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ABSTRACT

In the present study, the ability of Pseudomonas putida biomass on biosorption of Reactive blue 19
(RB19) and tetracycline (TC) antibiotic from aqueous solutions was investigated. Both of these pol-
lutants are harmful to human and environment safety. RB19 and TC are very resistant against the
chemical process used currently in the textile industry. And also, the TC is one of the emerging
antibiotics that is shown high resistant to the human-harm pathogens in the environment. These
work was conducted as a batch system with variable parameters including concentration of pol-
lutants, contact times, biomass dosages, pH, temperatures, and ionic presence. Characterization of
the biosorbent was determined by scanning electron microscopy and Fourier-transform infrared
spectroscopy. According to the experimental results the optimal removal efficiency obtained at pH
7, the initial concentration of pollutants 50 mg/L, the contact time 24 h, the temperature 37°C, and
the sorbent dosages 0.1 g/L for TC and 1 g/L for RB19. However, the removal efficiencies for RB19
and TC increased from 62.94 to 80.25 for RB19 and from 30.69 to 54.97 for TC with increasing the
biosorbent amounts. For TC, the biosorption capacity and the removal efficiency improved with
increase in the TC concentration. Moreover, increasing the initial dye concentration led to enhanc-
ing biosorption capacity while the removal efficiency reduced. The highest efficiency obtained at pH
7 and 6-7 for TC and RB19, respectively. Additionally, isothermal analysis of the biosorption pro-
cess agreed with the Langmuir model under (R* = 0.8919). The maximum biosorption capacity (g, )
for TC and RB19 were 19.84 and 5.94 mg/g, respectively. According to the results obtained, P. putida
strain has a promising biosorption capacity and can be used as a native strain for bio-synergy of
activated sludge in the removal of TC and RB19 compounds from aqueous solutions.
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1. Introduction the environment. Therefore, finding a promising process
to remove these pollutants is very needed [1,2]. Due to the
widespread use of primary compounds causing the emerg-
ing pollutants in the modern human life, these pollutants

Most of the emerging pollutants passes through the
conventional wastewater treatment processes and enters to
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are constantly entering the environment from countless
sources [3]. One of the most important ways of produc-
tion of these pollutants in the industrial processes can be
attributed to the activities of the pharmaceutical industry
(due to the biggest main concern of drug contamination,
that is, the group of antibiotics in terms of production and
consumption worldwide) and textile industries (because
of chemical dye’s consumption in a range of near ten
thousand different types) [4,5].

Dyes are the largest groups of organic compounds, lead
to the formation of colored wastewaters. Meanwhile, reac-
tive dyes are water-soluble anionic dyes. These dyes have
largely replaced the direct and azo dyes [6]. Reactive dyes
are mainly used for dyeing cellulose fibers such as cotton
and viscose. The reactive dyes are available in a wide range
and they are used with a large number of dyeing tech-
niques. In dyeing cellulose fibers with reactive dyes, the
following chemicals and auxiliaries are used [7]:

e Alkali (sodium carbonate, bicarbonate and caustic soda);

® Salt (mainly sodium chloride and sulphate);

e Urea may be added to the padding liquor in contin-
uous processes;

* Sodium silicate may be added in the cold pad-batch
method.

However, they are widely used in the textile indus-
try due to their ease of use and low energy consumption
[8]. Reactive blue 19 (RB19) is one of these dyes which is
an anthraquinone dye in terms of color factor and resis-
tance to the chemical processes that is currently used in the
textile industry [9]. RB19 dye structure are shown in Fig. 1.

The presence of antibiotic-resistant bacteria in aquatic
environments is the most important concern associated with
emerging pathogens in the environment [10]. Researches
showed that antibiotics are poorly absorbed in the body
organs, so most of these substances or their metabolites do
not change or enter sewer systems. The lipophilic prop-
erty of antibiotics cause to their stability and therefore they
can remain in the environment for a long time. However,
their presence in the human body even low concen-
trations is dangerous for the organs [11,12].

Pseudomonas putida bacterium has shown a high resis-
tant against these antibiotics in a variety of environments.
According to the literatures, P. putida is well able to degra-
dation of antibiotics. The production of biosurfactants by
P. putida, via increasing the emulsification of cyclic com-
pounds and alter surface tension and binding to the bacterial
cell surface, is responsible for that ability [8,13]. Generally,
the mechanisms involved in the biosorption process include
forming complexes, biological adsorption, ion exchange,
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Fig. 1. Structure of Reactive blue 19 dye.

chelating micro precipitation, and oxidation and reduction
reactions [14,15].

Objective of the present study was to use of the P. putida
bacterium as a biosorbent in removing RB19 dye and
antibiotics. For this purpose, the performance of biosor-
bent has been determined by examining the parameters
including contact time, pH, dye’s and antibiotic’s concen-
trations, biosorbent dosage, and ionic presence effects.
Moreover, isotherm studies were also studied [16].

2. Material and methods
2.1. Reagents

RB19 and tetracycline antibiotic powder (>99%) were
from Alvan Sabet Company, Iran and Sigma-Aldrich, USA,
respectively. P. putida strain (DSM 291) PTCC1694 was sup-
plied by Collections and Industrial Bacteria Institute, Iran.
P. putida is a gram-negative bacterium, rod-shaped, and
belongs to the group of soil saprotrophic bacteria. This strain
was in aerobic conditions at 37°C and pH = 7 in the envi-
ronment containing; beef extract, pepton, and agar. After
culturing on nitrite agar as a storage medium, P. putida
was maintained with periodic culturing at 4°C on plates
containing nitrite agar to conduct the experiments. In all
the steps of experiment, parameters such as temperature
and speed of the shaker were fixed at 37°C and 104 rpm,
respectively. In order to perform the experiments, 250 mL
Erlenmeyer flasks were used as batch reactors.

2.2. Tetracycline and RB19 biosorption experiments

In the present study the biosorption experiments were
designed based on one factor at the time. The studied param-
eters and range for removal of tetracycline were as follow:
biomass concentration (0.3, 0.1, 0.5, and 1 g/L), tetracy-
cline concentration (5, 10, 20, 50, and 100 mg/L), tempera-
ture (25°C, 35°C, and 42°C), and contact time (6, 12, 24, 48,
and 72). To study the Reactive blue 19 dye biosorption, the
studied parameters were including biomass concentration
(0.3, 0.1, 0.5, and 1 g/L), dye concentration (5, 10, 20, 50, and
100 mg/L), temperature (25°C, 35°C, and 42°C), and contact
time (6, 12, 24, 48, and 72). In overall the biosorption pro-
cesses, pH of the experimental solutions were adjusted to 7
with 0.1 mL of hydrochloric acid and 0.1 mL soda. In order
to investigate the equilibrium isotherm, an experiment was
conducted on the optimal biomass dosage and with con-
centration of 250 cc for both pollutants at the optimal pH.
The resulting mixture was stirred at 37°C in an incubator
shaker (104 rpm) for 24 h.

2.3. Analytical measurements

Residuals of tetracycline and RB19 dye concentrations
were determined using the UV-Visible spectrophotometric
method, as standard methods for the examination of water
and wastewater [17]. The samples were measured in the
wavelengths of 348 and 591 nm for tetracycline and RB19
dye, respectively, with DR5000 UV/Vis, HACH. And also,
bacterial density of the samples containing biomass, after
filtering, was determined with the mentioned spectropho-
tometer at the corresponding wavelength. However, the
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standard calibration curves were drawn with measuring
the different concentrations of tetracycline and RB19 dye
in the wavelengths of 348 and 591 nm, respectively, and
the final concentration of these compounds was extracted
from the calibration curve after the biosorption process. The
concentrations of pollutants were 0.1, 0.5, 1, 2, 3, 4, 5, 6, 7,
8, 9, and 10 mg/L. The pH of aqueous solutions was mea-
sured with a digital electronic pH meter system.

3. Result and discussion
3.1. Biomass characterization

In order to determine the size and shape of the biomass
after drying and turning into powder, the scanning elec-
tron microscopy (SEM) was used.

Fourier-transform infrared spectroscopy (FTIR) is a
new method to detect bacteria [18]. FTIR is based on the
absorption of radiation and the study of vibration jumps
in multi-atomic molecules and ions. This method is mainly
used to identify organic compounds, because the spectra of
these compounds are generally complex and have a large
number of maximum and minimum peaks that can be
used for comparative purposes. Each bacterium has a cell
wall/membrane complex that combines its own fingerprint

SEM MAG: 5.00 kx Det: SE
‘WD: 11.04 mm BI: 10.00
View field: 41.5 ym _ Date(m/dly): 05/19/19
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spectrum due to the stretching and vibration of the bond-
ing molecule in the functional groups in proteins, nucleic
acids, lipids, sugars, and lipopolysaccharides. Molecules is
different in each species. That’s why each bacterium has its
own range. However, SEM and FTIR analyzes were used
to evaluate the shape and structure and P. putida biomass.
Fig. 2a and b show a microscopic image of the microbial
biomass of P. putida before and after adsorption, respec-
tively. FTIR spectra are shown in Fig. 3. The range of this
spectra was from 500-4,000 cm™. A wide range of strong
peak at wavelengths of 3,407 cm™ is associated with -NH
and —-OH stretching vibration bands of alcoholic and amide
functional group. The peak at 2,928 cm™ corresponded to
the —CH stretching vibration of -CH, and -CH, group [19].
The peak at 1,633 cm™ is related to the stretching band of
the amide I and II group. The peak at 1,404 cm™ is related
to C=0 symmetric stretching of carboxyl salt (-COOH). The
peak at 1,112 cm™ can correspond to vibration of carboxyl (-
COOH) and phosphate groups (P=O and P-O) of the tripoly-
phosphate [20]. A strong peak at 1,066 cm™ can be attributed
to C-O stretching of alcohols and carboxylic acids. The
peaks related to the fingerprint region (543 and 619 cm™)
is ascribed to weak absorption bands but it is unique. In
general, the IR spectra are indicative of this fact that main
functional groups on the biomass surface include hydroxyl,

Det: SE
WD: 11.04 mm BI: 10.00
View field: 20.8 pm | Date(m/dly): 05/19/19
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Fig. 2. Scanning electron microscopy image of native Pseudomonas putida before (a) and after (b) adsorption.
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Fig. 3. Fourier-transform infrared spectra of Pseudononas putida biomass.
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carboxyl, sulphonate, amide, imidazole, phosphate and
phosphodiester groups.

3.2. Effect of the adsorbent dosage

The effect of P. putida biosorbent dosage on removal tet-
racycline (TC) and RB19 biosorption is shown in Fig. 4. This
analysis was conducted using the biosorbent dosage from
0.64 to 6.4 g/L for tetracycline and from 2.6 to 11.3 g/L RB19
for RB19 dye. The results indicate that an increase in bio-
sorbent dosage from 0.64 to 6.4 g/L lead to decreasing the
biosorption capacity from 23.78 to 4.26 mg/g for tetracycline
while increasing the biosorbent dosage from 2.6 to 11.3 g/L
reduced the biosorption capacity from 12.06 to 3.21 mg/g.
The results show that in low biomass dosage, the biosorption
capacity is higher than that in high biomass dosage. These
results are attributed to the availability of active unsaturated
sites for organic bonds. That means which at constant pol-
lution concentrations, in lower biosorbent dosages all of the
sorbents capacities were fully occupied, while in the higher
dosages, the capacities were not fully occupied [21,22].
Another hand, the removal efficiencies for RB19 and TC were
developed from 62.94 to 80.25 for RB19 and from 30.69 to
54.97 for TC by increasing the biosorbent value. This differ-
ence in efficiencies for RB19 and TC is related to the strong
attraction strength of RB19 with the biosorbent surface.

3.3. Effect of initial concentration of TC and Reactive blue 19 on
the sorption process

Effect of the initial concentration of dye on the
removal efficiency was carried out by varying the initial
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Fig. 4. Percentage removal of (a) tetracycline and (b) Reactive
blue 19 by Pseudomonas putida within 24 h.

concentration of pollutants, that is, tetracycline (1, 5, 10,
20, and 50 mg/L), and RB19 (20, 30, 40 and 50 mg/L). The
other experimental conditions were optimal pH (7), and
biosorbent dosage (1 g/L for RB19 dye and 0.1 g/L for tet-
racycline). The obtained results are depicted in Fig. 5.
As can be seen, the biosorption capacity increased with
increasing the initial concentration of pollutants. When the
initial concentration of TC increased from 1 to 50 mg/L,
the capacity increased from 0.21 to 35.77 mg/g. Moreover,
increasing initial dye concentration 20 to 50 mg/L has led
to enhancing biosorption capacity from 2.13 to 4.65 mg/g.
Additionally, the results were indicative of this fact that
reducing the initial concentration of TC will be associated
with the development of the removal efficiency. The reason
for this phenomenon is the equality of the free hydroxyl
radical (OH*) with the number of the biosorption sites on
the biosorbent surface [1]. Therefore, the samples with
lower TC concentrations with the same hydroxyl radi-
cal will have more chance for degradation compared to
the samples with a higher concentration of antibiotics. In
the lower initial concentrations of reactants, the ratio of
the initial number of sorbate molecules to the active bio-
sorption sites are low, and as a result, the biosorption will
independent of the initial concentration [16].

3.4. Effect of pH and ionic strength on the adsorption of TC
and RB19

One of the most important factors influencing the bio-
sorption capacity is the pH of the solution. The biosorp-
tion efficiency depends on the pH of the solution because
changes in pH lead to changes in the degree of ionization of
the biosorbent molecule and the properties of the biosorbent
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surface. The effect of solution pH on the rate of removal
of TC and RB19 by P. putida strain was investigated in the
range of 5-9. The results show that the highest amount of
biosorption was performed at pH = 7. It is clear that the
pH changes affect the TC biosorption (Fig. 6), because the
pH affects both the biosorbent charge and the TC charge.
In this pH range, the maximum biosorption rate was
obtained at pH =7, and in contrast, in the pH values less and
more than this, biosorption capacity decreased.

Due to the weak acid separation of the TC molecule, it
can be seen that electrostatic attraction and the formation of
ionic bonds were not the main mechanisms in the biosorp-
tion process [23]. The interaction of -7 bonds in the ben-
zene rings of the TC molecule with the biosorbent surface
is one of the most important biosorption parameters. Now,
regarding the RB19 dye, it is an anionic dye with positive
charge due to having the negative groups of sulfonates in
its molecular structure; therefore, the dye biosorption is
desirable due to the positive charge on it (pH > pH 24].

PZC) [

3.5. Effect of reaction time on the biosorption of TC

Biosorption capacity and efficacy of TC and color
removal by P. putida biomass are prepared as Fig. 7. The
results showed that the removal efficiency increases with
increasing contact time. However, the highest biosorption
rate is obtained for TC in the first 6 h and for dye in the first
12 h. Then, the biosorption rate had a mild trend until it
reaches equilibrium. The dye biosorption capacity reached
equilibrium after 12 h of reaction time. After this, the bio-
sorption capacity of biomass and dye removal efficiency has
not changed anymore. In this equilibrium, the biosorption
capacity and dye removal efficiency were 3.99 mg/g and
69.59%, respectively.
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Fig. 6. Effect of pH on percentage adsorption: the percent-
age removal of (a) tetracycline and (b) Reactive blue 19 by
Pseudomonas putida within 24 h.

It is clear that biosorption by Pseudomonas biomass has
occurred in two phases. The greater biosorption in the ini-
tial phase is related to the more vacant sites at the beginning
of the process. In the next phase, the problem is that the
remaining vacant sites are not occupied due to the repulsive
force of the dye ions in the liquid phase [25]. Subsequent
microbial precipitation and saturation of the connection
sites in the next phase involve slower ionic interaction
[26]. The results of this study were consistent with the
studies conducted for the removal of azo dyes by Rhizopus
arrhizus and lead removal by Lysinibacillus fusiformis,
the initial contact time of these studies were 15-20 min
and 60 min, respectively [6,13].

3.6. Effect of temperature on the biosorption of TC

Temperature is another important parameter in the
study of biosorption processes. Fig. 8 is depicted the results
of the temperature effects on the biosorption process of TC
and RB19 dye by P. putida. The range of selected tempera-
tures were to be 25°C, 35°C, and 45°C. Increasing the tem-
perature damages the attraction forces between active sites
and TC molecules, and more variable complex shape is
made, and the rate of biosorption capacity increases. The
study conducted by Parajuli and Hirota [27] is in agreement
with the results of the present study.

3.7. Effect of influence of ions on the process of adsorption

Pharmaceutical and textile industry wastewaters con-
tain a variety of suspended solids and soluble compounds
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Fig. 7. Effect of contact time on percentage adsorption: the
percentage removal of (a) tetracycline and (b) Reactive blue
19 by Pseudomonas putida within 24 h.
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Fig. 9. Effect of ions on the biosorption of tetracycline (a) and
Reactive blue 19 (b).

that are considered as impurities in the removal process.
These impurities include cations (Na*, NH*, Ca*) and ions
(CI, NQ,, CO;"), which are most of the metal ions present in
wastewater in the pharmaceutical and textile industries [2].
Fig. 9 shows the effect of ions on the biosorption of TC and
Reactive blue 19. The results show that with increasing ions,
the biosorption potential increased. The ions effect on dye

biosorption is higher than that of TC. The presence of sulfonic
functional group (R-SO,Na) on chromophore of RB19 dye
causes a positive charge, and the presence of ions increases
the electrical charge of the cell surface [28]. The presence of
chloride and bicarbonate salts has resulted in a very posi-
tive charge on the cellular sorbent surface, which greatly
reduces the electrostatic repulsive force [29]. Thus, the pro-
moting order on TC and RB19 biosorption by inorganic ions

followed the sequence HCO; > Cl” ~~ NO; = SOZ2 >Na*, K"
for TC NO; = SOZ2 ~K"~HCO, ~CI" >Na", K"
for RB19.

and

3.8. Equilibrium studies

In this study, the biosorption behavior of Reactive blue
19 dye and TC was tested by Freundlich (1) and Langmuir
isotherms to determine the best adsorption state for this
type of adsorbent. Langmuir adsorption isotherm is more
useful for single-layer adsorbents. In this type of isotherm,
a layer of dissolved substance molecules is absorbed onto
adsorbent, and at all adsorbent surfaces, the amount of
adsorbed energy is assumed to be the same and adsorption
bonds are presumed reversible [22,30].

3.8.1. Langmuir isotherm

qulcc
= dmre 1
e 1+kc, @

where g: amount of substance adsorbed per unit mass of
adsorbent (mg/g); C: concentration of the adsorbate in the
liquid phase before reaching the equilibrium state (mg/g);
q,... maximum adsorption capacity (mg/kg); k; Langmuir
isotherm constant, which is determined for each system at a
given temperature (mg/L).

3.8.2. Freundlich isotherm
logg, =logk, + 1log C, )
n

where g: amount of substance adsorbed per unit mass of
adsorbent (mg/g); C: concentration of the adsorbate in the
liquid phase before reaching the equilibrium state (mg/g);
k., n: Freundlich isotherm constants are related to the
capacity and energy of adsorption.

Given that one of the assumptions of the Freundlich
isotherm model is that the process of adsorption occurs
at the heterogeneous (multi-layered) energy levels, this
model indicates that the surface of adsorbent used is not
uniform.

The Langmuir characteristics parameters and the
correlation coefficient with respect to this equation are
given in Table 1. And the resulting plots are shown in Fig. 10.

Examination of adsorption equilibrium and mecha-
nisms affecting it shows that the biosorption process of TC
and RB19 dye follows the Langmuir isotherm. This conclu-
sion is based on the correlation coefficient of the equation of
each isotherm. Isotherm constants are shown in Table 1. The
results show that the biosorption of RB19 on the biomass,
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Table 1
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Values of the Langmuir and Freundlich adsorption isotherm for tetracycline and Reactive blue 19

Contaminant Biosorbent Langmuir isotherm Freundlich isotherm
Grnex (ME/8) b (L/mg) R k; (mg/g) n R
Tetracycline Living 19.84 0.032 0.428 0.207 0.681 0.994
Reactive blue 19 dye Living 5.94 0.278 0.898 3.64 2.52 0.936
2.0 25
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Fig. 10. Langmuir and Freundlich isotherms for the biosorption of tetracycline (a and c) and Reactive blue 19 (b and d) by

Pseudomonas putida bacteria.

Table 2

Comparison of biosorption capacity of studied biosorbent with other biosorbents

Compound Biosorbent q (mg/g) Experimental conditions References
Pb(II) Pseudomonas aeruginosa 53.9 pH=6.2,29°C [32]
Pb(II) Lysinibacillus fusiformis 54.64 pH=6.2,27°C [33]
Pb(II) Bacillus badius 1.65 pH=4.5,30°C [34]
Acid red 88 Ulva reticulata 16.54 pH=7 [35]
Trypan blue Aeromonas hydrophila RC1 13.091 pH=7,28°C [36]
Tetracycline Pseudomonas putida 19.84 pH=7,35°C This work
Reactive blue 19 Pseudomonas putida 5.94 pH=7,35°C This work

according to the correlation coefficient of 0.89, follows the
Langmuir isotherm, and the maximum biosorption capacity
based on Langmuir model was 5.94 mg/g biosorbent. The
biosorption of TC on biomass follows the Langmuir isotherm
coefficient with respect to the correlation coefficient of 0.42,
and the maximum biosorption capacity of the Langmuir
model was 19.84 mg/g of biosorption [31].

3.9. Comparison of adsorption capacity with the biosorbent

The biosorption capacity of TC and Reactive blue 19
on studied biosorbent was compared with other biosor-
bents in Table 2. Different biosorption capacities depend
on the biosorbent characteristics and chemical structure
of the reactants [6].
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4, Conclusion

In this study, the P. putida bacterium was used for bio-

sorption of TC and RB19 dye. As obtained results, below
cases are concluded.

Removal rate of TC is more sensitive than that for RB19
dye on increasing the biosorbent mass.

P. putida biosorbent could be more applicable for treat-
ment real water because of its well efficiency at natural
pH, 6-7.

Water in high temperatures would be well target to
P. putida biosorbent for removal of TC. That is while RB19
dye was well removed in a broad range of temperatures.
In further studies, it will be hope to improve the removal
efficiency and time reduction by adding some func-
tional groups. And also, it will be good to apply that on
real water and wastewater.

Finally, the biosorbent derived from P. putida would
be a promising sorbent to remove of TC and RB19 dye
from aqueous solutions. The effect of the parameters
studied on the process was significant.
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