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Allura red (AR), which is known as the monoazo class of synthetic Received 6 May 2020
food colourant(E129) has been widely used in food industries. Due Accepted 14 June 2020

to the potential toxicity of azo dyes and pathogenicity, the removal KEYWORDS

of AR from industrial wastewaters is very important environmen- Lichen; Pseudoevernia
tally. So, this article aims to investigate the biosorption process of furfuracea; biosorption; food
AR by lichen (Pseudoevernia furfuracea) from aqueous solutions. dye; Allura red

Batch biosorption conditions of AR food dye onto lichen biosorbent
as initial AR concentration, solution pH, contact time, temperature
and recovery were investigated. From the results, it has been
observed that the highest removal efficiency is approximately
87% at a contact time of 5 hours, initial AR food dye concentration
of 1000 mgL™" and agitation speed of 150 rpm at natural pH 8.0.
The maximum ARbiosorption capacity from the Langmuir model
was found as 0.280 mol kg™ at 25°C. Biosorption kinetics were
analysed by using intra-particle diffusion and pseudo-second-
order models. Biosorption thermodynamics has shown that
ARbiosorption onto lichen biosorbent is endothermic, possible
and spontaneous. The lichen (Pseudoevernia furfuracea) can
become an alternative biosorbent for the removal of AR from the
environment and wastewater.
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1. Introduction

Allura Red (AR) is an azo dye used to synthetic dye in the food industry.AR food dye could
be found in many foodstuffs, for example, ice cream, soft drinks, candies and bakery
products [1]. The azo dyes are dangerous for human health and the environment due to
their mutagenic and carcinogenic properties [2]. Therefore, removal of the azo dye from
industrial wastewaters is very important environmentally. Various methods have been
used for removal of dye industry wastewater such as membrane filtration, coagulation,
ozonation, oxidation, precipitation, filtration and biosorption [3,4]. Among these meth-
ods, biosorption is an alternative eco-friendly method for the removal of azo dyes from
aqueous effluents and industrial wastewater [5]. Biosorption has the advantages of
simplicity of design, high selectivity, low cost and easy usability [6,7]. The use of biosor-
bent is very important for reasons that are environmentally friendly, effective, inexpensive
biosorbent and non-hazardous materials. Many biological materials (biosorbents) have
been used to remove dyes from aqueous solutions, such as fungus [8], algae [9], bacteria
[10]and lichen [11]. Lichens are organisms composed of a fungus and an alga in
a symbiotic relationship. Lichens are among the widely used indicators of environmentally
due to their retaining a variety of pollutants and higher capacity for accumulation [12].
Lichens have been widely used as environmental pollution biomonitoring due to their
capability to strongly bind and accumulate many inorganic and organic compounds [13].
However, there is limited information about the usage of lichens in wastewater treatment
technologies in the literature. Recent studies focus on the usage of lichens for removal of
heavy metal from wastewater [3,14]. Also some new ones reported textile dye biosorption
by lichens efficiently [11,15,16]. However, there is not enough study about the removal of
food colourants.

The main objective of this study is to investigate the potential use of this lichen
Pseudoevernia furfuracea, as a natural, economic and eco-friendly biosorbent for removal
of Allura red food dye. The dried-lichen biomass without making any chemical treatment
was selected as a low-cost adsorbent due to its eco-friendly, cost-effective, wide avail-
ability, safe, renewable and easy collection. To my present knowledge, this is the first
report about the utilisation of lichen called Pseudoevernia furfuracea obtained from Bilecik
province, Turkey for the biosorption of food colourants from aqueous solutions. This study
shows the food colourant biosorption properties of a novel lichen species including
isotherm, kinetic and thermodynamic studies. Also the characterisation analyses of this
novel lichen biosorbent were carried out in the current study.

2. Material and methods
2.1. Dye

Allura Red (AR) was purchased from Merck (Germany). The chemical structure of the Allura
red food dye is shown in Figure 1.

The stock solution was prepared by dissolving 200 mg of AR food dye in 100 mL
double-distilled water. The AR solutions of different concentration (25-2000 mgL™") were
prepared by successive dilutions the stock solutions with a suitable volume of double-
distilled water.
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Figure 1. Structure of Allura red food dye.

2.2. The collection and preparation of Lichen Biosorbent

In the current study, Pseudoevernia furfuracea was used for the removal of AR dye. The
lichen samples were collected from Bilecik province (N 400 11.5262’, E 0290 57.962’) and,
dried lichen was used as biosorbent. The lichen samples were cleaned from foreign
matters such as soil or bark under the binocular microscope (Primo Star Zeiss) and washed
with double-distilled water. The lichen samples were dried at 70 °C throughout one night,
then powdered to prepare biosorbent.

2.3. Reagents and equipment

Double-distilled water was used in all experiments. All chemicals were supplied from
Merck (Germany). All experiments were studied in duplicate. The AR concentrations were
detected using a UV-Visible spectrophotometer (Shimadzu, 160 A model, Kyoto, Japan).
Lichen biosorbent was characterised by FT-IR and SEM analysis. FT-IR spectra of lichen
biosorbent were recorded in a Perkin EImer 400 spectro-photometer. SEM images were
obtained with a Leo 440 Computer Controlled Digital System.

2.4. Batch biosorption experiments

The biosorption of AR on lichen was investigated by using the batch method. For the
biosorption experiments, the biosorbent-solution systems were equilibrated with 100 mg of
lichen biosorbent and 1000 mg L™'AR dye concentration at natural pH 8.0, for 24 h at 25° C in
10 mL polypropylene tubes containing 10 mL of AR dye solution was kept in a thermostatic
water bath with constant agitation speed (150 rpm). The pH was adjusted with dilute HCl and
NaOH solutions (each one, 0.2 and/or 2.0 mol L™). The concentrations of AR in solution were
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spectrophotometrically determined by measuring the absorbance of the solutions at 506 nm
[17]. Biosorption% and Q (mol kg™') were calculated with Equations 1 and 2.

G -G

i

Biosorption% = [ ]x100 Eq.1

Q= {C" — Cf] XV Eq.2
m
where C; is the initial concentration (mg L™'), m refers to the adsorbent mass (g), C; is
equilibrium concentration (mg L™"), and V is the solution volume (L).

All of the experiments were performed in duplicate. The standard error of data is
calculated according to Equation 3.

SE = V0?2 Eq.3

where o represents the square root of the estimated error variance of the quantity.

2.5. Desorption procedure

In this study, HCl, NaOH, HNO; and Ethyl alcohol solutions (each one, 0.1 mol L™') were
used for desorption of the AR dye from the surface of the lichen biosorbent. In order to
determine the recovery rates of the lichen biomass with desorption in Figure 10, the
experiments were repeated three times with the same biosorbent for the biosorption/
desorption cycle. At the end of each experiment, the solutions were centrifuged at
5000 rpm for 10 min to ensure liquid-solid separation and the amounts of AR dye in the
equilibrium solution were detected at 506 nm utilising UV-Visible spectrophotometer.
Desorption % is calculated with Equation 4.

Desorption% = Ques

x100 Eq.4
ads

In this equation; Qges; the desorbed amount of AR (mol kg_1), Q,q4s; biosorbed amount of

AR (mol kg™").

3. Results and discussion
3.1. FT-IR analysis

The FT-IR analyses give important information about the functional groups of lichen
biosorbent in the biosorption process. In the current paper, the FT-IR analyses of lichen
samples after and before biosorption was done (Figure 2).

FT-IR study clearly seems that lichen has characteristic peaks. The strong bands at
3418-3260 cm™' were due to bound amine (-NH) or hydroxyl (-OH) groups. The peaks at
2926 cm™' were attributed to the stretching vibration of = C-H [18,20]. The peaks of the
carboxyl group (-C = 0) groups were observed at 1651-1614 cm™". The peak at 1038 cm™
was attributed to —C = O stretching of alcohols and carboxylic acids. The peak at 1014 cm™
was attributed to the stretching vibration of -CN. After biosorption of Allura red, lichen surface
functional groups shifted to 3430-3255, 2937, 1622, 1315 and 831 cm™" which corresponds to
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Figure 2. FT-IR spectra of lichen biosorbent before and after biosorption of AR.

the functional groups such as - OH, = C-H, —C = O, —CHO and - CN, respectively [21]. These
results indicated that the hydroxyl (-OH) and carboxyl (-COOH) groups of the biosorbent to
be mainly related in the biosorption of AR onto lichen biosorbent. The FT-IR analysis results
indicated the formation of hydrophobic interactions, H-bonding and surface complexation
between AR with the functional groups of the lichen surface.

3.2. SEM analysis

In order to define the surface morphology of the lichen biosorbent, before and after
biosorption was taken from the samples. SEM images of lichen biosorbent before and
after AR biosorption are shown in Figure 3. SEM images of lichen biosorbent showed
particles that are a huge porous with irregular shapes, rough and edges. The surface of
the lichen after AR biosorption was generally smooth and rounded indicating that the
particles deposited were AR. This view might be because of the H-bonding and hydrophobic
interactions between AR with the active sites on the surface of the lichen biosorbent.

3.3. Effect of point of zero charge and initial pH

Surface charge of lichen biosorbent is an important factor for affecting AR biosorption.
The solution pH at which the surface charge of the lichen biosorbent becomes zero is
defined as the point of zero charge (PZQ). In order to determine the PZC values of the
lichen biosorbent, 100 mg biosorbent was incubated for 24 hours in pH solutions ranging
from 1.0- to 12.0. The pH was adjusted with dilute HCI and NaOH solutions (each one, 0.1
and/or 1.0 mol L™"). And then, the equilibrium pH values were measured. A point of zero
charge (PZC) was used to characterise the electronegativity of the biosorbent. The PZC
value of the lichen biosorbent was found to be 4.53 (Figure 4).

As shown in Figure 4, the PZC value of lichen was determined as 4.53. The surface
charge of lichen was positive at pH <4.53 and, negative at pH >4.53. In biosorption
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Figure 4. PZC plots of the lichen biosorbent in range of pH 2.0-9.0.

studies, AR dye was studied at its natural pH solution. The natural pH of the AR dye
solution was found at 8 (for 1000 mg L™") and all studies were carried out at the
natural pH of AR dye solution. The effect of pH on AR dye biosorption by lichen was
investigated in the range of 2.0-12.0 and, the results are presented in Figure 4. As
seen from Figure 5, the highest biosorption value was obtained at pH 2.0. At high
acidic pHs, anionic dye biosorption was increased due to the electrostatic interac-
tions between the positively charged lichen surface and negatively charged AR dye.
PZC value was determined at pH 4.53, the lichen surface positively charged (pHag
<pHpzc). Also, the AR dye removal was decreased at a pH of 3.0 to 10.0. At higher
pHs, anionic AR dye and hydroxyl ions compete for binding to active sites of lichen
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Figure 5. Effect of pH on the biosorption of AR onto lichen biosorbent.

biosorbent, resulting in less biosorption of anionic dye (pHar>pHpzc). This results
from H-bonds and hydrophobic interactions between the negatively charged lichen
biosorbent surface and anionic AR dye [22].

3.4. Effect of biosorbent dosage on biosorption

Biosorbent-solution ratio is an important factor for determining the biosorption capacity
of biosorbent. To investigate the influence of initial biosorbent dosage on AR dye was
examined by varying dosages between 0.1-20 g L™". The obtained results presented in
Figure 6. The biosorption of AR dye by the lichen biosorbent was increased with the
number of active centres in the biosorbent. So, when the biosorbent dosage was
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Figure 6. The effect of biosorbent dosage on the biosorption of AR onto lichen biosorbent.
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increased, the AR dye biosorption yield increased. As seen from Figure 6., the maximum
biosorption was found to be 87% in the biosorbent dosage of 20 g L™'. The biosorption
was found to be 80% with the biosorbent dosage of 10 g L™". It was thought that
biosorption may be increased with the increase in the amount of biosorbent by the effect
of — OH, -SO3Na, -N = N- [23] groups in AR food colouring dye structure and phenolic
groups in the structure of a lichen.

3.5. Biosorption isotherm models on biosorption

Biosorption isotherms describe the biosorption behaviour of AR dye by lichen. Three
equilibrium models,

Langmuir, Freundlich and Dubinin Radushkevich (D-R) isotherm models were used to
specify the biosorption process, surface properties and biosorption mechanism of the
lichen biosorbent [24,26]. The Langmuir, Freundlich and D-R isotherm equations are
expressed by the following (Equations. 5, 6 and 7, respectively)

X KL Ce

= e— E .5
Q=TI d

Q = KeC? Eq.6

Qe = c)DRe_KDR52 Eq7

where Q is the amount of biosorbed dye (mol kg_1), X, is the maximum biosorption
capacity, K, is the parameter for Langmuir isotherm and C, is the equilibrium concentration
(mol L™") and Kg: Freundlich constant, B: adsorbent surface heterogeneity. Xpg is @ measure
of biosorption capacity, Kpp is the activity coefficient (mol® KJ?) and & stands for constant
related to the biosorption energy and the Polanyi potential. R (8.314 Jmol™' K™') and T are
the ideal gas constant and the absolute temperature (K).The Polanyi potential (g) is
expressed by the following Equation 8:

1
=RTIn( 1+ — Eq.8
e=mn(1+2 ) q

e

The biosorption energy (E, k) mol™) is expressed by the following Equation 9:
Epr = (2Kpg) *? Eq.9

If the biosorption energy is 8 < E < 16 kJ mol ™, the biosorption is physically controlled and
E < 8 kJmol™" indicates that the biosorption proceeds physically [27].

Standard deviation 0.0947 mol kg~', standard error 0.0244 mol kg™’

The biosorption isotherms of the lichen biosorbent for AR dye are shown in Figure 7.
The biosorption isotherm constants for AR biosorption are presented in Table 1. It was
observed that, when the nonlinear regression coefficient (R?) which, obtained Langmuir
and Freundlich isotherms were compared, the Langmuir isotherm model (R? = 0.977) was
suitable for defining the biosorption of AR by lichen. This situation indicated that all the
AR biosorbat molecules were in contact with the active sites on the surface of the lichen
biosorbent and the biosorption process was monolayer character. The monolayer
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Figure 7. The experimentally obtained biosorption isotherms of ARonto lichen biosorbent.
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Table 1. Langmuir, Freundlich and Dubinin-Radushkevich isotherm

model parameters.

Isotherm Parameter Value R?

Langmuir X (mol kg™ 0.280 0.977
K. (L mol™") 6127

Freundlich X¢ 3.18 0.900
B 0.381

D-R Xor (mol kg™") 14.5 0.998
Kprx10%/mol?KJ 2 9.48
Epr/k) mol™ 7.26

biosorption capacity of the lichen biosorbent for AR dye was 0.280 mol kg™'. The K, value
was found in 6124 L mol™". The K¢ 3.18 which is a measure of the biosorption capacity, and
B surface heterogeneity was also found as 0.381, were obtained from the Freundlich
model. Since the B value was between 0 and 1, the biosorption of AR onto lichen
biosorbent was favourable. The Epg (kJ mol™") value gives information about biosorption
mechanism, physical or chemical [27]. From the D-R model, the biosorption energy was
calculated to be 7.26 kJ mol™". This result suggests that the biosorption process of AR dye
onto the lichen biosorbent may be carried out by a mechanism being physical in nature
because the biosorption energy lies within Epg<8 kJ mol™".

3.6. Biosorption kinetics

To investigate the biosorption kinetic, three different kinetic models, pseudo-first-order
kinetic (PFO), pseudo-second-order kinetic (PSO) and, Intra-particle diffusion (IPD) models
were used to fit the experimental data and the related parameters were derived Equations
10,11 and 12, respectively [28,31].
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Q =Qe[1—e ™™ Eq.10
t
Q=+ Eq.11
o) + 4]
Q; = kit®? Eq.12

where Q; (mol kg_1) is the lead biosorbed amount at time t (min), Q. (mol kg_1) is the
biosorbed amount at equilibrium, k;, k, and k; is the rate constant of the PFO (min™"), the
PSO model (mol™" kg min~") and the intra-IPD (mol™' kg min~°) model, respectively.
Figure 8 shows the compatibility to the PFO, the PSO and the IPD models and the
parameters derived from these models are summarised in Table 2. As seen from Figure 8,
biosorption was increased rapidly up to 300 min, and then it was seen to equilibrium.
Removal of AR by using lichen biosorbent was fast and the equilibrium was achieved in

Table 2. Pseudo-first-order, pseudo-second-order and intra-particle diffusion kinetic
model parameters.

Kinetic model Parameter Value R?
Pseudo-first order Q/mol kg™ 0.229 0.963
Q./mol kg™ 0.257
ke x10%/dk™" 8.29
Hx10%/mol kg™" min™" 1.83
Pseudo-second order Q/mol kg™ 0.229 0.973
Q./mol kg™ 0.221
k, x10%/mol™" kg min™" 39.4
Hx10%/mol kg™' min™" 2.60
Intra-particle diffusion k; x10*/mol kg™" min~%* 12,6 0.959

Standard deviation 0.0766 mol kg™', standard error 0.0181 mol kg™
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Figure 8. Compatibility of AR biosorption kinetics to pseudo-first-order, pseudo-second-order and
intra-particle diffusion models.



INTERNATIONAL JOURNAL OF ENVIRONMENTAL ANALYTICAL CHEMISTRY 1

300 min. Because of the correlation coefficient (R?) values, the value of PSO kinetic model
was higher than PFO kinetic model. Moreover, theoretically calculated Q;(0.229 mol kg‘1)
values from the PSO model agree very well with the experimental Q.(0.221 mol kg™')
values. The results indicated thatAR biosorption onto lichen fitted best with PSO kinetic
model. The first linear part of the IPD is due to the bonding of the AR dye to the active
centres on the lichen surface and surface biosorption. The second linear part; is due to dye
diffusion to the active areas in the pores of the lichen. In this case, lichen dye biosorption
is explained by the PSO and the IPD models.

3.7. Biosorption thermodynamics

Thermodynamic parameters of biosorption are very important to explain the effect of the
temperature on the AR biosorption on lichen. Thermodynamic parameters (enthalpy, AH®
and entropy, AS®) were obtained from InKp against 1/T the graph [32,33]. The free Gibbs
energy (AG?) is calculated from Eq. 16. AH®, AS° and AG°were calculated using the
following equations;

Kp :c% Eq.13

AG = —RTInKp Eq.14

InKp :A—SO—A—HO Eq.15
R RT

AG® = AH® — TAS® Eq.16

In Figure 9(In Kp-1/T) the values of AH® and AS° were calculated from the slope of the
graph and the cut-off, respectively. Biosorption enthalpy was found negative. AH® was

8,0
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T:5°C, 25 °C, 40 °C
7.6 t: 1440 min
74+
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c 72t
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Figure 9. The effect of temperature on the biosorption of AR by lichen biosorbent.
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calculated as 29.4 kJ mol™'showed that the biosorption process was endothermic.AS°
was calculated as 150 Jmol™" K™'. The free energy value was found as —15.3 kJ mol™" at
25°C. The negative free energy value indicated that spontaneous adsorption was
possible.

3.8. Desorption efficiency

Desorption studies are very important to make the biosorption process more economical.
Reusability investigated the desorption ability for AR biosorption onto lichen. The lichen
biosorbent was regenerated using HNO3, NaOH, HCl and ethyl alcohol. Desorption results
are given in Figure 10. The maximum recovery percentage for AR onto lichen biosorbent
was achieved with HCl (76%). The minimum recovery percentage for AR onto lichen
biosorbent was achieved with Ethyl alcohol (2.0%).

According to the results of this study, the usage of HCI solution ensured the best
desorption efficiency. So, HCl was selected as a suitable desorption solvent for the
regeneration of the lichen biosorbent. The lichen biosorbent can be recycled at least
eight times without the expense of adsorption capacities. After the end of eight cycles,
the biosorption capacity was around 72% with a decrease of 5.0% in the recovery rate.
This reasonable and acceptable reusability performance indicates that the lichen biosor-
bent can be used in practical applications for the removal of AR dye.

3.9. Comparison of the maximum sorption capacity of AR on the lichen biosorbent
with those of other biosorbents

A comparison has been made between the performances of the lichen biosorbent and
other sorbents reported in the literature for sorption of AR dye. The maximum sorption
capacity obtained from the Langmuir model was used for comparison with those of
different sorbents with and without modification. As can be seen in Table 3, the maximum
sorption capacity of the lichen biosorbent was either higher or comparable than that of

100
C,:1000 mg L™
m:100 mg
80 T:25°C
t:1440 min
GE" 60 -
>
o
o
[}
(4
2 40 -
20 +
HCI NaOH HNO3 Ethyl Alcohol

Figure 10. The recovery rates of various solvents for desorption of AR.
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Table 3. Comparison of the maximum sorption capacity of AR dye on the lichen biosorbent with those
of other sorbents.

Sorbent pH Temperature®C  Max. sorption capacity,  References
mol kg™

a-picoline ionic liquid-B-cyclodextrin-cross-linked 3.0 25 0.0143 [34]
polymer

Activated pine wood 2.0 25 0.0143 [35]

Mn- and Cu- @ ZnS nanoparticles loaded on activated 2.5 25 0.101 [36]
carbon

Silica/AgNPs-glucose 40 30 0.136 [371

Activated carbon 7.0 25 0.146 [38]

Poly(ionic liquid)immobilised magnetic nanoparticles - 30 0.213 [39]

Spirulina platensis - 25 0.944 [40]

Chitosan/Polyurethane Foam - 25 0.217 [41]

Natural sawdust 2.0 25 0.051 [42]

Hexadecylpyridinium bromidetreated sawdust 2.0 25 0.151 [42]

Pseudoevernia furfuracea biomass 8.0 25 0.280 This study

the other sorbent materials. According to the obtained results, reasonable sorption
capacity and a performance that can compete with other sorbents in this work indicated
that the lichen biosorbent was simple, easy to use and cost-effective biosorbent for
removal of toxic AR food dye at ppm levels from aqueous solutions.

4. Conclusions

In this research, lichen biosorbent can be used as an effective, alternate biosorbent for AR
food dye removal. Optimal working parameters were found as pH of the solution: 8.0,
biosorbent dosage: 100 mg, temperature: 25°C and contact time: 5 hours. Adsorption
isotherm models showed that AR biosorption onto lichen was more appropriate for the
Langmuir model. The adsorption free energy was found as Epg (7.26 kJmol™), which
indicated that AR onto lichen biosorbent composite was physically performed. The
maximum biosorption capacity was 0.280 mol kg~' from the Langmuir isotherm model.
The biosorption kinetic was also explained with PSO and intra-IPD models. The biosorp-
tion thermodynamics showed that AR biosorption was possible, spontaneous and
endothermic. The results found in this study showed that the dried-lichen biomass with-
out making any chemical treatment can use as an efficient and alternative biosorbent in
the removal of AR food dye pollutants from the wastewater.
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