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ABOUT

Eskisehir Technical University Journal of Science and Technology C- Life Sciences and
Biotechnology (formerly Anadolu University Journal of Science and Technology C - Life
Sciences and Biotechnology) is an peer-reviewed and refereed international journal by
Eskisehir Technical University. Since 2010, it has been regularly published and distributed
biannually and it has been published biannually and electronically only since 2016.

The journal issues are published electronically in JANUARY and JULY.

e The journal accepts TURKISH and ENGLISH manuscripts.

AIM AND SCOPE

The journal publishes high quality original research papers, reviews and technical notes in the
fields of life sciences: All aspects of biology such as taxonomy, physiology, biochemistry,
ecology, environmental biology, biophysics, genetic, toxicology, biodiversity and
biotechnology and, agricultural science, health sciences, biomedical sciences and pharmacy.

PEER REVIEW PROCESS

Manuscripts are first reviewed by the editorial board in terms of its its journal’s style rules
scientific content, ethics and methodological approach. If found appropriate, the manuscript is
then send to at least two referees by editor. The decision in line with the referees may be an
acceptance, a rejection or an invitation to revise and resubmit. Confidential review reports from
the referees will be kept in archive. All submission process manage through the online
submission systems.

OPEN ACCESS POLICY

This journal provides immediate open access to its content on the principle that making
research freely available to the public supports a greater global exchange of knowledge.
Copyright notice and type of licence : CC BY-NC-ND.

The journal doesn’t have Article Processing Charge (APC) or any submission charges.
ETHICAL RULES

You can reach the Ethical Rules in our journal in full detail from the link below:
https://dergipark.org.tr/tr/pub/estubtdc/policy

Ethical Principles and Publication Policy

Policy & Ethics

Assessment and Publication

As a peer-reviewed journal, it is our goal to advance scientific knowledge and understanding.
We adhere to the guideline and ethical standards from the Committee on Publication Ethics
(COPE) and the recommendations of ICMJE (International Committee of Medical Journal
Editors) regarding all aspects of publication ethics and cases of research and publication
misconduct to ensure that all publications represent accurate and original work and that our peer
review process is structured without bias. We have outlined a set of ethical principles that must
be followed by all authors, reviewers, and editors.



https://dergipark.org.tr/tr/pub/estubtdc/policy

All manuscripts submitted to our journals are pre-evaluated in terms of their relevance to the
scope of the journal, language, compliance with writing instructions, suitability for science, and
originality, by taking into account the current legal requirements regarding copyright
infringement and plagiarism. Manuscripts that are evaluated as insufficient or non-compliant
with the instructions for authors may be rejected without peer review.

Editors and referees who are expert researchers in their fields assess scientific manuscripts
submitted to our journals. A blind peer review policy is applied to the evaluation process. The
Editor-in-Chief, if he/she sees necessary, may assign an Editor for the manuscript or may
conduct the scientific assessment of the manuscript himself/herself. Editors may also assign
referees for the scientific assessment of the manuscript and make their decisions based on
reports by the referees. The Editor-in-Chief makes the final decision regarding the publishing
of the manuscript.

Avrticles are accepted for publication by the Editor-in-Chief in accordance with the COPE
(Committee on Publication Ethics). Authors can access this information online via the journals’
websites (https://publicationethics.org/). Articles are accepted for publication on the
understanding that they have not been published and are not going to be considered for
publication elsewhere. Authors should certify that neither the manuscript nor its main contents
have already been published or submitted for publication in another journal.

The journal adapts the COPE guidelines to satisfy the high-quality standards of ethics for
authors, editors, and reviewers:

Duties of Editors-in-Chief and co-Editors

The crucial role of the journal Editor-in-Chief and co-Editors is to monitor and ensure the
fairness, timeliness, thoroughness, and civility of the peer-review editorial process. The main
responsibilities of Editors-in-Chief are as follows:

» Selecting manuscripts suitable for publication while rejecting unsuitable manuscripts,
* Ensuring a supply of high-quality manuscripts to the journal by identifying important,
* Increasing the journal’s impact factor and maintaining the publishing schedule,

* Providing strategic input for the journal’s development,

Duties of Editors
The main responsibilities of editors are as follows:

* An editor must evaluate the manuscript objectively for publication, judging each on its quality
without considering the nationality, ethnicity, political beliefs, race, religion, gender, seniority,
or institutional affiliation of the author(s). Editors should decline any assignment when there is
a potential for conflict of interest.

« Editors must ensure the document(s) sent to the reviewers does not contain information of the
author(s) and vice versa.

» Editors’ decisions should be provided to the author(s) accompanied by the reviewers’
comments and recommendations unless they contain offensive or libelous remarks.

» Editors should respect requests (if well reasoned and practicable) from author(s) that an
individual should not review the submission.

* Editors and all staff members should guarantee the confidentiality of the submitted
manuscript.


https://publicationethics.org/

« Editors should have no conflict of interest with respect to articles they reject/accept. They
must not have a conflict of interest with the author(s), funder(s), or reviewer(s) of the
manuscript.

» Editors should strive to meet the needs of readers and authors and to constantly improve the
journal.

Duties of Reviewers/Referees
The main responsibilities of reviewers/referees are as follows:

» Reviewers should keep all information regarding papers confidential and treat them as
privileged information.

* Reviews should be conducted objectively, with no personal criticism of the author.

» Reviewers assist in the editorial decision process and as such should express their views
clearly with supporting arguments.

* Reviewers should complete their reviews within a specified timeframe (maximum thirty-five
(35) days). In the event that a reviewer feels it is not possible for him/her to complete the review
of the manuscript within a stipulated time, then this information must be communicated to the
editor so that the manuscript could be sent to another reviewer.

* Unpublished materials disclosed in a submitted manuscript must not be used in a reviewer’s
personal research without the written permission of the author. Information contained in an
unpublished manuscript will remain confidential and must not be used by the reviewer for
personal gain.

* Reviewers should not review manuscripts in which they have conflicts of interest resulting
from competitive, collaborative, or other relationships or connections with any of the authors,
companies, or institutions connected to the papers.

 Reviewers should identify similar work in published manuscripts that has not been cited by
the author. Reviewers should also notify the Editors of significant similarities and/or overlaps
between the manuscript and any other published or unpublished material.

Duties of Authors
The main responsibilities of authors are as follows:

* The author(s) should affirm that the material has not been previously published and that they
have not transferred elsewhere any rights to the article.

* The author(s) should ensure the originality of the work and that they have properly cited
others’ work in accordance with the reference format.

* The author(s) should not engage in plagiarism or in self-plagiarism.

* On clinical and experimental humans and animals, which require an ethical committee
decision for research in all branches of science;

All kinds of research carried out with qualitative or quantitative approaches that require data
collection from the participants by using survey, interview, focus group work, observation,
experiment, interview techniques,

Use of humans and animals (including material/data) for experimental or other scientific
purposes,

* Clinical studies on humans,

* Studies on animals,

« Retrospective studies in accordance with the law on the protection of personal data, (Ethics
committee approval should have been obtained for each individual application, and this
approval should be stated and documented in the article.)

Information about the permission (board name, date, and number) should be included in the
"Method" section of the article and also on the first/last page.



During manuscript upload, the “Ethics Committee Approval” file should be uploaded to the
system in addition to the manuscript file.

In addition, in case reports, it is necessary to include information on the signing of the informed
consent/ informed consent form in the manuscript.

» The author(s) should suggest no personal information that might make the identity of the
patient recognizable in any form of description, photograph, or pedigree. When photographs of
the patient were essential and indispensable as scientific information, the author(s) have
received consent in written form and have clearly stated as much.

 The author(s) should provide the editor with the data and details of the work if there are
suspicions of data falsification or fabrication. Fraudulent data shall not be tolerated. Any
manuscript with suspected fabricated or falsified data will not be accepted. A retraction will be
made for any publication which is found to have included fabricated or falsified data.

* The author(s) should clarify everything that may cause a conflict of interests such as work,
research expenses, consultant expenses, and intellectual property.

* The author(s) must follow the submission guidelines of the journal.

* The author(s) discover(s) a significant error and/or inaccuracy in the submitted manuscript at
any time, then the error and/or inaccuracy must be reported to the editor.

* The author(s) should disclose in their manuscript any financial or other substantive conflicts
of interest that might be construed to influence the results or interpretation of their manuscript.
All sources of financial support should be disclosed under the heading of “Acknowledgment”
or “Contribution”.

* The corresponding author should ensure that all appropriate co-authors and no inappropriate
co-authors are included in the paper and that all co-authors have seen and approved the final
version of the paper and have agreed to its submission for publication. All those who have made
significant contributions should be listed as co-authors. Others who have participated in certain
substantive aspects of the research should be acknowledged or listed under the heading of
“Author Contributions”.

Cancellations/Returns

Articles/manuscripts may be returned to the authors in order to increase the authenticity and/or
reliability and to prevent ethical breaches, and even if articles have been accepted and/or
published, they can be withdrawn from publication if necessary. The Editor-in-Chief of the
journal has the right to return or withdraw an article/manuscript in the following situations:

* When the manuscript is not within the scope of the journal,

» When the scientific quality and/or content of the manuscript do not meet the standards of the
journal and a referee review is not necessary,

* When there is proof of ruling out the findings obtained by the research, (When the
article/manuscript is undergoing an assessment or publication process by another journal,
congress, conference, etc.,)

* When the article/manuscript was not prepared in compliance with scientific publication ethics,
* When any other plagiarism is detected in the article/manuscript,

* When the authors do not perform the requested corrections within the requested time
(maximum twenty-one (21) days),

* When the author does not submit the requested documents/materials/data etc. within the
requested time,

* When the requested documents/materials/data etc. submitted by the author are missing for the
second time,

* When the study includes outdated data,



* When the authors make changes that are not approved by the editor after the manuscript was
submitted,

* When an author is added/removed, the order of the authors is changed, the corresponding
author is changed, or the addresses of the authors are changed without the consent of the Editor-
in-Chief,

* When a statement is not submitted indicating that approval of the ethics committee permission
was obtained for the following (including retrospective studies):

* When human rights or animal rights are violated,

ETHICAL ISSUES

Plagiarism
The use of someone else’s ideas or words without a proper citation is considered plagiarism

and will not be tolerated. Even if a citation is given, if quotation marks are not placed around
words taken directly from other authors’ work, the author is still guilty of plagiarism. Reuse of
the author’s own previously published words, with or without a citation, is regarded as self-
plagiarism.

All manuscripts received are submitted to iThenticate®, which compares the content of the
manuscript with a database of web pages and academic publications. Manuscripts are judged to
be plagiarized or self-plagiarized, based on the iThenticate® report or any other source of
information, will be rejected. Corrective actions are proposed when plagiarism and/or self-
plagiarism is detected after publication. Editors should analyze the article and decide whether
a corrected article or retraction needs to be published.

Open-access theses are considered as published works and they are included in the similarity
checks.

iThenticate® report should have a maximum of 11% from a single source, and a maximum of
25% in total.

Conflicts of Interest

Eskisehir Technical University Journal of Science and Technology A - Applied Sciences and
Engineering should be informed of any significant conflict of interest of editors, authors, or
reviewers to determine whether any action would be appropriate (e.g. an author's statement of
conflict of interest for a published work, or disqualifying a referee).

Financial

The authors and reviewers of the article should inform the journal about the financial
information that will bring financial gain or loss to any organization from the publication of the
article.

*Research funds; funds, consulting fees for a staff member; If you have an interest, such as
patent interests, you may have a conflict of interest that needs to be declared.

Other areas of interest

The editor or reviewer may disclose a conflict of interest that, if known, would be embarrassing
(for example, an academic affiliation or rivalry,a close relationship or dislike, or a person who
may be affected by the publication of the article).

Conflict of interest statement

Please note that a conflict of interest statement is required for all submitted manuscripts. If there
is no conflict of interest, please state “There are no conflicts of interest to declare” in your
manuscript under the heading “Conflicts of Interest” as the last section before your
Acknowledgments.




AUTHOR GUIDELINES

All manuscripts must be submitted electronically.

You will be guided stepwise through the creation and uploading of the various files. There are
no page charges. Papers are accepted for publication on the understanding that they have not
been published and are not going to be considered for publication elsewhere. Authors should
certify that neither the manuscript nor its main contents have already been published or
submitted for publication in another journal. We ask a signed Copyright Form to start the
evaluation process. After a manuscript has been submitted, it is not possible for authors to be
added or removed or for the order of authors to be changed. If authors do so, their submission
will be cancelled.

Manuscripts may be rejected without peer review by the editor-in-chief if they do not comply
with the instructions to authors or if they are beyond the scope of the journal. After a manuscript
has been accepted for publication, i.e. after referee-recommended revisions are complete, the
author will not be permitted to make any changes that constitute departures from the manuscript
that was accepted by the editor. Before publication, the galley proofs are always sent to the
authors for corrections. Mistakes or omissions that occur due to some negligence on our part
during final printing will be rectified in an errata section in a later issue.

This does not include those errors left uncorrected by the author in the galley proof. The use of
someone else’s ideas or words in their original form or slightly changed without a proper
citation is considered plagiarism and will not be tolerated. Even if a citation is given, if
quotation marks are not placed around words taken directly from another author’s work, the
author is still guilty of plagiarism. All manuscripts received are submitted to iThenticateR, a
plagiarism checking system, which compares the content of the manuscript with a vast database
of web pages and academic publications. In the received iThenticateR report; The similarity
rate is expected to be below 25%. Articles higher than this rate will be rejected.

Uploading Articles to the Journal

Authors should prepare and upload 2 separate files while uploading articles to the journal. First,
the Author names and institution information should be uploaded so that they can be seen, and
then (using the additional file options) a separate file should be uploaded with the Author names
and institution information completely closed. When uploading their files with closed author
names, they will select the "Show to Referee™ option, so that the file whose names are closed
can be opened to the referees.

Preparation of Manuscript

Style and Format: Manuscripts should be single column by giving one-spaced with 2.5-cm
margins on all sides of the page, in Times New Roman font (font size 11). Every page of the
manuscript, including the title page, references, tables, etc., should be numbered. All copies of
the manuscript should also have line numbers starting with 1 on each consecutive page.

Manuscripts must be upload as word document (*.doc, *.docx vb.). Please avoid uploading
texts in *.pdf format.



http://dergipark.gov.tr/uploads/files/5ae2/5b0a/08a9/581999b771531.docx

Symbols, Units and Abbreviations: Standard abbreviations and units should be used; SI units
are recommended. Abbreviations should be defined at first appearance, and their use in the title
and abstract should be avoided. Generic names of chemicals should be used. Genus and species
names should be typed in italic or, if this is not available, underlined.

Please refer to equations with capitalisation and unabbreviated (e.g., as given in Equation (1)).

Manuscript Content: Articles should be divided into logically ordered and numbered sections.
Principal sections should be numbered consecutively with Arabic numerals (1. Introduction, 2.
Formulation of problem, etc.) and subsections should be numbered 1.1., 1.2., etc. Do not
number the Acknowledgements or References sections. The text of articles should be, if
possible, divided into the following sections: Introduction, Materials and Methods (or
Experimental), Results, Discussion, and Conclusion.

Title and contact information

The first page should contain the full title in sentence case (e.g., Hybrid feature selection for
text classification), the full names (last names fully capitalised) and affiliations (in English) of
all authors (Department, Faculty, University, City, Country, E-mail), and the contact e-mail
address for the clearly identified corresponding author.

Abstract

The abstract should provide clear information about the research and the results obtained, and
should not exceed 300 words. The abstract should not contain citations and must be written in
Times New Roman font with font size 9.

Keywords
Please provide 3 to 5 keywords which can be used for indexing purposes.

Introduction

The motivation or purpose of your research should appear in the “Introduction”, where you
state the questions you sought to answer, and then provide some of the historical basis for those
questions.

Methods

Provide sufficient information to allow someone to repeat your work. A clear description of
your experimental design, sampling procedures, and statistical procedures is especially
important in papers describing field studies, simulations, or experiments. If you list a product
(e.g., animal food, analytical device), supply the name and location of the manufacturer. Give
the model number for equipment used.

Results
Results should be stated concisely and without interpretation.

Discussion

Focus on the rigorously supported aspects of your study. Carefully differentiate the results of
your study from data obtained from other sources. Interpret your results, relate them to the
results of previous research, and discuss the implications of your results or interpretations.



Conclusion
This should state clearly the main conclusions of the research and give a clear explanation of
their importance and relevance. Summary illustrations may be included.

Acknowledgments
Acknowledgments of people, grants, funds, etc. should be placed in a separate section before
the reference list. The names of funding organizations should be written in full.

Conflict of Interest Statement
The authors are obliged to present the conflict of interest statement at the end of the article after the
acknowledgments section.

References
AMA Style should be used in the reference writing of our journal. If necessary, at this point,
the reference writings of the articles published in our article can be examined.

Citations in the text should be identified by numbers in square brackets. The list of references
at the end of the paper should be given in order of their first appearance in the text or in
alphabetical order according to the surname of the fist author. All authors should be included in
reference lists unless there are 10 or more, in which case only the first 10 should be given,
followed by ‘et al.”. Do not use individual sets of square brackets for citation numbers that
appear together, e.g., [2, 3, 5-9], not [2], [3], [5]-[9]. Do not include personal communications,
unpublished data, websites, or other unpublished materials as references, although such
material may be inserted (in parentheses) in the text. In the case of publications in languages
other than English, the published English title should be provided if one exists, with an
annotation such as “(article in Turkish with an abstract in English)”. If the publication was not
published with an English title, cite the original title only; do not provide a self-translation.
References should be formatted as follows (please note the punctuation and capitalisation):

Journal articles
Journal titles should be abbreviated according to ISI Web of Science abbreviations.

Guyon I. and Elisseeff A. An introduction to variable and feature selection. J. Mach. Learn.
Res. 2003; 3: 1157-1182.

Izadpanahi S., Ozcmar C., Anbarjafari G. and Demirel H. Resolution enhancement of video
sequences by using discrete wavelet transform and illumination compensation. Turk J. Elec.
Eng. & Comp. Sci. 2012; 20: 1268-1276.

Books
Haupt R.L. and Haupt S.E. Practical Genetic Algorithms. 2nd ed. New York, NY, USA: Wiley,
2004.

Kennedy J. and Eberhart R. Swarm Intelligence. San Diego, CA, USA: Academic Press, 2001.

Chapters in boks

Poore JH, Lin L, Eschbach R and Bauer T. Automated statistical testing for embedded systems.
In: Zander J, Schieferdecker 1, Mosterman PJ, editors. Model-Based Testing for Embedded
Systems. Boca Raton, FL, USA: CRC Press, 2012. pp. 111-146.



Conference proceedings

Li R.T.H. and Chung S.H. Digital boundary controller for single-phase grid-connected CSI. In:
IEEE 2008 Power Electronics Specialists Conference; 15-19 June 2008; Rhodes, Greece. New
York, NY, USA: IEEE. pp. 4562-4568.

Theses
Boynukalin Z. Emotion analysis of Turkish texts by using machine learning methods. MSc,
Middle East Technical University, Ankara, Turkey, 2012.

Tables and Figures
All illustrations (photographs, drawings, graphs, etc.), not including tables, must be labelled
“Figure.” Figures must be submitted in the manuscript.

All tables and figures must have a caption and/or legend and be numbered (e.g., Table 1,
Figure 2), unless there is only one table or figure, in which case it should be labelled “Table”
or “Figure” with no numbering. Captions must be written in sentence case (e.g., Macroscopic
appearance of the samples.). The font used in the figures should be Times New Roman with 9
pt. If symbols such as x, u, 1, or v are used, they should be added using the Symbols menu of
Word.

All tables and figures must be numbered consecutively as they are referred to in the text. Please
refer to tables and figures with capitalisation and unabbreviated (e.g., “As shown in Figure
2...”, and not “Fig. 2 or “figure 2”).

The resolution of images should not be less than 118 pixels/cm when width is set to 16 cm.
Images must be scanned at 1200 dpi resolution and submitted in jpeg or tiff format. Graphs and
diagrams must be drawn with a line weight between 0.5 and 1 point. Graphs and diagrams with
a line weight of less than 0.5 point or more than 1 point are not accepted. Scanned or
photocopied graphs and diagrams are not accepted.

Figures that are charts, diagrams, or drawings must be submitted in a modifiable format, i.e.
our graphics personnel should be able to modify them. Therefore, if the program with which
the figure is drawn has a “save as” option, it must be saved as *.ai or *.pdf. If the “save as”
option does not include these extensions, the figure must be copied and pasted into a blank
Microsoft Word document as an editable object. It must not be pasted as an image file (tiff,
jpeg, or eps) unless it is a photograph.

Tables and figures, including caption, title, column heads, and footnotes, must not exceed 16 x
20 cm and should be no smaller than 8 cm in width. For all tables, please use Word’s “Create
Table” feature, with no tabbed text or tables created with spaces and drawn lines. Please do not
duplicate information that is already presented in the figures.
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ABSTRACT

In this study, cultivated Fritillaria persica L. (Liliaceae) investigated morpho-anatomical and volatile compounds of bulbs.
Purple tepals, 12-28 flowers in inflorescence, yellow-green filaments and dark yellow or purple anthers were notable
morphological properties. For the anatomical study, sections were prepared from root, stem and leaf. The cortex of the stem
was comprised of parenchyma and sclerenchyma. The collateral vascular bundles were scattered. The leaves were unifacial
and amphistomatic. The stomata type was anomocytic. The crushed bulb volatiles of F. persica were trapped by the headspace-
solid phase microextraction technique and determined by analysis by gas chromatography/mass spectrometry. Eight
compounds (83.9%) were identified and the major compounds were found as 1,3-dichlorobenzene (60%), limonene (8.1%) and
p-cymene (5.1%).

Keywords: Fritillaria persica L., Morphological, Anatomical, HS-SPME, GC/MS

1. INTRODUCTION

Fritillaria L., belonging to the Liliaceae family, is a genus with about 150 species in the Northern
Hemisphere, excluding some parts of North America [1, 2]. In Turkey, the genus Fritillaria includes
approximately 45 species [2, 3].

“Fritillus” means chessboard and is especially derived from the checkered colors of Fritillaria meleagris
L. [4]. Fritillaria is referred to as the “Ters Lale” in Turkey because its flowers like tulips and look at
the ground, some species are grown as ornamental plants [5]. Fritillaria persica L. is one of them, it has
different names such as “Kirklale, Aglayan gelin or Acem sahtugu” (in Turkish) [3, 5, 6].

Fritillaria species have alkaloids, saponins, terpenoids and many different components [7]. In Chinese
medicine, Bulbus Fritillaria (Beimu) is used as an expectorant in respiratory tract diseases [8]. Bulbs of
F. pinardii Boiss. and F. crassifolia subsp. kurdica (Boiss. & Noé) Rix, are used for external wound
healing in Turkey [9]. In Iran, F. imperialis L. bulbs are used for digestive diseases and pain treatments
[10]. Moreover, it is known that the strong odor emitted by F. imperialis has a repulsive effect on some
animals such as mice and mole [11]. Among the Fritillaria species distributed in North America, F.
agrestis Greene is another bad odor species, while F. striata Eastw. flowers have been reported to be
fragrant [12].

F. persica growing naturally in Anatolia and is in the category of Vulnerable (VU) [13]. The aim of this
research is to investigate morpho-anatomical features and volatile compounds of the cultivated F.
persica. As far as we know, this is the first research made on the anatomy and volatiles of the F. persica
growing in Turkey.

# This article was produced from the master thesis, 2019 and represented as an oral presentation on ANES, Eskisehir
*Corresponding Author: mervehas@anadolu.edu.tr
Received: 10.09.2021 Published: 30.01.2023
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2. MATERIALS AND METHODS
2.1. Morphological Method

F. persica bulbs were obtained from Sanliurfa and grown in Anadolu University Faculty of Pharmacy.
The samples (ESSE 15403) are kept in the Herbarium of Anadolu University Faculty of Pharmacy.
Morphological characters were examined under with the Wild M5A stereomicroscope (with drawing
tube) and the results were compared with Flora of Turkey [14], “Resimli Tiirkiye Floras1” [3].

2.2. Anatomical Method

In the anatomical study, superficial (leaf) and cross (root, stem, leaf) sections of the plant parts were
made by hand. Methylene blue was used for staining the stem and leaf anatomical sections. Anatomical
sections were investigated with the Olympus BX51T microscope and the photographs were taken by the
digital camera.

2.3. HS-SPME (Headspace-solid Phase Microextraction) Procedure, GC/MS (Gas
Chromatography/Mass Spectrometry) Analysis and Identification of Compounds

SPME fibre precoated with a 65 um layer of blue fibre (Polydimethylsiloxane-Divinylbenzene, supplied
by Supelco Bellefonte, USA) was used. The crushed bulb volatiles of F. persica were trapped with HS-
SPME technique and analyzed by GC/MS. The GC/MS analysis was carried out with an Agilent 5975
GC-MSD system [15].

3. RESULT
3.1. Morphological Results

Bulb 5 cm diameter, 6 cm height and spindle shaped. Stem 55-82 cm, thick, dull bluish green, smooth,
straight. Leaves 50-60, alternate, dull bluish green, lowest leaves 8-9.5 x 1.5-2.5 cm, ovate-lanceolate,
acute-acuminate at apex. Bracts 2.1 x 0.4 cm, present or absent. Inflorescence raceme, flowers 12-28.
Perianth narrow campanulate, dark purple, tepal segments 14-17 x 7-10 mm, oblanceolate, oblong-
oblanceolate, apex and base obtuse. Nectars 3 mm long, 1.5 mm broad, triangular. Filament 8-11 mm,
yellow-green; anthers 2 mm, dark yellow or purple. Stylus 7-7.5 mm, smooth; stigma straight (Figure
1).

B
R
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Figure 1. F. persica, a: general view, b: inner segment and stamen, c: outer segment, d: pistil.
2
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3.2. Anatomical Results
3.2.1. Root

In the outer region there are small and one row of epidermis cells. Exodermis cells just below the
epidermis. The cortex layer usually consists of irregularly shaped parenchyma cells. The endodermis
and pericycle cells are evident. In the vascular bundles the metaxylem consists of 6-arms and there are
phloem cells between them (Figure 2).

Figure 2. Cross section of F. persica; A-B: Root (e: epidermis, ex: exodermis, co: cortex, en: endodermis, pe:
pericycle, mx: metaxylem, ph: phloem).

3.2.2. Stem

In the stem section, there is a cuticle followed by a single layer of small, rectangular epidermis cells.
Between epidermis and sclerenchyma layers, there are 5-6 rows of round or oval shaped parenchyma
cells. They are more oval shape in 1-3 raw under the epidermis. The sclerenchyma layer consists of 5-6
rows of cells. The vascular bundles are numerous and collateral. There are round or oval shaped
parenchyma cells in the pith region, but the parenchyma cells in this part are more rounded (Figure 3).

Figure 3. Cross section of F. persica; A-B: Stem (e: epidermis, co: cortex, scl: sclerenchyma; ph: phloem, x: xylem).
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3.2.3. Leaves

In the leaf section, there is a thick cuticle layer on both surfaces. Epidermis cells are long quadrilateral
or asymmetrical and cell walls are undulate. There is not any differentiation as palisade parenchyma and
spongy parenchyma (unifacial leaf) and there are large spaces between the parenchyma cells.

In surface sections made from the leaf, there are anomocytic type stomata on both abaxial and adaxial
surfaces (amphistomatic). The stomata cells are oval-rounded (Figure 4).

Figure 4. Cross (A-B) and superficial (C-D) section of F. persica leaves (cu: cuticula, e: epidermis, ms: mesophyll,
x: xylem, ph: phloem, ue: upper epidermis, le: lower epidermis, sc: stomata cell).

3.3. HS-SPME Results

Volatile compounds of F. persica were determined by trapping with HS-SPME technique and analyzing
by GC/MS. In this study, eight compounds were identified (Table 1).

Table 1. Chemical composition of crushed F. persica bulbs.

RRI Compounds % M
1203 Limonene 8.1 tr, MS
1272 Styrene 1.9 MS
1280 p-Cymene 5.1 tr, MS
1409 Rosefuran 2.9 tr, MS
1429 1,3-Dichloro benzene 60.0 MS
1495 2-Ethyl hexanol 3.8 MS
1532 Camphor 1.2 tr, MS
1896 Benzyl alcohol 0.9 MS

%; calculated from FID data. IM; Identification method. RRI; Relative retention indices calculated against n-alkanes. tr;
identification based on the retention times (tr) of genuine compounds on the HP Innowax column. MS; identified on the basis
of computer matching of the mass spectra with those of the Wiley, Adams and Mass Finder libraries and comparison with
literature data.

4
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4. DISCUSSION

In this study, the morphological, anatomical, and volatile compounds of F. persica was investigated.
The bulbs produced in Sanliurfa were grown in Eskisehir and studies were carried out with these
samples. Teksen and Aytac [16] reconsidered the Fritillaria of the Mediterranean region in Turkey.
According to the work “Resimli Tiirkiye Floras1”, F. persica and F. imperialis the bulbs of are at least
4 cm in diameter, unlike other Fritillaria species in Turkey. The differences between these two species
are that the flowers of F. persica are purple, greenish-purple and the inflorescence is raceme, the flowers
of F. imperialis are orange to red and the inflorescence is umbella [3]. Morphological properties in this
study are similar to comparative studies (Table 2) [3, 14]. But our samples did not contain capsules.

Table 2. Cultivated F. persica comparison with the morphological characteristics of the Flora of Turkey [14] and
“Resimli Tiirkiye Floras1” [3].

Characteristics Flora of Turkey Resimli Tiirkiye Florasi This study
(1984) (2018)
Bulb 3-5 cm diam, 6 cm height 2.5-6 x2.5-5¢cm 5 cm diam, 6 cm height
Stem 20-100 cm 20-100 cm 55-82 cm
Number of leaves 10-25 10-70 50-60
Leaf 15 x3cm 4.4-15 x 1.0-3.0 cm (lower) 8-9.5x1.5-25¢cm
5.1-10 x 0.5-1.1 cm (middle) (lowest)
Bracte - 1.6-6.4 x 0.4-0.5cm 2.1 x0.4cm
Tepal 15-20 x 6-7 mm 1-2 x 0.5-0.8 cm (outer) 14-17 x 7-10 mm
Purplish, greenish-grey 1-2 x 0.5-0.9 cm (inner) Purple
Purple, greenish-purple
Number of flowers 7-20 3-28 12-28
Nectar 1.5 mm broad 1.5-3 x 1.5-3.5mm 3x15mm
Filament 5-6 mm 5-10 mm, yellow 8-11 mm, yellow-green
Anther 4 mm 1.5-4 mm, brownish or purple 2 mm, dark yellow or
purple
Style 6-8 mm 5.5-10 mm 7-7.5 mm

Namazi et al. [17] reported that they had defined a dichotomous key based on anatomical features for
Fritillaria species in Iran and according to this key, phloem fiber is absent in the anatomy of the stem
of F. persica. Corneanu and Popescu [18] and Akyol et al. [19], reported that there was no distinction
between parenchyma cells in the leaf section of the anatomy of Fritillaria species. In some anatomical
studies related to the Fritillaria species, the stomata type was determined as anomocytic [20, 21] and
other studies stated stomata surrounded by four neighboring cells [22, 23] or do not have by-cells [18].
Many of the anatomical features in our study were like other species of Fritillaria.

In the F. persica volatile components study with the HS-SPME technique, eight compounds
corresponding to 83.9% were identified and a high rate of 1,3-dichlorobenzene (60%) was found and
other major compounds are limonene (8.1%) and p-cymene (5.1%). Compounds consist of monoterpene
hydrocarbons (13.2%), oxygenated monoterpenes (4.1%) and others (66.6%). Seyed Saleh et al. (2018),
a-bisabolol oxide A, camphor, chamazulene, trans-thujone, a-bisabolone oxide A, 6-3-carene and a-
pinene by hydrodistillation, and a-bisabolol oxide A, chamazulene, a-bisabolone oxide A, camphor,
trans-thujone, 5-3-carene, a-pinene were reported as major constituents of F. imperialis oil obtained by
HS-SPME from Iran [24]. Has (2019), volatile compounds of F. imperialis bulbs were captured with
HS-SPME fiber, analyzed by gas chromatography/mass spectrometry from Turkey. Thirteen
compounds represented by 93.6% were identified in the 30 minutes study with the blue fiber, and the
main compounds were p-cymene (23.6%), 1,8 cineol (22.4%) and limonene (15.2%). Ten compounds
represented by 98.2% were identified the at 50°C and 15 minutes study with black fiber, and the main
compounds were hexanal (29.8%), styrene (22.5%) and 1-hexanol (21.8%) [21, 25].
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As a result, morphological and anatomical properties of cultivated Fritillaria persica are parallel within
the literature within some size or number variations. Volatile compounds of crushed bulbs of Fritillaria
persica by HS-SPME technique were reported for the first time in this study. Eight compounds (83.9%)
were identified and the main components were found as 1,3-dichlorobenzene (60%), limonene (8.1%)
and p-cymene (5.1%). Compounds consist of monoterpene hydrocarbons (13.2%), oxygenated
monoterpenes (4.1%) and others (66.6%).

ACKNOWLEDGEMENTS

Thank you for the support provided by Scientific Research Projects of Anadolu University (Project No.
1705S178) Commission and for procurement plant bulbs by Menekse Baykus.

CONFLICT OF INTEREST
The authors stated that there is no conflicts of interest regarding the publication of this article.
REFERENCES

[1] Rix M, Strange K. Fritillaria sororum: Liliaceae. Curtis's Botanical Magazine, 2014; 31(3): 214-
222.

[2] Yildinnm H, Teksen M. Fritillaria arsusiana (Lilieae, Liliaceae), a new species from southern
Anatolia. Phytotaxa, 2021; 502(2): 133-159.

[3] Teksen M. F_.ritillaria L. Giiner A, Kandemir A, Menemen Y, Yildirirm H, Aslan S, Eksi G, Giiner
I, Cimen AO. (Eds). Resimli Tiirkiye Florasi, ANG Vakfi Nezahat Gokyigit Botanik Bahgesi

Yayinlari. Istanbul, 2018; 2 880-926. ISBN 978-605-67172-4-6.
https://www.turkiyeflorasi.org.tr/view.html?taxon=TR0000002089#Fritillaria (accessed
03.09.2022)

[4] Hibberd S. Familiar Garden flowers. Cassell and company Limited, 1879.
https://books.google.com.tr/books?id=FVcDAAAAQAAJ&printsec=frontcover&hl=tr&source
=ghs_ge_summary_r&cad=0#v=onepage&qg=fritillus&f=false (accessed 26.04.2021).

[5] Baytop T. Tiirkiye’de bitkiler ile tedavi, gegmiste ve bugiinde (2. Baski). istanbul: Nobel Tip
Kitabevleri, 1984,

[6] Baytop T. Tiirkge bitki adlar1 s6zliigii. Ankara: Tirk Dil Kurumu, 2007. pp. 23.

[71 HaoDC, Gu XJ, Xiao PG, Peng Y. Phytochemical and biological research of Fritillaria medicinal
resources. Chin J Nat Med, 2013; 11(4): 330-344.

[8] Tang W, Eisenbrand G. Fritillaria spp. In: Chinese drugs of plant origin. Springer, Berlin,
Heidelberg, 1992. pp. 525-526.

[9] Mikemre M, Behget L, Cakilcioglu U. Ethnobotanical study on medicinal plants in villages of
Catak (Van-Turkey). J Ethnopharmacol, 2015; 166: 361-374.

[10] Mosaddegh M, Naghibi F, Moazzeni H, Pirani A, Esmaeili S. Ethnobotanical survey of herbal
remedies traditionally used in Kohghiluyeh va Boyer Ahmad province of Iran. J Ethnopharmacol,
2012; 141: 80-95.


https://www.turkiyeflorasi.org.tr/view.html?taxon=TR0000002089#Fritillaria

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Has et al. / Eskisehir Technical Univ. J. of Sci. and Tech. C — Life Sci. and Biotech. 12 (1) — 2023

Beresford-Kroeger D. A garden for life: The natural approach to designing, planting, and
maintaining a north temperate garden. Ann Arbor: University of Michigan Press, 2004. pp. 171.
https://books.google.com.tr/books?hl=tr&id=XFJ20nvgAacC&q=fritillariat#tv=snippet&qg=fritill
aria&f=false (accessed 13.09.2022)

Beetle DE. A monograph of the north American species of Fritillaria. California Botanical
Society, Madrono, 1944; 7(5): 133-159.

Ekim T, Koyuncu M, Vural M, Duman H, Ayta¢ Z, Adigiizel N. Tiirkiye Bitkileri Kirmiz1 Kitabi
(Egrelti Ve Tohumlu Bitkiler). Ankara: Tiirkiye Tabiatin1 Koruma Dernegi, 2000. pp. 178.

Rix EM. Fritillaria L. in: Davis PH, Mill RR, Tan K. (Eds). Flora of Turkey and the East Aegean
Islands, Vol.8. Edinburgh: Edinburgh University Press, 1984.

Kigiik S, Kiirk¢iioglu M, Tuyan CS. Headspace volatiles of Allium subhirsutum L. growing in
Turkey. Ann Phytomed, 2018; 7(2): 180-182.

Teksen M, Aytag Z. The revision of the genus Fritillaria L. (Liliaceae) in the Mediterranean
region (Turkey). Turk J Bot, 2011; 35: 447-478.

Namazi F, Sharifi-Tehrani M, Shabani L. Anatomical study on Fritillaria species in Iran.
Bangladesh J Bot, 2017; 46(1): 93-101.

Corneanu GC, Popescu GG. Distributional and anatomical studies on Fritillaria (Liliaceae) in
Romania. Botanischer Garden und Botanisches Museum, Berlin-Dahlem, Willdenowia, 1981; 11:
307-315.

Akyol Y, Yetisen K, Ozdemir C. The morphological and anatomical studies on Fritillaria
caucasica J.F. Adam (Liliaceae). SDU Journal of Science, 2014; 9(1): 12-19.

Wang Q, Zhou SD, Deng XY, Zheng Q, He XJ. Comparative morphology of the leaf epidermis
in Fritillaria (Liliaceae) from China. Bot J Linn Soc, 2009; 160: 93-109.

Has M. Fritillaria imperialis L. ve Fritillaria persica L. tiirleri {izerinde farmasétik botanik ve
fitokimyasal arastirmalar. MSc, Anadolu Universitesi, Eskisehir, Turkey, 2019.

Alan S. An endemic species in Turkey: Morphological and anatomical investigation on Fritillaria
fleischeriana Steudel & Hochst. ex Schultes & Schultes fil. (Liliaceae). Ot Sist Bot Dergisi, 2008;
15(2): 115-124.

Pinar SM, Behget L. Anatomical, morphological and palynological study on Turkish endemic
Fritillaria baskilensis (Liliaceae). Bocconea, 2012; 24: 305-310.

Seyed Saleh SS, Arabi S, Ashouri F. Comparison of head space solid phase microextraction (HS-
SPME) and hydro-distillation (HD) techniques in determination of essential oils in Fritillaria
imperialis. IMP, 2018; 17(68): 122-135.

Kigiik S, Kiirk¢tioglu M, Kursat M, Has M. Fritillaria imperialis L. (Liliaceae) tiirli tizerinde
morfolojik, anatomik ve fitokimyasal galismalar. 4™ International Anatolian Agriculture, Food,
Environment and Biology Congress, 2019. pp. 606-608.


https://books.google.com.tr/books?hl=tr&id=XFJ2OnvqAacC&q=fritillaria#v=snippet&q=fritillaria&f=false
https://books.google.com.tr/books?hl=tr&id=XFJ2OnvqAacC&q=fritillaria#v=snippet&q=fritillaria&f=false

_ Q‘Qe*?““""ﬁﬁf»@# ESKISEHIR TEKNIiK UNIVERSITESI BiLIM VE TEKNOLOJI DERGISI
NS C- YASAM BIiLIMLERIi VE BIYOTEKNOLOJi

5 1 %’ y Eskisehir Technical University Journal of Science and Technology C- Life Sciences and Biotechnology

2023, 12(1), pp. 8-18, DOI:10.18036/estubtdc.1184733

RESEARCH ARTICLE

COMPARATIVE FLUX BALANCE ANALYSES OF SERINE ALKALINE PROTEASE
OVERPRODUCTION IN Bacillus subtilis AT GENOME AND SMALL SCALE
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ABSTRACT

This work aims to conduct flux balance analysis of serine alkaline protease overproduction in Bacillus subtilis using enzyme-
constrained genome scale model and to compare the results with fluxes obtained from a smaller, bioreaction-based model.
Fluxes of the enzyme constraint genome scale model were calculated using CobraToolbox v3.0 and compared with those of
bioreaction-based model for the specific growth rate of zero. The active reaction number first increased and then remained
constant with specific growth rate for enzyme constrained genome scale model. The SAP synthesis flux increased with a
decrease in specific growth rate for both models. The TCA cycle was active for both models, but with lower fluxes for enzyme-
constrained genome scale model. Anaplerotic reactions were active only for bioreaction-based model. Glycolysis pathway
fluxes were active for enzyme-constrained genome scale model, meanwhile gluconeogenesis pathway fluxes were active for
bioreaction-based model. Oxidative pentose phosphate pathway was inactive for both models and generally higher pentose
phosphate pathway fluxes were obtained using bioreaction-based model. The fluxes toward amino acid synthesis pathways and
serine alkaline protease synthesis were higher with bioreaction-based model. Since TCA cycle fluxes were lower with enzyme
constrained genome scale model, ATP synthesis was lower with enzyme constrained genome scale model compared to
bioreaction-based model. For both models, active pathways were the same for TCA cycle, pentose phosphate pathway, amino
acid synthesis pathways except glycolysis pathway. The results showed that bioreaction-based model gave more sound results
compared to enzyme constrained genome scale model since gluconeogenesis should be active with the carbon source of citrate.

Keywords: Enzyme constrained genome scale metabolic model, Metabolic flux analysis, Bioreaction-based model

Abbreviations

A: Stoichiometric matrix of the metabolic network
ATPSA4r: adp[c]+4h[e]+pi[c] < atp[c]+h20[c]+3h[c]
ala_L[c]: Intracellular L-alanine

arg_L[c]: Intracellular L-arginine

asn_L[c]: Intracellular L-asparagine

asp_L[c]: Intracellular L-aspartate

atp[c]: Intracellular atp

adplc]: Intracellular adp

BsBRM-2000: Bioreaction-based model [1]

¢(t): Metabolite accumulation vector

ci(t): Extracellular metabolite accumulation vector
c2(t): Intracellular metabolite accumulation vector
[E j]: Concentration of enzyme j

ec_iYO0B844: Enzyme constrained GEM [2]
ec_iYOB844-SAP: SAP synthesis reaction [1] and exchange reaction for SAP were added to ec_iYO844
[2] forming ec_iYO844-SAP in this study
EX_SAP(e): SAP exchange reaction

FB: Flux balance

FBA: Flux balance analysis
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gln_L[c]: Intracellular L-glutamine

glu_LJc]: Intracellular L-glutamate

gly[c]: Intracellular glycine

GEM: Genome scale metabolic model

GECKO: Enzymatic Constraints using Kinetic and Omics data
his_L[c]: Intracellular L-histidine

ile_L[c]: Intracellular L-isoleucine

iYO844: Bacillus subtilis GEM [3]

leu_L[c]: Intracellular L-leucine

lys_L[c]: Intracellular L-lysine

met_L[c]: Intracellular L-methionine

PPP: Pentose phosphate pathway

PYK: adp[c]+h[c]+pep[c]=>atp[c]+pyr[c]

PGK: 13dpg[c]+adp[c]+8.44309e-07PM_PGK _f < 3pg[c]+atp[c]
phe_L[c]: Intracellular L-phenylalanine

pro_L[c]: Intracellular L-proline

pi[c]: Intracellular phosphate

r(t): reaction rate vector

k.4 Turnover number of enzyme j
SAP: Serine alkaline protease
SAP: SAP synthesis reaction
SAP[e]: Extracellular SAP
ser_L[c]: Intracellular L-serine
thr_L[c]: Intracellular L-threonine
trp_L[c]: Intracellular L-tryptophan
tyr_L[c]: Intracellular L-tyrosine
vj: Rate of reaction j

val_L[c] : Intracellular L-valine

1. INTRODUCTION

Genome scale metabolic models (GEMs) aim to describe the whole metabolism of an organism [4],
containing: stochiometric reaction network and gene-protein-reaction-metabolite associations.
Functions of GEMs are calculation of intracellular reaction rates in bioprocesses; determination of
bottleneck reactions in bioreaction network; increasing yield and selectivity of bioprocesses by changing
medium components, bioreactor operation parameters, microorganism or genetic structure; prediction
of the results of genetic and environmental changes; determination of the maximum theoretical yield;
generation of hypotheses, model-driven discovery; metabolic engineering and strain design [5-6].

Bacillus is an important group of industrial microorganisms acting as microbioreactors in fermentors
[5]. Bacillus subtilis is the best defined Gram-positive bacteria [2]. B.subtilis genome was sequenced
and updated totally over the last 20 years by many researchers [7-11], proven to be a model organism
for systems biology. Progress in genome sequencing and consequently annotation studies results with
reconstructing GEMs with more accurate gene-enzyme-reaction data and therefore with more accurate
prediction capacity. There are six basic B.subtilis GEMs [12] apart from ec_iY0844 [2]. The first three
GEMs are reconstructed with the biochemical and genomic knowledge based on genome sequencing of
[7]- Therefore, they are called first generation B.subtilis GEMs [3, 13-14]. Second generation B.subtilis
GEMs [15-16] are based on the genome sequencing of [8]. iBsul144 [12] is a third generation B.subtilis
GEM that takes its genome annotation from [9] and ec_iY0844 [2] is a first generation B.subtilis GEM
since it is based on [3].
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Serine alkaline protease (SAP), one of the major industrial enzyme [5] is produced by Bacillus sp. at the
start of stationary phase of growth [1]. Aims of this work are to conduct flux balance analysis of SAP
overproduction in Bacillus subtilis using ec_iYO844-SAP that contains 1269 reactions, 1010
metabolites and to compare the results with those of biochemical reaction based model having 147
reactions and 105 metabolites [1] to assess validity of enzyme constrained GEM.

2. MATERIAL AND METHODS
2.1 Flux Balance Analyses

Stream of metabolites in a mathematically represented bioreaction network is computed with flux
balance (FB) methodology to analyze metabolic flux distributions. The FB methodology cannot predict
metabolite concentrations since it doesn’t use kinetic parameters. Using fermentation data as constraints,
an allowable solution space is obtained. FBA can determine a single optimum flux distribution on the
edge of the allowable solution space by optimizing an objective function [12].

Mass-balance based stoichiometric equations are constructed for each metabolite in the cell, which is
considered as a semi-batch microbioreactor. The algebraic sum of all conversion reactions of each
metabolite-i in the defined reactions plus the transport of metabolite-i are equal to the accumulation of
metabolite-i [6]. The scalar flux balance equations can be shown as a linear vector as follows:

AXr(t) = c(t) 1),

Where A is mxn stoichiometric coefficients matrix, m is the number of metabolites and n is the number
of reactions [6], r(t) is the flux vector and c(t) is the metabolite accumulation vector. The elements of
c(t) are two sub-vectors:

c(t)=ca(t) + ca(t) 2

where c¢i(t) and co(t) correspond to extracellular and intracellular metabolite accumulation vectors,
respectively. Using pseudo steady state (PSS) approximation for the intracellular metabolites, ca(t) is set
to zero. Intracellular fluxes can be calculated by minimizing or maximizing the objective function Z,
specified for a selected component-i [17].

Z=3 il (3

where, Z is a linear combination of fluxes (ri) multiplied by the corresponding stoichiometric coefficient
of component-i (o) for every reaction [12].

In this work, firstly SAP synthesis reaction [1] and exchange reaction for SAP were added to ec_iY0844
[2] forming ec_iYO844-SAP. Secondly, the objective function was defined as the exchange reaction of
SAP in the cells; whereupon, maximization of the objective function was carried out at citrate’s uptake
rate at 10 mmole/gow/h and at various growth rates (u=0, 0.05, 0.15, 0.25, 0.35, 0.45, 0.55, 0.65, 0.75 h%)
using CobraToolbox v3.0 [18] to determine intracellular reaction rates. Reaction fluxes of metabolites are
expressed in mmole/gow/h; and the flux towards the cell is the specific growth rate, p( h*) [12].

2.2 Enzyme Constrained Genome Scale Metabolic Model

The enzymes that catalyze a reaction affect the metabolic flux. Different approaches have been
developed to constrain the solution space and improve phenotypic predictions by integrating enzyme
concentrations [2]. GECKO is the most promising method, using enzymatic data as a new constraint
for each metabolic flux, provided that fluxes do not exceed the maximum capacity in a given condition
[2, 19].

A set of available enzyme constraints (absolute protein levels and turnover numbers) for the reactions
of central carbon metabolism were integrated into the iYO844 GEM of B. subtilis [3] following the
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principles of the GECKO [2]: An additional constraint that the metabolic flux through the j-™ reaction
(R;j) does not exceed its maximum capacity (Vmax), corresponding to the product between the kcs value
(converted to h™?) of the enzyme E; (that catalyzes the j-" reaction) and its abundance [E;], as shown in
Eq 4, was considered to implement the GECKO approach [2].

v; <kl * [E] for  j=1...17 (4)

In this work ec_iYO844-SAP was constructed: Serine alkaline protease (SAP) synthesis reaction [1]
(the reaction named as SAP) and exchange reaction for SAP (named as EX_SAP(e)) were added to
ec_iYO0844 [2] forming ec_iYO844-SAP containing 1269 reactions and 1010 metabolites. Since the
system is underdetermined, optimization was carried out by maximizing the exchange reaction for SAP.
SAP synthesis reaction was not chosen as the objective function since it yielded zero SAP production.
Citrate uptake rate was considered as 10 mmole/gow/hr during flux balance analyses, which was
conducted in CobraToolbox v3.0 [18]. The reason why citrate was chosen as the carbon source was
that the aim of this study is to compare prediction capacities of a genome scale model and biochemical
reaction-based model [1], which is named as BsBRM-2000 in this study for intracellular reaction
rates/fluxes. Since there is already flux data obtained by theoretical capacity analysis conducted with
BsBRM-2000 [1] taking citrate as the sole carbon source with its uptake rate as 10 mmole/gow/h [1],
citrate was chosen to be carbon source.

Added reaction names and reactions are shown below:

SAP: 40ala_L[c] +4arg_L[c] + 18 asn_L[c] + 9 asp_L[c] + 1096 atp[c] + 7 gIn_L[c] + 5 glu_L[c] +
35gly[c] +5his_L[c]+10ile_L[c]+161leu_L[c]+91lys_L[c] +5met_L[c] +4 phe_L[c]+10pro_LJc]
+ 32 ser_L[c] + 20 thr_L[c] + 1 trp_L[c] + 13 tyr_L[c] + 31 val_L[c] -> 1096 pi[c] + 1096 adp[c] +
SAP[e]

EX_SAP(e): SAP[e] ->

3. RESULTS

Theoretical capacity analysis led to optimized SAP overproduction by using a linear constrained
optimization technique for several specific growth rates was conducted and the variation of the fluxes
were calculated by fixing the sole carbon source citrate’s uptake rate at 10 mmole/gow/h [1]. The
objective function Z was defined as synthesis rate of SAP in the cells, whereupon optimum flux
distributions were obtained by maximizing the objective function Z [1]. In this work, it was also aimed
to conduct theoretical capacity analysis with ec_iYO844-SAP using the same citrate uptake rate, growth
rates and however with different optimization functions (Exchange reaction for SAP, EX_SAP(e)) and
compare the results with those of literature [1]. In this work, when the optimization function was taken
as SAP synthesis reaction, there were no SAP synthesis in all growth rates. Therefore, exchange reaction
for SAP was taken as optimization function since it yielded decreasing SAP synthesis with increasing
specific growth rates as it was reported [1]. The mathematical model of [1], which is a bioreaction-
based model, is named as BsBRM-2000 in this study (Table 1). Prediction capacities of a genome scale
model and biochemical reaction-based model for intracellular reaction rates/fluxes were compared for
the first time in this study.

Intracellular reaction rates were calculated for ec_iYO844-SAP for different growth rates. Fluxes of
common reactions were compared for ec_iYO844-SAP and BsBRM-2000. Active reaction number first
increased with growth rate and then remained constant with p for ec_iYO844-SAP (Table 2). For both
models, SAP synthesis rate decreased with growth rate; meanwhile, SAP synthesis flux was higher with
BsBRM-2000 (Table 3). The flux ratio of SAP synthesis in two models increased with growth rate
(Table 3).
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Table 1. Comparison of models.

Gene # Reaction # Metabolite # Model
844 1269 1010 ec_iYO844-SAP
- 147 105 BsBRM-2000

Table 2. Number of active reactions with ec_iY0844-SAP.

u, ht ec_iYOB844-SAP
Active reaction # % percent
0 162 12.8
0.05 351 21.7
0.15 351 27.7
0.25 351 27.7
0.35 351 21.7
0.45 351 21.7
0.55 351 27.7
0.65 - -
0.75 - -

Table 3. SAP synthesis fluxes.

u, ht Intracellular SAP flux (mmole/gow/h) Flux ratio
ec_iYOB844-SAP BsBRM-2000

0.0 0.01511 0.0260 1.7
0.05 0.0139 0.0243 1.7
0.15 0.01148 0.0209 1.8
0.25 0.009056 0.0175 1.9
0.35 0.006635 0.0143 2.2
0.45 0.004215 0.0107 25
0.55 0.001795 0.0073 4.1
0.65 - 0.0039 -
0.75 - 0.0006 -

TCA cycle fluxes increased with growth rate for ec_iY0O844-SAP (Figure 1), while TCA cycle fluxes
did not change considerably with respect to growth rate for BsBRM-2000 [1]. Anaplerotic reactions
were inactive for ec_iYO844-SAP (Figure 2). Glycolysis pathway fluxes increased with growth rate
(Figure 3), oxidative PPP fluxes were inactive for ec_iYO844-SAP (Figure 4).

Fluxes toward serine-group, alanine- group, histidine, aromatic acid- group amino acid pathways
decreased at least 1.2- fold with growth rate; meanwhile SAP synthesis flux decreased 8.4- fold with
respect to growth rate (Table 4). There were similar decreases with BsBRM-2000 fluxes towards amino
acid synthesis pathways (AAP) [1]. ATP synthesis rate increased 2.44- fold with growth rate for
ec_iYOB844-SAP (Table 5), meanwhile it did not change considerably for BsBRM-2000 [1].
Comparison of two models was carried out only for u=0 h'* since Calik et al.[1] reported only central
pathway fluxes for n=0, 0.75 h* values and ec_iY0844-SAP was infeasible with p=0.75 h. The TCA
cycle was active for both models similarly but with lower fluxes of ec_iYO844-SAP (Figure 5).
Anaplerotic reactions were active only with BsBRM-2000 (Figure 6).
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Figure 1. Effects of growth rate on TCA cycle fluxes (mmole/gow/hr) in SAP production calculated with
ec_iYO844-SAP.
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Figure 2. Effects of growth rate on Pyr node fluxes (mmole/gow/hr) in SAP production calculated with
ec_iYO844-SAP.
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Figure 3. Effects of growth rate on glycolysis pathway fluxes (mmole/gow/hr) in SAP production calculated with
ec_iYO844-SAP.
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Figure 4. Effects of growth rate on PPP fluxes (mmole/gow/hr) in SAP production calculated with ec_iY0844-

SAP.
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Figure 5. Comparison of TCA cycle fluxes (mmole/gow/h) in SAP production calculated with ec_iY0844-SAP
and BsBRM-2000 for u=0 h%, respectively.
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Figure 6. Comparison of Pyr node fluxes (mmole/gow/h) in SAP production calculated with ec_iYO844-SAP and
BsBRM-2000 for u=0 h, respectively.
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Table 4. Fluxes towards amino acid synthesis pathways, mmole/gow/h.

Amino acid synthesis pathways u=0 h* p=0.55 h?! Fold change
Serine group amino acid pathways 0.9959 0.6578 150
Alanine group amino acid pathways 0.6042 0.4685 1.3
Histidine synthesis 0.07553 0.05393 1.4y
Aspartic acid group amino acid pathways | 1.24 1.298 1

Aromatic group amino acid pathways 0.2719 0.2203 1.24

Table 5. Effects of growth rate on ATP synthesis fluxes in SAP production calculated with ec_iYO844-SAP.

Reaction ATP synthesis, mmole/gow/h
u=0 ht u=0.55 ht
PYK 1.205 4.055
ATPS4r 20.81 52.24
PGK 5.988 12.08
Total 28.003 68.375

Glycolysis pathway fluxes were active for ec_iY0844-SAP, meanwhile gluconeogenesis pathway
fluxes were active for BsBRM-2000 at u=0 h* [1]. Oxidative PPP was inactive for both models and
generally higher PPP fluxes were obtained with BsBRM-2000 (Figure 7). The fluxes toward amino acid
synthesis pathways and SAP synthesis were higher for BsBRM-2000 (Table 6). Since TCA cycle fluxes
were lower with ec_iYO844-SAP, ATP synthesis was lower with ec_iYO844-SAP compared to
BsBRM-2000 (Table 7).

G6P 6PGC GlenD
(0,0) 0,0)
(0,0)
RusSpD
(0.1511,0.260) " (0.1511,0.104)
S N
XuspD R5P PRPP
F6P._  (0.2115,0.364) L (0.09063,0)
ng: | E4P ~(0.06042,0.104)

ae S7P .
(0.06042,0.104)

Figure 7. Comparison of PPP fluxes (mmole/gow/h) in SAP production calculated with ec_iY0O844-SAP and
BsBRM-2000 for u=0 h%, respectively.

Table 6. Comparison of fluxes (mmole/gow/h) toward amino acid synthesis pathways in SAP production for u=0 h.

Amino acid synthesis pathways ec_iYOB844-SAP BsBRM-2000 Fold change
Serine-group amino acid pathways 0.9959 1.573 1.6
Alanine-group amino acid pathways 0.6042 1.040 1.7
Histidine synthesis 0.07553 0.130 1.7
Aspartic acid- group amino acid pathways 1.24 2.081 1.7
Aromatic- group amino acid pathways 0.2719 0.273 1.0
Glutamic acid- group amino acid pathways 3.761 7.763 2.1
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Table 7. Total ATP synthesis fluxes, mmole/gow/h: Comparison of ATP synthesis fluxes in SAP production for u=0 h'.

ec_iYO844-SAP BsBRM-2000 Fold change
28.003 52.46 1.9

4. DISCUSSION AND CONCLUSIONS

According to ec_iYO844-SAP and BsBRM-2000 results, active pathways were the same for TCA cycle,
PPP and amino acid synthesis pathways except glycolysis pathway. Divergence of fluxes at glycolysis
pathway was because enzyme-constraint GEM allows for glucose exchange, otherwise central carbon
pathways were inactive with no SAP production at p=0 h** with ec_iYOB844-SAP. Citrate exerts a
negative feedback on glycolysis by inhibiting phosphofructokinase 1 and 6-phosphofructo-2-
kinase/fructose-2,6-biphosphatases (PFK2); on the contrary it stimulates pathways consuming ATP
such as gluconeogenesis and lipid synthesis [20]. BsBRM-2000 yielded more sound results since an
active gluconeogenesis pathway is expected with citrate as sole carbon source.

The number of active reactions increased with respect to growth rate and was maximum as 351. The
minimum number of active reactions was 162 at u=0 h' as anticipated since stationary phase implies
less maintenance energy and less active metabolism inside the cell. This result was in harmony with the
literature [21] where active reactions were calculated to be 322, 318, 43 for Bacillus subtilis (rBsP) in
Period | (0<t<4h), Period Il (4<t<12h), Periods I11-V (12<t<32 h) calculated using GEM of iY0844
using glucose as carbon source, respectively. The number of active reactions at stationary phase
calculated with enzyme constrained iYO844 (ec_iYO844-SAP) is 162, while the number of active
reactions at stationary phase calculated with iYO844 [21] is 43 since different carbon sources were
utilized in both models.

A bigger model does not necessarily yield better results as it was depicted in this study. The bioreaction
- based model produced more sound results probably due to better connectivity. ec_iYO844-SAP could
describe the changes in central carbon metabolism with growth rate in a better way. The number of
enzyme-constrained reactions is 17 [2] although ec-iYO844-SAP has 1269 reactions and 1010
metabolites. If the number of enzyme-constrained reactions were 1269 for ec-iYO844-SAP, the actual
metabolism could have been better depicted with ec-i'YO844-SAP. Results will be convergent as more
Bacillus subtilis reactions are discovered; enzyme information and intracellular regulations are
integrated into GEMs.
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ABSTRACT

In the present study, the usability of geothermal and mineral water in agricultural lands was investigated. Geothermal water,
mineral water, and tap water with two wheat varieties and one barley variety were used, and six different water groups were
formed with geothermal, mineral, and tap water by mixing them at a ratio of 50%. Field soil mixed with 750 g of animal manure
was prepared in the growing containers, and then, 6 g of the wheat varieties and 5 g of the barley variety were planted in them.
The germinated wheat and barley were irrigated periodically according to their water needs. Barley and wheat were harvested
after 15 days. Chlorophyll size, electrolyte leakage, weight, and mineral element concentrations were determined in the
harvested crops. The mineral element concentrations of the samples were analyzed in ICP-AES. Additionally, geothermal,
mineral and normal water were applied to the soil for three months, and the change between the resulting soil and the starting
soil was determined. The collected data were analyzed in the SPSS 22 Statistical Package Program.

Keywords: Barley, Geothermal water, Irrigation, Mineral element, Mineral water, Wheat

1. INTRODUCTION

Water is the most indispensable resource provided by nature. Water exists in nature in many ways, such
as oceans, seas, rivers, and groundwater. Due to the increase in world population, intensive agricultural
activities and water use in domestic and industrial areas have significantly increased the demand for
freshwater [1, 2, 3]. Because of these demands, utilizable freshwater resources are gradually decreasing
[4, 5, 6]. Especially, the haphazard use of groundwater for irrigation and its widespread exploitation
seem to cause problems in the long run [7, 8, 9]. Insufficient water resources and deteriorating water
quality lead to severe concerns for industry, agriculture, and the environment in many parts of the world
[10]. The existing total water of the world consists of 97.4% saltwater and 2.6% freshwater. The
reclamation and recovery of wastewater, including reuse and recycling, have recently been seen as one
of the possible tools that contribute to the better management of water resources [11, 12]. With the race
to increase agricultural productivity, irrigation will become more dependent on substandard water
resources. Therefore, investigating the effects of irrigation water quality on yield has considerable
significance. This approach is extremely critical for maintaining proper food and soil quality as well as
providing sufficient crop production for the increasing need [13].

In recent years, the increasing water limitation due to the deterioration of water quality and quantity has
started to become a significant problem. In many countries, a large part of urban wastewater is drained
from rivers without being treated sufficiently or at all, and the water of these rivers is used for the
irrigation of agricultural areas. Rapidly increasing population, rapid urbanization, industrialization, and
the extensive use of fertilizers and pesticides in agricultural areas may cause rapid contamination in
freshwater resources [14, 15, 16]. Although the distribution of usage areas of water changes, on average,
70% of the total freshwater is used for agriculture, 20% is used for industrial purposes, and 10% is used
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for domestic purposes worldwide. Based on these rates, clean water used for agricultural irrigation
creates a large part of the total water used. Depending on the increasing population, it is predicted that
by 2050, 70% more food will be produced, and consequently, the amount of water required for
agricultural irrigation will increase [17,18]. Thus, it has become an increasingly commonplace practice
to use treated wastewater for agricultural irrigation, especially in countries that have water shortages
and want to eliminate the cost of wastewater treatment and utilize the rich nutrient resources in
wastewater [13, 19].

The use of thermal resources is a very old. The systematic use and development of these resources,
which are thought to be used for health and religious purposes in antiquity, coincide with the Roman
period. Tirkiye is rich in geothermal resources due to the large footprint of active volcanic and tectonic
areas. Hence, Tiirkiye has a significant potential for geothermal tourism. The estimated total number of
geothermal resource sites is 1300, and the number of medicinal water sources is over 2000 in Tiirkiye.
Thus, Tirkiye is in the top five in the distribution of geothermal resources worldwide [20, 21].

Geothermal water has been used in the tourism sector in many parts of the world, while mineral water
is mostly used as drinking water. In this study, the usability of geothermal and mineral water in
agricultural areas was investigated.

2. MATERIAL AND METHODS

Geothermal water in Erzincan is among the therapeutic water resources with superior properties such as
atemperature of approximately 34° and 660 mg of free carbon dioxide gas per liter. This geothermal water
is currently used in geothermal tourism. Mineral water is also located close to the region where
geothermal water comes out. It is used for drinking and is always open to the public (Figure 1).
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The geothermal and mineral water and tap water located within the borders of Erzincan and two wheat

(Forblanc, Esperia) and one barley (Akhisar 98) varieties were used in this study. The Forblanc wheat

variety is of medium height, and its ears are awn. It has resistance to drought, cold stress, and lying. The
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Esperia wheat variety is approximately 80-85 cm in height. Its grain color is red, and its grain structure
is hard. It has a winter development nature; its stem is strong, it does not bend easily, and its performance
is high in irrigated areas. The Akhisar 98 barley variety is 85-90 cm in height; it is a summer, six-row
barley variety. It has medium sensitivity to drought stress and is very productive [22, 23, 24]. In this
study, six different water groups were formed using geothermal, mineral, and tap water by mixing them
at a ratio of 50%. Additionally, field soil mixed with 750 g of animal manure was prepared in the
growing containers, and then, 6 g of the wheat varieties and 5 g of the barley variety were planted in
them. The geothermal water was cooled to a suitable temperature before using it for the irrigation of
plants. After germination, the plants were irrigated according to the water needs of wheat and barley
and the field capacity. Next, barley and wheat were harvested for analyses after an average of 15 days.
Chlorophyll size, electrolyte leakage, weight, and mineral element concentrations were determined in
the harvested plants. Apart from these analyses, geothermal water, mineral water and tap water were
applied to the soil for three months, some properties (e.g., organic matter and salinity) and element
concentrations in the resulting soil were determined, and these properties were compared to those of the same
soil where no water application was made. Moreover, the water that was used to irrigate the soil was analyzed.

The electrolyte leakage of fresh leaves was determined according to the method reported by [25] 4 mL
of distilled water was added to six replicate test tubes containing 0.1 g of fresh leaves and incubated at
4 °C for 24 h. An electrical conductivity meter was used to measure the number of ions present in water.

The Lichtenthaler and Buschmann (2001) method was used to estimate total chlorophyll and carotenoid
content in fresh leaves. Fresh leaf tissue (0.5 g) was ground using a mortar and pestle, which contained
5 mL acetone (80%). The absorbance of the corresponding extract was measured at 662 and 645 nm
(chlorophyll) and 440 nm (carotenoids). Photosynthetic pigments are expressed as mg/g FW [26].

Samples were dried at 65°C for 24 h, ground, and dried again at 65°C for 12 h. These dried samples
were used for the analysis. Needle samples (0.5 g) were prepared using a precision scale and then put
into Teflon cells. Eight milliliters of HNO; (65%) were added to the ground samples, while 5 mL HNOs
(65%), 3 ml HCI (37%), and 2 mL HF (48%) were added to the ground soil samples. The samples were
put into a microwave oven (Berghof-MWS2). The temperature of the microwave contents was gradually
increased to 175°C and held constant for 20 min. The samples and chemicals were filtered with
Whatman filters into 50 mL sterile tubes and diluted to 50 mL with ultra-pure water for the ICP-OES
analysis. Before the spectroscopic analysis, standards were prepared using a 1,000 ppm multi-element
solution. The ICP-OES measurements were made after the calibration using the standards [26].

The data obtained in the study were statistically evaluated. A value of p<0.05 was accepted as significant
in statistical calculations and comparisons. With SPSS 22 Package Statistical Program, the data were
analyzed by ANOVA test at 95% confidence interval and the differences between samples in multiple
comparisons were determined by Tukey's B and S-N-K [26].

3. RESULTS AND DISCUSSION

In this study, many parameters were examined, and significant results were obtained (Table 1.). First of
all, according to the analysis of the three different types of water, it was determined that the geothermal
water had a quite high turbidity at 55.6 NTU, and its conductivity was very high at 7100 pS/cm. On the
other hand, the turbidity (0-1 NTU) and conductivity (0-2500 uS/cm) values of the tap and mineral
water were within normal ranges. When the pH values of the water were examined, it was seen that the
mineral water (5.5) was more acidic, while the other water types were within normal pH ranges (6.5-
9.5). Afterwards, due to the application of different irrigation water types (geothermal, mineral, tap) in
the soil for three months, the amount of organic matter increased in all three irrigation groups, and
differences were observed in other parameters. Changes in the concentrations of elements in the soil
were also seen. The concentration of the elements in the soil irrigated with three different types of water
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was determined differently than in the non-irrigated soil. Therefore, it was seen that the water used in
the study changed the element concentrations of the soil. The data obtained on the differences in element
concentrations based on different water treatments are shown in (Table 2).

Table 1. Chemical properties of different waters.

Parametres Geothermal Water Mineral Water Normal Water Control
Strong
Ph 8,23 Strong Alkaline 7,85 Light Alkaline 8,01  Strong Alkaline 8,03 Alkaline
Ec(Micromhos) 3,22 1,46 1,74 0,91
Clayey-
Soil Texture 70,00 Clayey-Loamy 68,00 Clayey-Loamy 72,00 Clayey 55,00 Loamy
Organic
Substance 5,53 High 4,98 High 5,26 High 0,83 Very little
Lime 10,93 Limy 12,10 Limy 10,93 Limy 14,83 Limy
Salt 0,14 Saltless 0,06 Saltless 0,08 Saltless 0,03 Saltless

Table 2. Element concentration in the soil applied to different waters (mg / kg DW).

Element Al B Cu Fe Mn Zn
Geothermal

Water 31439 + 57,5 498 + 0,4° 58,2 + 0,4* 512586 =+ 325,1° 613,7 + 4,3 651 + 0,62
Mineral

Water 3076,1 + 41,6° 27,8 + 0,6° 53,9 + 0,5° 50732,1 + 316,2° 609,0 + 2,5% 646 =+ 1,5°
Normal

Water 3237,7 + 50,9° 32,8 + 0,3° 56,8 + 0,90 519245 =+ 479,8° 616,1 + 55* 640 + 0,72
Control 3550,3 + 70,72 27,5 + 0,1° 55,8 + 0,5 53947,7 + 570,2*® 5888 + 3,8° 535 =+ 04°
Element Na Mg K Ca P

Geothermal

Water 1057,4 + 23,1° 78100,1 + 652,18 32330 + 74,98 438224 + 3337 644,1 + 3,8

Mineral

Water 3375 + 1259 753505 + 505,9° 28886 <+ 59,52 44696,7 + 296,8° 614,1 + 6,72

Normal

Water 431,83 + 10,7° 78401,6 =+ 833,4% 33586 =+ 66,4% 449443 + 457,2° 6352 + 7,9

Control 7427 + 20,7° 78233,1 + 899,82 23524 + 18,12 63662,2 + 959,22 2544 + 6,1°

After applying irrigation water, in the wheat varieties, the concentrations of elements varied in different
ranges as: Cu (11.7 £ 1.4-23 £ 0.2 mg/kg DW), Mn (33.6 + 1.8-45.8 = 3.9 mg/kg DW) and Zn (23, 5 +
0.8-39.9 + 1.3 mg/kg DW), whereas these ranges for the barley variety were as follows: Cu (20.3 + 0.2-
26.5 + 0.2 mg/kg DW) in barley variety, Mn (31.3 + 0.6-53.9 = 2 mg/kg DW) and Zn (33.2 + 0.7-54.6
+ 0.5 mg/kg DW). It was observed that these values were close to those of the irrigation water. On the
other hand the B (27.7 £ 0.2 and 24.0 + 2.1 mg/kg DW), Fe (199.5 £+ 13.1 and 780.1 + 144.8 mg/kg DW)
Na (1027, 6 + 4.1 and 2049.6 = 231.6 mg/kg DW) concentrations in the wheat varieties and the Na
(9334.5 + 68.3 mg/kg DW) and B (18.7 + 0.2 mg/kg DW) concentrations in the barley variety were
higher in the samples irrigated with geothermal waters compared to those irrigated with the other water
types. According to these results, considerable differences were generally observed between the
concentrations of elements due to the application of different types of water (Tables 3-5). Additionally,
the chlorophyll levels of the plants differed based on the type of water that was applied. Among the
wheat samples, chlorophyll a (5.97-10.56 mg g* FW), chlorophyll b (2.58-5.18 mg g* FW), total
chlorophyll (8.56-15.61 mg g FW) and carotenoid (0.92-2.01 mg g* FW) levels were higher in the
samples where tap water and mineral water were used for irrigation together than those where
geothermal water was used, while these values among the barley samples were higher in the samples
where tap water was applied.
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Table 3. Element concentration in the barley applied to different waters (mg / kg DW) (*p < 0.05, **p < 0.01,

***p < 0.001 significant).

Barley (Akhisar 98) Al B Cu Fe Mn Zn
Geothermal Water 271+ 2,1 187 £ 02¢° 265 + 0,2 1436 + 65" 447 + 0,4° 546 + 0)5°
Mineral Water 496 =+ 53¢ 109 + 049 234 + 0/4° 201,3 + 1599 539 £ 2,00 513 = 11¢
Normal Water 1344 + 06 97 + 0,1° 215 + 0,3° 3708 + 9,8° 491 £ 0,19 464 + 05°
Geothermal+Normal 40,1 + 17¢ 105 + 0,19 217 + 0,3° 1756 + 52°¢ 382 £ 03> 406 = 04°
Mineral+Normal 72 + 0,22 77 + 0,1» 208 £ 02% 858 &+ 2,80 406 + 0,6°> 399 =+ 08
Mineral+Geothermal 7,0 + 04 7,0 + 0,00 203 + 0,22 837 + 1,9 313 + 0,6 332 + 0,72
Significant — - - — - a—

Na Mg K Ca P
Geothermal Water 93345 + 68,3° 38762 + 7,1% 73214,1 + 530,2¢ 23638 + 16,6° 91481 <+ 625°
Mineral Water 2062,8 + 624 40685 + 154,08 578539 =+ 11554°¢ 24203 + 93,6° 113748 =+ 177,1f
Normal Water 1540,1 + 14,4® 37811 + 21,04 537311 + 262,6° 21495 + 254 104411 + 124,7¢
Geothermal+Normal 4661,1 + 72,8% 32138 + 61,5° 61581,8 + 757,5¢ 21194 =+ 433" 81341 =+ 89,4°
Mineral+Normal 1467,4 + 12,00 2908,1 + 80,4° 483446 + 464,22 16525 + 4842 9677,7 =+ 140,2¢
Mineral+Geothermal 43230 + 48,9° 2512,7 + 59,9 54164,1 + 840,1° 1667,8 + 353* 62560 <+ 147,9°
Significant falalel ookl ookl ookl falaiel

Table 4. Element concentration in the wheat applied to different waters (mg / kg DW). (*p < 0.05, **p < 0.01,

Wheat (Forblanc) Al B Cu Fe Mn Zn
Geothermal Water 489 + 05 277 + 022 17,6 + 0,1%® 1995 + 13,1® 422 + 0,8 241 + 0,4%
Mineral Water 138 + 0O7° 28 £ 019 175 + 0,2%® 670 £ 37¢ 360 <+ 1,2¢ 235 + 0,8
Normal Water 135 + 0,7° 3.2 £ 0,2¢ 181 + 0,12 906 £ 25° 389 & O,7° 259 £ 0,48
Geothermal+Normal 7,6 + 0,2¢° 201 + 02b 165 + 0,1° 712 £ 06" 420 <+ 0,3° 256 = 0,42
Mineral+Normal 2,7 + 02¢ 31 + 019 169 + 0,2° 553 £ 1,39 394 & 06° 249 + 04%
Mineral+Geothermal 126 + 1,7° 114 + 05° 184 + 0,72 828 £ 36 405 <+ 06® 254 + 052
Significant falalal ookl ookl ookl falalel **

Na Mg K Ca P
Geothermal Water 10276 + 4,1 24834 <+ 852° 517789 <+ 536,8° 14831 + 48,0*° 61065 + 110,2¢
Mineral Water 163,7 =+ 6,2¢ 21631 =+ 84,89 45137,0 =+ 1373,8°> 12752 =+ 734" 8262,1 + 2691
Normal Water 1446 + 2,17 23342 <+ 52,29 507558 <+ 909,12 1537,1 + 48,0 83965 + 2053
Geothermal+Normal 782,6 =+ 8,3° 24467 =+ 36,9® 50263,8 =+ 314,020 1523,9 + 31,1% 86964 + 101,2%®
Mineral+Normal 1857 + 3,19 25124 <+ 44,2° 462743 <+ 7756 1557,0 + 33,9° 91553 =+ 150,2°
Mineral+Geothermal 720,1 + 10,3° 25190 =+ 450* 49020,3 =+ 781,6°® 15109 + 41,78 78829 =+ 96,4°
Significant ookl ookl ookl falalel ekl

***p < 0.001 significant).
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Table 5. Element concentration in the wheat applied to different waters (mg / kg DW). (*p < 0.05, **p < 0.01,

***p < 0.001 significant).
Wheat (Esperia) Al B Cu Fe Mn Zn
Geothermal Water 26,8 + 2,6° 240 + 2,182 187 + 0,6° 780,1 + 144,8° 336 + 1,8° 283 + 2,10
Mineral Water 146,1 + 2,82 3,1 + 0,7¢ 234 + 1,52 4610 £ 144° 36,5 + 1,3 287 + 14°
Normal Water 57,3 + 7,00 70 + 04° 200 + 0,6% 2140 + 1809 458 + 3,92 399 + 1,32
Geothermal+Normal 58,6 + 540 12,9 + 0,8° 11,7 + 14° 600,8 £ 3,1° 40,4 + 0,8? 240 + 1,9
Mineral+Normal 28,5 + 6,5° 14,0 + 3,7° 21,3 + 0,5 1476 + 20,79 43,0 + 2,62 396 + 1,52
Mineral+Geothermal 13,8 + 0,6° 21,0 + 0,29 23,0 + 0,22 85,7 + 2,14 37,1 + 0,9% 328 + 0,9
Significant ek ek faleled falaled ol **
Na Mg K Ca P

Geothermal Water 20496 + 231,6% 4630,0 =+ 4945 55030,0 =+ 1199,5¢ 24454 <+ 428,0® 8090,6 + 344,1°

Mineral Water 3994 + 32,6% 34387 + 2286 60917,1 =+ 2564,2¢ 19559 + 842® 103835 + 303,6°

Normal Water 3272 + 11,39 44635 + 2742 69301,7 + 18194 25911 + 16573 143372 <+ 45532
Geothermal+Normal 3196 + 55¢ 44339 + 97,7 100414 <+ 1612,3®° 1698,3 =+ 2585° 63522 + 983,14
Mineral+Normal 647,7 £+ 161,3° 42985 <+ 207,1 749053 <+ 2728,2% 2849,1 <+ 3958% 13746,2 <+ 297,42
Mineral+Geothermal 1065,5 + 153" 31822 + 1139 768738 + 11052® 18280 + 79,0° 10573,6 + 187,80

Significant

*k*k

*k*x

The findings showed that the lowest chlorophyll concentrations in the samples were in the Forblanc
wheat variety treated with geothermal water, the Esperia wheat variety treated with mineral water, and
the barley variety treated with mineral and geothermal water irrigation. Additionally, there were no
significant differences in the chlorophyll and carotenoid analysis results among the irrigation methods
applied in the Esperia variety, while there were significant differences in the Forblanc wheat variety and
the barley variety. There were differences regarding the weights of the plants after harvesting depending
on the water applied, and the weights of the plants irrigated with geothermal water were higher than the
weights of others. According to the electrolyte leakage analysis results, there were generally high
concentrations in the samples in which mineral water and geothermal water were used together (Figure
2 and 3).
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Wheat (Forblanc) = Wheat (Esperia) = Barley (Akhisar 98)
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Figure 2. Chlorophyll a, Chlorophyll b, Chlorophyll a+b concentration in wheat and barley using different water
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4. CONCLUSION

In general, geothermal waters are used for energy and therapeutic purposes. On the other hand, mineral
waters are mostly used as drinking water. To our knowledge, there is no research on the use of
geothermal and mineral waters in plant growing. Studies on groundwater quality for drinking and
irrigation purposes have been conducted by many authors [28-32]. The data of this study showed that
there were no noticeable differences between the experimental groups that may significantly affect the
growth of plants. Tirkiye has much thermal water with very different properties about contents, which
come to the earth’s surface. To investigate the effects of agricultural irrigation, long-term trial studies
with different plants and soils should be conducted by determining the contents of these waters.
Geothermal and mineral water resources that can be used should be determined in terms of their
chemical properties. However, geothermal water can be used as well if it is pre-treated with appropriate
methods. More comprehensive studies should be conducted to use such water in the irrigation of plants
in case of future water deficiencies regarding this type of water, which is wasted to a substantial extent
today. The effects of geothermal and mineral water on the product quality of crops should be examined
in depth, and attention should be paid to studies on its use, especially in greenhouse cultivation work
with this water.
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ABSTRACT

There is a dearth of data about public health in the regular evaluation of heavy metal levels in seafood obtained from public
market. This study aimed to examine the levels of essential (copper, zinc) and nonessential metals (cadmium, lead) in the
tissues of cultured seabream (Sparus aurata), which was in public market. For this purpose, seabream samples were collected
from the public market. And then, copper (Cu), zinc (Zn), cadmium (Cd), and lead (Pb) metal accumulation levels in tissues
of the dissected gill, liver, kidney, and muscle were measured by inductively coupled plasma mass spectrometry (ICP-MS).
In order to understand whether the fish posed a risk to public health, risk evaluation formulations (estimated daily intake:
EDI, hazard coefficients: HQ, hazard index: HI) were calculated for the muscle tissue. The data showed that Zn, Cd and Pb
concentrations were maximal in the kidney tissue of S. aurata and Cu concentration were in the liver tissue, while the
minimum heavy metal levels were in the muscle tissue. As a result, the maximum levels of heavy metals in the edible tissue
of seabream were found as 0.11 mg Cu/kg wet weight, 0.72 mg Zn/kg wet weight, 0.12 mg Cd/kg wet weight, and 0.34 mg
Pb/kg wet weight. Maximum values of them do not indicate any health risks as they are lower than the allowable tolerable
levels specified by the international EDI estimation committees. The examined HQ and HI indicators were observed below 1
in all seasons. However, it is always possible for heavy metal intake to pose potential risks. For this reason, it is essential that
the results of the study be interpreted from different perspectives and taken into consideration by other scientists.

Keywords: Sparus aurata, Heavy metals, Accumulation, Health risk assessment, Tiirkiye

1. INTRODUCTION

It is known that fish consumption has many beneficial and protective properties, especially for heart
health [1]. Moreover, regular intake of a rich fish oil supplement has been shown to regulate or alter
various metabolic processes connected with lipid metabolism, atherosclerosis, thrombosis, and
inflammation [2]. Consumption of fish meat is becoming more important every day because it is easier
to digest and contains more protein, minerals, vitamins, essential unsaturated fatty acid and especially
polyunsaturated fatty acid (omega-3-PUFA) compared to terrestrial organisms [3,4]. However, marine
ecosystems are being polluted by heavy metals day by day, and there is an increase in the
bioconcentration levels of heavy metals in the bodies of organisms [5,6]. Some heavy metals such as
cadmium, lead and mercury accumulate in tissues even at very low concentrations and cause toxic
effects, and these show non-essential properties for organisms [7]. On the other hand, copper-zinc in
structural and metabolic events which have biological importance in organisms are needed within
homeostatic control limits [8,9]. However, copper and zinc can cause public health problems such as
neurotoxicity if the tolerable limits for metabolism are exceeded [10]. In case of exceeding the
tolerated limits, heavy metals accumulate in the body and cause neurological disorders such as
Parkinson's and Alzheimer's, changes in hematological parameters, growth and development disorders,
and various metabolic organ function anomalies, which in turn result in a series of fatal health
problems [11]. The World Health Organization recommends regular monitoring of the levels of heavy
metals such as copper, zinc, cadmium, lead, mercury and aluminum in fish tissues [12]. Seabream
(Sparus aurata) is a commercially important fish species, and it is recommended to be monitored in
the environmental pollution risk analysis [13,14]. According to the Turkish Statistical Institute
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(TUIK), while the average fish consumption per person in Tirkiye was 5.49 kg in 2017, it increased
by 11.8% to 6.14 kg in 2018 [15]. The rates of toxic substances in food and their effects on human
health have been gaining importance in recent years [16]. To this end, the present study was firstly
aimed to evaluate the heavy metal accumulation levels in the tissues of S. aurata seasonally and to
monitor whether an abnormal situation occurred. Secondly, the study was intended to examine the
heavy metal levels in the edible muscle tissue of the fish to evaluate its public health risk level through
some risk evaluation calculations such as EDI (estimated daily intake), HQ (hazard coefficients), HI
(hazard index).

2. MATERIALS AND METHODS

2.1. Sampling Fish

A total of 72 S. aurata were obtained from the fish market of Osmaniye province in the winter, spring,
summer, fall and winter seasons of 2018 by random sampling method in the research. The total length
and total weight of the collected fish samples were measured on a clean bench that could not cause any
contamination. The total length measurement of the samples was carried out with =0.1 mm scale
caliper and the total weight measurement was carried out with a balance with +0.1g precision
(Sartorius BP-310S). Height and weight characteristics of the fish according to the seasons were 68.10
+5.20 g and 13.30 £1.10 cm for winter, 70.35+4.90 g and 15.25£1.15 c¢m for spring, 80.55+5.30 g and
20.30+1.30 cm for summer, 80.90+3.90 g and 28.25+0.90 cm for fall. The fish were then stored in a -
20 freezer until the metal analysis. All glass and polypropylene materials to be used in the experiment
were cleaned according to appropriate protocols to eliminate the presence of various chemical residues
[17].

2.2. Sample Preparation of Fish and Heavy Metal Analyses

Fish tissues were dissected, then left to dry in an oven (Memmert UFE 500, Germany) at 150°C for 48
hours. After the tissues came to constant weight, they were weighed by an electronic balance with a
precision of +0.001 g (Sartorius CP-2248). The tissues (about 0.5 g) were transferred to the
experiment tubes, and a mixture of 2:1 (v/v) nitric acid and perchloric acid (Merck, %65, S.G.; 1.40
and %60, S.G.; 1.53) was added to them, and the tissues were homogenized on the hot plate (Thermo
Scientific, 2200, USA) at 120°C for 3 hours [18]. Following the homogenization, the samples were
transferred to polypropylene tubes. The tubes were diluted to 5 ml with ultrapure water so that the
samples were ready for metal analysis. The samples were stored in the refrigerator at +4°C until the
time of analysis. Metal concentrations (Cu, Zn, Cd, Pb) in the samples were determined with the ICP-
MS Agilent 7500ce model spectrometer (Octopole Reaction Systems, Agilent Technologies, Japan).
The instrument calibration of metal analyses was performed according to C-5524 Sigma standards
(Sigma Chem. Co. St. Louis, USA). Standard solutions of the metals were diluted with ultrapure water
(Millipore Elix Milli-Q, resistivity 18.2 MQ/cm). The TORT 2 (Lobster hepatopancreas) standard
reference material was used to check the reliability of the measurements. The validation parameters of
analytic techniques are shown in Table 1.

Table 1. The validation parameters of analytic techniques of Cu, Zn, Cd and Pb.

Element  Recovery (%) Detection limit Quantification limit Relative standard R?
(ng/kg) (ng/ke) deviation (%)

Cu 95.60 0.60 2.01 3.07 0.99

Zn 97.70 2.45 8.27 3.75 0.99

Cd 91.70 0.45 1.55 2.01 0.99

Pb 95.05 0.35 1.20 2.10 0.99
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2.3. Risk Assessment Calculations and Statistical Analysis

The estimation of daily intake rate [(EDI)= (Celement X Drisn)BW?] equation was used to estimate the
daily intake (EDI) of metals (mg/kg body weight/day). The abbreviation Ceemen: in the formula refers
to the metal concentration in the muscle tissue (mg/kg wet weight (ww)), Dssh means the daily fish
consumption (g/person/day), and Bw (kg) represents the average body weight of the population
[19,20]. In Tiirkiye, the annual fish consumptions of an adult person of 70 kg was found to be 5.5 kg.
The hazard quotient [HQ = EDI/RfD] relation was used to calculate the hazard coefficient (HQ). It is
stated in the literature that if the HQ value is less than 1, it does not constitute a significant risk
potential; in contrast, if the HQ value is equal to or higher than 1, then it poses a potential risk for the
public health. The abbreviation RfD in the formulation refers to the oral reference doses for Cu, Zn,
Cd, and Pb, which are specified by the risk assessment information system [21] as 0.3, 0.7, 0.001 and
0.004, mg/kg/day, respectively. The RfD values were also utilized as the reference values in the
present study. The hazard index [HI=XHQs=HQcy+HQz:+HQcq+HQps] formulation was estimated as
the sum of the HQs for all the heavy metals in the formula. If the HI value of metals is less than 1,
then it is stated that the health of local fish consumers is safe, whereas, if the HI is equal to or greater
than 1, then it is stated that it is harmful for public health [22]. Evaluation of the samples studied in
triplicate for every season was performed in the Microsoft Office Excel 2010 program. Mean, standard
error, minimum and maximum values were calculated for the data which were grouped according to
the seasons. Statistical analysis of the data was carried out using the SPSS 20.0 statistical software
(IBM Corp., Armonk, NY, USA). Tukey multiple range test was used to determine whether the metal
concentrations varied significantly among tissues based on the season [23].

3. RESULTS AND DISCUSSION

Metal accumulation in tissues and organs of aquatic organisms varies depending on seasonal changes
[24], species of the organism [25], morphological structure of the organism such as length and weight
[26,27], environmental conditions such as physical and chemical condition of the aquatic ecosystem
[28]. The arithmetic mean and standard error values of the heavy metal levels in S. aurata tissues (gill,
liver, kidney and muscle) were calculated according to the seasons, and the variation in seasonal metal
levels were examined by calculating the sum of the squares of the deviations of the data from the
arithmetic mean. Accordingly, a summarized graphical representation of the arithmetic mean, standard
errors and statistical differences of the metals in the tissues was displayed in Figure 1.

The mean annual Cu, Zn, Cd and Pb concentrations in the gill tissue of S. aurata sampled in winter,
spring, summer and fall were found to be 0.16, 0.72, 0.12 and 0.25 mg/kg ww, respectively.
According to the seasons, Cu accumulation in the gill tissue was the most in the spring season, while
the accumulation of Zn was the most in the fall season (P<0.05). The highest accumulation of
cadmium in the gill tissue was observed in the fall season, but no statistical difference was observed
between the accumulation averages of cadmium in the fall and winter seasons and the accumulation
rates of lead in the spring and summer seasons (P>0.05). The heavy metal accumulation in the gill
tissue in the fall and winter season was in the form of Zn>Pb>Cd>Cu, while it was determined as
Zn>Cu>Pb>Cd and Zn>Cu>Pb~Cd in the spring and summer seasons, respectively (Figure 1). The
mean annual Cu, Zn, Cd and Pb concentrations in the liver tissue were 0.46, 0.90, 0.15 and 0.23 mg/kg
ww, respectively. Cu and Pb accumulation in liver tissue was found to be the highest in the spring,
while Zn and Cd accumulations showed the highest accumulation in the summer and fall seasons,
respectively (P<0.05). While the heavy metal accumulation was in the form of Zn>Cu>Cd>Pb in the
fall season, it was determined as Zn>Cu>Pb>Cd in other seasons (Figure 1). The mean annual Cu, Zn,
Cd and Pb accumulations in the kidney tissue were 0.29, 1.84, 0.30 and 0.47 mg/kg ww, respectively.
The Zn accumulation in the kidney tissue showed the highest accumulation in the summer while the
highest accumulations of Cu, Cd and Pb were detected in the fall season compared to the other seasons
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(P<0.05). The heavy metal accumulation sequence in the kidney tissue was observed as
Cd>Cu>Zn>Pb in the winter, Zn>Pb>Cd>Cu in the spring, and Zn>Pb>Cu>Cd in the summer and fall
(Figure 1).

1.00 - Gill Tissue

:

=3 075

z E 0.50

& X -

ES ay

z £ 0.25 - by cZ
= 0.00 2% CX CX ax

Cu Zn Cd Pb |Eu Zn Cd Pb |n::u Zn Cd Pb |Cu Zn Cd F’b|

Winter | Spring | summer | Fall |

E? 150 -

2 100 -

= oy

28 050 - oy m
£ 0.0 W az CZ

Cu Zn Cd Pb |Cu Zn Cd Pb |Cu Zn Cd FPb |Cu Zn cd Fh|

Winter | Spring | Summer | Fall |

3 4.00 1 Kidney Tissue
B 300 -
5z
E g’ 2.00 -
= by
SE 100 - ay
=
= 0.00 - bz o o ax O
Cu Zn Cd Pb Cu Zn Cd Fh |I3u Zn Cd Pb |Cu Zn Cd Pt:-|
Winter | Spring | Summer | Fall |
0
075 A
050 4

Heavy metal level
(mgfkg ww)

0.25 -
b N M
0.00 ax ax

Cu Zn Cd Pb |Cu Zn Cd Fb |I:u Zn Cd Fb |Cu Zn Cd F'b|

2?

Winter | Spring | Jummer | Fall |

Figure 1. Mean and standard error of heavy metal concentrations in gill, liver, kidney and muscle tissue of S.
aurata in different seasons. Letters X, y, z and t show differences among Cu, Zn, Cd, Pb metals; a, b, ¢
and d among winter, spring, summer, fall seasons.
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The mean annual Cu, Zn, Cd and Pb concentrations in the muscle tissue of S. aurata were found to be
0.07, 0.38, 0.08, 0.21 mg/kg ww, respectively. Cu and Zn accumulations in the muscle tissue were
determined to be the highest in the winter season, while the highest accumulation of Pb was identified
in the fall season (P<0.05). Cadmium showed the highest accumulation in the summer season, while
statistical difference for the cadmium accumulation was observed only between the spring and
summer (P<0.05). The heavy metal accumulation of the muscle tissue showed Zn>Pb>Cu>Cd
sequence for winter, spring and fall, while it was Zn>Pb>Cd>Cu for summer (Figure 1). Among the
heavy metals examined in 10 species including S. aurata, zinc was the most detected metal [29], and
similarly, the presence of zinc was found at the highest level in our study.

Heavy metals in the contaminated aquatic ecosystem lead to bioaccumulations in various organs and
structural units of fish from the food web or in the aquatic environment over time [30]. In a previous
study, it was reported that there were significant differences between the metal bioaccumulation levels
in fish tissues (P<0.05), and that the metal accumulation was higher in the liver and gill organs than in
other organs [30,31]. Since metabolic rates of large internal organs such as the liver and kidney are
higher than other organs, the heavy metal accumulation in these organs increases in parallel. The
negatively charged surface of the gill tissue in fish tends to bind to many positively charged metals
[32]. Heavy metals enter aquatic organisms through two metabolic routes: the gills and muscle tissue.
Therefore, metal concentrations in these tissues and organs are mostly reflected as an indicator of the
ambiance in the aquatic ecosystem [33]. In environmental monitoring studies of heavy metal pollution,
various concerns may be stated about the frequency and persistence of being affected by contaminated
heavy metals due to the consumption of the muscle tissue of fish. However, if the muscle tissue
compared to other soft organs does not have an active structure in the metal accumulation, this
situation may be related to low metal binding proteins [34]. This situation is explained in many studies
by the fact that the muscle tissue of the fish has less metabolic activity compared to other organs,
together with less heavy metal accumulation [31, 35]. The high concentrations of heavy metal
determined in the liver tissue of aquatic organisms are due to its high metallothionein production,
which has made it an important storage organ as an indicator of chronic metal exposure [31]. In
aquatic ecosystems, the entrance of heavy metals to the structure of organisms in the food chain occurs
in two ways: the first is directly supplied to the organism through the digestive tract, while the other is
by external means such as the muscles and gills [33]. The direct route of uptake of heavy metals from
the aquatic ecosystem is more effective because the gills are the main target organ of heavy metal
poisoning in fish [36]. The orders of annual metal accumulations according to tissues of the seabream
were observed as kidney>liver>gill>muscle for both Zn and Cd, liver>kidney>gill>muscle for Cu, and
kidney>gill>liver>muscle for and Pb, in the current study (Figure 1).

In this study, the minimum and maximum levels of metals in the muscle tissue differed between the
following ranges, respectively; 0.01-0.11 mg Cu/kg ww, 0.25-0.72 mg Zn/kg ww, 0.05-0.12 mg Cd/kg
ww and 0.18-0.34 mg Pb/kg ww (Table 2). Average Cu, Zn, Cd and Pb concentrations in the seabream
muscle samples taken from public aquaculture fish in Osmaniye province were found to be far below
the maximum levels allowed for fisheries by international organizations (Table 3). Heavy metal
samples in the seabream samples obtained from the coastal locations of the Black Sea [29] and the
Mediterranean Sea in Tiirkiye (Table 3) had higher content than the heavy metal levels of the samples
in this study. These values in the present study were within the limits set by the Turkish Food Codex
Commission Regulation [37]. In a previous study, it was reported that the average values of heavy
metals such as total As, Cd, Cu, Pb and Zn in farmed fish were lower than in the wild fish, and the Cd
concentration was higher in farmed fish [38]. Table 3 partly shows that the cultured fish in this study
differed from wild species.

The HI index of heavy metals in wild and farmed seabream sampled from the Algerian coast was
determined to be less than one [38]. It has been stated that the consumption of farmed fish
Dicentrarchus labrax and S. aurata analyzed from fish farms in different locations of the
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Mediterranean does not pose a serious threat to human health and the fish are in a consumable
condition [39]. The international legal limits and indices of trace elements (Ag, Al, As, Ba, Bi, Cd, Cr,
Cu, Fe, Li, Mn, Mo, Pb, Sb, Se, Sn, U, V, Zn) in muscle tissues of cultured seabream examined from
the Corsican Coasts of the Northwestern Mediterranean were determined to be below the levels that
could pose a risk to human health. It was also reported in this study that some elements (As etc.) found
in wild S. aurata should be consumed in moderation considering their carcinogenic risks [40]. These
results in the literature are consistent with the current study with S. aurata (Figure 2).

Table 2. Minimum and maximum metal concentrations in muscle tissue of S. aurata in different seasons.

Heavy Metals Winter Spring Summer Fall
(mg/kg ww) min-max min-max min-max min-max
Cu 0.11-0.12 0.01-0.02 0.03-0.06 0.01-0.02
Zn 0.35-0.58 0.25-0.72 0.26-0.43 0.29-0.31
Cd 0.08-0.10 0.07-0.07 0.05-0.12 0.07-0.11
Pb 0.18-0.20 0.19-0.20 0.16-0.21 0.24-0.34
0.003 EDI
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Figure 2. Public health risk values of heavy metals in S. aurata from public market in Osmaniye (Tiirkiye).
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Table 3. The maximum limits of heavy metals accepted by international organizations in fishery
products and comparison of heavy metal’s concentrations in muscle of S. aurata with other
studies (BDL: Below Detection Limit)

Heavy Metal (mg/kg ww)
International organizations Cu Zn Cd Pb Reference
U.S. Food and Drug Administration 150 100 0.20 1.50 [41]
World Health Organization 30 100 1 2 [42]
Turkish Food Codex 20 50 0.50 0.30 [37]
Other studies

Tuzla Lagoon (Wild fish) 0.55 - 0.12 1.11 [31]
Beymelek Lagoon (Wild fish) 431 7.09 - - [43]
Kayseri Province (Market fish) 0.90 33.80 1.24 BDL [44]
Tirana Province (Wild fish) - - 0.35 0.10 [45]
Iskenderun Bay (Wild fish) 6.23 14.35 1.25 3.83 [46]
Elaz1g Province (Market fish) 1.19 6.27 0.18 0.44 [47]
Aegean Sea (Cultured fish) BDL 4.99 BDL BDL [48]
lonian Sea (Cultured fish) BDL 7.02 BDL BDL [48]
Adriatic Sea (Cultured fish) 0.39 4.70 0.01 0.10 [49]
Aegean Sea (Cultured fish) 0.36 2.12 - - [35]
Hurmabogazi Lagoon (Wild fish) 1.33 111 0.13 0.52 [50]
Camlik Lagoon (Wild fish) 0.88 4.92 0.64 0.45 [51]
Tuzla Lagoon (Wild fish) 0.39 6.91 0.30 0.32 [51]
Corsica Mediterranean Sea (Wild fish) 0.20 3.55 0.002 0.006 [40]
Corsica Mediterranean Sea (Cultured fish) 0.49 4.34 0.004 0.013 [40]
Croatian (Market fish) 0.94 - 9.4 - [52]
South Adriatic-Montenegro (Wild fish) 0.17 - <0.02 <0.1 [53]
Cassidaigne canyon (Wild fish) - - BDL - [54]
South Italy (Wild fish) 0.17 0.17 0.04 0.08 [55]
Mediterranean Sea (Wild fish) 0.29 4.13 0.002 0.004 [38]
Mediterranean Sea (Market fish) 0.07 0.38 - - [56]
Maximum value detected, (Public market- 0.11 0.72 0.12 0.34 In this study
Cultured fish)

4. CONCLUSION

The present study focused on checking the quality of seabream fish in terms of the copper, zinc,
cadmium and lead contents. Considering the protein starvation all around the world, seabream is
considered a delicious and economically valuable fish. The quality indicators examined in this study
showed that seabream is a safe seafood product for consumption given that the calculated data
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indicators (HQ and HI) were below 1 for all seasons (Figure 2). As far as we know, there is still no
known scale indicator for the content of heavy metals studied in fish in many countries. Hence, a basic
comparison was made by taking into consideration the evaluations in our country. However, when
dietary regimens and individual morphological structures are taken into account, what is not a risk for
one country may pose a risk for another. Therefore, the acceptable levels of heavy metals should be
considered according to the references specified by the Food and Drug Administration (FDA) and the
World Health Organization. With this regard, it was concluded that Cu, Zn, Cd and Pb levels in fish
species were lower than the maximum levels, but further studies are needed to monitor the course of
heavy metals over time.
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ABSTRACT

Heavy metals, the concentration of which in the environment is constantly increasing and which can remain intact in nature for
a long time, are a great threat to living things. In addition, due to the fact that it causes bioaccumulation in the structure of
living things, the detection of heavy metal concentration is very important. Heavy metals constitute the largest part of air
pollution. However, living things in areas where traffic is heavy are exposed to exhaust fumes, and this significantly negatively
affects the health of living things. In our study, the areas where heavy traffic are concentrated in Ankara were determined and
the possibilities of using linden trees, which were planted abundantly in the middle refuges, as a biomonitor for the change in
heavy metal hunters were investigated. Changes of Pb, Fe, Cd, Cr and As elements in soil and plant samples were analyzed in
ICP-MS device. SPSS 22 Statistical Package Program was used to evaluate the obtained data. The Tilia tomentosa Moench.
parts (leaf, flower and branch) are evaluated, it is seen that the heavy metal amounts in the unwashed samples are higher than
the washed samples for all heavy metals. The highest metal concentration among the stations was Fe (40681 ugg™) collected
from Gazi station, the lowest concentration was Cd (4.9 pgg™) collected from the Mogan station on soils.

Keywords: Biomonitor, Heavy Metal, ICP-MS, Tilia tomentosa Moench

1. INTRODUCTION

The rapidly increasing world population causes air pollution to increase exponentially, especially due
to the use of fossil fuels in large areas [1]. Due to diseases caused by air pollution, millions of people
die every year around the world [2]. Heavy metals with an atomic number greater than 20 and with an
atomic number of more than 5 g/cm? in density, which are among the main causes of air pollution, are
known as polluting metals. The main sources of heavy metals, which can be found in air, soil and water
in different proportions and are released into the atmosphere from different sources, are mostly human-
made factors such as urban wastes, chimney and exhaust gases, wastewater, mining and fertilizers [3].

Traffic-based pollution is one of the primary causes of air pollution in our country [4]. Human, plant
and animal health are adversely affected by exposure to small amounts of toxic heavy metals such as
cadmium (Cd) and lead (Pb) emitted from the exhaust of vehicles [5].

Heavy metals rising to the atmosphere can be mixed with soil and water through precipitation. Thus, it
reaches the plants from the soil and the bodies of all living things in contact with the soil. In addition,
heavy metals can contaminate surface waters such as streams and rivers, and it leaks from the soil and
pollutes underground water resources. In this way, waters rich in heavy metals cause harmful effects for
plants, animals and human bodies when used for agricultural areas [7].

As a result of research, the negative effects of heavy metals on human health have been clearly revealed
[8]. From research Shaban et al. people who are exposed to high heavy metal concentrations have serious
damage to the central nervous system, lungs, kidneys and liver, and this exposure even results in death.
Koedrith et al. reported that at low concentrations of heavy metals, discomfort such as nose-throat
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irritation, cough, and shortness of breath were observed; Zeng et al. determined that it causes diseases
such as asthma, cough, and respiratory distress in children [9-10-11].

The use of plants as biomonitors is important for monitoring heavy metal pollution. Lichen, moss,
flowering plants and epiphytic plants are used regionally and locally [13-14-15-1-8-17]. For this
purpose, lichens and mosses are preferred plants because they can accumulate many elements in much
greater guantities than their needs [18]. However, since it is not known how long these plants are
exposed to heavy metals, especially higher plants have been used in recent years [19-20]. Examples of
higher plants are trees, and shrubs. These plants are very popular for this subject due to their ability to
accumulate trace elements from soil, water and air [13].

There are differences between deciduous and evergreen species in the calculation of heavy metal
accumulation in higher plants. Annual heavy metal accumulation can be calculated in deciduous higher
plant species, while long-term heavy metal accumulation can be calculated in evergreen species. In the
calculation of heavy metal pollution, samples taken from different organs of the plant are brought to the
laboratory environment and analyzed in different devices [21].

Tilia tomentosa (Linden tree) species was used in this study. The reason for using this species is that
there are plenty of linden trees in areas with heavy traffic in Ankara, and people want to collect the
leaves and flowers of this tree and use it for healing purposes.

For this purpose, the potential for use of the species as a bioindicator will be determined by measuring
the heavy metal concentrations in the linden trees in the region and the harms of the results in terms of
human health will be evaluated.

3. MATERIAL AND METHOD
3.1. Study Area

In our study, linden samples were collected from six different regions in Ankara: Karapiirgek (city
center), Samsun Road (main road), Gazi District (main road), Pursaklar (secondary road), Protocol Road
(main road), and Mogan (control). Samples are divided three in to branches, leaves, and flowers. Some
of the samples were washed, and some were analyzed without washing. In addition, soil samples from
which the specimens grew have been collected for analysis (Figure 1).
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Figure 1. Study area
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3.2. Sample Preparation

The plant samples collected from the study area were brought to the laboratory environment and half of
them were washed with double distilled water to save them from surface contamination. All linden
samples were dried in an oven at 80 °C for 24 hours. Samples that got rid of moisture were ground in a
mortar and transferred to bags so that they become homogeneous. Soil samples were taken from a 10
cm area after the debris was cleaned from the surface, and from a depth of 15 cm around the tree root
using a steel auger. Soil samples were placed in nylon bags to prevent contamination. The samples
brought to the laboratory were dried for 1 day, air-dried, and then stored in labelled bags [22].

3.3. Digestion and Metal Determination

The samples were dissolved in a microwave instrument using 10 ml of pure HNO3. After dissolving,
the volume of the samples was made up to 10 ml with double distilled water. Element values in the
samples were determined using the ICP-MS device. Standard solutions and control samples were used
to identify any contamination that could contaminate the samples from the outside. All trials were done
in 3 repetitions. Care was taken to ensure that all chemicals used were analytical. (Merck, Darmstadt,
Germany) [22].

Soil samples brought to the laboratory were dried in an oven at 80 °C for 24 hours and homogenized
using a 2 mm sieve. The samples were dissolved in a microwave instrument using 10 ml of pure
HNO3/HCI mixture. After dissolving, the volume of the samples was made up to 10 ml with double
distilled water. Element values in the samples were determined using the ICP-MS device [23].

3.4. Biotransfer Factor (BTF)

Biotransfer factor in plants; It was determined from the samples was calculate to determine the heavy
metal transfer capability and yield of the plants depending on the concentration of metals in the soil.

The following formula was used for BTF calculation: TF = Cv/Cs, where Cv is the metal concentration
detected in the parts of Tilia tomentosa and Cs is the metal concentration in the soil [24].

3.5. Statistical Analysis

For each sample, the mean, standard deviation, minimum and maximum values of the readings with 3
replicates were calculated. The p < 0.05 value was considered significant in the statistical comparison
of the means. In addition, in order to facilitate the evaluation of the data obtained, ANOVA test with a
confidence interval of 95% using the SPSS 20 program and Duncan tests for determining the difference
in multiple comparisons were applied for the necessary groups and parameters. Means and differences
between groups were interpreted by comparing them by means of these tests.

4. RESULTS AND DISCUSSION

The most important heavy metals are Fe, Cu, V, Mn, Zn, Ni, Cr, Mo, Co, Be, Cd, Pb, TI, Sb, Ag, As,
Se, Hg, Sn, and Al elements. Among these, elements such as Zn, Mn, Fe, Cu, Ni, and Mo are vital
micronutrients for plants and animals, and their high concentrations can cause harmful effects. Others
are much more dangerous [25-26].

However, heavy metals are not easily destroyed in nature and tend to bioaccumulation in living things.
Factors causing metal accumulation; mineral fertilizers, mining, biocides, wastewater, exhaust and flue
gases, and sewage [27]. It can also be emitted into the atmosphere as volatile compounds [28-30]. Heavy
metals from industrial sources and carcinogens; They are As, V, Ni, Cd, Zn, Cr and Pb elements [31].
Considering these properties of heavy metals and the dangers they may pose for living things, it is very
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important to determine heavy metal concentrations, to find areas that may pose a risk, and to find the
risk level in these areas [32].

In our study, the concentrations of Cd, Cr, As, Fe and Pb elements in Tilia tomentosa parts (leaf, flower
and branch) and soil were investigated (Table 1-3).

Lead is not an absolute requirement for plants, but is very dangerous for health when it exceeds 300
ppm [33]. It significantly affects the plant water regime by negatively affecting cell wall stability and
cell turgor. It also affects nutrient uptake as it is retained by the roots of the plant by reducing root
growth [34] (Table 1). The highest Pb concentration among the stations was collected from Samsun
Road station (43,72 pgg?) that of linden branch, the lowest concentration was (0,95 pgg™) collected
from the Mogan station that of linden flowers (Table 1).

Although iron toxicity is not very common, in plants, it secretes root secretions that lower the soil pH
[35]. It also causes burns on the leaves and stunting on the root and stem whereas negatively affects
amino acid binding and protein synthesis in the plant [36-37]. The highest Fe concentration has been
found in linden leaves (4637.78 pgg™) at Pursaklar station whereas the lowest concentration has been
found in linden flower (100.9 pgg™) at Mogan station (Table 1).

Cadmium changes nitrogen and carbohydrate metabolisms in plants in many ways. By inhibiting
photosynthesis, it causes the growth of stomata and the consequences of water loss, thus deteriorating
the working conditions of chlorophyll [38]. The highest Cd concentration among the stations was
collected at Karapiirgek station (12,41 pgg™) on leaves and the lowest concentration was (0,12 ugg™?)
collected at Mogan station on flowers (Table 1).

Chromium, which adversely affects the plant body, negatively affects root development in the plant.
This reduces the amount of nutrients and water taken from the soil and significantly reduces plant yield
and quality [39]. Plants exposed to this stress produce reactive oxygen species to defend themselves,
causing many damage to the plant [40]. The highest Cr concentration among the stations was collected
from Karapiirgek station (151,1 ugg™) on leaf, the lowest concentration was (37,6 ugg™) collected from
the Mogan station on leafs (Table 2).

Arsenic has a toxic effect, restricting germination in some plants it whereas increasing arsenic
concentration causes significant reductions in plant height, grain yield, number of full grains, grain
weight, and root biomass [41]. The highest Cr concentration among the stations was collected at
Karapiirgek station (44,4 ugg™?) on leaf, and the lowest concentration was (0,16 ugg™) collected at
Mogan station on flowers (Table 2).

High concentrations of heavy metals were detected in the unwashed plant parts collected from the
stations. This was thought to be due to heavy traffic, in which high level metals are transported. A similar
result was achieved by Leblebici et al. (2020) in their studies conducted in Nevsehir, where they
determined that there was a higher level of accumulation of Pb and As compared with the other metals
that were found [23].

When the linden parts (leaves, flower and branch) are evaluated, it is seen that the heavy metal
concentration in the unwashed samples are higher than the washed samples for all heavy metals. The
results are similar to the study of Leblebici and Kar (2018) [22]. When the plant parts are evaluated
according to the ANOVA test, it is seen that the heavy metal concentrations in flower samples are lower
than those in branch and leaves samples (Table 1, 2).
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Table 1. Comparison of accumulation of Lead (Pb); Iron (Fe); Cadmium (Cd) in different parts of Tilia tomentosa;
leaves, flower and branch with washed and unwashed samples (ug g1).2

Heavy Metals Parts Stations Unwashed Samples Washed Samples
Karapiirgek 30,08+3,122 6,65+0,122>
Samsun Road 25,66+2,85%b 8,91+0,322P
Leaves Gazi 25,78+2,632b 15,91+1,142
Pursaklar 18,21+1,79> 10,04+1,067b
Protokol 13,241,54° 8,85+0,452P
Mogan 12,88+0,95¢ 5,38+0,12P
Karapiirgek 3,57+0,15P 2,24+0,14"
Samsun Road 7,240,742 4,47+0,532
Pb Flower Gazi 5,62+0,2320 3,09+0,253b
Pursaklar 3,48+0,11° 2,23+0,18P
Protokol 5,43+0,212b 3,99+0,742b
Mogan 1,82+0,02¢ 0,95+0,08°¢
Karapiirgek 29,563,410 16,55+2,35%
Samsun Road 43,72+5,15 22,8945,412
Branch Gazi 35,66+4,212b 16,11+2,612b
Pursaklar 15,842,13P 8,14+1,42b
Protokol 18,38+2,75 8,87+1,78b
Mogan 11,1241,02¢ 4,16+0,94¢
Karapiirgek 3363,16+12,06" 1636,93+6,542b
Samsun Road 3397,03+11,04 1415,52+5,41
Leaves Gazi 4291,57+15,842> 2337,55+7,25*
Pursaklar 4637,78+13,422 2092,44+6,252b
Protokol 2695,7449,01° 1409,64+4,12b
Mogan 424, 35+1,54¢ 178,14+1,36¢
Karapiirgek 312,74+4,10° 197,56+2,15"
Samsun Road 813,49+5,032 627,2+5,16*
Fe Flower Gazi 325,18+3,64 212,67+1,78P
Pursaklar 511,91+5,012b 410,71+2,622p
Protokol 346,76+2,39b 321,14+2,30b
Mogan 193,77+1,03¢ 100,9+1,03¢
Karapiirgek 1105,424+6,01* 1041,3+9,352
Samsun Road 414,38+3,24> 374,6+2,18P
Branch Gazi 1070,55+4,122P 947,1£8,143>
Pursaklar 281,45+1,32b 187,49+2,74b
Protokol 590,07+2,14" 326,07+5,14
Mogan 137,97+1,02¢ 153,48+1,48¢
Karapiirgek 12,41+1,022 3,17+1,25
Samsun Road 5,9+0,622P 1,59+0,892P
Leaves Gazi 3,28+0,12P 1,92+0,79P
Pursaklar 2,36+0,08P 1,05+0,64°
Protokol 1,25+0,04° 0,87+0,14"
Mogan 0,69+0,01¢ 0,44+0,09¢
Karapiirgek 0,96+0,05° 0,36+0,07°
Samsun Road 1,01+0,0820 0,67+0,08?
Cd Flower Gazi 1,36+0,092 0,38+0,04°
Pursaklar 0,74+0,03P 0,4+0,052P
Protokol 0,83+0,04° 0,51+0,062>
Mogan 0,33+0,01¢ 0,12+0,02¢
Karapiir¢cek 3,38+0,122 1,92+0,082
Samsun Road 1,93+0,10P 1,66+0,0520
Branch Gazi 1,71+0,09P 0,77+0,03P
Pursaklar 1,5+0,06P 0,78+0,04°
Protokol 1,52+0,07° 1,02+0,08P
Mogan 1,21+0,03¢ 0,98+0,02¢

2 For a given station, mean concentrations followed by the same letter are not significantly different (p<0.05).
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Table 2. Comparison of accumulation of Chromium (Cr) and Arsenic (As) in different parts of Tilia tomentosa;

leaves, flower and branch with washed and unwashed samples (pg g1).?

Heavy Metals Parts Stations Unwashed Samples Washed Samples
Karapiirgek 151,142,032 85,443,052
Samsun Road 102,2+1,98 71,6+2,752p
Leaves Gazi 121,342,14" 78,5+2,922b
Pursaklar 98,441,420 57,1+1,74b
Protokol 161,443,253 88,613,012
Mogan 45,8+0,95¢ 37,6+0,95¢
Karapiirgek 124,5+3,142b 114,6+5,412
Samsun Road 105,6+2,51P 102,8+4,122b
Cr Flower Gazi 113,4+2,87° 107,9+3,252b
Pursaklar 135,443,112 104,7+3,1020
Protokol 128,342,560 102,7+3,062P
Mogan 95,24+0,93¢ 76,842,01°
Karapiir¢ek 72,843,142 68,1+2,36*
Samsun Road 65,742,642 60,341,852
Branch  Gazi 69,7+2,732P 63,6+1,832P
Pursaklar 52,842,102 49,1+1,02°
Protokol 63,1+2,16*° 61,5+1,8720
Mogan 60,4+1,23Y 46,4+0,86°
Karapiir¢ek 44,4+1,12° 8,95+0,13
Samsun Road 24,71+1,012> 6,78+0,11"
Leaves Gazi 15,13+£1,033P 6,47+0,10°
Pursaklar 14,21+0,96*" 8,51+0,12%
Protokol 9,25+0,41> 5,8+0,09"
Mogan 9,09+0,12b 4,62+0,04¢
Karapiirgek 0,78+0,05" 0,64+0,042
Samsun Road 1,98+0,162 0,81+0,092P
As Flower Gazi 2,440,412 1,09+0,122
Pursaklar 140,122b 0,75+0,082P
Protokol 1,6+0,312b 0,52+0,04°
Mogan 0,42+0,04¢ 0,16+£0,01¢
Karapiirgek 12,54+2,012 3,53+0,41%
Samsun Road 6,99+1,322b 5,29+0,67*
Branch  Gazi 7,13+1,14 2,56+0,35"
Pursaklar 5,5+1,03" 2,59+0,37°
Protokol 5,95+1,06° 1,53+0,13"
Mogan 3,07+0,92¢ 0,86+0,10¢

2 For a given station, mean concentrations followed by the same letter are not significantly different (p<0.05).

*Permissible limits (mg/kg) were adopted from WHO (2000) and The Soil Pollution Control Regulation
(2001) on plant and soil [42, 43].The highest metal concentration among the stations was Fe (40681
nggl) collected from Gazi station, and the lowest concentration was Cd (4.9 ngg™?) collected from the
Mogan station on soils (Table 3). According to the ANOVA test in lead, metal concentration in all
stations is different from each other on soil samples (p<0.05) (Table 3).

The reason for high levels of heavy metal concentrations in the soil and plant samples can be result of
being increased exposure to dissolved chemicals due to heavy traffic and decreased quality of soil [44].
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Table 3 Heavy metal concentration (mean +SD, pgg, n=5 per location) in soils in Ankara Province 2.

Soil Cd Cr As Pb Fe
Karapiirgek 20.31+£2.012 400.61£5.042b 45.68+0.21P 168.58+2.14b¢ 16901.2£12.54"
Samsun Road 9.54+1.03P 653.02+7.122 60.77+0.342b 371.2242.412 12871.7+8.41b
Gazi 9.53+1.42° 230.98+3.01" 61.59+0.582b 324.86+2.05% 40681.06+24.152
Pursaklar 7.542.05P 434.56+6.022b 67.08+0.872 125.22+1.52¢ 14845.749.74b
Protokol 16.46+.152 226.93+2.98P 57.53+0.452b 292.842.56Y 18894.1+£10.31"
Mogan 4.9+0.12°¢ 102.75+1.05¢ 25.16+0.12¢ 103.78+1.034 10627.9+5.14¢

Permissible Limits*
100 20 50 300

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05).

The correlations of heavy metal, transfer factors and correlations were detected in Tilia tomentosa parts
and soil samples collected from six different stations.

When the correlation between the concentration of metals in washed and unwashed flower, stem and
leaf samples was investigated, the strongest and most positive correlation was determined as Cr, which
was found to be the highest in linden flowers and leafs. The correlation was statistically significant
(p<0.01) (Table 4).

Table 4 Correlation coefficients for heavy metal concentrations between plant parts (p<0.01**) (p<0.05%*).

Cr As Pb Fe Cd
Leaves 0,883** 0,416 -0,13 0,644* 0,224
Branch 0,609* 0,491 -0,151 0,576* -0,270
Flower 0,937** 0,520* -0,171 0,909** 0,371

Permisible limits in plants Pb (0.2 ug g1), Fe (30 ug g?), Cd (0.1 pg g?), Cr (3 pg g?), As (0.1 ug gt
[42].

According to the transfer factors from soil to plant parts, the highest transfer factor was determined at
0,656 for As in leaves while the lowest transfer factor was found to be in Pb and Fe (0,019) in flowers
(Table 5).

Transport of heavy metals from soil to plant is one of the main components of human exposure to heavy
metals through the food chain. This study determined that the BTF values between sampling sites and
plant parts were significantly different. The BTF values of all metals were found to be low in terms of
transfer factors. This may be because the metal concentration in the soil is higher than the concentrations
in plant parts. Similarly, Leblebici et al. reported that there was no linear increase in BTF values of
plants as a result of heavy metal concentration in the soil [23] (Table 5).

Table 5. Transfer factors of metals from soil to parts of Tilia tomentosa in Ankara province, Turkey

As Cd Pb Cr Fe
Leaves 0,656 0,615 0,081 0,231 0,113
Branch 0,187 0,166 0,117 0.111 0,027
Flower 0,035 0,066 0,019 0,207 0,019
5. CONCLUSION

In this study, heavy metal accumulation in Tilia tomentosa parts (leaves, flower and branch) and soil
due to heavy traffic was investigated in the province of Ankara. In addition, according to the criteria
published by international organizations, it was determined that the metal accumulation at the stations
was at a very critical level. Consequently, measures may need to be taken to prevent heavy metal
contamination in soil and reduce heavy metal translocation from soil to food.
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As Tilia tomentosa is used as a beverage, heavy metal monitoring in soil and plant is important. It is
important to reduce metal concentrations in the study area and to investigate their effects on human
health. By continuing these studies in areas with heavy traffic, acute and chronic health problems and
metal exposure can be prevented.
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