Adsorption isotherm

Fig. 3: Effect of pH on AB292 dye removal efficiency
(C0=25 mg/L, contact time= 75 min, adsorbent dose=3
g/L).

The existence of adsorbate equilibrium between
the liquid and solid phase is well described by
adsorption isotherms. Experimental isotherm data
were fitted on Langmuir, Freundlich, and Temkin
adsorption isotherm models. The Langmuir
isotherm can be expressed as [24, 25].

=

+

Where qm is a constant related to adsorption
capacity (mg/g) and KL is Langmuir constant
related to energy of adsorption (L/mg). The
constants qm and KL can be calculated from the
slope and intercept of the plot of Ce/qe vs Ce.
The Langmuir plot of Ce/qe vs Ceis shown in
Fig. 5. The results calculated from the plot are
given in Table 1. The Langmuir adsorption
capacity was determined to be 29.25 mg/g. The
essential characteristics of Langmuir isotherm can
be expressed by dimensionless separation factor,
RL.
Fig. 4: Effect of Contact time and initial dye concentration
on AB292 dye removal efficiency (pH=3, adsorbent
dose=3 g/L).

The value of separation factor RL indicates the
nature of the adsorption process as given below
[26, 27]:
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RL=

RL> 1 Unfavorable, RL= 1 Linear, 0<RL< 1
Favorable and RL= 0 Irreversible.
Where KL is the Langmuir constant and C0 is
the initial concentration (mg/L). The RL value was
obtained to be 0.554 which was between 0 and 1
indicating the favorable adsorption process.
Freundlich model is the most popular model for a
single solute system, based on the distribution of
solute between the solid phase and aqueous phase
at equilibrium. The Freundlich equation is
expressed as [28, 29]:
Ln qe = ln KF + ln Ce
Where KF is the measure of adsorption capacity
and n is the adsorption intensity:
A plot of log qe vs log Ce gives a linear trace
with a slope of 1/n and intercept of log KF. The
values of 1/n and KF are given in Table1 (Fig not
shown). When 1/n is >1.0, the change in adsorbed
dye concentration is greater than the change in the
dye concentration in solution. The Temkin
isotherm is applied in the following form [30, 31]:
qe =

ln (Kt) +

ln(Ce)

Fig. 6: Langmuir isotherms (C0=100 mg/L, pH=3).

by various factors like physical and/or chemical
properties of adsorbent, ambient temperature,
solution pH and nature of adsorbate. These kinetic
models are useful for the design and optimization
of effluent-treatment process. In order to
investigate the mechanism of AB292 dye
adsorption by biomass the following three kinetic
models were considered.
Pseudo first-order kinetic model
The pseudo first-order kinetic model was
proposed by Lagergren. The integrated linear form
of the model is (32, 33):
Log (qe– qt) = log qe–

Where b is the Temkin constant related to heat
of sorption (J/mg) and Kt the equilibrium binding
constant corresponding to the maximum binding
energy (L/g).
The Temkin constants Kt and b are calculated
from the slopes and intercepts of qe vs ln Ce are
given in Table 1 (Fig not shown). Out of three
isotherm models studied for this adsorbentadsorbate system, Langmuir model shows the best
fit with a correlation coefficient of 0.995.

t

Where qe is the amount of dye adsorbed at
equilibrium (mg/g), qt is the amount of dye
adsorbed at time t (mg/g), K1 is the first-order rate
constant (1/min) and t is time (min).

3.6. Kinetics of Adsorption

Hence, a linear trace is expected between the
two parameters, log (qe-qt) and t, provided that the
adsorption follows the first order kinetics. The
values of k1 and qe can be determined from the
slope and intercept.

Many kinetic models have been proposed to
elucidate the mechanism of solute adsorption. The
rate and mechanism of adsorption are controlled

The results of pseudo first-order plot for the
adsorption of AB292 dye by biomass are given in
Table 2 (Fig not shown). The calculated and
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Table 1: Isotherm parameters for AB292dye adsorption onto Lemna minor.
Langmuir
Freundlich
RL
qmax(mg/g)
R2
KF (mg/g)
n
R2
0.554
29.25
0.998
0.784
2.94
0.894

experimental qe values show a reasonable
correlation in the case of pseudo first-order
kinetics. Even though qecal (calculated value) and
qeexp (experimental value) are closer, the R2 values
suggest that the adsorption data fitted poor ly to
pseudo first-order kinetics. Hence, the adsorption
AB292 dye onto Lemna minor does not follow the
pseudo first-order rate expression.
Pseudo second-order kinetics
The adsorption may also be described by
pseudo second-order kinetic model, if the
adsorption does not follow the first order kinetics.
The linearized form of the pseudo second-order
model is [34, 35]:

=

+

Where K2 is the second-order rate constant
(g/mg min) and qe is the equilibrium adsorption
capacity (mg/g). A plot of t/qt and t should give a
linear relationship if the adsorption follows second
order. qe and K2can be calculated from the slope
and intercept of the plot.
Fig. 7a shows the pseudo second-order plot for
the adsorption of AB292dye by biomass at various
initial dye concentrations and the results are given
in Table 2. The pseudo second- order rate constant
decreases from 0.0045 to 0.0014 (g/mg min) with
the increases in initial dye concentration. The
correlation coefficient R2 ranges from 0.995 to
0.999, which is higher than pseudo first-order
values. From the results, it can be suggested that
pseudo second-order describes the adsorption of
AB292dye much better than pseudo first-order
model.

Kt (L/g)
0.811

Temkin
B
9.47

R2
0.822

Intra particle diffusion model
In the batch systems of adsorption process,
initial adsorption occurs on the surface of the
adsorbent. In addition, there is a possibility of the
adsorbate to diffuse into the interior pores of the
adsorbent. Weber and Morris suggested the
following kinetic model to explore if the
adsorption is intra-particle diffusion or
not.According to this theory [36, 37]:

qt = Kd. t½
Where Kd is the intra particle diffusion rate
constant and is calculated by plotting qt against t½
(Fig. 7b) and the results are given in Table 2. The
linear portion of the plot for wide ranges of
contact time between adsorbent and adsorbate
does not pass through the origin. This deviation
from the origin or near saturation may be due to
the variation of mass transfer in the initial and
final stages of adsorption.
In the process of absorption, pH plays a key role
in absorptive capacity and effects the adsorbent
surface features (functional groups on the active
sites), degree of ionization and removal efficiency.
The results show that the amount of adsorbed
dye onto Lemna minor decreases as the pH
increases from 3 to 11. This situation can be
attributed to the surface charge of the adsorbent.
Lemna minor has negatively charged adsorption
sites, but it is positively charged at low pH values.
Therefore, the electrostatic interactions between
negatively charged -SO-3groups in the dye
molecule and the positively charged adsorbent
increase [28-40]. As a result, the amount of dye
molecules onto the modified bentonite increases at
lower pH values.
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Fig. 7: Adsorption kinetics of AB292 dye on Lemna minor: a) pseudo-second-order b) intra-particle diffusion.

Table 2: Kinetic parameters for the adsorption of AB292dye onto Lemna minor biomass in various concentrations.
Co(mg/L)

q eexp(mg/g)

50
100
200

15.18
28.86
51.22

Pseudo-first order
K1
qe
R2
0.0445
11.29
0.825
0.0563
23.14
0.841
0.0712
45.96
0.869

Adsorption process of AB292 dye consists of
two stages. At the first stage, rapid initial
adsorption was observed in 45 min and at the
second stage, adsorption process was slow and
performed during 45-90 min. At this stage, the
removal rate was slower than the first stage.
Obviously, increasing the time up to 90 min had
no significant effect on removal rate. This effect is
due to the availability of the initial abundant
number of active sites on the sorbents at the
beginning of the process, whereas, with the
gradual increase of time, these sites are occupied
by AB292 dye molecules and the adsorption
process has become less effective with increasing
time [41- 43].
As in Fig. 4 was seen, by increasing the initial
concentration of AB292 dye in aqueous solution,
removal percentage was decreased. At a constant
Lemna minor biomass dose, the decrease in the

Pseudo-second order
K2
qe
R2
0.0045
14.48
0.995
0.0027
27.86
0.998
0.0014
50.12
0.999

Intraparticle diffusion
k
C
R2
0.171
1.479
0.794
0.184
2.728
0.831
0.213
3.449
0.852

adsorption percentage was seen which is probably
due to the saturation of the active sites on the
biomass surface at higher AB292 dye
concentrations [44, 45]. On the other hand, by
increasing the initial AB292 dye concentration, the
actual amount of AB292 dye adsorbed per unit
mass of the biomass was increased. The higher
initial concentration of AB292 dye provides an
important driving force to overcome the mass
transfer resistance for AB292 dye transfer between
the solution and the surface of the biomass.
Similar results were observed by Azarpira
(2016) who investigated the effect of initial
concentration on removal of Acid Orange 7 from
aqueous solution by Cyperusrotundus biomass and
indicated that adsorption decreases with increasing
the initial concentration of metals [42].
The adsorbent dose is another important
parameter because it has a direct relationship with
the uptake capacity of an adsorbent for a given
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concentration of dye under the optimism
conditions. As can be observed from Figure5,
removal efficiency was increased by increasing
the amount of Lemna minor biomass from 0.5 to 5
g. This is mainly due to the greater available sites
or surface area for the adsorption at the higher
amount of the Lemna minor biomass [45, 46]. A
similar phenomenon has also been shown in the
adsorption of Acid violet 17from water with
Orange peel [38].
Adsorption isotherms are mathematical models
that describe the distribution of the adsorbate
species among liquid and adsorbent, based on a set
of assumptions that are mainly related to the
heterogeneity/homogeneity of adsorbents, the type
of coverage and possibility of interaction between
the adsorbate species [36].The Langmuir model
was originally developed to describe the
adsorption of gas onto solid surface. It suggests
the formation of monolayer adsorption and also
the surface is energetically homogeneous [38].
The Freundlich isotherm model is valid for
multilayer adsorption on a heterogeneous
adsorbent surface with sites that have different
energies of adsorption [39]. The Temkin isotherm
assumes that the fall in the heat of adsorption is
linear rather than logarithmic as stated in
Freundlich expression. The heat of sorption of all
molecules in the layer would decrease linearly
with coverage due to sorbate/sorbent interactions
[36]. The correlation coefficients (R2) for
Langmuir, Freundlich, and Temkin models were
0.998, 0.894 and 0.822 respectively. The proper
agreement between the adsorption data and
Langmuir model implies that the adsorption of
AB292 dye onto the Lemna minor biomass
occurred as a single monolayer.

4. Conclusion
The prediction of adsorption rate gives crucial
information for designing sustainable batch
adsorption systems. Information on the kinetics of
pollutant uptake is required for selecting optimum
operating conditions for full-scale batch processes
[38]. In order to evaluate the kinetic mechanism
that controls the adsorption process, the
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experimental data was analyzed using pseudofirst-order, pseudo-second-order models and Intra
particle diffusion. The correlation coefficients (R2)
for pseudo-second-order model are all higher than
for the pseudo- first-order model and Intra particle
diffusion and the experimental data fit the pseudosecond-order model better than the pseudo-firstorder model and Intra particle diffusion. Also,
qevalue agreed with the calculated values (qeexp),
indicating a good fit of the adsorption process to
this model. The results indicate that chemical
adsorption might be the rate-limiting step. The
results obtained were similar and supported by
other researchers [16-18].
This study focused on the biosorption of AB292
dye onto Lemna minor biomass from aqueous
solution. The operating parameters, pH of
solution, biomass dosage, contact time and initial
dye concentration were found to be effective on
the biosorption efficiency of AB292 dye. The
kinetic data signified that the biosorption of
AB292 dye onto Lemna minor followed the
pseudo-second-order kinetic model. It could be
finally concluded that Lemna minor biomass, an
inexpensive and easily available adsorbent, can be
an alternative for more costly adsorbents used for
dye removal in wastewater treatment processes.

Acknowledgement
The authors would like to express gratitude to
Zahedan University of medical sciences for the
financial support this study.

References
1. Ahmad AL, Puasa SW, Zulkali MMD.
Micellar- Enhanced Ultrafiltration for Removal of
Reactive dyes from an Aqueous Solution.
Desalination. 2006; 191: 153-61.
2. Won SW, Choi SB, Yun YS. Performance and
Mechanism in Binding of Reactive Orange 16 to
Various Types of Sludge. Biochem Eng J. 2006;
28: 208-14.
3. Toor M, Jin B. Adsorption Characteristics,
Isotherm, Kinetics, and Diffusion of Modified

Balarak D et al/ J. Hum. Environ. Health Promot. 2016; 2(1):9- 19

Removal of Acid Blue 292 onto Lemna minor

17

Natural Bentonite for Removing Diazo dye. Chem
Eng J. 2012; 187: 79-88.
4. Hameed BH, Ahmad AA, Aziz N. Isotherms,
Kinetics and Thermodynamics of Acid dye
Adsorption on Activated Palm Ash. Chem Eng J.
2007; 133: 195-203.
5. Wang L, Li J. Adsorption of C.I. Reactive Red
228 dye from Aqueous Solution by Modified
Cellulose from Flax Shive: Kinetics, Equilibrium,
and Thermodynamics. Ind Crops Prod. 2013; 42:
153-58.
6. Moussavi GR, Mahmoudi M. Removal of Azo
and Anthraquinone Reactive dyes from Industrial
Wastewaters Using MgO Nanoparticles. J Hazard
Mater. 2009; 168: 806-12.

13. Lata H, Mor S, Garg VK, Gupta RK. Removal
of a dye from Simulated Wastewater by
Adsorption Using Treated Parthenium Biomass. J
Hazard Mater. 2008; 153: 213-20.
14. Batzias FA, Sidiras DK. Simulation of dye
Adsorption by Beech Sawdust as Affected by PH.
J Hazard Mater. 2007; 141: 668-79.
15. Doulati Ardejani F, Badii KH, Yousefi Limaee
N, Shafaei SZ, Mirhabibi AR. Adsorption of
Direct Red 80 dye from Aqueous Solution onto
Almond Shells: Effect of pH, Initial Concentration
and Shell Type. J Hazard Mater. 2008; 151: 73037.

7. Qin Q, Ma J, Liu K. Adsorption of Anionic
dyes on Ammonium-Functionalized MCM-41. J
Hazard Mater. 2009; 162: 133-39.

16. Arami M, Yousefi Limaee N, Mahmoodi NM,
Salman Tabrizi N. Equilibrium and Kinetics
Studies for the Adsorption of Direct and Acid dyes
from Aqueous Solution by Soy Meal Hull. J
Hazard Mater. 2006; 135: 171-79.

8. Donia AM, Atia AA, Al-amrani WA, El-Nahas
AM. Effect of Structural Properties of Acid dyes
on Their Adsorption behaviour from Aqueous
Solutions by Amine Modified Silica. J Hazard
Mater. 2009; 161:1544-50.

17. Zazouli MA, Balarak D, Mahdavi Y,
Karimnejad F. The Application of Azolla
Filiculoides Biomass in Acid Blue 15 dye (AB15)
Removal from Aqueous Solutions. J Basic Res
Med Sci. 2014; 1(1): 29-37.

9. Garg VK, Gupta R, Yada AB, Kumar R. Dye
Removal from Aqueous Solution by Adsorption
on Treated Sawdust. Bioresour Technol. 2003; 89:
121-24.

18. Ge X, Zhang N, Phillips GC, Xu J. Growing
Lemna minor in Agricultural Wastewater and
Converting the Duckweed Biomass to Ethanol.
Bioresour Technol. 2012; 124: 485-88.

10. Irem S, Mahmood Khan Q, Islam E, Hashmat
AJ, Anwar ul Haq M, Afzal M, et al. Enhanced
Removal of Reactive Navy Blue dye Using
Powdered Orange Waste. Ecol Eng. 2013; 58:
399- 405.
11. Dizge N, Aydiner C, Demirbas E, Kobya M,
Kara S. Adsorption of Reactive dyes from
Aqueous Solutions by Fly Ash: Kinetic and
Equilibrium Studies. J Hazard Mater. 2008; 150:
737- 46.
12. Hoda N, Bayram E, Ayranci E. Kinetic and
Equilibrium Studies on the Removal of Acid dyes
from Aqueous Solutions by Adsorption onto
Activated Carbon Cloth. J Hazard Mater. 2006;
137: 344-51.

19. Alvarado S, Guédez M, Lué-Merú MP, Nelson
G, Alvaro A, Jesús AC, et al. Arsenic Removal
from Waters by Bioremediation with the Aquatic
Plants Water Hyacinth (Eichhornia Crassipes) and
Lesser Duckweed (Lemna minor). Bioresour
Technol. 2008; 99: 8436-40.
20. Uysal Y. Removal of Chromium Ions from
Wastewater by Duckweed, Lemna minor L. by
Using a Pilot System with Continuous Flow Y. J
Hazard Mater. 2013; 263: 486-92.
21. Saja S. Al-Taweel. Equilibrium Isotherm and
Kinetic Studies of Adsorption of Basic Green-4 on
Titanium Dioxide Nanoparticles. Int J Chemtech
Res. 2015; 8(10): 116-25.

Balarak D et al/ J. Hum. Environ. Health Promot. 2016; 2(1):9- 19

16
18

22. Balarak D. Kinetics, Isotherm and
Thermodynamics Studies on Bisphenol A
Adsorption Using Barley Husk. Int J Chemtech
Res. 2016; 9(5): 681-90.
23. Tan C-y, Li G, Lu X-Q, Chen Z-l. Biosorption
of Basic Orange Using Dried A. Filiculoides. Ecol
Eng. 2010; 36(10): 1333-40.
24. Sun D, Zhang X, Wu Y, Liu X. Adsorption of
Anionic dyes from Aqueous Solution on Fly Ash.
J Hazard Mater. 2010; 181(1–3): 335-42.
25. Balarak D, Jaafari J, Hassani G, Mahdavi Y,
Tyagi I, Agarwal S, et al. The Use of Low-Cost
Adsorbent (Canola residues) for the Adsorption of
Methylene Blue from Aqueous Solution: Isotherm,
Kinetic and Thermodynamic Studies. Colloids
Interface Sci Commun. 2015; 7:16-19.
26. Shelke RS, Bharad JV, Madje BR, Ubale MB.
Studies on the Removal of Acid dyes from
Aqueous Solutions by Ashoka Leaf Powder. Der
Chemica Shemica. 2011; 2 (4): 6-11.
27. Padmesh TVN, Vijayaraghavan K, Sekaran G,
Velan M. Batch and Column Studies on
Biosorption of Acid dyes on Fresh Water Macro
Alga Azolla Filiculoides. J Hazard Mater. 2005;
125(1-3): 121-9.
28. Deniz F, Karaman S. Removal of an AzoMetal Complex Textile dye from Colored
Aqueous Solutions Using an Agro-Residue.
Microchem J. 2011; 99(2): 296-302.
29. Mohammadi N, Khani H, Gupta VK, Amereh
E, Agarwal S. Adsorption Process of Methyl
Orange dye onto Mesoporous Carbon Material–
Kinetic and Thermodynamic Studies. J Colloid
Interface Sci. 2011; 362(2): 457-62.
30. Mahmoodi NM, Hayati B, Arami M, Lan C.
Adsorption of Textile dyes on Pine Cone from
Colored Wastewater: Kinetic, Equilibrium and
Thermodynamic Studies. Desalination. 2011;
268(1-3): 117-25.
31. Senthil Kumar P, Ramalingam S, Senthamarai
C, Niranjanaa M, Vijayalakshmi P, Sivanesan S.
Adsorption of dye from Aqueous Solution by

Removal of Acid Blue 292 onto Lemna minor

Cashew nut Shell: Studies on Equilibrium
Isotherm, Kinetics and Thermodynamics of
Interactions. Desalination. 2010; 261(1-2): 52-60.
32. Balarak D, Mostafapour FK, Joghataei A.
Adsorption of Acid Blue 225 dye by Multi Walled
Carbon Nanotubes: Determination of Equilibrium
and Kinetics Parameters. Der Pharma Chemica.
2016; 8(8): 138-45.
33. Ponnusami V, Vikram S, Srivastava SN.
Guava (Psidium Guajava) Leaf Powder: Novel
Adsorbent for Removal of Methylene Blue from
Aqueous Solutions. J Hazard Mater. 2008;
152(1): 276-86.
34. Yilmaz AE, Boncukcuoğlu R, Kocakerim M,
Karakaş İH. Waste Utilization: The Removal of
Textile dye (Bomaplex Red CR-L) from Aqueous
Solution on Sludge Waste from Electrocoagulation
as Adsorbent. Desalination. 2011; 277(1-3): 15663.
35. El Ashtoukhy ESZ. Loofa Egyptiaca as a
Novel Adsorbent for Removal of Direct Blue dye
from Aqueous Solution. Environ Manag. 2009;
90(8): 2755-61.
36. Zhang X, Tan J, Wei X, Wang L. Removal of
Remazol Turquoise Blue G-133 from Aqueous
Solution Using Modified waste Newspaper Fiber.
Carbohydr Polym. 2013; 92(2): 1497-502.
37. Amela K, Hassen MA, Kerroum D. Isotherm
and Kinetics Study of Biosorption of Cationic Dye
onto Banana Peel. Energy Procedia. 2012; 19(0):
286-95.
38. Sivaraj R, Namasivayam C, Kadirvelu K.
Orange Peel as an Adsorbent in the Removal of
Acid Violet 17 (Acid dye) from Aqueous
Solutions. Waste Manag. 2001; 21(1): 105-10.
39. Osma JF, Saravia V, Toca-Herrera JL, Couto
SR. Sunflower Seed Shells: A Novel and Effective
Low-Cost Adsorbent for the Removal of the Diazo
dye Reactive Black 5 from Aqueous Solutions. J
Hazard Mater. 2007; 147(3): 900-5.
40. Namasivayam C, Radhika R, Suba S. Uptake
of dyes by a Promising Locally Available

Balarak D et al/ J. Hum. Environ. Health Promot. 2016; 2(1):9- 19

Removal of Acid Blue 292 onto Lemna minor

17
19

Agricultural Solid Waste: Coir Pith. Waste
Manag. 2001; 21(4): 381-7.
41. Zazouli MA, Balarak D, Mahdavi Y, Ebrahimi
E. Adsorption Rate of 198 Reactive Red dye from
Aqueous Solutions by Using Activated Red Mud.
Iranian J Health Sci. 2013; 1(1): 36-43.
42. Azarpira H, Balarak D. Biosorption of Acid
Orang 7 Using Dried Cyperus Rotundus: Isotherm
Studies and Error Functions. Int J Chemtech Res.
2016; 9(9): 543-49.
43. Balarak D, Mahdavi Y, Sadeghi S. Adsorptive
Removal of Acid Blue 15 dye (AB15) from
Aqueous Solutions by Red Mud: Characteristics,
Isotherm and Kinetic Studies. Scientific J Environ
Sci. 2015; 4(5): 102-12.
44. Zazouli MA, Belarak D, Karimnezhad F,
Khosravi F. Removal of Fluoride from Aqueous
Solution by Using of Adsorption onto Modified
Lemna minor: Adsorption Isotherm and Kinetics
Study. J Mazandararan Univ Med Sci. 2014;
24(109): 195-204. [In Persian].
45. Ali I, Asim M, Khan TA. Low Cost
Adsorbents for the Removal of Organic Pollutants
from Wastewater. J Environ Manag. 2012; 113:
170-183.
46. Şener S. Use of Solid Wastes of the Soda Ash
Plant as an Adsorbent for the Removal of Anionic
dyes: Equilibrium and Kinetic Studies. Chem Eng
J. 2008; 138(1–3): 207-14.

Balarak D et al/ J. Hum. Environ. Health Promot. 2016; 2(1):9- 19

