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Abstract: Presented research aimed to develop an alternative approach for the
estimation of biosorption capability of sunflower husk. The acid-pretreated
sunflower biomass was characterized by scanning electron microscopy com-
bined with energy dispersive X-Ray spectroscopy (SEM-EDX) analysis and
Fourier transform infrared (FTIR) spectroscopy. Biosorption efficiency has
been evaluated using inductively coupled plasma optical emission spectroscopy
(ICP-OES) and laser-induced breakdown spectroscopy (LIBS). The adsorption
capacity of the adsorbent was determined as the function of the pH of the sol-
ution, the initial concentration of heavy metal solutions, and contact time. The
optimal conditions were achieved after 15 min of contact at pH 6, while the
percentage of the removal was from 80.0-98.7 %, depending on the element.
The results obtained from the kinetic and isotherm studies show that maximum
adsorption of ions was quickly reached and followed the pseudo-second-order
kinetic model. Real samples were tested and obtained Ni values by LIBS
method were 3100+200 and 1240+100 mg kg!, while estimated values by the
ICP-OES were 2995+20 and 1130+10 mg kg'!, respectively. The obtained
results prove that LIBS method can be used as a “green alternative® for the
evaluation of biosorption efficiency.
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INTRODUCTION

In the past decades, rapid world progress and the constant rise of anthro-
pogenic activities caused serious contamination of the environment by a whole
range of pollutants. As a result of growing industrial and technological applic-
ations wastewater can often contain a wide range of heavy metals. Heavy metals
represent metallic elements that have at minimum 5 times larger atomic weight
and a density than water.! These elements are known as non-degradable in the
environment and due to their toxicity for living organisms, their presence in the
water resources making those resources unavailable for ecosystem and human
activities. Furthermore, these elements are usually persistent in the soil with a
very long residence time because heavy metal ions do not reduce into harmless
compounds.?

At the same time, there is a general recognition that future global prosperity
is directly dependent on the availability of clean water and soil and consequently
wastewater polluted by heavy metals should be treated prior to their release to the
environment. However, removing metal ions from wastewater is a great chal-
lenge for their significant solubility in water solutions. There are various conven-
tional treatment technologies developed for the removal of heavy metals from the
wastewater such as chemical precipitation, ion exchange, membrane filtration
and separation, solvent extraction, reverse osmosis, electrochemical treatment,
etc.3 However, these techniques are commonly having some drawbacks asso-
ciated with incomplete metal removal, generation of sludge with secondary pol-
lution, and generally high cost due to high reagent and energy requirements.

As an alternative, the biosorption process was proposed approximately 70
years ago and since then it has been a target of numerous research in order to
prepare more efficient, more effective, and more economic biomaterials.*5 Due
to the fascinating features primarily the availability of different low-cost adsorb-
ents and easy operation, this eco-friendly method can be considered a sustainable
and more efficient method for the removal of heavy metals from aqueous solut-
ions.5:6 According to Robalds et al., metals biosorption is a process of catching
heavy metals by physical adsorption, chemisorption (complexation, coordination,
and chelation), ionic exchange, and microprecipitation.” Biomaterials have no
significant costs and their sorption potentials are mainly due to the presence of
carboxylic and phenolic functional groups in the cellulosic matrix or components
associated with cellulose such as lignin and hemicellulose which are found to be
responsible for metal sorption.®

Biosorbents are typically prepared from naturally waste biomass and there-
fore agricultural waste materials have been used as a rich source for low-cost
biosorbents.>-8 Serbia is traditionally an agricultural country while sunflower is
the most common oil plant. It is grown on around 180,000 ha and it is one of the
most important export products.” After industrial processing of sunflower,
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between 325,000 and 360,000 t of the sunflower husk waste often ends up at
landfills or being used as an energy source. !0

Toxic and not biodegradable heavy metals, included in this study are Pb, Cu,
Ni, Co, Cd, and their toxicity can be determined from the absorbed amount, the
route of introduction and duration of exposure.!! They tend to accumulate in the
living organisms and induce numerous health problems including the weakening
of the immune system, cardiac dysfunction, fetal malformation, impaired psycho-
logical and neurological behavior, and cancer when present in the range of ppb.12
Sunflower residues such as stalk and husk can be used for the removal of heavy
elements and there are several reports regarding this topic.2:10:13-15 Sunflower-
-derived adsorbents as raw material, such as in this manuscript, or as thermally
treated materials (biochar and activated carbons) have shown great efficiency for
the removal of various toxic elements and organic pollutants from synthetic
wastewaters. !

Conventional and well-established spectrochemistry methods (ICP-OES,
AAS and XRF) are usually dedicated to the estimation of biosorption efficiency
of heavy metals by providing information about heavy metals concentration
before and after sorption.10:17 However, laser-induced breakdown spectroscopy
(LIBS) that uses a pulsed laser as an excitation source attaches more and more
interest and importance as a modern analytical method for fast, easy scale-up and
in situ elemental analysis of the various types of samples.!8 Furthermore, as a
cost-effective alternative to commercial LIBS systems, a transversely excited
atmosphere carbon dioxide (TEA CO,) laser-based LIBS setup was proposed by
Momcilovic et al.19 Some exclusive properties such as rapid, multi-element ana-
lysis of any kind of material, non-contact and almost nondestructive, independent
of sample conductivity, geometry and size make this method superior to the other
standard optical emission techniques.20-21 Moreover, TEA CO, LIBS method
does not use any hazardous reagents and solvents and maximizes safety for oper-
ators and the environment which creates it in full accordance with the principles
of green analytical chemistry.21-22

The main aim of the present research was to study the adsorption properties
of sunflower seeds husk in relation to heavy metal ions present in mono- and
multi-cationic aqueous solutions in order to obtain a higher sorption capacity.
The influence of various metal ion concentrations, pH levels, contact time, and
the kinetics of adsorption were investigated. To the best of our knowledge, this is
the first report on the application of transversely excited atmospheric (TEA) CO,
based LIBS for fast and effective estimation of biosorption efficiency.

EXPERIMENTAL
Biosorbent preparation

Treatment of sunflower husk and stock solutions of heavy metals. Sunflower seeds were
obtained from a local market, and husks were manually separated from the core. Then, in
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order to remove the potential impurities, obtained husk was washed thoroughly with deionized
water. Furthermore, obtained material was treated with a 0.5 % solution of hydrochloric acid.
The mixture was stirred periodically, and the pretreatment was carried out for 1 h. The residue
material was rinsed with deionized water. The sunflower husk was dried in an oven at 100 °C.
In addition, dried sunflower husk was grounded and sieved to obtain sorbent with a size of
grains less than 1 mm and stored in the desiccator.

Stock solutions of heavy metals were prepared by resolving the appropriate amount of
water-soluble salts of these elements in deionized water (CuSOy4-5H,0 Centrohem; CdANO5-4H,O
Superlab; NiCl,-6H,O Merck and Pb(NO;), Centrohem). The final concentrations in these
solutions were determined by ICP-OES method, and were used for adsorption experiments.

The percent of metal ion removal (R / %) was calculated using the following equation:

R=1009"C% (1)

CC

where ¢; and c, are the initial and final concentrations of metal ions in the solution, respect-
ively.>!12 The adsorption capacity of adsorbent for the metal ions at equilibrium is calculated
using the following formula:

At @

m

where V is the volume of solution and m mass of the used biosorbent.!2

Effect of pH. The effect of pH on biosorption was investigated by using batch mode in a
pH range of 2.0-7.0. Other parameters that were held constant were as follows: concentrations
of Cu, Ni, Pb and Cd ions (50.1, 51.7, 53.6 and 52.0 mg L-!, respectively), time of contact
between sorbent and solution (15 min) and mass of adsorbent (0.5 g). A 40 mL of stock sol-
utions of Cu, Ni, Pb and Cd were measured and placed in polyethylene (PE) bottles. After that
the pH was adjusted with 1% solutions of hydrochloric acid or sodium hydroxide to the des-
ired value. Then, the sorbent material was weighed in the amount of 0.50 g, and the PE bottles
with this content were agitated at 200 rpm on a platform shaker for 15 min. Finally, the super-
natant was filtered and stored in the refrigerator for the ICP-OES analysis.

Effect of contact time. Effect of contact time was studied in a batch system, maintaining
the constant initial conditions as the following: concentrations of Cu, Ni, Pb and Cd ions
(obtained by ICP-OES analysis) were 50.1, 51.7, 53.6 and 52.0 mg L°!, respectively, pH of
ions solution was set at 6, and the mass of the adsorbent was 0.50 g. A 40 mL of Cu, Ni, Pb
and Cd solutions were mixed with 0.50 g of sorbent material in PE bottles. The samples were
shaken for 1, 3, 5, 15, 30 and 45 min, and thereafter the supernatant was filtered and stored in
the fridge for the ICP-OES analysis. The residual sorbent was dried in an oven at 70 °C. The
dried sorbent was placed in a plastic bag and stored in the desiccator for the LIBS analysis.

Simultaneous adsorption of Cd, Cu, Pb and Ni by treated sunflower husk. In order to test
a tendency of Cd, Cu, Pb and Ni to be adsorbed from multielement solutions, seven samples
containing similar concentrations of elements were prepared: Cu—Pb; Cu—Cd; Cu—Ni; Pb—Cd;
Pb—Ni; Ni-Cd; Cu—Pb—Cd-Ni. A 40 mL of each sample was mixed with 0.50 g of sorbent
material and the PE bottles with this content were agitated at 200 rpm on a platform shaker for
15 min. Finally, the supernatant was filtered and stored in the refrigerator for the ICP-OES
analysis.

Adsorption isotherm. Adsorption isotherm experiments were carried out using seven
single element solutions per element in a concentration range from 10 to 200 mg L-'. A 20 mL
of each solution was mixed with 0.50 g of sorbent material in PE bottles, and this content was
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agitated at 200 rpm on a platform shaker for 15 min. The supernatant was filtered and metal
concentrations in the filtrates were determined by ICP-OES. The experiment data have been
analyzed by the use of linear forms of Langmuir and Freundlich isotherms. The Langmuir
isotherm model is represented by the following equation, in linear expression:
Ce_ 1 L c 3)
qe quL 9m
where ¢, is the sorption uptake; ¢, is the equilibrium concentration of the sorbate; ¢, is the
maximum amount of the sorbate per unit of the weight of the sorbent, and K7 is the Langmuir
constant and it is related to the free energy of sorption.!4

The linear expression of the Freundlich isotherm is represented by the following equation:
1
logg. =log Ky +—logc, @)
n

where ¢, is the metal uptake at equilibrium, Ky is the measure of the sorption capacity, 1/n is
the sorption intensity, and ¢, is the final ion concentration in the solution.??

Calibration set preparation for LIBS analysis. In order to prepare a calibration, set for
the LIBS analysis, a previously developed method for the matrix-matched standards was
applied.?* A 2 g of biosorbent were mixed with appropriate amounts of multielement standard.
Mixtures were diluted with deionized water, homogenized, and dried at 70 °C overnight. The
resulting dry mixture was homogenized. To check the concentration of the analytes in the
LIBS calibration set, a small amount of samples were acid digested in the microwave and
analyzed by ICP-OES.

Use of sorbent in wastewater. Two real samples were used in this study: a sample of
technical water was spiked with a solution of the spectroscopically pure standard of Ni and
one sample of industrial wastewater with elevated concentrations of Ni. A 40 mL of sample
was treated with ~0.50 g of sorbent in a polypropylene bottle. The sample was shaken for 30
minutes at pH 6. The supernatant was filtered and stored in a fridge for ICP-OES analysis.
The residual sorbent was dried in an oven at 70°C after that were placed in a plastic bag and
stored in the desiccator for LIBS analysis.

ICP-OES analysis

All aqueous solutions, stock solutions of heavy metals, synthetic wastewater (spiked
sample of technical water), and the real sample of wastewater, used for this research, were
analyzed by Thermo Scientific iCap 7400 duo ICP-OES instrument before and after contact
with the biosorbent. For calibration, 1000 mg L-! Multi-element ICP Standard solution
(Chem-Lab, Belgium) was used. All measurements were performed in triplicate. The Thermo
Scientific Qtegra Intelligent Scientific Data Solution (ISDS) software was used for data acqui-
sition and processing.

LIBS analysis

The experimental setup used for the determination of heavy metals in the biosorbent is
shown in Fig. 1. A 10.6 pum TEA CO, laser with a repetition rate of 1 Hz and output energy of
160 mJ was used to induce a plasma on the biosorbent surface. Optical emission from plasma
was recorded using a Carl Zeiss PGS2 spectrometer equipped with an Apogee CCD camera.
The entrance slit of the spectrometer was set at 30 um, while the time of spectra acquisition
was 5 s. Biosorbent sample was applied with adhesive tape on the metal sub-target (>99.9 %
pure aluminum) and it was put on a continual motor to achieve that with every single pulse a
fresh area of the sample was analyzed.
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944 RADENKOVIC et al.

Fig. 1. LIBS experimental setup: 1) TEA CO, laser beam focus by ZnSe lens in front of the 2)
metal sub-target covered with the biosorbent; 3) spectrometer for the acquisition of optical
emission from laser-induced plasma.

Fourier transform infrared spectroscopy and scanning electron microscopy

Before and after being used, biosorbents were analyzed by Fourier transform infrared
(FTIR) spectroscopy and scanning electron microscopy (SEM). FTIR spectra of the samples
were recorded at ambient conditions in the mid-IR region (400-4000 cm™!) with a Nicolet IS
50 FT-IR spectrometer (Thermo Fisher Scientific) operating in the ATR mode and measuring
resolution of 4 cm™! with 32 scans. The peaks existing in the 23001800 cm™! spectral range
represent artifacts from diamond crystal. ATR-FTIR spectra analyses served as a probe for the
identification of surface functional groups before and after copper sorption. SEM was used to
characterize the morphological changes of the surface of the sunflower husk before and after
the biosorption process. SEM analysis of samples was performed using a JEOL JSM-6610LV
scanning electron microscope (JEOL GmbH, Germany). The SEM instrument was operated at
20 kV. Before analysis, all samples were gold coated for electrical conduction.

RESULTS AND DISCUSSION
Biosorbent characterization

Fourier transform infrared spectroscopy. The ATR-FTIR spectra of biosorb-
ent before and after copper ions sorption are presented in Fig. 2. Several absorp-
tion bands were detected which is in accordance with the complex nature of
adsorption material. The spectra of non-treated biosorbent (Fig. 2a) contain bands
that stem from vibrations of functional groups characteristic for lignocellulosic
material. Strong and wide band originating from O-H stretching vibrations
caused by the presence of alcoholic (cellulose, lignin) and phenolic hydroxyl
groups (lignin) is appearing at 3337 cm™! in the spectrum of non-treated biosorb-
ent (Fig. 2a). This band is shifted towards 3342 cm™! after Cu(Il) solution ads-
orption, indicating the involvement of the OH group in the Cu2* adsorption pro-
cess. A very weak band observed at 3008 cm™! is due to =C—H stretching vibrat-
ions of phenyl propane lignin structure or unsaturated fatty acid,!0 which disap-
peared after treatment of the sunflower seed hull sample with Cu(Il) solution
(Fig. 2b). The presence of —CH»— (acyclic) in the sample was confirmed by the
existence of two bands at 2923 and 2854 cm! that are assigned to asymmetric
and symmetric C—H stretching vibrations, respectively.2> The structure of these
two bands has been disrupted after treatment with a copper ions solution. A sharp
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band of medium intensity appearing at 1741 cm~! originates from characteristic
vibration of the carbonyl group (C=0)20 and is shifted towards 1734 cm™! after
Cu(II) sorption. The bands appearing at 1637, 1508 and 1420 cm™! are related to
the aromatic skeletal vibrations of benzene ring in lignin and are assigned as fol-
lows:27 C=0 stretching conjugated to the aromatic ring, aromatic skeletal vibrat-
ions of the benzene ring in lignin and C—H deformation vibrations, respectively.
The shift of a band originating from the C=0 stretching conjugated to the aro-
matic ring to a higher wavenumber value (1653 cm™!) has been observed. Strong
absorption observed at 1031 cm™! is attributed to C—~O—C pyranose ring skeletal
vibration (cellulose).28
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Fig. 2. Comparison of ATR FT-IR spectra of sunflower seed husk before (a) and after (b)
sorption of Cu (II).

Scanning electron microscopy. The micrographs were recorded at two mag-
nification scales using secondary electron image (SEI). Topography images are
shown in Fig. 3. As can be observed from Fig. 3a, the surface of the sunflower
husk is asymmetrical, heterogeneous, and has a microporous structure. There are
no significant differences between these two samples regarding the morphology,
but it seems that the surface of the sunflower husk becomes more heterogeneous
after the sorption of copper from the aqueous solution. Additionally, EDX ana-
lysis is performed and approximately 0.68 % of Cu was detected in the biosorb-
ent after the contact of the biosorbent with the aqueous solution of copper.

Effect of contact time and pH on biosorption. The effect of the contact time
on the batch adsorption of Cu, Ni, Pb and Cd in an aqueous solution with pH 6 is
shown in Fig. 4A. According to the results, it can be concluded that the uptake of
these elements occurred almost instantly within the first 5 min. This fact implies
that, on the surface of the sunflowers husk, there was a large number of funct ional
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,. ! | at A .
Fig. 3. Scanning electron micrographs of sunflower husk: A) before contact and B) after
sorption of Cu from the aqueous solution (enlargement 100 and 1000%).

groups available to interact with the metal cations in the water solution. Two dis-
tinguished stages of adsorption can be observed. The first one is rapid and
quantitatively predominant while the second one is slow and quantitative, Fig.
4A. This observation can be connected to the fact that initially the adsorption
sites are available for interaction with these elements, and they can easily interact
with them. After 5 min, these elements are accumulated in the large available
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I Cu
; .| Mo
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) —— . 2
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=
——Ni g
1 —4—Cu 2
+-cd
Pb
0 o,
0 5 10 16 20 25 30 35 40 45 2 3 4 5 6 7
t/ min pH

Fig. 4. Biosorbent efficiency evaluation using ICP-OES: A) effect of the time of contact and
B) pH of aqueous solutions.
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surface binding sites slowing down adsorption.23 Competition of these elements
has also been investigated. Several multi-element models were evaluated using
their removal efficiency: Cu—Ni (94.4, 77.7 %), Pb—Ni (98.8, 83.65 %), Cu—Pb
(94.5, 99.0 %), Ni—Cd (73.7, 86.4 %), Pb—Cd (92.82, 87.9 %) and Cu—Cd-Pb-Ni
(76.4, 66.7, 77.4, 63.2 %). As it can be seen the highest removal efficiency is
obtained for Pb in all combinations, and it can be acknowledged that the biosorb-
ent shows an affinity for these elements in the following order Pb > Cu > Cd > Ni
atpH 6.

Biosorbent efficiency evaluation using ICP-OES technique

The initial pH of the aqueous solution can affect the sorption process due to
complexation reactions, electrostatic interactions, and precipitation between the
heavy metal ions and biosorbent.2 Fig. 4B illustrates a variation of the removal
efficiency of Ni, Cu, Cd and Pb by sunflower husk-based biosorbent. At pH > 8
precipitations of all hydroxides started, and hence, higher pH was not inves-
tigated for the present study. At pH 2 sorption is negligible compared to the
higher pH values. This can be associated with the competition of H* with heavy
metals ions for the adsorption sites. The highest removal efficiency was achieved
at pH 7 for Ni and pH 6 for Pb. In Fig. 4B it can be seen that the highest removal
efficiency for Cu and Cd is at pH 7. Considering that at this pH concentration of
both elements available for the sorption decrease due to the formation and preci-
pitation in form of hydroxides, it cannot be considered as a maximum efficiency
of removal with the proposed method.

Biosorbent isotherms and kinetics. The adsorption isotherms describe the
relationship between amount of adsorbate per unit mass of biosorbent and the
concentration of the adsorbate when the equilibrium is reached. The experimental
results obtained, for this purpose, were fitted to Egs. (3) and (4) according to
Langmuir and Freundlich model. Results are summarized in Table I. The bio-
sorption process was well described by the linear form of the Freundlich model,
and the adsorption intensity 1/n was less than 1 for all investigated elements,
showing that this is favorable sorption. Furthermore, the values of regression
coefficients (R2) higher than 0.97 for Cu, Ni and Cd suggest that Langmuir iso-
therm well described the sorbent process for these elements.

TABLE 1. Parameters of Langmuir and Freundlich isotherms models used to describe the
adsorption of heavy metals on sunflower husk

Ton Langmuir model Freundlich model

gm/mggl K /Lmg!  R2 1/n Kp/mg g (L mghH" R?
Cu (IT) 4.1697 0.8628 0.998  0.6335 0.7191 0.981
Ni (IT) 2.4297 0.3276 0.9727  0.5509 0.3368 0.9626
Cd (I1) 5.3302 0.6517 0.9831 0.5214 0.7145 0.9803
Pb (I) 9.9124 1.2538 0.2878  0.7404 1.6911 0.8399
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948 RADENKOVIC et al.

The pseudo-second-order Eq. (5) where ¢; is metal uptake capacity at any
time ¢ and k is the rate constant,23 fitted the experimental data fit very well with
the correlation coefficient R2 > 0.999:

Lot (5)

q; kzqez 9e

The equilibrium rate constant of the pseudo-second-order &y was in the range
from 0.31-2.60 g mg~! min~! while the g, were 2.69, 3.54, 4.85 and 5.82 for Ni
(y=0.1616 + 0.3714x), Cu (y = 0.1616 + 0.3714x), Cd (y = 0.1616 + 0.3714x)
and Pb (y =0.1616 + 0.3714x) respectively which is in accordance with the expe-
rimentally obtained values. These observations indicate that the biosorption of
the tested metal cations follows a pseudo-second-order kinetic model and suggest
that the cation adsorption process is controlled by a chemical reaction that has
already been successfully applied to describe heavy metal biosorption on similar
biosorbents.30:31

Biosorbent efficiency evaluation using LIBS technique

Plasma was induced by irradiation of the biosorbent by TEA CO; laser at
atmospheric pressure. Optical plasma emissions were observed at 1 mm from the
surface of the target and each spectrum (Fig. 1) was recorded three times. Each
time-integrated LIBS spectrum was recorded by accumulation measurements of 5
consecutive spectra (from 5 different positions on the sample), and the obtained
emission lines of the elements of interest are given in Fig. 5A. By using synthetic
standards, calibration curves have been constructed and used for the evaluation of
the adsorbed concentration of heavy metals by biosorbent, Fig. 6. These calib-
ration curves showed a low sensibility. This is caused by the strong matrix effect
due to the large size of biosorbent particles and the complex nature of laser-
sample interaction processes.2! It can be concluded that using finely ground mat-
erials can provide lower limits of detection. Furthermore, the effect of the contact
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Fig. 5. LIBS analysis: A) segments of the LIBS spectra with the focus on the emission lines of
analytes used in this study; B) comparison of measured concentration by LIBS and by
ICP-OES technique.
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time was investigated using this technique, and results were compared to the
results estimated using the results of ICP-OES analysis of the supernatant. From
Fig. 5B it can be observed that concentrations obtained by these two methods are
in agreement when the contact time is about 30 min. Each LIBS spectrum repre-
sents an average spectrum from 5 different locations of the sample. Obtained
results may indicate that sorption sites of biosorbent might be locally filled and
need more time to achieve the equilibrium concentration. Even though the time
for the batch testing is longer for the LIBS analysis than for the ICP-OES ana-
lysis, it cannot be considered time-consuming.

4004 160
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300 120 -
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//.Q/
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Fig. 6. LIBS calibration curves for 4 investigated elements.

Furthermore, the proposed method has been tested on the real sample of the
industrial wastewater and one spiked sample of technical water. After the treat-
ment, the biosorbent was analyzed by LIBS method while the supernatant was
tested by ICP-OES technique. Using the results obtained by the ICP-OES ana-
lysis, the concentration of Ni in the sorbent after sorption was estimated. The
obtained Ni values by LIBS method were 3100+200 mg kg~! for the wastewater
sample and 1240+100 mg kg! for the spiked technical water, while estimated
values by the reference method (ICP-OES) were 2995420 and 1130+10 mg kg1,
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respectively. The difference between values obtained by these two methods is
within the uncertainty of the LIBS method, proving that LIBS can be used as a
“green alternative” for the evaluation of biosorption efficiency. Furthermore,
LIBS instrumentation can be modified to be mobile, and it can be used for on-site
measurements, which is not the case with the ICP-OES method. Moreover, zero
waste is generated during the LIBS analysis while the sustainable character of the
proposed method is additionally reinforced by the possibility of recovery and
reuse of biosorbent.

CONCLUSION

The obtained results in the presented study revealed that acid pretreated bio-
mass of sunflower husk can be used for the removal of heavy metals from
aqueous solutions. Prepared biosorbent material was characterized by FTIR and
SEM-EDS which showed shifting the bands of —OH and carbonyl (C=0) groups
while the surface of the biosorbent became more heterogeneous affected by the
adsorptions of copper ions. The removal percentage of heavy metals by biosor-
bent was investigated and results showed that for the Pb, Cu, Cd at pH 6 removal
efficiency were 98.7, 90.3 and 80.0 %, respectively, and for Ni at pH 7 was 94.0 %.
Langmuir and Freundlich isotherm models provide a good fit with the experi-
mental data. The pseudo-second-order kinetic model fit excellent the experimen-
tal data while the calculated g, these elements were in accordance with the expe-
rimentally obtained values. Furthermore, the efficiency to remove toxic metal
ions from the real wastewater sample by the usage of the sunflower husk as a
biosorbent was evaluated by LIBS, and these results were validated by the stan-
dard ICP-OES method. Even though TEA CO, LIBS method cannot be used for
kinetic studies, from a green analytical chemistry point of view, it is a promising
tool for on-site measurements.
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M3BOJ

YKIIAIBAILE TEIIKUX METAJIA U3 BOOEHUX PACTBOPA ITOMORLY JbYCKE
CYHLIOKPETA: YITOPEOHA CTYJUJA EOUKACHOCTH BMOCOPIILIUIE
KOPUINREEM ICP-OES U LIBS METOJE

MAPHHA PAJIEHKOBUR', MUJIOLII MOMUYXJIOBUR', JEIEHA TIETPOBUER', AHA MPAKOBUR',
IYBPABKA PEJIUR’, ATEKCAHJIAP ITOTIOBUR’ u CAIbA )KHBKOBUR'

1I/Iucmuu7ym 3a HykeapHe Hayke ,Bunua" — UHcliuillyi 0g HayuoxarHol 3nauaja 3a Peitydrnuxy Cpoujy,
Ynuseepsuinewi y beoipagy, beoipag u 1YHueep3uuiem y Beoipagy, Xemujcxu paxyniietn, CiiygeHitcku
wpi 16, 11158 Beoipag

[IpencTaB/beHO UCTPaKMBake UMAJIO je 3a Wb Pa3Boj alTePHATHBHOT ITOCTYIKA 3a IIPO-
IleHy OHocopmunoHe epUKACHOCTH JbyCKe CyHLIOKpeTa. buoMaca cyHLokpeTa, MOOU(HUKOBaHA
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KUCETMHOM, OKapaKTepHCaHa je CKeHUPajyhoM eleKTPOHCKOM MHKPOCKONHjOM Y KOMOWHA-
IUjH Ca eHepreTcKy OUCIEeP3UBHOM CIEKTPOCKOMHjOM peHAreHcKor 3pauvema (SEM-EDX) u
uH(}paupBeHoM criekTpockonujoM ca Pypujeoseom tpancdopmanujom (FT-IR). EdukacHocT
Ouocopmnuyje je nmpouemeHa KOpUlUIhemeM ONTHUYKE EMHUCHOHE CIEKTPOCKONHje MHAYKTUBHO
cnpernyte mnasme (ICP-OES) m cmextpockonuje nacepcku MHAykoBaHe miasme (LIBS).
Kanauurer agcopmuuje ancopbenta ozxpeheH je xao dynkuuja pH pactBopa, MoYeTHE KOH-
LIeHTpallkje pacTBopa TeIIKUX MeTasla ¥ BpeMeHa KoHTakTa. ONTHMa/HHU yCI0BU Cy MOCTHI-
HYyTH HakoH 15 min xoHTaxkTa Ha pH 6, Dok je nmpoueHaT yxiawawa ouo of 80,0-98,7 %, y
3aBUCHOCTH O eJleMeHTa. Pe3ynTaTy [oOHjeHH KUHETUUKMM U U30TEPMHHUM CTyAXjaMa MokKa-
3yjy ha je MaKCHMMaJlHa afCcopliuuja joHa Op30 MOCTUIHYTa M Aa NpaTH KUHETHUKA MOJEN
NICEYAO-Ipyror pena. Peannu ysopuu cy TecTUpaHM U HodOvjeHe KoHIeHTpauuje Hukiaa LIBS
meTtogom cy dune 3100+200 u 1240+100 mg kg’i, Iok cy npouemene spegHoctd ICP-OES
meTtonom Oune 2995220 u 1130£10 mg kg‘i, pecniekTHBHO. JlodujeHu pesynraTu NoOTBphyjy
na ce LIBS meToma Moke KOPHUCTUTH Kao ,3ejieHa aJiTepHaTHBA" 3a MpoleHy edHUKACHOCTH
duocopnuuje.

(ITpumibeHo 5. jaHyapa, peBuaMpaHo 4. mapTa, npuxsaheHo 7. mapTa 2022)
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