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Abstract

Tartaric acid modified wheat bran was utilized as adsorbent to remove methyl blue, a basic dye from aqueous
solution. Batch experiments were carried out to study the effect of various experimental parameters such as initial
solution pH, contact time, initial dye concentration and adsorbent dosage, on dye adsorption. The results showed
that the modification of wheat bran by tartaric acid significantly improved its adsorption capacity, and made this
material a suitable adsorbent to remove methyl blue. The adsorption capacity of modified wheat bran was about
1.6 times higher than that of unmodified one. The amount of methyl blue adsorbed was found to vary with initial
solution pH, adsorbent dosage, contact time and initial methyl blue concentration. Kinetics study showed that the
overall adsorption rate of methyl blue was illustrated by pseudo-second-order kinetic model. The applicability of the
Langmuir and Freundlich models for the data was tested. Both models adequately described the experimental data
of the biosorption of methyl blue. The maximum adsorption capacity for methyl blue calculated from Langmuir
model was 25.18 mg/g. The study has shown the effectiveness of modified wheat bran in the removal of methyl
blue, and that it can be considered as an attractive alternative to the more expensive technologies used in
wastewater treatment.
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Introduction
Improper dye discharge from various industries such as
textile, paper, cosmetic and plastics into receiving streams
can be one of the sources of water pollution. The release
of these effluents not only causes various disruptions in
the ecosystems, but also poses hazard effects as most of
the dyes are highly toxic, mutagenic and carcinogenic in
nature. Therefore, discharge regulations are progressively
becoming more stringent.
Chemical oxidation, chemical coagulation, biological

treatment and photodegradation are some of the most
commonly practiced processes for the removal of dyes
from industrial wastewaters [1-3]. However, these meth-
ods are non-economical and have many disadvantages
such as high reagent and energy requirements, gener-
ation of toxic sludge or other waste products that re-
quire disposal or treatment. In addition, various dyes
used in the industry are particularly difficult to remove
by conventional waste methods as they are stable to
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light and oxidizing agents and resistant to aerobic diges-
tion [4]. There is thus a need to search for new pro-
cesses that could remove dyes commonly used in the
industry. The adsorption technique is one of the pre-
ferred methods for removal of dyes because of its effi-
ciency and low cost.
Activated carbon is the most popular and widely used

adsorbent but it is expensive and its cost increases with
the quality. In addition its regeneration with refractory
technique results in a 10-15% loss of the sorbent and its
uptake capacity. Thus, there has been intensive research
exploring the potential of alternative low-cost materials
as sorbents for dyes. For this purpose in recent years,
various biological and industrial by-products have been
investigated intensively for their ability to remove dye
from aqueous solution, as they can be obtained readily
and are in great abundance, such as corncob [5], chito-
san [6], waste coir pith [7], giant duckweed [8], pow-
dered peanut hull [9], coccinea berries [10], trees’ leaves
[11], eggshell [12], modified clays [13], fly ash [14], beer
brewery waste [15], natural zeolite [16], bentonite [17],
rice bran [18] and rice hull [19]. Among these materials,
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some biosorbents have shown extraordinary properties
for dye removal.
The bran of wheat is the shell of the wheat seed and

contains many nutrients of wheat. This bran is usually
removed in the processing of wheat into flour. It is en-
vironmentally friendly and is nutritious to the plants.
Therefore the use of wheat bran to eliminate pollution
from water and wastewater is interesting. There are a
few reports of heavy metal adsorption by wheat bran, as
a by-product of a flour factory, such as Cr(VI) [20], Pb
(II) [21], Cu(II) and Cd(II) [22]. The purpose of the
present study was to a) investigate the adsorption of the
cationic dye methylene blue (MB) on to wheat bran
modified with tartaric acid bran; b) study the effect of
different parameters such as contact time, initial pH, ad-
sorbent dosage and initial MB concentration on adsorp-
tion process and; c) find optimum adsorption isotherm
as well as the rate of adsorption kinetics.

Materials and methods
Preparation of adsorbent
The wheat bran used in this study was a by-product of a
flour factory in Shenyang, China. The wheat bran was
washed thoroughly with water to ensure the removal of
dust and ash. It was then sieved to ~50 mesh size by
passing the milled material through standard steel sieves
to remove any large non-wheat bran solids. Then, about
4.0 g grinded wheat bran was mixed with 30 mL of
1.2 mol/L tartaric acid. The mixture was stirred until
homogenous and dried at 50°C for 24 h. The modified
wheat bran was subsequently washed with distilled water
until neutral and dried at 50°C for 24 h.

Preparation of methlylene blue solution
Methlylene Blue (C16H18N3SCl•3H2O, a cationic dye) was
purchased from Sanaisi reagent Ltd. (Shanghai, China)
and used without further purification. The wavelength of
maximum absorption (λmax) of this dye is 664 nm. Meth-
lylene Blue was dried at 110°C for 2 h before use. All of
the methlylene blue solution was prepared with distilled
water. The stock solution of 1000 mg/L was prepared by
dissolving methlylene blue in 1000 mL distilled water. The
experimental solution was obtained by diluting the stock
solution in accurate proportions to different initial con-
centrations with distilled water.

Batch adsorption experiments
Batch techniques were used to investigate MB adsorp-
tion, which was examined via kinetic studies and adsorp-
tion isotherms, together with the effect of some operating
parameters. All batch experiments were carried out in
duplicate and the results given are the means with a
relative standard deviation of less than 5%. Control
experiments without sorbent were carried out to
ascertain that the sorption was by the adsorbent and not
the wall of the container.
The comparison study on the uptake of MB by un-

modified and modified wheat bran was carried out at
room temperature (20±1°C) by mixing 0.5 g of adsorbent
with 100.0 mL of MB solution (100 mg/L) in a glass vial
at pH=7.0, and shaken at 150 r/min for 1 h.
The adsorption kinetic study was performed for MB

in solution at pH=7.0 and room temperature (20±1°C).
Several glass vials were used to hold 100mL MB
solution of known initial concentration (50, 100, and
200 mg/L) and 0.5 g of adsorbent at pH=7.0, and shaken
at 150 r/min for a duration ranging from 0 to 360 min.
At certain period of time, each vial was removed from
the shaker, and the solution was then centrifuged at
3000 r/min to measure the MB concentration. In order
to investigate the mechanism of MB adsorption on the
modified wheat bran, the pseudo-second-order rate
equation model was applied to the kinetic experimental
data. The pseudo-second-order kinetic equation could
be derived as [23]:

t=qt ¼ 1= k2q
2
e

� �þ t=qe ð1Þ
The adsorption capacity of modified wheat bran was

determined by batch adsorption isotherms at 20°C in
aqueous solution (initial pH values fixed at 3, 5 and 7).
In several glass vials, 100 mL of solution containing vari-
ous MB concentrations (50, 100, 150, 200, 250 mg/L)
were contacted with 0.5 g of modified wheat bran. The
vials were placed in a water bath at 20°C and shaken at
150 r/min for approximately 8 h, and the pH was
adjusted by adding 0.1 mol/L NaOH or HNO3 (±0.10).
The reaction mixture was then centrifuged at 3000 r/
min, the MB concentrations of the various filtered solu-
tions were analyzed by measuring the absorbance at the
maximum wavelength of 664 nm using a spectropho-
tometer (VIS-7220, Beijing, China). The amount of MB
adsorbed was calculated from the following equation:

qe ¼ V C0 � Ceð Þ=W ð2Þ
where qe is the amount of MB sorbet onto 1.0 g of the
adsorbent (mg/g), C0 and Ce are the initial and equilib-
rium MB concentrations in the solution (mg/L), respect-
ively; V is the solution volume (L); and W is the mass of
modified wheat bran (g).
The results of MB adsorption on modified wheat bran

were analyzed by using Langmuir and Freundlich iso-
therm models to evaluate parameters associated to the
adsorption behavior. The linear form of Langmuir equa-
tion at a given temperature is represented by:

ce=qe ¼ 1= b� qmð Þ þ ce=qm ð3Þ
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Figure 2 Effect of contact time on the adsorption of MB.
(Experiment conditions employed: initial MB concentration 100 mg/
L, adsorbent dosage 5.0 g/L, solution pH 7.0, agitation speed =150 r/
min).
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The linear form of Freundlich model can be expressed
by the following equation:

lgqe ¼ lgkf þ 1=nð Þlgce ð4Þ

Where b is the adsorption constant (L/mg) related to
the energy of adsorption and represents the affinity be-
tween the adsorbent and adsorbate, qm is the maximum
adsorption capacity (mg/g), kf and n are constants related
to the adsorption capacity and affinity, respectively.
To determine the effects of different parameters on

MB adsorption, experiments were performed at various
initial pH values ranging between 3 and 10. Initial con-
centrations of 100 mg/L MB and 0.5 g adsorbent per
100 mL of solution were employed. The suspensions
were shaked at 150 r/min for 1 h. Then optimum initial
pH was identified. The effects of adsorbent dosage, ini-
tial solution pH, initial dye concentration and contact
time were conducted.

Results
Comparison of the results on the uptake of MB by un-
modified and modified wheat bran showed that the re-
moval rates of MB was 55.32% and 85.76%, respectively.
As presented in Figure 1, the effect of changing adsorb-
ent dosage on adsorption of concentration of 100 mg/L
of MB can be seen. Figure 2 demonstrates the effect of
contact time on adsorption of concentrations of 100 mg/
L of MB by a fixed dosage of modified wheat bran.
Figure 3 shows the effect of changing initial MB concen-
trations (50, 75, 100, 150 and 200 mg/L) on adsorption
of MB by a fixed constant temperature (20°C), pH=7.0,
0 2 4 6 8
0

20

40

60

80

100

R
em

ov
al

 r
at

e 
of

 M
B

 (
%

)

Adsorbent dosage (g/L)

Figure 1 Effect of adsorbent dosage on the adsorption of MB.
(Experiment conditions employed: initial MB concentration 100 mg/
L, solution pH 7.0, adsorption time 1 h, agitation speed =150 r/min).
contact time (1 h) and adsorbent dosage (5.0 g/L). Effect
of initial solution pH on adsorption process of MB at a
constant contact time of 1 h can be seen in Figure 4.
In Figure 5, the results of the change of MB concen-

tration with adsorption time for an initial concentration
of 50, 100, 200 mg/L and pH=7.0 and adsorbent dosage
of 5.0 g/L were presented. Table 1 demonstrates the
results of kinetic parameters for MB adsorption by
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Figure 3 Effect of initial MB concentration on the adsorption of
MB.(Experiment conditions employed: adsorbent dosage 5.0 g/
L, solution pH 7.0, adsorption time 1 h, agitation speed =150 r/
min).
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Figure 4 Effect of pH on the adsorption of MB.(Experiment
conditions employed: initial MB concentration 100 mg/L,
adsorbent dosage 5.0 g/L, adsorption time 1 h, agitation speed
=150 r/min).

Table 1 Kinetic parameters for MB Adsorption by
modified wheat bran

C0 (mg·L-1) qe(mg·g-1) k2(L·mg-1.min-1) R2

50 10.11 2.15×10−2 0.9997

100 18.28 3.47×10−3 0.9995

200 20.83 2.03×10−3 0.9993
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modified wheat bran. The results of developing adsorption
isotherm for MB adsorption by modified wheat bran are
presented in Figure 6. The isotherms showed that the ad-
sorption capacity increased with increasing equilibrium
concentration of MB. Table 2 demonstrates the results of
determining the parameters of Langmuir and Freudlich
equations for MB adsorption by modified wheat bran.

Discussion
Results on the uptake of MB showed that the adsorption
of MB was enhanced when modified wheat bran was
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Figure 5 Adsorption kinetics of MB by modified wheat bran.
(Experimental conditions employed: pH = 7.0, agitation speed
=150 r/min, adsorbent dosage = 5.0 g/L).
used as the adsorbent. The adsorption capacity of modi-
fied wheat bran for MB is about 1.6 times higher than
that of unmodified wheat bran, and it has higher removal
efficiency for basic dye than some other biosorbents
[19,24]. The presence of carboxyl groups in modified
wheat bran is believed to be primarily responsible for the
adsorption of MB. Previous investigations have also postu-
lated that the adsorption of positively charged species is
due to the presence of binding sites such as carboxyl and
hydroxyl groups on the surface [19,25,26].
It can be seen from Figure 1 that the removal effi-

ciency of MB considerably increased with the increase of
adsorbent dosage. This is because of the availability of
more and more adsorption sites (carboxyl groups) for
MB adsorption during the adsorption reaction. A further
increase in adsorbent dosage (>5.0 g/L) did not cause
significant improvement in MB adsorption. This may be
due to the adsorption of almost all MB to the adsorbent
and the establishment of equilibrium. As shown in
Figure 2, the adsorption was very fast and equilibrium
between the aqueous solution and modified wheat bran
was established within about 1 h. Then, there was no
significant change in MB removal rates by further in-
creasing the time. Similar results have been reported in
literature for removal of dyes [27,28].
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Figure 6 Adsorption isotherms for MB by modified wheat bran.
(Experimental conditions employed: adsorbent dosage = 5.0 g/
L, adsorption time 8 h, agitation speed =150 r/min).



Table 2 The parameters of Langmuir and Freudlich
equation

Initial
pH

Langmuir equation Freundlich equation

qm(mg·g-1) b(L·mg-1) R2 1/n Kf R2

3.0 16.46 0.1811 0.9997 0.1810 5.6865 0.9605

5.0 21.83 0.3175 0.9998 0.1508 7.3164 0.9811

7.0 25.18 0.6636 0.9996 0.1099 11.6262 0.9991
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It can be seen from Figure 3 that the MB removal
rates decreased with the increase in initial MB concen-
tration, the percentage adsorption of MB on modified
wheat bran decreased from 98.5 to 43.6% as the initial
MB concentration was increased from 50 to 200 mg/L.
At lower MB concentrations, the ratio of the available
adsorption sites of the adsorbent to the initial number of
molecules of MB is large and subsequently the fractional
adsorption becomes independent of initial concentra-
tion. However, at higher concentrations, the available
sites of adsorption become fewer, and hence the percent-
age removal of MB which depends upon the initial con-
centration, decreases.
It is evident from Figure 4 that the percentage of MB

removal strongly depended on the solution pH. The re-
moval of MB increasesd dramatically with increasing pH
at pH=3~5, and when the solution pH was 6~10, the
increases slowed with increasing pH. At low pH, the re-
moval of MB was suppressed by H+ ions that sur-
rounded the surface of the adsorbent hindering the
approach of MB to the carboxylate groups present on
the surface of modified wheat bran. The protonation of
carboxylate groups would also reduce the MB adsorp-
tion. With increasing pH, adsorption of MB became fa-
vorable due to the deprotonation of carboxyl groups,
resulting in more adsorption sites available for binding
with MB. This phenomenon favors the adsorption of
positively charged dye due to electrostatic attraction [7].
The kinetic experimental data of MB on the modified

wheat bran (Figure 5) was simulated by pseudo-second
order rate equation (1). From the results listed in Table 1,
it can be seen that the kinetic data could be described
well by the pseudo-second order rate equation which
was based on the assumption that the rate limiting step
may be the chemical sorption or chemisorptions involv-
ing valency forces through sharing or exchange of elec-
tron between adsorbent and adsorbate [29]. This result
was accordant with previous report [19]. However, Hu et
al. showed that MB adsorbed on other biosorbents fol-
lows Lagergreen’s pseudo-first order rate equation [30].
Experimental isotherm data acquired at different initial

pH (Figure 6) were correlated with the linear form of
Langmuir model. From the isotherm parameters related
to the model (Table 2), it could be seen that both qm
and b increased with increasing initial pH from 3.0 to
7.0. The maximum adsorption capacities (qm) were
16.483, 21.864 and 25.092 mg/g at pH of 3, 5 and 7, re-
spectively. Compared with other biosorbents [31], the
modified wheat bran has a much bigger adsorption cap-
acity for MB. High values of b were reflected in the steep
initial slope of an adsorption isotherm, indicating desir-
able high affinity. Therefore, modified wheat bran per-
formed well in MB adsorption at initial pH=7.0 compared
to other initial pH values examined.
The Freundlich isotherm model was also used to analyze

the results of MB adsorption on modified wheat bran
(Figure 6). Experimental isotherm data acquired at differ-
ent pH were fit with the linear form of Freundlich model.
The isotherm parameters related to the model (Table 2)
showed that the kf constant was increased with the in-
crease of initial pH values, at initial pH=7.0, kf reached its
corresponding maximum value, and 1/n value at initial
pH=7.0 was smaller than that at other initial pH values.
These implied that the affinity between the adsorbent and
MB molecules was also higher than other initial pH values.
From the results in Table 2, the correlation coefficients
values (R2) were found to be in the range of 0.9605 to
0.9998 for two models; it could be concluded that the ad-
sorption isotherm of MB on modified wheat bran followed
the Langmuir and Freundlich models. Applicability of both
isotherms to adsorption of dyes by treated spent bleaching
earth, activated carbons and agricultural wastes have been
reported previously [19,32-34].
Conclusion
The modification of wheat bran by tartaric acid signifi-
cantly improved its adsorption capacity due to its con-
centration of carboxylic groups, and made this material
a suitable adsorbent to remove MB, from aqueous solu-
tions. The adsorption capacity of modified wheat bran
for MB was about 1.6 times higher than that of unmodi-
fied wheat bran. The amount of MB adsorbed was found
to vary with initial solution pH, adsorbent dosage, con-
tact time and initial MB concentration. The overall ad-
sorption rate was illustrated by the pseudo-second-order
kinetic model. The equilibrium data obtained from this
study was well presented by Langmuir model. As wheat
bran is readily available in great abundance in China, it
can be considered as an attractive alternative to the more
expensive technologies used in wastewater treatment.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
YSH, LH and SZL 1) have made substantial contributions to conception and
design, or acquisition of data, or analysis and interpretation of data; 2) have
been involved in drafting the manuscript or revising it critically; and 3) have
given final approval of the version to be published. All authors read and
approved the final manuscript.



Yao et al. Iranian Journal of Environmental Health Sciences & Engineering 2012, 9:16 Page 6 of 6
http://www.ijehse.com/content/9/1/16
Authors’ information
YSH received B. Sc. in Chemistry (Northeastern Normal University, China), M.
Sc. in Physical Chemistry (Northeastern Normal University, China) and Ph. D.
in Environmental Science and Technology (Northeastern University, China).
Currently Professor, School of Applied Chemistry, Shenyang University of
Chemical Technology, China.
LH received B. Sc. in Applied Chemistry (Shenyang University of Chemical
Technology, China. Currently M.S. student in Applied Chemistry, Shenyang
University of Chemical Technology.
SZL received B. Sc. in Chemistry (Northeastern Normal University, China) and
M. Sc. in Physical Chemistry (Northeastern Normal University, China).
Currently Associate Professor, School of Applied Chemistry, Shenyang
University of Chemical Technology, China.

Acknowledgments
The authors gratefully acknowledge financial support for this work from
National Natural Science Foundation of China (41073086).

Received: 28 November 2012 Accepted: 28 November 2012
Published: 5 December 2012

References
1. Ehrampoush MH, Moussavi GR, Ghaneian MT, Rahimi S, Ahmadian M:

Removal of methylene blue dye from textile simulated sample using
tubular reactor and TiO2/UV-C photocatalytic process. Iran J Environ
Health Sci Eng 2011, 8:35–40.

2. Mohan VS, Srimurali SP, Karthikeyan M: Color removal of monoazo acid
dye from aqueous solution by adsorption and chemical coagulation.
J Environ Eng Policy 1999, 1:149–154.

3. Yao ZY, Wang LH, Qi JH: Biosorption of methylene blue from aqueous
solution using a bioenergy forest waste Xanthoceras sorbifolia seed
coat. Clean-soil, air, water 2009, 37:642–648.

4. Low KS, Lee CK, Tan BF: Quarternized wood as sorbent for reactive dyes,
Applied Biochem. Biotech 2000, 87:233–245.

5. Zhou Q, Gong WQ, Li YB, Chen SH, Yang DJ, Bai CP, Liu XF, Xu N:
Biosorption of methylene blue onto spent corncob substrate kinetics,
equilibrium and thermodynamic studies. Water Sci, Technol 2011,
63:2775–2780.

6. Juang R, Tseng R: Adsorption behavior of reactive dyes from aqueous
solutions on chitosan. J Chem Tech Biotechnol 1997, 70:391–399.

7. Namasivayam C, Kavitha D: Removal of Congo red from water by
adsorption onto activated carbon prepared from coir pith, an
agricultural solid waste. Dyes Pigments 2002, 54:47–58.

8. Waranusantigul P, Pokethitiyook P, Kruatrachue M, Upatham ES: Kinetics of
basic dye biosorption by giant duckweed. J Environ Pollut 2003,
125:385–392.

9. Gong R, Ding Y, Li M, Yang C: Utilization of powdered peanut hull as
biosorbent for removal of anionic dyes from aqueous solution. Dyes
Pigments 2005, 64:187–192.

10. Akar T, Anilan B, Gorgulu A, Akar ST: Assessment of cationic dye
biosorption characteristics of untreated and non-conventional biomass:
Pyracantha coccinea berries. J Hazard Mater 2009, 168:1302–1309.

11. Han RP, Zou WH, Yu WH, Cheng SJ, Wang YF, Shi J: Biosorption of
methylene blue from aqueous solution by fallen Phoenix tree's leaves.
J Hazard Mater 2007, 141:156–162.

12. Ehrampoush MH, Ghanizadeh G, Ghaneian MT: Equilibrium and kinetics
study of reactive red 123 dye removal from aqueous solution by
adsorption on eggshell. Iran J Environ Health Sci Eng 2011, 8:101–108.

13. Bouberka Z, Kacha S, Kameche M, Elmaleh S, Derriche Z: Sorption study of
an acid dye from aqueous solutions using modified clays. J Hazard Mater
B 2005, 119:117–124.

14. Wang S, Boyjoo Y, Choueib A, Zhu ZH: Removal of dyes from aqueous
solution using fly ash and red mud. Water Res 2005, 39:129–138.

15. Tsai WT, Hsu HC, Su TY, Lin KY, Lin CM: Removal of basic dye (methylene
blue) from wastewaters utilizing beer brewery waste. J Hazard Mater
2007, 154:73–78.

16. Ghadiri SK, Nabizadeh R, Mahvi AH, Nasseri S, Kazemian H, Mesdaghinia AR,
Nazmara S: Methyl tert-butyl ether adsorption on surfactant modified
natural zeolites. Iran J Environ Health Sci Eng 2010, 7:241–252.

17. Hashemian S: Study of adsorption of acid dye from aqueous solutions
using bentonite. Main Group Chem 2007, 6(2):97–107.
18. Hashemian S, Dadfarnia S, Nateghi MR, Gafoori F: Sorption of acid red 138
from aqueous solutions onto rice bran. Afr J Biotechnol 2008, 7(5):600–605.

19. Ong ST, Keng PS, Chong AW, Lee SL, Hung YT: Tartaric acid modified rice
hull as a sorbent for methylene blue removal. Am J Environ Sci 2010,
6(3):244–248.

20. Nameni M, Alavi Moghadam MR, Arami M: Adsorption of hexavalent
chromium from aqueous solutions by wheat bran. Int J Environ Sci Tech
2008, 5(2):161–168.

21. Bulut Y, Baysal Z: Removal of Pb(II) from wastewater using wheat bran.
J Env Mng 2006, 78(2):107–113.

22. Farajzadeh MA, Boviery Monji A: Adsorption characteristics of wheat bran
towards heavy metal cations. Sep Purif Technol 2004, 38(3):197–207.

23. Ho YS, McKay G: Kinetic model for lead(II) sorption on to peat. Adsorpt Sci
Technol 1998, 16:243–255.

24. Safarik I, Lunackova P, Mosiniewicz-Szablewska E, Weyda F, Safarikova M:
Adsorption of water-soluble organic dyes on ferrofluidmodified sawdust.
Holzforschung 2007, 61:247–253.

25. Tang PL, Lee CK, Low KS, Zainal Z: Sorption of Cr(VI) and Cu(II) in aqueous
solution by ethylenediamine modified rice hull. Environ Technol 2003,
24:1243–1251.

26. Wong KK, Lee CK, Low KS, Haron MJ: Removal of Cu and Pb from
electroplating wastewater using tartaric acid modified rice husk. Process
Biochem 2003, 39:437–445.

27. Kannan N, Sundaram MM: Kinetics and mechanism of removal of
methylene blue by adsorption on various carbons-a comparative study.
Dyes Pigments 2001, 51:25–40.

28. Sarioglu M, Atay UA: Removal of methylene blue by using biosolid. Global
NEST Journal 2006, 8(2):113–120.

29. Ho YS, McKay G: The kinetics of sorption of divalent metals ions onto
sphagnum moss peat. Water Res 2000, 34:735–742.

30. Hu CW, Li JL, Zhou Y, Li M, Xue F, Li HM: Enhanced removal of methylene
blue from aqueous solution by pummelo peel pretreated with sodium
hydroxide. J Health Sci 2009, 55:619–624.

31. Han RP, Wang YF, Yu WH, Zou WH, Shi J, Liu HM: Biosorption of
methylene blue from aqueous solution by rice husk in a fixed-bed
column. J Hazard Mater 2007, 141:713–718.

32. Lee CK, Low KS, Gan PY: Removal of some organic dyes by acid treated
spent bleaching earth. Environ Technol 1999, 20:99–104.

33. Malik PK: Use of activated carbons prepared from sawdust and rice-husk
for adsorption of acid dyes: A case study of acid yellow 36. Dyes Pigments
2003, 56:239–249.

34. Ong ST, Lee CK, Zainal Z: Removal of basic and reactive dyes using
ethylenediamine modified rice hull. Bioresour Technol 2007, 98:2792–2799.

doi:10.1186/1735-2746-9-16
Cite this article as: Yao et al.: Biosorption of methyl blue onto tartaric
acid modified wheat bran from aqueous solution. Iranian Journal of
Environmental Health Sciences & Engineering 2012 9:16.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Materials and methods
	Preparation of adsorbent
	Preparation of methlylene blue solution
	Batch adsorption experiments

	Results
	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


