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ABSTRACT

In this study, two kinds of Auricularia auricularia (A. auricularia) were selected as biosorbents,
and their adsorption behavior to neutral red in aqueous solution was analyzed. The maximum
adsorption capacity of AA-1 and AA-Se for neutral red can reach 196.08 and 222.22 mg/g, respec-
tively. Characterized the physicochemical properties of AA-1 and AA-Se by elemental analysis,
Fourier transform infrared and scanning electron microscopy. Batch tests have shown that the pH
of the solution can greatly affect the adsorption effect. The adsorption process conforms to the
pseudo-second-order kinetic model and the Langmuir adsorption isotherm model. This study aims
to explore a new efficient and cost-effective adsorbent that not only has high adsorption capacity but
also consumes less energy, and has broad application prospects in the treatment of water pollutants.
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1. Introduction

Auricularia auricularia (A. auricularia) is one of the
representative fungi of basidiomycotina, mainly composed
of mycelium and fruiting body [1]. It is one of the four most
important cultivated edible fungi in the world [2]. AA grows
on the rot, it looks like human ear, so the name is fungus.
Fresh A. auricularia is a gelatinous sheet, translucent, elastic,
smooth, and concave on the ventral surface, slightly curled
on the edges, raised on the back, and very finely fluffy, dark
brown, or brown. It shrinks to a horny shape after drying, is
hard and brittle, has a good taste, and is good for health [3].
The origin of A. auricularia is mainly in China, Thailand,
Japan, and other countries in Asia. Among them, China
has the highest A. auricularia production and the quality
is far ahead. Among them, Heilongjiang, Hubei, Yunnan,
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and other provinces have a lot of A. auricularia production
and good quality, which is famous at home and abroad [4].
A. auricularia is a nutrient-rich and pharmacological edi-
ble fungus. A large number of studies have shown that
A. auricularia has anti-coagulation, anti-tumor, improve
human immunity, anti-oxidation and anti-aging, lower
blood cholesterol, antibacterial effects, and other func-
tional activities [2]. Furthermore, the rubber contained in
A. auricularia can absorb and dissolve the dust and impuri-
ties absorbed by the human body, and has good health care
functions for workers with large dust and poor working
environment [5]. It can be used as biomass adsorbent. Song
et al. [6] used NaOH-modified A. auricularia matrix waste
to adsorb cadmium(Il) in water. The results demonstrated
that its adsorption amount was 35.51 mg/g, and the adsorp-
tion amount was still 14.02 mg/g after three repeated uses.

1944-3994/1944-3986 © 2020 Desalination Publications. All rights reserved.



336 Y. Dai et al. / Desalination and Water Treatment 198 (2020) 335-344

Previous report have shown that the adsorption of Cr(VI)
by A. auricularia modified with cationic surfactant has a
good effect [7].

In recent years, the use of synthetic chemical dyes in
industrial processes such as textile, printing, and pulp man-
ufacturing has increased significantly [8]. It is estimated
that more than 7 x 10° tons of approximately 10° commer-
cial dyes are produced each year [9]. With the development
of industry and technology, the problem of water pollution
containing dyes has attracted more and more attention [10].
Most dyes are very toxic substances that can cause perma-
nent health damage to the eyes and skin of humans and
animals [11]. Due to its high chemical and photolysis sta-
bility, it has extended and complex degradation processes,
forming potential carcinogenic compounds that may even-
tually enter the food chain, threatening both human beings
health and the environment [8]. In addition, the presence
of dyes in water leads to increased turbidity, blocking the
penetration of sunlight and oxygen, resulting in reduced
photosynthesis in aquatic ecosystems [9]. Therefore,
removing them from industrial wastewater is a major
environmental problem [8].

Neutral red (NR) is a kind of water-soluble cationic
dye. It is a pH indicator that changes from red to yellow in
the pH range of 6.8-8.0 [12]. The structure of NR is shown
in Fig. 1. The toxicity of dyes can be explained by the fact
that carbon monoxide (CO), carbon dioxide (CO,), nitrogen
oxides, and hydrogen chloride are released during decom-
position [13]. Therefore, the adsorption of NR dyes has
achieved attention from all over the world.

Recently, there is an increasing demand for 10 effective
and economical technologies for removing water-based
environmental dyes in the world. Various technologies,
including adsorption, flocculation, photodegradation,
ozonation, and anaerobic treatment, utilized to study the
adsorption of dyes from aqueous solutions [14]. Compared
with the others methods, adsorption is the well-known and
economical techniques for dye removal due to its simple,
efficient, economical, and environmentally friendly prop-
erties [15,16]. Activated carbon is considered by research-
ers to be the most efficient adsorbent in organic adsorbents
because of their good adsorption capacity for organic targets
[17]. However, activated carbon is limited by its high cost
[18]. Therefore, there is a need to find new, readily avail-
able, and highly efficient adsorbents. From an environmen-
tal point of view, due to low cost, wide source, and simple
production process, biomass materials, or modified biomass
materials have been increasingly used in the treatment of
printing and dyeing wastewater [19]. At present, the bio-
mass materials used for adsorption mainly include coconut
leaf [20], rice husk [21], corn stalk [22], bagasse [23], wal-
nut shell [16], and banana peel [17]. However, there have
been few reports on the use of fungi to adsorb dyes.

H,C
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H,C

Fig. 1. Structural formula of NR.

In this paper, two kinds of A. auricularia (AA-1 and
AA-Se) are used as adsorbents to experimentally remove
the NR from water. The prepared adsorbents were char-
acterized using various analytical techniques and the dif-
ferent pH on this study was carried out. Kinetic data and
isotherm parameters were applied to understand the
adsorption mechanism for NR. The results illustrated that
A. auricularia is an effective adsorbent in water environment,
which is of great significance for the further application of
A. auricularia in dye removal.

2. Materials and methods
2.1. Reagents

The purity of all chemicals in this study were higher
than 99.0%. NR was got from Fuchen Chemical Co.,
(Tianjin, China). The NR was dissolved into 1,000 mg/L
with deionized water, the NR concentration required for
the experiment was obtained by diluting the stock solution
with distilled water. The adjustment of solution pH was
utilized HCl and NaOH.

2.2. Preparation of adsorbents

A. auricularia were obtained from the Baoqing Coopera-
tive of Harbin, China. After washed, the A. auricularia
were dried at 103°C for 48 h, then pulverized for storage.

2.3. Characterization of AA-1 and AA-Se

The contents data of mineral elements of samples were
obtained by inductively coupled plasma-atomic emission
spectroscopy (ICP-AES, Vista-MPX, USA). The morphol-
ogy of AA-1 and AA-Se were observed by scanning elec-
tron microscopy (SEM, ZEISS EVO 60, Germany). The
surface functional groups of the samples were identified
by Fourier transform infrared spectroscopy (FTIR, Nicolet
6700, USA). The distribution of the zeta potential and
the particle size distribution of the AA-1 and AA-Se was
measured using a Delsa™ nanoZeta potential and a submi-
cron particle size analyzer. The common elements such as
C, N, and H of samples were determined by an elemental
analyzer (PerkinElmer 2400 Series II, MA, USA).

The surface zero charge point (pH ) of AA-1 and
AA-Se was determined by the pH drift method. Configure
0.1 mol/LNaClsolution, their pH values were adjusted to 2.0,
4.0, 6.0, 8.0, 10.0, and 12.0 by NaOH or HCl (0.1-1.0 mol/L)
solution, respectively. Add 100 mg of AA-1 and AA-Se to
several flasks, and add 50 mL of NaCl (0.1 mol/L) solu-
tion with different initial pH (pH,). Then, the Erlenmeyer
flask was placed at 25°C and 165 rpm for shaking reaction.
The pH value (pH) after 48 h of the NaCl solution was
determined. Taking pH, as the abscissa and ApH = pH, - pH,
as the ordinate, the pH at pH, — pH, = 0 (See Fig. 2) is the
pH,,. of the adsorbent.

2.4. Batch experiments

Samples were weighted using the coning and quar-
tering method for an inhomogeneous adsorbent material.
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Fig.2. pH__of AA-1 and AA-Se.
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20 mg of AA-1 and AA-Se were, respectively, added into
a 100 mL flask, and 25 mL of a 5-100 mg/L NR solution
was added. The solution pH was changed from 2.0 to 12.0
with 0.1 mol/L HCI or 0.1 mol/L NaOH. The adsorption
was shaken at 165 rpm for 5-120 min at 25°C, filtered, and
the filtrate was placed in a cuvette, and the absorbance
was determined at a wavelength of 530 nm using a UV-vis
spectrophotometer (V-1800, Shimadzu, Japan). The NR
concentration was calculated from the NR standard oper-
ating curve. The formulas for calculating the adsorption
amount (7, mg/g) and removal rate (R, %) of the adsorbent
at time ¢ of NR are using Egs. (1) and (2):

V(c,-C)
- 1
q. o )
R= COC_ € 100% )

0

In the formula, C, and C, are the concentrations of NR
at the initial and time t, respectively, mg/L; f is the adsorp-
tion time, min; V is the volume of solution, L; and W is
the adsorbent addition amount, g.

2.5. Adsorption kinetics models

Adsorption kinetics can well-describe the performance
and adsorption mechanism of adsorbents [24,25]. In this
paper, five kinetic models: the pseudo-first-order, pseudo-
second-order, Elovich, intra-particle diffusion, and liquid
film diffusion, were used to describe the kinetics of NR
adsorption by two species of A. auricularia [26]. The formulas
of each model are shown in Egs. (3)—(7), respectively.

Pseudo-first-order:

Q =Q.(1-exp(-k;t)) @)

Pseudo-second-order:

k,Qt
Q=2 @
1+k,Qt
Elovich equation:
1 1 1
=—Inab+=Int, t,. =— 5
Q =y Inabsyint, f=2p ©)
Intra-particle diffusion:
Q =kt +c (6)
Liquid film diffusion:
ln(l—F):—kfdt,F:% (7)

where Q, and Q, (mg/g) means the adsorption capacity
at equilibrium time and time t (min); k, (min™) and k,
(g mg™' min™) are the adsorption rate constant of the two
kinetic models, respectively; a is the rate constant of
chemisorption and b is the constant of the surface coverage;
k. (mg g’ min®) is the intra-particle diffusion rate con-
stant, ¢ (mg/g) is a constant related to the boundary layer
thickness; where k,, is adsorption rate constant, F is the
fractional achievement of equilibrium at time .

The R? is used to describe the kinetic model fitting
effect [26,27]. The R? is shown in Eq. (8):

(8)

where y is the observed value, § is the fitted value, and i
is the mean of observed values.

2.6. Adsorption isotherm models

The Langmuir, Freundlich, and Temkin isotherm models
were used to study the adsorption behavior of A. auricularia
on NR, the formulas of which are shown as follows [22,27].

The Langmuir equation is shown as Eq. (9):

Q,K.C,
= m L [4 9
Q 1+K,C, ©)

where Q is the theoretical maximum adsorption amount,
mg/g; K, is the Langmuir model constant, the unit is deter-
mined according to the specific conditions; C, is the NR mass
concentration at the equilibrium of adsorption, mg/L.

The Freundlich equation is shown as Eq. (10):

1
Q, =K. (10)
where K, is a Freundlich constant related to the adsorp-
tion capacity; n is a constant about the adsorption strength
of the adsorbent.



338 Y. Dai et al. / Desalination and Water Treatment 198 (2020) 335-344

The Temkin isotherm model equation is shown as
Eq. (11):

Q=21 In(K,C,)

T

(11)

where R is the universal gas constant (8.314 J/mol K), T is
the temperature in terms of Kelvin, b, is Temkin constant,
K, is equilibrium bond constant related to the maximum
energy of bond.

3. Results and discussion
3.1. Characterizations of AA-1 and AA-Se

The content of Se was 0.98 mg/kg, which was signifi-
cantly higher than that of AA-1 (0.04 mg/kg). As one of
the essential micronutrients for humans and animals, Se
is involved in the synthesis of more than 30 proteins and
enzymes in mammals. It has various biological functions
such as anti-mutation, anti-oxidation, promotes in vivo
inactivation of carcinogens, anti-cell proliferation, and
enhances immunity, etc [28]. Studies have shown that the
main Se-containing component of AA-Se is organic, in
which the content of protein selenium is the highest, and
the distribution of Se is also found in non-protein or poly-
saccharide [29]. Some scholars believe that organic Se can
form a Se-heavy metal complex with heavy metals Hg,
Cd, etc. to reduce the bioavailability of heavy metals [28].
The emergence of AA-Se provides a new and easy way to
resist heavy metals.

Figs. 3a and b show the SEM images of AA-1 and AA-Se,
respectively. The SEM images of the two materials showed
that the surface of the adsorbent is rough, uneven, and has a
mountain-like shape, and the surface contains pore structure,
and the pore size distribution is uneven, which may provide
more adsorption sites for adsorbing NR. The FTIR of AA-1
and AA-Se before and after adsorbing NR are shown in
Figs. 4a and b, respectively. As can be seen from the figures,
the FTIR of AA-1 differs from that of AA-Se. Both AA-1 and
AA-Se have typical functional group peaks. The shift of the
main peak and the specific functional group corresponding
to FTIR are shown in Table 1. The main functional groups
of AA-1 include 3,460.86 cm™ (-OH functional group),

2,297.15 and 2,853.36 cm™ (lipid CH functional group),
1,655.06 cm™ (C=0 stretching or aromatic C=C and C=0O/
C=C expansion and contraction), 1,458.52 cm™ (CH alkane
on the aromatic ring), 1,378.02 cm™ (CH bending, sym-
metric bending of —CH,), 1,244.06 cm™ (-S5O, expansion/
P=0), 1,165.31 cm™ (COC of polysaccharide), 1,060.72 cm™
(COH stretching), 616.57 cm™ (-CC-) [30].

After AA-1 adsorbed NR, there was no change in the
type of functional group, and only the position of the
absorption peak of some functional groups changed. Fig. 4
shows that the functional groups of AA-Se mainly include
3,418.81 cm™ (-OH functional group), 2,926.18 cm™ (lipid CH
functional group), 1,735.78 cm™ (-COH), and 1,655.06 cm™
(C=0 stretching or aromatic C=C and C=0O/C=C stretch-
ing), 1,560.44 cm™ (secondary amine group), 1,377.69 cm™
(CH bending, symmetric bending of -CH,), 1,254.48 cm™
(CN stretching)), 1,064.40 cm™ (COH stretching), 605.45 cm™
(Fe-O) [30,31]. After adsorption of NR, the functional
group of AA-Se shifts or disappears, for example, 3,415.81
— 3,424.75; 1,735.78 — 1,739.94; 1,655.06 cm™ — 1,636.83;
1,254.48 — 1,250.33; 605.45 — 599.09 cm™, and the peak
of 1,560.44 cm™ disappeared. Thus, the -OH/NH, —-COH,
C=C, -CO, and benzene ring skeletons in AA-Se participate
in the reaction with NR.

3.2. Effect of pH

With different initial pH of dyes solution, the adsorption
behaviors have different feature [11]. Not only the dissoci-
ation and functional groups on the surface of adsorbents
at their active sites is affected by the pH of solution, but also
the ionization and structural changes of dye molecules [32].
The pH  is a significance feature that could determined
the surface charge of adsorbents [33]. As shown in Fig. 2,
the pH  of AA-1 and AA-Se are 6.17 and 4.76, respectively.

The results are shown in Fig. 5. Under acidic conditions,
the adsorption ratio is low, with the increases of solution
pH, the adsorption ratio increases. When the pH value is
higher than 6.0, there is little effect on the adsorption rate
of NR adsorbed by AA-1 and AA-Se of the changed pH,
and the removal ratio of NR to AA-1 and AA-Se reaches
92.30% and 90.10% at pH 6.0 and 10.0, respectively. As the
pH gradually increases, the removal ratio of NR even tends
to decrease slowly.

Fig. 3. Scanning electron microscopy images of AA-1 (a) and AA-Se (b).
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Table 1
Changes of main functional groups before and after adsorption

Wavenumber (em™) AA-1(cm™) AA-1+NR (ecm™) AA-Se (cm™) AA-Se+NR (cm™) Assignment
3,750-3,000 3,460.86 3,422.54 3,415.81 3,424.75 -OH/N-H
2,927.15 2,925.04 2,926.18 2,926.84 -CH,
3,000-2,700 ; .
2,853.36 2,854.19 C-H stretching
1,900-1,650 1,743.85 1,743.02 1,735.78 1,739.94 -COH
1,680-1,620 1,655.06 1,655.00 1,655.06 1,636.83 C=0
1,560.44
1,620-1,450 Benzene ring skeleton
1,458.52 1,458.62
1,375 1,378.02 1,375.94 1,377.69 1,378.26 C-H deformation
1,275-1,210 1,244.06 1,274.01 1,254.48 1,250.33 Asymmetric stretching vibration of -COC-
1,162 1,165.31 1,165.31 -CO stretching
1,050 1,060.72 1,064.90 1,036.40 1,036.39 Si-O-5i/C-O
869.92 869.92
1,000-650 804.54 800.45 Benzene ring substitution
616.57 608.40 605.45 599.09
100
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Fig. 4. FTIR spectra of AA-1 and AA-Se.

Based on the pH_  of the biosorbent could explain this
phenomenon [34]. With the increases of pH, due to the
increased negative charge, more cationic dyes are attached
on the adsorbent surface [22]. At pH < pHpz ~ on the one
hand, the sample presents the positively charged, and the
neutral red surface of the cationic dye is also positively
charged, and the electrostatic repulsion inhibits the smooth
progress of adsorption. On the other hand, the H* concen-
tration is high, competing with the positively charged NR
cation of the vacancy adsorption site, and at the same time
hinders the dissociation of the reactive functional group,
leading to the low adsorption capacity [35]. The higher pH,
the lower concentration of H* when pH > pH_, and nega-
tive enhancement of the surface of the adsorbent, which is
beneficial for the adsorption of NR onto AA-1 and AA-Se.
Therefore, the adsorption rate increases due to an increase
in electrostatic attraction [36].

In addition, it can be found from experiments that
A. auricularia contains active sites capable of binding

pH

Fig. 5. Effect of pH on the adsorption of NR by AA-1 and AA-Se.

NR, and the removal rate and adsorption amount of NR
are related to the chemical environment of the solution
and the number of active sites. From the characterization
analysis of AA-1 and AA-Se, AA-1, and AA-Se contains a
large amount of polysaccharides and various amino acids,
and contains amino, aldehyde, ketone, or carboxylic acid
groups, such as -NH, RC-NH,, -OH, C=0O, and COOH,
which are important groups for adsorption dyes. These
functional groups are often negatively charged in aque-
ous solution, while NR dissociates in aqueous solution
and exists in the form of a cation. Therefore, under acidic
conditions, the AA-1 and AA-Se surface is surrounded
by more protons, competing with NR, and binding to the
active sites on the surface of the biosorbent. However, when
the pH of the solution environment is high, the surface
of AA-1 and AA-Se is negatively charged, and more dye
cations are combined by electrostatic attraction [37].
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3.3. Adsorption kinetics

The adsorption kinetics and adsorption rate-limit-
ing steps have significance meanings for understand the
mechanisms of adsorption. The dynamic adsorption pro-
cesses of NR onto AA-1 and AA-Se are shown in Fig. 6a.
The curves revealed similar trends that the adsorption ratio

increased quickly at the early stage while it gradually sta-
ble since the decreased accessible adsorption sites and this
phenomenon often achieved in previous reports [38].

The pseudo-first-order, pseudo-second-order, and
Elovich kinetics models were utilized for the further under-
stand of the adsorption behavior. The results are shown
in Figs. 6b, ¢, and f, the parameters are shown in Table 2.

(a) 100 (b) 2
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Fig. 6. Effect of adsorption time on NR removals in the range of 0-120 min plots for the adsorption of NR on AA-1 and AA-Se
(a) effect of adsorption time, (b) pseudo-first-order, (c) pseudo-second-order, (d) intra-particle diffusion, (e) liquid film diffusion,
and (f) Elovich.
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Table 2
Kinetics related parameters of AA adsorption NR

Models and parameters AA-1 AA-Se
Q, (Experimental value) 25.18 28.56
Pseudo-first-order
Q, (mg/g) 1.9909 2.5656
k, (1/min) 0.0359 0.0365
R? 0.8439 0.8983
Pseudo-second-order
Q, (mg/g) 25.3164 28.7356
k, (g/mg min) 0.0547 0.0434
R? 1.0000 1.0000
Elovich

2.53 X 10%° 9.72 X 109

1.1299 0.9579
R? 0.8049 0.8729
Intra-particle diffusion
c (mg/g) 22.5382 25.4009
k, (mg-g™-min®) 0.2837 0.3369
R? 0.6396 0.6628
Liquid film diffusion
ke 0.0359 0.0365
R? 0.8049 0.8729

Clearly, this experiment data were well-matched to the
pseudo-second-order due to the R? of pseudo-second-order
was higher than that of the others isotherm model and the
Q, was similar with the experiment value. This results could
demonstrated that the adsorption processes of NR onto
AA-1 and AA-Se were chemical processes [26].

The rate-limiting of the adsorption typically divided
into four steps: first, bulk transport; second, film trans-
port; third, intra-particle transport; last, adsorption on
the adsorbent. The film transport and intra-particle trans-
port models were carried out in this study to understand
the rate-limiting step and the adsorption mechanisms.
The results are shown in Figs. 6d and e, and the parameters
of models are shown in Table 2. The film transport was the
rate-limiting step due to the R? of film transport was higher
than that of intra-particle and the plots of intra-particle
were not passed the origin.

3.4. Adsorption isotherm

Langmuir, Freundlich, and Temkin isotherm models
were carried out in this study. Langmuir isotherm model
presumes that the process is the monolayered adsorbents
on the homogeneous surface [39]. Freundlich isotherm
model presumes that it occurs with a heterogeneous sur-
face [40]. Temkin model could prove the interplay between
the samples and contaminants, and the D-R isotherm is
applied to analysis whether the adsorption is physically

or chemically [41]. In this study, the results are shown in
Fig. 7 and the parameters are shown in Table 3. The results
illustrated that the experiment data was well-fitted to the
three isotherm models at the same time due to the R* were
higher than 0.95. The K, of Langmuir model were higher
than 0 could claimed that the adsorption were favorable
in this study [42]. According to the Q calculated by the
equation of Langmuir model, the maximum adsorption
capacity of AA-1 and AA-Se were 196.08 and 222.22 mg/g,
respectively. The 1/n value of Freundlich demonstrated that
heterogeneity factor presents high heterogeneity studies
[43]. It could be explained by that the adsorption processes
of NR onto AA-1 and AA-Se were controlled by multiple
adsorption mechanisms.

3.5. Adsorption mechanism

Adsorption of NR by AA-1 and AA-Se is a complex
process involving multiple steps and multiple mechanisms
work together. According to influencing factors, kinetics,
isotherms, and instrumental characterization, the mecha-
nism of adsorbent removal of dyes involves electrostatic
interaction, ion exchange, hydrogen bonding, and m-m
interaction [31]. The specific mechanism also depends on
the nature of the adsorbent and the solution environment.

Solution pH is a key factor affecting NR removal.
Electrostatic action is an important mechanism affecting
NR removal, but it is not the only mechanism. AA-1 and
AA-Se contain a large amount of polysaccharides and var-
ious amino acids, and contain many important groups such
as -NH, R-C-NH,, -OH, -COH, COOH. These functional
groups are often negatively charged in aqueous solution,
while NR dissociates in aqueous solution and exists in the
form of a cation. Therefore, there is an electrostatic interac-
tion between the adsorbent and NR. FTIR analysis showed
that the functional groups in AA-1 and AA-Se played a key
role in NR adsorption, including aromatic skeleton vibra-
tion, C-H, C-O, Si-O-5i changes, involving m—mt stacking,
hydrogen bonding, etc. The aromatic benzene rings of
AA-1 and AA-Se easily form n—m stacking with the benzene
ring of NR.

The kinetic results (pseudo-second-kinetics and Elovich
model) show that the chemisorption mechanism plays an
important role in the adsorption of NR by AA-1 and AA-Se.
The mechanism involved in chemisorption is the forma-
tion of covalent bonds and ion exchange. The adsorption
isotherm results show that the adsorption of NR by AA-1
and AA-Se is based on electrostatic adsorption.

In addition, studies have shown that some proteins
and polysaccharides contained in the cell wall can act as a
ligand to interact with the metal to immobilize the metal
on the cell wall [28]. Based on this, it is speculated that NR
may cooperate with proteins and polysaccharides on the
cell wall of the adsorbent to immobilize NR on the cell wall.

Model fitting of the experimental data, we found that
the saturated adsorption capacity of AA-Se is 222.22 mg/g
higher than that of AA-1 (196.08 mg/g). This may be caused
by a variety of reasons. First, the content of cysteine in AA-Se
was 1.42 g/kg higher than that of AA-1 (0.94 g/kg). Cysteine
is an amino acid commonly found in many organisms.
It is found in many proteins, glutathione (GPH), and forms
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Fig. 8. Possible adsorption mechanism of NR on AA-1 and AA-Se.

insoluble thiolates with metal ions such as Ag*, Hg*, and Cu?".
That is, R-S-M', R-S-M"-5-R (M’, M" are each a monova-
lent, divalent metal, respectively) [44]. AA-1 contains a lot of
protein and GPH. Based on this, it is inferred that cysteine
may react with NR" in the following reaction to remove NR.
Second, AA-Se contains more Se. Se is an essential
component of glutathione peroxidase (GPH-Px). The main
function of GPH-Px is to catalyze the reduction of GPH to
form oxidized glutathione (GSSG) [45]. At the same time,
the harmful peroxide is reduced to harmless hydroxyl
radicals, thereby protecting the structural and functional
integrity of the cell membrane [28]. The NR in the oxida-
tion state is red, and the NR in the reduced state is color-
less. Based on this, this paper speculates that the following
reactions may exist.
GSH + NR (oxidation) — NR (reduced) + GSSG (12)
NR can be removed by the above oxidation-reduction
reaction. Based on the experimental results, this paper spec-
ulates that there will be the above reaction, and further
exploration is needed. In summary, the mechanism of AA-1
and AA-Se removal of NR includes electrostatic interac-
tion, hydrogen bonding, and m—mt stacking. The mechanism
diagram is shown in Fig. 8.

4. Conclusions

This work utilized two kinds of A. auricularia as adsor-
bents to remove the NR. The maximum capacity of AA-1
and AA-Se were 196.08 and 222.22 mg/g, respectively. These
two kinds of adsorbents have significance potential for the
removal of contaminants due to the high adsorption capac-
ity and the wide source. The pseudo-second kinetic model
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and Langmuir, Freundlich, and Temkin isotherm model
were well-fitted to this experiment. The film transport was
regarded as the rate-limiting step. The mechanism of this
adsorption included electrostatic interaction, hydrogen
bonding, and m-m stacking.
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