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Abstract
Azo dyes are extensively used in different industries areas, such as Allura Red (R-40). Previous studies have proven its
carcinogenic and mutagenic properties. For the removal of this type of emerging pollutant from effluents, tertiary treatment
techniques such as activated charcoal are used. Alternatively, the use of bacteria is preferred because of its quick discoloration
processes. The aim of the present investigation is to compare the efficiency removal of R-40 from aqueous media by a physi-
cochemical process and a biological one. The sorption kinetics of 10 ppm of R-40 was carried out with the use of activated
charcoal based onwalnut shells in water. Moreover, Pseudomonas aeruginosa and Bacillus subtilis stains were used separately to
decolorize nutrient broth media supplemented with 50 ppm of R-40. The activated carbonwas capable to remove 99.87% of R-40
at 264 h, while the bacterial strains decolorized 92.13% (P. aeruginosa) and 88.21% (B. subtilis), respectively, under
microaerophilic conditions after 168 h. Therefore, both process strategies, physicochemical and biological rapprochements, were
able to remove the dye from aqueous media. R-40 was not cytotoxic to used strains, besides gram-positive either negative
bacteria could be applied to turn over this azo dye in short term. Combination of both approaches may be implemented in tandem
architecture.
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Introduction

Azo dyes are the main industrially synthesized organic
colored compounds and they have the particularity to con-
tain one or more azo groups (N=N). These dyes are used
as coloring agents in the cosmetic, textile, plastic, paint,
paper, food, and pharmaceutical areas (Hsueh and Chen
2007; Khalid et al. 2008; Saratale et al. 2011; Meng et al.
2014; Kelm et al. 2019). Also, the disposal of azo dyes in

aquatic bodies causes a diminution of water transparency
and oxygen content, causing a negative impact on the
different species that inhabit the aquatic environment,
which impairs the balance of the ecological function, be-
ing emerging pollutants; therefore, the elimination of azo
dyes from polluted effluents is of great importance
(Govindwar et al. 2014; Khattab et al. 2020). One of the
dyes mostly used in the industries is Allura Red, which is
an azoic type colorant, and has been proven in previous
studies that it is carcinogenic and mutagenic (Honma
2015).

Tertiary treatment techniques are used for the removal
of this type of contaminant, but they have the drawback of
being expensive; therefore, the application of adsorbent
materials such as activated carbon for the removal of dyes
in aqueous media is an alternative, and although its com-
mercial production is highly expensive, a special emphasis
has been placed on its preparation using lignocellulosic
agricultural by-products through application of physical
activation with water vapor, which makes the material
low cost for use in the treatment of contaminated water
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(Hameed et al. 2007). Activated carbon is a carbonaceous,
microcrystalline, and non-graphite material; it is prepared
by means of the carbonization of organic materials, espe-
cially of vegetal origin. The activation process increases its
porosity and develops its internal surface, conferring a high
adsorbent and versatile capacity because the size and dis-
tribution of the pores can be controlled by the choice of the
precursor, the method of activation, and the control of the
preparation conditions (Martínez de Yuso 2012). Activated
carbon has the ability to retain organic and inorganic
chemical compounds through Van der Waals forces, and
the presence of surface polar groups that contain oxygen
causes an increase in the hydrophilicity of the carbon, since
water molecules can form bridges of hydrogen with the
oxygen atoms of the carbon surface. Some compounds
generally retained by active carbons are as follows: dyes
and colored compounds, aromatic compounds (benzene
derivatives, phenols, nitrated aromatic compounds, among
others) (Maeda et al. 2019), pesticides, various organic
macromolecules, hypochlorous acid and chlorine, ammo-
nia, mercury chloride (II), cyanides, dichromate, iodine,
molybdate, and permanganates (Torres-Pérez et al. 2015;
Mendonça et al. 2019).

Otherwise, compared with physicochemical methods,
biodegradation has been considered as very efficient and
environmentally sustainable method (Bent and Forney
2008; Chen et al. 2019). The use of bacteria is preferred
for the decolorization activity due to its relatively short life
cycle and the completion of the decolorization process
more effectively (Mishra and Maiti 2018). Moreover, the
isolation of bacterial with azoreductase genes can be per-
formed from soils and the same effluents (Hussain et al.
2013). A large number genera including Pseudomonas,
Shewanella , Rhodopseudomonas , Psychrobacter ,
Comamonas, Enterococcus, Staphylococcus, Providencia,
and Bacillus have been reported in the degradation of azo
dyes under aerobic and anaerobic environments, as well as
in presence of different carbon and nitrogen sources, pH,
temperature, salt concentration (Hussain et al. 2013), and
dye chemical structure or concentration. It is proven that
the efficiency of dye elimination is linked to the type of
microorganism and the conditions that are applied in the
decolorization process (Zabłocka-Godlewska et al. 2014).

The use of physicochemical and biological processes, for
the removal of dyes in water systems, could contribute to the
remediation of aquatic bodies contaminated with R-40 dye, in
addition to generating economic well-being in the treatment
plants by the use of low-cost methods, taking into account that
they are advanced treatments. The aim of the present study
was to compare between both methods to eliminate Allura
Red azo dye (R-40) from aqueous media, using agricultural
wastes such as precursors and bacteria strains with azo reduc-
tase activity.

Materials and methods

Preparation of alternative activated carbon

For the preparation of the raw material, 25 g of pecan nutshell
dried were carbonized in the oven with a rotary reactor
(Carbolite®, HTR 11/75), and with nitrogen (99.9%) for inert
atmosphere. The program oven was 850 °C for 80 min, and
0.5 mL of distilled water was injected every minute in order to
exert a physical activation to the carbon. Subsequently, nut
activated carbon (NAC) was screened to obtain a particle size
between 0.5 and 1.0 mm, and weighed before and after
screening—until obtaining 25 g of NAC.

The activated carbon was washed with 100 mL of distilled
water. The water volume was replaced every 24 h, until there
were no changes in the pH measurement.

Adsorption and kinetic studies

Standard solution (10 mg/L) of the Allura Red azo dye (R-40)
were prepared in deionized water, and 5.0 pH adjusted to
ensure that the sorption process will be optimal since azoic
dyes have been shown better removal rates when the aqueous
media is acid (Torres-Pérez et al. 2015). A 0.25 g sample of
activated carbon from pecan nutshell was added to 250 mL
Allura Red standard solution. 2.0 mL aliquots were taken the
first 8 h, then every 24 h. The concentration was measured by
UV/Visible spectrophotometry (Jenway® Model 7315) at
502 nm (Torres-Pérez et al. 2015).

Batch adsorption kinetics models

To know the possible mechanism that governs the sorption
process of R-40 onto the NAC and the potential rate control-
ling steps that includes the diffusion control, chemical reac-
tion, and mass transport, three kinetic models were tested to
describe the experimental data. The sorption kinetic models
could be organized in two different models: pseudo-kinetic
chemical reaction controlled and mass transfer controlled. In
the present research, the selected kinetic models to describe
the adsorption process were pseudo-first order and pseudo-
second order (Eqs. 1 and 2).

Pseudo-first-order kinetic model (Lagergren 1898)

dqt
dtt

¼ k1 qe−qtð Þ ð1Þ

Pseudo-second-order kinetic model (Ho and Fellow 1998;
Ho and Mckay 1999)

dqt
dtt

¼ k2 qe−qtð Þ2 ð2Þ
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Integrating and rearranging (1) provides Eq. (2):

t
qt

¼ 1

k2q2e
þ 1

qe
t ð3Þ

For the pseudo-second-order model, the plot of t/qt versus t
Eq. (2) leads to a linear relationship when this model describes
properly the experimental data. This Eq. (2) provides informa-
tion about the sorption capacity (qe) and it can be obtained
from the slope of the linear plot. This model has been widely
used to describe the kinetic data for various systems where the
solute passes from aqueous media to a solid phase (Ho and
Mckay 1999; Ho and McKay 2000) (Table 1).

Screening of dye decolorizing microorganism

Strains of different clinical and environmental origins
(Pseudomonas, Bacillus, and Escherichia genus) were tested
for R-40 (50 ppm) removal onNutrient Agar at 37 °C for 24 h.

Cells culture and decolorization conditions

Two strains were selected because of its ability to remove
50 ppm of R-40 in Nutrient Agar (NA) petri dishes, after
48 h of incubation at 37 °C. Pseudomonas aeruginosa strain
C (Dinesh et al. 2003) and Bacillus subtil is 168
(ATCC®27370TM) were separately inoculated in a flask with
10 mL of Nutrient Broth (Bioxon®) at 200 rpm, 37 °C for 18–
22 h (overnight culture, ON). For decolorization experiment,
10mL of Nutrient Broth supplemented with R-40 50 ppmwas
adjusted, independently, at 0.1 OD600 (≈ 1 × 108 cell/mL)
using ON of each strain. The flasks were incubated at 25°
and 37 °C in static condition for 168 h. Rubber plugs were
used to generate microaerophilic conditions.

One milliliter of each culture was centrifuged at
13,000 rpm for 5 min (Hettich, MIKRO 185). The supernatant

absorbance was read at OD505, and the values were interpo-
lated in R-40 calibration curve to calculate the residual con-
centration. Separately, the cell growth (1 mL directly form
cultures) was measured at OD600.

Results and discussion

Preparation of alternative activated carbon

The pecan nut shells used as precursor material showed good
properties for alternative activated carbon preparation. The
properties of the agricultural waste lead to obtain an important
average yield (25.79%) of activated carbon from pecan nut
shells (nut activated carbon, NAC) by means of dehydrated
pecan nutshell. The yield value obtained in this work was
higher compared with other investigations, where the nut shell
was also subjected to 850 °C and activated with water; in that
case, the achieved yield was 22.10% (Soria-Serna et al. 2018).
However, a chemical activation of another different precursor
such as the pumpkin fruit peel by using 1% zinc chloride as an
activating agent for 45 min obtained a yield of 25.50%
(Reátegui 2017); this result is quite similar to the physical
activation employed in this study but also is more sustainable
and cheap because a non-toxic compound (steam water) was
used as an activating agent for NAC preparation.

pH equilibria determination

The decay of the pH value of the NAC was observed across
the time, where at 216 h a start of equilibrium of the granular
carbon with a pH of 10.99 is observed (Fig. 1), which can be
related to the functional groups present on the surface of the
adsorbent; these groups could be formed by the reactions be-
tween the precursor (pecan nutshell) and the activating agent

Table 1 Fitting experimental data to mathematical models of sorption
kinetics. The application of pseudo-first-order and pseudo-second-order
models described the kinetic sorption between NAC and R-40, where
pseudo-first-order model showed the greater correlation coefficient

indicating that NAC retains R-40 by a controlled process by diffusion.
Elovich mathematical model describes the kinetic sorption as a heteroge-
neous quimisorption between R-40 and NAC

Model Equation Parameters NAC

Pseudo-first order qt ¼ qeð Þ 1−e −KL�tð Þ� �
qe (mg/g CA) 9.9865

KL (h
−1) 0.0209

R** 0.9948

Pseudo-second
order

t
qt ¼ 1

KL� qe2ð Þ � t
qe KL (g/mgh)* 93.3519

R 0.9443

Elovich qt ¼ 1
b � log10 1þ ð að Þ � bð Þ � tð Þð ÞÞ a 0.9778

b 0.1520

R 0.9977

KL* sorption constant, R* correlation coefficient
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(steam water) (Moreno-Piraján et al. 2007). The pH of an
activated carbon favors the adsorption of substances accord-
ing to their polarity, where the acidic pH promotes the adsorp-
tion of heavy metals and, on the other hand, the basic pH
favors the adsorption of anions and organic molecules such
as azo dyes (Moreno-Piraján et al. 2007; Fernandez et al.
2014). So, it could be spectated that the NAC obtained by
physical activation will be suitable for adsorption of the R-
40 dye.

Adsorption and kinetic studies

After sorption experiments of R-40 onto NAC, the dye con-
centration was measured by UV/Visible spectrophotometry
(Jenway® Model 7315) at 502 nm using a calibration curve
(Fig. 2). The contact effect for dye removal showed rapid
adsorption in the first 8 h (Fig. 3), from the first hour of
interaction of NAC with the R-40 in the aqueous solution

(10 ppm) showed a decrease in the concentration in the medi-
um (9.64 ppm). After 24 h, a reduction in the initial concen-
tration was observed up to 5.43 ppm; meanwhile at 72 h, the
solution only presented 2.62 ppm of R-40. On the eighth day
of contact, the aqueous solution did not show any coloration,
and the final concentration of the R-40 dye in the mediumwas
only 0.013 ppm, leading to a 99.87% removal of R-40 in the
aqueous medium (Fig. 3). Other materials such as coconut
shell and rice husk were used for the removal of R-40 at
10 ppm and 0.2 g of the carbonaceous material, where the
removal percentage was 85 and 57%, respectively
(Ensuncho et al. 2015); these values were even lower than that
obtained in this investigation. It was observed that the use of
NAC for the removal of R-40 from an aqueous medium is
more efficient.

Figures 4 and 5 show the adjustments to kinetic models of
the R-40 onto NAC. Retained dye milligrams per mass in
grams of activated carbon (qe) and adsorption time in hours
(t) were plotted, thus obtaining the correlation coefficient (R).

Fig. 1 pH equilibria value of the
aqueous media versus contact
time

Fig. 2 Calibration curve for R-40
concentration quantified by UV/
Vis spectrophotometry at 505 nm
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The pseudo-first-order and pseudo-second-order model were
used to describe the kinetics of the adsorption of R-40 on the
NAC, where the first-order model best described the kinetic
data with a value of R = 0.9949 (Fig. 4), compared with the
pseudo-second-order model (R = 0.9443) (Fig. 5). This indi-
cated that the carbon material used for R-40 removal corre-
sponds to a diffusion-controlled process since Lagergren’s
equation is applied for the explanation of intra-particle diffu-
sion (Simonin 2016). Also, the pseudo-first-order kinetic
model allowed to determine the maximum sorption capacity
of the prepared material (NAC) at C0 = 10 mg/L, being 9.99
mg/g. The sorption rate constants and the correlation coeffi-
cients for NAC, indicating the level of adjustment of the ex-
perimental data to the theoretical model, are shown in Table 1.

The pseudo-first-order kinetic model presented good R value
(0.9948) for R-40 sorption onto NAC, which suggests that the
sorption process occurs on a homogeneous surface in terms of
the sorption sites (Vadivelan and Vasanth Kumar 2005).

In reactions involving chemical adsorption on a solid sur-
face without desorption of the products, the sorption rate de-
creases over time due to an increase in the surface coverage of
the carbonaceous material (Aharoni and Tompkins 1970).
One of the most useful models to describe such activated
chemical adsorption is the Elovich equation (Juang and
Chen 1997), that adequately described the kinetics of a het-
erogeneous chemisorption of R-40 on the nut-based activated
carbon. Elovich parameters were highly correlated with exper-
imental data (R = 0.9977) (Fig. 6); the sorption constant (a =

Fig. 4 Pseudo-first-order kinetic
model (Lagergren) applied to the
sorption process of R-40 onto
NAC

Fig. 3 Sorption kinetics of R-40
onto NAC at C0 = 10 ppm
dissolved in distilled water.
Values expressed in means of
three repetitions ± SD
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0.9778) was higher than desorption constant (b = 0.1520),
meaning that the sorption process was favorable (Table 1).
The kinetic parameters obtained from the application of the
models allowed to determine the maximum sorption capacity
(9.9 mg/L), the sorption rate constants (0.0209 h−1 and 93.35
g/mgh for pseudo-first and pseudo-second order, respective-
ly), and the correlation coefficients for each material, indicat-
ing the level of adjustment of the experimental data to the

theoretical model (Table 1). The adjustment of the sorption
process of the materials to the kinetic model of the pseudo-
second order was lower, assuming that the speed limiting step
is a chemical sorption or chemisorption, that involves valence
forces when sharing or exchanging electrons between NAC
material and R-40 dye (Ho and McKay 2000). Moreover, the
best fitting to the Elovich kinetic model of the experimental
data suggests that the adsorption process was given by

Fig. 5 Pseudo-second-order
kinetic model applied to the
sorption process of R-40 onto
NAC

Fig. 6 Elovich kinetic model
applied to the sorption process of
R-40 onto NAC
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chemisorption. Elovichmodel represents the chemical adsorp-
tion between the functional groups of the NAC material and
R-40 azo dye (Qiu et al. 2009).

Bacteria discoloration potential

The bleaching ability of six different strains, C strain, SG17M,
PAO1, PA14 (P. aeruginosa), 168 (B. subtilis), and TOP10
(E. coli) were observed on NA plates with 50 ppm of R-40.
The strains C and 168 do not present any radical colony mor-
phology changes at 48 h of incubation, indicating stress-free
growth or cytotoxicity.

Bacteria bleaching optimal conditions

The bleaching efficiency results of both strains are shown in
Table 2, in relation to temperature and oxygen availability. All
the experiments were stopped at the same time, when one of
the triplicates cultures media appeared colorless. There was
any sign of cytotoxicity associated with the R-40 presence,
because all the cultures were saturated at the end of experi-
ments (data not shown).

After 168 h of incubation, B. subtilis 168 showed its
highest efficiency; the bacteria could remove 88% of R-40
from culture media, at 25 °C under microaerophilic condi-
tions. On the other hand, at 37 ºC and non-oxygen availability,
the R-40 residual concentration was 15.65 ppm (74 % of dis-
coloration). Being temperature an important parameter in dis-
coloration, it has been shown that Bacillus sp. CH12 increases
the decolorization (96%) of red 239 (50 ppm) at 96 h and 25
°C, but at 35 °C, the decolorization ability decreases in the
middle (Guadie et al. 2017). Those could be due to the loss of
viable cells or the deactivation of the bleaching enzymes.
Regarding discolora t ion wi th in Baci l lus genus ,
B. stratosphericus SCA1007 can decolorate 100% of
50 ppm of methyl orange azo dye at 35 °C, 48 h of incubation.
However, as the dye concentration increases, the decoloriza-
tion percentage declines, which can be caused by the dye
cytotoxicity (Akansha et al. 2019).

Similarly, P. aeruginosa strain C decolorized the aqueous
medium in greater quantity under microaerophilic conditions

at 37 °C, showing a residual concentration of 3.93 ppm, which
corresponds to 92% discoloration of the medium (Table 1),
comparing with studies where strains Sz6 and SDz3 of
P. fluorescens, under static conditions at 26 °C, removed
95% and 87% of the Evans blue diazo dye, respectively
(Zablocka-Godlewska et al. 2012). Likewise, P. aeruginosa
has removed 52% of Reactive Red (50 ppm) in 120 h (Arshi
and Pandey 2014), showing strain C even more efficient in
bleaching of R-40 media.

P. aeruginosa strain C is a gram-negative bacterium and
presented the highest bleaching capability of R-40, due to the
fact this type of bacteria has a higher adsorption capacity than
gram-positive bacteria, such as B. subtilis 168 (Zablocka-
Godlewska et al. 2012). Both strains showed more efficient
bleaching activity under microaerophilic condition, in accor-
dance to strains of Bacillus, Pseudomonas, Proteus, and
Aeromonas genera that are more effective in anaerobic degra-
dation of a large number of azo dyes (Saratale et al. 2011)
under static and semi-static cultures, because the stirring sam-
ples are promoting oxygenation of the medium, which reduces
the activity of the azoreductases activity.

Conclusions

NAC preparation responds to green chemistry approaches.
The removal of Allura Red azo dye from an aqueous me-

diumwas equally efficient by a physical method of adsorption
based on nut activated carbon and by a biological process with
azoreductive characteristic, where the removal of the first pro-
cess was 99.9% of the dye, while biological process presented
92% of dye removal.

The physical activation with water steam allowed the NAC
to remove R-40 dye from the aqueous medium, and also it
provided a homogeneous structure and a chemisorption mech-
anism between R-40 and the carbonaceous material.

Either gram-positive or gram-negative bacteria were not
intoxicated by R-40; they were able to remove it in different
conditions. B. subtilis 168 and P. aeruginosa strain C showed
growth in liquid and solid media with the presence of R-40
dye, however, low oxygen availability at 37 °C in liquid

Table 2 Residual R-40 in
bacteria culture media after 168 h
incubation time. The data
expressed the means of three
independent measurements of
R-40 concentration (ppm) ± SD

Conditions 25 °C* 37 °C*

0 (h) 168 (h) 0 (h) 168 (h)

P. aeruginosa Aerobic 50.0 ± 0.013 12.546 ± 0.034 50.0 ± 0.025 6.718 ± 0.021

Microaerophilic 50.0 ± 0.019 5.892 ± 0.006 50.0 ± 0.024 3.933 ± 0.015

B. subtilis Aerobic 50.0 ± 0.028 31.041 ± 0.063 50.0 ± 0.022 19.568 ± 0.060

Microaerophilic 50.0 ± 0.052 12.815 ± 0.083 50.0 ± 0.031 15.652 ± 0.059

*Values expressed the means of three independent measurements of R-40 concentration ± SD
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medium proved the best condition for dye removal of
P. aeruginosa strain C. Both strains could remove R-40 under
same conditions. Synergistic cultures or tandem architectures
in combination with NAC could be performed.
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