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Abstract 1,8-Dihydroxy anthraquinone is the intermedi-
ate usually used in the dye and pharmaceutical industry,
and its direct discharge into water results in serious pol-
lution. In the present study, we aimed to remove 1,8-
dihydroxy anthraquinone and investigate its biosorption
mechanism of anthraquinone onto nonviable Aspergillus
oryzae CGMCC5992 biomass. Biosorption data were
intuitively described by Langmuir isotherm and the
pseudo-second-order kinetic model. According to the
Langmuir model, it deduced that the maximum biosorption
capacity of  1,8-dihydroxy  anthraquinone  was
62.82 mg g~ ' at 30 °C and pH 3.0. Characterization of the
interaction between biosorbent and possible dye-biosorbent
was further confirmed by Fourier transform infrared spec-
troscopy and scanning electron microscopy. Experimental
results suggested that A. oryzae biomass as low-cost,
environmentally friendly and efficient biosorbent could be
successfully employed in the removal of 1,8-dihydroxy
anthraquinone from aqueous solution.
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Introduction

Over one million tons of organic dyes are produced
annually, and more than 50,000 tons are lost in effluents
during the application and manufacturing. 5-15 % of lost
organic dyes are directly discharged into the natural envi-
ronment (Carmen and Daniela 2012). The anthraquinone-
containing wastewater is the second largest amount efflu-
ents in the field of commercial trichromatic dyes (Epolito
et al. 2005). As a type of frequently used dye intermediates,
anthraquinone (Fig. 1) threatens the survival of aquatic
species and human health due to its typical structure of
mental pollution (Chequer et al. 2011). It is imperative to
remove anthraquinone pollutants from the wastewater
before discharging it into major water bodies. However, it
is not easy to oxidize anthraquinone dye in wastewater due
to its low solubility, stable property and poor biodegrad-
ability. How to remove a small amount of anthraquinone
dye in wastewater has become a key issue of environmental
security.

Many methods are available to remove organic pol-
lutants from wastewater. These methods can be mainly
divided into physical processes (Rauf et al. 2008;
Nasuha et al. 2010; Gupta et al. 2011a, b, 2013),
chemical processes (Hua et al. 2013; Kalsoom et al.
2012), physical-chemical processes (Gupta and Nayak
2012), photocatalytic processes (Gupta et al. 2011a, b,
2012) and electrochemical processes (del Rio et al.
2009; Ahmed Basha et al. 2012; Tsantaki et al. 2012).
However, few methods can be extensively applied due
to low efficiency, special equipment requirement, high
treatment cost and generation of secondary pollution
problems, such as the sludge, wastewater, solid residual
and so on, which require further treatments (Saratale
et al. 2011).
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Fig. 1 The chemical structure of 1,8-dihydroxy anthraquinone

In recent years, the biological treatment technology,
especially low-cost alternative adsorbents of biomass
(LCAs), has attracted more interest because of its high
effectiveness, lower cost, less sludge production, environ-
mental friendliness and suitableness for large-scale appli-
cations (Gupta and Suhas 2009; Freitas et al. 2009). The
key step in the bio-treatment of wastewater is to discover
the strains which can rapidly and effectively degrade
organic materials (Meng et al. 2014). Extensive studies
showed that Phanerochaete chrysosporium possesses a
stronger ability to degrade pyrene (Wang et al. 2014),
lignin (Zeng et al. 2013; Vincent et al. 2014) and other
refractory organics compared with other strains, such as
Aspergillus nidulans (Xi et al. 2013), Pseudomonas putida
(Caro et al. 2008) and Pantoea agglomerans (Bhatia and
Sharma 2010). However, this strain cannot degrade the
recalcitrant compounds, such as anthraquinone pollutants
in the effluent medium with limited carbon and nitrogen
sources (Bosco et al. 1996; Hormiga et al. 2008; Peng et al.
2014). Therefore, it is necessary to explore efficient strains
for the biotreatment of dyes effluents.

In our previous study, we showed that A. oryzae
CGMCC(C5992 isolated from sludge in the Yudai River of
Jiangsu University (Zhenjiang, China) can effectively
degrade organic materials in the vinasse and reduce the
COD from 4,600 to 323 mg L' (Zhang et al. 2013).
A. oryzae CGMCC5992 as a safe strain certified by US
Food and Drug Administration also has a short culture
cycle (28 °C, 2 days) and high yield (300 g L™" wet bio-
mass). It can produce more crucial materials [manganese
peroxidase (MnP) and lignin peroxidase (LiP)] for the
degradation of recalcitrant compounds in high concentra-
tions of gallic acid. The biomass of A. oryzae can effec-
tively adsorb gallic acid, exhibiting an excellent removal
rate of 99.21 % (Zhang et al. 2014).These results revealed
that A. oryzae has unique advantages to degrade recalci-
trant compounds.

In the present study, we used biomass of A. oryzae to
adsorb 1,8-dihydroxy anthraquinone in the wastewater. The
adsorption mechanism of anthraquinone compounds was
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studied by analyzing the adsorption kinetics and equilibrium
of 1,8-dihydroxy anthraquinone onto A. oryzae biomass. The
treated wastewater with 1,8-dihydroxy anthraquinone
(<2 mg L"), total sugar content (<8.7 mg L™ "), total pro-
tein content (<5.3 mg L™") and total chemical oxygen
demand (<150 mg L™") met the local wastewater discharge
standard. Moreover, this technique could be applied in the
industrial treatment of anthraquinone dye wastewater in the
future.

Materials and methods
Microorganisms and chemicals

A. oryzae CGMCC5992 was isolated from the sludge of the
Yudai River at Jiangsu University and stored in the China
General Microbiological Culture Collection Center. It was
cultured on the potato dextrose agar (PDA) slants at 28 °C
for 4 days, then stored at 4 °C, and passaged every
7-9 weeks. All of the chemical reagents used in our present
study were of analytical grades.

Preparation of 1,8-dihydroxy anthraquinone solution

Briefly, 0.1000g 1,8-dihydroxy anthraquinone was com-
pletely dissolved in 1.0 mL ethanol. Then the solution was
diluted to 1,000 mL with distilled water and ultrasonically
dispersed until a uniform solution was obtained, which was
used as the 1,8-dihydroxy anthraquinone stock solution and
properly diluted according to experimental requirement
prior to further analysis.

Preparation of biomass of A. oryzae CGMCC5992

A 250-mL Erlenmeyer flask containing 100 mL potato
dextrose medium was sterilized at 121 °C for 30 min. After
the flask was cooled down to room temperature, 0.1 mL
suspension containing 1 x 10° spores from the strain slants
was aseptically inoculated into the flasks. The flasks were
incubated in a reciprocating thermal-controlled air-bath
shaker at 28 °C, 150 rpm for 2 days. The biomass was
obtained from the broth through filtration with four layers of
gauze, washed with sterile water for three times, and then
stored at 4 °C prior to further analysis. The live biomass was
sterilized at 121 °C for 20 min to obtain the dead biomass.

Adsorption experiments

Adsorption experiments were carried out with a 250-mL
Erlenmeyer flask containing 100 mL dye solution in a
reciprocating thermal-controlled air-bath shaker at
125 rpm and 30 °C. Various concentrations of 1,8-
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dihydroxy anthraquinone and different doses of biomass
were added to each flask. After adsorption for 1 h, 1-mL
sample was taken to measure residual dye concentrations.
Except for the test in the pH effect on the adsorption, the
pH of 1,8-dihydroxy anthraquinone solutions in other tests
was adjusted to 6.5.

The analysis of adsorption kinetics was carried out in a
250-mL Erlenmeyer flask containing 100 mL 100 mg L'
1,8-dihydroxy anthraquinone. In the process of adsorption,
samples were taken out at 5, 10, 20, 30, 60 and 90 min,
respectively, to determine the residual concentration of 1,8-
dihydroxy anthraquinone. To obtain adsorption isotherms,
the adsorption was carried out at 30 °C in a 250-mL flask
containing 1,8-dihydroxy anthraquinone of initial concen-
trations at 10, 20, 40, 60, 80, 100 mg L_l, respectively. After
absorption equilibrium by 0.2 g biomass, the residual con-
centration of 1,8-dihydroxy anthraquinone was determined.

The adsorption capability (g.) of adsorbent and the
removal rate (R.) of 1,8-dihydroxy anthraquinone by the
biomass were calculated according to equations as follows:

(Co—C)V
e =" (1)
G —GC

R. =
€ CO

x 100% (2)
where Cy and C, represent initial and equilibrium concen-
trations, respectively (mg L™"). C, is the dye concentration
(mg L") after the adsorption procedure. V is the volume
of the solution in liter (L), and M is the mass of the
adsorbent (g).

Analytical methods
Analysis of biomass

The fungal growth was determined by measuring the dry
weight of the cells. The fermentation broth was filtered
with sterile carbasus. The residue was collected and
washed by water until a colorless solution was obtained,
and then dried at 105 °C to a constant weight. Finally, dry
weight was determined by analytical balance.

The moisture content of the biomass (w) was calculated

according to following equation:
M() —m
=———x100 3
w M, % (3)

where m and M, represent dry weight and wet weight,
respectively.

Analysis of 1,8-dihydroxy anthraquinone content

The content of 1,8-dihydro anthraquinone in the aqueous
solution was analyzed using a HPLC system (Himadzu LC-

20 AT Pump, N2000 station, USA) equipped with a UV
detector. The analysis was performed on C18 column
(4.6 mm x 250 mm x 5 pm, pore size of 100 A Austra-
lia). The mobile phase was 85 % methanol containing
0.1 % phosphonic acid, and the flow rate was set up at
0.8 mL min~'. Moreover, the 1,8-dihydroxy anthraqui-
none content was determined based on the absorbance at a
wavelength of 500 nm. The 1,8-dihydroxy anthraquinone
peak in sample was confirmed using standard of 1,8-
dihydroxy anthraquinone, and the content of 1,8-dihydroxy
anthraquinone was calculated using the external standard
method.

Data analysis

All the experiments in this study were carried out in trip-
licate, and the results were expressed as mean + SEs.

Characterization of the biosorbent
Fourier transform infrared spectroscopy (FTIR)

FTIR was performed using a ThermoFisher Nicolet FT-IR
spectrometer (USA) in a region of 650-4,000 cm ™' with a
resolution of 4 cm™'. The samples were ground and pres-
sed into KBr pellets for analysis. Spectra of the adsorbent
before and after the sorption were recorded.

Scanning electron microscopy (SEM) observation
of biomass

The morphological properties of the biosorbent before and
after the adsorption of 1,8-dihydroxy anthraquinone were
examined by a Hitachi S-4800 microscope (Japan).

Results and discussion

Comparison of the adsorption effect with live and dead
biomass of A. oryzae

Figure 2 shows the removal rate of 1,8-dihydroxy anthra-
quinone by live and dead biomass of A. oryzae at different
time points in the process of adsorption. The removal of
dead biomass was far lower than that of living biomass.
Many previous studies have reported that the group is
involved in adsorption from the macromolecule, such as
protein, polysaccharide and usually exists on surface of cell
wall and membrane (Ostolska and Wisniewska 2014; Ett-
elaie and Akinshina 2014). The high temperature inacti-
vated the biomass, resulting in the macromolecules
involved in adsorption denaturation. After denaturation,
these molecules were changed from the regular spatial
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Fig. 2 The different adsorption capacity of live and dead biomass of
A. oryzae (pH 6.5, temperature 28 °C, biomass dose 2 g L™, initial
dye concentration 100 mg L', shaking speed 125 rpm)

structure to irregular coil structure and some groups in
these macromolecules were involved in adsorption hinds
from outer of molecules to inner of molecules. These
changes cumbered the adsorption effect of A. oryzae bio-
mass. The removal rate of 1,8-dihydroxy anthraquinone
was 23.81 % at 90 min using the dead biomass as adsor-
bent, and it was far lower than that using live biomass as
adsorbent (94.21 % at 90 min). Therefore, live biomass
was selected in further experiments.

Effect of pH on biosorption

The pH of an aqueous solution affects the ionization
degree of the adsorbent involved in adsorption and the
dye molecules (Plazinski 2013). Moreover, pH is closely
related to changes in the structural stability and color
intensity of the dye molecule (Saeed et al. 2010). In the
present study, the pH of 1,8-dihydroxy anthraquinone
solutions was adjusted to 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 and
7.0 using 1 mol L™" HCI or 1 mol L™' NaOH, respec-
tively. Figure 3a shows that the removal rate of 1,8-
dihydroxy anthraquinone was increased from 84.8 to
97.68 % when the pH was increased from 1 to 3 in the
adsorption process. When pH is less than 3.0, the
hydroxyl group in the molecule is not ionized and the
molecule is uncharged. The bio-macromolecules, such as
proteins, usually possess an isoelectric point (Tamara
et al. 2015; Tavolaro et al. 2009), at which pH a particular
molecule carries no net electrical charge. When the pH of
solution is lower or higher than the isoelectric point, the
molecule is charged. When the pH of solution was less
than 3.0, the 1,8-dihydroxy anthraquinone was uncharged,
but the biomass was charged. The adsorption effect
between the 1,8-dihydroxy anthraquinone and biomass
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was weak. Therefore, the removal rate of 1,8-dihydroxy
anthraquinone was less than 97.68 % (at pH 3.0). When
pH was higher than 3.0, the two hydroxyl groups of 1,8-
dihydroxy anthraquinone involved in adsorption were
ionized and the 1,8-dihydroxy anthraquinone molecules
carried negative charge, so the adsorption effect was
decreased, and the removal rate of 1,8-dihydroxy anthra-
quinone was reduced.

Effect of contact time on biosorption

In the adsorption process, the contact time between the
adsorbate and adsorbent plays a significantly important
role in the practical application (Xi et al. 2013). Figure 3b
shows the effect of different adsorption time on the
removal rate of 0.1 mg mL™" 1,8-dihydroxy anthraqui-
none solution by live biomass (2.0 g L™"). The adsorption
profile of 1,8-dihydroxy anthraquinone could be divided
into three stages according to our findings. The first stage
included the initial 30 min, with a trait that the adsorbate
was rapidly adsorbed and the removal rate was linearly
increased. The second stage was from 30 to 90 min, with
a trait that the variation of adsorption rate of 1,8-dihy-
droxy anthraquinone was decreased in several steps. The
third stage was after 90 min, with a trait that the
adsorption reached the equilibrium, and the removal rate
of 1,8-dihydroxy anthraquinone remained stationary in
this stage. These three stages have been extensively
reported in literature (Zafar et al. 2008). Furthermore, the
first stage may last from several minutes to a few hours,
while the slow one may continue from several hours to a
day (Saeed et al. 2009). The first stage is probably due to
the abundant availability of adsorption sites on the
adsorbent, whereas the adsorption process becomes less
efficient since these sites are gradually occupied during
the second stage (Igbal and Saeed 2007). The biosorption
curves are single and continuous leading to saturation,
indicating the possible monolayer coverage of the adsor-
bate molecules on the adsorbent surface (Senthil Kumar
et al. 2010).

Effect of temperature on biosorption

The effects of temperature on the adsorption rate of bio-
mass were investigated at 15, 20, 25, 30, 35 and 40 °C.
Figure 3c shows that the adsorption rate was increased with
the temperature from 15 to 30 °C, and the maximum
removal rate of 99.13 % was observed at 30 °C. When the
temperature was higher than 30 °C, a decrease in removal
rate indicated that this biosorption process was exothermic,
and the physical bonding between the adsorbate molecules
and adsorbents was weakened with the increase in
temperature.
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Effect of initial 1,8-dihydroxy anthraquinone
concentration on biosorption

The biosorption process is greatly affected by the initial
concentration of the adsorbate (Saha et al. 2012). Figure 3d
shows the removal rate of 1,8-dihydroxy anthraquinone
and biosorption amount for live biomass at different initial
adsorbate concentrations (10-100 mg L™"). The biosorp-
tion amount for live biomass of A. oryzae was rapidly
increased with the increase in initial concentration of 1,8-
dihydroxy anthraquinone. Arica and Bayramoglu have
reported similar results (Arica and Bayramoglu 2007). A
liquid film exists between the aqueous phase and the
adsorbent (Chowdhury et al. 2011). The adsorption process
can be described as some consecutive steps starting with
liquid film diffusion, internal diffusion and adsorption of
solute on the interior surfaces of the pores and capillary

space of the sorbent. The last step is relatively fast (Ma-
rungrueng and Pavasant 2007). The biosorption of 1,8-
dihydroxy anthraquinone onto the active biomass of A.
oryzae may be governed by the film diffusion process.
There is a difference in adsorbate concentrations between
the exterior and interior of the liquid film due to adsorption,
and such a difference of the absorbate concentration drives
the film diffusion process. When the concentration of
adsorbate in the inner side of the film is near 0 mg L™" due
to the adsorption at the beginning of adsorption, the
impetus of the adsorption depends on the outer side of the
film. At this time, the concentration of the adsorbate in the
outer side of the film was higher, and the impetus was
greater (Akkaya and Ozer 2005). Although the adsorption
amount was increased, the removal rate was decreased
from 97.80 to 62.48 % with the increase in the initial
adsorbate concentration. All adsorbate molecules in the
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Table 1 Parameters of pseudo-first-order and pseudo-second-order kinetics models

T (°C) Geexp (Mg gfl) Pseudo-first-order constants Pseudo-second-order constants

Ky (min~") Gen (mg g™ R K, (g mg™' min™") Qen (mg g™ R
20 41.35 0.02993 32.96 0.907 0.00271 41.67 0.999
30 66.12 0.02503 14.13 0.944 0.00833 66.67 0.999
40 55.28 0.02321 21.24 0.908 0.00368 55.56 0.998
50 51.83 0.02623 27.10 0.965 0.00284 52.63 0.999

solution can interact with the adsorption sites of the bio-
sorbent at lower concentrations. However, a certain amount
of adsorbents only have a limited number of adsorption
sites. When these sites are occupied with adsorbates, the
adsorbent could not adsorb any adsorbates. Therefore, the
high initial concentration of 1,8-dihydroxy anthraquinone
resulted in a decreased removal rate.

Effect of the live biomass amount of A. oryzae
on biosorption

Figure 3e shows the effect of the live biomass amount of A.
oryzae on the removal rate and biosorption amount of 1,8-
dihydroxy anthraquinone. When the biomass amount was
increased from 0.6 to 3.0 g L', the removal rate of 1,8-
dihydroxy anthraquinone was linearly increased from 31.2
to 88.3 %, whereas the adsorption amount of live biomass
was decreased from 52.3 to 29.4 mg g~ '. The increase in
the removal rate of 1,8-dihydroxy anthraquinone could be
explained by the increased surface area and available
adsorption sites of the adsorbent (Akar et al. 2009).
However, the removal rate of 1,8-dihydroxy anthraquinone
was not increased with the increase in biomass amount
from 3.0 to 3.6 g L™'. This could be explained by that all
adsorbate molecules bind onto adsorbent surface, and no
extra adsorbate molecules bind to the redundant absorbents
(Bhattacharyya and Sharma 2004).

Kinetic modeling of experimental data

To examine the controlling mechanism of the adsorption
process, such as mass transfer and chemical reaction, the
pseudo-first-order and the pseudo-second-order Kkinetics
models were used to analyze the experimental data of dye
adsorption by live biomass.

Pseudo-first-order model

The linear pseudo-first-order model is generally expressed
as follows (Lorenc-Grabowska et al. 2013):

(4)

t
1 — = 1 — _
0g(ge — q) =logqe — ki x 3303
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where ¢, (mg gfl) and ¢g. (mg gfl) are the amounts of 1,8-
dihydroxy anthraquinone adsorbed on live biomass at time
t (min) and equilibrium, respectively, and k; (min~") is the
rate constant of pseudo-first-order adsorption. The ¢, and
k; can be calculated from the slope and intercept by plot-
ting log (q. — q,) versus t.

Pseudo-second-order model

The linear pseudo-second-order model is generally
expressed as following equation: (Ho and McKay 2000):

t 1 t

= 4 5
a K2 g ®)
where K, (g mg™' min~") is the rate constant of pseudo-
second-order adsorption. The g, and k, can be calculated

from the slope and intercept by plotting #/g, versus t.
Inference from kinetic modeling equations

The experimental data for the removal rate of 1,8-dihy-
droxy anthraquinone were modeled using the pseudo-
first-order equation (Eq.4) and pseudo-second-order
equation (Eq. 5), respectively. Table 1 shows the kinetic
parameters. The equilibrium biosorption capacity g. val-
ues obtained, respectively, from calculation and experi-
ment are consistent at different temperatures (Table 1). It
is clear that the equilibrium capacity g. at 30 °C was
higher than that of other temperatures. We found that the
value of R? fitted by the pseudo-first-order equation for
all temperature levels was less than 0.97 and less than
that fitted by the pseudo-second-order equation for all
temperature levels which were near or equal to 0.99.
These results suggested that the biosorption of 1,8-dihy-
droxy anthraquinone by live biomass of A. oryzae could
be well fitted by the pseudo-second-order Kkinetics.
Without involvement in any biological process, the dead
mycelia adsorption should be the sole role of physical—
chemical interaction (Huang et al. 2010). The adsorption
of 1,8-dihydroxy anthraquinone by living mycelia cells,
however, was more diverse and possibly involved both
biological adsorption and surface active reactions (Gulnaz
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Fig. 4 Pseudo-first-order kinetic plot (a) and Pseudo-second-order
kinetic plot (b) for the adsorption of 1,8-dihydroxy anthraquinone
onto biomass (Cp = 100 mg L™', biomass dose 2 g L™', pH 3.0,
temperature 30 °C, shaking speed 125 rpm)

et al. 2006; El Haddad et al. 2014). The reviews showed
that (in most cases) the pseudo-second order equation is
able to correlate with the measured kinetic sorption iso-
therms well. Moreover, it almost always appears to be
better applicable than the pseudo-first-order equation
(Plazinski 2013). These characters and reviews also
supported our findings. Compared with Fig. 4b, the
pseudo-second-order model clearly displayed a quite
linear curve over the entire range of the experimental
values.

Adsorption isotherm

There are several adsorption isotherms fitting the adsorption
process based on different adsorption mechanisms. Among
those, the Langmuir and Freundlich models are widely used
for modeling the adsorption on activated sludge, such as
estrogens (Ren et al. 2007), dyes (Li et al. 2011) and heavy
metals (Ibrahim 2011). Therefore, both above-mentioned
isotherms were applied in our present study.

Langmuir model

The Langmuir model assumes that the adsorption takes
place in the monolayer form at specific homogeneous sites
within the biosorbent. The linear form is expressed as
follows (Gupta et al. 2011a, b):

1 1 1

¢ 0o bOLC.
where Qq and b are Langmuir constants, corresponding to
maximum adsorption capacity at complete monolayer coverage
(mg g~ ") and equilibrium constant (L mg™"), respectively. C.
(mg L") is the adsorbate concentration in the aqueous phase at
equilibrium. The values of b and Q,, can be calculated from the
intercept and slope by plotting 1/, versus 1/C, (Fig. 5a).

The essential trait of the Langmuir isotherm can be
expressed by the equilibrium parameter Ry, which indi-
cates the favorability of the adsorption process. The values
of Ry were calculated according the equation as follows:

1
- 7
1 +bCy @

(6)

Ry

where C, is the highest initial adsorbate concentration
(mg L™"). The type of the isotherm can be classified
according to values of the separation factor as follows:
R; > 1: unfavorable isotherm; R; = 1: linear isotherm;
0 < Ry, < 1: favorable isotherm; Ry, = 0: irreversible iso-
therm (Jain et al. 2010).

Freundlich model

The Freundlich model expresses the uptake of adsorbate on
a heterogeneous surface of the adsorbent. The equation
form is expressed as follows:

1
log ge = log Ky + EIOg Ce (8)

where K; and n are Freundlich isotherm constants. They
can be calculated from the intercept and slope by plotting
log g. versus log C, (Fig. 5b).

Inference from isotherm modeling equations

The Langmuir model is based on the assumption that the
adsorption takes place in the monolayer form at specific
homogeneous sites within the biosorbent, where all the
adsorption sites are identical and energetically equivalent,
and no further adsorption can take place at the site once an
adsorbate molecule occupies this site (Monash and Pu-
gazhenthi 2009). The intermolecular forces are rapidly
decreased with the increase in distance, and consequently,
the existence of monolayer coverage of the adsorbate at the
outer surface of the adsorbent can be predicted. The
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Fig. 5 Langmuir isotherm (a) and Freundlich isotherm (b) of the
adsorption of 1,8-dihydroxy anthraquinone onto biomass (contact
time 60 min, Co = 10-100 mg L™, biomass dose 2 g L', pH 3.0,
temperature 30 °C, shaking speed 125 rpm)

Freundlich isotherm model is an empirical expression,
including the heterogeneity of the surface and the expo-
nential distribution of sites and their energies.

The equilibrium parameter Ry of the Langmuir model
was in the range of 0-1, and the value of n of the Fre-
undlich model was in the range of 1-10 (Table 2). The Ry,
and n all indicated the favorable adsorption of 1,8-dihy-
droxy anthraquinone on live biomass of A. oryzae (Giinay
et al. 2007). The correlation coefficients from the Langmuir
model fitting (>0.99) showed that the Langmuir model

could better describe the experimental data, suggesting that
it was more suitable for modeling 1,8-dihydroxy anthra-
quinone on live biomass of A. oryzae. This result indicated
that the adsorption of 1,8-dihydroxy anthraquinone occur-
red at single layer, and the adsorption sites were homo-
geneously distributed on the surface of live biomass of A.
oryzae (Li et al. 2013).

Characterization of live biomass of A. oryzae surfaces

Figure 6 shows that the biomass changed from loose
structure to tight structure after the adsorption of 1,8-
dihydroxy anthraquinone, and the color of biomass chan-
ged from colorless to earth yellow.

SEM was used to examine micro- and ultrastructural
changes on the surface of live biomass of A. oryzae before
and after the biosorption process (Fig. 7). The biosorbent
without adsorbing the 1,8-dihydroxy anthraquinone dis-
played a plicate and porous surface structure (Fig. 7a, c).
Porous structure provides more adsorption sites and
increases contact area and pore diffusion during the
adsorption process (Pang et al. 2011). Figure 7b, d indi-
cates that the 1,8-dihydroxy anthraquinone molecules were
trapped and adsorbed into these pores.

FTIR analysis

FTIR spectroscopy is a powerful method to assess the
chemical environment of the biomaterial responsible for
adsorption (Xiao et al. 2014). Figure 8 shows representa-
tive FTIR records of the biomass of A. oryzae untreated
and treated with 1,8-dihydroxy anthraquinone within a
wavelength range of 4,000-650 cm™' under ambient
conditions. The analysis of FTIR records of untreated and
treated samples reflected the complex nature of the live
biomass.

In general, the FTIR spectra of all the fungal prepara-
tions exhibited intense peaks at a frequency level of
3,400-3,200 cm™ ', representing stretching of —OH groups
and —-NH groups (Pang et al. 2011). A significant change
can be observed, for the broad and strong band in the case
at 3,294 cm™', indicating the presence of bond hydroxyl
groups (—OH) or amine (-NH) groups, which was shifted to

Table 2 The Langmuir and Freundlich model parameters of 1,8-dihydroxy anthraquinone adsorption on biomass pellets at different

temperatures
T(°C) Langmuir isotherm Freundlich isotherm

Qo (mg g™") b (L mg™) Ry R Ky (mg g™ n(gLl™) R
20 51.28 0.0792 0.1168 0.997 5.223 1.709 0.964
30 62.82 0.0663 0.0984 0.999 6.966 1.587 0.971
40 48.31 0.0824 0.1213 0.997 2.998 1.695 0.982
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Fig. 6 The live biomass of A.
oryzae before adsorption (a) and
after adsorption (b)

Fig. 7 SEM photographs of
biomass before (a, ¢) and after
(b, d) 1,8-dihydroxy
anthraquinone adsorption

<

$4800 15.0kV 6.9mm x1.00k SE(M)

3,323 cm™! (Av =29 cm_l) after biosorption of 1,8-
dihydroxy anthraquinone (Nagy et al. 2013). The bands
observed near 1,630 cm™' indicated the fingerprint region
of C=0, C-O and O-H that exist as functional groups of
live biomass of A. oryzae. The bands in the region
1,640-1,450 cm~! can be ascribed to the C=C stretching
vibrations in the aromatic ring bands (Vucurovi¢ et al.
2014). The peak at 1,642.98, 1,546.98 and 1,312.21 cm™!
in unloaded biomass shifted to 1,626.71, 1,466.75 and
1,281.72 cm™! on 1,8-dihydroxy anthraquinone-loaded
biomass, respectively. The peak at 1,123.42 cm™'

‘ éOO’un‘n

disappeared. The shifting or disappearance of these bands
might be due to the functional groups of biosorbents, which
combined with groups of 1,8-dihydroxy anthraquinone and
formed new chemical bonds. These observations indicated
the involvement of these functional groups (C=0, O-H, N—
H, C-H et al.) in the biosorption process (Akar et al. 2005).
After the adsorption of 1,8-dihydroxy anthraquinone onto
live biomass of A. oryzae surface, significant changes in the
FTIR spectra were observed and those surface functional
groups were responsible for 1,8-dihydroxy anthraquinone
uptake capacity of adsorbents (Shahul Hameed et al. 2013).
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Fig. 8 FTIR spectra of biomass -
(a) before and (b) after 100 | (a) Before biosorption
adsorption of 1,8-dihydroxy ¢ () (b) After biosorption
anthraquinone
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Conclusion References

The live biomass of A. oryzae could be effectively used as
a cost-effective adsorbent for the removal of 1,8-dihydroxy
anthraquinone from aqueous solution. The live biomass of
A. oryzae exhibited higher adsorption capacity compared
with the dead biomass of A. oryzae. Batch adsorption
studies showed that the removal rate of 1,8-dihydroxy
anthraquinone was highly correlated with the pH, contact
time and temperature of adsorption, as well as the initial
concentrations of 1,8-dihydroxy anthraquinone and the
biomass in aqueous solution. Sorption modeling equation
was pseudo-second-order kinetics equation. The experi-
mental equilibrium sorption data under the optimized
conditions were well fitted with Langmuir adsorption iso-
therm equation, exhibiting a monolayer adsorption. The
values of dimensionless parameter Ry calculated from the
Langmuir constant b were between 0 and 1, suggesting a
favorable adsorption. FTIR analysis showed that the sur-
face functional groups were responsible for dye uptake
capacity of adsorbents. Taken together, our present study
showed that the live biomass of A. oryzae could be
employed as a low-cost adsorbent to replace commercial
activated carbon for the removal of dyes from water and
wastewater.
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