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Editorial

The Editor is pleased to announce the third issue of Eclética Quimica Journal of 2018,
which contains original articles covering different aspects of theoretical, analytical,
environmental chemistry and physical-chemistry. In accordance with the scope of EQJ, the
following subjects are being presented: the correlation between electronic structure and antitumor
activity of a selective focal adhesion kinase (FAK) inhibitors, being the FAK responsible to
phosphorylate other enzymes associated with signal transduction and it is found overexpressed in
the organism during metastasis; evaluation in vitro antioxidant capacity of Melissa extract and its
protective effect on peroxyl radical-induced oxidative damage in erythrocytes; analytical
methodology for quantifying personal care products, many of them with biological activity in the
aquatic environment; determination of rare-earth elements in phosphogypsum stacks, being the
phosphogypsum a by-product of phosphate fertilizer industry known as agricultural gypsum;
removal of 5G blue reactive dye by means of biosorption using the rice husk residue as a
biosorbent.

The Editor and his team wish to express their sincere thanks to the authors and reviewers
for their outstanding collaboration.

Assis Vicente Benedetti
Editor-in-Chief of EQJ
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they should not be mixed.
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» Manuscripts must be sent in editable files as *.doc, *.docx or *.odt. The text must be typed
using font style Times New Roman and size 11. Space between lines should be 1.5 mm and paper
size A4.

» The manuscript should be organized in sections as follows: Introduction, Experimental,
Results and Discussion, Conclusions, and References. Sections titles must be written in bold and
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« All contributions should include an Abstract (200 words maximum), three to five Keywords
and a Graphical Abstract (8 cm wide and 4 cm high) with an explicative text (2 lines maximum).
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ABSTRACT: Focal Adhesion Kinase (FAK) is a non-
tyrosine kinase responsible to phosphorylate other
enzymes associated with signal transduction. This
biochemical process plays an important role to control
cancer. FAK is found overexpressed in the organism
during metastasis. Since FAK may be involved in the
invasion and metastasis of cancer, novel molecules
based on drug design have been synthesized over the
past few years. The inhibitors are designed to mimic the
natural substrate which is the ATP molecule. This work
studied the hydrogen bonds performed between
inhibitors and FAK and other electronic properties
involved in this interaction. The molecular structure of
FAK docked with the inhibitors was simulated using
classical molecular dynamics. FAK/ inhibitor complex
obtained by dynamic was optimized using quantum mechanical ab-initio calculation. Our results show that all inhibitors interact with
Cys502 located in the FAK-binding site. Ab-initio calculations show that HOMO orbital is situated under Met499 and Glu500 amino
acids indicating chemical reactivity in this region. The results of molecular dynamics combined with quantum chemical calculations
show that the sulfonamide has a strong hydrogen bond with close distances, while the thiazole has a weak hydrogen bond with long
distances. Sulfonamide has known good activity against FAK while the thiazole molecule has an unknown activity. These results allow
predicting that the molecule of thiazole is a not good inhibitor to FAK inhibition.

Glu500

GIn432

Amino acids that are essential to design new drugs against cancer.

1. Introduction

Cancer is a disease whose feature is the
uncontrolled proliferation of cells, able to spread to
other tissues. Cell proliferation is related with the
biochemical process known as signal transduction.
FAK and other kinases are enzymes which catalyze
these reactions. During the signal transduction
mechanism, chemical signals provided from cell
exteriors are converted into physical responses
within the cells*”.

Focal adhesion kinase (FAK) is a non-tyrosine
kinase involved in signal transduction, which is the

10

chemical process associated with the development
of several kinds of cancers®**. Consequently, the
study of this enzyme is essential to design and
synthesize new drugs against cancer. FAK acts in
signal transduction mechanism promoting the
phosphorylation of serine and tyrosine amino
acids. Therefore, new drugs have been designed
and synthesized to inhibit the phosphorylation of
FAK. The basic chemical structure of these
inhibitors is the adenine ring that mimics the ATP
molecule.

The interactions among the amino acids in the
FAK-binding site with different inhibitors have the

Eclética Quimica Journal, vol. 43, n. 3, 2018, 10-18
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same pattern of hydrogen bonds, even in the case
of quite different chemical structure of
inhibitors™*°, These chemical changes in the
structure allow the drugs have different biological
responses against the cancer. Pyrrolopyrimidine
inhibitor has been synthesized in order to interact
with Arg426, Cys502 and Lys545 in FAK binding
site*’.

The PDB ID 3BZ3 Iigand (C21 Hzo F3 N7 03 3)16
and ID PDB 3PXK ligand (Ci2 His N2 S)™ are
examples of molecules that have different
molecular structures and different ways to inhibit
FAK phosphorylation. PDB ID 3BZ3 ligand is a
potent ATP inhibitor that shows inhibition against
FAK in the cellular environment. This molecule is
an ATP-competitive, reversible inhibitor of FAK
and Pyk?2 catalytic activity with an I1Cso of 1.5 and
14 nmol L™, respectively. Antitumor efficacy and
regressions were observed in multiple human
xenograft models for PDB ID 3BZ3 ligand. This
drug has applications on the colon and lung cancer
while the ID PDB 3PXK ligand (C12 His N2 S) can
induce apoptosis in different tumor lines. The
differences of biological activity are linked to the
molecular structure of inhibitors docked in the
binding site.

Theoretical calculations permit to explore the
interactions among the amino acids in the FAK-
binding site with different inhibitors. Dynamical
calculation can show the possible hydrogen bonds
performed by the inhibitors while quantum
mechanical calculation can describe important
electronic properties. In this work, we described
the pattern of hydrogen bonds at the catalytic site
using molecular dynamics and quantum
mechanical calculations in order to understand how
these hydrogen bonds are linked to the FAK
inhibition.

2. Materials and methods

2.1 Quantum Chemical and Molecular Dynamic
Calculations

X-Ray molecular structure based on PDB ID
3BZ3', 3PXK"®, and 21IM*® were used as initial
geometry to describe the interaction of the methane
sulfonamide  diaminopyrimidine, pyrrolo[2,3-
d]thiazole and ATP respectively. One nanosecond
of molecular dynamics was performed to search
possible hydrogen bonds. This simulation was
calculated using the program Hyperchem®. An
implicit solvent with dielectric constant equal to 80
was used in order to simulate the water solvent. The
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constant temperature of 300 K was used during the
simulation and NVE ensemble was used.
Molecular optimization with the force field
Charm® was performed in order to avoid atom
superimposition before the molecular dynamics
using a steepest decent algorithm. SwissParam?*
was used to provide parameters and topologies for
the ligands. Pair correlation function was
calculated to hydrogen bonds inside the catalytic
site. CHELPG charge derivative of HF/6-31G was
used to describe atomic charge for the inhibitor
inside the catalytic site for dynamic calculation.
Molecular dynamic was used to search different
hydrogen bonds. Quantum chemical calculations
were used to describe the hydrogen bonds present
in the FAK inhibitors interaction. The ONIOM?%
method, present in a Gaussian program, was used
to describe the molecular structures cited above. In
order to depict the higher layer, the amino acids
Cys502, Lys454, Met499, Argd26, Alad52,
Glu506, Glu471, Arg508, Args550, Asp564,
Leu501, Glu430 and Thr605"" were selected from
molecular dynamic results. The quantum
mechanical calculations based on PM6, B3LYP/6-
31g, HF/6-31g, RMNDO were employed in the
higher layer that was optimized using the keyword
quadmac?®. This keyword does a quadratic step in
the coordinates of all the atoms. UFF (Universal
Force Field) was used in order to describe the Van-
der Walls and electrostatic potential for the atoms
in the lower layer. Qeq® method was used to get
the charges for UFF?’ force field. Molecular
frontier orbitals were calculated using HF ab-initio
method. The hydrogen bond energies were
investigated with electronic calculation MP2 and
the base function 6-31G ++ (d, p) coupled to the
CPCM method for water solvent. The strength of
the hydrogen bonds was investigated using the
interaction energy between the inhibitors and the
amino acid.

3. Results and discussion

3.1 Quantum optimizations

HF 6-31G was the method used to describe the
hydrogen bonds and other interactions for all
inhibitors, because other methods did not perform
a full convergence of biological systems studied.
Successive errors associated with internal
coordinates and the dihedral angles were observed
for the methods PM6 and B3LYP/6-31g. MNDO
semi-empirical method performed a full
optimization for the entire biological system, but it

Eclética Quimica Journal, vol. 43, n. 3, 2018, 10-18
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is a less robust approach when compared with HF
approach. Therefore, the combination HF 6-31G
and UFF were used to obtain the equilibrium
geometry of the system FAK docked with all the
inhibitors. The hydrogen bonds in the binding site
obtained from ONIOM calculations are shown in
Figure 1.

Lys454
Met499 Asp564
Glu500 ﬁk 4 A '§

}%.&Cb%:
ATP

b
/):! Cys502
Thiazole ¢
2.5A

Figure 1. Hydrogen bonds performed by the inhibitors
and the ATP molecule after ONIOM optimization.

The hydrogen bonds formed are similar to all
inhibitors. Sulfonamide and the thiazole molecule
perform hydrogen bonds with the amino acid
Cys502. The thiazole molecule has a single
interaction with the Cys502 amine group with 2.5
A of distance. Sulfonamide performs two hydrogen
bonds with Cys502 amino group with 2.3 A and

12

other bond with hydroxyl group at 1.9 A of
distance. The Cys502 hydrogen bond has been
seen on others FAK inhibitors in accord to
literature®’. Amber force field optimization for 7-h-
pirrolopirimidine shows a hydrogen bond with a
Cys502 amino group with 2.15 A of distance.
Quantum mechanical calculation did not show this
hydrogen bond to the ATP molecule. Sulfonamide
drug can interact yet with the Arg426 amino group
with a distance of 1.9 A. This hydrogen bond is
found in 7-h-pyrrolopyrimidine inhibitors. The
hydrogen bond with Asp424 is found in the 7-h-
pyrrolopyrimidine inhibitor 32, which has the best
ICso between pyrrolopyrimidine drugs®’.

ATP is aspecial case. There are hydrogen bonds
with GIn432 and GIlu500 that happen with the
adenine ring. On the other hand, phosphate groups
interact with the amino acids Lys454 and Met499.
In recent literature®’, the interaction with Lys454
has been associated with the increase of FAK
inhibition. The most powerful pirropyrimidine
inhibitor, named 32, also interacts with the amino
acid Met499"".

3.2 Molecular dynamics

The results of molecular dynamics and the pair
correlation function are shown in the Figure 2. The
pair correlation function is related to the
probability of finding the center of a particle a
given distance from the center of another particle.
Figure 2 shows the probability of finding two
atoms with a given separation.

Eclética Quimica Journal, vol. 43, n. 3, 2018, 10-18
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Argd26 “

k sulfonamide L ™

By

S

" Cys502

Thiazole

XJ)
' ATP
Glud71

Cys502

sulfonamide

Thiazole

%ﬂusno

GInd32

ATP

>

"N

Figure 2. Hydrogen bonds performed by the inhibitors and ATP using molecular dynamics and the graphic of pair

function correlation.

Molecular dynamic shows that the sulfonamide
molecule can bind with Cys502 and Arg426. The
average of binding distances is equal to 2 A for
both amino acids. Thiazole molecule performs a
hydrogen bond with the amino acid Cys502 and the
amino acid Glu500. An average of 4.0 A of
distance for these interactions was described by
molecular dynamic calculation. ATP molecule

13

performs hydrogen bonds with Asp564, GIn432
and Glu471. The interaction with GIn432 and
Asp564 is close to 2.5 A while the interaction with
Glu471 is close to 2.0 A. These results show a
distribution of hydrogen bond distances during the
molecular dynamics. The differences between
ONIOM (HF/6-31G/UFF) results compared with
molecular dynamics are described in Table 1.
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Table 1. Hydrogen Bonds distances performed between the amino acids localized in the binding site and the
inhibitors using different methodologies (MD- Molecular Dynamics and ONIOM, HF/6-31G/UFF).

Amino Sulfonamide Sulfonamide Thiazole Thiazole ATP ATP
acid ONIOM MD ONIOM MD ONIOM MD
Hydrogen Hydrogen Hydrogen Hydrogen Hydrogen Hydrogen
Bond Bond Bond Bond Bond Bond
Distances ()& ) Distances ()& ) Distances ()& ) Distances (,& ) Distances ()& ) Distances ()& )
Lys454 1.4 1.6
Cys502 1.9,23 Fkkk 2.5 4.0 2.5
Arg426 1.9 Fkkk

Glu500 3.5-4.0 2.8 2.06
Met499 2.7 1.6
GIn432 1.8 2.5
Asp564 2.4 Fhkk 2.0

*****No changes verified in the hydrogen bond distances compared with ONIOM optimization

The results of molecular dynamics are close to
ONIOM  approach.  Sulfonamide  molecule
performs hydrogen bonds close to 2.0 A for both
methods. ATP molecule shows similar distances of
hydrogen bond for the two methods. The exception
is the molecule of Thiazole. During the molecular
dynamic the hydrogen bond with Cys502 keep a
distance close to 4.0 A, while the ONIOM
optimization shows a distance of 2.5 A. The MP2
method shows that this bond has energy close to 1
kcal, while the same bond to sulfonamide has an
energy interaction close to 40 kcal. The same result
is seen to the interaction with Glu500. The energy
to the interaction between the thiazole inhibitor and
the amino acid GIu500 is close to 2 kcal. These
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results justify the discrepancy between the
quantum mechanical optimization and the
molecular dynamics. There is no experimental
quantity activity to thiazole molecule. However,
we believe that this inhibitor does not have a good
activity to FAK inhibition due to weak interaction
energy with the FAK binding site associate with
long hydrogen bond distances. On the other hand,
the sulfonamide molecule has a good activity to
inhibit FAK and very strong hydrogen bonds.

3.3 Orbitals analysis
The molecular orbitals obtained from ab-initio
calculation are shown below in Figure 3.
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Figure 3. Molecular Orbitals HOMO and LUMO obtained from ab-initio calculations of the ligands (ATP,
Sulfonamide and Thiazole) in the binding site.

The HOMO and LUMO molecular orbitals
obtained from ab-initio calculations show a pattern
in the binding site for the ligands studied. HOMO
orbitals are located mainly in the amino acids
Glu500 and Met499. In the ATP molecule, the
LUMO orbital is located at the amino acid GIn432
while in the thiazole molecule, LUMO orbital
remains on the amino acids Glu500 and Met499.
The orbital of the sulfonamide is located on the
amino acid Cys502. Fluorine atoms of the
sulfonamide inhibitor interact with amino acids
Met499 and Glu500, while in the ATP molecule
the interaction occurs with the chemical group
Adenine. The bicyclic ring of the thiazole molecule
has the same function as the adenine ring of the
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ATP molecule and the fluorine atoms of the
sulfonamide molecule.

The construction of new inhibitors should be
focused on towards the compliance of the hydrogen
bonds obtained, as well as the arrangement of the
HOMO / LUMO orbitals that emphasize the
importance of the connections and interactions
with the amino acids Met499 and Glu500. The
inhibitor thiazole has a long hydrogen bond and a
weak hydrogen bond with the amino acids where
are localized the orbitals HOMO and LUMO. On
the other hand, the inhibitor sulfonamide is close to
HOMO and LUMO orbital at the same time and it
has high bond energy. The sulfonamide has a low
ICso indicating that less quantity of molecule is
necessary to inhibit FAK. The thiazole has
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unknown quantity experimental data (ICso). These
data can reveal that thiazole can be not a good
inhibitor to FAK.

4., Conclusions

We studied two inhibitors using two kinds of
calculations (Molecular Dynamic and ONIOM
guantum mechanical approach). Both calculations
show similar hydrogen bonds to the inhibitors
compared with ATP molecule. However, the
hydrogen bond distances and the bond energies are
different to inhibitors. Sulfonamide has a strong
hydrogen bond with the amino acids Glu500 and
Cys502 while the thiazole inhibitor has a weak
hydrogen bond with these amino acids. Molecular
dynamics show close hydrogen bonds to
sulfonamide and long hydrogen bond distances to
thiazole. HOMO orbital is localized close to amino
acid GIu500 in the binding site. ATP and
Sulfonamide are close to this orbital while the
thiazole is far from the HOMO orbital. There is no
number of activity (IC50) to thiazole. However,
these results show that thiazole molecule could
have a low experimental activity against FAK,
because the sulfonamide inhibitor has high activity
with close hydrogen bonds to the amino acids
(including the amino acids where are located
HOMO and LUMO orbitals) of the catalytic site at
the same time it has strong hydrogen bonds with
these amino acids.
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ABSTRACT: The aim of the present study was to evaluate in vitro
antioxidant capacity of Melissa extract (ME) (Melissa officinalis L.)
and its protective effect on peroxy! radical-induced oxidative damage
in erythrocytes. ME used in the present study was obtained by rotary
evaporation of the crude extract (ethanol:water/dried leaves). Total
phenolic and flavonoids determined were 177 + 13 mg GAE/qg dried
weight (dw) and 26 + 3 mg QE/g dw, respectively. Total equivalent
antioxidant activities, TEAC in mg TE/g dw, were 61 + 6 and 512 +
77 respectively for FRAP assay and DPPH" radical-scavenging. The
ME acts as an antioxidant on NO and O2", whereas ME exerted a
higher antioxidant action on NO scavenging compared to the ascorbic
acid (1.9 times). However, the antioxidant capacity of ME on Oz~ was
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5.6 times lower than ascorbic acid. The values of hemolysis inhibition from ME (I1Cso, 2.0 + 0.5 pg mL) were higher than ascorbic
acid (ICso, 7 = 2 ug mL%). Extract of Melissa was able to eliminate biological free radicals, suggesting a potential to prevent oxidative
damage in vivo. In fact, the ME exerted protective action on cell membrane lysis in situ.

1. Introduction

Melissa officinalis L. (lemon balm) is a plant of
the Laminacea family originated from the
Mediterranean, East Asia, Southeast Siberia and
North Africa but has adapted throughout the
world*. Studies show the benefits of M. officinalis
as antioxidant®* which were used for the
symptomatic  treatment  of  gastrointestinal
disturbances, adjuvant therapy for pain associated
to functional dyspepsia, neurological diseases
associated with oxidative stress®. The rosmarinic
acid is the major compound present in the ethanol
extract of M. officinalis®® . Some properties of M.
officinalis are related to the high levels of
polyphenolic compounds as quercetin, caffeic acid
and rosmarinic acid with antioxidant properties® °.

Antioxidants are compounds with protective
action on deleterious effect of reactive species such

-

as reactive oxygen species (ROS) and reactive
nitrogen species (RNS)’. Reactive species are
atoms or molecules that have high oxidizing power
and can be a radical with unpaired electron as
superoxide anion (O;™), hydroxyl radical (HO") and
nitric oxide (NO" or NO) or non-radicalar forms as
hydrogen peroxide (H20,) or peroxynitrite anion
(ONOO)* *°. ROS can be formed in the cellular
environment primarily as result of aerobic
metabolism. Nitric oxide, a natural free radical,
whose generation is related to normal physiological
parameters; but when combined with ROS has
potent pro oxidant effects™.

Exacerbated reactive species in the cellular
medium can be due to an unbalanced diet and
xenobiotics exposure™. For food processing the
oxygen level, the presence of transition metals and
high temperatures are important to the reactive
species generation™ ‘. Macromolecules oxidation
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by reactive species can cause serious problems in
biological systems by ultracellular damage or in
food industry by off flavor, changes in nutritional
properties and shelf life; so, the use of antioxidants
iS an important mechanism against reactive
species. In recent years the interest for natural
antioxidant has intensified for food manufactures
and both human and animal diet** **. Different
species of herbs have been investigated by the
chemical composition, antioxidant activity and
antimicrobial action, among them M. officinalis.
Antioxidant activity can be evaluated by radical
scavenging using non-biological radicals such as

DPPH"  (2,2-diphenyl-1-picrylhydrazyl)  and
ABTS™ (2,2’-azino-bis-3-ethylbenzthiazoline)™.
However, recently, radicals with biological

characteristics as O,” and NO have been employed
to evaluate antioxidant activity'®. Thermal
decomposition of AAPH  (2,2'-azobis-2-
amidinopropane  dihydrochloride) in  vitro
generates peroxyl radical that has been used to
verify the antioxidant activity against oxidative
erythrocytes damage induced by this radical’.
Reactive species such as peroxyl radical and others
as O, and NO are important for antioxidant assays
by simulating a biological process.

The aim of this study was to evaluate the
antioxidant activity of extract of Melissa officinalis
L. on biological systems. For this purpose the
aqueous M. officinalis extract obtained by
ethanol:water (70:30) extraction was used to
determinate: i) total phenolic by Folin-Ciocalteau
method and total flavonoids by aluminum chloride
reaction; ii) antioxidant activity on non-biological
species as ferric ion reducing (FRAP assay) and
DPPH'’ scavenging; iii) antioxidant activity on free
radical with biological characteristics, O, and NO
scavenging and iv) antioxidant activity on
hemolytic AAPH-induced.

2. Materials and methods

2.1 Plant and chemicals

Dried leaves of M. officinalis were acquired
from Florien (Piracicaba, Séo Paulo, Brazil). All
chemicals compounds were obtained from Sigma-
Aldrich (St. Louis, EUA).

2.2 Obtainment of Extract

Dried leaves of Melissa officinalis were
micronized using a micro mill Willye (TE-648,
Tecnal) and stored in amber vial. Micronized
sample (10 g) was subjected to lipids removal using
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n-hexane (300 mL) on Soxhlet extractor for 6 h'®.
Subsequently, the bioactive compounds from each
sample was extracted with ethanol:water (70:30,
v:v) by stirring (170 rpm) (Shaker TE-420,
Tecnal), at 25 °C for 24 h, in the dark. After
extraction, the solution was centrifuged for 10 min
at 4000 rpm (Centrifuge CT-500, Cientec), filtered
Whatman no.1 (11 pM) and the solvent was
evaporated under reduced pressure with the
temperature not exceeding 50 °C (rotary evaporator
SL-126, Solab). The concentrated extract was
diluted in ultrapure water, sonicated 3 times for 20
s at 90 Hz (ultrasonic cell disrupter, UNIQUE) and
centrifuged at 4000 rpm for 5 min. The supernatant
was frozen and freeze-dried (Lyophilizer K-202,
Liobras) and finally, the sample was resuspended
in ultrapure water and used in all assays. To assay
with cells the final extract concentration was
adjusted to 10 mM phosphate buffer saline, pH 7.4,
(PBS). Dry weight (dw) of aqueous extract was
evaluated for results expression. The procedure
described above was performed in triplicate (n=3).

2.3. Estimation of total
flavonoids

Total phenolics were estimated using Folin-
Ciocalteau reagent™. In this technique, the extract
was pre-incubated with 10% (v/v) Folin-Ciocalteu
reagent for 2 min and 7.5% (w/v) sodium carbonate
was added. After 1 h at 25 °C, absorbance at 760
nm was measured in a spectrophotometer (DU-
800, Beckman Coulter®). Assays were performed
in triplicate and results were expressed as mg of
gallic acid equivalents (GAE)/g dw, using a
standard curve of gallic acid (0.5 to 6.0 pg mL™).

Total flavonoids were carried in accordance
with the colorimetric method®. Assay was
performed in ethanol:water 70:30 (v:v) in the
presence of 2% (w/v) aluminum chloride and
extract. Absorbance at 415 nm was determinate,
after 40 min of incubation at 25 °C in the dark,
using a spectrophotometer (DU-800, Beckman
Coulter®). Assays were performed in triplicate and
results were expressed in mg of quercetin
equivalent (QE)/dw, using a standard curve of
quercetin (0.6 t0 9.6 ug mL™).

phenolic and total

2.4. Ferric reducing antioxidant power (FRAP)
assay

The reduction power of extract on ferric ion was
described previously?’. The reaction between
extract and FRAP reagent produces a blue
compound and absorbance was measured at 593
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nm (DU-800, Beckman Coulter®). FRAP reagent
was prepared by mixing acetate buffer (300 mM,
pH 3.6), 10 mM tripiridiltriazine in 40 mM HCI,
and 20 mM FeCls at ratio 10:1:1 (v:v:v). A standard
curve was prepared with Trolox (0.63 to 3.78 g
mL?). Assays were performed in triplicate and
results were expressed as mg trolox equivalente
(TE)/g dw.

2.5. Radical DPPH" scavenging

Antioxidant activity of extract on DPPH" radical
(2,2-diphenyl-1-picryl-hidrazil) was described
above*. A methanol solution of DPPH" (65 mM)
and extract at different concentrations (2.5 to 16.5
mg mL™) were used to determine the ECso
(concentration required to reduce 50% of DPPH’
inhibition). A control assay was performed in the
absence of extract to obtain the initial absorbance
at zero time. After 3 h of incubation at 25 °C, the
absorbance at 515 nm was determined (DU-800,
Beckman Coulter®). The antioxidant activity was
assessed by reduction of absorbance value from
DPPH" compared to the initial absorbance from
control assay. The results were expressed as
inhibition percentage of DPPH" in Equation 1.
Assays were performed in triplicate and results
were expressed as mean + standard deviation mg
TE/g dw, calculated from a standard Trolox curve
with concentrations 0.32 to 6.3 mg mL™. ECso
values were expressed in mg mL™ of extract.

DPPH *inhibition (%)=[1—(A, / A, )]x100 1)

where: Aco = absorbance at 515 nm from control
assay at initial time; Aa = absorbance at 515 nm
from assay in the presence of extract after 3 h of
incubation.

2.6. Superoxide anion (O;") and nitric oxide (NO)
scavenging

The antioxidant activity on O~ was determined
according to the methodology proposed
previously® %!, The assay used NADH (166 uM),
NBT (43 uM), PMS (2.7 uM) and extract at
different concentrations (20 to 600 pug mL™). All
reagents were prepared in PBS. After incubation
for 2 min at 25 °C, the absorbance was determined
at 540 nm on microplate reader (Thermo Scientific
Uniscience®). A control assay (without extract)
was performed under the same conditions.
Inhibition percentage of O, is described in
Equation 2. Assays were performed in triplicate
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and results were expressed as mean * standard
deviation as inhibition percentage compared to
control assay. Ascorbic acid, as standard
antioxidant was used in similar conditions.

0," inhibition (%)=[1— (A, / A, )]x100 (2

where: Aco = absorbance at 540 nm from control
assay; Aa = absorbance at 540 nm from assay in the
presence of extract.

For nitric oxide (NO) assay was used the
proposed method®, with modifications® %°. Assay
performed in PBS containing 10 mM sodium
nitroprusside and extract (2.5 to 100 pg mL™) were
incubated at 25 °C for 3 h. Control assay (without
extract) was performed under the same conditions,
when 100% nitrite formation was observed. Each 1
h, aliquot from each assay was transferred to 96-
well plate containing sulfanilamide (1%, w/v).
After 5 min, N-(1-Naphthyl)ethylenediamine
dihydrochloride (0.1%, w/v) has been added,
incubated for 5 min and absorbance at 540 nm
evaluated using a microplate reader (Thermo
Scientific Uniscience®). The concentration of
sodium nitrite (umol L™) in the assays was
calculated from a standard curve of sodium nitrite
(1.56 to 100 pmol L. The NO inhibition
percentage by the extract was determined after 2 h
of incubation and was calculated relative to the
control assay (Equation 3). Assays were performed
in triplicate and results were expressed as mean +
standard deviation. Ascorbic acid, as standard
antioxidant was used in similar conditions.

Inhibition NO (%)=[1—(A,/ A, )]x100 A3)

where: Aco = absorbance at 540 nm from control
assay; Aa = absorbance at 540 nm from assay in the
presence of extract.

2.7. Protective effect on hemolytic AAPH-induced
in human erythrocytes

To evaluate the extract action on hemolysis
induced by AAPH was employed the method
described above® ?" %, Human erythrocytes, from
venous blood, were obtained from healthy and
nonsmokers people using vacutainer tubes
containing  ethylenediamine tetraacetic acid
(EDTA). The cell suspension was prepared
according to Gido et al.'” and this suspension was
kept at 4 °C and used within 4 h. The volunteers
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signed consent and informed, previously approved
by the Local Committee of Ethics in Human
Research (number: 493.382).

The erythrocytes suspensions (1%) were
incubated for 30 min in the absence (control assay)
as well in the presence of the extract (0.25 to 15 mg
mL™) at 37 °C under agitation at 100 rpm (shaker
TE - 420 Tecnal®). So, each assay received 5 mmol
L. AAPH and the incubation proceeded for 6 h.
Simultaneous, assays in the absence of AAPH were
performed, under same conditions, to evaluate
spontaneous hemolysis; the effect of extract alone
on cell lyses was also tested. The complete
hemolysis (100%) was established by incubating
erythrocytes (1%) in water at 37 °C for 10 min.
Hemolysis was measured, at each 1 h, by
hemoglobin absorbance in the extracellular
medium at 540 nm using a microplate reader
(Thermo Scientific Uniscience®). Assays were
performed in duplicate and the results expressed as
percentage of hemolysis according to Equation 4.
The percentage of hemolysis inhibition related to
the control assay was obtained according to
Equation 5. Ascorbic acid, as standard antioxidant
was used in similar conditions.

Hemolysis (%)= (A,/Ago, )x100 4)
Hemolysis inhibition (%)=[1-(A,/A.)]x100  (5)

where: Aa = absorbance at 540 nm from assay in
the presence of extract; Aioow = absorbance at 540
nm from complete hemolytic assay (100%); Ac =
absorbance at 540 nm from control assay.

2.8 Statistic analysis

The data were evaluated by analysis of variance
(ANOVA), t-test and Tukey’s test for comparison
of means, with a significance level of 5%, using
Minitab® software 16.2.2 (2010 Minitab Inc.).

3. Results and discussion

3.1 Total phenolic and flavonoid contents and
antioxidant activity against ferric reducing power
(FRAP) and free radical scavenging (DPPH', NO
and Oz")

The present study determined the antioxidant
properties of M. officinalis and its action on
reactive species. Total phenolic and flavonoids
content on ME, evaluated by spectrophotometry,
were 177 £ 13 mg GAE/g dw and 26 + 3 mg QE/g
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dw, respectively. Results expressed by mean and
standard deviation (n=3). Lamiaceae family,
including the M. officinalis species, has been
studied for polyphenolic presence and total
antioxidant properties’. Results from Folin-
Ciocalteau assays reflect the reducing power of the
sample, including total polyphenols and other
compounds such as: aromatic amines; ascorbic
acid; sugars; organic acids and some inorganic
compounds'?. However, Folin-Ciocalteau method
has been wused to estimate total phenolic
compounds. Folin-Ciocalteau values, in the present
study, were similar the ethanolic (98%) M.
officinalis extract (175 + 11 mg GAE/g of dry
extract) and slightly higher for the content of
flavonoid (54 + 4 mg catechin equivalent/g of dried
extract)’. However, lower values using ethanolic
(80%) M. officinalis extract by Folin-Ciocalteau
assay (13.2 mg GAE/100 g dw) were found®.
Another study showed the total polyphenols around
69.49-76.43 mg GAE/g dry plant and total
flavonoids 7.0-10.0 mg QE/g dry plant from
ethanolic (70%) M. officinalis extract, dependent of
the harvesting period and hour’.

Fernandes et al.” evaluated six families of
aromatic herbs and the Lamiaceae family showed
higher values of total phenolic by Folin-Ciocalteau
assay, compared to other families. These authors
found 42.86 mg GAE/g dw for ME using
acetone:water:acetic acid (70:28:2) as extractor
solvent. So, aqueous extracts of M. officinalis
prepared by decoction were 1245 mg GAE/g dw
and by infusion mode were 267 mg GAE/g dw®.
Rababah et al. (2015)° studying methanolic extract
from leaves of M. officinalis found 303.2 mg
GAE/100 g fresh plant and 252.9 mg of cathequin
equivalent/100 g fresh plant. Thus, several factors
may affect the absolute values of total phenolics
and flavonoids contents, including genotype,
growing conditions, parts tested, time of taking
sample and extraction methods. Recently, the
content of total flavonoids by spectrophotometric
method was evaluated in different plants extracts
and M. officinalis specie showed high flavonoids
content™,

In the present study, the obtained total
antioxidant activity of ME measured by FRAP
assay was 61 + 6 mg TE/g dw, result expressed by
mean and standard deviation (n=3). A proportional
decrease in the absorbance versus the sample
concentration was observed (data not show). For
DPPH' radical scavenging, 3 h were necessary to
reach an absorbance plateau, thus ensured that the
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derivative zero of the absorbance by time (Figure
1A). Non-linear decay behavior of the absorbance
versus time using some extract concentrations was
observed, the stability achieved after 3 h of
reaction. Dose-response on DPPH radical
scavenging by extract after 3 h of reaction was
studied (Figure 1B). High linear correlation
coefficient (r* = 0.9935) was found for DPPH"
scavenging and extract concentration (0.5-17.0 pg
mL™). Similar behavior was presented by Trolox, a
standard antioxidant, at concentration of 1.0-6.0 g
mL? (r* = 0.9826) (Figure 1B). ICso values were 9
+1 ug mL™ and 5.5 + 0.2 ug mL™ to extract and
Trolox, respectively. These results suggest that the
ME has antioxidant activity on non-biological
radical DPPH’, but slightly less efficient than
Trolox. Total antioxidant activity of ME measured
by DPPH" scavenging was 512 + 77 mg TE/g dw,
as mean and standard deviation.

=
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Figure 1. Antioxidant activity of ME on DPPH"
scavenging. (A) Absorbance versus reaction time in
absence of extract (only DPPH") and presence of extract
(2.2, 4.4, 8.8, 15.5 ug). (B) DPPH" scavenging by ME
(0.5 at 17.0 pg mL™) and by Trolox (1.0 at 6.0 pug mL"
1), after 3 h of incubation mean =+ standard deviation for
assay made in triplicate from 3 extractions (n=3).
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FRAP assay is based on the ability of different
antioxidants, including phenolics, to reduce Fe** to
Fe?* in the presence of FRAP-reagent, forming a
blue chromophore. Results obtained here
indicating that ME had effective reducing power
and showed similar characteristic when compared
to the standard ascorbic acid. Total antioxidant
activity of ME measured by FRAP assay was 61 +
6 TE/g dw, in the present study, contrasting with
the results found in previous study using another
extractor solvent (464.8 umol TE/g dw that
correspond 117 mg TE/g dw)?. In the present study,
FRAP assay corroborates the Folin-Ciocalteau
values and can indicate high reducing power of the
sample, suggesting great antioxidant potential from
the ME. Reducing power can be associated with
antioxidant activity of plant extract®. The
reduction power indicates that the antioxidant
compounds present in the sample are electron
donors and can react with free radicals to stabilize
and block chain reactions™.

Antioxidant compounds can act on free radicals
by scavenging mechanisms, which may be
attributed to its hydrogen and/or electron donating;
thus, they might prevent reactive radical species
from reaching biomolecules such as lipoproteins,
polyunsaturated fatty acids, DNA, amino acids,
proteins and food systems®. It is well described
that DPPH" radical is a good model for assessing
antioxidant activity®”. Here, M. officinalis showed
a concentration-dependent  DPPH"  radical
scavenging. The DPPH" radical assay is based on
the reduction of DPPH" radical to a non-radical
compound by antioxidant agents, e.g. M. officinalis
extract. In the present study, the extract showed a
potent action on the DPPH" scavenging which ICsg
is similar to other studies of aqueous and methanol
extract of M. officinalis (18.74 ug mL™* and 13.74
ug mL™, respectively)®.

Studies with aqueous ME exhibited ICs to
DPPH" scavenging from 1.53-1.62 pg mL™ '
Results presented here show values 10x higher
than antioxidant activity of ME against DPPH"
radical scavenging found previously (5.57 ¢
TE/100 g dw, that correspond 55.7 mg TE/g dw)?.
There is a large variation in the absolute values for
the DPPH" radical scavenging by ME. However,
this found suggests that the ME can eliminate free
radicals at physiological pH and can be of
beneficial interest in preservation of biological
systems, where free radical mediates some
reactions including lipid oxidation. DPPH" radical-
scavenging from ME ethanolic (80%) shows 1Cso
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equal 48.76 pug mL™*, which is less efficient than
ascorbic acid (6.64 pg mL™)*. Antioxidant activity
of ME on DPPH" radical scavenging was 3.03-6.34
pmol Trolox/mL of water extract, depending on the
extraction procedure as temperature and ultrasound
bath®.

To nitric oxide assay, the antioxidant activity of
extract was measured by decrease of nitrite (NO>)
concentration over reaction time (Figure 2A).
Melissa extract activity on NO radical scavenging
was estimated by the decreasing of NO2
concentration. After 3 h of reaction, NO inhibition
by extract in different concentrations (0.5-100 pg

mL™) was studied (Figure 2B). However, a good
linear correlation coefficient (> = 0.9895) was
found for NO radical scavenging and extract
concentration  (0.5-17.0 pg mL?). Similar
characteristic was found by ascorbic acid evaluated
in a concentration range of 0.5-200 ug mL™ (Figure
2B); and good linear correlation coefficient (r* =
0.9901) between this radical scavenging and
ascorbic acid concentration (0.5-25 ug mL™) was
observed. So, ICso value for the ME (35 + 12 pg
mL?) was better than ascorbic acid (68 *
17 ug mL™Y).

50
—s—Control A
a0 ——ME 2,5 pg/mL
-a—ME 5 pg/mL
L ——ME 20 pg/mL
§_ 1 —+ME 100 pg/mL
9)
=
o 30 10D 150
D0 L L L L
.. ——WE (bottom axis) B
-E..:‘ w0 | ——AA (top axis)
o
o
o
E 60
o
=
? an
o
>
]
4]
w0
o]
=
o T T T T
v] 20 60 BD 100

Concentration / pg mL-

Figure 2. Antioxidant activity of ME on NO scavenging. (A) NO.™ concentration versus reaction time in the absence of
extract (control) and the presence of extract (2.5 at 100 pg mL™). (B) NO scavenging by ME (2.5 at 100 ug mL™) and
by ascorbic acid (AA, 2.5 at 200 pug mL 1), after 3 h of incubation. Mean + standard deviation for assay made in triplicate

from 3 extractions (n=3).

The NO radical-scavenging by antioxidants is
performed by the quantification of nitrite ions
(NO2) generated by reaction between NO and
molecular oxygen®. However, the antioxidant
action of ME on NO can be deduced by the low
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concentration of NO.". Other studies show that
plant extracts were effective for NO scavenging,
when ICsq values from 18 different plant species on
NO inhibition were 51-604 ng mL™* . So, ICs for
the ME was 35 + 12 ug/mL in present study.
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Normally, the reaction mechanism to NO
radical scavenging by plants extracts involves
phenolic compounds®. ME has shown various
phenolic compounds such as rosmarinic acid and
others™, in fact, these compounds can be related to
the NO radical scavenging. The NO is a natural
compound produced in vivo by variety of cells and
is an important bio-regulatory molecule with
several physiological functions™>*’. However,
under oxidative stress this reactive species
combines with other reactive species to produce
more toxic effects'’. Therefore, the scavenging
effect of ME was assessed against this radical. NO
radical scavenging by extract has an interest in
human health. It is well known that NO plays an
important role in the prevention of various
pathologies such as atherosclerosis, ischemia
reperfusion, neurodegenerative diseases such as
Alzheimer's and Parkinson's disease, cancer and
diabetes'!*"*°,

A relationship between the concentration of ME
and O™ inhibition was obtained in 0.5-600 pg mL"
! range to extract and 0.5-200 ug mL™ to ascorbic
acid (Figure 3). However, linear correlation
between O, scavenging and ME extract at 0.5-80
pug mL* (r* = 0.9781) was obtained; and for
ascorbic acid in the range 0.5-25 pg mL* (? =
0.9879). Therefore, the effect of extract on O,"
scavenging was 5.6x lower than for ascorbic acid,
observed, respectively, by 1Cso values, 247 + 43 ug
mL™*and 44 + 18 pg mL™.
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Figure 3. Antioxidant activity on O™ scavenging by
ME (20 at 600 pg mL™) and by ascorbic acid (AA, 10 at
200 pg mL™Y). Mean =+ standard deviation for assay
made in triplicate from 3 extractions (n=3).

The O;" radical scavenging determination is
based on the formazan chromophore formation by
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reaction between this radical and nitro blue
tetrazolium, at physiological pH; antioxidant
compound reacts with O,” and chromophore
formation is inhibited®. In the present study, the
0O," radical scavenging by ME was 5.6x lower than
ascorbic acid. Other authors showed 1Cs variation
from 44 to 386 pg mL™ for O, scavenging in
aqueous ME from several cultivars®; our results
are within the reported range (247 + 43 ng mL™?).
Recent studies reported that O," radical
scavenging by plant aqueous extracts can be due to
the presence of hydroxyl groups in phenolic
compounds®. The O," is an important reactive
oxygen species in vivo and can generate highly
toxic species through reactions with other reactive
species or by enzymatic reactions or metal
catalyzed processes. The O," mediated oxidative
stress and it is believed to be involved in
pathogenesis disorders such as diabetes mellitus,
Alzheimer’s and Parkinson’s diseases®’.

3.2. Anti-hemolytic action on AAPH-induced lysis

Results from action of ME on hemolysis
inhibition are shown in Figure 4. The hemolysis
percentage induced by AAPH has a sigmoidal
characteristic over time (Figure 4A). When low
hemolysis percentages up to 2 h and after 5 h of
incubation 30% hemolysis was seen, compared to
100% hemolysis induced by water. However, MEs
at 1-10 pug mL™ were antihemolytic on AAPH-
induced lysis following a dose-dependent
characteristic. No hemolysis by the extract (10 pg
mL™) alone, in the absence of AAPH, was detected.
Figure 4B shows dose-dependence of antioxidant
concentration and inhibition hemolysis percentage
after 4 h of erythrocytes incubation in the presence
of extract or ascorbic acid in a concentration range
from 0.5 to15 pug mL™. Linear correlation between
hemolysis inhibition and antioxidant concentration
(0.5-8 ug mL™) showed r? =0.9987 and r* = 0.7899
for Melissa extract and ascorbic acid, respectively.
ICso values indicated that the extract was more
efficient in protecting red blood cell lysis, since
ICso for extract was 2.0 + 0.5 ug mL™* and for
ascorbic acid 7 + 2 pg mL™.
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Figure 4. Antihemolytic action of ME. (A) Percentage
of AAPH-induced hemolysis over time evaluated in
absence and presence of ME (1 at 10 pg mL™), in
relation with 100% hemolysis induced by water. A
control test (only erythrocytes) in the absence of ME and
AAPH was made (control). (B) Hemolysis inhibition by
ME and ascorbic acid (AA, 0.5 at 15 pug mL™?) after 4 h
of incubation, in relation with control assay (absence of
antioxidant). Mean + standard deviation for assay made
in triplicate from 3 extractions (n=3).

AAPH decomposition in the presence of
oxygen generates peroxyl radical causing oxidative
damage in cell membranes. Erythrocytes are very
susceptible to oxidative damage by the high
content of polyunsaturated fatty acids in their
membranes and high cell concentrations of oxygen
and hemoglobin®. Thus, peroxyl radical, generated
by the decomposition of AAPH, attacks cell
membranes of erythrocytes induced by lipid
peroxidation and protein conformational changes,
leading to hemolysis® “°. Similarly, in the present
study, it was observed effects of peroxyl radicals
initiated by AAPH on human erythrocytes lyses. A
lag phase in the progress curve of hemolysis during
incubation with AAPH was observed, suggesting a
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complex mechanism in the oxidative damage
process. Our findings indicated that the
antihemolytic effect was more efficient by ME than
by ascorbic acid. In addition, flavonoid compounds
showed protective effect against hemolysis
induced by AAPH in erythrocytes of rats**. The
possible mechanisms of these protective effects of
flavonoid-rich fractions may be through their
radical scavenging, metal chelating and reducing
power activities*".

4. Conclusions

The antioxidant action found in this study
clearly demonstrates that ME is able to eliminate
synthetic and naturally occurring free radicals,
suggesting its potential to prevent oxidative
damage in vivo as well as in foodstuffs. In fact, the
ME exerted protective action on erythrocytes
membrane lysis.
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ABSTRACT: The presence of personal care

products in the environment is recent and few
researches work with the quantification of this class

of emerging contaminants in Brazil variety of these

products is released into the aquatic environment.

The growing interest in these substances occurs

mainly because they exhibit biological activity in

very low concentrations, which gives a great |
environmental relevance. The present study aims to CT
validate a methodology and verify its efficiency in ~ ©
the determination of six personal care products, g
among them parabens and triclosan. The samples ~
were submitted to the solid phase extraction process
and were later analyzed by gas chromatography
coupled with mass spectrometry for the . ﬂ
determination of personal care products. The “" @
validation of the methodology used was based on
the standards established by the National Health
Surveillance Agency. The method showed good
recoveries (56 - 117%) and the limits
of detection of the method ranged between 0.9 and 14.6 ng L, while the limits of quantification were within the 3.1- 48.7 ng L.
Reproducibility and repeatability, expressed as coefficient of variation, had satisfactory values (<15%). The extraction and quantification
method were efficient for the determination of these analytes in water samples.

# | Validation -
J 11 |

1. Introduction among others. One of the most studied PCPs and
among the ten organic compounds normally

Personal care products (PCPs) are used at scale detected in water is triclosan® °. It has been used in

and their presence in aguatic environments has
received increasing attention from the scientific
community with recent studies indicating the toxic
potential to the environment**,

PCPs are present in UV filters
(benzophenones), preservatives  (parabens),
antimicrobials (triclosan), fragrances, repellents
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a large number of PCPs, and can be found in soaps,
deodorants, body moisturizers, toothpastes and
also a component of polymers and fibers®. Parabens
also comprise a group that is currently under study,
most are part of the formulation of various
cosmetics and are also used as preservatives in the
food industry’.
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As for the instrumental analytical technique, the
most used for the determination of parabens and
other classes of contaminants in waters is the
chromatography, being able to be used both gas
and liquid, both of which can be coupled to
different types of detectors to obtain methods even
more sensitive and selective®. Another analytical
method that is being used is the -capillary
electrophoresis, due to the low cost and the
possibility to determine the concentration of the
compound of interest directly in the sample,
without pre-treatments or previous separations®.

The concern of the scientific community with
the damages that these contaminants can cause,
especially in aquatic environments, the current
research has been aimed at implementing and
validating new analytical methods that are more
sensitive and precise, allowing the advancement of
research related to the evaluation of the quality of
water resources in terms of micropollutants'®*?,

The aim of this study was validated an
analytical  methodology  applied in  the
determination of PCPs in surface water by gas
chromatography coupled to mass spectrometry
(GC-MS/MS).

2. Experimental
2.1 Reagents, solvents and analytical standards

All analytical standards (MeP (99%), EtP
(99%), PrP (99%), buthylparaben (BuP, 99%),
triclosan (97%)), N,O-
Bis(trimethylsilyl)trifluoroacetamide (BSTFA) +
1% trimethylchlorosilane (TMCS, 98.5%) and
solvents were purchased from Sigma Aldrich
(Steinnheim, Germany). The SPE C18 6 mL
cartridges with 1000 mg of adsorbent phase were
provided from Hexis (Jundiai, SP). The solvents
used in sample preparation and chromatography
analysis (methanol, hexane, ethyl acetate,
acetonitrile, and acetone), were HPLC-grade, from
Sigma Aldrich. Merck (Darmstadt, Germany)
supplied hydrochloric acid (HCI, analytical grade)
and porosity membranes of cellulose acetate were
acquired from Millipore (Billerica, MA). Ultrapure
water was prepared using a water purification
system from Millipore. N2 and He gases (purchased

from White Martins, Rio de Janeiro, Brazil) were
5.0 purity grade.

2.2 Extraction

The PCPs analyzed in this work are present in
Table 1, with their respective classes. These
compounds were chosen because of the large
production and the wide consumption by the
population in general.

In order to apply the methodology to the real
matrices, samples were collected at seven points in
the Palmital river basin, located in the state of
Parand, specifically in the Metropolitan Region of
Curitiba (MRC). Surface water samples were
collected in four campaigns performed in
October/2016, February/2017, May/2017 and
July/2017.

The methodology used for the extraction of
PCPs was adapted from Ide, Cardoso e Marques
(2013)**. First, 1 liter of sample was filtered on 0.45
pm cellulose acetate membranes to remove
particulate matter. Then the pH of the sample was
adjusted to 3 with addition of HCI 6 mol L. For
the solid phase extraction (SPE), C18 (Agila
SampliQ 1000 mg - C18 6 mL) cartridges were
preconditioned with 6 mL of hexane, 6 mL of
acetone, 6 mL of methanol and 6 mL of ultra-water
-pure. Samples were run through the cartridges in a
continuous stream and then dried for 30 min.
Elution of the analytes was done using 6 mL of
acetonitrile and 6 mL of acetone, collected in round
bottom flasks. The samples were taken to dry in a
rotary evaporator and then reconstituted with 1 mL
of acetonitrile and then subjected to ultrasound
equipment.

Following the procedures mentioned above,
200 pL of the extracted sample was separated for
the derivatization process for further analysis by
gas chromatography. To carry out the
derivatization process, the samples were first
evaporated in 350 pL inserts in a 40 °C oven, after
being completely evaporated, 50 upL of the
derivatization agent (BSTFA + 1% TMCS) was
added at a temperature of 60 °C for 30 min for the
reaction. After this step, 150 pL of ethyl acetate
was added for sample reconstitution.
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Table 1. Compounds studied

Compound Structures Acronym Class ®log Kow
Q
Methylparaben fjj\ﬂ/ MeP Preservative 1.96
X
ﬂ
Ethylparaben /©/\0/\ EtP Preservative 2.47
ﬂ
Propylparaben o PrP Preservative 3.04
(8]
|°
Butylparaben o NN BuP Preservative 3.57
0
Benzylparaben /@,/\Lo/\@ BzP Preservative 3.59
o]
cl OH
Triclosan TCS Antibacterial 4.76

3log Kow: Octanol/water partition coefficient. Source: TOXNET, 2017%.

2.3 Chromatographic Analysis

The compounds were analyzed on a 7890A GC-
MS/MS (Agilent Technologies), equipped with a
HP-5msi (30 m, 0.25 mm, 0.25 um) silica capillary
column coupled to a triple mass spectrometer
guadruple model 7000 with automatic sampler
(PAL Sampler).

The chromatographic conditions applied were
based on the method proposed by Mizukawa
(2018)*. The injection was performed in Splitless
mode. The temperature of the injection door was
280 °C and 2 pL of each sample were injected. A
constant flow of 1 mL min™ of helium was used as
carrier gas. The temperature of the oven was set at
100 °C (maintaining this temperature during
2 min), followed by an elevation of 15 °C min™
until 180 °C, 6 °C min? until 270 °C, and
5°Cmin? wuntil 310 °C, maintaining this
temperature during 3 min. The resulting run time
was 33.33 min. Temperatures of the transference

32

line and the ionization source were 280 °C.
Nitrogen was used as a collision gas in a flux of
1.5mL min™. Detection and quantification by
MS/MS were performed in monitoring reaction
mode.

2.4 Validation of the Chromatographic Method

In this study, the following parameters were
evaluated: Linearity, sensitivity, limit of detection
(LOD), limit of quantification (LOQ), accuracy
and precision.

The methodology used to validate the analytical
method was based on ANVISA Resolutions
475/02" and 899/03"° and INMETRO's DOQ-
CGCRE-008/03"",

2.4.1 Linearity and Sensitivity

An external standardization was used for the
quantification of the compounds. Individual
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standard stock solutions were prepared in methanol
with a concentration of 1000 mg L™ and stored in a
freezer. The mixed stock solutions were prepared
diluting the standard individual stock solutions.
Working solutions for the calibration solutions
were prepared by direct dilution of the 10 mg L™
mix. Linearity was obtained by constructing an
analytical curve with at least five concentrations,
ranged between 0.05 — 1.0 mg L™. The sensitivity
was expressed by the slope of the linear regression
analytical curve and determined simultaneously
with the linearity tests.

2.4.2 Limits of Detection and Quantification

LOD and LOQ were determined by Equations 1
and 2:

3,
LOD = T 1)
10 S,

LOQ = c

)

where Sa is the estimate of the standard deviation
of at least three whites and IC is the slope of the
analytical curve.

2.4.3 Accuracy
Accuracy was assessed by ultrapure water

recovery test. The value can be estimated by
Equation 3:

%recovery = Zoot 100 3
added
2.4.4 Precision
Precision was evaluated in terms of

repeatability and intermediate precision by

calculating the absolute standard deviation and
coefficient of variation for a minimum of six
replicates.

3. Results and Discussion

The quality control parameters for the
compounds analyzed are present in Table 1. The
linearity of the method was measured by the linear
regression coefficient and all the analytical curves
had a minimum correlation coefficient equal to
0.99, so they are in accordance with what is
recommended by ANVISA resolution 899/03".

The sensitivity was expressed by the angle
coefficient of the calibration curve that is, by the
slope of the analytical curve and through it was
possible to verify the tendencies of the sensitivity
for each analyte. It is observed that propylparaben
(PrP) was the compound that presented the highest
sensitivity among the six personal care products
analyzed by this analytical method. However, the
sensitivity is not directly related to low detection
limit values, but with a better precision in the
guantification  of  values  with  similar
concentrations®.

The lowest LOD and LOQ were found for
benzylparaben (0.5 and 1.6 ng L, respectively)
and the highest for Methylparaben (14 and
48ng LY. The limits of quantification were
comparable to other studies that used the same type
of detection and were satisfactory.

The accuracy of the proposed method was
obtained from the analyte recovery test, which
determines the recovery of the solid phase
extraction by means of known concentrations of
the compounds (0.1, 0.2, 0.4, 0.8 and 1.0 pg L™).
Table 2 shows the mean values obtained in the
recovery test of the compounds worked.

Table 2. Linear range, Analytical Curve, Correlation Coefficient (R?), Sensitivity (slope), Method Limits
of Detection and Quantification for Selected Compounds and Recovery Rates (R%).

Linear Recovery
Compound range Analytical curve R? Slope LO[_)l LO(_% Rates
(ng L—l) (ng L ) (ng L ) (%)
MeP 50 - 1000 y =174225x-1617 0.9956 1.7 x 10° 14 48 56.8
EtP 50 - 1000 y =158440x -3018 0.9972 1.5x10° 3.2 10 78.5
PrP 50 - 1000 y=203131x-4872 0.9981 2.0x10° 0,9 3.2 1114
BuP 50 - 1000 y =141603x -3667 0.9984 1.4x10° 6.9 23 1135
BzP 50 -1000 y =126372x-4773 0.9943 1.2x10° 0.5 1.6 117.9
TCS 50— 1000 y=79002x - 2086 0.9984 7.9 x10* 7.9 26 114
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The method proved to be efficient for most of
the compounds analyzed. With the exception of
MeP and EtP, all other compounds recovered
100%. The low recovery rates of MeP and EtP can
be justified by their low log Kow values (1.96 and
2.47 respectively). According to the literature, the
more polar the compounds (log Kow < 3), the
efficiency of SPE is usually lower due to the solid
phase used, octadecylsilane, that has a non-polar
character’.

The results concerning repeatability and
reproducibility are present, respectively, in Table
3. ANVISA (2003)'® does not admit, in precision
analysis, coefficient of variance (CV) values higher
than 5% for detection of drugs in pharmaceutical
products, but for complex matrices this value does

not apply. In Resolution 475/02 of ANVISA
(2002)** it is stated that for more complex samples
(blood, serum or plasma) CV values of up to 15%
are allowed. In turn, INMETRO (2003)"" allows a
CV of up to 20% for precision analysis of the
method. In this work, the mean values of CV for
analysis of repeatability and intermediate precision
are within the established limit (15% - 20%), and
therefore the method can be considered accurate
for the analysis of the five PCPs. For EtP only, the
reproducibility at the lowest concentration was
above 15%. The best result among the PCPs
studied was for the BzP, with average values 1.3%
in intraday and 7.5% in between subsequent days.

Table 3. Coefficient of variance expressed as percentage of the intraday and between subsequent days
assay of the compounds studied at three different concentrations (h=5)

Repeatability Reproducibility
Analitos 0'05_1 0.2 1 10 1 Average 0'05_1 0.2 1 L0 4 Average
mg L mg L mg L mg L mg L mg L
MeP 2.8 1.1 4.6 2.8 10.3 5.1 10.8 8.7
EtP 1.4 2.5 2.0 2.0 18.0 2.9 6.1 9.0
PrP 2.7 6.0 4.9 4.5 14.9 10.5 8.6 11.3
BuP 0.9 1.2 4.4 2.2 15.7 7.0 3.6 8.8
BzP 1.2 1.4 1.2 1.3 7.7 5.6 9.2 7.5
TCS 1.9 1.7 0.5 1.4 10.4 9.6 9.8 9.9

3.1 Determination of parabens and triclosan in
surface waters of the Palmital River

With the determination and evaluation of the
main validation parameters, it was possible to
apply the proposed chromatographic method in the
analysis of PCPs in samples collected in the
Palmital River.

In every sample analyzed in this research at
least one of the parabens and triclosan were
detected. Table 4 shows the concentration range
found during the four sampling campaigns in the
Palmital River. MeP and PrP were the parabens
detected with the highest concentrations during the
sampling campaign, reaching 0.40 and 0.22 pug L™
Differently from the parabens, the TCS was
determined with greater frequency and in greater
concentrations in the campaign of October of 2016,
being that the greater concentration of this
compound was of 0.19 pg L™,

From the results quoted above it was verified
that the method was efficient to quantify the low
concentrations detected in the Palmital River.

34

Table 4. Concentration range and average
concentration of PCBs on the Palmital river.

Concentration Average
Compound (hg LY conc.
(ug L™
MeT 0.05-0.40 0.07
EtP 0.05 0.01
PrP 0.004 - 0.22 0.04
BuP 0.02 - 0.04 0.01
BzP 0.003-0.13 0.04
TCS 0.03-0.21 0.06

4. Conclusions

The results obtained in the validation of the
chromatographic method were satisfactory and
provided its reliability. All the parameters of merit
worked had results according to the norms used for
validation of analytical methods. The limits of
detection and quantification were satisfactory and
allowing the quantification of analytes at traces
levels, in the ng L™ range. With the application of
the methodology, all the compounds studied were
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guantified in the Palmital River, at least once at in
trace levels.

The proposed methodology applies perfectly in
the purpose initially established the detection of
PCPs in surface waters and, finally, this method
can be used as a basis for future monitoring of these
compounds in environmental samples.
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ABSTRACT: Phosphate fertilizer industry produces phosphoric acid
from phosphate rocks, and as a byproduct, it produces phosphogypsum,
also known as agricultural gypsum. This material was stocked in open-
air stacks near the producing units. In order to determine levels of rare-
earth elements in phosphogypsum stacks, located in Imbituba, Brazil,
samples of 2000 grams of phosphogypsum were collected in nine
different points in stack 1. The concentration of rare-earth elements was
determined through neutron activation analysis and results indicate
significant values of rare-earth elements in the phosphogypsum from
Imbituba, when compared to the values of the Earth’s crust.

1. Introduction

Phosphogypsum is a byproduct of phosphoric
acid industry and it comes from acid leaching of
phosphate rock with water and concentrated
sulfuric acid. Phosphogypsum is a calcium sulfate
dehydrate, which physical and chemical
characteristics are equal to natural gypsum.
Although phosphogypsum is mostly composed of
calcium sulfate dehydrate, impurities from the
original phosphate rock can be identified in high
levels. These impurities are redistributed between
the phosphoric acid and the phosphogypsum,
during the manufacture. The insoluble impurities
(or solubilized in the acid medium) consist of
chemical elements, such as metals, rare-earth
elements, fluorides and radionuclides®.

Rare-earth elements can enter into human
organism by ingesting contaminated food and
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inhaling particles in suspension. Most of rare-earth
elements, which are ingested, were excrete,
although a short part can enter the bloodstream and
accumulate in different parts of human body per
ion exchange processes’.

An extensive volume of phosphogypsum
generated annually by phosphoric acid production
industries in world has been receiving attention of
radiological and environmental protection
agencies. In the Brazilian state of Santa Catarina,
there is a stack of the material, located in the city
of Imbituba, south of the state capital,
Florianopolis.  This material is currently
commercialized and applied in apple and soybean
crops. Some studies  with Brazilian
phosphogypsum have already been performed.
However, there are no studies on phosphogypsum
from this Brazilian State, and specially, on its
toxicity by rare-earth elements.
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This work aimed to quantify the presence of
rare-earth elements (Sm, La, Ce, Eu) in
phosphogypsum of Imbituba - Santa Catarina.

2. Materials and methods
2.1 Study site

Georeferenced  samples of the PG
(phosphogypsum) studied were collected in nine
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points in PG stack 1 (Figure 1), in the city of
Imbituba, southern coast of Brazilian state of Santa
Catarina (28° 13’ 17” S and 48° 38 21” W). In
addition, samples were collected in the Referenced
Area (AR), with the purpose of comparison related
to the chemical composition of the local soil
without human interference (background value).

6877200

6876900

Rio Grande
do Sul

Figure 1. Georeferenced samples of PG.

2.2 Sample collection and preparation

Sampling procedures were managed in
accordance to the Brazilian Association of
Technical Standards (ABNT)®. The samples were
collected in Engessul/Imbituba-SC, in May of
2008. The sampling procedures consisted on
sample extraction, at different depths: 0 — 0.20 m
(horizon A), 0.20 — 1 m (horizon B) and 1 — 2 m
(horizon C) with the purpose of evaluation of the
distribution of chemical elements according to the
stack depth. The samples composed of 2000 grams
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of phosphogypsum in each depth were conditioned
in plastic bags previously identified and
transported to the laboratory for posterior analysis.
The soil samples followed the same procedures
applied to the phosphogypsum.

All PG and soil samples were identified,
grounded with a 2 mm mesh sieve at ambient
temperature, to achieve a fine powder, and finally
oven dried to constant weight.
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2.3 Determination of rare-earth elements in the
samples

To determine the levels of rare-earth elements
in phosphogypsum and soil, the neutron activation
analysis method was applied. Powder samples
were homogenized in an agate mortar, individually.
Around 200 mg of each sample was packed in
polyethylene capsules using a four-decimal-place-
graduated analytical balance. Capsules were sealed
using a soldering tool with a graphite tip. Samples
were irradiated for four hours in a thermal neutron
flux of 10" n cm™ s in the IEA-R1 nuclear reactor
at Institute of Nuclear and Energetic Research

(IPEN), Sdo Paulo city, Brazil. In addition,
“control” polyethylene capsules were also
irradiated.

The standard used was the San Joaquin Soil
(NIST 2709), that was prepared in the same way as
samples with the view to guarantee the same
geometries. To assess the data consistence and to
guarantee the accuracy and reproducibility of the
analysis, to each set of ten samples, one “control”
sample and three samples of reference materials
were analyzed.

The elements determined by this technique
were Sm, Eu, La and Ce.

2.4 Statistical Analysis

Owing to the complexity and variability
normally observed in environmental studies, it is
common the use of multivariate statistical methods
to differentiate and identify natural levels of heavy
metals from anthropogenic contamination. With
the view to verify parameters that contribute with
the characterization and how they were related with
the methods used, cluster analysis was performed
using STATISTICA 7 software (StatSoft Inc.).

3. Results and discussion
3.1 Concentration of rare-earth elements

The REE  (rare-earth  elements) in
phosphogypsum derive by its raw material
(phosphate rocks). There were two kinds of
phosphate rocks: the sedimentary and igneous
rock. The ore matrix used in the acid production
process is the source of REE in the
phosphogypsum. Phosphogypsum generated in
Imbituba-SC was composed by phosphate rocks
from igneous origins. Stack 1 was formed by
igneous phosphate ores from Araxa — MG.

Table 1 presents rare-earth concentration values
found in phosphogypsum analyzed in present
study.

Table 1. Concentration (mean + standard deviation mg kg™*) of REE from phosphogypsum in samples from
other sources.

Element Russia’ Brazil® Brazil® Brazil’ Stack 1
Ce 1600 2574 956 1730 1233 + 326
La 1050 1300 1017 973 27+4
Eu 30.4 36 26 29 36+3
Sm 76 149 123 85 70+12

Results showed that for Ce there were no large
variations in the concentration, whereas La has a
lower concentration in relation to those found by
other authors. Eu and Sm present values close to
those found in phosphogypsum from other regions.
The summation () of the total concentration of the
REE (Ce, La, Eu and Sm) in the studied
phosphogypsum was 1366.3 mg kg™.
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Figures 2, 3, 4 and 5 show the distribution of
REE in relation to the depth in phosphogypsum of
Imbituba.

Figure 2 presents Cerium (Ce) results. In the
Earth’s crust, the mean concentration of Ce is 66
mg kg?, and in Chinese soils, the average
concentration found in eight different types of soils
was 86 mg kg™ ®. In Dutch soils, the maximum
allowable concentration for Ce is 53 mg kg™°.
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There are no established guidelines values for
this element in Brazil. Although, in this study,
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Figure 2. Distribution of Cerium on the stack 1.

According to Lapido-Loureiro et al. (2008)™,
apatite, along with its varieties, form a relevant
group of minerals. The Ca®* can be replaced,
principally, by rare-earth element light in igneous
apatite and rare-earth element heavy in
sedimentary origin. The results confirm this data,
since stack 1 was formed by igneous rocks that
were enriched with Cerium.
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Comparing the values of Ce in igneous
phosphate ores™, the concentration in stack 1 was
in the range for the apatite in Norway (494.4—
5352.9 mg kg™), which confirms, again, the high
concentration of REE in igneous rocks.
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Figure 3. Distribution of Europium on the stack 1.

Figure 3 presents results for Europium (Eu). Eu
is an element not found in nature as a free element
and it is difficult its separation. The oxidation states
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are +3 and +2 and Eu was found in ores containing
small amounts of all REE. In the Earth’s crust, the
mean concentration of Europium is about 2.14 mg
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kg™ 2. The average value obtained in stack 1 was
35 mg kg, higher than the determined for the crust
and soil, but still in the concentration range found

horizons

in igneous phosphate rocks 21.5 — 73.7 **,
Evaluating the Eu concentration, according to
the depths, it is possible to observe that the values
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the element.

7211800 727?00

6877500

6877200

+N

A

+ N

-+

+

A

T
6877500

T
6877200

- -

T
6876900

Profile A Profile B Profile C
T T T T T T T T T
727600 727900 728200 727600 727900 728200 727600 727900 728200
I T | S}
Legend 200 100 0 200 400
-~ 5 Universal Transverse Mercator - Zone 225
© Sample Points { _ ‘) Stack's Delimitation Datum: SIRGAS 2000

Concentration of Sm (mg/Kg)

®Q 001-59 CB 6-18 @0 181-32 @ 32.1-102,06
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Figure 4 presents results for Samarium (Sm). In
stack 1, the average concentration of Sm found in
phosphogypsum was 70 mg kg?, less than
mentioned by Ihlen et al. (2014)", that found a
concentration in the range of 86.3-323.3 mg kg™ in
igneous phosphate rocks. Presumably, this is

Notici

related to the redistribution of Sm that has
undergone chemical processing of phosphate rock.

ng the concentration over the depth:

surface samples showed the highest concentration
of this element and samples from the third depth,
the lowest level.
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Figure 5. Distribution of Lanthanum on the stack 1.
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Figure 5 shows results for Lanthanum (La). In
the Earth’s crust, the mean value found was 43 mg
kg™ *. Concentration found to La, in samples from
stack 1, were considered intermediate, when
compared to the values determined for igneous
rocks and below, when compared to the global
average.  Furthermore, few samples of
phosphogypsum collected in the second and third
depth of the stack 1 showed the maximum
concentration for La.

It was observed that La, Eu and Sm underwent
little variation with depth, and Ce, in some points,
presented a great variation; this is because REE in
phosphogypsum samples were associated to the
formation of carbonates, fluorides, sulfates and
phosphates of these elements®,

The experimental results and the certified
values are in Table 2.

Table 2. Concentration (mean * standard deviation mg kg™*) of REE from different literatures, reference area
and standard certificate

San Joaquim Soil | San Joaquim Soil -
Element Earthg Referenced (Experimental (Certified Sandy soil’ Soil '?4
Crust Area Japan
Values) Values)

Ce 66 0.14 £0.01 0.044 +0.001 0.042 +0.001 21+1 33
La 35 145+0.3 0.026 + 0.001 0.023 + 0.001 3.0+£0.3 15
Eu 2.1 51+0.3 0.011 +0.001 0.009 +0.001 <0.04 0.8
Sm 7 41+0.2 0.038 + 0.001 0.038 + 0.001 0.39 £0.02 34

The results obtained by the evaluation of the
influence of the phosphogypsum stacks to the
surrounding soil (RA) were presented in Table 2
with other results from the literature.

The REE concentration results in RA soil
samples were inferior to the values found in other
researches, for the Earth’s crust, with exception of
element  Eu, which  presented  higher
concentrations.

In contrast, the RA soil showed heavy REE
enrichment, indicating that the stacks have changed
in some way the concentration of the elements in
the soil under its influence.

Comparing the RA results to the soils found in
other researches, it is possible to observe that the

Ce concentration was lower than in the soils from
Japan and sandy soils. The La and Sm
concentrations, however, were close to the values
found in Japanese soils and higher than Brazilian
sandy soils. On the other hand, the Eu had its
concentration higher in the RA than in the other
researches, which indicate that there was an
increase of the element on this area.

3.2 Statistical Analysis — Cluster

Figure 6 shows the result of Cluster analysis
using the software STATISTICA 7 (StatSoft Inc.).

Tree Diagram for 4 Variables
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Figure 6. Cluster analysis.
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It is possible to observe that there is the
formation of two large similarity groups: first,
composed by Ce and Eu, which presented much
higher concentrations in the phosphogypsum than
in the Earth’s crust; and the second, composed by
La and Sm, whose concentrations were closer to
the results obtained for the Earth’s crust.

4. Conclusions

The result obtained (XREE the order of 1366.3
mg kg') indicated that the phosphogypsum
produced in Imbituba has a high concentration of
REE when compared with background values
found in  environmental samples. High
concentration of rare-earths in phosphogypsum
suggests that these elements may contaminate
animals, plants, rivers, lakes and consequently
humans during the ingestion of food grown on soils
treated with this phosphogypsum.

Results showed a high concentration of Ce and
Eu and a concentration below the global average of
La when compared to igneous rocks from other
regions. However, Eu and Sm presented values
close to those found in phosphogypsum of other
regions. This is due to the origin of matrix rock
used in the processing, which may vary the
concentration of REE in phosphogypsum.
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ABSTRACT: In this study, the biosorption was used on the removal of
5G blue dye using rice husk residue. The influence of temperature and
pH on the biomass pretreated with HsPO4 and NH4Cl was evaluated on
the sorption capacity. The tests were conducted in batch with previous
determination of point of zero charge (PZC). Analytical measurements
were performed by UV-VIS spectroscopy. A major influence of pH
and temperature on the biosorption capacity of the dye was observed.
The highest removal was obtained for the condition of pH 4 and
temperature of 50 °C. The time for the biomass-dye system to reach
equilibrium was around 45 min. Pseudo-first order kinetic model
adequately represented experimental data and had a good correlation
coefficient. In the equilibrium study, Langmuir isotherm best fitted the
experimental data, with a maximum biosorption capacity of 3.84 mg g
L. The use of rice husk as a biosorbent for the removal of reactive blue
5G dye can be considered promising for the abundance of this residue
and the observed sorption capacity.

1. Introduction

In the industrial sector, several projects have
been highlighted by the polluting potential,
especially by the considerable amounts of residues
rich in diverse types of substances highly harmful
to water, air and soil. In this category, the textile
industries are included as generators of
environmental impacts and emitters of waste
typically composed of the inputs used in its
process, among which dyes, such as reactive blue
dye 5G used on a large scale in the production of
denim*?,

Reactive dyes have been used on a growing
scale by the textile industries due to their reactivity
with fibers and color stability. The reactive dye

N

a
5G blue reactive dye

Biosorption

N7, l j: i .
/ - 0—’ 40 =

molecule can be defined by the following structural
systems: a chromophore system, responsible for
the color phenomenon; a sulfonate group,
responsible for the solubility and anionic character
of the dye; and one or more reactive groups, which
may form a covalent bond with the cellulose fibers
by nucleophilic addition or substitution reaction®.
The increase of complexity and difficulty for
the treatment of industrial effluents has led to the
search of new methodologies for the removal of
these wastes. The availability of innovative
technologies and costs compatible with the need to
reduce the environmental liabilities produced by
industrial effluents is a fundamental task with
repercussions in the short and medium term. As a
measure to minimize the impacts caused by the
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discharge of effluents rich in specific pollutants
such as dyes, companies have the option of using
tertiary treatments, mainly physical and chemical.
Currently, due to the cost and operational
complexity, these systems have been neglected by
alternative systems or the use of biomass through
the  processes of  bioaccumulation  and
biosorption®®.

Biosorption is a passive process where the
capture is carried out by inactive (dead) biomass.
The capture of the contaminants by biomass occurs
through physical-chemical interactions between
the ions and the functional groups present on the
biomass surface®.

A variety of biosorbents have been investigated
such as banana peel, chitosan, orange peel, aquatic
plants, cotton fibers, wood sawdust, sugarcane

bagasse, corn cob, babassu coconut, among
others”®.  Aiming for efficiency, Kkinetic and
equilibrium studies are required to better

understand the mechanisms involved. The pseudo-
first and pseudo-second order models are
commonly applied for kinetic evaluation. For the
biosorption equilibrium, isotherms are used to
describe the experimental data accurately within a
set of imposed conditions®. The commonly used
models are Langmuir, Freundlich and Henry* **,

Rice husk is a lignocellulosic compound
formed, basically, by: i) cellulose (35%), a semi-
crystalline polymer of anhydrocellulose, the units
of which are interconnected via f-1—4 bonds; (ii)
hemicellulose (13.1%), a heterogeneous polymer
composed of the combination of three hexoses: 8-
D-glucose, B-D-mannose and B-D-galactose, three
pentoses: B-D-xylopyranose, B-D -
arabinopyranose and B-D-galactouronic acid; and
(iii) lignin (13.27%), an amorphous aromatic
polymer (methoxy-phenols forming a resin species
in plants), consisting of two types of basic units:
guaiac and syringyl*. This biomass is insoluble in
water, has good chemical stability, high
mechanical strength and has several functional
groups in its structure such as COOH, -OH, SiOH,
CH, C=0, C=C, CH,, CHjs, CO, Si-O-Si, Si-H, -O-
CHs, and therefore has potential to be a good
adsorbent material™® *“.

Biosorbents prepared with rice husk have been
used in the adsorption of heavy metals, dyes and
other organic compounds due to the large
renewable production and the low cost for these
adsorbents™>®, Previous researches reveal that rice
husk can be used for removing ionic dyes from
aqueous solutions and presented promising results.
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This biomass presents high adsorption capacity,
which is significantly increased when chemically
modified™*?,

This study investigated the removal of 5G blue
reactive dye by means of biosorption using the rice
husk residue as a biosorbent. Kinetic and
equilibrium studies were performed to evaluate this
biomass as a low-cost alternative, when compared
to traditional physicochemical systems.

2. Materials and methods

2.1 Reagents, solutions and

determinations

analytical

All reagents used in this work were analytical
grade, phosphoric acid 85% (Merck), sodium
hydroxide 97% (Merck), hydrochloric acid 37%
(Merck), ammonium chloride P.A (VETEC) and
sodium chloride P.A. (VETEC). Reactive dye 5G
(TEXPAL) of commercial nature was used in
powder form.

Solutions were prepared at the concentration of
1.0 mol L* for biomass treatments and for
determination of the point of zero charge (PZC).
From a stock solution of the 1000 mg L™ dye and
distilled water, working solutions were prepared
with 20 mg L used in the adsorption experiments.

The determination of the concentration of dye
in the tests occurred by external calibration. For
this, a six-point analytical curve was obtained using
stock solution in the range from 0 to 50 mg L™
Measurements were performed using a UV-VIS
spectrophotometer (Perkin Elmer Lamba 45) at
589 nm. The pH measurements were performed in
bench potentiometer (Hanna 21).

2.2 Preparation of the biosorbent

Approximately 1.5 kg of rice husk were cleaned
with distilled water by immersion for 24 h.
Subsequently, the material was drained and oven
dried (Quimis) for 24 h at 60 °C. Subsequently the
biomass was ground in a knife mill and divided into
three equal portions. One of them was reserved as
experimental blank. To evaluate the influence of
chemical pretreatments, one of the portions of the
dried rice husk was immersed in 1.0 mol L HsPOs,
and the other was immersed in 1.0 mol L™ NH,CI
for 24 h. After rinsing again with distilled water,
they were again dried in an oven and packed in
sealed containers.
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2.3 Point of zero charge (PZC)

The adsorption processes are strongly
dependent on the pH, which affects the surface
charge of the adsorbent, the degree of ionization
and the adsorbate species. The pHecz allows to
predict the charge on the surface of the adsorbent
as a function of pH. For the determination of the
pPHecz, samples composed of 0.5 g of rice husk
were placed in Erlenmeyer flasks with 50 mL of
NaCl 0.1 mol L™ solution and adjusted pH 2 to 12
with NaOH and HCI 0.1 mol L™. The plastic film
sealed bottles were kept under constant stirring
(120 rpm) in a shaker incubater (Lactea brand,
model LAC-2000) at 25 °C. The pH was measured
at intervals of 1 h until constant values were
obtained. Stirring was continued for 24 h to ensure
equilibrium of the solutions. The values were
presented as a plot of ApH x initial pH, and the PCZ
value defined as the one that intercepts the x-axis
(ApH = 0)%.

2.4 Biosorption Study

For the pH effect evaluation, two values above
and two below of the PZC were chosen. To study
the temperature, tests were performed at 40 and
50 °C, in addition to the ambient temperature
(25 °C). The assays were carried out in duplicate in
a 125 mL Erlenmeyer flask, kept under shaking at
120 rpm in a shaker incubator. 0.5 g of biosorbent
and 50 mL of dye solution (20.0 mg L™) were
added to each flask for Kkinetic test and at
concentrations of 1.0, 5.0, 10.0, 15.0, 20.0, 25.0,
30.0, 35.0 and 40.0 mg L™ for isotherm equilibrium
test. After 4 h, the biosorbent was removed by
filtration and the dye concentrations were
measured by using the spectrophotometer
mentioned before.

The concentration of the dye in the adsorbent
(), in mg g%, was calculated by Equation 1.

ge = V.2 (1)

where V is the volume of the solution (L), Co is
the initial concentration of the solution (mg L™?), Ce
is the concentration of the final test solution
(mg LY. The dye concentration at equilibrium
(ge) was determined by the inspection of the graph
time ge(t) versus (t), at the instant the removal was
constant.

The equilibrium kinetic data were fitted to the
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pseudo-first order models (Eq. 2), pseudo-second
order (Eq. 3) and the intraparticle diffusion model
derived from Fick’s law assuming that diffusion of
the liquid film surrounding the adsorbent is
negligible and intraparticle diffusion is the rate-
determining step of the adsorption process
(Eq 4)23—25.

q(t) = qo(1—e™t) 2)
q9(t) = (Zi:t];i ®)
q(t) = k3t% +C (4)

where ge and q(t) are the equilibrium adsorption
and the adsorption capacity at the time ft,
respectively, in mg g*; t is the time in min; C
suggests the thickness of the boundary layer effect
(mg gb); ki (min?), k2 (@ mg* min?) and ks
(g mg *min"*?) are the constants corresponding to
the pseudo-first, pseudo second order and
intraparticle diffusion models, respectively.

To describe the adsorption equilibrium, the
adsorption isotherms models were adjusted to
experimental data. Langmuir model hypothesizes
that adsorption occurs in a monolayer manner and
that all active sites are evenly distributed on the
adsorbent and are available at the same energy
“cost”. These facts are important for the description
of the interaction adsorbent-adsorbate (Eqg. 5).

_ qmb.Ce
€ 1+b.c, (5)

where gm is the adsorption capacity of the
studied material (mg g™); and b is the constant that
measures the adsorbent-adsorbate affinity related
to adsorption-free energy® '

The Freundlich model (Eg. 6) considers the
heterogeneous solid and the exponential
distribution to characterize the diverse types of

adsorption sites, with different adsorptive
energies®®.
Ge =y /" (6)

where ki and n are empirical constants® and can
be related to the changes in the adsorbed
concentration with the changes in the solute
concentration.

The Temkin model (Eq. 7) considers the effects
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of the indirect interactions between the adsorbate
molecules and the decrease of the heat of
adsorption with the increase of the rate of
removal®.

qe = B.lnk;C, @)

where B is the Temkin constant relating the heat
of adsorption to the total number of sites (mg g )
and kr is the Temkin constant (L mg ™).

The Redlich-Peterson model (Eqg. 8) is used to
represent equilibrium of adsorption over a wide
range of concentrations and may be applied in
homogeneous and heterogeneous systems, due to
its versatility*".

__ krcCe
1+aR.Ceﬁ

(8)

de

where ks and ar are the Redlich-Peterson
constants (L mg™) and g is the exponent with
values from 0 to 1. The parameters of the models
were obtained from non-linear regression using

Origin 8.5% and the regression was assessed by
ANOVA at the 95% level of significance.

3. Results and discussion

3.1 Point of zero charge (pHrzc), pH and
temperature effect

Figure 1 shows the variation of pH as a function
of the initial pH for the three adsorbents: untreated,
treated with HsPO,4 and treated with NH4Cl. The
pH at the point of zero charge was approximately
5.0 for the natural rice rusk, 2.5 for the treatment
with HsPO, and 5.0 for treatment with NH.CI.
Below these values the solid presents a positive
surface charge favoring the adsorption of anions.
Then, it is expected better adsorption on the studied
biomass at pHs below pHpcz due to the anionic
characteristic of 5G blue reactive dye in aqueous
solution.

—aA— Natural rice rusk
—@— Phosphoric Acid
—— Ammonium Chloride

ApH
o

initial pH

Figure 1. pHpcz values for biosorbent rice husk natural and treated with HsPO, and NH4CI.

Considering the value of the pHpcz, the
objective was to determine the pH range where the
biosorbent adsorb more dye. Figure 2 presents the
guantity of adsorbed dye (per adsorbent unit mass)

as a function of time, at different pH conditions and
different adsorbents.
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Figure 2. Influence of pH on biosorption (ge) at 25 °C. a) natural rice rusk, b) HsPO4 and ¢) NH4CI.
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It was observed that the biosorption of 5G Blue
dye in solution by the rice hull is pH dependent. It
was found that at pH 4 the natural biomass removed
81.3% of the dye, already for pH 5 it was 79.7%,
for pH 6 it was 81.3% and pH 7 was 82.8%. In the
pre-treatments the lower pHs were more efficient,

removing 88.6% of the dye by the biomass
pretreated with phosphoric acid and 9.1% with
ammonium chloride. Considering the time of 120
min the values of g. were calculated for the studied
pH values. These values are set forth in Table 1.

Table 1. Adsorption capacity of the study material (mg g™*) at time 120 min for differentpH values at 25 °C.

Treatments
Natural
pH (A) H3PO4 (B)

t-test
AB AB BC
NH.CI (C)

4 1.64(x0.03)  1.62(x0.01)
5 1.67(x0.04)  1.65(x0.04)
6 1.66(x0.01)  1.68(x0.02)
7 1.69(x0.03)  1.62(x0.01)

0.18(x0.02) 110 70.14 11154
0.15(x0.01) 061 63.35  63.01
0.17(x0.01) 155 18242  116.06
0.13(x0.03) 283  69.69  81.61

t critical (N=3; p=0.05) =2.92

For the comparison of the sorption capacity (qe)
between the treatments at each pH evaluated, the t-
test was applied at a significance level of 95%
(Table 1). Considering the degrees of freedom
equal to 3, the critical value corresponds to
t(3:0.05) = 2.92. All comparisons between the natural
biosorbent and the H3PO4 (AB) treatment were
considered  statistically the same, since
teritical > fealculaes.  HOwever, for the biomass
prepared with NH4CIl, sorption capacity was
different from the other treatments (AC and BC)
because teriticat < tcarculae. Considering the lower
values of ge it can be considered that the application
of NH4ClI reduced the potential and sorption of the
biomass studied and that the application of H3PO4
did not promote a statistically significant increase
when compared to the natural biomass (Figure 2).

The pH can also affect the structural stability of
the 5G blue reactive dye because, under an acidic
condition, the dye molecule can be deprotonated
within the solution, resulting in a polar molecule
with a high negative charge density. Therefore, the
electrostatic repulsion between the adsorbent site
and the negatively charged dye ions was reduced at
low pH. Consequently, positively charged
functional groups could exert a strong electrostatic
attraction on anionic dye molecules®* *,

An evaluation of the effect of the temperature
considers a dye removal for each treatment at
temperatures of 25, 40 and 50 °C. Figure 3 shows
the experimental data of amount of dye adsorbed
(ge) versus time for each temperature studied at
pH 4.
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Figure 3. Influence of temperature on biosorption (ge) at pH 4: a) natural rice rusk, b) HsPO4 and c) NH4CI.

The temperature significantly influences the
kinetic energy of the molecules and interferes on
the attraction and repulsion forces between the
adsorbate and the adsorbent®™. In the range of
temperature and conditions studied, an increase in
the adsorbed amount was observed as the
temperature increases, with 50 °C being the one
that presented the best results. The biomass
pretreated with HsPO, at 50 °C showed the best dye
removal, 91.5%. It was observed that an increase in
temperature favorably influenced the ability of the
5G Blue dye to be removed by the rice husk
biomass.

This behavior could be explained by factors
such as an increased in mobility of the molecules
present in the solution (increased kinetic energy
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caused by the temperature rise), increased diffusion
of adsorbate on the surface of the adsorbent, and
dilation of the pores of the adsorbent®.

3.2 Biosorption kinetic

Figure 4 shows the quantity of adsorbed dye per
unit mass of adsorbent as a function of time, at pH
4 and 50 °C, for different pretreatments. The
experimental data were adjusted to the models of
pseudo-first order, pseudo-second order and
intraparticle diffusion. The equilibrium time was
about 20 min for in natura rice husk and about 35
min for both pretreated adsorbents.

Table 2 shows the fitted parameters and the
determined coefficients for these experiments.
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Figure 4. Experimental data and fit to intraparticle diffusion, pseudo-first and
pseudo-second order models for the temperature of 50 °C and pH 4: a) natural rice

rusk, b) HsPO4 and ¢) NH4CI.
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Table 2. Parameters of the adsorption kinetic models of the 5G blue dye by the biomass with different pre-
treatments for the conditions of pH 4 and temperature of 50 °C.

Pseudo-first order

Pseudo-second order

Intraparticle diffusion

Tratament g k" R2 Qe ko* R2 C ks R2
1.71 0.29 1.77 0.34 0.98 0.09

Natural  (£0.01) (£0.02) 0.99 (20.01) (£0.02) 0.95 (+0.28) (+0.04) 0.27
1.80 0.35 1.87 0.47 0.78 0.12

HPO,  (+0.02) (+0.03) 0.99 (+0.01) (+0.05) 0.99 (+0.28) (+0.04) 0.44
0.45 0.07 0.54 0.15 0.03 0.05

NH.Cl  (0.03) (:0.01) 0.96 (+0.04) (x0.03) 0.97 (+0.02) (+0.01) 0.8

20e (Mg g); " ke (Min™), °kz (g mg™ min™) and “ks (g mg™ min™?)

Determination coefficients (R2) were obtained
between 0.27 and 0.99, indicating that some
models do not represent satisfactory experimental
data (Table 1). The best fit was observed for the
pseudo-first order model, being suitable for all pre-
treatments. The pseudo-second order model was
only suitable for the treatment with phosphoric
acid. The intraparticle diffusion model presented a
low correlation coefficient for all adsorption
processes. Even though the correlation coefficient
for the intraparticle diffusion model, using NH4CI-
treated rice husk, was rather high (0.88), the C
parameter presents a large standard deviation (66%
of the mean value), which might impair its
statistical significance.

The pseudo-first and pseudo-second order
models presented similar performance in the fitting
of the data. The removal values (ge) predicted by
the pseudo-first order model agrees with the
equilibrium experimental data. This model
considers that the occupation rate of the active sites
is proportional to the number of active sites
available in the adsorbent material®.

The pseudo-first-order model also showed a
better fitting in the biosorption of the 5G blue dye
in a study using orange bagasse as a biosorbent
prepared by dehydration at different temperatures.
A Ky in the value of 0.32 min™ at pH 2 and initial
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concentration of 25 mg L™ has been reported®. The
removal of reactive blue 5G (RB5G) dye in
solution, 72 mg L™, using the drying biomass of
banana pseudo stem was investigated at pH 1 and
30 °C. For the pseudo-first order model a ki of
0.84 mg g™ was obtained. This value is due to the
higher concentration of dye applied in the test™.

3.3 Equilibrium biosorption

Figure 5 shows the quantity of adsorbed dye per
unit mass of adsorbent at equilibrium conditions as
a function of the concentration of the supernatant
solution at equilibrium conditions, at pH 4 and
50 °C, for in natura rice husk and HsPOs-treated
rice husk. Equilibrium analyses with NH4CI-
treated rice husk were not carried out due to the low
removal of the dye. The observed result for this
treatment should be at least similar to the in nature
biomass. It is suggested that the ammonium ion
was adsorbed by the material and thus limiting the
biosorption capacity of the biomass, which would
lead to low retention of the dye as verified.

The adjusted parameters for adsorption
isotherms and ANOVA of regression are shown in
Table 3.
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Figure 5. Experimental data and fit to Langmuir, Freundlich, Temkin and
Redlich-Peterson isotherms at 50 °C and pH 4: a) natural and b) HzPO..

Table 3. Isothermal parameters (Langmuir, Freundlich, Temkin and Redlich-Petersen) and ANOVA of
regression for fitting the experimental data of biosorption of rice husk dye natural and pretreated with HzPOs.

Treatment ANOVA Regression
Model Natural HsPO, Natural HsPO4
Fcalc p-value Fcalc p-value
Langmuir Ogn 3.74+0.09 3.8+04
b 0.23+0.04 2.7%0.3 14.60 0.01 2.15 0.10
R? 0.98 0.95
k. 0.90+0.09 25101
Freundlich n 2.2+0.3 3.4+0.7 3.60 0.10 2.21 0.10
R? 0.86 0.89
B 0.93+0.09 0.75+0.06
Temkin kr 1.8+£0.3 32+9 3.20 0.10 2.16 0.20
R? 0.95 0.96
ke 0.64£0.03 8.0%0.8
Redlich- ar 0.03+0.01 1.8+£0.3
Petersen p 1.6+0.1 1.13 +0.07 60.00  0.00 1117 0.04
R2 0.99 0.99

Fcritical (25, 005) = 58
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Determination coefficients between 0.86 and
0.99 were observed, which means that some
models do not represent the experimental data
satisfactorily. The best fit was verified for the
Redlich-Petersen model, being suitable for both the
natural and the pre-treatment with HsPOa. This
model predicts a heterogeneous behavior on the
surface of the adsorbent. The ANOVA at the 95%
significance level for the evaluation of the fit of the
models to the experimental data confirmed that the
Redlich-Petersen model was more adequate, since
it presented Fcaic > Feriticar fOr the two treatments
studied (60.0 and 11.17) as well as p-value < 0.05.
It should also be noted that the Langmuir isotherm
presented a favorable adjustment to the dye
adsorption in the natural rice rusk, with Rz = 0.98
and Feaic> Feritica. When the constant 4 of Redlich-
Petersen approaches 1 this equation takes the form
of Langmuir. This model considers that the
adsorbent has a limited number of positions on the
surface. The molecules can be adsorbed to the point
where all the surface sites are occupied, and
adsorption will only occur in free sites, and when
the equilibrium is reached no more interactions
occur between the adsorbed molecules, nor
between them and the medium®’. The maximum
adsorbed value (gm) of 3.81 mg g™ predicted by the
Langmuir model for the pretreated rice rusk
corroborates the experimental values.

The application of natural and citric acid treated
rice hulls was evaluated in the Direct Red 23 dye
biosorption. A gm value was obtained for the
Langmuir isotherm of 2.4 and 4.3 mg g7,
respectively®®, These values were like those
observed for the natural husk and treated with
phosphoric acid (3.7 and 3.8 mg g™) presented in
our study.

Removal of the reactive blue dye 4B using
natural rice husk verified that Langmuir isotherm
also better fitted to or the biosorption experimental
data. Thus, it can be suggested that monolayer
adsorption is occurred in this study®. This also
suggests that the intermolecular forces decrease
rapidly with distance and consequently predicts the
existence of monolayer coverage of the adsorbate
at the outer surface of the adsorbent.

4. Conclusions

The best condition for the biosorption of the 5G
blue reactive dye was the pretreatment with HzPO4
at pH 4 and 50 °C, where there was removal of
91.5%. The process was favored in acidic media
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and elevated temperatures. The kinetic models of
pseudo-first and pseudo-second order satisfactorily
described the experimental data with equilibrium
time of approximately 20 min. The Langmuir and
Redlich-Petersen isotherms satisfactorily described
the experimental data indicating the maximum
adsorbed value (gqm) of 3.81 mg g™. Thus, the
results indicated that the rice husk showed a
potential biosorbent for textile dye and could be
used to control pollution.
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