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Wishing all readers a prosperous new year, the Editor of Eclética Quimica Journal,
Editorial Board and Staff proudly present the first edition of 2021, with the certainty that EQJ
authors and readers will feel rewarded with the published findings. This first issue of 2021 begins
with the description of a screening method for zinc levels in milk samples from raw cow, raw
sheep, UHT cow, UHT goat and soybean-based milk to establish the Zn levels’ differences in
protein samples. The total Zn levels in the extracts were determined by flame absorption atomic
spectrometry. After protein fractionation and separation by urea polyacrylamide gel
electrophoresis, zinc-protein analysis was performed by electrothermal atomic absorption
spectrometry, indicating that the method provided a quantitative and accuracy determination of
Zn species present in the protein fractions of the milk samples. Next article deals with the
investigation of the physiological response of the microalgae Spirulina platensis to salinity stress.
Spirulina platensis and Spirulina platensis adapted to high salt concentration were operated at
laboratory scale in a semi-continuous photobioreactors to analyze the rate of carbon dioxide
biofixation. The authors concluded that the kinetic parameters estimated for Spirulina platensis
can be used to improve photobioreactor design for reducing of atmospheric carbon dioxide. In the
sequence, results on the antimicrobial activity against several fungi and bacteria are presented for
five medicinal plants popularly indicated for treating common infectious diseases in Recife,
Brazil. This study was motivated because in Brazil there are hundreds of street markets selling a
wide variety of herbs for medicinal purposes without quality control or scientific evidence;
instead, their purported efficacy is based exclusively on empirical ethnobotanical knowledge. The
results confirmed that the five traditional medicinal plants are efficient low-cost alternative
sources of extracts to treat infections, especially for people living in abject poverty. The following
article describes the validation of an analytical methodology to determine and quantify four
estrogen hormones present in water using high-performance liquid chromatography with
detections by diode array detector and by fluorescence detector. Five surface water sampling
campaigns were carried out in five different sites of Furnas Reservoir over three months and the
presence of estrogen hormones was detected. Closing this issue, two polyethersulfone hollow
fiber membranes were fabricated containing 16 and 20% of polyethersulfone with N-methyl-2-
pyrrolidone as solvent and tap water as nonsolvent. The effect of the polymer content on the
properties of the membranes was evaluated analyzing their morphological properties, response to
tensile tests and pure water permeability. The results showed that the only relevant statistical
difference was pure water permeability, being ~25% better in the 16% polymer membrane,
implying a minor energy consumption to produce the same volume of permeate.

In this opportunity the Editor and members of Editorial Board of Eclética Quimica Journal
present the sincerest recognition to the effort made by authors and Reviewers during the last year
and hope to continue with this essential collaboration in 2021.

Assis Vicente Benedetti
Editor-in-Chief of EQJ
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Instructions for Authors
Preparation of manuscripts

* Only manuscripts in English will be accepted. British or American usage is acceptable, but they should
not be mixed.

» The corresponding author should submit the manuscript online at
http://revista.ig.unesp.br/ojs/index.php/ecletica/author

» 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.

» Supplementary information: all the manuscripts accept Supplementary information (SI) that aims at
complementing the main text with material that, for any reason, cannot be included in the article.

+ 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 sequentially
numbered; only the first letter should be in uppercase letter. Subsections should be written in normal and
italic lowercase letters. For example: 1. Introduction; 1.1 History; 2. Experimental; 2.1 Surface
characterization; 2.1.1 Morphological analysis.

« The cover letter should include: the authors’ full names, e-mail addresses, ORCID code and affiliations,
and remarks about the novelty and relevance of the work. The cover letter should also contain a declaration
of the corresponding author, on behalf of the other authors, that the article being submitted is original and
its content has not been published previously and is not under consideration for publication elsewhere, that
no conflict of interest exists and if accepted, the article will not be published elsewhere in the same form,
in any language, without the written consent of the publisher. Finally, the cover letter should also contain
the suggestion of 3 (three) suitable reviewers (please, provide full name, affiliation, and e-mail).

» Credit Authors statement* to be add to the COVER LETTER. Information about the individual author
contribution to the article (Ex.: Author 1 Conceptualization, Writing — original draft, Methodology,
Validation, Writing review and editing; Author 2: Visualization; Author 3: Validation, Writing -review and
editing; Author 4: Supervision, Visualization, Writing - review and editing; Author 5: Supervision,
Visualization, Writing - review and editing).

*For coming issues.

» The first page of the manuscript should contain the title, abstract and keywords. Please, do not give
authors names and affiliation, and acknowledgements since a double-blind review system is used.
Acknowledgements should be added to the proof only.

» All contributions should include an Abstract (200 words maximum), three to five Keywords and a
Graphical Abstract (8 cm wide x 4 cm high) with an explicative text (2 lines maximum).

» Citations should be sequentially numbered and presented in superscript arabica humbers* throughout the
text, (“...third generation biofuels products from algae feedstock'.”), and references should be compiled in
square brackets at the end of the manuscript as follows:

*For coming issues.

Journal:

[1] Adorno, A. T. V., Benedetti, A. V., Silva, R. A. G. da, Blanco, M., Influence of the Al content on the phase
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transformations in Cu-Al-Ag Alloys, Eclet. Quim. 28 (1) (2003) 33-38. https://doi.org/10.1590/S0100-
46702003000100004.

Book:
[2] Wendlant, W. W., Thermal Analysis, Wiley-Interscience, New York, 3rd ed., 1986, chl.

Chapter in a book:

[3] Ferreira, A. A. P., Uliana, C. V., Souza Castilho, M. de, Canaverolo Pesquero, N., Foguel, N. V., Pilon dos
Santos, G., Fugivara, C. S., Benedetti, A. V., Yamanaka, H., Amperometric Biosensor for Diagnosis of
Disease, In: State of the Art in Biosensors - Environmental and Medical Applications, Rinken, T., ed., InTech:
Rijeka, Croatia, 2013, Ch. 12.

Material in process of publication:

[4] Valente Jr., M. A. G., Teixeira, D. A., Lima Azevedo, D., Feliciano, G. T., Benedetti, A. V., Fugivara, C.
S., Caprylate Salts Based on Amines as Volatile Corrosion Inhibitors for Metallic Zinc: Theoretical and
Experimental Studies, Frontiers in Chemistry. https://doi.org/10.3389/fchem.2017.00032.

» Figures, Schemes, and Tables should be numbered sequentially and presented at the end of the manuscript.
» Nomenclature, abbreviations, and symbols should follow IUPAC recommendations.

» Figures, schemes, and photographs already published by the same or different authors in other publications
may be reproduced in manuscripts of Eclet. Quim. J. only with permission from the editor house that holds
the copyright.

» Graphical Abstract (GA) should be a high-resolution figure (900 dpi) summarizing the manuscript in an
interesting way to catch the attention of the readers and accompanied by a short explicative text (two lines
maximum). GA must be submitted as *.jpg, *.jpeg or *.tif.

+ Communications should cover relevant scientific results and are limited to 1,500 words or three pages of
the Journal, not including the title, authors’ names, figures, tables and references. However,
Communications suggesting fragmentation of complete contributions are strongly discouraged by Editors.

» Review articles should be original and present state-of-the-art overviews in a coherent and concise form
covering the most relevant aspects of the topic that is being revised and indicate the likely future directions
of the field. Therefore, before beginning the preparation of a Review manuscript, send a letter (one page
maximum) to the Editor with the subject of interest and the main topics that would be covered in the Review
manuscript. The Editor will communicate his decision in two weeks. Receiving this type of manuscript
does not imply acceptance to be published in Eclet. Quim. J. It will be peer-reviewed.

» Short reviews should present an overview of the state-of-the-art in a specific topic within the scope of the
Journal and limited to 5,000 words. Consider a table or image as corresponding to 100 words. Before
beginning the preparation of a Short Review manuscript, send a letter (one page maximum) to the Editor
with the subject of interest and the main topics that would be covered in the Short Review manuscript.

» Technical Notes: descriptions of methods, techniques, equipment or accessories developed in the authors’
laboratory, as long as they present chemical content of interest. They should follow the usual form of
presentation, according to the peculiarities of each work. They should have a maximum of 25 pages,
including figures, tables, diagrams, etc.

» Articles in Education in Chemistry and chemistry-correlated areas: research manuscript related to
undergraduate teaching in Chemistry and innovative experiences in undergraduate and graduate education.
They should have a maximum of 25 pages, including figures, tables, diagrams, and other elements.

» Special issues with complete articles dedicated to Symposia and Congresses and to special themes or in
honor of scientists with relevant contributions in Chemistry and correlate areas* can be published by
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Eclet. Quim. J. under the condition that a previous agreement with Editors is established. All the guides of
the journal must be followed by the authors.

*For coming issues.

Supplementary information: the text is constituted of the first page of the main manuscript (removed the
Abstract and Keywords) and information not included in the main text but able to complement experimental
data or favors the comprehension of the manuscript such as: other experimental data not added to the main
text, figures, tables, deduction of equations, texts specifying parts of the article, files with raw data, videos,
etc.

Supplementary information should be referred in the main text using sequential numbering preceded of S to
tables and figures numbers, that will find in the Supplementary information (SI). Videos and raw data file will
be indicated with the name of the file.

Examples: Indication in the main text: (Fig. S1, Sl); (Table S1, SI), (Video: self-healing, SI); (Raw data:
electrochemical noise data.xls, SI).

Supplementary information will be located following the article with a different DOI humber from that of
the article, but easily related to it. SI material should be submitted as supplementary files (It can be uploaded
the necessary number of files).

At the end of the main text the authors should inform: This article has Supplementary information (tables,
figures, text, deduction of equations, videos, raw data, etc.).

Eclet. Quim. J. Ethical Guides and Publication Copyright:

Before beginning the submission process, please be sure that all ethical aspects mentioned below were
followed. Violation of these ethical aspects may prevent authors from submitting and/or publishing articles in
Eclet. Quim. J.

e The corresponding author is responsible for listing as coauthors only researchers who have really taken part
in the work, for informing them about the entire manuscript content and for obtaining their permission to
submit and publish it.

e Authors are responsible for carefully searching for all the scientific work relevant to their reasoning
irrespective of whether they agree or not with the presented information.

e Authors are responsible for correctly citing and crediting all data used from works of researchers other than
the ones who are authors of the manuscript that is being submitted to Eclet. Quim. J.

o Citations of Master’s Degree Dissertations and PhD Theses are not accepted; instead, the publications
resulting from them must be cited.

o Explicit permission of a nonauthor who has collaborated with personal communication or discussion to the
manuscript being submitted to Eclet. Quim. J. must be obtained before being cited.

o Simultaneous submission of the same manuscript to more than one journal is considered an ethical deviation
and is conflicted to the declaration has been done below by the authors.

o Plagiarism, self-plagiarism, and the suggestion of novelty when the material was already published are
unaccepted by Eclet. Quim. J.

e The word-for-word reproduction of data or sentences as long as placed between quotation marks and
correctly cited is not considered ethical deviation when indispensable for the discussion of a specific set of
data or a hypothesis.

o Before reviewing a manuscript, the Turnitin antiplagiarism software will be used to detect any ethical
deviation.
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e The corresponding author transfers the copyright of the submitted manuscript and all its versions to Eclet.
Quim. J., after having the consent of all authors, which ceases if the manuscript is rejected or withdrawn
during the review process.

o Before submitting manuscripts involving human beings, materials from human or animals, the authors need
to confirm that the procedures established, respectively, by the institutional committee on human
experimentation and Helsinki’s declaration, and the recommendations of the animal care institutional
committee were followed. Editors may request complementary information on ethical aspects.

e When a published manuscript in EQJ is also published in other Journal, it will be immediately withdrawn
from EQJ and the authors informed of the Editor decision.

e Manuscript Submissions

For the first evaluation: the manuscripts should be submitted in three files: the cover letter as mentioned above,
the graphical abstract and the entire manuscript.

The entire manuscript should be submitted as *.doc, *.docx or *.odt files.

The Graphical Abstract (GA) 900 dpi resolution is mandatory for this Journal and should be submitted as *.jpg,
*.jpeg or * tif files as supplementary file.

The cover letter should contain the title of the manuscript, the authors’ names and affiliations, and the relevant
aspects of the manuscript (no more than 5 lines), and the suggestion of 3 (three) names of experts in the subject:
complete name, affiliation, and e-mail).

When appropriate, important data to complement and a better comprehension of the article can be submitted
as Supplementary File, which will be published online and will be made available as links in the original
article. This might include additional figures, tables, text, equations, videos or other materials that are
necessary to fully document the research contained in the paper or to facilitate the readers’ ability to understand
the work. Supplementary Materials should be presented in appropriate .docx file for text, tables, figures and
graphics. The full title of the paper, authors’ names and affiliations, and corresponding author should be
included in the header. All supplementary figures, tables and videos should be referred in the manuscript body
as “Table S1, S2...”, “Fig. S1, S2...” and “Video S1,S2 ...”.

* Reviewing

The time elapsed between the submission and the first response of the reviewers is around 3 months. The
average time elapsed between submission and publication is seven months.

. Resubmission (manuscripts “rejected in the present form” or subjected to “revision”): A LETTER
WITH THE RESPONSES TO THE COMMENTS/CRITICISM AND SUGGESTIONS OF
REVIEWERS/EDITORS SHOULD ACCOMPANY THE REVISED MANUSCRIPT. ALL
MODIFICATIONS MADE TO THE ORIGINAL MANUSCRIPT MUST BE HIGHLIGHTED.

e Editor’s requirements

Authors who have a manuscript accepted in Eclética Quimica Journal may be invited to act as reviewers.

Only the authors are responsible for the correctness of all information, data and content of the manuscript
submitted to Eclética Quimica Journal. Thus, the Editors and the Editorial Board cannot accept responsibility
for the correctness of the material published in Eclética Quimica Journal.

e Proofs

After accepting the manuscript, Eclet. Quim. J. technical assistants will contact you regarding your manuscript
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page proofs to correct printing errors only, i.e., other corrections or content improvement are not permitted.
The proofs shall be returned in 3 working days (72 h) via e-mail.

e Authors Declaration

The corresponding author declares, on behalf of the other authors, that the article being submitted is original
and has been written by the stated authors who are all aware of its content and approve its submission.
Declaration should also state that the article has not been published previously and is not under consideration
for publication elsewhere, that no conflict of interest exists and if accepted, the article will not be published
elsewhere in the same form, in any language, without the written consent of the publisher.

e Appeal

Authors may only appeal once about the decision regarding a manuscript. To appeal against the Editorial
decision on your manuscript, the corresponding author can send a rebuttal letter to the editor, including a
detailed response to any comments made by the reviewers/editor. The editor will consider the rebuttal letter,
and if dimmed appropriate, the manuscript will be sent to a new reviewer. The Editor decision is final.

e Contact

Leticia Amanda Miguel
(ecletica@journal.ig.unesp.br)

Submission Preparation Checklist

As part of the submission process, authors are required to check off their submission's compliance with all of
the following items, and submissions may be returned to authors that do not adhere to these guidelines.

» In Step 1, select the appropriate section for this submission.

* Be sure that Authors’ names, affiliations and acknowledgements were removed from the manuscript. The
manuscript must be in *.doc, *.docx or *.odt format before uploading in Step 2.

* In Step 3, add the full name of each author including the ORCID IDs in its full URL ONLY WITH HTTP,
NOT HTTPS (ex. http://orcid.org/0000-0002-1825-0097).

» Add the authors in the same order as they appear in the manuscript in step 3.

» Be sure to have the COVER LETTER and GRAPHICAL ABSTRACT (according to the Author
Guildelines) to upload them in Step 4.

» Check if you've followed all the previous steps before continuing the submission of your manuscript.

Copyright Notice

The corresponding author transfers the copyright of the submitted manuscript and all its versions to Eclet.
Quim. J., after having the consent of all authors, which ceases if the manuscript is rejected or withdrawn
during the review process.

Self-archive to institutional, thematic repositories or personal web page is permitted just after publication. The
articles published by Eclética Quimica Journal are licensed under the Creative Commons Attribution

4.0 International License.
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ABSTRACT: A screening method for zinc
levels in different milk samples (raw cow, raw
sheep, UHT cow, UHT goat and soybean milk
base) was performed to establish the Zn levels’
differences in protein samples. The samples ' -u\-vv@ﬁ“
were digested in a cavity microwave oven and -L“Td“‘\ /
the total Zn levels in the extracts were Mk /
determined by flame absorption atomic som?“"
spectrometry (FAAS). The protein separation

was performed by urea polyacrylamide gel

electrophoresis (UREA-PAGE). Protein bands

were digested in the cavity microwave oven and Zn-protein analysis was further conducted by electrothermal atomic
absorption spectrometry (ETAAS). The results showed that Zn is mainly bound to 32 kDa (B-casein) protein (17.0 + 2.0%)
in UHT cow and 24 kDa (a-casein) protein (9.0 £ 0.6%) in raw sheep milk. This method provided quantitative information
regarding Zn species present in the protein fractions of the milk samples. The accuracy was evaluated using certified
reference material (whole milk powder, NIST 8435) with statistically equivalent concentrations (Student’s t-test) for total
Zn and by addition and recovery experiments applied to measure Zn-protein. The recovered values were in the 92-110%
range.

@ 12 Eclética Quimica Journal, vol. 46, n. 1, 2021, 12-20
@ = ISSN: 1678-4618
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Original article

1. Introduction

Zinc (Zn) is a trace element essential in human and
animal nutrition and participates in critical biological
processes, such as the synthesis and degradation of
carbohydrates, lipids, proteins and nucleic acids. It is
present in food in two forms: bound with organic
molecules and in inorganic salts'. Milk is one of the
main sources of zinc in the human diet, responsible for
about 25% of the total recommended daily intake of
this metal>2. Milk is a complete source of nutrients,
containing minerals, vitamins, carbohydrates, lipids,
water and proteins, which are especially crucial for
newborns’ growth and development®.

As humans continue to consume milk during
childhood and adulthood, highlighting the expressive
consumption of cow’s milk, it is essential to
understand better the chemical composition of milk,
including the mineral levels and their physiological
influence on human and animal nutrition, as well as
trace elements toxicity?.

Studies about different chromatographic methods
have indicated differences in the association between
Zn and proteins in human and cow’s milk. In cow’s
milk, the complex Zn-casein-Ca-P is the predominant
form, while in human milk, Zn-citrate species seem to
be predominant®. In the environmental, biological,
medical and biochemical research areas, studies about
metal-protein interaction are necessary to improve the
knowledge about the toxicity, bioavailability, transport
and physicochemical properties of an element®.

Nutrient fractionation in food is necessary to
understand availability and absorption prediction.
Fractionation is defined as the classification process of
an analyte or an analyte group in a specific sample
according to physical (e.g., size, solubility) or chemical
(e.g., bonding, reactivity) properties®. One relatively
simple procedure to fractionate proteins from food
samples is the polyacrylamide gel electrophoresis,
which shows high selectivity and consists in the
separation of molecules loaded in a particular way
under the influence of an electric potential difference’.
One of the main uses of the gel electrophoresis
technique containing urea is the characterization of
proteins in various types of milk®.

Studies about metal-protein interaction using
polyacrylamide gel electrophoresis, followed by
different  analytical  techniques  for  metals
determination, have been developed for several kinds
of application®*®. These works belong to an important
field of science called metallomic, which has allowed
for the integration of analytical studies with inorganic
and biochemical studies. Therefore, there is a growing
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demand for accurate and selective procedures that
allow the quantification and speciation of trace
elements, especially in foods, to obtain relevant
information about metal-protein binding, which is
intimately related to the nutrients bioavailability”’.

In this context, the present work aimed at
investigating the separation of proteins in different
kinds of milk samples, by urea polyacrylamide gel
electrophoresis (UREA-PAGE), and to establish Zn(ll)
concentrations in each protein determined by
electrothermal  atomic  absorption  spectrometry
(ETAAS). The Zn distribution results in protein bands
were quantitative and provided information about Zn
levels present in the milk samples' protein fractions.

2. Experimental
2.1 Instrumentation

A Varian model SpectrAA-800 graphite furnace
atomic absorption spectrometer (Mulgrave, Victoria,
Australia) equipped with a graphite furnace atomizer,
GTA 100 autosampler, was used for zinc quantification
in the proteins bands. Background correction by
Zeeman-effect was employed to correct for non-
specific absorbance. Pyrocoated graphite tubes (Part
Number 63-100011-00, Varian) furnace with
longitudinal heating was throughout. All signals were
measured as integrated absorbance. A zinc hollow
cathode lamp (1 = 213.9 nm, slit = 1.0 nm) operating in
5 mA was employed as radiation source. Argon
99.998% (Air liquid Sao Paulo, Brazil) was used as
purge gas. The heating programs used after the
optimization of pyrolysis and atomization temperatures
are shown in Tab. 1.

The total Zn was carried out using a flame atomic
absorption spectrometer (model SpectrAA 250 plus,
Varian, Mulgrave, Australia) equipped with a Zn
hollow cathode lamp (A = 213.9 nm, slit = 1.0 nm) and
5 mA lamp current were employed as primary radiation
sources. Air/acetylene flame was used at 13.4 L min
and 2 L min*air and acetylene flows, respectively.

The Mini-gel (Vertical Electrophoresis System
Mini, BioAmerica Inc. Equipments, Miami, USA) with
8.5 cm (height) x 10.0 cm (width) and a centrifuge
(5417R, Eppendorf, Hamburg, Germany) were used for
gel-electrophoresis.

The milk samples were microwave digested assisted
(Multiwave, Anton Paar, Graz, Austria) with 50 mL
PFA vessels. The total protein amount was determined
by spectrophotometry (Spectrophotometer model 432,
Femto, Sao Paulo, Brazil).
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Table 1. GF AAS heating program used in the zinc protein bands.

Drying 85 2.0
Drying 95 8.0
Drying 120 10
Pyrolysis 1000 5.0
Pyrolysis 1000 1.5
Atomization 1600 0.8
Atomization 1600 29
Cleaning 2500 2.9

2.2 Reagents and materials

All solutions were prepared using deionized water
(resistivity > 18.2 MQ cm) obtained from a Milli-Q
water purification system (Millipore, Bedford, MA,
USA). Nitric acid (HNOs) (Synth, Diadema, SP,
Brazil) previously purified using a sub-boiling
distillation system (Milestone, Sorisole, Italy), and
hydrogen peroxide (H202) 30 % w v (Sigma Aldrich,
Switzerland) were used to digest the samples.

A solution of 1.78% (m/v) Mg(NOs). (Merck,
Darmstadt, Germany) was used as a chemical modifier.
Analytical reference solutions between 0.2 and 1.0 mg
L of Zn were prepared by successive dilutions of a
stock solution containing 1000 mg L™ Zn (Tec-Lab,
Hexis, Jundiai, SP, Brazil).

The analytical curve for Zn determination in protein
bands was obtained using analytical solutions with
concentrations between 0.5 and 3.0 pug L Zn in blank
gel band previously microwave-assisted digested with
HNO31.0% (v/v).

2.3 Samples

Fresh milk samples from Holstein cows aged
between 3 to 4 years, weighing an average of 450 kg
and raised in a semi-intensive system, and sheep from
Santa Inés were collected at the Embrapa Pecuéria
Sudeste, located in Sdo Carlos, SP, Brazil. Samples of
ultra-high temperature (UHT) cow milk, UHT goat
milk and soybean milk base were purchased in the
local market of Sdo Carlos, SP, Brazil. Samples were
stored in a fridge at — 4 °C before analysis.

Certified reference milk sample (NIST 8435 -
Whole Milk Powder) from the National Institute of
Science and Technology (NIST, Gaithersburg, MD,
USA) was used to check the methods' accuracy for the
measurement of total Zn. Addition and recovery
experiments were performed to evaluate the species of
Zn.
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3.0 No
3.0 No
3.0 No
3.0 No
3.0 No
0 Yes
0 Yes
3.0 No

2.4 Procedures

2.4.1 Evaluation of pyrolysis and atomization
temperature

The pyrolysis and atomization temperature curves
were constructed with 18 pL of the standard or sample
solutions in the presence of a chemical modifier, 5 uL
of Mg(NQOs), 1.78% (w/v). The temperatures were
evaluated in a range of 700-1800 °C using increments
of 100 °C. Solutions of 1.0 pg L Zn were prepared for
this evaluation using the blank sample, a piece of
polyacrylamide gel without protein band, in acid
digested (HNO; 1.0% v/v).

2.4.2 Sample preparation for total Zn and species
determination

Zinc's total mass fractions were determined in the
milk samples using a microwave-assisted acid
digestion. In brief, 2.5 mL of milk samples or 250 mg
of the certified reference material was directly
weighted in the microwave vessel. Then, 1.0 mL of
H20, 30% (wi/v), 1 mL of H,O and 1.0 mL of HNO;
65% (v/v) were added and the mixture submitted to the
following microwave heating program: 5 min from 0 to
100 W, 5 min at 600 W, 5 min at 1000 W followed by
15 min of cooling. After digestion and cooling, the
digests were transferred to volumetric flasks and the
volume was made up to 20 mL with deionized water.

Protein bands (8 mm wide by 3 to 5 mm in height)
of the milk samples and the blank (gel region without
the protein) obtained by electrophoresis were cut,
washed with deionized water and dried on filter paper
for 15 min in the laminar flow cabinet before
weighting (each band was approximately 50 mg). The
bands were placed in PTFE mini-bottles, and 75 uL
65% (v/v) HNO;s plus 75 puL 30% (w/v) H.O, were
added.

The mini bottles were placed into the microwave
PFA vials containing 2 mL deionized water. Figure 1
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shows the container configuration wused. The
microwave heating program was run as follows: 1 min
from 0 to 250 W, 1 min at 0 W, 5 min at 250 W, 5 min
at 400 W, 10 min at 750 W followed by 10 min of
cooling. After digestion and cooling, the digests were
transferred to volumetric flasks and the volume was
made up to 3.5 mL with deionized water.

= et sampre

Figure 1. Sample container into the vial of the microwave
cavity vessel.

2.4.3 Gel Electrophoresis

Urea-polyacrylamide gel electrophoresis (UREA-
PAGE) was carried out using a separation gel
composed of acrylamide (4% for stacking gel and 10%
for separation gel), as described by Egito et al.'®, with
modifications.

The separation gel was composed of 2.25 mL
acrylamide/Bis (40 g acrylamide (Invitrogen, USA)
and 2 g N,N-methylene bisacrylamide (BIS) (Sigma,
Germany) in 100 mL solution) and 7.10 mL separation
gel buffer (6.43 g of TRIS (Synth, SP, Brazil), 38.57 g
urea (J.T. Baker, Germany), 0.572 mL HCI (Aldrich
Chemical, Milwaukee, WI, USA), with pH adjusted to
8.9 in 100 mL solution).

The stacking gel was prepared using 0.39 mL
acrylamide/Bis and 3.52 mL stacking gel buffer (0.830
g TRIS, 30 g urea, 0.44 mL HCI, with pH adjusted to
7.6 in 100 mL solution). Both gels also contained
N,N,N',N'-tetramethylethylenediamine (TEMED) (J.T.
Baker, Germany) and 10% (m/v) ammonium persulfate
(Sigma, Germany). Finally, Tris-glycine buffer
solution (3.75 g TRIS and 18.25 g glycine (Sigma,
Germany) in 250 mL of solution, diluted 5 times) was
used in the reservoir.
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To sample preparation, 30 pL of samples and
standard curve of purified protein markers (GE
Healthcare) were dissolved in 1.0 mL of buffer
solution, composed by 0.375 g TRIS, 24.5 g urea, 0.2
mL HCI, 0.35 mL B-mercaptoethanol (Inlab, Brazil)
and 0.075 g bromophenol blue (Merck) diluted to 50
mL with water. After dissolution, the samples were
immersed in a water bath at 40 °C for 1 h and
centrifuged at 5 °C for 10 min at 10000xg. Then, 30
ML of supernatant was applied to a single slot. The
initial and final currents were 23 and 24 mA and the
voltage was set at 90 V for 4.5 h. After the protein
migration, protein bands were stained overnight with a
solution containing 0.5 g of Coomassie brilliant blue
G-250 (Sigma, Germany) and 3.75 mL of H,SO,
(Quemis, Brazil) in 500 mL solution. This solution was
then filtered using filter paper and mixed to 55.6 mL of
10 mol L' KOH and 66.67 mL of 12% (w/v)
trichloroacetic acid (Synth, Brazil). Finally, the gels
were washed with deionized water and stored in 10%
(viv) glycerol 10% (v/v) methanol solution
(Proguimios, Brazil).

The molecular weight proteins were estimated
according to standard purified protein markers,
including phosphorylase b (97.0 kDa), albumin (66.0
kDa), ovalbumin (45.0 kDa), carbonic anhydrase (30.0
kDa), trypsin inhibitor (20.1 kDa) and o—Lactalbumin
(14.4 kDa). The gel electrophoresis UREA-PAGE was
performed in triplicate for each sample and separately
to avoid contamination.

Protein

24.4 Determination of Total

concentration

The total protein concentration was determined
through the Bradford method® by adding 1.25 mL of
the Bradford reagent (Coomassie Brilliant Blue G-250)
and 100 pL of bovine serum albumin (BSA) (Sigma,
USA) standard solutions or the samples and measuring
the absorbance after 5 min at 595 nm, in triplicate. The
analytical curve was constructed by using standard
solutions of BSA at concentrations between 50 and 250
mg L*, prepared by successive dilutions of a stock
solution containing 1000 mg L of BSA.

3. Results and discussion
3.1 Gel Electrophoresis
Figure 2 shows the gels electrophoresis obtained for

each milk sample, where columns 2 to 6 correspond to
the protein bands of each sample, and column 1 shows
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the low molecular weight (LMW) standard protein
(14.4 to 97 kDa). The dashed rectangles represent the
bands studied with the approximate molecular weight,
as this is a qualitative analysis. The protein molecular
mass values, found from top to bottom, were 52 and 39
kDa for the soybean milk base (column 2), 32 and 24
kDa for raw sheep (column 3), 32 and 24 kDa for UHT
cow (column 4), 32 kDa for UHT goat (column 5) and
32 and 24 kDa raw cow (column 6).

97.0 kDa
66,0 kDa

45.0KkDa

30.0 kDa

20.1 kDa

14.1 kDa

LMW Soya Shee Cow Goat Cow
(UHT) (UHT)

Figure 2. Zinc protein bands of milk samples run in
polyacrylamide gel (10%) with urea.

Casein is the major component of milk protein. In
this work, a-casein, B-casein and soybean proteins
showed profiles similar to other studies!®? with
approximately 24 kDa and 32 kDa for a-casein and p-
casein, respectively. Bands of higher intensity for raw
sheep, UHT cow, raw cow and UHT goat were in the
molar mass range of 32 kDa. For the soybean milk
base, the bands 52 and 39 kDa were assigned to -
conglycine subunits and glycine, respectively?#,

Naqvi et al.”® reported that it was also possible to
observe that Ca, Fe, Mg and Zn were mainly associated
with colloidal calcium phosphate in casein micelles.
For soybeans, 80% of the extracted proteins are f-
conglycine (7S) and glycine (11S). Denaturation by
heating occurs when there are interactions between
these proteins, which can form basic subunits, such as
(11S), B-subunits (7S), and a-,a’-subunits (7S)?%22,

3.2 Total Zn and species determination

Among the micronutrients present in milk, Zn has
the highest concentration and is important in human
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and animal nutrition, associated with organic
molecules and present as inorganic salts. Concerning
amino acids such as histidine and methionine and
phosphates and organic acids, it enables the
bioavailability of this element®. It is also associated
with one of the most important milk proteins, casein,
and in the bovine milk, Zn is present as Zn-casein-Ca-P
complex®.

The total zinc levels obtained in the samples are
shown in Tab. 2 and agree with those reported in the
literature?*?°. No significant difference (Student’s t-test
95% level, p>0.05) was found between the certified
reference material NIST 8435 (28 + 3 mg kg?) and the
measured value of certified reference material (26 + 1
mg kg?t) for Zn. Therefore, this study can confirm the
accuracy of the procedure. The slope and correlation
coefficient (r) of the FAAS calibration curve prepared
in the presence of 1.0% (v/v) of HNOs; were 0.4688
and 0.9994, respectively. Moreover, limits of detection
(LOD) calculated as three times the standard deviation
of the blank (n=10)/slope was 0.02 mg L* and
quantification (LOQ) (3 x LOD) was 0.03 mg L for
Zn, which are appropriate for Zn determination in the
evaluated milk samples®®.

The pyrolysis and atomization temperature were
evaluated to find the Zn measurement's best conditions
in proteins by ETAAS (Fig. 3). The drying and
cleaning temperatures were used according to Bossu et
al.?’. Pyrolysis temperature was set at 1000 °C and the
atomization temperature was set at 1600 °C. In this
condition, the absorbance analytical signals' best
profiles and the smallest deviations between the
measurements were observed. The coefficient of
variation was around 3.0% (n = 3) and the graphite
furnace heating program used to Zn determination in
the protein bands of different milk samples is shown in
Tab. 1.

The slope and correlation coefficient (r) of ETAAS
analytical curve in the presence of blank sample media
(gel without protein) were 0.1457 and 0.995,
respectively. The method’s accuracy was evaluated by
the addition and recovery procedure. Recoveries of 110
+ 1%, 92 + 3%, 99 + 4%, 95 + 8% were obtained after
adding 1.5 pg L of Zn to proteins bands 32 kDa UHT
cow, 32 kDa UHT goat, 39 kDa soybean and 24 kDa
raw sheep, respectively. These recovery values are in
the range established according to the quantified
concentration level®?, LOD and LOQ for Zn
determination by ETAAS, using the optimized
conditions, were 0.20 pug L' and 0.66 nug L7,
respectively.

The results for Zn distribution in protein bands were
quantitative and provide information about the relative
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Zn concentration in each protein band from milk
samples, as well as its relationship with the total levels
of Zn found in milk samples (Tab. 2). Zinc is present

predominantly in 32 kDa protein in UHT cow milk,
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followed by 32 kDa raw cow milk and 24 kDa raw
sheep milk, which showed similar Zn levels.

Table 2. Zinc mass fractions (%) obtained for protein bands (Zn-protein) by ETAAS and Total Zinc (mg L)

obtained for milk samples (ZnT) by FAAS, n = 3.

Samples / kDa Zn-protein / %? CVI/% Total Zinc/mg L P CV /%
Soybean milk-based / 52 n.d n.d
Soybean milk-based / 39 44+0.6 12.6 2.50£0.07 28
UHT Cow / 32 17.0+£2.0 9.4
UHT Cow / 24 8.0+1.0 17.6 3.20£0.02 0.6
UHT Goat/ 32 52+0.9 16.3 2.75+£0.01 0.4
Cow /32 8.0+1.0 8.3
Cow / 24 nd n.d 3.44 £ 0.05 15
Sheep / 32 1.7+£0.2 9.7
Sheep / 24 9.0+0.6 6.8 2.76+001 04
n.d = not detected.
1.00
0.85
L 0.90
| -
L]
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Figure 3. Pyrolysis (m) and atomization (e) temperature curves for 1.0 pg L* Zn in the blank (absence of band gel) in 1.0%

v/v HNOs with 1.78% w/v Mg(NOs), of chemical modifiers.

It can be concluded that Zn is present in these
samples in metal-binding proteins. There were no
differences between the Zn-binding proteins' estimated
values in UHT cow milk (8.0 £ 1.0%) and raw cow
milk (8.0 £ 1.0%), which presented the highest Zn
amount in 24 and 32 kDa, respectively. However, the
largest proportion of Zn found in the 32 kDa protein
was in UHT cow milk (17.0 £ 2.0%) and 24 kDa
protein (9.0 = 0.6%) in raw sheep milk. Studies were
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conducted to determine Zn bound to casein in breast
milk, in which processed milk samples presented a
change in the Zn distribution, with a decrease in the
serum fraction and an increase in the fat fraction. There
was no significant difference in the Zn percentage
regarding casein. However, there was a trend towards
increasing in processed samples®, as observed in this
study.
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Previous studies®**"3? showed that zinc could also
be linked to the casein fraction, a-casein and B-casein
in bovine milk. The complex fractions of a-k-casein
and a-f-casein showed significant zinc bound amounts,
as can be demonstrated in this work.

Gaucheron et al.** estimated that cations are bound
to a-casein and B-casein in the following affinity order:
Fe > Zn > Ca. Zinc was found with 3 CPP (casein
phosphopeptide) and the fraction containing o-casein
and the 3 CPPs containing amino acids (glutamic acid,
serine and phosphoserine), showing the Zn-complexes
formation®*22. Moreover, the Zn distribution between
casein, whey and other components may be affected by
pH, heat and other cations present in the diet. Thus, the
proteins are denatured and their ability to bind to Zn is
probably reduced®*®. This reduction can be explained
by the Zn percentage found in some proteins such as
soybean (52 kDa), raw cow (24 kDa) and raw sheep
(32 kDa).

Although contamination or species conversion
problems cannot be ignored, gel electrophoresis is an
important tool for the fractionation or separation of
compounds, such as caseins, and Zn distribution can
provide valuable information about the proteins'
activity and their associated components.

3.3 Determination of total protein

Lipid extraction is not necessary during the
Bradford method, so total protein determination was
made directly in the diluted milk®®. The aim was to
observe if the ultra-high temperature (UHT) process
caused changes in the milk total protein concentration
when compared with the unprocessed samples. Results
obtained for raw sheep, raw cow, UHT cow, UHT goat
and soybeanwere 34 +1gL?1, 21 +1gL% 23+1gL"
118+ 1 g L*and 16 + 1 g L7, respectively. No
significant difference was observed in the results that
compared processed and not processed milk, in
agreement with a previous work®.

Soybean is a protein supplier food composed by
saturated and unsaturated fatty acids, vitamins and
polyphenolic compounds, such as isoflavones®. It may
be prepared to have the same protein content as bovine
milk®*%®, which can be confirmed in this work (16 + 1
g L*%). However, the biological value of soybean
proteins is lower than bovine milk or eggs proteins®.

Proteins found in goat milk showed results
comparable to bovine milk. The highest total protein
concentration was found in sheep’s milk, in agreement
with the results reported by Raynal-Ljutovaca et al.?*
and was similar to bovine milk.
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4. Conclusions

This study evaluated a fractionation method for Zn-
proteins measurement in different milk samples by
ETAAS. A method for total Zn quantification in
different milk samples was also studied.

The Zn distribution results in protein bands were
quantitative and could provide information about the
relative Zn concentration in milk proteins. It was also
possible to define the most appropriate polyacrylamide
gels preparation procedure, the milk sample
preparation and Zn determination. No differences were
observed between the estimated values of Zn-binding
proteins in UHT cow milk and in raw cow milk, which
presented the highest Zn concentrations in 24 and 32
kDa, respectively. Total protein content in processed
(UHT) and non-processed (raw) milk samples were
also remarkably similar. The results showed that Zn is
mainly bound to 32 kDa (B-casein) protein in UHT
cow and 24 kDa (a-casein) protein in raw sheep milk.
The use of fractionation has been demonstrated as a
complementary analytical tool for the characterization
of Zn species present in milk.
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ABSTRACT: In this research, the ~ cecmeeaoaos

physiological response of the microalgae CO,gas : Gas
Spirulina platensis to salinity stress (1 and EE % || __ mixer
100 g L) was investigated. Spirulina '

: :_,ézzzzzzuw

platensis and S. platensis (adapted to high Rotameters
salt concentration) were operated at
laboratory scale in a semi-continuous
photobioreactors. The responses examined Air gas
were within 0.5 to 10% CO; concentration,
temperatures from 10 to 40 °C, light Photobioreactors
intensities from 60 to 200 umol m?2 s and
presented better results in terms of all
kinetic parameters. The highest rate of CO,
biofixation for S. platensis was 25.1 gco. m™ h, and the maximum specific growth (umax) achieved was 0.44 d* - 0.67 d*
at 2.5% CO, 150 pmol m2s? at 25 °C. Corresponding determined values of S. platensis adapted were 18.2 gcoz m™ h,
0.31 d* - 0.58 d* at 2.5% CO,, 60 pmol s m? and 28 °C. However, both microalgae exhibited experimental limiting
growth factors, CO, 10%, 40 °C and 200 pmol m? s, conditions under which photosynthetic CO, biofixation may be
inhibited and photoinhibition of photosynthesis may be enhanced by salinity. The efficiency of 2.5% CO, removal by S.
platensis achieved 99%, whereas S. platensis adapted to 96%, respectively. The kinetic parameters estimated for S.
platensis can be used to improve photobioreactor design for reducing of atmospheric carbon dioxide.
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1. Introduction

Global warming is generally attributed to
greenhouse gases (GHG) increase in the atmosphere,
particularly carbon dioxide (CO.), for which
atmospheric concentration has already achieved
387 ppm and needs to get down to 350 ppm or less in
order to avoid global climate change consequences®?.
By 2100, 26 billion tons of CO; are estimated to be
released into the atmosphere from anthropogenic
sources®. Photosynthetic organisms such as microalgae
species are potent producers of value-added bioactive
compounds such as pigments, vitamins and long-chain
polyunsaturated fatty acids, when grown under stress
conditions can accumulate significant quantities of
total lipids*®. Recent studies indicated that
improvements in culture conditions are needed to
obtain adequate productivity of lipid, protein,
carbohydrate content. It is well known that numerous
parameters influence the growth of these compound
content in microalgae: CO addition, light, temperature,
salinity, nutrient addition, inoculation size, stirring, pH,
etc.’.  The National Aeronautics and Space
Administration (NASA) was the first institution to
become interested in microalgae Spriulina for oxygen
production, CO; reduction and proposed it as one of
the primary foods to be cultivated in a future
bioregenerative life support system for long-term
manned space missions’ scenarios such as Moon and
Mars bases*®. The cyanobacterium Spirulina platensis
(S. platensis) is commercially produced as a nutrient
source in health food, feed and pharmaceutical
industries, especially in developing countries®. S.
platensis has shown ability of adaptation to quite
different habitats and colonizes harsh environments,
where life is exceedingly difficult for other organisms.
For example, in the lakes containing salt concentrations
> 30 g L7, the cyanobacterial population became
practically monospecific and Spirulina was the only
organism present in significant quantities. Indeed S.
platensis was found in waters containing from 20 to
270 g L? of salt, but growth seemed to be optimal at
salt concentrations ranging from 20to 70 g L and it is
possible that the population of S. platensis found at the
highest salt concentrations, such as in temporary ponds
just before drying, was that of the cyanobacterial
biomass established when the concentration of salts
was much lower’. S. platensis are thermophilic algae
with optimal growth temperature between 35 to 37 °C®.
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When S. platensis was cultivated outdoor under high
natural sunlight and salinity-stress, its production was
usually accompanied by photosynthesis
photoinhibition. Furthermore, it was suggested that
salinity-stress enhances photosynthesis photoinhibition
in green alga Chlamydomobas reinhardtii®. Thus, S.
platensis incorporates into a suitable photo-bioreactor
configuration that can enhance photosynthesis by
increasing growth conditions and controlling exposure
of S. platensis to environmental factors, as well as
suitable for greenhouse gases attenuation, particularly
converting CO. into biomass in which carbon is
biofixed and incorporated into carbohydrates, lipids
and proteins®t, The microalgae biomass produced can
also be used for various applications, such as
biofertilizer, soil  conditioner; and  biofuels
production®?,  However, more research  and
development are necessary on strain of microalgae
selection, acclimation; and adaptation with regards to
salt tolerance and the impact of other environmental
parameters. In this paper, were studied the impacts of
light intensity, temperature, and inlet CO;
concentration on the specific growth rate of S. platensis
and S. platensis adapted to salinity-stress during
biofixation of CO; in photobioreactors at laboratory
scale.

2. Experimental
2.1 Algal strain and cultivation conditions

Spirulina platensis from the American Type Culture
Collection (ATCC) strain 53844 was cultivated in
Zarrouk’s culture'® fresh medium described in Tab. 1,
adjusted (autoclave medium) to a final pH 9.0 + 0.2.
The stock culture was maintained in a 250 mL
Erlenmeyer flask containing 50 mL of the medium at
20 °C under 60 pmol m2 st of light intensity; and 16/8
h day/night cycle. Every week the culture was
transferred to a 500 mL flask containing the respective
fresh medium and acclimatized to 0.5% of CO, mixed
with air. Then, for further tests, the acclimated culture
was transferred into each photobioreactor and the CO;
concentration was increased gradually by bubbling
CO, (2.5%, 5%, 7.5% and 10%) for 24 h before
starting the test at a flowrate of 0.05 L m™.

Adaptation of S. platensis to high salinity, an
inoculum of microalgae S. platensis were cultivated in
a modified Zarrouk’s medium® (Tab. 2).
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Table 1. Composition of stock solutions used to prepare nutrient solution for S. platensis*.

NaHCO3 16.8

K;HPO, 0.5

NaNO3 2.5

K2S04 1
Nutrient Solution NaCl 1

MgS04.7H.0 0.2

CaCl?-2H,0 0.04

FeSO,4.7H,0 0.01

EDTA 0.08

HsBOs3 2.86

MnCl,-4H,0 1.81

. ZnS04-7H0 0.222

Trace metals mix A5 NaMoO4.2H,0 0.39
CuSQO4-5H,0 0.079
Co(NO3)?-6H,0 0.0494

NH4NO3 0.23

KzCI’z(SO4)4'24H20 0.096
Trace metals mix B6 modified NiSO4-7H,0 0.0478
Na,WO,-2H,0 0.0179
Ti(SO4)3 0.040

*Preparation: Combine salt solution ingredients with 1 mL trace metals A5 mix and 1 mL trace metals B6 to prepare 1 L,
adjust medium for final pH 9.0, and autoclave at 121 °C for 15 min. Adapted from “Carbon dioxide sequestration by Spirulina
plantensis in photo-bioreactors”, by J. C. Ramirez-Perez and H. W. Janes, 2009, Habitation, 12(1), p. 67.

Table 2. Composition of stock solutions used to prepare nutrient salt solution for S. platensis (adapted).

NaCl 100.0
Seawater (Aquarium salt) 16.0
Salt nutrient solution NaNO; 0.51
Naz;SO4 1.23
MgCl, 0.033
EDTA.2H,0 4.36
CoCl,.6H0 0.010
FeCls.6H0 3.15
. MnCl,.4H,0 0.018
\T/:f;;me:g:u?g; \ CuS04.5H,0 0.010
Na;Mo00,.2H,0 0.0063
ZnS04.7H,0 0.022
NaH,P0O4.2H,0 4.0
Thiamine-HCI 2.0
_— Biotin 0.005
TV solution Vitamin By 0.005

Preparation: Trace Metal mix solution®: Dissolve EDTA first in hot water and then combine with the other ingredients to 1L.
Vitamin solution™: After combining the ingredients adjust to pH 6 filter sterilized (Do not autoclave). TV solution”, prepare the
ingredients in 100 mL. Filter sterilized (Do not autoclave). Adapted from “Carbon dioxide sequestration by Spirulina
plantensis in photo-bioreactors”, by J. C. Ramirez-Perez and H. W. Janes, 2009, Habitation, 12(1), p. 68.

This adapted

the same

experimental procedure for S. platensis as explained

above. Experiments were
photobioreactors and operated

in parallel
the same
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experimental conditions to study the adaptation process
of S. platensis to salinity.
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2.2 Photobioreactors and experiments

Figure 1 shows the graphical abstract scheme of the
experimental set up at laboratory scale. The input CO>
gas concentration was controlled by mixing CO, and
air directly to each photobioreactor of 2 L working
volume (WV) glass (Pyrex). The input gas mixture was
connected by PVC tube (d=0.15 cm). The flowrate of
CO, was measured by a flowmeter (Colepalmer) and a
sintered sparge (porous air diffuser) placed into the
photobioreactor for bubbling the into the biomass. The
exhaust gas from each photobioreactor was connected
by a PVC tube of 0.15 cm diameter and the flowrate
measured by a flowmeter. Each photobioreactor was
inoculated with 200 mL of precultured S. platensis and
filled with 1800 mL nutrient solution prepared and
mixed 24 h in advance to reach about 0.5 g L*
concentration of suspension biomass. An experimental
factorial design was proposed to study the three
factors: CO. concentration, temperature and light
intensity, ranging at five levels using the same
experimental procedure, first for S. platensis culture
followed by S. platensis adapted to high salt
concentration. Five parallel photobioreactors were set
up in the same chamber, the initial concentration of the
cell biomass was approximately 05 g L%, the
photobioreactors operated at the same temperature and
light intensity, but the cell biomass in each
photobioreactor received different CO, concentrations
(0.5, 2.5, 5.0, 7.5 and 10%) under continuous bubbling
of CO,at a rate of 0.5 L m™; and all run lasted 12 days.
The following experiments were examined at varied
temperatures of 15, 20, 25, 30 and 40 °C and then light
intensities of 60, 80, 100, 150 and 200 pmol m=2s™,

The photobioreactors temperature was maintained
constant by immersing the photobioreactors in acrylic
open water baths (0.46 x 0.25 x 0.8 m) with immersion
circulator analog controller (Isotemp 2100). The light
intensity was generated by cool white fluorescent tubes
(General Electric 40w to 80w) and measured using a
guantum sensor (model LI-190SA); connected to a
guantum/radiometer/photometer light meter (model LI-
250A, Li Cor Inc. Lincon, NE, USA). The quantum
sensor was configured to make measurements of
photon flux density (PDF) in the PAR (Photosynthetic
Active Radiation, 400-700 nm). The source of CO, was
provided by Airgas Specialty Gases New Jersey, 200
and 300 cubic feet volume cylinders of CO;
concentrations of 0.5, 2.5, 5.0, 7.5 and 10% balance
with air, the concentrations certified by the vendor.
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Figure 1. Experimental setup of algal bioreactors at small
scale.

Adapted from “Carbon dioxide sequestration by Spirulina
plantensis in photo-bioreactors”, by J. C. Ramirez-Perez and
H. W. Janes, 2009, Habitation, 12(1), p. 67.

2.3 Analytical determinations

The concentration of microalgae was measured by
the method of filtration, being 10 mL suspension of
cell biomass filtered on membrane filter (GF/C filters
1.2 um, d=47 mm). After dried filters at 80 °C for 24 h,
cell biomass weights were determined until achieved
constant weight over time. The ratio of carbon in the
dry cell biomass [Cc] was determined by ignition,
dried cell biomass was ignited at 500 °C in a
Thermolyne Furnace (model 62700, Thermolyne Corp.
Dubuque, 1A) to estimate the dry weight biomass. The
cell biomass concentration for both microalgae was
also determined as the changes in optical density (OD).
The OD of the suspension algal biomass was measured
at 680 nm (S. platensis) as absorbance, using a
spectrophotometer (UV-VIS Shimadzu- 1700). The
cell dry weight of S. platensis and optical density
(ODego) were established by linear regression (dry cell
biomass, g L= 0.477 x ODggo + 0.376; R?=0.957; p =
0.01). Likewise, for S. platensis adapted and cell
biomass g L?=2.35 x ODeso + 0.32; R?=0.94, p=0.01.
Triplicate samples of the cell biomass were collected
every day until reached maximum microbial growth (4-
5 g L), depending upon the experimental conditions
some photobioreactors were shut down earlier than
others. The pH of the suspension of cell biomass was
measured with a pH meter (Acumet ABIS Plus)
calibrated with standard pH solutions of 4, 7 and 11.
Analysis of CO, input/output of each bioreactor was
measured with a Gas Chromatograph Shimadzu 17A
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with TDC detector, gas samples were taken in plastic
bags. The CO: concentration was also monitored
analyzing CO; directly in the gas stream off the
bioreactor using colorimetric gas detection tubes RAE
systems.

2.4 Determination of growth rate and kinetic
parameters

Assuming that the microalgae growth can be
modeled by a first order dynamic equation:

dy/dt = £X 1)

Integrating and re-arranging Eqg. 1, the growth
coefficient also called specific growth rate (u, d!) can
be calculated using the Eq. 2:

_In(X, /X))

t, -t B

where X; and X, were the microalgae concentration

(g LY on days t; and to, respectively®. The biomass

productivity rate, also called linear growth (p), is
estimated according to Eq. 3:

X,—X;

P= ©)

where p (g L d?). Since no organic carbon source
is available in culture medium, the CO, biofixation rate
can be indirectly calculated by the carbon content and
biomass productivity rate, according to Eq. 4%

Rcoz= Cc % p X (Mcoz/Mc) (4)

Therefore, the rate of CO; biofixation per initial
inoculation mass of microalgae can be determined by
Eqg.5

rcoz = Reoz / X0 (5)

where Rcoz [gcoz Lt d?] is the biofixation rate and
rcoz[gco2 g dry cell].

The average cell carbon content Cc [gc g dry cell]
ratio measured experimentally was 0.59 g carbon g™
dry cell weight, according to the measurement using an
elemental analyzer, and Mco. Mc? represents the
molecular weight of CO, and C***, respectively.

The efficiency of CO, removal was calculated as
follows: 100 x (COz)input-' (Coz)output/(coz)input ) where
CO2zinput is the initial and (CO2)output the stream gas off
the bioreactor®.
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Empirical microbial growth kinetic models were
explored to describe the impact of environmental
factors on specific microbial growth of S. platensis and
S. platensis adapted. Ménod model (Eqg. 6).

S

H = e Ks+S (6)

where Ks is the Monod kinetic constant and S; CO,
concentration or light intensity. When the substrate
inhibits microbial growth at high concentrations, an
optimum at which the highest specific growth rate
occurs in this case, the Ménod model can be modified
by Andrews model (Eq. 7).

S
Ks+S+S?/K,

H= M
(7)

where Ks and S are the same meaning as Ménod,
and K is the inhibition constant.

The effect of the temperature on the maximum
specific growth rate is based on Arrhenius model
(1889), which implies an exponential increase in
growth rate of the cells with rising the temperature.
However, it is well recognized that the Arrhenius
model fails once the temperature approaches the value
of optimum activity, because it cannot represent the
decline in rates at higher temperatures. Due to this
limitation, alternative models have been proposed,
which can predict the decline in rate following the
optimum. Mayo model (Eq. 8) modified the Arrhenius
equation based on the premise that the active fraction
of the enzymes involved in the growth limiting reaction
deceases when the temperature exceeds the optimum,
this expression is also able to predict a decline in the
maximum specific growth rate when the temperature
exceeds the optimum?°.

A'e(-Ei/RT)

H= " E2rT)
1+ ke( E2/RT)
(8)
where A’ and k are constants, E; is the activation
energy for cellular multiplication, and E, is the
activation energy for the thermal denaturalization
process.

2.5 Statistical analysis

The experimental results were evaluated by
comparing the specific growth rates of CO; biofixation
by S. platensis and S. platensis adapted to salinity
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under  different environmental conditions in
photobioreactors and analysis of variance (ANOVA) of
the Kkinetic parameters, significance was tested by
Tukey at p < 0.05, using R software®®.

3. Results and discussion

3.1 Effect of salinity on the dry cell mass growth
of S. platensis under different environmental
conditions

Figure 2 gives the growth curve of dry cell mass of
S. platensis cultivated in photobioreactors at normal
salinity concentration for 12 days cultivation period at
2.5% CO2 concentration, 25 °C and pmol m? st dry
cell mass achieves 4.3 g L, which slowly declines
when cultivation conditions change by increasing CO;
concentration (5%), temperature (30 °C) and light

Spirulina Platensis

A 2.5% CO2, 100 umol s-1,m-2, 250C
[ ] 5% C0O2, 150 umol s-1m-2, 300C
O 10% CO2, 200 umol s-1m-2, 400C
5.0 \ T T \ \
R R
45 - :
4.0 I A
0 ° o
< 35 A [ |
> B
w30 -
25 — :
3 - A
o 20 — —
> . i
O 15 - Al :
Lo L. ahEe |
-t Nl
0.5 R
N R ST NN E I ERE R
0 2 4 6 8 10 12 14
Time, day
Figure 2. Dry cell mass of S. platensis grown under
different CO. concentrations, temperatures and light
intensities.
Adapted from “Carbon dioxide sequestration by
Spirulina plantensis in photo-bioreactors”, by J. C.
Ramirez-Perez and H. W. Janes, 2009, Habitation,
12(1), p. 69.
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intensity (150 pmol m2s?). The dry cell mass growth
of S. platensis continued to decline even more and
photosynthesis of S. platensis is inhibited at cultivation
conditions of CO. concentration (10%), temperature
(40 °C), and light intensity (200 pmol m=2s?). Figure 3
shows the impact of salinity when S. platensis adapted
t0100 g L* NaCl (1.71 mol L?) is cultivated in the
same way of S. platensis, for example, dry cell mass
achieves 3.2 g L™ for a 12 days cultivation period at
2.5% CO, concentration, 25 °C and 100 pmol m?s?,
salinity-stress ~ is  usually =~ accompanied by
photoinhibition of photosynthesis'®. Figure 4 illustrates
the UV-visible spectrums of S. platensis and S.
platensis adapted. An analysis of the spectrum from
600 to 800 nm shows the strongest band centered near
680 nm for S. platensis, which decreases and displaces
the maximum to 675 nm for S. platensis adapted, due
to the impact of salinity.

S. Platensis Adapted

A 2.5% CO2, 60 umol s-1m-2, 250C
[ ] 5% CO2, 150 umol s-1 m-2, 300C
10% CO2, 200 umol s-1m-2, 400C
35 FI N L U I R
30 Yy’ o® .
A o
L ° i
25 — Y —
- L
) L A i
(]
g 0 A g0 N
= L 4
g 15 A o [ ] -
e T AA ( ] 1
O oA [ |
40 - iH ]
0.5 D:ﬂj—_ﬁrljﬁl —
T I I N BRI
0 2 4 6 8 10 12 14
Time, day
Figure 3. Salinity effect on dry cell mass of S.
platensis (adapted) grown at 100 mg L* NaCl and
under different CO, concentrations, temperatures
and light intensities.
Adapted from “Carbon dioxide sequestration by
Spirulina plantensis in photo-bioreactors”, by J. C.
Ramirez-Perez and H. W. Janes, 2009, Habitation,
12(1), p. 69.
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Spirulina Platensis
Spectrum

2.5% CO2, 100 umol s-1m-2, 250C
10% CO2, 100 umol s-1 m-2, 250C

— 5% CO2, 100 umol s-1 m-2, 300C
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Figure 4. Impact of salinity on the UV-vis absorption of S. platensis and S. platensis adapted.Adapted from “Carbon dioxide
sequestration by Spirulina plantensis in photo-bioreactors”, by J. C. Ramirez-Perez and H. W. Janes, 2009, Habitation, 12(1),

p. 69.

3.2 Effect of Salinity on the specific growth rate
(u) and CO: biofixation rate (RCO>)

Table 3 shows that during the 12 days cultivation
period, the highest p and R values of S. platensis
(0.278 d?, 25.1 gco, m? ht) cultivated at 2.5% CO-
was significantly higher (p < 0.0012) than 5% CO; or
higher CO; concentration runs. In the same cultivation
mode, the n and R of S. platensis adapted decreases
(0.15 d?, 13.9 gco2 m2 h1) because of the effect of
salinity, in addition to the high CO, concentration of 5
to 10% runs, according to the results of Tab. 3. There
was no significant difference between u and R values

Table 3. Specific growth rate (u, d1); CO; biofixation rate (

of S. platensis between 20 and 25 °C runs, but there
were significant differences (p < 0.0012) between p
and R values of S. platensis adapted in the same range
of temperatures, these values were significantly lower
when the cells were exposed to higher temperatures
from 30 to 40 °C, respectively. When S. platensis were
exhibited to 150 pmol s* m?2 p and R values achieved
higher values elevated light intensities e.g. 0.18 d*,
16.2 gco2 m? ht than corresponding values at 100 and
60 umol s m2. But there was no significant difference
between p and R of S. platensis for 100 and 150 pmol
st m2runs.

R, gcoz m? ht) for S. platensis and S. platensis adapted

growing in photobioreactors under different CO, concentrations, temperatures and light intensities.

ANOVA S. platensis S. platensis Adapted S. platensis S. platensis Adapted
Carbon dioxide, %, Pr(>F) 2.90g 11x** 4.45e2* 3.00g M= 4.47e2*
0.5 0.1149 ¢ NA 10.36 c,d NA
25 0.2783 a 0.1540 b 25.08 a 13.88 b,c
5.0 0.1592 b,c 0.1105 b,c 14.34 b,c 10.38 c,d
75 0.0597 c¢,d 0.1045 b,c 5.38d,e 9.42d.e
10.0 0.0549 c,d 0.0501 d 494 e 453e
Temperature, °C, Pr(>F) 1.67¢5*** 8.68g 3%+ 1.68e5*** 8.64e 13***
12 0.0260 e NA 2.32¢ NA
15 0.0477d 0.0297 e 4.28d.e 2.70e
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20 0.1283 a,b 0.1070 b,c 11.56 b,c 9.70 ¢
25 0.1471 a,b 0.2022 a 13.26 b 18.23 a
Continue...

30 0.1109 b 0.0978 ¢ 9.99b,c 8.83c,d

40 0.0278 e 0.0493 d 251e 4.45d,e

Light, umol st x m2, Pr (>F) 2.49e2* 4.42¢73%* 2.40e2* 4.,22e73%*

60 0.1129 b,c 0.1467 a,b 10.18 b,c 13.22b

100 0.1413 a,b 0.1111 b,c 12.73 a,b 10.03 b,c

150 0.1800 a 0.1120 b,c 16.24 a 10.1 b,c

200 0.0734 d 0.0549 e 6.61d 4.96d,e

NA Not available
Signif. codes: 0 "***' 0.001 “**'0.01 "*'0.05°.'0.1"'1

Tukey multiple comparisons of means 95% family-wise confidence level

Conversely, the p and R values of S. platensis
adapted-increased as the cells were exposed to lower
light intensity from 60 pmol s* m2 (0.15 d?, 13.2 gco2
m=2 h) to 200 pmol st m2 (0.05 d*, 4. 96 gco. M h2).
But there were no significant differences between p
and R values of S. platensis adapted cultivated with 60
and 100 pmol st m?2, respectively, indicating that S.
platensis adapted to salinity stress is less tolerant to
growth at elevated light intensity and temperature,
suggesting a decrease in photosynthetic activity of S.
platensis adapted (Tab. 2).

3.3 Effect of salinity on the kinetics of S.
platensis and S. platensis adapted

The relationship between the p value and
environmental cultivation parameters such as CO;
concentration, temperature and light intensity in terms
of experimental kinetic models (Montd, Andrews and
Mayo) and the impact of salinity is illustrated for S.
platensis (Tab. 3) and S. platensis adapted (Tab. 4),
respectively. The impact of light intensity on p of S.
platensis, in principle is described by Ménod well in
the range of 60 to 150 umol m2?s*Egs. 9 and 10 (Tab.
4). The maximum specific growth (Umax) estimated
(0.44 d*) is depleted as CO, concentration and
temperature were increased. Under these conditions,

Umax decreased to 0.22 d*! and Andrew’s model
described better the kinetics of S. platensis exposed to
higher light intensity (Egs. 11, 12 in Table 4 and Fig.
5). In fact, a decline in the photosynthetic activity was
observed after four days of experiment run under 10%
CO2, 200 pmol m?2 s, and 40 °C, suggesting these
values as potential limiting factors of microalgae
growth and photoinhibition'®. The influence of light
intensity on the kinetics of S. platensis adapted was
stronger than the impact on the p of pure culture S.
platensis (see Tab. 5. Egs. 19, 20 and Fig. 5),
Andrew’s model described this impact, pmax dropped
from 0.31 d* for 5% CO; and 25 °C to 0.22 d** for light
intensities higher than 150 pmol m? s?and
photoinhibition occurred when CO; and temperature
increase to 10% and 40 °C, suggesting that in addition
to light intensity salt stress affect its photosynthetic
activity and may inhibit completely at 10% CO, and
40°C. These results agree with Zeng et al.’°, who
reported that the effect of salinity stress was stronger
when cells of S. platensis were grown under higher
light intensity 200 pmol m=2 s and showed lower
capacity of recovery in the photosynthetic activity
after photoinhibition than lower light intensity
(100 pmol m2s1) grown cells. This was attributed as a
result of the fact that stressed cells have lower protein
synthesis capacity and thus a slower repair mechanism.

Table 4. Experimental kinetic models and kinetic parameters of S. platensis.

|
723+1; (25 °C, 2.5%))
|
802+1; (25 °C, 5.0%)
|
92.3+1+12/74.0 ; (30 °C, 7.5%)

1 =0.0183

4 =0.0119

1 =0.012

28

©)
(10)
(11)
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(12)

Continue...

co,

1.76 + CO, + CO,’ 1343 (25 °C_ 150 umol s m?)
1 Co,

187+C0, +C0,*/1.19. (30 °C. 100 pmol s m?)
co,

1.77+CO, +CO,” /3.16 (40 °C, 200 umol s m2)

1 =0.028

1 =0.02

w«=0.017

(13)

(14)

(15)

0.029¢(-019/FT)
K 2883015/

0.020e(70.20/RT)
A {3042 L507RT)

0.0140-20/RT)
T 143102618/

; (2.5%, 60 pmol s m?)

; (5%, 100 pmol st m?)

7,
 (10%, 200 pmol s m?)

(16)

A7)

(18)

Table 5. Experimental kinetic models and kinetic parameters of S. platensis adapted.

94.3+1+17/134.2 (25 °C, 5%)
|
100.83+ 1 +12/1115 - (40 °C, 10%)

1 =0013

1 =0.009

(19)

(20)

4 Cco,
2.05+CO, +CO,*/2.55. (25 °C, 60 pmol s m?)

1 =0.02

Co,
2.08+CO, +C0," /227 (49 °C, 200 pmol s m?)

#=0.010

(21)

(22)

0'028e(—0.19/RT)
#3271

; (2.5%, 60 umol s m2)

The effect of CO concentration on the kinetics of S.
platensis, Eqgs. 13, 14 and 15 (Tab. 4) and S. platensis
adapted Egs. 21 and 22 (Tab. 5), is depicted by
Andrew’s kinetic model and is illustrated in Fig. 6. The
Mmax Value estimated for 2.5% CO,, 25 °C and 150
pumol m2 s, declined from 0.67 d* to 0.41 d* when
CO; concentration increased in the range of 5 to 10%
and the temperature and light intensity rose to 40 °C
and 200 umol m2s?, respectively, suggesting that CO,
is a limiting factor that inhibited S. platensis growth
particularly at 200 umol m2s*and 40 °C. An optimal
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(23)

Mmax Value for S. platensis adapted to salinity stress of
0.58 d* determined under the following environmental
parameters 2.5 % CO, (25 °C and 60 pmol m? s?)
declined to 0.24 d* when CO, concentration rose more
than 5% (40 °C and 200 umol m2s?), suggesting that
CO, is a limiting factor of CO; biofixation in
combination with high salt concentration. The effect of
temperature on the kinetics of S. platensis (Egs. 16, 17
and 18 in Tab. 4) and S. platensis adapted to salinity
stress (Eg. 23 in Tab. 5) and depicted by Mayo’s model
(Fig. 7), the optimum temperature for cultivation of S.
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platensis occurred around 25 °C, 150 umol s* m2 and
2.5% CO; but it declined slowly as temperature
increased along with CO; concentration and light
intensity to a minimum p values 10% CO; and 200
umol m2 st Likewise, as temperature decreased less
than 15 °C, u values decreased, indicating that the
temperature is a limited growth factor under the
influence of high CO; concentration and light intensity
in spite the fact that S. platensis was characterized as
thermophilic microalgae. The optimum temperature of
S. platensis adapted occurred at around 25 °C, for 60
umol m2 st and 2.5% CO; but declined slowly as the

ig.unesp.br/ecletica

temperature increased. Despite the fact that S. platensis
has been characterized as a thermophilic microalgae,
the high salt concentration may have caused strong
impact on the cells stress supported by high CO;
concentration (10%) and light intensity (200 pmol m
s1) minimize p values. Likewise, as temperature
decreased less than 15°C, p values decreased,
suggesting that the temperature is a limiting growth
factor. In addition, other factors were shown, such as
CO: concentration and light intensity in combination
with high salt concentration affect CO; biofixation rate.

0.024 Spirulina Plantensis
F R Light Intensity
0.022 — — Monod model (1)
0.020 B B Andrew's model (2)
. L : sim (1)
- 0.018 |- —
= i | €  5%CO2, T=250C
o 0016 — — im (1
E i . 1 . sim (1) ]
c 0.014 - ) 5 Z:SACOZ,T—ZSOC
S 0012 - - s @
cen i 4 A 75%CO02, T=300C
o 0.010 B 5 sim 2
5 0.008 * - O 10% CO2, T=400C
:’3)- 0.006 B S. Platensis Adapted
0.004 |- -y B - - sin@
L K — - o R B 5%Co02 250C
0.002 — _ - _
A B — sim(2)
| R S o . . O 10%Co02 400C
0 40 80 120 160 200 240 280

Light Intensity (umol s-1 m-2)
Figure 5. Effect of light intensity on the kinetics of S. platensis and S. platensis adapted to salinity stress at different CO;

concentrations and temperatures.

Mdénod model fit (solid line), Andrew’s model fit (dash line). Adapted from “Carbon dioxide sequestration by Spirulina
plantensis in photo-bioreactors”, by J. C. Ramirez-Perez and H. W. Janes, 2009, Habitation, 12(1), p. 71.
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0.020 Spirulina Plantensis
L il CO2 concentration Impact
0.018 | Andrew's model
B b —— sim
= 0.016 N B @  =150umol s-1m-2, T=250C
£ 0014 [ ] | —— sim
‘§ B 8 € =100 umol s-1-m-2, T=300C
< 0.012 B R 7 sim
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Figure 6. Effect of CO, concentration on the kinetics of S. platensis and S. platensis adapted to salinity stress at different light
intensities and temperatures.

Adapted from “Carbon dioxide sequestration by Spirulina plantensis in photo-bioreactors”, by J. C. Ramirez-Perez and H. W.
Janes, 2009, Habitation, 12(1), p. 71.

0.014 S. Platensis
r b Temperature Impact
0012 H Mayo model
L | —— sim
< 0.010 L | O 150 (umol s-1 m2), 2.5% CO2
2 L I sim
e ¢ 100 (umol s-1 m2), 5% CO2
< 0.008 — - sim
S [ | A 200 (umol s-1m-2), 10% CO2
o 0.006 — - :
© S. Platensis Adapted
‘O I
S 0004 . o
) | | Bl 60 @umol s-1m-2), 2.5% CO2
0.002 -
0 10 20 30 40 50

Temperature (°C)

Figure 7. Effect of temperature on the kinetics of S. platensis and S. platensis adapted to salinity stress at different light
intensities and CO; concentrations.

Adapted from “Carbon dioxide sequestration by Spirulina plantensis in photo-bioreactors”, by J. C. Ramirez-Perez and H. W.
Janes, 2009, Habitation, 12(1), p. 72.
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Waste stream flue gases emitted from stationary
sources such as power plants, industrial boilers,
refineries and others, using fossil fuels for combustion
and energy production produce from 4 -14% CO, and
air in a closed space such as a space station or a
submarine < 1% CO,% It has been reported that
microalgae present one of the few technologies for the
capture and utilization of CO'". The results indicate
that both S. platensis and S. platensis adapted to high
salt concentration can be used for CO; biofixation of
flue gas emitted from stationary sources. In fact,
maximum daily evaluation of the efficiency CO;
removal by S. platensis during experiments up to ten
days; achieved 92% at 0.5% CO,, 99% at 2.5% CO,,
84% at 5% CO», 89% at 7.5% and 88% at 10% CO,,
respectively. Corresponding values for S. platensis
adapted being 96% at 2.5% CO,, 90% at 5% CO,, 78%
at 7.5% CO; and 73% at 10% CO., respectively (See
Appendix).

Small pH changes of S. platensis cell suspension
observed during experiments from an initial pH (8.9) in
the presence of CO;, < 2.5% and temperatures < 25 °C,
after 24 h pH rose to 9.4 + 0.1 and S. platensis adapted
from an initial pH of 8.5 increased to 89 + 0.1.
However, in cultivation of S. platensis at CO, > 5% and
temperatures > 25 °C the pH increased to 6 9.1 £ 0.2
and S. platensis adapted to 9.2 + 0.2, after 24 h. These
results indicate that there was no formation of carbonic
acid but no abrupt decline in pH due to S. platensis and
S. platensis adapted were able to metabolize CO;
because both microalgae were previously acclimatized
to CO,. S. platensis and S. platensis adapted were able
to metabolize CO, because both microalgae were
previously acclimatized to CO,. Therefore, neither was
formation of carbonic acid nor decline in pH.

In this study, the maximum mean CO; biofixation
rate recorded for S. platensis was 25.1 gco. M2 h'
cultivated at 2.5% CO2, 150 umol m? s? and 25 °C,
corresponding values for S. platensis adapted being
18.2 gco. M2 ht for 2.5% CO,, 60 pmol m? s and
25 °C.

In a three-stage serial tubular photobioreactor were
cultivated Scenedesmus obiquus and Spirulina sp. at
30 °C. It was found that, for Spirulina sp. the pmax was
0.44 d*, 9.2 g m® h? with 6% CO, maximum daily
CO; removal efficiency was 53.3% for 6% CO, and
45.6% for 12% CO,, the corresponding values for S.
obliquus being 28.1% for 6% CO, and 13.6% for 12%
CO; runs*. Yun et al.’® estimated 26.0 gco, m= h?
biofixation rate value when Chlorella vulgaris was
cultivated after adaptation in 5% CO; in wastewater
supplemented with nutrients and without pH control at
15% COg, this value is comparable with the findings of
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this research and suggests that elevated CO;
concentration may exert effects on the photoinhibitory
behavior of the microalgae to different extents
according to species’. The efficiency of CO,
biofixation by these microalgae strains may have been
due to its physiological conditions, such as potential of
cell growth and ability of CO, metabolism. S. platensis
was cultivated under different light intensities (100-200
umol m2s?) at 35 °C and adapted to salinity stress up
to 0.75 mol L. It was reported that the cells grown in
higher light intensity are less tolerant to salinity stress
than those grown in lower light intensities, suggesting
that salt stress enhances photoinhibition of
photosynthesis through a direct effect on PSII reaction
center’, The results demonstrated that S. platensis
adapted to high salinity media 1.71 mol L cultivated
at 200 pmol s m2, 40 °C and high CO; concentrations
(7.5 and 10%) inhibit microalgae grow, show low
photosynthetic activity and consequently
photoinhibition?’. Photoinhibition occurs when the
photon flux absorbed by chloroplasts is extremely high,
so the concentration of high energy electrons in the
cells is too elevated to be consumed in the Calvin
cycle. These electrons react with water to form
hydrogen peroxide, which is highly harmful to sub-
cellular structures and the cell itself, indicating that
salinity enhances photoinhibition of photosynthesis
through a direct effect on PSII reaction center, the
reason for declination of PSII activity of cells under
salinity stress remains open. Moreover, they believed
that salinity stress induced damage or inactivation of
PSIlI reaction center as it is in the case of
photoinhibition of photosynthesis™®.

4. Conclusions

This study shows the potential CO- biofixation by S.
platensis and S. platensis adapted to high salinity, 1.71
mol L NaCl at laboratory scale in photobioreactors. In
general, a better rate of CO; biofixation was achieved
by S. platensis as indicated by its kinetic parameters
and efficiency CO, removal, when compared to S.
platensis adapted. The impacts of light intensity, CO,
concentration and temperature on the specific growth
rate followed the Ménod, Andrews and Mayo kinetic
models. For S. platensis the highest dry cell mass
concentration was 4.1 g L, cultivated at 2.5% CO,,
25°C and 150 pmol m? s, the highest rate of
biofixation 25.1 gco. M h! and the maximum specific
growth (umax) was 0.44 d*- 0.67 d. The corresponding
values for S. platensis adapted were 3.2 g L at 2.5%
COy, 25 °C and 60 pumol s m?, 18.2 gco. M2 h; and
Umax, 0.32 d* — 0.58 d. This suggests that the impact
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of salinity in combination with environmental grow
factors such as elevated CO; concentration, light
intensity and temperature may exert effects on the
photoinhibitory behavior of S. platensis adapted,
provoking a CO; biofixation rate depletion. Therefore,
the photosynthetic biofixation of CO, S. platensis and
S. platensis adapted showed optimum values at 2.5%
CO2 and 25 °C, and more sensitivity to light intensity
than S. platensis, suggesting that salinity enhanced
photoinhibition of photosynthesis. The efficiency of
CO- removal by S. platensis achieved 99%, whereas
for S. platensis adapted 96%, both at 2.5% CO.
concentration and small pH changes exhibited both
microalgae cell suspension.
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Appendix
Table 1A. Spirulina platensis efficiency of CO,  Table 2A. Spirulina platensis adapted efficiency of
removal. CO2 removal.
-——— -———
1.00 0.02 0.944 0.10
1.00 0.5 0.03 94 0.944 5.0 0.10 98
0.92 0.5 0.04 92 0.965 7.5 0.30 96
0.87 0.5 0.05 90 0.828 10.0 2.00 80
0.89 0.5 0.05 90 0.792 10.0 3.00 70
0.97 25 0.05 98 0.969 25 0.10 96
0.97 25 0.02 99.2 0.504** 5.0 0.05 99
0.97 5.01 0.7 86 0.6236** 7.5 3.00 60
0.94 5.13 1 80 0.971 10.0 3.00 70
0.98 5.13 0.65 87 0.856 5.0 0.10 98
0.89 5 0.95 81 0.906 5.0 0.15 97
0.94 5.01 0.7 86 0.837 5.0 0.60 88
0.84 5.01 1 80 0.897 5.0 1.50 70
0.85 5.12 0.65 87 0.6236** 5.0 0.10 98
0.85 7.5 0.95 87 0.977 5.0 0.15 97
0.25** 7.5 0.7 91 0.912 5.0 0.95 81
0.96 10 0.65 94 0.970 5.0 1.00 80
0.85 10 0.95 91 0.805 5.0 0.10 98
0.88 10 0.7 93 * p-value = 0.001. ** p-value = 0.01.
0.40** 10 1 90
0.56** 10 2.5 75
0.86 10 2.2 78
0.72** 10 0.7 93

* p-value = 0.001. ** p-value = 0.01.
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ABSTRACT: Medicinal plants are used for primary health care in many countries. In Brazil, there are hundreds of street
markets selling a wide variety of herbs for medicinal purposes without quality control or scientific evidence; instead, their
purported efficacy is based exclusively on empirical ethnobotanical knowledge. The present study evaluated the
effectiveness of five medicinal plants widely utilized in Brazil to treat infections, as well as determined their chemical
profiles. The results revealed that the five plants investigated (Anacardium occidentale L., Handroanthus impetiginosus
Mart., Bumelia sartorum Sw., Zornia brasiliensis VVogel and Cnidosculus urens Pohl) demonstrated moderate to strong
antimicrobial activity against most fungi and bacteria tested, principally for infections caused by gram-negative bacteria.
The extracts of four plants exhibited MIC of 19.5 ug mL? against the bacterium Escherichia coli. The results also
confirmed that these five traditional medicinal plants are efficient and inexpensive alternative sources of substances to treat
infections. The samples of the commercially marketed plants did not have consistent chemical compositions in at least one
type of HPLC, GC/MS, UV or *H NMR analysis.
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1. Introduction

Since the beginning of human civilization, plants
have been utilized for a wide array of purposes. It is
estimated that around 80% of the global population
relies on medicinal plants for primary health care'*. It
is also estimated that more than 65% of commercial
pharmaceutical preparations contain active ingredients
from natural sources, 32% being natural compounds or
derivatives®. Over a period of 30 years (1981 to 2014),
43.5% of the medicines in the world approved for the
treatment of infections caused by bacteria, fungi,
parasites and viruses were obtained from natural
products®.  Morphine, isolated from Papaver
somniferum L., penicillin, obtained from fermentative
processes of Penicillium chrysogenum Thom, and
taxol, isolated from Taxus brevifolia Nutt., are among
drugs developed from natural sources®. Despite the
advantages of using medicinal plants, such as their
lower cost, fewer side effects, greater protection and
easier accessibility, there are still considerable risks to
consumers due to problems of self-dosing, variability
in the chemical standards and inflated marketing
claims regarding herbs’.

Brazil has the largest biodiversity in the world and
50% of plant species of the family Leguminosae have
been reportedly used in folk medicine®. Hence, it is not
surprising that street markets flourish selling myriad
species of herbal and plant cures for an array of
common ailments. Moreover, 66% of the Brazilian
population has no full access to commercial
medicines’. Indeed, medical anthropologists have
verified the existence of time-tested ethnobotanical
knowledge among cultures worldwide™, including in
Brazil'**?. There is no doubt about the importance of
medicinal plants for the treatment and prevention of
diseases. As part of the systematic study of
phytochemicals and biological activity, previously
were demonstrated the antidiarrheal property of
Solanum paniculatum, L. roots, used in Brazil for
culinary purposes and to treat gastric dysfunctions®.
However, a lack of information about the origin,
taxonomic identification, storage and chemical
standardization of plants is a potential drawback to
their safe consumption, posing possible health risks to
users, particularly those in poor health**. Hence, the
present study aimed to determine the chemical profile
and antimicrobial potential of five medicinal plants
(Anacardium occidentale L., Handroanthus
impetiginosus Mart., Bumelia sartorum Sw., Zornia
brasiliensis Vogel and Cnidosculus urens Pohl)
popularly used in Brazil for the treatment of infections.
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A. occidentale, known in Brazil as purple cashew,
used in the form of tea and juice, is indicated for
treatment of infections via oral administration and for
wound healing by topical application*>*°, The stems
and flowers of H. impetiginosus, known as purple Ipé,
are used to make poultices or concentrated as tea
forthe  treatment of diseases caused by
microorganisms'’*°, Stems of B. sartorum, known as
quixaba, are used in Northeast Brazil to prepare for
treatment of various conditions, such as diabetes
mellitus, inflammation, genital sores, colic, bruises,
ulcers and others™. Extracts of leaves of Z. brasiliensis,
known as urinana, are used for their molluscicidal,
spasmolytic, muscle relaxant and anticonvulsant
properties and reportedly possess antioxidant,
antibacterial,  cytotoxic,  antinociceptive,  anti-
inflammatory and antitumor activities”". Extracts from
roots of the white nettle, C. urens, are indicated for the
treatment of cancer, inflammation, infection and
dermatological lesions, besides being used for their
antiseptic, expectorant, tonic, antispasmodic, diuretic,
sedative and hemostatic activities®.

2. Experimental
2.1 Plant material
2.1.1 Plant selection

The plant species were selected based on professed
traditional ethnobotanical knowledge. Ten suppliers
selling herbs at the Sdo José market in the city of
Recife (the state capital of Pernambuco, population
1,645,727; 2020) were interviewed by researchers and
asked to identify the medicinal plants most frequently
purchased by their customers for treating common
infectious diseases. Anacardium occidentale (stems),
Handroanthus  impetiginosus  (stems),  Bumelia
sartorum (stems), Zornia brasiliensis (leaves) and
Cnidosculus urens (roots) were the plant species most
frequently indicated by the herb vendors and thus, were
selected for the study. Samples of these five plant
species were purchased from three different medicinal
plant suppliers in March 2018.

2.1.2 Obtaining extracts

The five selected plants were dried at 50 °C for 48
h. The plants were milled and extracted separately with
ethanol (3 x 100 mL). The extract obtained was
concentrated under reduced pressure at 45 °C to yield
the crude extract (Tab. 1). The extracts were subjected
to chromatographic and spectrometric analysis (HPLC,
GC/MS, UV-VIS e 'H NMR).
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Table 1. Yields values of extracts obtained with ethanol from the five plants selected.

‘Samples  Driedplants(g)  Crudeextracts(g) Yielding (%)
2.0

1A0 32.3 0.7 .
A. occidentale 2A0 19.1 0.6 3.0
3A0 40.3 0.8 2.0
1Hi 43.4 1.0 2.2
H. impetiginosus 2Hi 32.2 2.1 6.7
3Hi 26.7 14 5.3
1Ba 56.4 1.2 2.2
B. sartorum 2Ba 29.9 0.9 2.8
3Ba 36.4 2.6 7.3
1Zs 18.9 0.5 2.7
Zornia sp 27s 17.3 0.5 3.2
3Zs 23.5 0.65 2.7
1Cu 20.5 0.5 2.9
C. urens 2Cu 24.0 0.3 1.1
3Cu 21.5 0.2 1.0

2.2 Instruments

GC/MS analysis were carried out using a Perkin
Elmer, model Clarus 589/Clarus SQ 8S capillary
column (cross linked 5% phenyl methyl silicone, 0.25
mm i.d. x 30 m, Palo Alto, CA, USA), with oven
temperature programmed from 100 to 250 °C at 10 °C
min' rate and a carrier gas (helium) flow rate of 1 mL
min™. IR spectra were measured in KBr pellets with a
Varian infrared spectrometer. The VIS-UV analyses
were carried out in an Agilent 8453 UV-Vis
spectrophotometer in the interval from 200 to 480 nm,
using 10-mm quartz cuvettes. *H NMR analyses were
recorded at 300 MHz using a Varian Unity Plus
equipment. Samples were dissolved in CDCl; with
TMS as the internal standard. HPLC analyses of
extracts and pure compounds were performed in a
Shimadzu LC 20AT instrument using a Luna Cig
reverse phase column (250 x 4.6 mm X 5 pm,
Phenomenex) and eluted in gradient mode starting with
0.001 % formic acid/methanol (3:7) for 5 min, rising to
90% formic acid after 30 min, with diode array
detector. TLC was performed on pre-coated silica gel
60 F2s4 plates. Spots were visualized under UV light
(254 and 365 nm).

2.3 In vitro assay for antimicrobial activity

The antimicrobial assay with crude extracts of the
five plants studied was evaluated against the gram-
positive bacteria Bacillus subtilis (UFPEDA 86),
Enterococcus faecalis (UFPEDA 138), the gram-
positive bacteria Escherichia coli (UFPEDA 224) and
Klebsiella pneumoniae (UFPEDA 396), as well as
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against the fungi Candida albicans (ATCC 1007) and
Candida krusei (UFPEDA 1002). The microorganisms
were maintained in nutrient agar (NA), stored at 4 °C.
The antimicrobial activity evaluation was performed by
determination of the values of minimum inhibitory
concentrations (MIC), as previously reported?®.

3. Results and discussion

The chemical profiles of the ethanolic extracts of A.
occidentale (stems), H. impetiginosus (stems), B.
sartorum (stems), Z. brasiliensis (leaves) and C. urens
(roots) marketed as medicinal plants in Recife,
Pernambuco, Brazil and indicated for the treatment of
common infectious diseases were obtained by HPLC,
TLC, GC/MS, UV and *H NMR analysis. Based on the
interpretations of the spectroscopic and
chromatographic  analyses  (see  Supplementary
Material, Figures S1-S15), some plant samples showed
qualitative and quantitative differences in the chemical
profiles in at least one type of analysis. The chemical
profiles of B. sartorum specimens had the greatest
chemical similarity among the five plants analyzed.
The *H NMR spectra of the ethanolic extracts of B.
sartorum samples revealed signals from the region of
0.9 to 5.5 ppm as bassic acid. Previous isolates from B.
sartorum root bark and bassic acid have demonstrated
anti-inflammatory ~ activity’”. Despite the small
variation in the chemical profiles among the B.
sartorum samples, the antimicrobial potential of B.
sartorum showed a variation of MIC values, especially
for sample 3Ba, which presented lower activity against
the bacterium Escherichia coli and the fungus Candida
albicans (Tab. 2).
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Table 2. Minimum inhibitory concentrations (MIC) values in ug mL™.

E. faecalis = B. subtilis
1A0 312.5 312.5
A. occidentale 2A0 156.2 78.1
3A0 312.5 312.5
1Hi 1250 625
H. impetiginosus 2Hi 1250 625
3Hi 78.1 19.5
1Ba 1250 625
B. sartorum 2Ba 625 625
3Ba 1250 625
1Zs 1250 1250
Zornia sp 27s 1250 625
3Zs 1250 312.5
1Cu 1250 625
C. urens 2Cu 1250 625
3Cu 1250 625

The chemical profile of H. impetiginosus sample
1Hi presented a difference when compared to the
chemical profiles of samples 2Hi and 3Hi, mainly in
the HPLC and UV analyses. H. impetiginosus
exhibited strong antimicrobial activity with MIC of
19.5 ug mL* against the bacteria E. coli, B. subtilis and
K. pneumonia, but the MIC values varied among the
samples due to their different chemical profiles.

The chemical profiles of ethanolic extracts of the Z.
brasiliensis samples showed differences when
analyzed by HPLC, UV and 'H NMR, especially
sample 2Zs. It was observed in the *H NMR spectrum
of the Z. brasiliensis extract the presence of doublets at
0 7.6 and 7.30 ppm, an intense singlet from the
methoxy group at ¢ 3.9 ppm, while the UV spectrum
showed absorption in the 380 to 560 nm. These signals
indicate the presence of flavonoids in the extract.
Flavonoids as chalcones and flavones have been
previously reported of Z. brasiliensis tissues, and
flavone 7-methoxyflavone isolated from the aerial
exhibited antinociceptive activity?>. Among the species
of plants studied here, Z. brasiliensis presented the
least antimicrobial potential against all microorganisms
tested.

The chromatograms obtained by HPLC of the three
C. urens extract samples showed a major peak at t; 40
min. The chemical profiles showed qualitative and
guantitative differences, mainly the chromatogram of
the 1Cu sample. It was inactive against the fungi C.
albicans and C. krusei, as well as presenting weak
activity against all bacteria tested. The samples 2Cu
and 3Cu, on the other hand, showed better results with
strong activity against the gram-negative bacterium K.
pneumoniae and the fungus C. krusei, with MIC of
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E. coli K. pneumoniae C. krusei C. albicans
156.2 19.5 3125 1250
78.1 19.5 625 2500
19.5 19.5 78.1 1250
19.5 1250 2500 >2500
156.2 625 2500 78.1
78.1 19.5 2500 156.2
19.5 625 39.0 >2500
195 39.0 39.0 39.0
1250 312.5 >2500 625
625 625 >2500 >2500
625 625 >2500 2500
625 625 >2500 78.1
625 2500 >2500 >2500
195 625 19.5 625
195 625 19.5 625

19.5 pg mL™. The *H NMR spectra of C. urens extracts
did not indicate the presence of hydrogen signals for
aromatic compounds but showed standard signals of
triterpenoids between 6 5.0 and 0.8 ppm, identical to
the triterpenoid signals previously obtained for
ethanolic extracts of C. urens®.

Extracts from the A. occidentale samples exhibited
strong antimicrobial activity against the bacteria tested,
mainly against the gram-negative bacteria K.
pneumonia and E. coli, corroborating previous studies
which demonstrated the antimicrobial potential of A.
occidentale’”®, The 'H NMR analysis of A.
occidentale samples revealed chemical signals
characteristic of flavonoids and benzoic acid
derivatives, such as quercetin, kaempferol, rhamnetin
and 2-hydroxy-6-pentadecylbenzoic acid, previously
observed in extracts of A. occidentale tissues***.

4. Conclusions

In summary, the five medicinal plants popularly
indicated for treating common infectious diseases in
Recife, Brazil, showed moderate to strong
antimicrobial activity against most of the fungi and
bacteria tested, principally gram-negative bacteria,
responsible for most infection-related deaths.

The results confirmed that these five traditional
medicinal plants are efficient low-cost sources of
extracts to treat infections, especially for the 5.1
million of Brazilians living in abject poverty® who
have limited access to conventional medicines, as well
as for other people seeking natural cures. The study
also revealed that samples of the commercially
marketed plants failed to have a consistent chemical
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composition in at least one type of HPLC, GC/MS, UV
or 'H NMR analysis. Another drawback noted was the
lack of information about the authenticity of herbs on
the packaging. The samples’ variability suggests a need
for more rigorous quality control of informally
marketed herbal medicines in this setting to avoid
potential risks to consumers’ health.

Acknowledgments

This work was funded by grants from PRPPG/UFRPE.
RSS thanks CAPES for providing a scholarship. The
authors are indebted to the Centro de Apoio a Pesquisa
(CENAPESQ), UFRPE, for the laboratory facilities.

References

[1] Elekwa, 1., Ugbogu, A. E., Okereke, S. C., Okezie., E., A
Review of Selected Medicinal Plants with Potential Health
Benefits in South-Eastern Nigeria, International Journal of
Pharmaceutical and Chemical Sciences 6 (4) (2017) 162-
171

[2] Albuquerque, U. P., Hanazaki, N., As pesquisas
etnodirigidas na descoberta de novos farmacos de interesse
médico e farmacéutico: fragilidades e perspectivas, Revista
Brasileira de Farmacognosia 16 (Suppl) (2006) 678-689.
https://doi.org/10.1590/S0102-695X2006000500015.

[3] Pattanaik, C., Reddy, C. S., Medicinal Plant Wealth of
Local Communities in Kuldiha Wildlife Sanctuary, Orissa,
India, Journal of Herbs, Spices & Medicinal Plants 14 (3-4)
(2008) 175-184.
https://doi.org/10.1080/10496470802598800.

[4] Newman, D. J., Cragg, G. M., Natural Products as
Sources of New Drugs over the 30 Years from 1981 to 2010,
Journal of Natural Products 75 (3) (2012) 311-335.
https://doi.org/10.1021/np200906s.

[5] Newman, D. J.; Cragg, G. M., Natural Products as
Sources of New Drugs from 1981 to 2014, Journal of
Natural Products 79 3) (2016) 629-661.
https://doi.org/10.1021/acs.jnatprod.5b01055.

[6] Barreiro, E. J., Fraga, C. A., M., Quimica Medicinal: As
Bases Moleculares da Acdo dos farmacos, Artmed, Porto
Alegre 3rd ed., 2015.

[7] Yevale, R., Khan, N., Jagtap, P., Kale, M., A review on
Herbal Medicine: Current Scenario, European Journal of
Biomedical and Pharmaceutical Sciences 3 (4) (2016) 109-
120. https://storage.googleapis.com/journal-
uploads/ejbps/article_issue/volume_3 april_issue_4/145940
6264.pdf.

39

ig.unesp.br/ecletica

[8] Souza, E. N. F., Williamson, E. M., Hawkins, J. A,
Which Plants Used in Ethnomedicine Are Characterized?
Phylogenetic Patterns in Traditional Use Related to Research
Effort, Frontiers in Plant Science 9 (2018) 834.
https://doi.org/10.3389/fpls.2018.00834.

[9] Mazzari, A. L. D. A, Prieto, J. M., Herbal medicines in
Brazil: pharmacokinetic profile and potential herb-drug
interactions, Frontiers in Pharmacology 5 (2014) 162.
https://doi.org/10.3389/fphar.2014.00162.

[10] Urso, V., Signorini, M. A., Tonini, M., Bruschi, P.,
Wild medicinal and food plants used by communities living
in Mopane woodlands of southern Angola: Results of an
ethnobotanical field investigation, Journal of
Ethnopharmacology 177 (2016) 126-139.
https://doi.org/10.1016/j.jep.2015.11.041.

[11] Conde, B. E., Ticktin, T., Fonseca, A. S., Macedo, A.
L., Orsi, T. O., Chedier, L. M., Rodrigues, E., Pimenta, D.
S., Local ecological knowledge and its relationship with
biodiversity conservation among two Quilombola groups
living in the Atlantic Rainforest, Brazil, PLoS One 12 (11)
(2017) €0187599.
https://doi.org/10.1371/journal.pone.0187599.

[12] Almeida, C. F. C. B. R., Albuquerque, U. P., Uso e
conservagdo de plantas e animais medicinais no Estado de
Pernambuco (Nordeste do Brasil): um estudo de caso,
Interciencia 27 (6) (2002) 276-285.
https://www.redalyc.org/pdf/339/33906902.pdf.

[13] Tendrio, J. A. B., Monte, D. S., da Silva T. M. G,,
Silva, T. G., Ramos, C. S., Solanum paniculatum root extract
reduces diarrhea in rats, Revista Brasileira de Farmacognosia
26 3) (2016) 375-378.
https://doi.org/10.1016/j.bjp.2016.02.003.

[14] Ghorani-Azam, A., Sepahi, S., Riahi-Zanjani, B.,
Ghamsari, A. A., Mohajeri, S. A., Balali-Mood, M., Plant
toxins and acute medicinal plant poisoning in children: A
systematic literature review, Journal of Research in Medical
Sciences 23 (2018) 26.
https://www.jmsjournal.net/temp/JResMedSci23126-
6450134 _175501.pdf.

[15] Njinga, R. L., Jonah, S. A., Gomina, M., Preliminary
investigation of naturally occurring radionuclides in some
traditional medical plants used in Nigeria, Journal of
Radiation Research and Applied Sciences 8 (2) (2015) 208-
215. https://doi.org/10.1016/j.jrras.2015.01.001.

[16] Olaniyan, M. F., Cholesterol Lowering Effect of
Cashew Leaf (Anacardium occidentale) Extract on Egg Yolk
Induced Hypercholesterolaemic Rabbits, Scholars Academic
Journal of Biosciences 4 (10B) (2016) 886-891.
https://www.edouniversity.edu.ng/oerrepository/articles/chol
esterol_lowering_effect of cashew leaf anacardium_occid

Eclética Quimica Journal, vol. 46, n. 1, 2021, 35-40
ISSN: 1678-4618
DOI: 10.26850/1678-4618eqj.v46.1.2021.p35-40


http://revista.iq.unesp.br/ojs/index.php/ecletica/index
https://doi.org/10.26850/1678-4618eqj.v46.1.2021.p35-40
https://doi.org/10.1590/S0102-695X2006000500015
https://doi.org/10.1590/S0102-695X2006000500015
https://doi.org/10.1590/S0102-695X2006000500015
https://doi.org/10.1590/S0102-695X2006000500015
https://doi.org/10.1590/S0102-695X2006000500015
https://doi.org/10.1080/10496470802598800
https://doi.org/10.1080/10496470802598800
https://doi.org/10.1080/10496470802598800
https://doi.org/10.1080/10496470802598800
https://doi.org/10.1080/10496470802598800
https://doi.org/10.1021/np200906s
https://doi.org/10.1021/np200906s
https://doi.org/10.1021/np200906s
https://doi.org/10.1021/np200906s
https://doi.org/10.1021/acs.jnatprod.5b01055
https://doi.org/10.1021/acs.jnatprod.5b01055
https://doi.org/10.1021/acs.jnatprod.5b01055
https://doi.org/10.1021/acs.jnatprod.5b01055
https://storage.googleapis.com/journal-uploads/ejbps/article_issue/volume_3_april_issue_4/1459406264.pdf
https://storage.googleapis.com/journal-uploads/ejbps/article_issue/volume_3_april_issue_4/1459406264.pdf
https://storage.googleapis.com/journal-uploads/ejbps/article_issue/volume_3_april_issue_4/1459406264.pdf
https://storage.googleapis.com/journal-uploads/ejbps/article_issue/volume_3_april_issue_4/1459406264.pdf
https://storage.googleapis.com/journal-uploads/ejbps/article_issue/volume_3_april_issue_4/1459406264.pdf
https://storage.googleapis.com/journal-uploads/ejbps/article_issue/volume_3_april_issue_4/1459406264.pdf
https://doi.org/10.3389/fpls.2018.00834
https://doi.org/10.3389/fpls.2018.00834
https://doi.org/10.3389/fpls.2018.00834
https://doi.org/10.3389/fpls.2018.00834
https://doi.org/10.3389/fpls.2018.00834
https://doi.org/10.3389/fphar.2014.00162
https://doi.org/10.3389/fphar.2014.00162
https://doi.org/10.3389/fphar.2014.00162
https://doi.org/10.3389/fphar.2014.00162
https://doi.org/10.1016/j.jep.2015.11.041
https://doi.org/10.1016/j.jep.2015.11.041
https://doi.org/10.1016/j.jep.2015.11.041
https://doi.org/10.1016/j.jep.2015.11.041
https://doi.org/10.1016/j.jep.2015.11.041
https://doi.org/10.1016/j.jep.2015.11.041
https://doi.org/10.1371/journal.pone.0187599
https://doi.org/10.1371/journal.pone.0187599
https://doi.org/10.1371/journal.pone.0187599
https://doi.org/10.1371/journal.pone.0187599
https://doi.org/10.1371/journal.pone.0187599
https://doi.org/10.1371/journal.pone.0187599
https://doi.org/10.1371/journal.pone.0187599
https://www.redalyc.org/pdf/339/33906902.pdf
https://www.redalyc.org/pdf/339/33906902.pdf
https://www.redalyc.org/pdf/339/33906902.pdf
https://www.redalyc.org/pdf/339/33906902.pdf
https://www.redalyc.org/pdf/339/33906902.pdf
https://doi.org/10.1016/j.bjp.2016.02.003
https://doi.org/10.1016/j.bjp.2016.02.003
https://doi.org/10.1016/j.bjp.2016.02.003
https://doi.org/10.1016/j.bjp.2016.02.003
https://doi.org/10.1016/j.bjp.2016.02.003
https://www.jmsjournal.net/temp/JResMedSci23126-6450134_175501.pdf
https://www.jmsjournal.net/temp/JResMedSci23126-6450134_175501.pdf
https://www.jmsjournal.net/temp/JResMedSci23126-6450134_175501.pdf
https://www.jmsjournal.net/temp/JResMedSci23126-6450134_175501.pdf
https://www.jmsjournal.net/temp/JResMedSci23126-6450134_175501.pdf
https://www.jmsjournal.net/temp/JResMedSci23126-6450134_175501.pdf
https://www.jmsjournal.net/temp/JResMedSci23126-6450134_175501.pdf
https://doi.org/10.1016/j.jrras.2015.01.001
https://doi.org/10.1016/j.jrras.2015.01.001
https://doi.org/10.1016/j.jrras.2015.01.001
https://doi.org/10.1016/j.jrras.2015.01.001
https://doi.org/10.1016/j.jrras.2015.01.001
https://www.edouniversity.edu.ng/oerrepository/articles/cholesterol_lowering_effect_of_cashew_leaf_anacardium_occidentale_extract_on_egg_yolk_induced_hypercholesterolaemic_rabbits.pdf
https://www.edouniversity.edu.ng/oerrepository/articles/cholesterol_lowering_effect_of_cashew_leaf_anacardium_occidentale_extract_on_egg_yolk_induced_hypercholesterolaemic_rabbits.pdf
https://www.edouniversity.edu.ng/oerrepository/articles/cholesterol_lowering_effect_of_cashew_leaf_anacardium_occidentale_extract_on_egg_yolk_induced_hypercholesterolaemic_rabbits.pdf
https://www.edouniversity.edu.ng/oerrepository/articles/cholesterol_lowering_effect_of_cashew_leaf_anacardium_occidentale_extract_on_egg_yolk_induced_hypercholesterolaemic_rabbits.pdf
https://www.edouniversity.edu.ng/oerrepository/articles/cholesterol_lowering_effect_of_cashew_leaf_anacardium_occidentale_extract_on_egg_yolk_induced_hypercholesterolaemic_rabbits.pdf
https://www.edouniversity.edu.ng/oerrepository/articles/cholesterol_lowering_effect_of_cashew_leaf_anacardium_occidentale_extract_on_egg_yolk_induced_hypercholesterolaemic_rabbits.pdf

Original article

entale_extract_on_egg_yolk_induced_hypercholesterolaemi
c_rabbits.pdf.

[17] Park, J. G., Yi, Y.-D., Han, S. Y., Hong, Y. H., Yoo, S.,
Kim, E., Jeong, S.-G., Aravinthan, A., Baik, K. S., Choi, S.
Y., Kim, J.-I, Son, Y.-J., Kim, J.-H, Cho, J. Y., Tabetri™
(Tabebuia avellanedae Ethanol Extract) Ameliorates Atopic
Dermatitis Symptoms in Mice, Mediators of Inflammation
2018 (2018) 9079527.
https://doi.org/10.1155/2018/9079527.

[18] Suo, M., Isao, H., Kato, H., Takano, F. Ohta, T., Anti-
inflammatory constituents from Tabebuia avellanedae,
Fitoterapia 83 8) (2012) 1484-1488.
https://doi.org/10.1016/j.fitote.2012.08.014.

[19] Coelho, J. M., Antoniolli, A. B., Silva, D. N., Carvalho,
T. M. M. B., Pontes, E. R. J. C., Odashiro, A. N., O efeito da
sulfadiazina de prata, extrato de ipé-roxo e extrato de
barbatimdo na cicatrizacdo de feridas cutdneas em ratos,
Revista do Colégio Brasileiro de Cirurgides 37 (1) (2010)
045-051. https://doi.org/10.1590/S0100-
69912010000100010.

[20] Sampaio, T. P. D., Cartaxo-Furtado, N. A. O,
Medeiros, A. C. D., Alves, H. S., Rosalen, P. L., Pereira, J.
V., Antimicrobial Potential of Plant Extracts and Chemical
Fractions of Sideroxylon obtusifolium (Roem. & Schult.)
T.D. Penn on Oral Microorganisms, The Journal of
Contemporary Dental Practice 18 (5) (2017) 392-398.
https://www.thejcdp.com/doi/JCDP/pdf/10.5005/jp-journals-
10024-2053.

[21] Costa, E. V., Menezes, L. R. A, Rocha, S. L. A,
Baliza, I. R. S., Dias, R. B, Rocha, C. A. G., Soares, M. B.
P., Bezerra, D. P., Antitumor Properties of the Leaf Essential
Oil of Zornia brasiliensis, Planta Medica 81 (7) (2015) 563-
567. https://doi.org/10.1055/s-0035-1545842,

[22] Silva, T. C, Silva, J. M., Ramos, M. A., What Factors
Guide the Selection of Medicinal Plants in a Local
Pharmacopoeia? A Case Study in a Rural Community from a
Historically Transformed Atlantic Forest Landscape,
Evidence-Based Complementary and Alternative Medicine
2018 (2018) 2519212.
https://doi.org/10.1155/2018/2519212.

[23] Silva, A. G. M., Silva, M. W. F., Bezerra, G. B,
Ramos, C. S., The first report of chemical and biological
study of essential oil from Begonia reniformis leaf
(Begoniaceae), Eclética Quimica Journal 42 (1) (2017) 60-
64. https://doi.org/10.26850/1678-4618eqj.v42.1.2017.p60-
64.

[24] Almeida, R. N., Barbosa Filho, J. M., Naik, S. R,
Chemistry and pharmacology of an ethanol extract of
Bumelia sartorum, Journal of Ethnopharmacology 14 (2-3)
(1985) 173-85. https://doi.org/10.1016/0378-
8741(85)90085-6.

40

ig.unesp.br/ecletica

[25] Nascimento, Y. M., Abreu, L. S., Lima, R. L., Silva, A.
D. S, Costa, V. C. O., Melo, J. I. M., Scotti, M. T., Sobral,
M. V., Araujo, S. S., Gomes Filho, M. A., Zornioside, a
dihydrochalcone C-glycoside, and other compounds from
Zornia brasiliensis, Revista Brasileira de Farmacognosia 28
2) (2018) 192-197.
https://doi.org/10.1016/j.bjp.2018.02.003.

[26] Bhattacharyya, J., Barros, C. B., Triterpenoids of
Cnidosculus urens, Phytochemistry 25 (1) (1985) 274-276.
https://doi.org/10.1016/S0031-9422(00)94550-3.

[27] Madda, D. R., Lavanya M., Pola, S., Sandeep, B. V.,
Assessment of biological properties of two south Indian
medicinal plants of Bacopa monnieri and Anacardium
occidentale, International Journal Bioassays 5 (9) (2016)
4899-4905.  https://www.ijbio.com/articles/assessment-of-
biological-properties-of-two-south-indian-medicinal-plants-
of-bacopa-monnieri-and-anacardium-occidentale.pdf.

[28] Santos, G. H. F., Silva, E.; B., Silva, B. L., Sena, K. X.
F. R., Lima, C. S. A, Influence of gamma radiation on the
antimicrobial activity of crude extracts of Anacardium
occidentale L., Anacardiaceae, rich in tannins. Revista
Brasileira de Farmacognosia 21 (3) (2011) 444-449.
https://doi.org/10.1590/S0102-695X2011005000045.

[29] Kannan, V. R., Sumathi, C. S., Balasubramanian, V.,
Ramesh, N., Elementary Chemical Profiling and Antifungal
Properties of Cashew (Anacardium occidentale L.) Nuts,
Botany Research International 2 (4) (2009) 253-257.

[30] Paramashivappa, R., Kumar, P. P., Vithayathil, P. J.,
Rao, A. S., Novel Method for Isolation of Major Phenolic
Constituents from Cashew (Anacardium occidentale L.) Nut
Shell Liquid, Journal of Agricultural and Food Chemistry 49
(5) (2001) 2548-2551. https://doi.org/10.1021/jf001222j.

[31] Tronco, G. B., Ramos, M. P., Linhas de pobreza no
Plano Brasil Sem Miséria: analise critica e proposta de
alternativas para a medicdo da pobreza conforme
metodologia de Sonia Rocha, Revista de Administracdo
Pablica 51 (2) (2017) 294-311. https://doi.org/10.1590/0034-
7612162786.

Eclética Quimica Journal, vol. 46, n. 1, 2021, 35-40
ISSN: 1678-4618
DOI: 10.26850/1678-4618eqj.v46.1.2021.p35-40


http://revista.iq.unesp.br/ojs/index.php/ecletica/index
https://doi.org/10.26850/1678-4618eqj.v46.1.2021.p35-40
https://www.edouniversity.edu.ng/oerrepository/articles/cholesterol_lowering_effect_of_cashew_leaf_anacardium_occidentale_extract_on_egg_yolk_induced_hypercholesterolaemic_rabbits.pdf
https://www.edouniversity.edu.ng/oerrepository/articles/cholesterol_lowering_effect_of_cashew_leaf_anacardium_occidentale_extract_on_egg_yolk_induced_hypercholesterolaemic_rabbits.pdf
https://doi.org/10.1155/2018/9079527
https://doi.org/10.1155/2018/9079527
https://doi.org/10.1155/2018/9079527
https://doi.org/10.1155/2018/9079527
https://doi.org/10.1155/2018/9079527
https://doi.org/10.1155/2018/9079527
https://doi.org/10.1155/2018/9079527
https://doi.org/10.1016/j.fitote.2012.08.014
https://doi.org/10.1016/j.fitote.2012.08.014
https://doi.org/10.1016/j.fitote.2012.08.014
https://doi.org/10.1016/j.fitote.2012.08.014
https://doi.org/10.1590/S0100-69912010000100010
https://doi.org/10.1590/S0100-69912010000100010
https://doi.org/10.1590/S0100-69912010000100010
https://doi.org/10.1590/S0100-69912010000100010
https://doi.org/10.1590/S0100-69912010000100010
https://doi.org/10.1590/S0100-69912010000100010
https://doi.org/10.1590/S0100-69912010000100010
https://www.thejcdp.com/doi/JCDP/pdf/10.5005/jp-journals-10024-2053
https://www.thejcdp.com/doi/JCDP/pdf/10.5005/jp-journals-10024-2053
https://www.thejcdp.com/doi/JCDP/pdf/10.5005/jp-journals-10024-2053
https://www.thejcdp.com/doi/JCDP/pdf/10.5005/jp-journals-10024-2053
https://www.thejcdp.com/doi/JCDP/pdf/10.5005/jp-journals-10024-2053
https://www.thejcdp.com/doi/JCDP/pdf/10.5005/jp-journals-10024-2053
https://www.thejcdp.com/doi/JCDP/pdf/10.5005/jp-journals-10024-2053
https://www.thejcdp.com/doi/JCDP/pdf/10.5005/jp-journals-10024-2053
https://doi.org/10.1055/s-0035-1545842
https://doi.org/10.1055/s-0035-1545842
https://doi.org/10.1055/s-0035-1545842
https://doi.org/10.1055/s-0035-1545842
https://doi.org/10.1055/s-0035-1545842
https://doi.org/10.1155/2018/2519212
https://doi.org/10.1155/2018/2519212
https://doi.org/10.1155/2018/2519212
https://doi.org/10.1155/2018/2519212
https://doi.org/10.1155/2018/2519212
https://doi.org/10.1155/2018/2519212
https://doi.org/10.1155/2018/2519212
https://doi.org/10.26850/1678-4618eqj.v42.1.2017.p60-64
https://doi.org/10.26850/1678-4618eqj.v42.1.2017.p60-64
https://doi.org/10.26850/1678-4618eqj.v42.1.2017.p60-64
https://doi.org/10.26850/1678-4618eqj.v42.1.2017.p60-64
https://doi.org/10.26850/1678-4618eqj.v42.1.2017.p60-64
https://doi.org/10.26850/1678-4618eqj.v42.1.2017.p60-64
https://doi.org/10.1016/0378-8741(85)90085-6
https://doi.org/10.1016/0378-8741(85)90085-6
https://doi.org/10.1016/0378-8741(85)90085-6
https://doi.org/10.1016/0378-8741(85)90085-6
https://doi.org/10.1016/0378-8741(85)90085-6
https://doi.org/10.1016/j.bjp.2018.02.003
https://doi.org/10.1016/j.bjp.2018.02.003
https://doi.org/10.1016/j.bjp.2018.02.003
https://doi.org/10.1016/j.bjp.2018.02.003
https://doi.org/10.1016/j.bjp.2018.02.003
https://doi.org/10.1016/j.bjp.2018.02.003
https://doi.org/10.1016/j.bjp.2018.02.003
https://doi.org/10.1016/S0031-9422(00)94550-3
https://doi.org/10.1016/S0031-9422(00)94550-3
https://doi.org/10.1016/S0031-9422(00)94550-3
https://www.ijbio.com/articles/assessment-of-biological-properties-of-two-south-indian-medicinal-plants-of-bacopa-monnieri-and-anacardium-occidentale.pdf
https://www.ijbio.com/articles/assessment-of-biological-properties-of-two-south-indian-medicinal-plants-of-bacopa-monnieri-and-anacardium-occidentale.pdf
https://www.ijbio.com/articles/assessment-of-biological-properties-of-two-south-indian-medicinal-plants-of-bacopa-monnieri-and-anacardium-occidentale.pdf
https://www.ijbio.com/articles/assessment-of-biological-properties-of-two-south-indian-medicinal-plants-of-bacopa-monnieri-and-anacardium-occidentale.pdf
https://www.ijbio.com/articles/assessment-of-biological-properties-of-two-south-indian-medicinal-plants-of-bacopa-monnieri-and-anacardium-occidentale.pdf
https://www.ijbio.com/articles/assessment-of-biological-properties-of-two-south-indian-medicinal-plants-of-bacopa-monnieri-and-anacardium-occidentale.pdf
https://www.ijbio.com/articles/assessment-of-biological-properties-of-two-south-indian-medicinal-plants-of-bacopa-monnieri-and-anacardium-occidentale.pdf
https://doi.org/10.1590/S0102-695X2011005000045
https://doi.org/10.1590/S0102-695X2011005000045
https://doi.org/10.1590/S0102-695X2011005000045
https://doi.org/10.1590/S0102-695X2011005000045
https://doi.org/10.1590/S0102-695X2011005000045
https://doi.org/10.1590/S0102-695X2011005000045
https://doi.org/10.1021/jf001222j
https://doi.org/10.1021/jf001222j
https://doi.org/10.1021/jf001222j
https://doi.org/10.1021/jf001222j
https://doi.org/10.1021/jf001222j
https://doi.org/10.1590/0034-7612162786
https://doi.org/10.1590/0034-7612162786
https://doi.org/10.1590/0034-7612162786
https://doi.org/10.1590/0034-7612162786
https://doi.org/10.1590/0034-7612162786
https://doi.org/10.1590/0034-7612162786

Ecletica

Quimica I
Journal

Analytical procedures for the determination of estrogen
compounds in a surface water reservoir in Southeast Brazil

Thaynd Aparecida Cais'®, Alley Michael da Silva Proc6pio's, Mdrcia Matiko Kondo'®, Fldvio
Soares Silva'®, Sandro José de Andrade'"

1.Universidade Federal de Itajuba Instituto de Fisica e Quimica, Itajubd, Minas Gerais, Brazil.

+Corresponding author: Sandro José de Andrade, Phone: +55 35-3629-1885, Email address: sandrojosedeandrade2020@gmail.com

ARTICLE INFO

Keywords
Article history: ; vatlldatlon of analytical methodology
Received: April 28, 2019 3 eséoge‘.”s disrunt
Accepted: August 25, 2020 4' Ie;n ocrine disruptors
Published: January 01, 2021 - FUrnas reservoir

ABSTRACT: In this study, an analytical methodology was validated to determine and quantify four estrogen hormones
using high-performance liquid chromatography (HPLC) with detections by diode array detector (DAD) and by fluorescence
detector (FLD). For validation of the method, the following parameters were evaluated: linearity, selectivity, precision,
accuracy, limit of detection (LOD), limit of quantification (LOQ) and robustness. Environmental samples were
preconcentrated using solid phase extractions and for that, an experimental design was planned to determine the best
recovery conditions by varying cartridge types, flow of eluent, pH of the samples; and eluting solvent.

Five surface water sampling
campaigns were carried out in |
five different sites of Furnas .
Reservoir over the months of
December 2015 and May |
2016. Sample point 1 was
located near the sewage
treatment plant of the city of
Alfenas - MG, while sample
point 5 was the most distant
from this location. All
estrogens, except for EL1,
were found in all water
samples of at least one of the
sampling sites. The
concentrations of E3, E2 and
EE2 ranged from 11-366, 63-
422 and 75-9998 ng L7,
respectively. These results are

consistent ~ with  several
studies published in the Inthis study, an analytical procedure was developed for the determination of estrogen compounds
scientific literature. in water samples from Furnas reservoir, Alfenas - Minas Gerais (Brazil)
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1. Introduction

Water is intrinsically linked to development in all
societies and cultures. However, developments in
agriculture, power generation and industry have
brought major impacts to water resources'. Despite
~71% of Earth’s surface being covered by water, about
97.5% of this water is either saltwater, in oceans and
seas, or unfit for human consumption. From the
remaining 2.5%, which constitutes freshwater, two
thirds are stored in glaciers and polar ice caps.
Therefore, only a fraction (~0.77%) of Earth’s water is
available for human consumption and is found in
rivers, lakes, groundwaters, soils, atmosphere
(humidity) and within the biota?>. The continuous
environmental degradation associated with the increase
of human population (currently estimated in 7.2 billion
and projected to reach 9-10 billion by 2050) suggests a
significant decrease in life quality in a near future®*.
Because of the anthropogenic activity, a large volume
of water, which would be available for consumption, is
becoming contaminated with a large variety of toxic
compounds. Among these pollutants, the Emerging
Contaminants (EC) have been attracting a lot of
attention from the scientific community. They are
defined as any chemical compound present in a variety
of commercial products, such as personal care,
agrochemical, medicines for human and veterinary
uses, food packages or any microorganisms found in
environmental matrices that are not monitored nor
regulated; however, pose potential risk to human health
and environment safety>*°. A variety of EC are known
as Endocrine Disruptors Compounds (EDC). These
substances are of special concern because they interfere
with the endocrine system, blocking or minimizing
normal hormone functions, affecting synthesis or
metabolism of many organisms**°. The 17a-
ethynylestradiol (EE2) is considered a potent endocrine
disruptor®®. This synthetic substance is used as a
contraceptive or in hormone replacement therapies, it is
often excreted via urine and feces by individuals taking
the  medication, eventually reaching  water
compartments*®.

A variety of analytical methods and techniques can
be wused to detect and measure EDC from
environmental matrices. The extraction approaches
used more often are pressurized liquid extraction
(PLE), quick-easy-cheap-effective-rugged-safe
(QUEChERS), microwave-assisted extraction (MAE),
ultrasonic-assisted extraction (UAE), stir-bar-sorptive
extraction (SBSE), solid phase microextraction
(SPME) and liquid-liquid extraction (LLE). For analyte
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enrichment and sample cleanup, solid phase extraction
(SPE) with C18 cartridges'’ are widely used. While for
trace analysis of EDC, gas chromatography (GC) and
liquid chromatography (LC)'’ are the dominant
techniques.

Furnas is one of Brazil's largest water reservoirs
with a flood area of 1,440 square kilometers, serving a
population of approximately 800,000 inhabitants and
irrigating 34 municipalities within the state of Minas
Gerais'®. This reservoir is also of paramount economic
importance within these municipalities, supporting
activities such as fish farming - with about 500 farmers
and over 5,000 tanks within the vicinity of the
reservoir®.

The aim of this study was to develop an analytical
methodology to determine the presence of estrogen
hormones in the Furnas reservoir, located in the region
of the city of Alfenas (MG).

2. Experimental
2.1 Reagents and solutions

All reagents used were of high purity with
spectroscopic or HPLC grades. Deionized water
(resistivity 18.2 MQ cm 25 °C) was taken from a
Direct-Q (Millipore®) purification system. The solvents
methanol, acetonitrile (ACN), and ethyl acetate were
purchased from Sigma-Aldrich (HPLC grade). Water
and ACN filtrations were done using 0.45 pum pore-Size
nylon and cellulose ester membranes, which were
acquired from Millipore® and Supelco Analytical,
respectively. The estrogen standards estrone (E3),
estriol  (E1l), 17B-estradiol (E2) and 17a-
ethynylestradiol (EE2) were purchased from Fluka
Analytical® with purity greater than 99%. Stock
solutions of estrogens (100 mg L) were prepared in
methanol, dissolving 0.0100 g of each commercial
standard in a 100.00 mL volumetric flask. Standard
working solutions (10 mg L) were prepared in ACN
diluting 10.00 mL of the stock solution in a volumetric
flask of 100.00 mL. After prepared, these solutions
were stored in polyethylene bottles at 4 °C and used as
calibration standards.

2.2 Validation of the analytical methodology

The analytical methodology used was validated
based on several works available in the literature and in
the evaluation of the following figure of merits:
selectivity, linearity, precision, accuracy, limit of
detection, limit of quantification and robustness®®%’.
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To confirm the selectivity of the method, estrogen
standard solutions were prepared in acetonitrile at 1.00
mg L? and the spectral purity of each analyte was
evaluated through chromatographic analysis. The
linearity was verified by the linear coefficient of
determination (r?) resulting from the linear equation of
nine and twelve points of the estrogen analytical
curves, using DAD and FLD, respectively. For that, 12
mixed solutions were prepared from dilutions of the
working solution in ACN at different concentrations
(25 to 1000 pg L™). Solutions preparation were
performed in triplicate and the external standardization
method was used. The sensitivity of the method was
determined by evaluating the angular coefficient value
derived from the linear equation of each estrogen
calibration curve.

The limits of detection and quantification were
determined through the signal-to-noise ratio,
considering the ratio 3:1 and 10:1 for LOD and LOQ,
respectively.

Since no Certified Reference Material (CRM) is
available for water contaminated with the estrogens
under study, fortified distilled water samples with a
mixed solution containing the four estrogens were
prepared in triplicates, at concentrations of 0.40, 0.50
and 0.60 pg L, extracted and injected into the HPLC
system. Subsequently, method accuracy was evaluated
through the recovery (R) values of the analytes. For
determination of the real concentration, the value of the
peak area of each analyte and the corresponding linear
equation was used. The recovery (in percentage) of
each analyte was determined from the mean real
concentration values.

Table 1. Selected levels and factors in BBD.

ig.unesp.br/ecletica

To determine the accuracy of the method, six mixed
solutions of 500 ug L* were prepared and injected into
the HPLC system by analyst 1. In the following day,
the same procedure was performed by analyst 2. It is
worth mentioning that all samples were analyzed in
triplicate. The recovery values found were expressed in
percentage and evaluated using F tests. The values for
F (Fcaiculaed) @and F tabulated (Frabulated) Were compared
with 95% of confidence level. The robustness of the
method was evaluated by varying in £ 5% four
chromatographic conditions: mobile phase
composition, injection volume, flow rate of the mobile
phase and temperature of the chromatographic column
compartment. The obtained recovery values were
compared to the ones achieved using normal
conditions.

2.3 Optimization of solid phase extraction (SPE)

To verify the best SPE conditions for the analytes
within the samples, a Box-Behnken design (BBD) was
applied using Minitab 16® program. The planning was
done with three levels: low (coded “-17°), central (code
“0”), and high (coded “+17), and four variables:
cartridge types (Sorbline — C18, Chromabond — C18
and Strata-X — Polymeric resin), pH of water, flow rate
of the eluent during extraction and elution solvent
(Tab. 1). The total was 28 randomized experiments.
During extractions, the conditions volume of water to
be percolated (1 L), cartridge conditioning solvent
(5.00 mL methanol) and cartridge wash solution (1.00
mL of water: 5% methanol) were invariable.

-1
Cartridge type Sorbline
pH of water 4
Elution solvent Methanol
Flow rate of mobile phase 3 mL mint

All extracted samples were prepared by fortifying 1
L of distilled water with 50.00 uL of mixed estrogen
working solution at 10 mg L. These samples were
concentrated (1000 x) to produce a solution of 0.5 mg
L. This concentration was considered the central point
of the analytical curves.

Then, sample pH was adjusted according to the
experimental design, the adsorbent present in the
cartridges was conditioned with 5.00 mL of methanol
and the fortified water was percolated by the cartridge.
The next step was the removal of interferents from the
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0 +1
Chromabond Strata-X
6 8
Methanol: Ethyl acetate (1:1) Ethyl acetate
5 mL min? 10 mL min=

cartridge using 1.00 mL of wash solution and finally
the extract was eluted with 5.00 mL of elution solvent,
according to the planned BBD. The eluates were dried
in a water bath at approximately 70 °C, dissolved in
1.00 mL of ACN and sonicated in an ultrasonic bath
for approximately 3 min for sample homogenization.
Next, the samples were filtered through a 0.45 pm
pore-size filter and injected into the HPLC system,
following the established chromatographic conditions.
After performing the 28 BBD experiments, the
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condition with the best performance (recovery) was
selected.

2.4 HPLC analysis
The analyses were performed using an Agilent

Technologies Infinity 1260 model chromatography
system, consisting of a quaternary pump, an automatic

ig.unesp.br/ecletica

injector, a column heating module, an ultraviolet
detector with diode array and a molecular fluorescence
detector. The acetonitrile and water, used as the mobile
phase, were pre-filtered and degassed. In addition, an
Eclipse Plus C8 (4.6 mm x 250 mm - 5 mm)
chromatographic column was used. The optimum
conditions for the chromatographic separation of these
analytes are shown in Tab. 2.

Table 2. Optimized chromatographic conditions for analysis of estrogens using HPLC.

Mobile phase composition

Flow rate of mobile phase

Injection volume

Temperature of the chromatographic column
DAD wavelength detector

FLD wavelength detector

2.5 Sampling sites

Samplings were spatially and seasonally carried out
between December 2015 and May 2016 in Lake Furnas
within the municipality of Alfenas - MG - Brazil (Fig.
1), according to instructions from the National Guide
for Collection and Preservation of Samples?® and with
classifications of the National Water Agency?°.

Samples were collected from 5 different sites (P1,
P2, P3, P4 and P5). P1 was the closest to Alfenas’
Sewage Treatment Station (STS); while P5 was the
most distant sampling site from this STS (Fig. 2). With
the assistance of a fisherman, each sampling was taken
every 1 km using a boat. Samplings were made
between 11 am and 1 pm and the coordinates of the
sites were identified using a GPS.

—

inas Gerais,
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Figure 1. Map location of Lake Furnas and the municipality
of Alfenas.
Source: Adapted from Prado et al. (2011)%.
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water:acetonitrile - 1:1 (isocratic mode)
0.5 mL min*

10 uL

40°C

285 nm

Aexcitation— 230 nm € Aemission— 310 NmM

Effluent disposal
N ¥
Figure 2. Sampling sites within Lake Furnas in the
municipality of Alfenas.

Source: Google earth (2020)3.
2.6 Samplings

Five liters of surface water were collected from
each sampling site at a depth of ~30 cm, using a van
Dorn bottle. The collected water was transferred to
clean and acclimatized plastic bottles. Vials were
sealed and transported in thermal containers to the
laboratory where they were kept at 4 °C. Starting from
the second sampling campaign, temperature, pH,
conductivity and dissolved oxygen of the sampling site
were measured in situ using a multiparameter probe
(HI1 9628 - pH/ORP/CE/DO).

2.7 Sample preparation

Samples from each sampling site were prepared in
triplicate. A volume of 4 L was filtered several times
through a Buchner funnel lined with qualitative filter
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paper (J. Prolab) and vacuum filtered in an enclosed
glass system using 0.45 um pore-size cellulose acetate
membrane (Agilent Technologies). After filtration, the
pH of the samples was adjusted to 8 using 0.5 mol L*
ammonium hydroxide solution whenever necessary.
Subsequently, solid phase extractions were performed
and elution was analyzed in the HPLC system.

3. Results and discussion
3.1 Validation of the analytical methodology

The proposed method was selective for both
detectors. Even though the four studied estrogens have

ig.unesp.br/ecletica

similar structures, satisfactory peak separation could be
noticed in their chromatograms.

The linearity and sensitivity of the method were
determined using linear regression analyses of the
calibration curve from each estrogen, where coefficient
of determination (r?) and angular coefficient values
were evaluated, as presented in Tab. 3.

The methodology was linear for both detectors, the
obtained r?> were above 0.98 and, according to Brito et
al.*, represent a strong correlation between peak areas
and analyte’s nominal concentrations. The validated
method was more sensitive using the fluorescence
detector (FLD) than the ultraviolet detector (DAD),
since the first presented higher angular coefficients
values.

Table 3. Retention time, equation of the line, linearity, and sensitivity of estrogens under study.

Estriol 5.840 y = 15.388 x -237.26 0.9924 200-1000
17B-Estradiol 10.640 y = 16.366 x -526.74 0.9885 200-1000
17a-Ethynylestradiol 12.513 y =15.473 x -682.62 0.9854 200-1000
Estrone 13.860 y =17.307 x -693.63 0.9895 200-1000
Estriol” 5.897 y = 27608 x + 66759 0.9920 25-1000
17B-Estradiol” 10.699 y = 28561 x -79971 0.9955 25-1000
17a-Ethynylestradiol” 12.578 y = 28047 x -107662 0.9989 25-1000

*Estrogens detected by fluorescence detector (FLD).

According to the limits of detection (LOD) and of
guantification (LOQ), the estrogens under study could
be detected and quantified at concentrations of as low
as 200 and 300 pg L* for DAD and 25 and 50 pg L*
for FLD. However, this methodology predicts sample
preconcentration using SPE (1000 x); therefore, the
LOD and LOQ of the method were 200 and 300 ng L™
for DAD and 25 and 50 ng L for FLD. The validated
method using FLD can be considered more sensitive
than when using DAD, since its values are lower.

The accuracy of the method was evaluated by mean
recovery (Raverage) and coefficient of variation (CV)
values. For estrogens detected using DAD, Ruaerage
ranged from 62.1-101.2% with CV of less than 15%.
When using FLD, Raverage ranged from 80.0-105.6%
with CV of less than 7.0%. These values are
considered satisfactory, since the acceptable recovery
values for samples at concentrations of ng L* are
between 40-120% with CV of less than 45%7*.

The criteria employed to evaluate the method
precision was based on the comparison of experimental
and tabulated values of the F test for two sets of
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samples (n = 6 each set). Table 4 shows the mean
recovery (Rawrage), COefficient of variation (CV),
Featcutated @Nd Frabuiaed Values for the datasets prepared by
analysts 1 and 2.

The validated methodology proved to be accurate
because, in all cases, Fea < Fiap. There is no significant
difference between the values of variance with 95% of
credibility, since the in the values of Fpulaed, fOr a
degree of freedom of 5, both denominator and
numerator are equal to 5.05%.,

The method showed to be robust against variations
in mobile phase composition, injection volume, flow
rate of the mobile phase and chromatographic column
compartment temperature. The mean recovery (Raverage)
values for the analytes using DAD were between 70.7-
118.7% with a coefficient of variation (CV) of less
than 10.6%. On the other hand, when using FLD the
Raverage Were between 91.0-108.8% with CV of less
than 4.8%. The values obtained are within acceptable
ranges; therefore, none of the alterations done to the
chromatographic parameters showed significant effect
on the recovery of the estrogens.
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Table 4. Average recovery (Raverage), COefficient of variation (CV), Fcaiculated, @Nd Fravuiaed Values for the data sets

prepared by analysts 1 and 2.

E3 E2 EE2 El E3 E2 EE2
Analyst 1
Ruverege (%) + standard deviation 1017 112 +7 1017 104 +8 1051 107 +2 100+ 2
Analyst 2
Ruverege (%) + standard deviation 109+8 111 +10 108 £ 5 105+8 108 +2 102+2 102 +3
CV (%) Analyst 1 6.8 6.3 7.3 10.4 0.6 1.6 2.1
CV (%) Analyst 2 7.3 8.8 4.7 7.3 4.3 5.2 5.4
Fcalculated 1.3 1.9 2.2 1.0 3.2 1.6 2.1
Frabulated 5.05 5.05 5.05 5.05 5.05 5.05 5.05

3.2 Optimization of solid phase extraction (SPE)
conditions

After performing the 28 BBD experiments, extracts
were analyzed in a HPLC system and the average
recovery of all detected analytes of each experiment
was calculated. In some cases, the mean recovery
exceeded the acceptable range for recovery of analytes
at ng L' (40-120%), which may be related to co-
elution of impurities presented within the cartridge.

The mean recovery data were used to obtain
response surface graphs, corelating mean recovery
values in the Z axis and two other variables (coded as -
1, 0 and +1) in X and Y axes, using the software
Statistica 2010. The related response surface graph
variables were cartridge versus pH of water, cartridge
versus elution solvent, cartridge versus flow rate of the
eluent during the extraction, pH of water versus elution
solvent, pH of water versus flow rate of the eluent
during the extraction and elution solvent versus flow
rate of the eluent during the extraction.

With regards to the flow rate of the eluent during
the extraction versus cartridge type variable, it can be
noticed that the lower the flow rate, the greater is the
recovery, since the longer the sample stays in contact
with the solid phase of the cartridge higher the chances
of interactions between analytes and adsorbent phase.

Most BBD experiments presented recovery values
within acceptable range for both detectors. However,
according to the response surface graphs and the most
satisfactory recovery values, it was opted to keep with
the parameters used in the experiment number 5, which
presents the following conditions: brand cartridge
Chromabond C18-ec; pH of water equal to 8§;
Methanol: Ethyl acetate (1:1) as elution solvents; and
flow rate of the eluent during the extraction of 3 mL
minL,
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3.3 Estrogens determination in Lake Furnas,
Alfenas-MG

3.3.1 Some physical-chemical characteristics of
water within the sampling sites

To test if Lake Furnas is in accordance with the
environmental standards determined by Resolution
National Council of the Environment (CONAMA)
357/2005%°, pH, conductivity, temperature; and
dissolved oxygen within the vicinity of each sampling
site were measured. Maximum and minimum values
for each sampling sites are shown in Tab. 5.

According to the CONAMA Resolution 357/2005,
Furnas Lake is classified as a class Il river with pH
values between 6.16 - 8.36. Therefore, within the
permitted values (6.0 to 9.0).

The dissolved oxygen (OD) in water, which is
essential for survival of aerobic organisms,
according to this same legislation, should be higher
than 5 mg L 2. In this term, the samplings that
occurred in 04/28/16 and 05/19/16 presented values
below the permitted level. This may be related to an
environmental incident occurred in 05/01/16, where
tons of tilapia, within tanks-nets, were found dead.
According to the Environmental Military Police and
professors from the University of Alfenas, the lack of
sun-light and extended drought period contributed to
the OD decrease, which may have caused the death of
red algae and subsequent release of toxins to the
surrounding water, aggravating fish mortality®. In a
similar incident in 2013, also because of the drought,
the level of the Lake lowered. After this period, with
the increase of rain and temperature, there was a
critical algae proliferation, causing drastic OD
reduction, culminating in fish mortality again®.
According to Tab. 5, temperatures within Lake Furnas
varied from 23.98 to 29.21 °C, possibly indicating
normal seasonal variations.
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According to the CETESB specifications®,
conductivity values higher than 100 pS cm? could
indicate that environments were impacted. In Lake
Furnas, the measurements were well below this limit,
indicating the region may not present high pollution
loads.

In  addition to these  physical-chemical
characteristics, turbidity of the water samples was also

ig.unesp.br/ecletica

measured. According to the CONAMA Resolution
357/2005%, turbidity values for a class 2 river should
stay below 100 Nephelometric Turbidity Unit (NTU).
Values above this limit may indicate a constant load of
pollutants within the area. The measured values were
lower than 6.0 NTU, indicating the sample sites have
reduced turbidity.

Table 5. Maximum and minimum values of pH, dissolved oxygen, temperature; and conductivity measured in the

surroundings of collection sites.

09-03-2016 6.16-7.11 5.07-5.65
07-04-2016 7.61-8.36 6.99-8.14
28-04-2016 6.42-6.77 3.44 - 4.60
19-05-2016 6.29-6.44 2.77-3.75

3.3.2 SPE and chromatographic analysis of
samples collected at Furnas Lake

The SPE of water samples were carried out at a
flow rate of 3 mL min?, proceeding was as follows:
adjusting the pH of the sample to 8, conditioning the
cartridge with 5.00 mL of methanol and passing 1 L of
the sample through the cartridge. After percolation of
the sample, the cartridge was washed with 1.00 mL of
wash solution (water: 5% methanol) and the analytes
were eluted with 5.00 mL of methanol: ethyl acetate to
the cartridge. Subsequently, the eluates were dried in a
water bath at 70 °C wusing a heating mantle,
resuspended in 1.00 mL of acetonitrile, placed in an
ultrasonic bath for 3 min, filtered with 0.45 pum pore-

27.96 — 28.31 2027
28.23-29.21 30-33
26.63 —27.03 14 -22
23.98 — 24.25 28 -39

size filters and injected into the HPLC system. The
fluorescence detector was more sensitive, had lower
detection and quantification limits, and recovery values
closer to 100% when compared to the validated
methodology. Therefore, it was decided to analyze all
estrogens, except estrone, which was detected only by
DAD using the validated method.

It can be observed that the analytes presented good
separation and the retention times obtained are close to
the values obtained in the validation of the analytical
methodology employed. It is worth mentioning that
estrone was not found in any of the samples collected,
therefore, no chromatogram showing this estrogen was
obtained.

Table 6. Mean concentration and standard deviation found for estriol, 17B-estradiol and 17a-ethynylestradiol in the

water samples collected in the study region.

1 2 3 4 5
1 (12/07/2015) E3 ND ND ND 202+9 237+11
E2 76 +1 75 +1 101+1 *1732+9 *2089 + 7
EE2 ND ND ND 322+10 320+ 11
2 (03/09/2016) E3 ND <LOQ 157 +£5 366 +5 181+14
E2 154 +4 116 +1 124 +1 *9998 + 3 195+3
EE2 ND ND 118+ 1 209+5 196 + 4
3 (04/07/2016) E3 318+3 208+ 7 182+1 120+1 110+3
E2 *2536 + 1 *1993+1 *1792+1 *1415+1 *1066 + 1
EE2 422 +5 284 +3 256 + 10 180 +2 141+1
4 (04/28/2016) E3 153+ 18 ND ND ND ND
E2 *1101 +0.0 411+7 436+ 2 236 1 231+1
EE2 143 +4 67+3 63+2 <LOQ <LOQ
5 (05/19/2016) E3 ND ND ND ND ND
E2 321+2 183+3 254 +1 194+1 206 £1
EE2 76 £0.0 <LOQ <LOQ <LOQ <LOQ

*Samples that were diluted 10 times to understand the concentration range of the analytical curve of the validated method; ND

= Not Detected.
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The results presented in Tab. 6 refer to the average
concentrations for each estrogen found in the five
collection points during the five sampling campaigns
conducted between December 2015 and May 2016.

In general, the results in Tab. 6 show that each
water sample analyzed was positive for at least one of
the tested estrogens. 17B-estradiol (E2) was detected
and quantified in all samples, while Estriol (E3) and
17a-ethynylestradiol (EE2) were detected in 48 and
80% of the samples, respectively. The maximum
concentrations determined were: E3 366 + 5; E2 9998
+ 3; and EE2 422 + 5 ng L. Estrone (E1) was neither
detected nor quantified by the employed optimized
analytical methodology (Fig. 3). However, since E2 is
oxidized to E1 after excretion and because of the high
E2 concentration found, E1 might also be present in
Furnas Lake. On the other hand, due to the sorption
coefficient value of estrone (4882), the highest among
these four estrogens, a high sorption potential can be
expected in soils and sediments, which would reduce
their concentration within the water column®*-%%,

Ly
|

10,496

1249

.“ ) Minnies
Figure 3. Chromatogram of one of the water samples

collected in Lake Furnas concerning the separation of
estrogens with FLD detection: 1) estriol; 2) 17p-estradiol; 3)
17a-ethynylestradiol.

One possible explanation for the absence of
estrogens in some of the analyzed water samples would
be their presence in the conjugated form, basically in
the form of sulfates and glucuronides. These polar
conjugates are biologically inactive and more soluble
in water when compared to their corresponding
unconjugated counterparts. Therefore, to monitor the
presence of these estrogens in this form, a specific
analytical method would be required.

Similar results to these presented in the current
study were reported by Montagner and Jardim®. An
analytical method was optimized for determination of
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15 emerging contaminants within surface waters from
the Atibaia River, in the city of Campinas (SP - Brazil),
using solid phase extraction and high-performance
liquid chromatography with ultraviolet detection with
diode array and fluorescence. The method was applied
for spatial and seasonal monitoring of these emerging
contaminants, which included estrone (E1), 17p-
estradiol (E2) and 17a-ethynylestradiol (EE2). Among
these, E2 was the most frequently detected, present in
35% of the 26 samples and found in high
concentrations, which ranged from 106-6806 ng L™.
On the other hand, EE2 was found in only three
samples and E1 was not detected.

Many studies in the literature report the
determination of these estrogens; however, they were
detected in lower concentrations when compared to
those in this study. Monteiro and Andrade*® developed
and validated an analytical methodology for
determination of the synthetic estrogens levonorgestrel
(LNG) and 17a-ethynylestradiol (EE2) in surface
waters of the Sapucai River, in Itajubd (MG - Brazil).
Samplings were carried out within the urban region of
the river during the rainy season. EE2 was found in the
5 sampling sites at concentrations ranging from 67.4-
99.1 ng L*, whereas LNG was not found in any
sampling site. In Belo Horizonte (MG, Brazil), Moreira
et al.** analyzed water samples from the river called
Rio das Velhas, Morro Redondo and Vargem das
Flores lake, and determined concentrations between
1.5-36.8 ng L™ for 17B-estradiol and 3.0-54 ng L* for
17a-ethynylestradiol within these samples. Other
authors reported lower concentrations of E2 (0.3 and
1.3 ng L) and EE2 (05 and 3, 0 ng L1 form
groundwater samples in  RhoOne-Alpes region
(France)*”. In Austria, Bursch and colleagues®
evaluated 27 surface water and 59 groundwater
samples, totaling 261 and 112, respectively. In more
than 50% of surface water samples, E2 and E1 were
detected at low concentrations (average of 0.13 and
0.35 ng L7, respectively). While in groundwater
samples, E2 was detected in 50% of samples with a
maximum value of 0.79 ng L.

In contrast, some studies in Brazil and in other
countries found these estrogens in concentrations even
higher than the reported here. In analysis of surface
water samples from the city of Campinas (SP - Brazil),
the identified concentrations of E1, E2; and EE2 were
in ng L scales, ranging from 3.5-5.0, 1.9-6.0 and 1.2-
3.5, respectively**. Daniel and Lima® tested for the
presence of estrogen, estriol, 17p-estradiol; and 170-
ethynylestradiol in water samples from the Tubaréo
River, in the border of municipalities of Santo André
and Maua (SP - Brazil). In this study, significant

Eclética Quimica Journal, vol. 46, n. 1, 2021, 35-40
ISSN: 1678-4618
DOI: 10.26850/1678-4618¢eqj.v46.1.2021.p35-40


http://revista.iq.unesp.br/ojs/index.php/ecletica/index
https://doi.org/10.26850/1678-4618eqj.v46.1.2021.p35-40

Original article

concentrations of estriol (0.4 g L™) and estrone (0.32 g
L) were detected. Chaves*® validated an analytical
method and used SPE and HPLC-UV for determination
of endocrine disruptors BFA, E2, EE2 and E1 in the
Paraiba do Sul River, Aparecida (SP - Brazil). In the
work, surface water samples were taken at different
depths, close to the water collection point for public
supply, which is located 50 m downstream from the
sewage disposal site of the National Sanctuary of
Aparecida. High concentrations were found for all
analytes, ranging from 0.032-0.088 ug L for BFA,
0.009-0.40 pg L for E2, 0.07-0.6 pg L* for EE2 and
0.107-0.91 ug L for E1. The author inferred that the
values obtained may be associated with the number of
visitors in the city, the inefficiency of conventional
sewage treatment system to remove such contaminants,
rainfall index and temperature. Since these endocrine
disruptors may represent risks to biota at
concentrations of as low as ng L, such exposures at
ug Lt and g L scales, are even more alarming.

The works described above confirm that the results
found for Furnas Lake in Alfenas is not a particular
case and show that rivers from different parts of Brazil
are contaminated with endocrine disruptors.

4. Conclusions

The validated analytical methodology for
monitoring estrone, estriol, 17p-estradiol and 17a-
ethynylestradiol was adequate, according to the
evaluated figures of merit. In view of the responses
obtained with the fluorescence detector (FLD), such as
high sensitivity, optimal values of recovery and low
LOQ and LOD, it was decided to work with this
detector for all estrogens, except estrone, which was
only detected by DAD.

The use of chemometric methods for experimental
design and data processing was efficient. Considering
this and the analysis of response surface plots, it was
possible to determine the best performing experiment
to extract the four studied estrogens.

The five sampling campaigns were carried out from
December 2015 to May 2016 in 5 different sites. In
general, all estrogens were found in all samples of at
least one of these collection points, only E1 was not.
Concentrations of E3, E2 and EE2 ranged from 11-366,
75-9998, and 63-422 ng L, respectively.

In view of the results obtained, it would be
interesting to deepen further studies on this topic and to
develop and validate analytical methodologies for
estrogen determination in their conjugated forms.
Additionally, other emerging contaminants could also
be analyzed within this same studied region as in other

49

ig.unesp.br/ecletica

parts of Furnas Lake, since this subject has been
neglected by the scientific community until the present
moment.
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ABSTRACT: Polyethersulfone (PES) hollow fiber °
membranes were fabricated using dry-jet wet spinning
technique, a phase inversion method, with 16 and 20%
PES, N-methyl-2-pyrrolidone (NMP) as solvent and tap
water as nonsolvent, in order to evaluate if the amount
of polymer has a significant effect on its properties.
They were characterized using SEM for a
morphological analysis, a continuous system to measure
pure water permeability (PWP) and molecular weight 4
cutoff (MWCO), and a universal testing machine to WP | ==
tensile tests. The obtained results for PWP was an 3 ' k
average of about 220 L m2 h* bar? for the 16% PES
membrane and 174 L m?2 h? bar! for the 20% PES
membrane. The results of mechanical resistance and
MWCO did not present statistical differences. Thus, itis *
confirmed that the 16% PES membrane can be as good
as the 20%, despite using less polymer, a finding that "=
can further motivate membrane modification studies and F
other related works.
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1. Introduction

Polymeric hollow fiber membranes were first
developed by Dow Chemical in 1966 and since then,
due to their properties as high processability and low
cost, they are the most common material used for
membrane fabrication® *. Hollow fiber membranes are
used in several areas that demand a separation process,
such as pharmaceutical industry, food industry, water
and wastewater treatment plants and the petroleum
sector*®,

The method of phase inversion is one of the most
important techniques of membrane fabrication® for
hollow fibers. It is based on an extrusion of a polymer
solution through a spinneret, which will return to the
solid state®’. Dry-jet wet spinning follows this idea
with a phase inversion beginning with an induced
evaporation that occurs in the air gap and finishing in
the coagulation bath with a phase inversion induced by
diffusion®.

Polyethersulfone (PES) has been widely used
because it can tolerate a large range of pH, has a good
thermal stability and excellent chemical and
mechanical resistance®®°, This polymer and the
conditions for the solution spinning determine the
morphology and properties of hollow fiber membrane,
such as selectivity’*°.

Despite numerous studies related to hollow fiber
membranes composed of PESY'® and the known
advantages of membrane separation processes’ *’,
there is a worldwide concern with the amount of
microplastics that are emerging around the globe?®?
and not only with energy efficiency, pollutant
emissions and other sustainability issues. Lower
consumption of plastic is a policy growing in many
countries, seeking to encourage consumers to find a
way to reduce it on a daily basis®*.

Based on this tendency, the present work focuses on
studying the properties of hollow fiber membranes
made of 16 and 20% PES, evaluating if there are
significant differences among the results obtained that
justify the use of a bigger quantity of polymer. Future
studies of membrane modification can be based on
compositions using smaller amounts of polymer
without impairing its application, demonstrating its
importance.

2. Experimental
2.1 Materials

Polyethersulfone (VERADEL 3000P with MW =
63,000 g Mol-1) from Solvay Advanced Polymer was
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dried for 4 h in an oven at 100 °C before utilizing it for
fabrication of the dope solution. N-methyl-2-
pyrrolidone (NMP) with purity >99% from Labsynth
Produtos para Laboratorios Ltda. was used as received
as the solvent for the polymer. Tap water was used as
the nonsolvent agent, as bore fluid and in coagulation
bath.

2.2 Solution preparation

The dope solution was prepared with 16 and 20%
(weight/weight) concentration of PES, with the
remaining concentration (84 and 80%, respectively)
being of NMP. The polymer was slowly added to the
solvent, taking 1 h for complete addition, at room
temperature. Then, the solution remained for about 18
h at 200 r.p.m. stirring, assuring complete
solubilization of the polymer and homogenization, to
be finally degassed in an ultrasonic bath for 1 h,
eliminating any bubbles of air trapped into solution.

2.3 Hollow fiber production

The solution was spinning with a solution flow rate
of 2 mL min and a bore fluid flow rate of 4 mL min™,
using dry-jet wet spinning method with an air gap of
2cm and take-up speed of 4 mL min?, at room
temperature. A schematic representation of the
spinneret and fabricating hollow fiber membrane
processes is shown in Fig. 1.

Figure 1. Schematic representation of fabricating hollow
fiber membrane system.

Hollow fiber membranes were stored in
demineralized water to keep their integrity. To realize
some characterization procedures, these were dried
following the steps described elsewhere®.

2.4 Membrane characterization

The produced membranes were investigated about
its morphology, permeability, mechanical resistance
and MWCO (molecular weight cutoff). The data
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obtained were treated to remove outliers and statistical
analysis of the results was done using Minitab® 18.1,
from Minitab, Inc., assuming a significance level of
0.05 and equality of variances.

2.4.1 Morphological analysis

The cross-sectional of the hollow fiber membranes
was observed by a scanning electron microscope (Zeiss
SEM model EVO MA10) with an acceleration voltage
of 20 kV. For this, dried membranes were cut under
liquid nitrogen and sputter-coated with a thin film of
gold-platinum. These procedures under nitrogen are
necessary to produce a clean and brittle fracture and the
coating is required due to the nature of polymeric
material, not electrically conductive. Doing this way, it
is possible to see the microstructure of the produced
membranes.

2.4.2 Pure water permeability

Pure water permeability (PWP) measurements were
estimated in an experimental setup, where a module
made from low-density polyethylene (LDPE) was
utilized with two hollow fiber membranes with 30 cm
effective lengths, folded in half and fed topside in an
inside out mode.

A syringe pump with a constant flow rate of 0.5 mL
min? supplied demineralized water to the module and
the water production measurement was started after
thirty minutes to achieve steady-state conditions.
Records were made every five minutes for one hour,
similar to the procedure previously described®. The
permeation flux (Jy) through the membrane was
calculated following the Eq. 1:

%4
]W = AxtxAP (1)

where: J,, = Water permeability (L m2 ht bar?); V =
Volume of permeate (L); A = Inner surface area (m2); t
= Time (h); AP = Transmembrane pressure (bar).

2.4.3 Mechanical resistance

The mechanical resistance of the hollow fiber
membranes was investigated by means of tensile tests,
measured using an Instron universal testing system and
a 100 N load cell and constant rate of 1 mm s, with an
initial gauge length of 30 mm. The test method was
based on ASTM 1557-14 Standard Test Method for
Tensile Strength and Young’s Modulus of Fibers.
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Five dried samples with 100 mm length were tested
for each experimental result, determining membrane
tensile strength, elongation at break and Young’s
modulus.

2.4.4 Molecular weight cutoff (MWCO)

The MWCO was investigated using 200 ppm
polyethylene glycol (PEG) solution with molecular
weights of 10 kDa, 32 kDa, 90 kDa and 150 kDa, into
the same system and module described in 2.4.2.

The concentration of PEG in permeate and in
retentate  was analyzed by a  UV-VIS
spectrophotometer (WUV-M51, Weblaborsp) at a
wavelength of 254 nm and the MWCO was determined
from the rejection of PEG solution, following Eq. 2:

R=(1- i—") «100% @)

where: R = Rejection (%); C, = Permeate
concentration (Da); C, = Retentate concentration (Da).

3. Results and discussion
3.1 Morphological analysis

To evaluate the impact of polymer concentration on
the morphology of hollow fiber membranes, SEM was
used to observe its enlarged cross section and outside
face of the samples. Figures 2 and 3 show both
membranes resulted in an outside dense skin and a
double layered finger-like structure pore, but it is
possible to see that the 16% PES concentration
membrane has a bigger aperture at the end of the pores,
nearby their center.

Double layer finger-like and dense skin were
expected microstructure characteristics for these
membranes. They occur because water is a strong
nonsolvent for the polymer, that provides a fast
coagulation, and this formation is a consequence of it,
like reported previously'-?"?8,

The morphological analysis indicates that the
permeation flux tends to be better in the 16% PES
concentration membrane. This tendency is verified by
pure water permeability investigation results, but it can
happen because its pores had an opening larger than
the other membrane, facilitating the flow of the fluid
through it.
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Figure 2. SEM images of 16% PES sample: a) full cross section of the hollow fiber membrane, b) and c) cross section of the
hollow fiber membrane with different magnifications, and d) outer skin.
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Figure 3. SEM images of 20% PES sample: a) full cross section of the hollow fiber membrane, b) and c) cross section of the
hollow fiber membrane with different magnifications, and d) outer skin.
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3.2 Pure water permeability m2 ht bar? for the 16% PES concentration membrane

and 174 L m2 h'* bar? for the 20% PES concentration

The results of demineralized water permeation flux ~ membrane. These results agree with the SEM analysis

for the hollow fiber membranes produced are shown in ~ showed above and also with reports in the
Fig. 4. It shows an average permeability about 220 L literature®.

N ¥ %
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o
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16% 20%

Figure 4. Pure water permeability of 16% PES and 20% PES membranes.

Table 1 shows statistical analysis of the results of permeability presented. According to ANOVA evaluation,
there is a statistical difference between them.

Table 1. ANOVA statistical analysis of membranes PWP.
——————

Factor 12208 12207.90 56.11 0.000
Error 22 4787 217.60
Total 23 16995

3.3 Mechanical resistance
The results of the mechanical properties investigation for membranes are summarized in Tab. 2.

Table 2. Mechanical resistance properties of membranes.

Average Standard deviation Average Standard deviation Average Standard deviation
16% 220 9 15 2 180 47
20% 174 19 15 2 279 54
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These results show there is a small variance between the average of tensile strength, elongation at break and
Young's modulus. With the analysis of results, it is possible to note there is no relevant difference between the 16
and 20% PES membranes (Tabs. 3 to 5).

Table 3. ANOVA statistical analysis of membranes tensile strength.

Factor 0.0918 0.09177 0.884
Error 7 28.0531 4.00759
Total 8 28.1449

Table 4. ANOVA statistical analysis of membranes elongation at break.

Factor 167.6 167.6 0.339
Error 4 568.8 142.2
Total 5 736.4

Table 5. ANOVA statistical analysis of membranes Young’s Modulus.

Factor 14656 14656 0.075

Error 4 10235 2559

Total 5 24891

3.4 MWCO typical rejection curve is sigmoidal®®’, an

extrapolation was made with the results (Fig. 5 and 6).

The data obtained for MWCO were recorded up to
PEG 150 kDa MW and the membranes were not able
to remove 90% of this substance, which is the concept
of MWCO. Thus, to estimate this important
characteristic of membranes and knowing that the

Removal

0 100
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Based on the point that represents 90% of removal
in these curves, values of 271 kDa and 279 kDa are the
MWCO estimated of 16% PES membrane and 20%
PES membrane, respectively. The statistical analysis
does not show a relevant difference between both
results, as demonstrated in Tab. 6.

200 300 400
PEG MW / kDa

Figure 5. 16% PES membrane MWCO.
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200 300 400

PEG MW / kDa
Figure 6. 20% PES membrane MWCO.

Table 6. ANOVA statistical analysis of membranes MWCO.

Factor 0.00238
Error 14 1.81083
Total 15 1.81320

4. Conclusions

In this work, 16 and 20% PES membranes were
compared to verify whether the concentration of
polymer can determine a significant difference between
them. Based on results obtained, it is possible to
observe that the only relevant statistical difference was
PWP, which is almost 25% better in the 16% PES
membrane, implying a minor energy consumption to
produce the same volume of permeate compared to the
20% PES. All other results have no relevant statistical
difference among the compared membranes.

Future studies involving membrane modification
can benefit from this research and motivate researchers
to develop other works with related themes.
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