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YAZIM KURALLARI

Yazilar, dergiye yalnizca ¢evrimici gonderi sistemi ile elektronik
versiyonda agagidaki talimatlara gore gonderilmelidir.

Yaz1 gonderi tipleri

Arastirma makaleler, derleme makaleler, kisa notlar ve raporlar,

editore mektup.

e Arastirma makaleler; Daha dnce yaymlanmamis olan ve 7500
kelimeyi veya 25 sayfay1 gegmemesi gerekir. Orijinal tam metin
arastirma makaleleri (tablolar ve resimler dahil)

¢ Derleme makaleler; giincel konularda ve 10.000 kelimeye veya
25 sayfa (tablolar ve sekiller dahil)

e Kisa notlar ve raporlar; 6n nitelikte olabilecek c¢aligmayi
aciklayan (tercihen tablolar ve sekiller dahil 3000 veya 10
sayfadan fazla olmamalidir).

o Editore Mektuplar; giincel konulara dahil edilmeli ve 2000
kelimeyi veya tablolar ve sekiller dahil 10 sayfay1 gegmemelidir.

Dergi iicreti
Derginin yayin iicreti yoktur.

Yazilarin Hazirlanmasi

Calismalar Tiirkce veya Ingilizce hazirlanmalidir. Metninizi bir

kelime islemci yazilimi kullanarak hazirlaym ve ".doc" veya

".docx" formatlarinda kaydedin. Yazilar asagidaki sirayla

hazirlanmalidir;

e Bashk sayfasi

0 Baslik (Kisa ve bilgilendirici. Kisaltmalardan ve formiillerden
kaginin)

0 Yazar isimleri ve iiyelik adresleri (Tam isimler verilmeli,
kisaltma yapilmamalidir. lgili yazar bir yildiz isaretiyle
belirtilmelidir. Her tiyelik adresi kurum, fakiilte / okul, boliim,
sehir ve iilkeyi i¢cermelidir)

0 Sorumlu yazarin e-postasi, telefonu, faksi ve adresi

0 Tim yazarlar icin ORCID numarasi ve e-posta adresleri.

0 Sekil sayist

0 Cizelge sayisi

0 Tesekkiir (Varsa. Mutlaka minimumda tutun)

Ana metin

0 Bashk

0 Oz (150 ile 250 kelime arasinda olmali, kaynak ve
kisaltmalardan kaginilmalidir)

0 Anahtar Kelimeler (Minimum 3, Maksimum 6 anahtar
kelime)

0 Girig

0 Materyal ve Yontemler

0 Bulgular

0 Tartisma (Uygunsa Bulgular boliimii ile birlestirilebilir)

0 Sonuglar

o Etik Standartlara Uyum
a) Yazarlarm Katkilari
b) Cikar Catigmasi
¢) Hayvanlarin Refahina fliskin Beyan
d) insan Haklar1 Beyani

o Kaynaklar

o Cizelge(ler) (metinde uygun konumda)

o Sekiller (metinde uygun konumda)

o0 Ekler (varsa)

Makale Formati

Makale boyunca A4 boyutundaki kagidin tiim kenarlarinda ¢ift
aralikli ve 25 mm kenar bogluklu referanslar, tablo bashklar1 ve
sekil basliklar1 dahil olmak iizere 12 puntoluk bir yaz1 tipi kullanin

(Times New Roman). Sayfanin biitiin yonlerinde 25 mm'lik kenar
bosluklar1 kullanin. Metin tek siitun formatinda olmalidir
Yazarlarin sablon dosyalarini asagidaki baglantilardan indirmeleri
oOnerilir:

* Her sayfa Arap rakamlari ile numaralandirilmali ve yazinin
basindan sonuna kadar satirlar siirekli olarak
numaralandirilmalidir.

* Vurgu i¢in italik kullanin.

* Yalnizca SI (uluslararasi sistem) birimlerini kullanin.

* Ondalik basamaklar i¢in "nokta" kullanin.

* Tiir adi i¢in italik kullanin.

Etik Standartlara Uyum

Sorumlu yazar, kaynak listesinden dnce ayr1 bir béliimde makale
metnine bir 6zet aciklama ekleyecektir. Asagidaki agiklama
orneklerine bakin:

a) Yazarlarin Katkilar

Liitfen makale icin yazarlarin katkilarini saglaymm. Ad ve
soyadlarinin ilk harflerini kullanin (6rnegin; Yazar MO ¢alismay1
tasarladi, MF makalenin ilk taslagini yazdi, AF istatistiksel
analizleri gerceklestirdi ve yoOnetti. Tiim yazarlar son makaleyi
okudu ve onayladu.).

b) Cikar Catismasi

Mevcut herhangi bir ¢ikar ¢atismasi burada verilmelidir. Catisma
yoksa, yazarlar sunlar1 belirtmelidir:

Cikar Catismast: Yazarlar ¢ikar catismasi olmadigini beyan
ederler.

¢) Hayvanlarin Refahina iliskin Beyan

Calismada hayvan kullanilmigsa; Arastirma igin kullanilan
hayvanlarin refahina saygi gosterilmelidir. Hayvanlar iizerindeki
deneyleri bildirirken, yazarlar agagidaki ifadeyi belirtmelidir:
Etik onay: Hayvanlarin bakimi ve kullanimi igin gegerli tiim
uluslararasi, ulusal ve / veya kurumsal yonergelere uyulmustur.
Veya geriye doniik caligmalar i¢in; makale metninde bir 6zet
beyan asagidaki sekilde yer almalidir:

Etik onay: Bu tiir bir ¢aligma i¢in resmi onay gerekli degildir.

d) insan Haklar1 Beyam

Insan katilimcilar1 iceren calismalari
asagidaki ifadeyi eklemelidir:

Etik onay: Caligmalar, uygun kurumsal ve / veya ulusal arastirma
etik komitesi tarafindan onaylanmis ve 1964 Helsinki Bildirgesi
ve daha sonra yapilan degisiklikler veya karsilagtirilabilir etik
standartlarda belirtilen etik standartlara uygun olarak
gerceklestirilmigtir. Veya geriye doniik ¢aligmalar i¢in; makale
metninde agagidaki gibi bir 6zet beyan yer almalidir:

Etik onay: Bu tiir bir ¢aligma i¢in resmi onay gerekli degildir.

bildirirken, yazarlar

KAYNAKLAR

Metinde Alinti;

Liitfen metinde gegen her bir atifin kaynaklar listesinde de
sunuldugundan emin olun. Metindeki literatiirii kronolojik olarak,
ardindan bu 6rnekler gibi alfabetik sirayla belirtin "(Elp vd., 2018;
Biswas vd., 2016; Elp ve Osmanoglu, 2019)". Atifta bulunulan
kaynak bir climlenin konusuysa, parantez i¢inde yalnizca tarih
verilmelidir. Bu 6rnek gibi bigimlendirilmistir: “Durmaz (2007)
.... etkinligini arastirmistir”.

* Tek yazar: yazarin soyadi ve yayin yili (Elp, 2017)

» Tki yazar: hem yazarlarin soyadlar1 hem de yayin yil1 (Adem ve
Elp, 2017)
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+ Ug veya daha fazla yazar: birinci yazarin soyadi ve ardindan "ve
digerleri". ve Elp et al., 2018 yayn y1l1)

Kaynaklar Listesinde Alinti;

Kaynaklar once alfabetik olarak siralanmali ve daha sonra
makalenin sonunda kronolojik olarak siralanmalidir. Ayn1 yazar
(lar) dan aym yil i¢inde birden fazla kaynak yayin tarihinden
(2016a) sonra yerlestirilen a, b, ¢ vb. Harflerle belirtilmelidir.
Cevrimigi olarak yaymlanan makalelerin, kitaplarin, ¢ok yazarli
kitaplarin ve makalelerin alintilar1 asagidaki orneklere uygun
olmalidir:

Makale:

Adem, S. S., & Elp, M. (2017). Muscle spindle and comparison of
fish muscle spindle with other vertebrates. Alinteri Journal of
Agriculture Sciences, 32(2): 113-117

Durmaz, Y. (2007). Vitamin E (alpha-tocopherol) production by
the marine microalgae Nannochloropsis oculata
(Eustigmatophyceae) in nitrogen limitation. Aquaculture, 272(4):
717-722.

Elderwish, N., M., Tastan, Y. & Sonmez, A. Y., (2019).
Tiirkiye’nin bati karadeniz kiy1 sularindaki agir metal birikimin
mevsimsel olarak incelenmesi. Menba Kastamonu Universitesi Su
Uriinleri Fakiiltesi Dergisi, 5(2): 1-8.

Elp, M., Osmanoglu, M. 1., Kadak, A. E., & Turan, D., (2018).
Characteristics of Capoeta oguzelii, a new species of cyprinid fish
from the Ezine Stream, Black Sea basin, Turkey (Teleostei:
Cyprinidae). Zoology in the Middle East. 64(2): 102-111.
https://doi.org/10.1080/09397140.2018.1442295

Sénmez, A. Y., Kale, S., Ozdemir, R. C. & Kadak, A. E. (2018).
An adaptive neuro-fuzzy inference system (ANFIS) to predict of
cadmium (Cd) concentration in the Filyos River, Turkey. Turkish
Journal of Fisheries and Aquatic Sciences, 18(12): 1333-1343.
https://doi.org/10.4194/1303-2712-v18_12 01

Kitap:
Brown, C., Laland, K. & Krause, J. (Eds.) (2011). Fish Cognition
and Behavior. 2nd ed. Oxford, UK: Wiley-Blackwell. 472p.

Kitap boliimii:

Langston, W. J. (1990). Toxic effects of metals and the incidence
of marine ecosystems, pp. 102-122. In: Furness, R. W. (Ed.),
Rainbow Heavy Metals in the Marine Environment. New York,
USA: CRC Press. 256p.

Vassallo, A. I. & Mora, M. S. (2007). Interspecific scaling and
ontogenetic growth patterns of the skull in living and fossil
ctenomyid and octodontid rodents (Caviomorpha:
Octodontoidea).pp. 945-968. In: Kelt, D. A., Lessa, E., Salazar-

Bravo, J. A, Patton, J. L. (Eds.), The Quintessential Naturalist:
Honoring the Life and Legacy of Oliver P. Pearson. 1st ed.
Berkeley, CA, USA: University of California Press. 981p.

Tez:
Elp, M. (2002). Kogkdprii baraj goélii'nde (Van) yasayan siraz
(Capoeta capoeta, Guldensteadt, 1772) ve inci kefali

(Chalcalburnus tarichi, Pallas, 1811) populasyonlari iizerine bir
aragtirma. Ph.D. Thesis. Istanbul University, Istanbul, Turkey.

Konferans bildirimleri:

Notev, E. & Uzunova, S. (2008). A new biological method for
water quality improvement. Proceedings of the 2nd Conference of
Small and Decentralized Water and Wastewater Treatment Plants,
Greece, pp. 487-492.

Enstitii yayinlari:
FAO. (2016). The State of World Fisheries and Aquaculture:
Contributing to food security and nutrition for all. Rome. 200 pp.

Rapor:
FAO. (2018). Report of the ninth session of the Sub-Committee

on Aquaculture. FAQ Fisheries and Aquaculture Report No. 1188.
Rome, Italy.

Internet kaynaklar:

Froese, R. & Pauly, D. (Eds.) (2018). FishBase. World Wide Web
electronic publication. Retrieved on January 11, 2018 from
http://www.fishbase.org.

TurkStat. (2019). Fishery Statistics. Retrieved on December 28,
2019 from http://www.turkstat.gov.tr/

Cizelge(ler)

Arapca olarak numaralandirilmis ¢izelgeler, {iistte kisa bir
aciklayict baglik ile ayri sayfalarda yer almalidir. Dipnotlari
cizelge gdvdesinin altindaki tablolara yerlestirin ve bunlar kiigiik
harflerle (veya anlamlilik degerleri ve diger istatistiksel veriler
icin yildiz isaretleriyle) belirtin. Dikey kurallardan kaginin.
Cizelgelerde sunulan veriler, makalenin bagka bir yerinde
agiklanan sonuglari tekrar etmemelidir.

Sekil(ler)

Metinde tlim resimler 'Sekil' olarak etiketlenmeli ve ardisik
Arapca rakamlarla, Sekil 1, Sekil 2 vb. Ile numaralandiriimahdir.
Bir seklin panelleri etiketlenmisse (a, b, vb.), Metinde bu panellere
atifta bulunurken ayni durumu kullanin. Sekillerin PNG, JPEG
gibi elektronik formatlarda olmasi 6nerilir. TIFF (min. 300 dpi) de
mevcut boyutlarda diizenlenmelidir. Tiim sekiller veya tablolar
metin i¢inde sunulmalidir. Yazi tipi boyutlart 9 ila 11 punto
arasinda olmalidir.
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WRITING RULES

Manuscripts must be submitted to the journal in electronic version
only via online submission system according to the guidelines
below:

Types of Paper

Research articles, reviews articles, short communications, letters

to the editor.

e Research articles: original full-length research papers which
have not been published previously and should not exceed 7500
words or 25 manuscript pages (including tables and figures)

e Reviews article: on topical subjects and up to 10000 words or 25
manuscript pages (including tables and figures)

e Short communications: describing work that may be of a
preliminary nature; preferably no more than 3000 words or 10
manuscript pages (including tables and figures).

o Letters to the editor: should be included on matters of topical
interest and not exceeding 2000 words or 10 manuscript pages
(including tables and figures)

Page charges
This journal has no page charges.

Preparation of Manuscripts

Papers must be written in Turkish and English. Prepare your text
using a word-processing software and save in “.doc” or “.docx”
formats. Manuscripts must be structured in the following order:

o Title page file
o Title (Concise and informative. Avoid abbreviations and
formulae)
o0 Author names and affiliation addresses (Full names should be
given, no abbreviations. The corresponding author should be
identified with an asterisk. Each affiliation address should
include institution, faculty/school, department, city, and
country)
o Corresponding author’s e-mail, telephone, fax, and address
0 ORCID number and e-mail addresses for all authors.
0 Number of figures
0 Number of tables
o Acknowledgements (If applicable. Keep these to the absolute
minimum)

e Main file
o0 Title
0 Abstract (Should be between 150 and 250 words. References
and abbreviations should be avoided)
0 Keywords (Minimum 3, Maximum 6 keywords)
o Introduction
0 Material and Methods
0 Results
o Discussion (Can be combined with Results section if
appropriate)
o Conclusion
0 Compliance with Ethical Standards
a) Authors' Contributions
b) Conflict of Interest
c) Statement on the Welfare of Animals
d) Statement of Human Rights
o0 References
0 Table(s) with caption(s) (on appropriate location in the text)
o Figure(s) with caption(s) (on appropriate location in the text)
0 And appendices (if any)

Manuscript formatting

Use a 12-point Times New Roman font, including the references,
table headings and figure captions, double-spaced and with 25 mm
margins on all sides of A4 size paper throughout the manuscript.
The text should be in single-column format. The authors are
encouraged to download the template files from the links below:

* Each page must be numbered with Arabic numerals, and lines
must be continuously numbered from the start to the end of the
manuscript.

* Use italics for emphasis

* Use only SI (international system) units.

* Use “dot” for decimal points.

+ Use italics for species name.

Compliance with Ethical Standards

The corresponding author will include a summary statement in the
text of the manuscript in a separate section before the reference
list. See below examples of disclosures:

a) Authors’ Contributions

Please provide contributions of authors for the paper. Use first
letters of name and surnames (e.g.; Author MO designed the
study, MF wrote the first draft of the manuscript, AF performed
and managed statistical analyses. All authors read and approved
the final manuscript.).

b) Conflict of Interest

Any existing conflict of interest should be given here. If no
conflict exists, the authors should state:

Conflict of Interest: The authors declare that there is no conflict of
interest.

¢) Statement on the Welfare of Animals

If animals used in the study; The welfare of animals used for
research must be respected. When reporting experiments on
animals, authors should indicate the following statement: Ethical
approval: ~ All applicable international, national, and/or
institutional guidelines for the care and use of animals were
followed. Or, for retrospective studies; a summary statement in the
text of the manuscript should be included as follow: Ethical
approval: For this type of study, formal consent is not required.

d) Statement of Human Rights

When reporting studies that involve human participants, authors
should include the following statement:

Ethical approval: The studies have been approved by the
appropriate institutional and/or national research ethics committee
and have been performed in accordance with the ethical standards
as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. Or, for retrospective
studies; a summary statement in the text of the manuscript should
be included as follow:

Ethical approval: For this type of study, formal consent is not
required.

REFERENCES

Citation in text;

Please ensure that each reference cited in the text is also presented
in the reference list. Cite literature in the text in chronological,
followed by alphabetical order like these examples "( Elp et al.,
2018; Biswas et al., 2016; Elp and Osmanoglu, 2019)". If the cited
reference is the subject of a sentence, only the date should be given
in parentheses. Formatted like this example: “Durmaz (2007)
investigated the efficacy of...”.
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+ Single author: the author’s surname and the year of publication
(Elp, 2017)

* Two authors: both authors’ surnames and the year of
publication (Adem and Elp, 2017)

* Three or more authors: first author’s surname followed by “et
al.” and the year of publication Elp et al., 2018)

Citation in the reference list;

References should be listed first alphabetically and then further
sorted chronologically at the end of the article. More than one
reference from the same author(s) in the same year must be
identified by the letters a, b, c, etc. placed after the year of
publication (2016a). The citation of articles, books, multi-author
books and articles published online should conform to the
following examples:

Avrticle:

Adem, S. S., & Elp, M. (2017). Muscle spindle and comparison
of fish muscle spindle with other vertebrates. Alinteri Journal of
Agriculture Sciences, 32(2): 113-117

Durmaz, Y. (2007). Vitamin E (alpha-tocopherol) production by
the marine microalgae Nannochloropsis oculata
(Eustigmatophyceae) in nitrogen limitation. Aquaculture, 272(4):
717-722.

Elderwish, N., M., Tastan, Y. & Sonmez, A. Y., (2019).
Tiirkiye’nin bati karadeniz kiy1 sularindaki agir metal birikimin
mevsimsel olarak incelenmesi. Menba Kastamonu Universitesi Su
Uriinleri Fakiiltesi Dergisi, 5(2): 1-8.

Elp, M., Osmanoglu, M. 1., Kadak, A. E., & Turan, D., (2018).
Characteristics of Capoeta oguzelii, a new species of cyprinid fish
from the Ezine Stream, Black Sea basin, Turkey (Teleostei:
Cyprinidae). Zoology in the Middle East. 64(2): 102-111.
https://doi.org/10.1080/09397140.2018.1442295

Sénmez, A. Y., Kale, S., Ozdemir, R. C. & Kadak, A. E. (2018).
An adaptive neuro-fuzzy inference system (ANFIS) to predict of
cadmium (Cd) concentration in the Filyos River, Turkey. Turkish
Journal of Fisheries and Aquatic Sciences, 18(12): 1333-1343.
https://doi.org/10.4194/1303-2712-v18_12 01

Book:
Brown, C., Laland, K. & Krause, J. (Eds.) (2011). Fish Cognition
and Behavior. 2nd ed. Oxford, UK: WileyBlackwell. 472p.

Chapter:
Langston, W. J. (1990). Toxic effects of metals and the incidence

of marine ecosystems, pp. 102-122. In: Furness, R. W. (Eds.),
Rainbow Heavy Metals in the Marine Environment. New York,
USA: CRC Press. 256p.

Vassallo, A. I. & Mora, M. S. (2007). Interspecific scaling and
ontogenetic growth patterns of the skull in living and fossil

ctenomyid and octodontid rodents (Caviomorpha:
Octodontoidea). pp. 945-968. In: Kelt, D. A., Lessa, E., Salazar-
Bravo, J. A, Patton, J. L. (Eds.), The Quintessential Naturalist:
Honoring the Life and Legacy of Oliver P. Pearson. 1st ed.
Berkeley, CA, USA: University of California Press. 981p.

Thesis:

Elp, M. (2002). Kogkdprii baraj gélii'nde (Van) yasayan siraz
(Capoeta capoeta, Guldensteadt, 1772) ve inci kefali
(Chalcalburnus tarichi, Pallas, 1811) populasyonlar: iizerine bir
aragtirma. Ph.D. Thesis. Istanbul University, istanbul, Turkey.

Conference Proceedings:

Notev, E. & Uzunova, S. (2008). A new biological method for
water quality improvement. Proceedings of the 2nd Conference of
Small and Decentralized Water and Wastewater Treatment Plants,
Greece, pp. 487-492.

Institution Publication:
FAO. (2016). The State of World Fisheries and Aquaculture:
Contributing to food security and nutrition for all. Rome. 200 pp.

Report:
FAOQ. (2018). Report of the ninth session of the Sub-Committee

on Aquaculture. FAQ Fisheries and Aquaculture Report No. 1188.
Rome, Italy.

Internet Source:

Froese, R. & Pauly, D. (Eds.) (2018). FishBase. World Wide Web
electronic publication. Retrieved on January 11, 2018 from
http://www.fishbase.org.

TurkStat. (2019). Fishery Statistics. Retrieved on December 28,
2019 from http://www.turkstat.gov.tr/

Table(s)

Tables, numbered in Arabic, should be in separate pages with a
short descriptive title at the top. Place footnotes to tables below
the table body and indicate them with superscript lowercase
letters (or asterisks for significance values and other statistical
data). Avoid vertical rules. The data presented in tables should
not duplicate results described elsewhere in the article.

Figure(s)

All illustrations should be labelled as ‘Figure’ and numbered in
consecutive Arabic numbers, Figure 1, Figure 2 etc. in the text. If
panels of a figure are labelled (a, b, etc.) use the same case when
referring to these panels in the text. Figures are recommended to
be in electronic formats such as PNG, JPEG. TIFF (min. 300 dpi)
should be also arranged in available dimensions. All figures or
tables should be presented in the body of the text. Font sizes size
should be from 9 to 11 points.
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Article Info Abstract
Received: Sander lucioperca (pikeperch) is a percid fish species of high commercial value and potential for
: being aquaculture in Turkey. However, karyological studies are deficient for population of Turkey.
15/09/2022 So, the aim of this study is to carry out diploid chromosome number, karyotype formula,
Accepted: fundamental arm number and chromosomal banding properties (with C-banding and Ag-NOR
16/02/2023 staining) of S. lucioperca. Specimens of S. lucioperca were captured from Konya, Turkey and alive
Keywords: specimens carried to the laboratory. Chromosome obtaining was provided by using air-drying
« Pikeperch technique from the head kidney. Chromosome slides were prepared and banding procedures were
« Karyology applied. Result of the analysis, diploid chromosome number was found as 48 and karyotype of the
« Constitutive pikeperch consist of 32 biarmed and 16 uniarmed chromosomes. Constitutive heterochromatin
heterochromatin regions were observed on the pericentromeres of some of the chromosomes. Ag-NORs were
region determined on one pair of submetacentric chromosome. This report is the first that determines

« Nucleolus organizer chromosomal properties of S. lucioperca from Turkey. This study may contribute the cytogenetic
region information of this species.

Atif bilgisi/Cite as: Unal-Karakus S., Gaffaroglu M., Karasu-Ayata M.(2023). Chromosomal analysis of Sander lucioperca (L., 1758)
(Perciformes: Percidae) from Turkey. Menba Journal of Fisheries Faculty, 9(1), 1-6. https://doi.org/10.58626/menba.1175728

INTRODUCTION

Totally 384 fish species distribute in the inland waters of Turkey. A total of 32 species have been introduced deliberately
or accidentally (Cicek et al., 2020). The family Percidae has three subfamilies, these are Percinae, Luciopercinae and
Etheostomatinae. The subfamily Luciopercinae Jordan and Evermann, 1896 has three valid genera (Sander, Zingel and
Romanichthys) and 10 valid species. The genus Sander Oken, 1817 belongs to the subfamily Luciopercinae. This genus has five
species named as Sander canadensis, S. lucioperca, S. marinus, S. vitreus and S. volgensis (Fricke et al., 2021). From this species,
S. lucioperca is a fish species originating from Europe and was introduced into the inland waters of Turkey since 1950’s (Kiigiik,
2012). Pikeperch is distributed widely and highly a popular fish in Turkey with good export prospects (Ablak & Yilmaz, 2004;
Kigiik, 2012). Turkey is listed as one of the top pikeperch producers (Kiigiik, 2012). Otherwise, this piscivorous fish has
destructive effects on the native fish taxa especially on the endemic and restricted species (Kiigiik, 2012). Endemic fish species
of Turkey like Alburnus akili and Pseudophoxinus handlirchii are extinct. One of the reasons for this extinction is the introduction
of predatory S. lucioperca in Egirdir and Beysehir Lakes (Kiigiik, 2012). Also, the population of Pseudophoxinus anatolicus is
extinct due to the introduction of S. lucioperca in Beysehir Lake (Sasi, 2011).

The methodologies used for chromosomal obtaining and karyotype analysis have been developed so much in the last
years. Fish cytogenetic is a useful area in cytotaxonomy, fish breeding in aquaculture, in phylogenetic studies and detecting
variations within and among the populations (Martins et al., 2011).

Cytogenetic studies especially in endemic freshwater fish species are very popular in Turkey (Karasu-Ayata et al., 2021,
Unal-Karakus, 2021). Also this studies have been carried out on the Turkey populations of conventional distributed fish species
like Carassius auratus (Olmez-Aydin & Kuru, 2001), Gobius paganellus (Ergene-Goziikara & Cavas, 2002), Oncorhynchus
mykiss (Ors, 2003), Alburnoides bipunctatus (Kilig-Demirok & Unlii, 2004), Anguilla anguilla (Turan et al., 2005), Silurus
glanis (Aydin, 2005), Pseudoroshora parva (Karasu-Ayata et al., 2016), Cyprinus carpio (Unal & Gaffaroglu, 2016), Rhodeus
amarus (Karasu-Ayata et al., 2021) and Esox lucius (Arslan & Alpaslan, 2020). Above mentioned studies were conducted in the
determination of the diploid chromosome number, chromosome morphology and conventional chromosomal banding techniques
(especially C-banding and silver staining of NORS). Some cytogenetic studies available from different countries in S. lucioperca
(Rab et al., 1987; Mirinargesi et al., 2007; Jankun et al., 2014) to date. However, cytogenetics of S. lucioperca population from
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Turkey have not been studied. It is necessary to study Sander lucioperca’s chromosomal characteristics since the Turkish
population has not been studied and it harms Anatolian endemic species in particular. So, the aim of this study is to determine
cytogenetic properties of S. lucioperca with conventional cytogenetic techniques.

MATERIALS AND METHODS

Seven specimens (four females, three males) of S. lucioperca were collected from Kayabasi Stream, Beysehir, Konya,
Turkey (37°30'N, 31°31'E) by electrofishing. The individuals were carried alive to the laboratory and kept in well aerated
aquarium until analysis. The fishes were treated with the guidelines of the local ethics committee of Kirsehir Ahi Evran
University (Protocol Number: 68429034/05). The air-drying technique of Bertollo et al. (2015) was performed on the head
kidney for chromosome preparation. The fish were injected intraperitoneally with 0.1% colchicine solution (1 ml per 100 g body
weight) and kept in aerated aquaria for 2 h. Then the head kidneys of the specimens were removed and placed in hypotonic KCI
solution (0.075 M) for 40 min at 37 °C. After this step, the cell suspension was centrifuged for 10 min at 1200 rpm, after which
the supernatant was discarded. The cells were fixed with 5 ml fixative solution (3:1, methanol: glacial acetic acid) for 30 min at
4 °C. Then the cells were centrifuged, and supernatant was discarded again. These last two steps were repeated two to three
times. The cell suspensions were then dropped onto cleaned slides. Air-dried slides were stained by 10% Giemsa for 20 min.
Then slides were rinsed with distilled water and allowed to dry at room temperature. 10 to 20 slides were prepared from each
specimen. All analysed specimens are deposited in the Genetic Laboratory of Kirsehir Ahi Evran University, Turkey
(MGSUMKA 300-307).

The C-banding technique of Sumner (1972) was performed for determining constitutive heterochromatin regions
whereas Ag-staining technique of Howell & Black (1980) was followed for determining NORs. For C-banding, slides were
treated with 0.2 N HCI for 30 min at room temperature, then rinsed with distilled water and air-dried. The slides were then
incubated with 5% Ba(OH), for 15-20 min at 37 °C, followed by rinsing and drying. Slides were incubated with 2 x SSC for 2
h at 70 °C and rinsed and dried once again. Then slides were stained by 10% Giemsa for 30 min. For Ag-staining, two drops of
colloidal developer and four drops of 50% AgNO3 solution were added onto the slides. The coverslip was used to cover the slide
and then placed in an incubator at 70 °C. When the slide colour changed to golden brown, the coverslip was removed. Then slide
was rinsed and dried.

The chromosome slides were scanned via Leica DM3000 research light microscope (Leica Microsystems, GmbH,
Germany) and photographs of metaphases were taken under AKAS software (Argenit Mikrosistem, Turkey). At least 10
metaphases were examined per individual. Karyotypes were arranged manually. Chromosomes were measured by a digital
calliper. Chromosomes were classified according to Levan et al. (1964). For calculating fundamental arm number (FN) meta-
submetacentrics were taken as biarmed whereas subtelo-acrocentrics were considered as uniarmed.

RESULTS

The diploid chromosome number of S. lucioperca was 2n = 48 (Figure 1a). Karyotype was consisted of one pair of
metacentric, 15 pairs of submetacentrics and eight pairs of subtelo-acrocentric chromosomes (Figure 1b). FN was calculated as
80. The largest chromosome in the karyotype was a submetacentric. Morphologically differentiated sex chromosomes were not
detected. Constitutive heterochromatin regions were observed on the pericentromeres of some of the chromosomes (Figure 1c).
Moreover, heterochromatic blocs were determined on three pair of chromosomes (second and third submetacentric pairs and
fifth subtelo-acrocentric pair) (Figure 1d). Also, some C-bands were observed on the long arms of six chromosome pairs (fourth
and thirteenth submetacentric and first, second, third and seventh subtelo-acrocentric) (Figure 1d). Otherwise, Ag-NORs were
determined on the terminal regions of the short arms of fifth submetacentric chromosome pair (Figure 1e, f). One of this NOR
had a weaker signal compared to another. Also, on some silver-stained metaphases only one Ag-NOR was observed.
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Figure 1. Giemsa stained metaphase (a), arranged karyotype (b), C-banded metaphase (c), arranged karyotype (d), silver stained
metaphase (e) and arranged karyotype (f) of Sander lucioperca. Arrows indicate the Ag-NORs. Scale bar = 5 um.

DISCUSSION

Although the advances in the cytogenetics have been developed the basic features of karyotypes have been observed
under the conventional staining’s (Martins et al. 2011). In this context, the determination of diploid number, chromosome
morphology and FN are most popular in fish species (Martins et al., 2011). The diploid chromosome numbers 2n = 48 have been
reported in all studied species of Percidae (Arai, 2011). In this regard, 2n of S. lucioperca is determined as 48 in this study as
reported by Rab et al. (1987), Mirinargesi et al. (2007), Arai (2011) and Jankun et al. (2014) from different countries. Arai (2011)
reported that chromosome morphologies and FN’s show some differences between the species of Percidae. Rab et al. (1987)
suggested that karyology of percid chromosomal evolution has been connected with rearrangements of the centromere position
rather than chromosome number change. Percid karyotypes are dominated by submeta and subtelo-acrocentric chromosomes
(Suciu & Rab, 1992) as observed in this study. Chromosome morphology of S. lucioperca in this study is the same with the
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reports of Rab et al. (1987) and Jankun et al. (2014). However, chromosome morphologies of Turkey population of S. lucioperca
is different from South Caspian Sea (Mirinargesi et al., 2007) and Hungary (Arai, 2011) populations. The number of biarmed
chromosomes of South Caspian Sea (Mirinargesi et al., 2007) and Hungary (Arai, 2011) populations are less than this study. So,
FN’s of this populations are lower than this study. The differences on these studies should be the result of chromosome
contraction. The largest chromosome pair in the karyotype was submetacentric in this study however no information about the
largest chromosome was given in previous S. lucioperca studies.

From the other four species of the genus Sander only S. volgensis Rab et al. (1987) and S. vitreus (Arai, 2011) have
been studied karyologically. The 2n of this species is the same with populations of S. lucioperca. Also, the karyotype of S.
volgensis Rab et al. (1987) is the same with this study. However, S. vitreus (Arai, 2011) differs from S. lucioperca about having
all chromosomes as subtelo-acrocentric. From the same subfamily Luciopercinae, Zingel zingel and Zingel streber (Rab et al.,
1987) have the same diploid chromosome number as S. lucioperca. But the number of biarmed chromosomes of this species
(Rab et al., 1987) are less than S. lucioperca. Moreover, from the subfamily Percinae, Perca fluviatilis (Rab et al., 1987) and
Percarina demidoffi (Suciu & Rab, 1992) have the same diploid chromosome number as S. lucioperca. Rab et al. (1987) reported
30 biarmed chromosomes in P. fluviatilis whereas 32 biarmed chromosomes were determined in this study. Otherwise, P.
demidoffi has 28 biarmed chromosomes and half of them were categorized as metacentrics (Suciu & Rab, 1992). In this study
only one pair of metacentric was observed. One small pair of metacentric was concluded as a percid marker chromosome in P.
demidoffi (Suciu & Réb, 1992) but in our karyotypes of S. lucioperca metacentric pair is not a small chromosome pair (medium-
sized). A pair of large submetacentric and a pair of small metacentric in six percid species including S. lucioperca was reported
as a marker chromosome by Rab et al. (1987). This marker submetacentric pair is observed in this study too.

Otherwise, morphologically differentiated sex chromosomes were not determined in S. lucioperca like the other studies
in percids (Rab et al., 1987; Klinkhardt & Buuk, 1991; Jankun et al., 2014).

C-banding and silver staining are the most popular chromosomal banding techniques in fish species (Martins et al.,
2011). C-banding reveals the constitutive heterochromatin regions concerning the repeated DNAs whereas silver staining detects
the active ribosomal sites named as NORs (Arslan & Alpaslan, 2020; Martins et al., 2011; Karasu-Ayata et al., 2021; Unal-
Karakus, 2021). The determination of Ag-NOR number and location, and the location of C-bands have been studied in many
fish species from Turkey (Arslan & Alpaslan, 2020; Karasu-Ayata et al., 2021; Unal-Karakus, 2021). This chromosomal banding
features are usually contribute to fish cytotaxonomy (Unal-Karakus, 2021). As our knowledge, silver staining on the
chromosomes of S. lucioperca was not applied in the previous cytogenetic studies (Rab et al., 1987; Mirinargesi et al., 2007,
Arai, 2011; Jankun et al., 2014). Only, Rab et al. (1987) reported a pair of large satellited submetacentric (i.e., NORs carrying)
chromosome after Giemsa staining in S. lucioperca. It was stated that achromatic regions on the end of its short arms were
corresponded to the NOR (Rab et al., 1987). In this silver-stained karyotype study, Ag-NORs were on the terminal regions of
the short arms of middle-sized submetacentric chromosomes as stated by Rab et al. (1987). Also, the same situation about NOR
was reported for S. volgensis too (Rab et al., 1987). So, it is similar in this respect to S. lucioperca. No studies have been reported
on the Ag-NORs in the other species of the genus Sander. One of the most studied percid species, P. fluviatilis (Mayr et al.,
1985; Klinkhardt & Buuk, 1991) is similar to S. lucioperca about having a single Ag-NOR. However, the location of Ag-NORs
were on subtelocentric chromosomes (Mayr et al., 1985; Klinkhardt & Buuk, 1991) whereas they were localized on
submetacentric chromosomes in this study. Reported heteromorphism between the two NORs in P. fluviatilis (Mayr et al., 1985)
were observed in this study too. Additionally, observed one Ag-NOR on some silver-stained metaphases of P. fluviatilis (Mayr
et al., 1985) was detected in some silver-stained metaphases of S. lucioperca. Moreover, P. demidoffi (Suciu & Rab, 1992) is
like S. lucioperca in having single Ag-NOR. However, about the location on the subtelo-acrocentric chromosomes (Suciu &
Rab, 1992) it seems different from S. lucioperca.

Otherwise, Jankun et al. (2014) reported the C-banded karyotype of S. lucioperca from Poland. In their report the Poland
population had no centromeric C-bands. However, there are some centromeric C-bands in the Turkey population. C-bands on
the long arms were reported for eight chromosome pairs in Poland population (Jankun et al., 2014) whereas this C-bands are on
six chromosome pairs in our study. Heterochromatic blocs were determined on two chromosome pairs in Poland population
(Jankun et al., 2014) whereas they were on three pair of chromosomes in Turkey population. There is no C-band information on
the other studies of S. lucioperca (Rab et al., 1987; Mirinargesi et al., 2007) and also other species of the genus Sander (Rab et
al., 1987), so they cannot be compared with this study.

As compared with samples of other populations of S. lucioperca, this study has better resolution results (Giemsa, C-
banded and, Ag-NOR metaphases) according to the sensitivity of the method. Chromosome formula is not usually change among
the populations of fish (Gaffaroglu et al., 2013). However, chromosomal banding results should show differences among the
populations. Especially number and location of the Ag-NORs are very polymorphic.

CONCLUSION

The karyological investigation of S. lucioperca was determined via basic genetics methods. Also, determination of
chromosomal banding properties and associated karyotypes were characterized for the first time for Turkey population.
Outcomes of the study provide a suitable resource for new cytotaxonomically projects.
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Article Info Abstract

Received: Selenium -is an essen_tial element for all Iiving organisms. Sjnce its deficiency can cause health
: Selenium is an essential element that plays an important role in the growth and development of all

02/12/2022 living organisms. However, the correct dose must be used for all living things. Otherwise, high

Accepted: selenium concentrations can cause toxic effects. In this study, the effect of adding selenomethionine

13/06/2023 (SeMet), an organic form of selenium at different concentrations of 50, 75, 100, and 250 mg/L, to

Keywords: the culture medium of the freshwater green microalgae Scenedesmus quadricauda, on microalgae

growth and chlorophyll-a content was investigated. The results obtained after the study; It has been
observed that the presence of high seleniummethionine in microalgae culture may cause toxic
effects, but when 50mg/L is used as an effective dose, it positively supports the cell count as 64+4.9
x106 cells/mL and the chlorophyll-a pigment content of 0.593+0.1ug/L.

« Selenomethionine
« Selenium

« Scenedesmus

« Chlorophyll-a

Selenometiyonin ve Konsantrasyonun Scenedesmus quadricauda'min Biiyiime ve Klorofil-a Uzerine
Etkisi

Makale Bilgisi 0Oz
Selenyum, tim canli organizmalarin biiylime ve gelisiminde 6nemli rol oynayan esansiyel bir
elementtir. Ancak tiim canlilar i¢in dogru dozun kullanimi gerekmektedir. Aksi takdirde yiiksek

Al tarihi:

02/121 202_2_ selenyum konsantrasyonlari toksik etkiye sebep olabilmektedir. Bu ¢aligmada, tatli su yesil mikroalgi
Kabul tarihi: Scenedesmus quadricauda'min kiiltiir ortamina 50, 75, 100 ve 250 mg/L olmak iizere farkh
13/06/2023 konsantrasyonlarda selenyumun organik formu olan selenometiyonin(SeMet) eklenmesinin mikroalg
Anahtar Kelimeler: biliyiimesi ve klorofil-a igerigi {izerindeki etkisi aragtirtlmistir. Yapilan ¢aligmanin ardindan elde

edilen sonuglar; mikroalg kiiltiiriinde yiiksek selenyummetiyonin varligimin toksik etkiye neden
olabilecegi ancak efektif doz olarak 50mg/L kullanildiginda hiicre sayisini1 64+4,9 x106 hiicre/mL ve
klorofil-a pigment igerigini 0,59340,1pug/L olmak iizere pozitif yonde destekledigi goriilmiistiir.

¢ Selenometiyonin
e Selenyum

e Scenedesmus

e Klorofil-a

Atf bilgisi/Cite as: Demircan D., Durmaz Y. & Yigitkurt S. (2023). Effect of selenomethionine and concentation on growth and chlorophyll-
a of Scenedesmus quadricauda. Menba Journal of Fisheries Faculty, 9(1), 7-11. https://doi.org/10.58626/menba.1213407

INTRODUCTION

Selenium (Se) is an essential trace element that functions as the 21st amino acid selenocysteine (Sec) in a defined set of
proteins, which is very important in animals and plants, especially the human body (Qian et al., 2019). Selenium affects
organisms in a dose-dependent manner, being an important element that is beneficial at low concentrations and toxic at high
concentrations. Organically, it is found in the form of selenocysteine in animal foods, while it is found in the form of
Selenomethionine (SeMet) in plant foods (Kangalgil and Yardimci, 2017). In aquatic ecosystems, microalgae have begun to be
recognized as vector organisms for Se transfer. It has been investigated that microalgae can accumulate selenium in their
metabolism by exposure to a selenium-containing environment. However, what kind of changes in the morphological and
physiological properties of microalgae produced in the presence of selenium have not been fully revealed yet. Green algae are
accepted as target organisms in Se bioaccumulation studies. Therefore, the obtained biomass, product amount, and enriched
pigment content of freshwater microalgae grown in a selenium-enriched nutrient medium have the potential to be used as food,
cosmetics, fish feeding in aquaculture, inclusion in the food chain in feed areas or as biofertilizer to enrich the soil.

In this study, the effect of adding different concentrations of Selenomethionine (SeMet), the organic form of selenium,
to the culture medium on the growth and chlorophyll-a content of Scenedesmus quadricauda was evaluated. Investigation of the
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effect of selenium addition on microalgae pigments and in terms of obtaining natural pigment contents from selenium-enriched
microalgae biomass will be evaluated in line with the results to be obtained.

MATERIAL AND METHODS

The Scenedesmus quadricauda were obtained from Ege University Fisheries Faculty Aquaculture Department, Plankton
Culture Laboratory (Figure 1).
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Figure 1. Light microscope image of Scenedemus quadricauda.
Microalgae Culture Condition

The preferred nutrient medium for the culture of Scenedesmus quadricauda was The Bold Basal Medium (BBM). For
the culture, the flasks were illuminated with LED (Philips TLM 40W/54RS) lighting for 24 hours, and the ambient conditions
were kept constant at 24°C with the air conditioning system. In addition, an aeration system was added to prevent biofilm
formation, but no CO2 was added to the flasks. Different concentrations of SeMet were added to the found culture medium and
cultured in a 1 L flask at concentrations of 50 mg/L, 75 mg/L, 100 mg/L, and 250 mg/L.

Number of Cells

The daily cell count of Scenedesmus quadricauda was followed. As the culture entered the stationary phase at the end
of the 11th day, the trial set was terminated. Cell numbers were determined using a Neubauer hematocytometer with a light
microscope (Nikon 250, Japan). The specific growth rates (p) were calculated using the formula below.

Inx, — Inx,;
L
X2 and X1 represent the culture densities at t2 and t1 times.
Chlorophyll-a Analysis

Chlorophyll-a analysis for Scenedesmus quadricauda was performed according to the spectrophotometric method. After
taking 5 mg of dried sample and treated with 5 ml of methanol (Merck 100%, Germany). The cells were homogenized with an
Ika (Ultra Turrax T25) brand homogenizer for 5 minutes and then ultrasonically (Sonorex) at 70°C for 10 minutes. After the
extract obtained is separated by centrifugation (Elektromag M 615 P) at 3500 rpm. The samples were read at 666 nm wavelengths
using the spectrophotometer (Boe co, S-20 VS, England) and the chlorphyll -a values were calculated with the below formula.
Analyzes were performed in triplicate.

Chlorophyll-a(mg/g) = 13.9 x Asss (Sanchez et al., 2005)
(Asss: absorbance reading at 666 nm)
Statistical analysis

All cultivation experiments and pigment analysis were performed in triplicate and all data are expressed as the mean
with standard deviation. Results were analyzed by one-way ANOVA with significance level at P<0.05 and Tukey’s multiple
comparison test was performed by using SPSS Statistics 23 (IBM, US).
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RESULTS AND DISCUSSION

Cultural Densities

The initial culture density of Scenedesmus quadricauda in the study was 4x10°cells/mL (Figure 2). The highest cell
count has achieved at 64+4.9 x10%ells/mL on day 8 when used 50mg/L SeMet concentration in the culture medium. 75mg
SeMet concentration reached higher levels than the control group (p<0.05). When it was used 100 mg/L and 250 mg/L SeMet
concentrations, there were negative affected on growth S. quadricauda. As a result of, SeMet to use in the medium more than
100 mg cause a significant growth difference of S. quadricauda (p>0.05). For this reason, trial sets were terminated before the
SeMet concentration caused a toxic effect.
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Figure 2. Cell density of Scenedesmus quadricauda at 11 days of production by addition of SeMet.

Chlorophyll-a Amounts

In the pigment analysis, chlorophyll values were measured every 3 days and the average results were taken. In all
cultures, the highest chlorophyll value was observed in 0.593+0.1pg/L, and 50mg/L SeMet addition (Figure 3). The highest
chlorophyll value for the control group was measured as 0.436+0.09ug/L. Therefore, it is seen that the addition of a maximum
of 100 mg/L not a higher concentration of SeMet did cause a difference in the amount of chlorophyll per cell compared to the
control group (p<0.05).
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Figure 3. Chlorophyll-a values determined from the production of Scenedesmus quadricauda with the addition of
SeMet.

Information on the presence and possible effects of selenium in microalgae culture media is limited. However, the
effects of inorganic forms of selenium on growth rate and photosynthetic pigment (such as chlorophyll-a, and B-carotene)
production in various microalgae species vary depending on the dose of selenium used. First, while the dose plays an active role,
it is also an important factor in whether the form used is organic or inorganic. In the study, the effect of organic se form on
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growth dynamics and chlorophyll-a amount was investigated since it is known that the toxic effect of organic se form is less
(Demircan,2022). The results obtained showed that the presence of SeMet in Scenedesmus quadricauda culture medium was
effective at 50mg/L to 75mg/L depending on the dose of use.

Pigments are one of the important metabolites for microalgae. Culture conditions that encourage pigment levels of
microalgae, which have many uses in the biotechnological field thanks to their various pigment contents, have been studied for
a long time. In line with the results obtained from the literature studies, the effects of selenium on various pigment substances
during the culture of microalgae species are discussed. For example, While the effect of Dunaliella salina on the presence of
beta-carotene in the 21-day period followed by the production of selenium was limited, the results obtained did not find a
significant effect of the presence of selenium on pigment substances (Constantinescu-Aruxandei et al., 2019). During the
example, the promotion of selenium has been observed. However, in previous studies, it has also been encountered that the
inorganic form of Selenium has no effect or has a toxic effect. However, in another study by Sun et al., (2014) a steady increase
in the amount of chlorophyll-a was observed in the cultivation of Chlorella vulgaris, and the inorganic form of selenium was
used at a concentration of 75mg/L. Similarly, Spirulina platensis was used in the study conducted by Chen et al. 2008 and the
addition of selenium during its production showed a stimulating effect on the chlorophyll content. It has been reported that the
chlorophyll content reaches its maximum value (29.3 mg / g) on the 3rd day with the addition of 40 mg / L Se at the effective
dose. In another study prepared by Pronina et al., 2001, it was reported that sodium selenite supplementation increased from 1.04
to 1.10 compared to the control group with the inclusion of 50mg/L. Therefore, in this study, findings parallel to the references
compared for pigment sources were obtained and the effect of selenium addition on the chlorophyll-a content of Scenedesmus
quadricauda was found to be positive. In addition, as the most recent example, by Demircan, (2022) in the study in which SeMet
was added to Scenedesmus dimorphus culture medium when the effect of growth conditions and chlorophyll-a content was
examined, approximately 1.5 times positive effect was reported in the flask containing 50mg/L SeMet compared to the control
group.

When the experiment was evaluated, it was observed that the SeMet form positively promoted growth and chlorophyll-
a content when used at an effective dose for the freshwater green microalgae Scenedesmus quadricauda.

CONCLUSION

According to our study results, 50, 75 and 100mg/L SeMet concentrations added to the S. quadricauda culture medium
stimulated cell growth, while 250mg/L caused a toxic effect and reduced the cell number to a lower level than the control group.
For this reason, it has been observed that selenium supplementation can be effective at different values for each species, but
levels below 100mg/L have a positive effect. Thus, it was concluded that the potential of using selenium methionine form in the
culture medium is positive in increasing the microalgae biomass and enriching the pigment contents.
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Avrticle Info Abstract
This study aimed to determine into potential suitability of juvenile Mediterranean mussel (Mytilus

Received: galloprovincialis) for cultivation and human consumption collected from various stations (Kapakli,
28/04/2023 Cmarcik, Koru, and Deveboynu) along the Yalova coast of the South Marmara Sea during the spring
Accepted: season. Specifically, meat yield, condition index, moisture content, density of fouling organisms on
13/06/2023 the shells, and heavy metal concentrations (copper, zinc, mercury, cadmium, lead, and arsenic) were
Keywords: analysed. The average meat yields for Cinarcik, Deveboynu, Kapakli, and Koru were found to be
« Mytilus 24.51+£2.96,21.72+3.92, 23.75+2.31, and 21.54+4.01, respectively. Similarly, the average condition

index were found to be 7.29£1.16, 6.02+0.97, 7.30+0.77, and 5.94+1.39 for Cinarcik, Deveboynu,
Kapakli, and Koru, respectively. The average shell component index for Cinarcik, Deveboynu,
Kapakli, and Koru were detected that 72.06+2.75, 74.39+4.13, 69.99+2.55, and 74.68+4.54,

galloprovincialis
e Mediterranean mussel

* Meat y.leld. respectively. Additionally, the average moisture contents were found to be 82.63+1.95, 83.34+3.23,
* Condition index 84.02+1.82, and 83.40+4.17 for Cinarcik, Deveboynu, Kapakli, and Koru, respectively. The
* Heavy metal statistical analysis revealed significant differences (p<0.05) in these parameters among the stations.
* Marmara Sea Moreover, the quantities of competitive and fouling organisms, such as polychaetes and barnacles,

were found to be highest in the Deveboynu and Koru stations. It has been determined that copper,
zinc, mercury, and lead levels of the mussels are suitable for human consumption in all stations.
However, arsenic values exceeded legal limits in Cinarcik, Koru, and Deveboynu, and cadmium
values exceeded legal limits in all stations.

Atif bilgisi/Cite as: Acarli S., Vural P. & Yildiz H. (2023). An assessment of the cultivation potential and suitability for human consumption
of mediterranean mussels (Mytilus galloprovincialis Lamarck, 1819) from the Yalova coast of the Marmara sea. Menba Journal of Fisheries
Faculty, 9(1), 12-24. https://doi.org/10.58626/menba.1282775

INTRODUCTION

Food and Agriculture Organization of the United Nations report that aquaculture will play a crucial role in meeting the
food needs of the world's population, which is expected to reach 9 billion by 2050 (FAO, 2015). Therefore, it is predicted that
the growth in the world's aquaculture industry will continue to increase at an accelerated pace (FAO, 2015). While there are
many economically valuable bivalve species such as mussels, oysters, scallops, and cockles that are rich in essential amino acids,
unsaturated fatty acids, vitamins, minerals, and antioxidant substances along the coasts of Turkey, country's aquaculture
production is focused on fish farming. Therefore the production of bivalve species is well below their potential (Yildiz et al.,
2011). Additionally, there are no other species grown besides Mediterranean mussels. The production of Mediterranean mussels,
which was 3 tons in 2015, rose to 907 tons in 2018 and 4.585 tons in 2021 (TUIK, 2022). The production potential of
Mediterranean mussels along the coasts of Turkey is much higher than these amounts. There are many mussel farms that have
recently been established and have received preliminary permits in the Marmara Sea, Canakkale Strait, and around Izmir (Yildiz
et al., 2023). In particular, in newly established mussel farms, a large number of juveniles are required, and initially, they are
collected from natural beds rather than using collectors. The quality of the juvenile mussels collected from nature directly affects
the quality of the product that will be sold in the market. Therefore, it is essential to establish specific criteria to determine the
quality of the juvenile mussels. Meat yield and condition index are important criteria that determine the quality and marketing
characteristics of mussels (Yildiz et al., 2021). The density of fouling organisms attached to the mussels is another factor that
determines their commercial quality (Sievers et al., 2014; Forrest & Atalah, 2017).
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Heavy metals can be formed from discharge or leakage from various anthropogenic activities in aquatic environments
(Freije, 2015). The concentration of heavy metals in aquatic organisms is higher than in water, and they can accumulate
biologically in aquatic organisms up to levels that can cause physiological damage in humans through the food chain (Raposo et
al., 2009; Stankovi¢ et al., 2011). Since mussels feed by filtering seawater, this accumulation can be even higher. According to
the Republic of Turkey Ministry of Agriculture and Rural Affairs Aquaculture Regulation (Republic of Turkey Ministry of
Agriculture and Forestry, 2002), which is in line with internationally accepted criteria, the chemical acceptable values for
bivalves, including mussels, are 0.5 mg/kg for mercury, 0.1 mg/kg for cadmium, 1.5 mg/kg for lead, 20.0 mg/kg for copper, 50.0
mg/kg for zinc, and 1.0 mg/kg for arsenic.

The overall aim of this study is to determine and evaluate the criteria for the usability of mussels collected from different
stations for consumption and aquaculture systems. In this scope, in the Yalova coast of the Marmara Sea in different stations the
meat yields, condition index, heavy metal contents (Cu, Zn, Hg, Cd, Pb, and As of juvenile mussels, and densities of organisms
attached to the mussels were compared.

MATERIALS AND METHODS
Sampling Area

Mediterranean mussel samples were collected by hand from four stations (Kapakl, Cinarcik, Koru and Deveboynu) in
Yalova, Marmara Sea, Turkey in April 2021 (40° 27' 612"N, 28° 58' 061" E, 40° 38' 794"N, 29° 07' 049" E, 40° 39' 444"N, 29°
09' 271" E, 40° 39' 294"N, 29° 02' 707" E, respectively) (Figure 1). Three kilograms of mussels were collected from 1 to 2 m
depth and rocky area each station and bring to the laboratory for analysis. The shells of all mussels were macroscopically
examined. The area covered by fouling organisms on the surface of the mussel shells was determined (0 = no occurrence, 1 =
20% coverage, 2 = 40% coverage, 3 = 60% coverage, 4 = 80% coverage, and 5 = full coverage), and the type of fouling organism
was recorded (Lok & Acarli, 2006). The fouling organisms adhering to the mussels were then removed using a knife, and the
meat of the mussels was separated from the shells and stored in deep freeze.
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Figure 1. Map showing the sampling area Marmara Sea
Condition index, meat yield, moisture and shell component index

To assess the condition index (Cl), meat yield (MY), moisture content, and shell component index (SCI) of M.
galloprovincialis, 30 mussel samples were weighed from each station and their meats were removed. The meats were washed
with distilled water to eliminate extraneous salt and sand particles and were then placed on an absorbent surface until they were
as dry as possible. The shells were dried in an oven at 60 °C until they reached a constant weight (42-72 h), while the soft tissues
were freeze-dried. These methods were adapted from previous studies (Freeman 1974; Pekkarinen, 1983; Croshy & Gale 1990;
AOAC 2000).

13



Acarl1 et al, Menba Journal of Fisheries Faculty. 2023; 9(1): 12-24

__ Wet meat weight (g)

MY x 100 1)

Total weight (g)

Cl = Dry meat weight (g) % 100 (2)
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To analyse the heavy metal composition, a 0.5 g of mussel meats (wet weight,ww) were taken from each station and
mixed with 10 ml of HNOs. The mixture was then incinerated using a microwave incinerator. The concentration of heavy metals
in the mussel meat was detected according to reference method the NMKL 161 (1998) and NMKL 186 (2007) using inductively
coupled plasma optical emission spectrometry (ICP-MS).

Statistical analyses

Statistical analyses were performed using SPSS 19.0 software for Windows. The data was analysed for normality and
variance homogeneity using the Kolmogorov-Smirnov and Levene’s tests, respectively. As the data showed a normal
distribution, the relationship between morphometric components was determined using Pearson correlation. Differences between
Cl, MY, and SCI of different stations were determined using the one-way analysis of variance (ANOVA) test. Incase the
necessary conditions for parametric analyses were not met, the non-parametric Kruskal-Wallis H test was used to compared the
differences sampling stations for concentrations of heavy metals.

RESULTS

The results showed that the length of the Mediterranean mussels was 32.19+2.43 mm at Kapakl1 station, 30.10+£4.05
mm at Cinarcik station, 28.02+4.63 mm at Koru station, and 31.67+2.71 mm at Deveboynu station (Table 1).

Table 1. Morphometric characteristics and meat yield (MY, condition index (CI), moisture and shell component index (SCI) of
M. galloprovincialis from Kapakli, Cinarcik, Koru, Deveboynu station (mean+standard deviation)

Station Length Width Height Weight MY (%) Cl Moisture (%) |[SCI

Kapakh 32.19£2.43 |18.07+2.21 |11.07£1.25 |2.40+0.46 |23.75+2.31 |7.30+0.77 |84.02+1.82 69.99+2.55

Cmarcik 30.10+4.05 |17.38+2.60 |[11.23+1.71 |1.99+0.61 |24.51£2.96 |7.29+1.16 |(82.63+1.95 72.06£2.75

Koru 28.0244.63 |16.41+2.80 |10.11£1.85 |[1.58+0.63 |21.54+4.01 |5.94+1.39 |83.40+4.17 74.68+4.54

Deveboynu (31.67+£2.71 [18.36+1.37 |12.12+1.33 |2.18+0.54  |21.7243.92 |6.02+0.97 [83.34+3.23 74.39+4.13

Fouling organism density

Mussels collected from Deveboynu and Koru stations were grouped as "0" due to the absence of any adhesion in terms
of cleanliness, brightness, and fouling organism attachment and density. Mussels collected from Cinarcik station were found to
have polychaetes and Balanus sp. adhesion on their shells and were categorized as "3" in terms of adhesion density. Mussels
collected from Kapakl station were found to have adhesion of polychaetes, Balanus sp. and bryozoans on their shells and were
categorized as "4" in terms of adhesion density.

Meat yield, condition index, shell component index and moisture

The results show that there were significant differences (p<0.05) in the meat yield (MY), condition index (ClI), and shell
component index (SCI) values among the stations. The MY, values were 21.54+4.01 %, 21.72+3.92 %, 23.75+2.31 %, and
24.51£2.96 %, CI 5.94+1.39, 6.02+0.97, 7.30+0.77, and 7.29+1.16; and SCI 74.68+4.54, 74.39+4.13, 69.99+2.55, and
72.06+2.75 for Koru, Deveboynu, Kapakli, and Cinarcik stations, respectively. The moisture content of the mussel meat was
detected also 82.63+£1.95 %, 83.34+3.23 %, 84.02+1.82 %, and 83.40+4.17 % for Cinarcik, Deveboynu, Kapakli, and Koru
stations, respectively (Table 1).

Heavy metal concentration

Cu, Zn, Hg, Cd, Pb, and As concentrations were measured and presented in Table 2. Among all stations, Zn was the
most abundant heavy metal. The highest concentration of Zn was found in the Cinarcik station, while the values for Koru,
Deveboynu, and Kapakli stations were similar. The highest amount of Cu was detected in the Cinarcik station, followed by
Deveboynu, Koru, and Kapakli stations. On the other hand, the As concentration was found to be the lowest in the Kapakl
station, while it was significantly higher in the other stations (Table 6).
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Table 2. Pearson correlation of length, width, height, weight, MY, CI, moisture, SCI of M. galloprovincialis from Kapakli station

Length Width Height Weight MY Cl Moisture SClI
Length 0.1
Width 0.533 1
Height  0.581 0.877" 1
Weight  0.887" 0.295 0.420 1
MY -0.587 -0.664 -0.560 -0.552 1
Cl -0.017 -0.517 -0.558 -0.209 0.529 1
Moisture -0.388 -0.231 -0.111 -0.061 0.442 -0.442 1
SCI 0.273 0.705 0.582 0.147 -0.892" -0.562 -0.483 1

**Correlation is significant at the 0.01 level
*Correlation is significant at the 0.05 level

Statistical analyses

At Kapakli station, there was a positive correlation between length, width, thickness, and weight, and a negative
correlation between MY and SCI (Table 2). At Cinarcik station, there was a positive correlation between length, width, thickness,
and weight, and between CI and MY, and a negative correlation between Cl and moisture and SCI (Table 3). At Koru station,
there was a positive correlation between length, width, thickness, and weight, and between MY and moisture, and a negative
correlation between SCI and MY and moisture (Table 4). At Deveboynu station, there was a positive correlation between length,
width, thickness, and weight, and between MY and moisture and CI, and a negative correlation between SCI and MY, CI, and
moisture (Table 5). Among all stations of heavy metal composition, MY, CI, and SCI were found statistically significant
(p<0.05).

Table 3. Pearson correlation of length, width, height, weight, MY, CI, moisture, SCI of M. galloprovincialis from Cinarcik
station

Length Width Height Weight MY Cl Moisture SCI
Length 1
Width 0.811™ 1
Height  0.865™ 0.804™ 1
Weight  0.894™ 0.920™ 0.896™ 1
MY 0.230 0.091 0.098 0.099 1
Cl -0.185 -0.339 -0.311 -0.246 0.475" 1
Moisture 0.126 0.168 0.108 0.088 0.264 -0.577" 1
SCI 0.037 0.184 0.194 0.139 -0.881™ -0.678™ -0.188

**Correlation is significant at the 0.01 level
*Correlation is significant at the 0.05 level
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Table 4. Pearson correlation of length, width, height, weight, MY, CI, moisture, SCI of M. galloprovincialis from Koru station

Length Width Height Weight MY Cl Moisture SCI
Length 1
Width 0.897™ 1
Height 0.879™ 0.848™ 1
Weight ~ 0.954™ 0.889™ 0.913™ 1
MY 0.245 0.114 0.169 0.193 1
Cl -0.127 -0.073 -0.130 -0.090 0.113 1
Moisture  0.298 0.195 0.241 0.237 0.575™ -0.692™ 1
SCI -0.277 -0.148 -0.175 -0.241 -0.973™ -0.114 -0.591™ 1

**Correlation is significant at the 0.01 level
*Correlation is significant at the 0.05 level

Table 5. Pearson correlation of length, width, height, weight, MY, CI, moisture, SCI of M. galloprovincialis from Deveboynu

station
Length Width Height Weight MY Cl Moisture SCI
Length 1
Width 0.634™ 1
Height 0.819™ 0.504" 1
Weight ~ 0.853™ 0.656™ 0.895™ 1
MY 0.181 0.082 0.380 0.300 1
Cl 0.084 0.346 0.176 0.212 0.689™ 1
Moisture 0.314 -0.144 0.446 0.348 0.611" -0.108 1
SCI -0.265 -0.081 -0.492 -0.406 -0.975™ -0.605" -0.709™ 1

**Correlation is significant at the 0.01 level
*Correlation is significant at the 0.05 level
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Table 6. Heavy metal composition (Cu, Zn, Hg, Cd, Pb, As) of M. galloprovincialis (mg/kg ww)' from Kapakli, Cinarcik, Koru,
Deveboynu station (mean+standard deviation) and limitations of Republic of Turkey Ministry of Agriculture and Forestry (2002)

The limitations of Republic of
Turkey Ministry of Agriculture

Heavy metal Kapakh Cmarcik Koru Deveboynu and Forestry (2002)
Cu 0.21+0.00 0.99+0.05 0.60+0.05 0.61+0.04 20.0
Zn 15.93+0.04 39.66+0.63 39.03+0.56 37.29+0.64 50.0
Hg N.D. N.D. N.D. N.D. 0.5
Cd 0.11+0.02 0.19+0,03 0.15+0.02 0.13£0.00 0.1
Pb 0.11+0.03 0.72+0,05 0.57+0.04 0.31+0.05 15
As 0.61+0.05 2.59+0.04 2.29+0.04 1.92+0.05 1.0

ND: Not detected.
DISCUSSION

Various factors such as environmental factors (Y1ldiz et al., 2006; Yildiz & Berber, 2010; Yildiz et al., 20133, b; Vural
etal., 2015; Acarl et al., 2018), interspecific competition (Bertness and Grosholz, 1985; Okamura, 1986), and epibionts on shells
(Arakawa, 1990; Dittman & Robles, 1991; Buschbaum & Saier, 2001) are influential in the growth of bivalves. Biofouling is a
significant concern in aquaculture (LeBlanc et al., 2002). Therefore, seed collected from natural beds or spat collectors is
thoroughly cleaned to eliminate epifauna and other organisms (Velayudhan et al., 2007). In this study, mussels collected from
the Deveboynu and Koru stations were found to be clean in terms of cleanliness, brightness, and fouling organisms; meaning
that no biofouling organisms or mud were detected on them. Mussels collected from the Cinarcik station were evaluated as ‘3’
for polychaetes and barnacles, and those collected from the Kapakli station were evaluated as ‘4’ for polychaetes, barnacles, and
Bugula sp. Polychaetes and barnacles can potentially compete with mussels by weighing down on the mussel shells and
restricting water circulation (LeBlanc et al., 2002). This competition can lead to a decrease in yield because it makes it difficult
for mussels to find food. Considering that biofouling organisms on young individuals to be transported to the cultivation area
are unwanted despite the possibility of transportation to this area, the preferred stations to be placed in the cultivation system are
Koru and Deveboynu.

In general, MY, ClI, and SCI are often used as indicators of the feeding status of bivalves (Croshy & Gale, 1990; Yildiz
et al., 2011), it’s ability to tolerate stress (Mann, 1979), harvest time (Galvao et al., 2015), and reproductive status. MY is also
an indicator of meat-to-shell ratio and is therefore an indicator of quality, with higher values generally indicating better quality.
It is particularly important for seed collection, a critical step in the mussel production cycle (Macneill et al., 2000). In this study,
the lowest MY was observed at Koru station (21.54+4.01%), and the highest at Cinarcik station (24.5142.96%). Yildiz et al.
(2021) found that the MY and CI of M. galloprovincialis (83.69 mm in length) in the Canakkale Strait was 17.79% and 9.33 in
April, respectively. Lok et al. (2011) was determined that MY and CI of M. galloprovincialis was 27.05% and 11.53 (51.22 mm
in length) in the Sinop- I¢liman (Black Sea), and 22.63% and 10.47 (62.56 mm in length) in Edincikalti (Marmara), 18.26% and
9.93 (50.44 mm in length) in Mersin Bay (Aegean Sea), respectively. In this study, Koru and Deveboynu stations were found to
have lower MY and CI compared to Cinarcik and Kapakli stations. Environmental parameters, size, and reproductive period are
directly related to Cl, MY, and SCI (Acarli et al., 2015; Vural et al., 2015; Acarl et al., 2018; Kizilkaya et al., 2019; Biandolino
et al., 2020; Yildiz et al., 2021). In this study, differences were found between stations (p<0.05). Even between neighboring
stations, the differences in Cl and MY may be attributed to the biological status of the organisms, including their feeding status.

As a result of natural processes and various anthropogenic activities, discharge or leakage can lead to the formation of
heavy metals in aquatic environments (Freije, 2015). Concentrations of heavy metals in aquatic organisms are higher than in
water and they can biologically accumulate to levels that can cause physiological disturbances in humans through the food chain
(Raposo et al., 2009; Stankovi¢ et al., 2011). The accumulation rate depends not only on the metal loads present in the
environment but also on factors such as temperature, pH, salinity, age, sex, size, and sexual maturity of mussels (Bartolomé et
al., 2010; Besada et al., 2014; Richir & Gobert, 2014; Mandich, 2018).

Excessive Cu has a toxic effect on the body and can inhibit the functions of some enzymes (Bajgas, 2000). Cu levels
decrease when industrial and urban emissions, fertilizers, algaecides, fungicides, molluscicides, and cyanobacteria in the region
decrease (Moffett et al., 1997; Besada et al., 2002; Cheriyan et al., 2015). Cu is found in the greenish-blue pigment (hemocyanin)
that carries oxygen in mollusks and crustaceans (Clark, 1992). The influx and efflux of Cu in bivalves vary among species (Cai
& Wang, 2019). Republic of Turkey Ministry of Agriculture and Forestry (2002) has specified the maximum value for Cu as 20
mg/kg. Erkan et al. (2011) reported Cu levels in Ostrea edulis as 1.075 mg/kg ww in April in the Marmara Sea, while Tiirk Culha
et al. (2011) found the highest Cu levels in M. galloprovincialis as 0.93 mg/kg ww in the spring season (49.62 mm and 9.87 g)
in the Marmara Sea. Lok et al. (2010) indicated that Cu concentration of M. galloprovincialis in the Canakkale Strait was
determined as between 0.54 mg/kg ww and 0.66 mg/kg ww whereas, Topcuoglu et al. (2004) reported that Cu levels of M.
galloprovincialis varied between 94 mg/kg ww and 1.33 mg/kg ww (70-80 mm) among regions in the Marmara Sea. In this
study, Cu levels were measured as 0.21 mg/kg ww, 0.99 mg/kg ww, 0.60 mg/kg ww, and 0.61 mg/kg ww in Kapakli, Cinarcik,
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Koru, and Deveboynu stations, respectively. These values were well below the limits set by Republic of Turkey Ministry of
Agriculture and Forestry (2002).

Zinc (Zn) is involved in the synthesis of several enzymes that influence the uptake of CO; and P, photosynthesis,
phytoplankton and microalgal growth, and the catabolism of carbohydrates, fats, proteins, and nucleic acids. Zn found in the cell
wall of bacteria and diatoms, and the death or decay of these microorganisms can increase the amount of Zn in the upwelling
zone where coastal water and seawater mix. Higher amounts of Zn have been reported in mollusks than in fish (Storelli et al.,
2000). In the Marmara Sea, the Zn levels in O. edulis ranged from 290.114 to 147.62 mg/kg ww throughout the year, with the
highest values found in April (Erkan et al., 2011; Ozden et al., 2010; Tiirk Culha et al., 2011). Topguoglu et al. (2004) found that
the Zn content in Marmara Sea ranged from 29.16 to 44.79 mg/kg ww in M. galloprovincialis (70-80 mm), while Lok et al.
(2010) declared that Zn concentration of M. galloprovincialis in the Canakkale Strait was from 32.55 mg/kg ww to 65.61 mg/kg
ww. However, Periyasamy et al. (2014) reported 0.34 mg/g dw in D. incarnatus and Orban et al. (2007) reported 0.91-1.48
mg/100g ww in Chamelea gallina. In the current study, Zn levels in mussels ranged from 15.93 to 39.66 mg/kg ww across all
sampling stations, which was within the limits set by Republic of Turkey Ministry of Agriculture and Forestry (2002) of 50
mg/kg. These results suggest that the Zn content in mussels from all sampling stations is suitable for cultivation.

When the limit of Cd in the body is exceeded, it can damage the kidneys and cause chronic toxicity (Abou-Arab et al.,
1996; Mol, 2011). Azizi et al. (2018) found a Cd concentration of 0.89 mg/kg in M. galloprovincialis in Cala Iris offshore
(Northern Morocco) during the winter season. According to Wallace and Luoma (2003), biological detoxification of Cd in
bivalves increases Cd concentration depending on the color and age of the organism. Erkan et al. (2011) found Cd concentrations
in O. edulis to be 0.120 mg/kg ww in April in the Marmara Sea. Cd of M. galloprovincialis in the Marmara Sea varied from 0.18
to 0.40 mg/kg ww (70-80 mm) (Topguoglu et al. 2004). In addition Lok et al. (2010) found that Cd content of M. galloprovincialis
in the Canakkale Strait changed between 0.10 mg/kg and 0.52 mg/kg. Kayhan (2006) reported Cd levels in unpolluted water to
range from 0.01-5 pg/L. Industrial and agricultural activities are the main sources of cadmium (Jarup & Akesson, 2009; Obaiah
et al., 2020). Sources of cadmium in freshwater and sea water environments include atmospheric deposition, runoff, and direct
discharges into water or watersheds (Wright & Welbourn, 1994). In this study, Cd concentrations were measured in Kapakli,
Cmarcik, Koru, and Deveboynu stations as 0.11 mg/kg ww, 0.19 mg/kg ww, 0.15 mg/kg ww, and 0.13 mg/kg ww, respectively.
The permissible limit for Cd is 0.1 mg/kg (Republic of Turkey Ministry of Agriculture and Forestry, 2002). The results from all
stations in this study were found to exceed the permissible limits. The source of the detected cadmium in the study may have
been due to agricultural activities in the areas where the stations were located, or in other words, the rainwater that carried the
cadmium to the areas where the mussels were collected.

El Shenawy et al. (2016) stated that high levels of Pb in sediment could be attributed to human activities such as
shipbuilding and maintenance, industrial and agricultural discharges, as well as leaded gasoline spills from fishing boats.
Excessive amounts of Pb are known to exhibit mutagenic, teratogenic, and carcinogenic effects (Castoldi Anna et al., 2003;
Lidsky & Schneider, 2003; Garcia-Leston et al., 2010; Sharma et al., 2014). Erkan et al. (2011) found Pb levels in O. edulis as
0.165 mg/kg ww in April, while Tiirk Culha et al. (2011) measured the highest Pb levels in M. galloprovincialis (49.62 mm and
9.87 g) in the spring season, with 0.35 mg/kg ww. Topguoglu et al. (2004) reported that Pb levels of M. galloprovincialis in the
Marmara Sea ranged from <0.014 to 0.73 mg/kg ww (70-80 mm). However, Lok et al. (2010) reported that Pb content of M.
galloprovincialis in the Canakkale Strait was between 0.22 mg/kg ww and 18.47 mg/kg ww in the Canakkale Strait. Ozden et
al. (2009) examined Pb concentrations in C. gallina and Donax trunculus, which yielded 1.34 mg/kg and 1.32 mg/kg ww,
respectively. Prato et al. (2019) measured Pb in F. glaber at 0.55 mg/kg ww. The amount of Cd accumulated in the body varies
depending on species, age, size, etc. In this study, Pb levels were measured at Kapakli, Cinarcik, Koru, and Deveboynu stations
at 0.11 mg/kg ww, 0.72 mg/kg ww, 0.57 mg/kg ww, and 0.31 mg/kg ww, respectively. The limit value for Pb in this study was
determined to be 1.0 mg/kg (Republic Turkey Ministry of Agriculture and Forestry, 2002), and all stations in this study had Pb
values below this limit.

Seafood is known to contain high levels of organic arsenic (As) (Han et al., 1998). Inorganic forms of As are
carcinogenic and chronic exposure to inorganic As can lead to various health problems by affecting the gastrointestinal,
respiratory, skin, liver, cardiovascular, and nervous systems (Mandal & Suzuki, 2002); in addition, it can cause vomiting,
diarrhea, anemia, liver damage, and death (Centeno et al., 2002). Ozden et al. (2010) reported that the As content in M.
galloprovincialis varied between 0.070 mg/kg ww (in September) and 1.183 mg/kg ww (in February) in the Marmara Sea
(Istanbul) and was 0.150 mg/kg ww (in April). Lok et al. (2010) informed that As content of M. galloprovincialis in the
Canakkale Strait changed between 0.03 mg/kg ww and 0.05 mg/kg ww. As values in C. gallina and D. trunculus varied between
2.64-2.91 mg/kg ww and 1.74-3.45 mg/kg ww, respectively, in winter and summer seasons (Ozden & Erkan, 2011). Prato et al.
(2019) measured the As content in F. glaber to be 6.10 mg/kg ww. Republic of Turkey Ministry of Agriculture and Forestry
(2002) reported that the maximum limit for As is 1 mg/kg. In this study, the As content was measured as 0.61 mg/kg ww in
Kapakli, 2.59 mg/kg ww in Cinarcik, 2.29 mg/kg ww in Koru, and 1.92 mg/kg ww in Deveboynu stations, respectively.
Generally, As values obtained in studies conducted in the Marmara Sea are above the limit values, including those found in this
study, except for the Kapakli station. The entry of anthropogenic arsenic is mainly from agricultural, forestry, industrial, and
mining activities, which contaminate the soil and water (Smith et al., 2003). We believe that the study area is located in regions
affected by agricultural activities, and waste resulting from pesticide spraying and mixing with the soil is carried to the natural
habitat of mussels through freshwater sources. Mussels are filter-feeding organisms, meaning that they take in organic and
inorganic substances present in the environment, and As may accumulate in their bodies as a result.
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CONCLUSION

In recent years, there has been a significant increase in commercial activities for the production of mussels through
aquaculture in Turkey. However, due to the new structuring of the sector, many problems have been encountered in the
production facilities such as facility installation and qualified personnel. Especially during the initial establishment phase of the
system, the lack of juvenile mussels is known as the most common problem. Procuring juveniles from other businesses is a
widely used method, but currently, it is not considered a sufficient solution for the needs of newly established businesses.
Therefore, it is important to determine the conditions of stations in the Marmara Sea for collecting M. galloprovincialis juvenile.
Therefore, determining the meat quality and heavy metal concentration of M. galloprovincialis in the Sea of Marmara in the
different stations is important for its aquaculture facilities.

Although it was possible to say that the mussels at all stations are suitable for use in a production system in terms of
their condition index, meat yield, fouling organism attachment, and Cu, Zn, Hg, and Pb values, it had been concluded that
Cmarcik, Koru, and Deveboynu stations were risky due to the As level found in these stations and the Cd level detected in all
stations exceeding the limit value according to Republic of Turkey Ministry of Agriculture and Forestry (2002). Although other
parameters was appropriate, the study has concluded that the quality of the products from these stations was not safe for both the
juvenile collection and human consumption due to the toxicity of As and Cd.
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Avrticle Info Abstract
Lo The essential oil derived from Laurus nobilis exhibits a high concentration of bioactive components,
Received: . - . . e . > . o
28/04/2023 imparting various therapeutic characteristics. This study aimed to analyze the chemical composition
_ of the essential oil extracted from Laurus nobilis leaves as well as its biological properties, including
Accepted: its antipseudomonal and antibiofilm actions. Gas chromatography-mass spectrometry (GC-MS)
13/06/2023 analysis revealed that 1,8-cincole (%48.43) and a-terpinyl acetate (14.78) were the major
Keywords: compounds present in the essential oil (EO). While, the minimum inhibitory concentration (MIC)
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INTRODUCTION

Aquaculture, a rapidly growing sector of agriculture globally, faces various challenges that impede its production
growth. Among these challenges, fish diseases caused by a diverse range of infectious organisms pose a significant concern,
leading to substantial economic losses for farmers (Francis-Floyd, 2005; Alfred et al., 2020; Assefa and Abunna, 2018). Bacterial
infections pose a significant threat to both wild and aquaculture-reared fish. In the aquatic environment, bacteria are commonly
present as part of the normal flora, and they typically do not cause disease unless fish are exposed to unfavorable environmental
conditions and inadequate husbandry techniques (Tendencia and Lavilla-Pitogo, 2004).

Pseudomoniasis, also known as Pseudomonas septicemia or Pseudomonas infection, is a bacterial disease caused by
various species within the genus Pseudomonas. Several Pseudomonas species including P. anguilliseptica, P. baetica, P.
chlororaphis, P. fluorescens, P. luteola, P. plecoglossicida, P. pseudoalcaligenes, P. aeruginosa and P. putida have been
reported to be pathogenic that cause ulcerative syndrome and hemorrhagic septicemia in various fish species (Austin and Austin,
2012; Algammal et.al., 2020; Eissa, 2010; Bektas and Ayik, 2009).

When a bacterial disease is encountered in farms, one of the effective treatments is the use of antimicrobial agents for
years. However, intensive and misuse of antibiotics for preventing and treating bacterial infection have led to the emergence of
bacterial resistance, resulting in treatment failures, jeopardizing food safety, and posing environmental concerns (Romero et al.,
2012; WHO, 2020). The increase in antimicrobial resistance not only poses challenges in the treatment of bacterial infections in
fish but also constitutes a substantial and worldwide public health risk (Sabo and Knezevic, 2019; Insuan and Chahomchuen,
2020). The escalating occurrence of antibiotic resistance has directed researchers attention towards exploring alternative avenues
for the treatment of infections (Da Cunha et al., 2018).

Biofilms, consisting of multicellular matrices, facilitate bacterial adhesion to the external environment and represent a
contributing factor to microbial drug resistance. Biofilm cells exhibit distinct characteristics compared to planktonic cells,
including differences in morphology, physiology, and gene expression. Consequently, it is crucial to invest efforts in identifying
novel compounds capable of combating drug-resistant microbes and biofilms to prevent the emergence of resistance (Liu et al.,
2022; Lim et al., 2022).
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EOs obtained from various aromatic plants contain a diverse array of secondary metabolites and exhibit significant
antimicrobial activity by inhibiting bacterial growth. Due to their antimicrobial properties, EOs have the potential to serve as an
alternative to antibiotics for the management of infectious fish diseases (Kunova et al., 2021; Gholipourkanani et al., 2019;
Nazzaro et al., 2013; Bektas and Ozdal, 2022).

Most EOs are composed of terpenes, terpenoids, and other aromatic and aliphatic constituents with low molecular
weights. Not only the natural monoterpenes but also their synthetic forms have various pharmacological properties such as
antifungal, antibacterial, antioxidant, anticancer, antibiofilm, antiarrhythmic, anti-aggregating, local anesthetic, antinociceptive,
anti-inflammatory, antihistaminic, and anti-spasmodic activities (Loza-Tavera, 1999; Koziot et al., 2014; Swamy et al., 2016).

The laurel (Laurus nobilis L.), an evergreen plant species endemic to Southern Europe and the Mediterranean, is a
member of the Lauraceae family. Bay leaves derived from this plant are utilized as a spice in Mediterranean cuisine owing to
their aromatic and pleasing scent. Additionally, they have been traditionally employed in medicinal practices for treating diverse
infections and find applications in the cosmetics industry (Ramos et al., 2012; Fidan et al., 2019).

The present study was conducted to determine the chemical composition of the EOs of laurel and to evaluate the
antibacterial and antibiofilm activities against the fish pathogen Pseudomonas species: P. aeruginosa, P. fluorescens, and P.
putida.

MATERIAL and METHODS
Plant material

The leaves and fruits of laurel were collected from the trees growing wild in Sinop Region, Turkey (42°02'43.4"N
35°02'27.9"E) during June in 2015. Samples were cleaned and dried in the shade at room temperature.

Extraction of essential oil

About 500 g of dried plant material, comprising leaves and fruits, was crushed and subjected to hydro-distillation using
a Clevenger’s apparatus. Crushed samples were immersed in water and heated to boiling. The EOs evaporated together with
water vapor and passed through the refrigerant before being collected into the condensation flask. Following the separation of
the liquid phase, the EOs were collected in a glass vial (Ghalem and Mohamed, 2008; Mazumder et al., 2020).

GC and GC/MS analyses

Analyses were conducted in Eskisehir Anadolu University Medicinal Plants, Drugs and Scientific Research Center
(AUBIBAM). Briefly, Hewlett Packard system, HP 5973 Mass Selective Detector System and GC—MS 6890 GC system were
used in analyses. Agilent HP innowax column (60 m in length, inner diameter of 0.25 mm, film thickness of 0.25 um) was used.
As a carrier gas, helium was used. The injection temperature was 250 °C and the oven temperature was kept at 60 °C for 10
minutes, then programmed to 220 °C at a rate of 4 °C/min, kept constant at 220 °C for 10 min and then programmed to 240 °C
at a rate of 2 °C/min for 40 minutes. Relative amounts of the characterized components were expressed in percentages, and the
retention time (RT) was recorded in minutes (Sevindik et al., 2016).

Microbial Strains

The EOs and their components were tested against fish pathogenic Pseudomonas species; P. aeruginosa (ATCC 9027),
P. fluorescens (BC 7324), and P. putida (BC 1617). All laboratory stock cultures of the microorganisms were obtained from the
Microbiology Laboratory, Department of Food Engineering, Faculty of Agriculture, Atatiirk University, Erzurum, Turkey.
Bacteria were identified by morphological and biochemical tests, including the assessment of colony morphology, Gram
staining, oxidase and catalase activities, indole, citrate utilization, methyl red, gelatin hydrolysis, fermentation of mannitol,
sucrose, lactose, fructose, glucose, and urease, and growth at different temperature conditions. Throughout the investigation,
bacterial cultures were stored frozen at -86 °C in nutrient broth (NB) containing 20% (v/v) glycerol and utilized as stock cultures.

Determination of antibacterial concentration

To determine the minimum inhibitory concentration (MIC) of LEQ, the Broth Dilution Method was utilized (Rath and
Priyadarshanee, 2017). This involved mixing varying amounts of the oil with NB, which included a 0.5% dilution of Tween 20,
to create a range of concentrations from 7.8-125 ug/ml using a serial dilution approach. The study tested a total of five different
concentrations. The experiment involved inoculating 100 ul of overnight culture with approximately 5x10° bacterial cells into
wells that contained 100 pl of laurel oil at varying concentrations. The 96-well plate, which contained a total of 200 pl, was then
subjected to shaking and incubation for 24 hours at 37 °C. The point at which bacterial growth was inhibited and no turbidity
was observed was recognized as the MIC of the laurel oil against the particular strain of bacteria being tested. Following 24 h
incubation, the optical density (ODeoo) Was measured for MIC analysis. In order to calculate the Minimum Bactericidal
Concentration (MBC), a 20-pl solution obtained from the final three test wells, which did not exhibit bacterial growth, was
inoculated on nutrient agar (NA) plates and incubated overnight at 37 °C.

Antibiofilm effects

Biofilm inhibition assay was tested against P. aeruginosa (ATCC 9027), P. fluorescens (BC 7324) and P. putida (BC
1617) using laurel oil in 96-well culture plates. The bacterial strains were incubated in 10 mL of Tryptic soy broth (TSB) that
contained 1% glucose and were maintained at 37 °C for a period of 24 h. This followed by the preparation of dilutions equivalent
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to 0.5 McFarland standard value. In each well of plates, 90 pL of growth medium (TSB with 1% glucose), 100 uL of laurel oil
(final concentrations of 7.8-125 pg/ml), and 10 pL of test bacterial dilutions were mixed. In the positive controls, 10 pL of the
bacterial dilutions were mixed with 190 pL of growth medium, while negative control contained only growth medium. After 24
h-incubation at 37 °C, the 96-well plate was washed with distilled water three times to remove unattached planktonic cells and
the remaining adherent sessile cells were dyed with 200 uL. of 0.4% crystal violet for 30 min, then the excess dye was poured
and the wells were washed three-times with distilled water. The remaining dyed biofilm was suspended in 200 pL of 70% ethanol
for 30 min at room temperature. OD of the wells were read at 570 nm by microplate reader (Thermo Scientific Inc., Multiscan
GO, Finland) (Bai et al., 2019). Biofilm inhibition was calculated by the following formula.

Biofilm inhibition (%) = [(Control OD570nm — Test OD570nm) / Control OD570nm] x 100
RESULTS AND DISCUSSION

All the strains demonstrated the characteristic phenotypic traits commonly observed in fluorescent pseudomonads,
including the production of a water-soluble yellow-green or yellow-brown pigment known as pyoverdine. While all the strains
tested in this study were Gram-negative, motile, rod-shaped, oxidase, catalase, citrate, mannitol, fructose, and glucose positive,
they were indole, methyl red, sucrose, lactose, and urease negative. P. aeruginosa is differentiated from the other strains by its
ability to grow at 42 °C and is also recognized by its characteristic colony morphology. P. fluorescens and P. aeruginosa differ
from P. putida in their ability to hydrolyze gelatin.

Chemical Composition of the laurel

The GC/MS analysis resulted in the identification of 15 components in LEO, which collectively accounted for 87.04%
of the total composition of the analyzed EOs. Analysis of the LEO revealed 1,8-cineole or eucalyptol (%48.43) and a-terpinyl
acetate (14.78) as the major compounds with the highest peaks (Figure 1).
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Figure 1. Gas chromatogram of the essential oil from laurel

The retention time and percentage composition of the identified compounds of laurel EOs are presented in Table 1.
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Table 1. Essential oil composition of laurel

RT (min) Component Quantity (%)
16.35 1,8-cineole 48.43
36.03 a-terpinyl acetate 14.78
11.95 sabinene 5.68
32.84 terpinen-4-ol 2.95
11.31 B-pinen 2.73
8.40 a-pinene 2.59
18.88 p-cymene 1.67
15.36 limonen 1.34
30.63 linalool 1.23
45.10 caryophyllene oxide 1.20
45.63 methyl eugenol 1.18
49.91 eugenol 1.15
36.06 a-terpineol 0.82
48.62 Spathulenol 0.66
51.48 B-eudesmol 0.63
Total 87.04

RT: Retention time

The present study demonstrated that the EO from laurel involved eucalyptol and a-terpinyl acetate as the primary
constituents. Similarly, Ramos et al. (2012) reported the major components of bay laurel as eucalyptol (27.2%), a-terpinenyl
acetate (10.2%), linalool (8.4%), methyleugenol (5.4%), sabinene (4.0%) and carvacrol (3.2%). Bay laurel EOs were reported to
contain 1,8-cineole (60.72%), o -terpinene (12.53%), sabinene (12.12%), and a -pinene (6.11%) as major constituents
(Dadalioglu et al., 2004). Taban et al. (2018) reported the main chemical components in EOs obtained with different extraction
methods from laurel as eucalyptol (34.4-50.0%), a-terpinenyl acetate (14.9-18.8%), terpinene-4-ol (4.7-6.0%), and sabinene
(4.9-5.9%).

While the major components of laurel oil identified in this study were comparable to findings from various other studies,
variations in the quantities of these essential oils were observed. These differences are likely influenced by several factors,
including diverse seasons, regions, cultivation conditions, stages of maturity, harvesting methods, and extraction techniques
(Arumugam et al., 2016; Swamy et al., 2016).

1,8-Cineole, referred to as eucalyptol, is a bicyclic terpenoid present in essential oils derived from diverse plant species
and is known to possess antimicrobial properties (Maczka et al., 2021; Moo et al., 2021). 1.8-cineole was reported as the major
component in the essential oil of laurel from Morocco (Derwich et al., 2009). Mazumder et al. (2020) reported significant
antibacterial activities of 1,8-cineole, obtained from Eucalyptus maculate as a major compound, together with the crude EQOs,
against the fish pathogens Aeromonas hydrophila and A. jandae.

In this study, another main component of laurel oil was determined to be a-Terpinyl acetate (a-TA) with a ratio of
14.78%. a-Terpinyl acetate which could be found in some EQOs bearing plants, is an organic, volatile monoterpene ester.
Vaiciulyte et al. (2021) reported that a-TA EO has high antimicrobial activity against fungi but lower activity against bacteria.

The antibacterial activity of Laurel essential oil

In order to assess the antimicrobial efficacy of LEO against the tested Pseudomonas pathogens, the MIC and MBC
values were determined. The findings revealed diverse effects of the essential oil on the bacterial strains under investigation
(Table 2). Based on their characteristics as bactericides (close to to 1) or bacteriostatics (greater than 4), antibiotics are
categorized using the MBC/MIC ratio. Table 2 displays MBC values that were higher than MIC. All of the isolates had an
MBC/MIC ratio of 2. The MBC/MIC ratio of LEO was equivalent to 2.0, which clearly suggests that LEO had a bactericidal
impact on Pseudomonas species.

Through our investigation, it was discovered that LEO possess diverse anti-pseudomonal properties as evaluated for
antibacterial activity. Notably, LEO exhibited greater efficacy against P. fluorescens and P. putida compared to P. aeruginosa,
suggesting that P. aeruginosa exhibited higher resistance to LEO when compared to the other strains.
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Table 2. Antibacterial parameters (MIC and MBC pg/mL) of the essential oil of the L. nobilis

Bacteria MiIC MBC MBC/MIC
P. aeruginosa 62.5 125 2
P. putida 31.25 6.25 2
P. fluorescens 31.25 62.5 2

Consistent with the findings of this study, Rebi¢kova et al. (2020) observed limited inhibitory effects of LEO against P.
aeruginosa, which could potentially be attributed to the notable lipid-degrading capability of P. aeruginosa (Ozdal et al., 2017).

Goudjil et al. (2015) reported variable bacteriostatic properties of the LEO against different strains. MIC values for
Salmonella enterica and Klebsiella pneumoniae were reported as 0.2 and 0.11 mg/mL, respectively.

LEO was tested for its antimicrobial activity against four different bacterial species, including Gram-positive bacteria
(S. aureus and B. subtilis) and Gram-negative bacteria (E. coli and P. aeruginosa). Antibacterial activity against all tested
pathogens varied from 1250 to 2250 pg/mL (Santoyo et al., 2006). Gram-positive bacteria tend to exhibit higher susceptibility
to EOs compared to Gram-negative bacteria, primarily due to the presence of an additional outer membrane in Gram-negative
bacteria, which provides an enhanced protective barrier for the cytoplasmic membrane against antimicrobial substances such as
EOs (Caputo et al., 2017). In the investigation conducted by Ertiirk (2006), MIC of L. nobilis ethanolic extract against the tested
bacteria, including B. subtilis, Staphylococcus aureus, S. epidermidis, E. coli and P. aeruginosa, was determined to be 5 mg/mL
using agar dilution methods (Ertiirk, 2006).

Dadalioglu et al. (2004) showed that LEO (5-80 pL/mL) exhibited antibacterial activity against E. coli O157:H7,
Listeria monocytogenes, Salmonella typhimurium, and S. aureus. Unlikely, Jacobo et al. (2022) also reported that the MIC and
MBC of LEO was 12.36 mg/mL for S. aureus, E. coli, and Enterococcus faecalis. Snuossi et al. (2016) reported varying
antibacterial activities of LEO against A. hydrophila, Staphylococcus spp., Vibrio alginolyticus, Enterobacter cloacae, K.
ornithinolytica, K. oxytoca and Serratia odorifera. MIC values for the bacteria, have been reported ranging from 0.05 to 0.39
mg/mL.

Antimicrobial effect of an EO is attributed to its chemical makeup, particularly the functional groups present in its main
constituents such as alcohols, phenols, and aldehydes, as well as the synergistic interactions among these compounds. Previous
investigations have demonstrated the antimicrobial activity of hydrocarbon and oxygenated monoterpenes, including 1,8-cineole,
linalool, -terpineol, and terpinen-4-ol (Caputo et al., 2017; Badawy et al., 2019). The -OH groups of bioactive chemicals
positioned at the meta and ortho locations are responsible for the antibacterial properties of essential oils. The cytoplasmic
membrane of bacterial cells can interact with these -OH groups, causing cell death and disintegration (Shahbazi, 2019).

Antibiofilm Activity of the Essential Oil

Biofilms pose challenges in water treatment systems and particularly impact various sectors of the food industry, such
as brewing, dairy processing, fresh produce, poultry processing, and meat processing, as evidenced by studies conducted by
Chen et al. (2007) and Lu et al. (2022). Bacteria in biofilms can be up to 1000 times more resistant to antibiotics than their
planktonic counterparts. (Simoes et al., 2009).

Pseudomonas is an opportunistic pathogen with a high level of vitality that is widely distributed in the water, air, soil,
and food supply (Osman et al., 2019). Species such as P. aeruginosa, P. fluorescens, and P. putida are known capable of forming
biofilms (Iseppi et al., 2020).

P. fluorescens and P. putida biofilms were found to be suppressed by the anti-biofilm activity of LEO at sub-MIC doses.
Our findings show that P. fluorescens and P. putida are more vulnerable to LEO than P. aeruginosa. When LEO at concentrations
of 7.81, 15.62, 31.25, 62.5, and 125 pg/mL were used, 0, 0, 0, 28, and 45% of P. aeruginosa biofilm formation was inhibited,
respectively (Figure 2). Likewise, the same concentrations of LEO prevented 30, 54, 100, 100, and 100% of biofilm formation
by P. fluorescens. For P. putida at the same concentrations, these values were measured as 24, 77, 100, 100 and 100. As seen in
Figure 2, the addition of LEO at the MIC level (31.25 pug/mL) considerably reduced the development of Pseudomonas species
biofilms except for P. aeruginosa.
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Figure 2. Inhibition of biofilm formation by P. aeruginosa, P. fluorescens, and P. putida using LEO.

The efficacy of LEO in eliminating S. epidermidis CIP 444 biofilms was investigated in a prior study, revealing biofilm
inhibition rates ranging from 8.5% to 33.75% (Chmit et al., 2014). Merghni et al. (2016) reported that LEO, at a concentration
of 1/16 x MIC (0.24 to 1.95 mg/mL), exhibited a biofilm inhibition rate exceeding 70% against S. aureus strains. Also, LEO at
concentrations starting at 2 MICs inhibited the initial adhesion of Candida albicans (Peixoto et al., 2017).

In conclusion, L. nobilis EO exhibits antipseudomonal activity and affects the formation of biofilms in Pseudomonas
species, possibly by interfering with cell wall biosynthesis and membrane ionic permeability, facilitated by the presence of
identified monoterpenes and sesquiterpenes.

CONCLUSION

The present study provides evidence that LEO possess both antibacterial and antibiofilm activities against Pseudomonas
species. Given the emergence of multidrug-resistant strains and the prevalence of biofilm formation, there is a pressing need to
identify effective alternatives to combat Pseudomonads, and EOs have emerged as a potential option. Several EOs have been
shown to be effective antimicrobials and antibiofilm agents, allowing them to be used in therapeutic formulations either alone
or in combination with already established antibiotics. However, further study is necessary to gain a better understanding of the
interactions of the biofilm formation phases with the EOs and their components independently. Also, additional acute
investigations on volatility and solubility should be conducted in order to boost the antibacterial potential of EOs as a
pharmaceutical product.
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Makale Bilgisi Oz
Denizcilik sektdriinde, giiniimiize kadar birgok malzeme ¢esidi gemi govdesi insasinda
kullanilmaktadir. En ¢ok bilinen gemi inga malzemeleri arasinda celik, aliiminyum alasimlari, elyaf

Alinis tarihi:

24/08/202_2__ destekli kompozit iiriinler ve ahsap malzemeler bulunmaktadir. Bu ¢aligmada en yaygin gemi insa
;(?/%lél/;%ggl malzemelerin aksine betonun gemi govdesinde kullanilmasi ham ¢elik {iretimini de géz Oniinde

bulundurarak tarihsel agidan incelemektedir. Gemi govdesi ingasinda beton kullanimi 1848 yillarina
Anahtar Kelimeler: kadar dayanmakta, kargo gemisi, yiizer barg, yat, balik¢i tekneleri olmak iizere birgok gemi tipinde
kullanilmaktadir. Celik tedariginin zor ve maliyetli oldugu, nitelikli is giicli ihtiyacinin tam olarak
kargilanamadigi 6zellikle birinci ve ikinci diinya savasi doneminde oldukga biiyiik 6lgekli beton

e Gemi Insaat1

: iiton g??l gemiler insa edilmis fakat bu gemilerin higbiri faaliyetlerini giliniimiize kadar siirdiirememistir.
maf;élriésiyapl Genellikle insa edildikten kisa bir siire sonra ana amaglarinin diginda egitim gemisi, depo, dalgakiran

olarak kullanilmis veya batirilmistir. Caligmanin beton gemilerle ilgili siireci analiz etmesi, literatiirde
oldukca az deginilen bu alana katk: saglamakta ve bu alanda ¢alisacak akademisyenler, uzmanlar ve
denizcilik paydaslari i¢in 6nemli bir kaynak olusturmayi hedeflemektedir.

A Study on the Historical Process of Concrete Ships in Terms of Shipbuilding Industry

Article Info Abstract

Diversified types of materials have been utilized in ship hull construction up till the present day. The
most well-known shipbuilding materials are steel, aluminium alloys, fibre-reinforced composite

Received:

2408/ 202'2 products and wood materials. In contrast to the most well-known construction materials, the use of
Accepted: concrete in the ship's hull have been investigated from a historical perspective, taking into account the
20/03/2023 raw steel production. Concrete ships, whose history dates back to 1848, have been served as cargo
Keywords: shi_ps, floating barges, yachts_, fishing bogts. Particular_ly throughout the first and sgcond world wars,
« Shipbuilding quite large-scale concrete ships were built when obtaining raw steel was challenging and expensive

also qualified workforce needs were not fully met but none of these ships could continue their
activities until today. Soon after concrete ships construction, they were generally utilized as a training
ship, warehouse, or breakwater apart from their main purpose or were sunk. The paper's analysis of
the process related to concrete ships contributes to rarely mentioned area in the literature, and aims to
create a significant resource for academicians, experts and maritime stakeholders who will work in
this field.

o Concrete ship
o Alternative material
of construction

Atf bilgisi/Cite as: Bayraktar S. & Samur M. (2023). Gemi insa sektorii agisindan beton gemilerin tarihsel siireci iizerine bir arastirma. Menba
Journal of Fisheries Faculty, 9(1), 34-41. https://doi.org/10.58626/menba.1166307

GIRIS

Gemi inga Sanayi ve Celik Kullanimi

Aliiminyum alasimlari, elyaf destekli kompozit {irlinler ve ahsap gibi birgok malzeme gemi ingaat1 govde {iretiminde
kullanilmasina ragmen, iiretim ve tiiketim agisindan sanayilesmenin ve gelismisgligin sembollerinden biri olan ¢elik, gemi insaati
sektoriinde gemi govde iiretim asamasinda kullanilan en 6nemli malzemedir. 1798 Vauquelin tarafindan ortaya konan krom
parcasi ile 6zellikle paslanmaz celigin ana bileseni olusturulmaktadir (Ozsoysal ve Unsan, 2005; Cobb, 2010). Gemi insa
sektoriinde gemi govdesinde kullanilacak ana maddede {i¢ temel 6zellik aranmaktadir. Malzemenin mukavemeti, malzemenin
zaman i¢inde korozyon gibi degisime kars1 direnci ve yorulma dayanimi bu ii¢ temel 6zelligi olusturmaktadir (Mandal, 2017).

Korozyona kars1 direng, yiiksek yorulma dayanimi gibi bir¢ok mekanik {istiinliige sahip olan ¢elik, biiyiik miktarlarda
kaynaklama iglemiyle birlikte gemi gévde yapisi insaatinda kullanilmaktadir (Imai, 2008). Diisiik maliyetinin yaninda, kaynak
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yapilarak bloklar halinde imalata olanak saglamasi ¢eligi on plana ¢ikarmaktadir. Ayrica, ¢eligin yapisinda bir¢ok element
bulundugundan elementlerin bilesiklerdeki oranlar1 degistirilerek siineklik, korozyona kars1 direng, sekillendirilme gibi 6zellikler
agisindan istege gore daha fazla {stlinliik saglanilabilmektedir (Mandal, 2017). Alasim ¢eligi lizerine ilk ¢alismalar Michael
Faraday tarafindan yapilmistir ve ilerleyen yillarda korozyon, mukavemet agisindan giiglii 6zellikleri iginde barindan giiglii celik
alagimlar elde edilmistir (Cobb, 2010). 19 yiizyilin ikinci yarisindan itibaren demir ve ¢elik gemilerin insasi artarak devam
etmekte ve giinlimiizde halen ana maddelerin basinda gelmektedir (Rogers, 2009). Celik gemilerin insaatinin siirdiirebilirligini
saglayan ham ¢elik tiretimi ile ilgili 1900-1950 arasi sayisal bilgiler Sekil 1°de ifade edilmektedir.

1900-1950 Ham Celik Uretim Miktar1 (Mt)
250
200
150
100
50

0
1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950

Sekil 1. 1900-1950 yillart arasi kiiresel ham ¢elik iiretim miktarlar: (Price ve diger., 1998).

Dalgalanmalara ragmen, belirlenen yillarda celik iiretimin diizenli olarak arttig1 goriilmektedir. Ozellikle artan celik
iretimin talebi tam karsilayamamasi veya maliyetlerin yiiksek olmasi gibi durumlar géz oniinde bulunduruldugunda bu
donemlerde askeri amagli hizmetleri kargilamak adina bir¢ok beton gemi inga edilmistir. 1950°den sonra giiniimiize kadar
ilerleyen yillarda ham ¢elik tiretimi artarak devam etmektedir. Ham gelik tiretimi 1950 yillar1 ile 2021 yillart arasindaki degisimi
Tablo 1’de giiniimiize dogru ilerlendiginde daha kisa araliklarla olacak sekilde sayisal verilerle detayli bir sekilde ifade
edilmektedir.

Tablo 1. 1950-2021 yillar1 arasi kiiresel ham gelik iiretim miktarlar1 (Worldsteel 1997, 2022).

Yil 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 1997
Uretim Miktar1 (Mt) 189 270 347 456 595 644 717 719 770 753 799

Yil 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Uretim Miktar1 (Mt) 850 852 905 971 1063 1148 1250 1350 1345 1241 1435
Yil 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Uretim Miktar1 (Mt) 850 852 905 971 1063 1148 1250 1350 1345 1241 1435

Tablo 1°de ifade edilen yillar bes yillik araliklarla incelendiginde en biiyiik pozitif degisim 1950-1955, 2000-2005 ve
1960-1965 yillart arasinda sirasiyla %7,4, %6,2 ve %5,6’dir. Negatif yonde diislis diinya genelinde sadece 1990-1995 yillari
arasinda %0,5 oraninda gerceklesmektedir. Miktar agisindan 1435 Mt ile 2021°de en yiiksek ham ¢elik tiretimi ger¢eklesmistir
(Worldsteel, 2022). Ham ¢elik {iretiminin istisnalar disinda siirekli artis gdstermesine ragmen 6zellikle 1. ve II. Diinya Savasi
doneminde Birlesik Devletler Denizcilik Komisyonu U.S. Maritime Commission tarafindan beton gemilerin {iretimine karar
verilmistir.

Beton Gemiler

Beton gemilerin dizayni ve insast 19. yiizyilin ilk yarisinin sonlarina kadar dayanmaktadir (Liu ve MacDonald, 1977).
1848 yilinda insa edilen ilk beton gemi 1914-1887 yillar1 arasinda yasayan Fransiz Joseph Louis Lambot tarafindan
gerceklestirilmistir ve Lambot tarafindan gerceklestirilen bu teknoloji ile birgok tekne insa edilmistir (Key, 1970; Whang,
1972; Ozsoysal ve Unsan, 2008; Topgu ve Bahadirli, 2010). Sekil 2°de Joseph Louis Lambot ile ilk insa ettigi beton gemi
gosterilmektedir.
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SR

Sekil 2. Joseph Louis Lambot ve ilk beton gemi (Maisonlambot, 2022).

flerleyen yillarda Lambot tarafindan ortaya konan benzer tekniklerle birlikte Zeemeeuw adli beton gemi Gabellini and
Boon tarafindan 1887 yilinda inga edilmistir. Beton iizerine yasanan gelismelerle birlikte daha once insa edilenlerden farkli
olarak oldukca hafif ilk giiclendirilmis “reinforced” betonarme gemi 1902 yilinda insa edilmis ve ek olarak ilk dngerilmeli
“prestressed” beton gemi 1943 yilinda denize indirilmistir. Ferrocement, giiglendirilmis ve dngerilmeli beton ¢esitleri baslica
betonarme tiplerini olusturmaktadir. Gemi inga sanayinde betonun hammadde olarak kullanilmasini ferrocement tekne yapimini,
maliyetlerinin diisiik olmasi, karmagik bir yapiya sahip olamamasi, tiretim kolayligi ve ¢elige gore daha kolayca sekil alabilmesi,
bakim-tutum maliyetlerinin diisiik ve araliklarinin uzun olmasi, dayanikli yapisi ve yiiksek basing dayanimi, korozyona karsi
dayanimi, insasinda deneyimli personele olan ihtiyacin az olmasi tetiklemektedir. Ferrocement yapisinda tel 6rgii olusturmak
amaciyla %5 ile %8 arasi hacimde ve %15°1 agan agirlikta ¢elik barindiran 1,5°e 1 ile 2°ye 1 oraninda degisen kum ve ¢imento
harcinin karisimindan olugmaktadir (Key, 1970; Whang, 1972; Brauer, 1973; Desayi ve Prasanna Kumar, 1977; Liu ve
MacDonald, 1977; Lavache, 1978; Arslan, 2007; Ozsoysal ve Unsan, 2008; Topcu ve Bahadirli, 2010). Bu duruma karsin,
betonun agirhigi, diistk yiizerlik profili ve herhangi bir ¢arpisma aninda kiiciik pargalara boliinecek gevrek yapisindan dolay1 19.
yiizy1lin baglarinda gemi ingasinda demir ana madde olarak tanitilmaktadir (Liu ve MacDonald, 1977).

Betonun ¢elige olan {istiinliikleri olarak, yogunluk acisindan geligin yogunlugu yaklasik olarak 7,85 kg/dm?® iken,
betonun 2,25 ile 2,4 kg/dm?® arasinda degismektedir. Bu durum yaklasik olarak aym hacim i¢in 3 kat agirliktan kazanim
saglamaktadir. Ek olarak, ¢eligin belirli sicakliklar altinda biikiilme; belirli kuvvetlerin etkilemesi sonucu ayrilma, bdliinme
egiliminin olmasi; kolay paslanmasi ve pahali bir sekilde elde edilmesi ¢eligin kullanimint belirlenen dénemde kisitlamaktadir
(Liu ve MacDonald, 1977; insaat Miihendisleri Odas1, 2022). Diger alternatif insaat malzemelerinden biri olan ahsabin aksine
kurtlara ve mantarlara kars1 daha dayaniklidir (Brauer, 1973; Topcu ve Bahadirli, 2010). Betonun yangina kars1 dayanikli olmas,
titresimi ¢elige gore daha az iletmesi, donem sartlarinda ¢eliginin 6zelikle tamirinin zor yapilmasi, nitelikli personel gerektirmesi
ve yiiksek bakim masraflari olusturmasi dikkat ¢ekmektedir (Brauer, 1973; Liu ve MacDonald, 1977). Buna karsin beton
gemilerin inga edilme ve isletilme zorlugu; kalin gévde yapilarindan kaynakl diisiik kargo kapasitesi bu tip gemilerin oniindeki
potansiyel engellerin baginda gelmektedir (Roth, 2016; Stilwell, 2021).

Birlesik Devletler Denizcilik Komisyonu tarafindan 36 tane beton gemi seker tasimak gibi ¢esitli amaglari karsilamak
admna insa edilmistir. Insaat1 gerceklestigi dénem incelendiginde, dzellikle I. Diinya Savasinda (WWI) celik krizi yasanmakta,
var olan gelik tiretimi, ihtiyaci tam olarak karsilayamamakta ve nitelik iggiicii oldukga dusiik seviyedir. WWI siirecinde gemi ve
mavna ingasinda hafif beton kullanimini gériilmektedir (Arslan, 2007). Yasanan krizi firsata ¢evirmek adina ¢elikten daha ucuz
ve kolayca elde edilme potansiyelleri goz oniinde bulundurularak 12 adet beton geminin WW1 déneminde inga edilmesine karar
verilmistir. Bu beton gemilerin yapisinda betonun giiglendirilmesini saglayan ¢elik ¢ubuklar bulunmaktadir (Topgu ve Bahadirl,
2010; Roth, 2016; Stilwell, 2021). insa edilen 12 beton geminin adlari, tipleri, insaatin gerceklestigi yerler, denize indirilis
tarihleri (DIT), boyut, agirlik ve makine gii¢ degerleri ve son durumlar1 hakkinda detayl bilgi Tablo 2’de belirtilmektedir.
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Tablo 2. 1918-1921 yillar1 arasinda denize indirilen beton gemiler (Roth, 2016; Wrecksite, 2022; Concreteships, 2022).

Gemi Ady/Gemi insa Yeri Denize Teknik Ozellikler Detaylar
Tipi Indirilis Boyutsal Ozellik
Tarihi (L*B*T/D) (m)
Agirhk (W/DWT/GRT) (ton)
Makine Giicii (HP/NHP)
S.S. Atlantus Brunswick, Kasim, 76,2*13,7*6,7(T); 2500 Firtina kaynakl batt1 ve Cape May, NJ Sunset
(Buharl1 yiik GA 1918 (W); 1520 (HP) plajinda kalintilar1 goriilmektedir.
emisi
g. S. C)ape Wilmington, 1919 86,00*14,02*8.61(D); 3590 1920°de gatisma olayindan kaynakli batt1.
Fearl* NC (DWT), 1520 (HP)
(Buharl: yiik
gemisi)
S.S. San Diego, 1920 132+*16,45*8,10 (T); 7500 Petrol barcina doniistiiriildii ve 1926°da sokiime
Cuyamaca3* _ CA (DWT); 359 NHP gonderildi,
(Petrol Tankeri)
S. S. ‘]acksonvi”e’ Haziranl 128*16,5*11 (D), 6144 1932°de sokiime gOIldeI'lldl
Dinsmore4* FL 1920 (SR S Nl
(Petrol Tankeri)
S. S. Latham2* Mobile, AL Mayis, 125,7*16.48*10,97 (D); 1926°da sokiime gonderildi ve petrol depolama
(Petrol Tankeri) 1920 6826(GRT); 359 NHP tankina doniistiirtilda.
S. S. Moffit4* Jacksonville, Aralik, 128*16,5*11 (D); 6144 Petrol barcina doniistiiriildi.
FL 1920 (GRT); 598 NHP
S. S. Palo Alto5* Oakland, CA Mayss, 128,02*16,46*10,67 (D); Uzun siireler San Francisco korfezinde bekletildi.
(Petrol Tankeri) 1919 6144 (GRT): 359 NHP Iskeleye baglanarak icerisinde yemek, dans ve
yiizme gibi etkinlikler i¢in boliimler insa edildi.
Isletme yapan sirket batt1 ve gemi sonraki
yillarda firtina kaynakli batti.
Gerekli ekipmanlar alinarak sadece balikg1
iskelesi olarak birakildi.
S. S. Peralta5* Oakland, CA  gubat, 128,02*16,46*10,67 (D); 1924’te Sardalye konserve
(Petrol Tankeri) 1921 6144 (GRT); 359 NHP imalathanesine déniistiirildii.
1958’de Powell River iginde kereste ve kiitiik
depolamasi i¢in dalga kiran gorevi géormektedir.
S. S. Polias New York, Aralik, 81,4*14,2*8,11 (T) Komiir tasimaciliginda
(Acil Durum NY 1918 kullanildi. Firtinalar ve
Miidahale kasirga sonucu batt1
Gemisi) MA eyaletinde Clyde Limaninda
kalmtilart bulunmaktadir.
S.S. San San Diego, Haziran, 132*16,45*8,10 (T); 7500 1921°de Firtinada gemi yaraland,
Pasqual3* (Petrol CA 1920 (DWT); 359 NHP 1924’de Gemi ihtiyaglar1 magazasi olarak
Tankeri) Santiego, Cuba’da kullanildi.
1932°de sokiime gitti ve onarim gemisi olarak
kullanildi
WWII déneminde Askeri silahlarla donatildi
Kiiba Devriminde Cuban Revolution hapishane
olarak kullanild1.
Balikgilik yarigmalari gibi birgok spor faaliyetlerde
kullanildi ve sonunda otele doniistiiriildii.
S. S. Saponal* Wilmington, Ocak, 86,00*14,02*8.61(D); 3590 1924 yasak yillarinda alkol iirtinleri igin yiizen
(Buharli yiik NC 1920 (DWT); 1520 (HP) depo olarak k.ul.lamldl o
. Bahama Bimini Adasinin giineyinde 5 metre su
gemisi) batmis sekilde bulunmaktadir. Dalgiglar ve
baliklar i¢in oldukg¢a cezbedicidir.
S. S. Selma2* Mobile, AL Haziran 125,7*16.48*10,97 (D); Genlestirilmis seyl agregasi, tastyict hafif beton
(Petrol Tankeri) 1919 6826(GRT); 359 NHP yapiminda ilk kez bu gemide kullanildi.

1920 yilinda Tampico, FL’de bir rihtima garpti.
Devlet tarafindan sokiimiine karar verildi. Son
olarak 1922’de Texas Pelican Adasinda kazilan

kanalda
birakildi.

*Ust indis olarak ifade rakamlardaki gemiler birinin kardes gemisi “sister ship” olarak insa edilmistir.
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1918-1921 tarihleri arasinda denize indirilen betonarme gemiler i¢in Tablo 2’deki veriler incelendiginde genellikle yiik
ve petrol tankeri {izerine gemi insaat1 gergeklesmektedir. Ozellikle Selma petrol tankerinde uygulanan, yapay hafif agreganin
gelistirilmesi beton gemilerin insasini hizlandirmaktadir (Yolcu ve Girgin, 2007). isletilme siireleri oldukga kisa olan bu
gemilerin bazilar1 egitim gemisi, depo gibi farkli amaclarda kullanilmak {izere doniigiime gitmislerdir. Bunlarin disindaki
gemilerde gerekli malzemelerin sokiimii gerceklestikten sonra iskele, dalga kiran veya dalgiclar icin dalig alani olarak
kullanilmaktadir. Gemilerin giiniimiize kadar ulagan gorselleri ve insaat alanlari Sekil 3’te ifade edilmektedir.

- \T SUAND
Amerika ILLINOIS oHI0 PENSILVANY e‘ .
NEVADA Birle$ik INDIANA Nev#ork
JTAH DELAWARE
e Devletleri MISSOUR BATI\VIRGINIA
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Sekil 3. SS Atlantus (a), S. S. Palo Alto (b), S. S. Sapona (c), S. S. San Pasqual (d), S. S. Peralta (e) gemileri ve insa bolgeleri
(Atlasobscure, 2022).

WWI ve Il. Diinya savasi (WWII) siirecinde ingaati gerceklesen beton gemilerin bazilari Kanada’nin batisinda bulunan
British Columbia bdlgesinde bulunmaktadir. 1948 ve 1966 yilinda ana amaci kagit fabrikasi olan bir tesis tarafindan satin
almmakta ve bu gemiler icerindeki ana makine gibi sabit techizatlarinin ¢ogu alindiktan sonra dalga kiran ve baraj gibi su
tutulmasint saglayarak kereste ve kiitiik depolanmasina yardimci olmaktadir. Sekil 4°te beton gemilerin konumlari ve kagit
fabrikasina sagladigi dalga kiran hatt1 ifade edilmektedir (McAskill ve Heere, 2004).

Sekil 4. Powell River i¢inde dalga kiran ve baraj gorevi goren beton gemiler goriilmektedir.

“The Hulks” olarak tanimlanan Sekil 4’teki beton gemilerin 7 tanesini WWII buharli gemisi, iki tanesini WWII barci
ve son olarak 1 tanesi WWI buharli gemisi olusturmaktadir. Halen yiizer durumda olan 11 geminin 10’u bu bolgede
bulunmaktadir (Campbell, 2013). Fakat bu gemilerde yapisal bozulmalardan kaynakli yagmur sular1 beton gemilerin igerisine
girmektedir. Gorevlerinin devamliligini saglamak, bu durumu engellemek ve tekrar eski su ¢ekimlerini geri kazanmak adina
pompalar araciligiyla belirli siireglerde su tahliyesi yapilmaktadir (McAskill ve Heere, 2004).

WWI elde edilen tim deneyimler goz oniinde bulundurularak, insa edilen ve var olan cevher gemileri ile ¢elik tedariginin
stirdiirebilir sekilde gergeklestirilmesi planlanmaktadir. Fakat 1941 yilinda ¢elik levha krizin ortaya c¢ikmasi Ozellikle
vergilendirme siirecinde yasanan zorluklar ¢elik gemi imalatin1 durdurmus, beton ve ahsap teknelerin tiretimini tekrar giindeme
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getirmektedir. Boylece WWII doneminde Birlesik Devletler Denizcilik Komisyonu insaatinda hafif beton kullanilacak gemi ve
barglarin sirasiyla 24 ve 58 adet insasina karar vermektedir (Key, 1970; Lane, 2001; McAskill ve Heere, 2004; Yolcu ve Girgin,
2007). Askeri amaglar dogrultusunda insaati gerceklesen bu gemilerin ve barclarin bazilarinin insaati bitmesine ragmen hig
isletilmeden servis disi birakilmistir (McAsKill ve Heere, 2004). Tablo 3’te WWII siirecinde ingaat1 ger¢eklesen beton gemilerin
adlari, denize indirilis tarihleri (DIT), insa bitis tarihleri (IBT) ile son durumlar1 hakkinda bilgiler ifade edilmektedir (McAsKill

ve Heere, 2004; Concreteships, 2022).

Tablo 3. 1943-1944 yillari arasinda denize indirilen beton gemiler (Concreteships, 2022).

Gemi Ad1/Gemi Tipi

DIT/IBT

Detaylar

S.S. P. M. Anderson
S.S. John Aspdin

S.S. Henri Le Chatelier
S.S. Armand Considere

S.S. William Foster
Cowham

S.S. Edwin Clarence
Eckel
S.S. John Grant

S.S. Francois
Hennebique

S.S. Richard Lewis
Humphrey

S.S. Albert Kahn

S.S. Robert Whitman
Lesley

S.S. Richard Kidder
Meade

S.S. Thaddeus
Merriman

S.S. C. W. Pasley

S.S. Willard A. Pollard
S.S. David O. Saylor
S.S. Willis A. Slater
S.S. John Smeaton
S.S. Arthur Newell
Talbot

S.S. Edwin Thatcher
S.S. L. J. Vicat

S.S. Emile N. Vidal

S.S. Vitruvius

S.S. Leonard Chase
Wason

Maysis, 1944 (DIT)
Mayis, 1944 (DIT)

Ocak, 1944 (DIT)
Mayzis, 1944 (DIT)

Kasim, 1944 (IBT)

1944 (IBT)

Haziran 1944 (IBT)
Agustos, 1944 (IBT)
Mart, 1944 (IBT)
Ekim, 1944 (IBT)
Kasim, 1944 (IBT)
Mart, 1944 (IBT)
Eyliil, 1944 (DIT)

Agustos, 1944 (DIT)
Aralik, 1944 (IBT)

Kasim, 1943 (DIT)
Ocak, 1944 (IBT)
Kasim, 1943 (DIT)
Temmuz, 1943 (DIT)
Kasim, 1944 (DIT)
Ocak, 1944 (DIT)
Eyliil, 1944 (DIT)
Aralik, 1943 (DIT)

Kasim, 1944 (DIT)

Powell River i¢inde dalga kiran gorevi gérmektedir.

Kasirgaya yakalandi ve sonrasinda yiizer ambar olarak kullanildi.
1948 yilinda korfez i¢inde karaya oturarak batti

Powell River i¢inde dalga kiran gorevi gérmektedir.

Askeri amagla kullanildiktan sonra, yilizer ambar olarak kullanildi.
Powell River icinde dalga kiran gorevi gormektedir.

Yiizer ambar olarak kullanildi. 1948 yilinda kismen batirildi ve 8
diger betonarme gemi gibi dalgakiran olarak Kiptopeke, Lower
Chesapeake Korfezinde kullanildi.

Mithimmat ve patlayicilar tagirken firtinaya yakalandi. Onarim
maliyetleri ¢ok yiiksek olmasi sebebiyle 1947 yilinda batirildi.
Askeri egitim gemisi ve ylizer ambar olarak kullanildi. 1948 yilinda
batirildi ve Kiptopeke’de dalgakiran olarak kullanildi.
Batirildiktan sonra iskele olarak kullanildi.

Kahve tasimacilig1 doneminde firtinada hasar gormiis ve 1945 yilinda
hurda olarak satilmustir.

Askeri amagli yiizer ambar olarak kullanildi. 1947 yilinda alabora
oldu ve seyir problemi olusturmamasi i¢in batirildi.

Askeri egitim gemisi olarak kullanildi. 1948 yilinda Kiptopeke de
dalgakiran olarak kullanildi.

1948 yilinda Kiptopeke de dalgakiran olarak kullanildi.

1950 yilinda Powell River i¢inde dalga kiran gorevi gormektedir

Iskele olarak kullanmlma baslandi

Yiizer ambar amagli kullanildi. 1948 yilinda batirild1 ve Kiptopeke de
dalgakiran olarak kullanildi.

Betonarme yapisi denizcilik agisindan uygun degildi. Normandiya
kiyilarinda Dalgakiran olusturmak i¢in batirildi.

Askeri egitim gemisi olarak kullanildi. 1948 yilinda Kiptopeke de
dalgakiran olarak kullanildi.

Seker ticaretinde ve sonrasinda yiizer ambar amagli kullanildi. 1948
yilinda Powell River i¢cinde dalga kiran gorevi gormektedir

Askeri egitim gemisi olarak kullanildi. 1948 yilinda Kiptopeke de
dalgakiran olarak kullanildi.

Yiizer ambar olarak kullanildi. 1948 yilinda batirildi ve Kiptopeke de
dalgakiran olarak kullanildi.

Yiizer ambar olarak kullanildi. 1948 yilinda Powell River i¢ginde dalga
kiran gorevi gormektedir

Yiizer ambar olarak kullanildi. Bar¢a doniistiiriildii ve 1960 yillarinda
Powell River i¢inde dalga kiran gérevi gérmektedir

Seker ticaretinde kullanildi. Normandiya kiyilarinda dalgakiran
olusturmak i¢in batirild1.

Askeri egitim gemisi olarak kullanildi.

1948 yilinda Kiptopeke’de dalgakiran olarak kullanildi.

WWII siirecinde Tampa, FL bolgesinde insaat1 gergeklesen ve 102,53 m boya, 16,45 m genislige, 10,66 m derinlige,
4690 GRT kapasiteye sahip beton gemiler tiim detaylariyla birlikte Tablo 3°te ifade edilmektedir. Cesitli dezavantajlar ve savasin
sonaermesi gz oniinde bulundurularak, insaatlarindan kisa bir siire sonra, hizmet dis1 birakilmistir. Bu yiizden isletilme omiirleri
sadece birkag ay1 kapsayacak sekilde kisa sirmistiir (Key, 1970; Bain I11 ve diger., 1998; McAskill ve Heere, 2004; Saki, 2021).
Siire¢ sonunda 24 buharli kargo gemisinin 17 tanesi yiizer ambar haline getirilmis ve bazilari egitim gemisi olarak kullanilmigtir
(Lane, 2001). Ayrica bu gemilerden 9’u Chesapeake Korfezinde sert hava kosullarini engellemek adina Kiptopeke sahilinde
dalgakiran olarak kullanilmaktadir. Sekil 5’te 9 beton geminin dalgakiran olarak konumlanmasi gorsel olarak ifade edilmektedir
(Key, 1970, Bain III ve diger., 1998; Saki, 2021).
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Sekil 5. Kiptopeke sahilinde dalgakiran amacli konumlandiran beton gemiler goriilmektedir.

Sekil 5’de belirtilen beton gemiler dalgakiran goérevlerinin yaninda farkli tiirden baliklarin yasami i¢in 6nemli bir yuva
merkezi olmaktadir. Ayrica, Virginia’da diizenlenen balik etiketleme yarigma programlari igin kaynak olusturmaktadir (Bain
Il ve diger., 1998). Ozellikle insaati asamasinda yasanan gecikmeler, zorluklar ile birlikte diger problemler beton gemi
kavraminin siirdiirebilirligini saglamasini oldukg¢a ¢ikmaza sokmaktadir (Lane, 2001). Buna ragmen, WWII ardindan bir¢ok
beton yiizer barglar isleme ve depolama tesisi olarak insa edilmistir. Askeri uygulamalarinin yaninda ¢esitli ticari amagli beton
gemilerde insa edilmistir. Ozellikle WWI déneminde Alman denizalt1 saldirilarindan kaynakli ok sayida ticaret filosunun
kayb1 deniz tasimaciligin1 aksatmistir (Domingo, 1998; Ozsoysal ve Unsan, 2008). Tekrar ticari canlandirmak adina ve askeri
alandaki ¢elik ihtiyacim1 sekteye ugratmamak igin beton gibi kuvvetlendirilmis alternatif gemi govde malzemeleri
kullanilmaktadir. 1918 yilinda The Mirotres adli gemi Ispanya’da insa edilen ilk ticari betondan yapilmis gemi olmustur
(Domingo, 1998). Ticari gemi uygulamalarin yaninda ilerleyen yillarda yat, balik¢i teknesi olarak da ferrocement malzemeden
iiretilmis beton gemiler bulunmaktadir. Ozellikle 1970 y1llarinda ferrocement malzeme ile ilgili gemi insaat iizerine Avustralya,
Ingiltere, Yeni Zelanda, Sovyet Sosyalist Cumhuriyetler Birligi (SSCB), Cin, Tayland, Vietnam, Iran, Giiney Afrika, Fransa ve
Kore ve Amerika Birlesik Devletleri 6nem vermektedir. SSCB disindaki tilkeler daha ¢ok 20 metre altindaki trol tekneleri gibi
gemi uygulamalarina yer vermekte ¢linkii beton gemilerin, 10 metreyi asan uygulamalarda oldukca diisiik operasyonel
performansa sahiptir. Buna karsin biikme, gerilim, darbe ve yorulma testleri genisletilmis metal ile gliglendirilmis ferrocement
bot iizerine uygulandiginda, 6zellikle darbe direnci ve catlak kontrolii agisindan oldukca fayda saglamistir (Iorns ve Watson,
1977). Diger iilkelerin kiiglik 6lgekli uygulamalarin aksine SSCB yiik kapasitesi ve ¢atlama tizerine testler yaparak i¢ sularda
ve ticari amagl gemilerde gii¢lendirilmis beton gemilerin kullanilabilirligi arastirilmistir (Whang, 1972; Key, 1970). Beton
gemilerin ticari uygulamalar1 giiniimiizde bulunmamasma ragmen her yil ABD’de Amerikan Insaat Miihendisleri Birligi
American Society of Civil Engineers (ASCE) tarafindan ferrocement kanolar yapilmakta ve her yil belirli zamanlarda
iiniversiteler arasi yarisma yapilmaktadir. Tiirkiye’de de benzer etkinlik geleneksel olarak {iniversiteler arasi yapilmaktadir.

SONUC VE ONERILER

Gilinlimiizde ingaat1 gerceklesen ticari ve askeri gemilerde beton malzeme gemi govdesinde kullanilmamasina karsin,
ilk insaatin gergeklestigi 1841 yilindan itibaren 6zellikle WWI ve WWII kapsayan 6nemli bir siirecte gemi ingaat1 giindeminde
bulunmaktadir. Belirtilen donemde var olan gelik iiretimi ve tedarigi, ¢elik ile ilgili politikalar ve ¢elik malzeme iizerinde
caligacak deneyimli personelin bulunmamasi gibi zorluklar betonu esas elan gemi gévdelerin insasinin 6niinii agmaktadir. Ticari
ve askeri amaglar gibi farkli bir alan dogrultusunda insaati gergeklesen bu gemilerin operasyon siireleri oldukga kisa veya hig
olmamustir. Isletilmelerine son verildikten sonra genellikle dalgakiran, depo ve iskele olarak kullamlmis veya cesitli deniz
canlilarma yasam alan1 saglamasi acisindan batirilmustir. flerleyen siireclerde betonun tekrar gemi gévdesinde tercih edilip
edilmeyecegini zaman gosterecektir. Bu ¢aligma 20 yiizyilin ilk yarisinda 6zellikle beton gemilere olan egilimleri nedenleri ile
belirtmesi agisindan bu alanda ¢alisacak akademisyenler, uzmanlar ve sektor temsilcileri igin 6nemli bir kaynak olusturacaktir.
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Avrticle Info Abstract
Received: Th(_e increas!ng global environmental poI_Iution, rising energy 5:0nsumption, gnd global wzflrmin_g,
: which are important problems worldwide, have led countries to seek different solutions in
09/05/2023 environmental issues. Tiirkiye and other countries are making efforts to continue living in a healthier
Accepted: environment economically and socially while meeting the increasing energy demand and rising
12/06/2023 environmental pollution. Renewable technologies are being developed and produced. Therefore,
Keywords: sustainable ecqlogy and sustainable green economy h.ave started to ta}ke j[he tc.Jp.spot on the gl_obal
« Microalgae agenda. For this reason, the use of microalgae in environmental applications is increasing rapidly,
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and microalgae technology is being rapidly developed. Photobioreactors are currently at the
forefront of microalgae production. Accordingly, microalgae are being used in many different areas
of biotechnological and technical applications, such as health, food, cosmetics, pharmaceutical
production, wastewater treatment, heavy metal removal from the environment, and animal feed. In
addition, the production of biofuels based on microalgae is also attracting attention. Therefore,
microalgae are creating potential alternatives to coal, petroleum, and natural gas. In this sense, it
seems inevitable that microalgae will be one of the main energy sources in the future, and a green
revolution will take place with the development of microalgae technology. This study aims to reflect
the current situation of algae and microalgae used and that can be used in biotechnology, along with
new applications and necessary considerations in Tiirkiye, as well as in the world.

Mikroalg kullanim ve Tiirkiye ile Diinya'daki Onemi

Makale Bilgisi 0Oz

. Kiiresel ¢evre kirliliginin artmasi, enerji tiiketiminin artis1 ve kiiresel 1sinma, diinya genelinde 6nemli
Alinig tarihi: .. - .1 T
09/05/2023 sorunlar olup, tilkeler ¢evre sorunlarinda farkli ¢6ziimler aramaktadir. Tiirkiye ve diger iilkeler artan
Kabul tarihi: enerji talebini ve artan ¢evre kirliligini karsilayarak daha saglikli bir ¢evrede ekonomik ve sosyal
12/06/2023 ' olarak yasamaya devam etme c¢abasi i¢indedir. Yenilenebilir teknolojiler gelistirilmekte ve

Anahtar Kelimeler:

iiretilmektedir. Bu nedenle, siirdiiriilebilir ekoloji ve siirdiiriilebilir yesil ekonomi kiiresel giindemin
en onemli konularindan biri haline gelmistir. Bu nedenle, mikroalglerin gevresel uygulamalarda

¢ Mikroalg kullanimi1 hizla artmakta ve mikroalg teknolojisi hizla gelistirilmektedir. Fotobioreaktdrler su anda
¢ Fotobiyoreaktdr mikroalg iiretiminde 6ncli konumdadir. Buna gore, mikroalgler saglik, gida, kozmetik, ilag iiretimi,
o Atik Su Aritimi atiksu aritimi, ¢evreden agir metal ¢ikarimi ve hayvan yemi gibi biyoteknolojik ve teknik
¢ Biyoyakit uygulamalarin bir¢ok farkli alaninda kullanilmaktadir. Ayrica, mikroalg temelli biyoyakit {iretimi
e Cevre de dikkat ¢ekmektedir. Bu nedenle, mikroalgler komiir, petrol ve dogal gaz gibi potansiyel

alternatifler yaratmaktadir. Bu baglamda, mikroalglerin gelecekte ana enerji kaynaklarindan biri
olacag1r ve mikroalg teknolojisinin gelistirilmesiyle yesil bir devrimin yasanacagi kag¢inilmaz
goriinmektedir. Bu ¢alisma, Tiirkiye'de ve diinyada biyoteknolojide kullanilan alg ve mikroalglerin
mevcut durumunu, yeni uygulamalar1 ve gerekli diigiinceleri yansitmay1 amaglamaktadir.

Auf bilgisi/Cite as: Birinci-Aglamaz C. & Aydemir-Cil E. (2023). Use of microalgae and its importance in Tiirkiye and worldwide.
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INTRODUCTION

There are two different methods used in microalgae production: open (external) systems and closed (internal) systems
(Suali & Sarbatly 2012).

a) Open Systems (Open Ponds)

Open (external) system microalgae production is carried out in non-mixed and mixed type (channel) open ponds (Figure
1.; Figure 2.) (Suali & Sarbatly 2012). It is known that microalgae cultivation in open ponds started in the 1950s (Pawlowki et
al., 2014; Kargin, 2020). Large-scale bioreactors and channel ponds are commonly used in these types of microalgae cultures
(Christenson & Sims 2011; Rawat et al., 2013; Kargin, 2020). Since the channel (raceway) ponds are open, the ion concentration
in the culture water increases due to evaporation. Therefore, microalgae production is negatively affected (Rawat et al., 2013).
In addition, easily contaminable microorganisms can negatively affect production in open systems (Bahadar & Khan 2013).
Factors such as temperature changes during the day and seasonal variations also affect production. As the density of microalgae
increases, the amount of CO; in the culture medium decreases, which also negatively affects production (Kargin, 2020).

b) Closed Systems (Photobioreactors)

In closed photobioreactors, there are tubular, flat, and spiral (Figure 3.) models with continuous circulation of the culture
medium and stirring during the production process (Demirbas, 2010).

Figure 3. Large Bag Production Systems (Gezici, 2012)

Tubular photobioreactors are commonly designed as horizontal, vertical, and spiral (Figure 4.; Figure 5.) bioreactors in
microalgae production (Khan et al., 2009). The production materials of tubular photobioreactors are made of glass and plastic
tubes (Chisti, 2007). Tubes can be produced vertically, horizontally, spirally, and inclined (Chisti, 2007; Rawat et al., 2013).
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Figure 4. Flat-panel photobioreactor production system (Kiikdamar & Tokug 2015).
: ¥ = I E ST TR TS .?_’ Pa b %1

Figure 5. Horizontal (flat) production system in photobioreactor (Gezici, 2012).

When comparing closed type photobioreactors with open ponds, advantages include the ability to control temperature,
pH, and light, the ability to continuously and easily mix, minimal losses due to evaporation, higher microalgae production
quantities, predictability of production, and high-quality production. However, the construction costs for closed systems are
considerably higher than those for open ponds. Since microalgae can adhere to surfaces, culturing on large surface areas can
make it difficult to control temperature and CO; levels. Stirrers are not necessary in flat-panel photobioreactors, as the gas
distributor system located at the bottom of the reactor serves as the stirrer. Air-lift photobioreactors are preferred bioreactors for
microalgae production due to their easy design and low cost. Flow columns are also present in photobioreactors made of glass
and plastic to facilitate vertical flow.

Application areas of microalgae products

Metabolites (phototoxins) generally refer to small molecules and represent intermediate products of metabolism.
Secondary metabolites are chemical compounds directly related to the normal growth, development, or reproduction of
organisms. The importance of studying these organisms for pharmaceutical purposes has been demonstrated by the discovery of
new agents through physical techniques and biomedical applications of chemical prototypes (Dos Santos et al., 2005).

Microalgae-derived metabolites are a promising group of bioactive molecules for biotechnological applications.
Bioactive metabolites are an important source, especially for cytotoxic agents. These types of compounds are mainly produced
by dinoflagellates and cyanobacteria, especially in marine or freshwater environments with harmful algal blooms. Excessive
growth of dinoflagellates can cause red tides and color changes in the sea, while cyanobacteria can cause eutrophication in lakes,
especially due to increased nitrogen and phosphorus (Lipton, 2003). Many microalgal metabolites have different biological
activity and chemical structure. Research on the effects of algae on human health and other beneficial effects is increasing
(Guedes et al., 2011).

Metabolites stored in algae cells are also used in various sectors such as food, health, animal feed, fertilizer, organic

food coloring, and cosmetics. They are also used in wastewater treatment because of their ability to bind to metals (Gokpinar et
al., 2013).

Since the necessary climate conditions and nutrient elements for the production of algae, which are considered to meet
the raw material requirements of some energy sources, are available in Tiirkiye, it is seen that our country is suitable for economic
algae production. When considering only thermal power plants that operate with natural gas, microalgae are an inexhaustible
source due to CO; being their main nutrient (Ulukardesler & Ulusoy 2012). Maximizing the utilization of existing resources and
minimizing waste and losses is necessary, within a framework that includes not only water resources but also all economic and
social resources to gain value (Mostafa et al., 2012).

a. Food

The use of microalgae by humans dates back to ancient times, and it is known that in China, they used Nostoc as a food
source to survive during times of famine (Figure 6).
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I

Figure 6. Nostoc genus (Anonymous, 2022b).

Hunger, which is becoming an increasingly problematic issue worldwide, affects 1 in 10 individuals, and this ratio is
gradually increasing. Particularly, protein and energy deficiency are major reasons for health problems and premature death
(FAO, 2017; Muslu & Gokgay 2020). The United Nations predicts that the global population could reach 9.7 billion in 2050.
While many people still lack access to food, alternative sources of nutrition must be explored, and existing production must be
increased to meet the needs of the growing population (UN DESA, 2019; Muslu & Goékgay 2020).

Commercial microalgae applications are primarily controlled by four strains: Arthrospira, Chlorella, Dunaliella salina,
Aphanizomenon and Arthrospira species (Figure 7) are used in human nutrition due to their high protein content and nutritional
value (Rangel-Yagui et al., 2004; Soletto et al., 2005).

Figure 7. Arthrospira genus (Anonymous, 2022c).

Microalgae for human nutrition are currently marketed in various forms such as tablets, capsules, and liquids. They are
also added to pasta, snack foods, candy bars, gum, and beverages (Table 1.) (Yamaguchi, 1997; Liang et al., 2004; Sasa et al.,
2020).

Table 1. Some studies conducted with microalgae addition (Sasa et al., 2020).

Microalgae The food to which it is added

Spirulina sp. Yogurt

Muffin

Cookie

Biscuit

Bread
Gluten-free bread

Pasta

Chlorella sp. Cheese
Cookie
Bread

Oil/water emulsions

Dunaliella sp. Bread

Pasta

45



Birinci-Aglamaz & Aydemir-Cil, Menba Journal of Fisheries Faculty. 2023; 9(1): 42-53

According to the data of the Food and Agriculture Organization of the United Nations in 2016, microalgae production
reached 89,000 tons in 11 countries. However, China reported a production of 88,600 tons in the same year. Many microalgae
species are used as dietary supplements, including Spirulina spp., Chlorella spp. and Haematococcus pluvialis, among others. It
is believed that production may exceed what is reported in production reports (FAO, 2018; Muslu & Goke¢ay 2020). The U.S.
Food and Drug Administration (FDA) refers to any organism, substance, or chemical that is safe for human consumption as
"Generally Recognized as Safe (GRAS)" for all individuals. Algae such as Dunaliella bardawil, Chlamydomonas reinhardtii,
Auxenochlorella protothecoides, Chlorella vulgaris, Arthrospira platensis, and Euglena gracilis and their derivatives are
considered GRAS (Muslu & Gokgay 2020). The amino acid contents of the algae considered GRAS are given in Table 2 (Muslu
& Gokgay 2020; Torres-Tiji et al., 2020).

Table 2. Amino Acid Content of GRAS Algae (Muslu & Gokeay 2020; Torres-Tiji et al., 2020).

Amino Acid Species of Algae
A. platensis C. reinhardtii A. protothecoids C. vulgaris | D. bardawil E. gracilis

Alanine 9,5 8,8 6,2 7,9 7,3 15,8
Arginine 7,3 7,2 13,4 6,4 7,3 3,4
Aspartic Acid 11,8 9,7 7,1 9 10,4 7,1
Cysteine 0,9 - 1,6 1,4 1,2 0,2
Glutamic acid 10,3 11,3 10,3 11,6 12,7 9,5
Glycine 57 57 55 58 55 7
Histidine 2,2 2,3 3 2 1,8 2,2
Isoleucine 6,7 4,4 3,7 3,8 4,2 0,2
Leucine 9,8 9,8 5,6 8,8 11 3,7
Lysine 4,8 6,6 4,9 8,4 7 4,9
Methionine 25 2,7 2,1 2,2 2,3 0
Phenylalanine 53 5,6 55 5 58 0,9
Proline 4,2 5,6 5,6 4,8 3.3 0
Serine 51 4,3 51 41 54 10,6
Threonine 6,2 51 4,9 4,8 54 4,5
Tryptophan 0,3 2,8 0,5 2,1 0,7 1,7
Tyrosine 53 4,3 47 3,4 3,7 0,7
Valin 7,1 6,5 52 55 5,8 8

Microalgae are widely used in a variety of applications, ranging from aquaculture to pet and livestock feed. Around
30% of global algae production is used for animal feed, with more than 50% of current Arthrospira production used as a dietary
supplement (Becker, 2004).

b. Agriculture

The world's energy demand is increasing parallel to the growing population. Various solutions are being researched and
new regulations are being developed in Tiirkiye and other countries to meet this demand. Regulations highlight the importance
of environmentally friendly, sustainable, and renewable energy sources (Karakas et al., 2014).

In recent years, the advantages and disadvantages of bioenergy sources have been discussed in terms of their
effectiveness in sustainability. The use of oilseed plants (OSP) in biofuel production has been emphasized in this context. The
interest in these plants has been increased by their widespread use in various sectors.

In Tirkiye, sunflower is the top oilseed crop produced in 2019 with approximately 1.9 million tons, followed by
cottonseed with 1.32 million tons, rapeseed with 180 thousand tons, soybean with 150 thousand tons, sesame with 16.9 thousand
tons, and flaxseed with 21.9 thousand tons. Sunflower has the largest cultivation area with 675.9 thousand hectares, followed by
cotton with 477.9 thousand hectares, rapeseed with 52.5 thousand hectares, soybean with 35.3 thousand hectares, sesame with
24.9 thousand hectares, and flaxseed with 15.9 thousand hectares. Accordingly, in 2019, approximately 3.6 million tons of
oilseeds were produced on an area of about 1.28 million hectares in Tiirkiye. The total domestic usage value of sunflower is 4.7
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million tons, and 2.8 million tons are met by imports. The domestic consumption value of soybean is 2.6 million tons, and a
large portion of 2.4 million tons is provided by imports (TUIK, 2020).

Despite its potential for YTB production, Tiirkiye's YTB production is insufficient. As a result, it becomes difficult for
the biodiesel sector to access YTB as a valuable raw material, and the increase in raw material prices under market conditions
negatively affects the sector's competitiveness (Hatunoglu, 2010). Due to the difficulties in obtaining biofuels from agricultural
products, alternative sources are being preferred. Algae are considered the most efficient product in terms of oil content compared
to other oilseeds and are the fastest-growing source of biofuels worldwide (Demirbag & Demirbas 2011).

Environmental factors such as air and water pollution, soil depletion, and declining biodiversity contribute to
degradation. Synthetic chemicals, agricultural pesticides, and fertilizers pollute soil, water, and air, harming both the environment
and human health (Horrigan et al., 2002).

Heterocystic cyanobacteria are known for their ability to fix atmospheric nitrogen. The productivity of most tropical
rice fields is attributed to the nitrogen-fixing activities of cyanobacteria. In order to increase soil fertility, the inoculation of
cyanobacteria has been successfully achieved. Recently, it has been reported that cyanobacteria with nitrogen fixation ability
dominate desert soils. It is believed that this significantly contributes to the fertility of desert soils and eventually facilitates the
vegetation of deserts (Mahdi et al., 2010).

Reducing CO; in the atmosphere can be addressed with the transition to more widespread use of biofuels, nuclear, and
renewable energy sources through CO- reduction. Microalgae are important for CO; fixation and biofuels because they can
convert CO; (and additional nutrients) to biomass through photosynthesis at much higher rates than traditional biofuel products.
This biomass can then be converted to methane or hydrogen through processes facilitated by anaerobic bacteria (Haiduc et al.,
2009).

c. Wastewater Treatment

According to UNESCO (2003) data, water usage distribution is 22% in industry, 8% in domestic use, and 70% in
agriculture. A significant portion of this water is discharged into the environment as wastewater. Therefore, a modern approach
is needed for the treatment of industrial waste. Industrial wastewater mostly contains heavy metals, organic toxins, and
surfactants. Waste from the textile, electroplating, and other metal processing industries contain significant amounts of toxic
metal ions (Ahluwalia & Goyal 2007). Microalgae can use low-quality water sources such as agricultural runoff or municipal,
industrial, or agricultural wastewater as growth media and can be used for the recovery of wastewater (Valverde et al., 2016).
The biological uptake of heavy metal ions through various mechanisms such as ion exchange, complex formation, and
electrostatic interactions occurs at the micro-scale. The residual nutrients and heavy metal ions in domestic, agricultural, and
industrial wastewater are responsible for the pollution of rivers, lakes, and oceans (Michalak & Chojnacka 2002). The
fundamental advantage and potential of using algal biomass for the biological removal of heavy metal ions are the sustainability
of the process and, therefore, the cost-effectiveness of the method at an industrial scale (O'Connell et al., 2008).

d. Biofuels

In recent years, algal biomass (living and non-living) has been used for the biological removal of heavy metals.
Laboratory studies have shown that algal biomass (dead or alive) actively absorbs various heavy metals (\VVolesky, 2007).

Microalgae, single-cell photosynthetic organisms, have many advantages over other biofuels in terms of higher area efficiency,
the ability to use non-arable waters for growth, and the conversion of carbon dioxide and other industrial wastes into useful
products (Lohrey & Kochergin 2012). For these reasons, using microalgae for biodiesel production is more attractive both
environmentally and economically (Demir, 2015).

Microalgal fuels are not yet commercialized (Chisti et al., 2011). The high production cost is the primary obstacle to
the commercialization of microalgal biofuel production (Bahadar & Khan 2013). In the future, microalgal-based biofuel
production will become more important in light of the ecological impacts if petroleum reserves become depleted or scarce (Chisti
etal., 2011).

e. Alg Flora of Tiirkiye

The lakes in Tiirkiye exhibit different structures, formations, and hydrological properties, which also support algal
biodiversity in these conditions (Demir et al., 2021). Studies on freshwater algae have been conducted in 275 lakes in Tirkiye,
and 1363 phytoplankton taxa have been identified. As a new record, 30 Ochrophyta taxa were identified. This study also
identified 10 genera (Bitrichia, Chromulina, Ochromonas, Chrysococcus, Kephyrion, Kephyriopsis, Chrysosphaerella,
Phacomonas, Pseudotetraédron, Ducellieria) as new records for the algae flora of Tiirkiye (Demir et al., 2021).

Production Status of Microalgae in the World

The oldest known application of microalgae is their use as fertilizers in the Far East. Similar applications were made in
some European countries with extensive coastlines in the 12th century. In the 17th century, France and later England began to
use microalgae, and by the end of the 18th century, Scotland started using microalgae, with an annual microalgae production of
20,000 tons of dry algae reported. This amount is equivalent to approximately 400,000 tons of fresh algae (Kargin, 2020).

47



Birinci-Aglamaz & Aydemir-Cil, Menba Journal of Fisheries Faculty. 2023; 9(1): 42-53

Since the mid-2010s, the importance of microalgae has increased, and the US Department of Energy has pledged $24
million in financial support to three research companies to commercialize algal biofuels (Kargin, 2020). From the 1970s to the
mid-1990s, the US National Renewable Energy Laboratory conducted studies on improving the use of microalgae for biodiesel
production, and Cyanotech began using Haematococcus pluvialis as a source of carotenoids at the end of the 1990s (Deng et al.,
2009; Mata et al., 2010). The US Department of Energy discontinued the studies in the mid-1990s due to the decrease in fossil
fuel prices.

In 2008, ABDEB started reinvesting in research on biofuels (Deng et al., 2009). Nowadays, various companies are
conducting research to commercialize algae-based fuels. For instance, Exxon Mobil has allocated a budget of 600 million dollars
for algae fuel production (Chisti et al., 2011). Origin Oil has conducted studies that have reduced production costs to as low as
0.60%/L (Gendy & EI-Temtamy 2013). According to a report by Singh & Gu (2010), 78% of companies producing algae fuel are
located in the United States, 13% in Europe, and 9% in other regions. In 2009, the United States led the microalgae production
sector with a 47% share. Most of the microalgae produced in the United States are used in the pharmaceutical and cosmetic
industries, with a smaller portion used for algae-based fuel production. China is in second place in algae production with a 21%
share, using all of its production in the food sector. Australia and New Zealand follow with a 14% share, with New Zealand
being the most effective in using microalgae for biofuel production. The European Union countries, Argentina, and Brazil follow
in the rankings (Figure 8).

Argentina 6% Brazil 2%

European Union
Countries 10%

USA 47%

Australia and

China 21%/

Figure 8. Microalgae production quantities of countries (%) (FAO, 2009).

While microalgae cultivation falls under the definition of aquaculture, serious investments should also be made in other
sectors (Energy, Cosmetics, etc.) for microalgae cultivation. The cultivation of microalgae species such as Spirulina spp.,
Chlorella spp., Haematococcus pluvialis, and Nannochloropsis spp. has turned into large-scale commercial production and is
produced especially for use as nutritional supplements for humans and other purposes. According to FAO data, countries with
large-scale microalgae farms include Australia, the Czech Republic, France, Iceland, India, Israel, Italy, Japan, Malaysia,
Myanmar, and the United States (Figure 9, Figure 10, Figure 11, Figure 12, Figure 13).
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Figure 9. Green Fuel Tech Aurora Biofuels Gmbh, Arizona, Algae Production Facility (Gezici, 2012).
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Figure 11. Otto Pulz Microalgae Production Facility in Germany (Gezici, 2012).

In recent years, algae production facilities have been developed on a larger scale using open and closed photobioreactors
(Figure 2) compared to previous years.

Production Status of Microalgae in Tiirkiye

Scientific studies related to microalgae in Tirkiye are mainly focused on larval feed production and monitoring
eutrophication in marine surface waters. Additionally, there are ongoing photobioreactor design studies for food and active
substance production at the Department of Biomedical Engineering at Ege University. Microalgal biomass production has begun
in Tirkiye, particularly at Ege University (Figure 12); however, there is a lack of research on energy production using microalgae.

Figure 12. Ege University Microalgae Production Greenhouse (Gezici, 2012).

In Tirkiye, scientific studies on microalgae are mostly carried out for larval feed production and monitoring
eutrophication in surface waters. In addition, the Department of Biomedical Engineering at Ege University conducts
photobioreactor design studies for food and bioactive substance production. Microalgal biomass production has also started in
Tirkiye, particularly at Ege University (Figure 12); however, there is not enough research on energy production.

One of the few studies in this field is the TUBITAK-funded "Innovative Approaches to Microalgal Biomass Production™
project, which started in April 2010 under the Gebze Institute of Technology. In addition, experiments are carried out to
investigate biomass and oil production along with nutrient consumption rates and CO- absorption rates by propagating algae
samples collected from different natural environments and from the waste water of the Omerli Municipal Wastewater Treatment
Plant at specific intervals. Harvesting, or the successful and cost-effective separation of algae from water, is crucial for the
success of this process. None of the commonly used industrial approaches have been economical or suitable for large-scale
microalgal production (Asla et al., 2016).
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Many private companies in Tirkiye are conducting research on microalgae individually or in partnership with the
government. One such company is Ege Biotechnology Inc., which produces high yielding microalgal species in its laboratories
and has a collection of approximately 30 microalgal species. Algal fuel is produced at the Production Facilities (Figure 13)
owned by Ege Biotechnology Inc. in Bergama. Laboratory units were established at the Production Facilities in Bergama of Ege
Biotechnology Inc. with support from KOSGEB to determine the conformity of the obtained algal fuel with standards. Another
organization supporting this project, the Environmental Research and Application Center (CEVMER) at Dokuz Eyliil University,
will provide contaminated water to be used in microalgae production and will determine the chemical and physical properties of
this water and the water after microalgae culture. In addition, it will contribute to oil extraction and the processes involved in
algal fuel production (Gezici, 2012).

Figure 13. Ege Biotechnology Inc. Microalgae Production Facility (Gezici, 2012)
DISCUSSION

Finding renewable energy sources is one of the main research topics for scientists. Currently used energy sources are
decreasing and the concern about not being able to meet the demand in the coming years is increasing. Therefore, it has become
inevitable to find and develop new energy sources, and algae have become the focus of attention. Industrial and domestic waste
pollute water and wastewater treatment is becoming increasingly important. In order to find solutions to heavy metal pollution
caused by pollution in wastewater, the use of algae is evaluated and their use is becoming more widespread. Additionally, the
use of microalgae for energy production reduces wastewater costs, so the use of microalgae in wastewater treatment has also
become important.

When the polluting effect of human activity on the environment and the factor of global warming come together, our
biodiversity is subject to destruction. Therefore, the current algae culture established to preserve the existing biodiversity is
inadequate. In Tiirkiye, the existence of the Istanbul Microalgae Biotechnology R&D Unit (IMBIYOTAB) at Bogazici
University and the algae culture collections belonging to Ege University are not considered sufficient compared to other
countries. Although Tiirkiye's rich algae diversity has been observed in studies on the country's algae flora, the algae culture
collection is inadequate. When looking at the studies conducted in our country, most of them consist of laboratory-scale or
different modeling of strains studied abroad. This situation does not allow for the observation of positive and negative results
that may arise in different strains. In addition, studies conducted under laboratory conditions can only be recorded as scientific
studies, as they cannot be commercialized due to problems with finding resources, costs, and insufficient support from public
institutions. When looking at the studies conducted in our country over the past quarter-century, there are many valuable
academic studies and scientists researching freshwater and saltwater sources, and algae flora. However, when looking at the
world, it is seen that we are far behind in terms of time and more studies and support are needed. In this context, a strategy that
encourages breakthroughs in energy and other areas that can be realized with R&D and innovative approaches should be
implemented to go beyond these goals in Tiirkiye. When looking at our country's energy policies, increasing economic,
environmentally friendly, and renewable energy sources is the most important goal. In this direction, the use of national and
environmentally friendly energy sources and the use of algae in fields such as agriculture, industry, cosmetics, and animal feed
are of great importance.

CONCLUSION AND RECOMMENDATIONS

The development and widespread use of microalgae for energy production is likely to be an alternative to fossil fuels in
the future. Microalgae production for commercial purposes is limited in Tiirkiye, with most of the research being conducted in
laboratory-scale scientific studies. Although many wastewater treatment studies are being carried out with microalgae in the field
of environmental engineering, some universities are also working on biofuel production. The benefits of using microalgae for
sustainable environment and renewable energy are clear, and microalgae will be a priority microorganism in many areas
(environment, energy, and economy) in the future. Therefore, funding should be allocated for algae biotechnology studies in
Tiirkiye, and large-scale algae ponds should be established with the support of public institutions and enterprises under the
leadership of trained scientists in suitable areas. Efforts should be made to develop suitable areas and systems to increase
production.
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Makale Bilgisi 0Oz
. Giliniimiizde kullanilan bir¢gok materyal, ucuz maliyeti, islenme kolayligi, dayanikliligi ve
Alinis tarihi: e et e o . . .
elverisliligi gibi nedenlerle gerek ana hammadde gerekse yan liriin olarak yaygin bir sekilde plastik
09/ 06/202_3_ icermektedir. Bu yaygin kullanim, kaginilmaz olarak kiiresel 6lgekte toplam plastik {iretimini ve
Kabul tarihi: buna bagl olarak atik plastik miktarin1 giin gectikce attirmaktadir. Atik plastikler en nihayetinde
24/06/2023 dogaya karisarak, bircogu dogada ¢6ziinmedigi veya ¢ok ge¢ ¢6ziindiigii i¢in, uzun siire mevecudiyet
Anahtar Kelimeler: gosterebilmektedir. Bu mevcudiyet, beraberinde 6nemli sorunlar getirmektedir. Bu sorunlarin en
o Plastik onemlilerinden birisi ve gliniimiizde en ¢ok {izerine yogunlasilani; plastiklerin canli yasamina olan

etkisidir. Sorun teskil eden en 6nemli plastik gruplarindan biri ise boyutlari nedeniyle canli
viicuduna alinmasi ihtimali yiiksek olan mikroplastiklerdir. Mikroplastikler, genel olarak 5 mm’den
kiiciik olan plastikler olarak tanimlanmaktadir. Mikroplastikler, sucul ekosistemlere dogrudan
katilabildigi gibi, bilyiik boyutlardaki plastiklerin dogal siiregler sonucunda pargalanarak
dagilmasiyla da ortaya ¢ikabilmektedir. Bunlar ¢esitli yollarla canlilarin viicutlarina girerek birtakim
fizyolojik ve kimyasal siireglerle etkilesime girebilmektedir. Nispeten yeni sayilabilecek bu konuda
literatiirde hatir1 sayilir diizeyde bilgi birikimi bulunsa da ilgilendirdigi bir¢ok hususta genel gecer
kanilara varabilmek i¢in katedilmesi gereken uzun bir yol vardir. Buradan hareketle bu derleme
makalede okuyucuya mevcut literatiir verileri 1s18inda bugiine dek katedilen yolda elde edilen
bilgilerin aktarilmasi ve mikroplastiklerin gevresel etkisini azaltmaya yonelik ¢aligsmalar igin ilgili
otoritelerin dikkatinin ¢ekilmesi amag¢lanmigtir. Bu amaglara ulagmak i¢in mikroplastiklerin
tarihgesi, siniflandirtlmasi, kaynaklari, dogaya karismasi, yayilimi, canlilar tarafindan alinimi,
canlilara olan etkileri ve ¢evresel riskleri arastirilmistir.

Microplastic Pollution and its Effects on Freshwater Ecosystems

Avrticle Info Abstract
Due to its inexpensiveness, ease of processing, durability, and convenience; plastic is widely used

o Mikroplastik
o Kirlilik
o Risk

Received: either as main or side raw material in many materials used today. This widespread use inevitably
09/06/2023 increases the total global plastic production and accordingly the amount of plastic waste each day.
Accepted: Waste plastics eventually enter into the environment and last for a long time, as many of them
24/06/2023 biodegrade slowly or do not biodegrade at all. This presence brings along important problems. One
Keywords: of the most important of these problems and the most focused on today is the effect of plastics on
o Plastic Iife.. One of t_he most important plastic groups that poses a problem on the otr_ler hand _is microplgstics,
« Microplastic whl_ch are hlghl_y likely to be uptaken mt_o the bo_dy due tp their size. Mlcropla;tlcs are typically
« Pollution defined as plastics smaller than_5 mm. !\/I_lcroplastlcs can_dlrectly enter into aquatic ecosystems, as
« Risk well as emerge when large plastics are disintegrated and dispersed as a result of natural events. These

can enter the bodies of living beings in various ways and interact with certain physiological and
chemical processes. Although there is a considerable amount of knowledge in the literature on this
relatively new topic, there is still a vast ground to cover in order to conclude a consensus on many
issues it concerns. From this point of view, in this literature review, it was aimed to convey the
information obtained so far in the light of the current literature data to the reader and to attract
attention of the relevant authorities for the efforts aimed at reducing the environmental impact of
microplastics. To reach these aims, microplastics’ history, classification, sources, entrance into the
nature, spread, uptake by living beings, effects on living beings, and environmental risks are
discussed.
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GIRiS

Mikroplastikler, 6zellikle son yillarda deniz ve tatli su ekosistemlerinde sik ve her yerde bulunmalari nedeniyle 6nemli
bir ¢evresel sorun haline gelmistir. Bu nedenle biyota muhtemelen mikroplastiklerle karsilasacak ve onlarla etkilesime girecektir.
Bununla birlikte, yakin zamana kadar plastik kirliligi izerine yapilan arastirmalarin ana odak noktasi deniz ortami olmustur. Bu
durum son yillarda degismeye baglamistir ve artik dikkatler hem karasal (Lambert vd., 2014; Rillig, 2012) hem de tath su
ortamlarina (Lambert vd., 2014; Wagner vd., 2014; Eerkes-Medrano vd., 2015) ¢evrilmistir. Yapilan bu izleme ¢aligmalarinda
nehir kiyilari, ylizey sular1 ve nehirlerin, gollerin ve rezervuarlarin tortulari dahil olmak {izere tatli su sistemlerinde
mikroplastikler olarak adlandirilan mikroskobik plastik kalintilarinin miktarini belirlenmistir (Zbyszewski ve Corcoran, 2011;
Klein vd., 2015). Deniz sistemlerine kiyasla ¢ok daha az veri mevcut olmasina ragmen, bu ¢aligmalar mikroplastiklerin her yerde
bulundugunu ve konsantrasyonlarin karsilastirilabilir oldugunu vurgulamaktadir (Klein vd., 2017). izleme verilerinin yan sira,
ekotoksikolojik ¢aligmalar temel olarak gesitli tiirler tarafindan mikroplastik alimini ve bunlarin yasam dongiisii parametreleri
tizerindeki etkilerini aragtirmistir (Ogonowski vd., 2016; Green vd., 2016). Calismalarin ¢gogunda polietilen ve polistirenin
birincil mikroboncuklari kisa siireli maruz kalmalar {izerinden yiiksek konsantrasyonlarda (Phuong vd., 2016) kullanilmis olsa
da, mikroplastiklerin tath su ekosistemleri i¢in risk olusturabilecegine dair bazi kanitlar vardir (Scherer vd., 2017).

Bu nedenle bu derlemede, mikroplastiklerin tatlisu ortamlarina olasi etkileri iizerine genel bir bakig sunulmaya
calisilacaktir.

Mabhiyetleri Bakimindan Plastikler ve Mikroplastikler

Mikroplastikler, mengei, malzeme tiirii, pargacik boyutu ve parcacik sekli gibi cok cesitli bireysel 6zelliklere sahip
heterojen bir kirletici sinifi oldugundan temel boyutu ile derinlemesine incelenmesi gerekmektedir. Cilinkii seri liretimin
miihendislik metotlari ile birlesen yeni sentetik kimyasallarin iiretilmesi, plastigi modern zamanlarin en popiiler malzemelerinden
biri haline getirmistir.

Giintimiizde plastik malzemelerin baglica kullanimi kauguk teknolojisinin gelismesiyle birlikte 1800'lere kadar
dayanmaktadir. Bu alandaki en 6nemli atilimlardan biri, Charles Goodyear (Stevenson vd., 2008) tarafindan dogal kaugugun
vulkanizasyonunun kesfedilmesi olarak goriilmektedir. 1800'ler boyunca polistiren (PS) ve polivinil kloriir (PVC) dahil olmak
tizere sentetik polimerler gelistirmek i¢in bir dizi girisimde bulunulsa da kirilganliklari ya da sekillerinin bozulmasi gibi
sebeplerden dolayi ticarilesememistir. Seri iiretime giren ilk sentetik polimer, 1909 yilinda olmustur (Vlachopoulos ve Strutt,
2003).

Daha sonra, 1930'larda PVC'nin modern bigimleri, polietilen tereftalat (PET), poliiiretan (PUR) ve daha islenebilir bir
polistiren tiretilmistir (Brandsch ve Piringer, 2008). Devam eden siirecte 1950'lerin baslarinda yiiksek yogunluklu polietilen
(HDPE) ve polipropilen gelistirilmistir. 1960'larda, malzeme bilimlerindeki ilerlemeler, sekerlerin ve lipidlerin bakteriyel
fermantasyonu gibi dogal kaynaklardan (Lambert, 2015) iiretilen ve polihidroksialkanoatlar (PHA), polilaktitler (PLA), alifatik
polyesterleri igeren plastik malzemelerin gelistirilmesine yol agmustir. Plastik ve tiirevlerindeki gelisim ivmesi giiniimiizde dev
bir sektdr olmanin 6tesinde hayatin her asamasinda nerdeyse yok denecek kadar az kullanim alani ile gevresel agidan biiytlik
tehlike arz etmeye baslamustir.

Plastikler, polimerlere dayali islenebilir malzemelerdir (Baner ve Piringer, 2007) ve onlari amaca uygun malzemeler
haline getirmek i¢in genellikle bir dizi kimyasal katki maddesi ile islenirler. Bu bilesikler, malzemelerin 6zelliklerini ayarlamak
ve kullanim amagclarina uygun hale getirmek icin kullanilir. Bu nedenle, polimer siniflandirmalar i¢inde plastik malzemeler,
birlestirildikleri katki maddelerinin tiirline ve miktarina bagl olarak yap1 ve performans acisindan hala farklilik gosterebilir.
Daha yakin zamanlarda, teknolojik gelismeler, artik plastik nanokompozitler iireten nano 6lgeklere dayali yeni element
uygulamalarinin gelisimini gormiistiir (Lambert ve Wagner, 2018).

Bununla birlikte yeni ortaya ¢ikan ve birgok kaynakta kendini gsteren mikroplastik kavrami plastiklerin ¢esitlerinin ve
tiirlerinin yan1 sira boyutlari itibari ile siniflandirilmasi gerekliligini de ortaya koymustur.

"Mikro plastikler" terimi, genellikle en uzun ¢ap1 5 mm’den kii¢iik olan ve ¢cogu yazar tarafindan kullanilan tanim olan
plastik parcaciklarini ifade eder (Lambert ve Wagner, 2018).

Mikroplastik teriminin, yalnizca mikrometre boyut araliginda (Andrady, 2011; Browne vd., 2011) partikiilleri igerecek
sekilde 1 mm'den kii¢iik maddeler olarak yeniden tanimlanmasi ve 1 ile 2.500 mm arasindaki maddeleri hesaba katmak igin
'mezoplastik’ teriminin getirilmesi Onerilmistir (GESAMP, 2015). Lambert vd. (2014) makroplastikleri 5 mm’den biiyiik,
mezoplastikleri 1-5 mm, mikroplastikleri 0,1-1 mm arasinda ve nanoplastikleri ise 0,1 pum’dan kii¢iik parcaciklar olarak
tanimlamugtir. Bununla birlikte, 5 mm'lik st sinir genel olarak kabul edilmektedir. Ciinkii bu boyut, organizmalar tarafindan
kolayca sindirilebilen bir dizi kiigiik partikiil i¢erebilir (GESAMP, 2015).

Plastik ve Mikroplastik Kaynaklari, Cevreye ve Sulara Tasinimi ve Yayillim

Plastikler, ¢ok cesitli kaynaklardan ¢evreye atik olarak girebilmektedirler. Karasal ¢op atma faaliyetleri bugiin 6nemli
bir ¢evresel ve kamusal sorun haline gelmistir (Seco Pon ve Becherucci, 2012; Njeru, 2006). Buna bagl olarak atik yonetimi
artan diinya niifusuna karsin ¢ok ciddi bir konu olarak ortada durmaktadir. Diinyanin gesitli bdlgelerindeki atik ydnetimi
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uygulamalar1 da farklilik gostermektedir (Lambert vd. (2014). Bu da atigin mahiyeti, uygulamalar ve toplumsal bakis agisini
ortaya koymaktadir. Toplu plastik parcalarda oldugu gibi, mikroplastikler gevreye birkag yoldan girebilir. Ornegin, tiiketici
kozmetiklerinde kullanilan birincil mikroplastikler muhtemelen zengin bolgelerde daha 6nemlidir (Lambert vd., 2014).
Mikroplastikler; (1) Atik su aritim tesislerinden gecis, kisisel bakim iirtinlerinde mikroplastik kullanimindan ya da giysilerin
yikanmasi sirasinda tekstillerden yiizey sularina salinan liflerden, (2) Atik Su Aritim Tesislerinden tarim arazilerine biyokatilarin
uygulanmas1 (Nizzetto vd., 2016), (3) yagmur suyu tasma olaylari, (4) arizi salimim (Orn. lastik aginmasi sirasinda), (5)
endiistriyel lirlinlerden veya islemlerden salinim ve (6) liflerin atmosferik birikimi (Dris vd., 2017) gibi birgok farkli kaynaktan
karisabilmektedir. Bitkisel {iretim igin kullanilan plastik filmler, 6nemli bir tarimsal emisyon olarak kabul edilir ve bunlarin
kullaniminin, tarim topraklarindaki plastik kontaminasyonunun en énemli kaynaklarindan biri oldugu diistiniilmektedir (Xu vd.,
2006a; Brodhagen vd., 2015; Kyrikou ve Briassoulis, 2007).

Toprakli tarimda avantajli bir yol olarak goriilen plastik kullanimi esasen bazi handikaplar1 beraberinde getirir. Nemi
muhafaza ederek sulamay1 azaltmak, yabanci ot biiyiimesini azaltmak, toprak besinlerini tutmak ve giibre maliyetlerini diigiirmek
ve toprak sicakligini artirarak mahsul verimini artirmak ve {iriinii olumsuz hava kosullarindan korumak i¢in bu plastik malzemler
kullanilabilmektedir (Klemchuk, 1990; Liu vd., 2014). Fakat bununla birlikte, hava kosullar1 onlar1 kirilgan hale getirebilir ve
malzemenin pargalanmasina neden olarak geri kazanilmasini zorlastirabilir ve art arda gelen yagis olaylariyla birlestiginde,
kalintilar ve parcalanmis pargaciklar biriktikleri topraga karigmasina neden olabilmektedir (Klemchuk, 1990; Liu vd., 2014; Xu
vd., 2006b). Bunlara ek olarak endiistri, sanayi, lastik tiretimi, ulagtirma faaliyetleri ve bunun gibi birgok sektorel faaliyetlerden
cevreye onemli Ol¢iilerde plastik taginimi olmaktadir.

Mikroplastiklerin ¢evresel matrislerde izolasyonu, oOzellikle tortular ve topraklar gibi yiiksek organik igerikli
numunelerle ugrasirken olduk¢a zorlayici olabilir. Benzer sekilde, sentetik polimerlerin spektroskopik olarak tanimlanmasi,
yiiksek pigment igerikleri ve partikiillerin ve liflerin ayrismast nedeniyle karmasiktir. Buna gére, mikroplastiklerin saptanmast
ve analitik olarak dogrulanmasi, gelismis ekipmana erigim gerektirir (6rnegin, mikro-FTIR ve mikro-Raman) (Klein vd., 2017).
Yakin zamandaki izleme ¢aligmalari, deniz ortamlarina benzer sekilde mikroplastiklerin gesitli tatli su sistemlerinde her zaman
ve her yerde bulundugunu ortaya koymustur.

Hig siliphesiz bu mikroplastiklerin ortama alinmasi ve ¢evresel sistem igerisinde dolasimi ve su kaynklarina taginimi da
cesitli yollarla olmaktadir.

Ortama giren bir¢ok plastik malzeme sabit kalmamaktadir. Bunun yerine, her birinde farkli kalma siireleri olan ¢evresel
boliimler arasinda (6rnegin karadan tatli suya ve tatli sudan deniz ortamlarina) taginmaktadir. Ornegin, karadan nehir sistemlerine

gecis, gecerli hava kosullarma, belirli bir nehir alanina olan mesafeye ve arazi ortiisii tipine bagh olarak degismektedir (Lambert
vd., 2014).

Mikroplastiklerin karadan suya hareketi daha sonra karadan akma veya yol kenarindaki hendeklere dagilma seklinde
gerceklesebilmektedir. Daha biiyiik plastiklerle karsilastirildiginda mikroplastikler, makroplastiklerden daha hizli bir sekilde
cesitli gevre bolmelerine tasiacaklar1 ve dagitilacaklari igin farkli bozunma oranlarina da maruz kalabilirler (Harrison vd., 2014).

Plastik bozunma siiregleriyle ilgili mevcut anlayigimizin ¢ogu, genellikle foto-,termal veya biyolojik bozunma gibi tek
bir mekanizmayi arastiran laboratuvar ¢aligmalarindan elde edilmistir (Lambert vd., 2013). Bir dizi bozunma mekanizmasinin
bir arada meydana geldigi ¢evresel kosullar altinda plastiklerin bozunmasina iligkin sinirli bilgi bulunmaktadir. Bilginin mevcut
oldugu durumlarda, bu ¢aligmalar agirlik kaybina, gerilme mukavemetindeki degisikliklere, molekiiler yapinin bozulmasina ve
spesifik polimer tiirlerini kullanmak i¢in spesifik mikrobiyal suglarin tanimlanmasina odaklanma egiliminde olmustur. Bozunma
stirecleri, aragtirtlmakta olan bozunma mekanizmasina (6rn. termal bozunma) ve olusturulan deneysel sonuca gore tanimlanir.
Aksine, pargacik olusum hizlar1 genellikle aragtirtlmaz. Bu 6nemlidir, ¢ilinkii polietilen gibi polimerler kolayca depolimerize
olmaz ve genellikle daha kii¢iik parcalara ayrisir. Bu parcalar daha sonra giderek daha kiiclik parcalara ayrilarak sonunda
nanoplastikler (Lambert ve Wagner, 2016a; Lambert ve Wagner, 2016b; Gigault vd., 2016) olusturur.

Plastik par¢alanma oranlarinin tahmini basit bir siire¢ degildir. Matematik ve fizik literatiirinde kinetik par¢alanma
modelleri aragtirilmis ve polimer bozunmasinin kinetigi, polimer bilimi literatiiriinde kapsamli bir sekilde aragtirilmstir. Fakat
genel kanaat geregince yapisi ve sekli itibari ile degismekle birlikte bu plastik tiirevlerinin ¢evresel veya sucul ekosistemde
kalicilik siireleri oldukga uzun ve kirletici boyutlari oldukg¢a yiiksektir.

Plastik ve Mikroplastiklerin Tathsu Ekosistemlerine Etkileri

Su ortamina girdikten sonra, plastiklerin hareketliligi ve bozunmasi, ana materyallerin, farkli boyutlarda pargalanmis
pargaciklarin ve diger polimer olmayan bozunma iiriinlerinin bir karigimini tiretecektir. Buna gore biyota, zaman ve mekanda
degisen karmasik bir plastik ve plastikle iliskili kimyasal karisimina maruz kalacaktir (Lambert ve Wagner, 2018).

Mikroplastikler g¢esitli organizmalar tarafindan su ortamindan ve tortudan alinabilmektedirler. Bu, dogrudan yutma
yoluyla olabilidigi gibi solungaglar vasitasi ile yani dermal alim seklinde de olabilmektedir. Tatli sularda yasayan
zooplanktonlarla ilgili yapilan c¢alismalardan birinde; Bosmina coregoni, polistiren mikroboncuklar1 (2 ve 6 um) ve alg
kombinasyonlarina maruz kaldiginda ikisi arasinda ayrim yapmamistir (Bern, 1990). Ayni ¢aligma, Daphnia cucullata'nin, ayni
boyuttaki alg hiicreleriyle kombinasyon halinde polistiren mikroboncuklarina (2, 6, 11 ve 19 um) maruz kaldiginda, daha kiictiik
iic boyut sinifi i¢in benzer filtreleme oranlar1 sergiledigini ortaya koymustur.
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Organizmalarin mikroplastik alimi1 nedeniyle fiziksel strese maruz kalma derecesi parcacik boyutuna baglidir. Ciinkii
tortu veya gida parcaciklarindan daha biiyiik parcaciklarm sindirilmesi daha zor olabilmektedir (Besseling vd., 2013). ilave
olarak, partikiil sekli de 6nemli bir parametredir. Clinkii daha igne benzeri bir sekle sahip partikiiller i¢ ve dig ylizeylere daha
kolay tutunabilmektedirler. Mikroplastiklerin dolayl etkileri, boyutuna ve sekline bagli olabilen fiziksel tahrisi igerebilir. Daha
kii¢iik, daha koseli pargaciklarin yerinden ¢ikarilmasi, diiz kiiresel pargaciklardan daha zor olabilir ve solungaglarin ve sindirim
sisteminin tikanmasina neden olabilmektedir. Yapilan bir arastirmada, D. magna'ya mikroplastik maruziyetinin kronik etkileri
degerlendirilmistir (Ogonowski vd., 2016). Ikincil mikroplastiklere (ortalama pargacik boyutu 2,6 um) maruz kalma, yalnizca
cok yiiksek mikroplastik seviyelerinde (105.000 parg¢acik L) yiiksek mortaliteye, artan kulugkalar arasi siireye ve azalan
iiremeye neden oldugu ortaya koyulmustur. Buna karsilik protokolde, karsilik gelen birincil mikroplastiklerde (ortalama pargacik
boyutu 4,1 um) higbir etki gdzlenmedigi bildirilmistir (Ogonowski vd., 2016).

Bununla birlikte sucul yasam canlilarindan olan midyelerden yengeglere trofik bir mikroplastik transferinin meydana
gelebilecegini One siiren bazi ¢aligmalar da vardir (Farrell ve Nelson, 2013). Mavi midye, Mytilus edulis, 0,5 um polistiren
kiirelerine (yaklasik 1 milyon partikiil ml™') maruz birakilmis ve yengeglere (Carcinus maenas) yem olarak verilmistir. Yengeg
hemolenfindeki en yiiksek partikiil konsantrasyonu (15.033 partikiil ml™) 24 saat sonra tespit edilmis, 21 giin sonra ise bu
konsantrasyon midyelere verilen konsantrasyonun %0,027'si olan 267 partikiil ml? olarak rapor edilmistir. Baska bir ¢aligma,
1.000, 2.000 ve 10.000 partikiil ml* gibi ¢ok daha diisiik konsantrasyonlarda polistiren mikroboncuklar (10 um) kullanilarak
mesoto makro-zooplanktondan mikroplastik transferinin potansiyelini gostermistir (Setédld vd., 2014). Atilim oranlari mevcut
olmadigindan ve mikroplastik alimi genellikle sindirim sisteminde (yani bir organizmanin dokularinda degil, disinda) bulunan
pargaciklar olarak tanimlandigindan, mikroplastiklerin trofik transferinin ayni zamanda bir biyoakiimiilasyona mi1 yoksa
biyobiiylitmeye mi yol agtig1 simdiye kadar agik degildir.

Bununla birlikte, mikroplastiklerin avdan avciya kesinlikle aktarilacagi ve bunun belirli durumlarda avcinin viicudunda
daha uzun siireler boyunca tutulabilecegi agiktir.

Buradan hareketle 6nemli bir merak konusu, organizmalarin dogal olarak olusan mikropartikiilleri ne dl¢iide tiikettigi
ve etkilerin mikroplastiklere kiyasla nasil oldugudur (Scherer vd., 2017). Ciinkii dogal olarak olusan parcaciklar su
ekosistemlerinin 6nemli bir bilesenidir ve konsantrasyon, parcacik boyutu dagilimi, sekli ve kimyasal bilesimi gibi parcacik
ozellikleri ve ayrica maruz kalma siiresi, bunlarin sucul topluluklarla etkilesimlerini belirlemede giiclii bir rol oynar (Bilotta ve
Brazier, 2008).

Genel olarak, ekosistem isleyisine yonelik daha genis etkileri belirlemek i¢in hiicresel diizeydeki tepkiler ile popiilasyon
diizeyindeki etkiler arasindaki iligkilerin anlagilmast 6nemli olacaktir. Degerlendirilecek noktalar hem biyolojik yonlerle
(molekiiler hedef, etkilenen u¢ noktalar) hem de mikroplastiklerin fiziksel ve kimyasal 6zellikleri gibi pargacik yonleriyle
ilgilidir. Mikroplastiklerin biyoyararlanimi ve mikron alt1 olanlarin hiicrelere penetrasyonu dikkate alinmasi gereken faktorlerdir
(Lambert ve Wagner, 2018).

Bunlarin yani sira sizinti kimyasallarin etkilerinin de ortam agisindan degerlendirilmesi konunun izahi agisindan
onemlidir. Clinkii sizint1 kimyasallar1 alic1 ortam agisindan 6nemli 6l¢iide problem olusturmaktadir.

Baslangi¢ maddelerinin ve monomerlerin, katalizérlerin, ¢oziiciilerin ve plastik malzemelerden sizan katki maddelerinin
cevresel etkilerini degerlendirmek kolay degildir (Muncke, 2009). Sizdirilabilir bilesiklerin karisim bilesimi ve konsantrasyonu,
alic1 ortamlarin fiziksel, kimyasal ve biyolojik kosullarina baglidir.

Deiyonize su kullanilarak plastik {iriinlerden suda ¢oziiniir bilesenlerin siiziilmesi, plastiklerin neden oldugu ¢evresel
tehlikelerin profilini ¢ikarmak i¢in yararli bir yontem olarak kabul edilir (Lithner vd., 2012; Lithner vd., 2009). Lithner ve ark.
bu tiir sizint1 sularii, D. magna'ya karst akut toksisitelerini degerlendirmek icin dogrudan toksisite testi yaklasiminda
kullanmislardir (Lithner vd., 2012; Lithner vd., 2009). Ornegin, 10 L kg™ bir stvi-kat1 oran1 ve 24 saatlik bir maruziyet ile,
polivinil kloriir, poliiiretan ve polikarbonattan gelen sizint1 sularinin, en toksik ECso degerlerini 5-69 gr plastik L araliginda
tespit etmislerdir (Lithner vd., 2009). Daha yiiksek sivi/kat1 oranlar1 ve daha uzun siizme siireleri, plastiklestirilmis PVC ve
epoksi regine iiriinlerinden gelen sizint1 sularinin 2-235 g plastik L ' ECso degeri ile en toksik etkiyle sonuglanmistir (Lithner
vd., 2012).

Yapilan bagka bir galismada; Bejgarn vd. (2015), toz haline getirilen ve iizerinde yapay hava kosullar1 uygulanan
plastiklerin, kati/sivi oram1 10 olacak sekilde 72 saat siireyle bir deniz kopepdou olan Nitocra spinipes’e olan etkilerini
aragtirmislardir. Bejgarn vd. (2015), farkli PVC materyallerden gelen sizintilarin toksisitesinin degiskenlik gosterdigini bulmus
ve paketlemede kullanilan PVC’nin yapay hava kosullar1 uygulamasindan sonra toksik etkisinin arttigini, bahge hortumunda
kullanilan PVC’nin toksik etkisinin ise yapay hava kosullar1 uygulamasindan sonra azaldigini tespit etmislerdir. Bu ¢aligma ayni
zamanda sizabilen PVC'nin karmasik bir madde karisimi oldugunu ve ilging bir sekilde klor iceren kiitle parcalarinin
tanimlanmadigini gostermistir. Pargalanan iiriinlerin ve kimyasal gogilin neden olabilecegi potansiyel fizikokimyasal cesitlilikten
otiirii bu tarz sizintilarin karakterizasyonu oldukca zor olmaktadir. Gida ile temas eden maddelerden gelen kimyasal gog
iiriinlerinin tanimlanmas igin bir test protokolii gelistirilmistir. Bu protokol; ugucu, yar1 ugucu ve ugucu olmayan maddeleri
tespit etmek i¢in isabetli kiitle ve formiil tahmini yapabilen LC-TOF-MS ve GC-MS teknikleri birlestirilerek tiretilmistir (Bradley
vd., 2008; Bradley vd., 2009).

Genel olarak, bu calismalarda kullanilan plastik malzemenin sivi/kati orani, ¢evresel izleme ¢aligmalar sirasinda tipik
olarak tamimlanandan daha yiiksektir. Bununla birlikte, tehlikeli monomerlerden ve katki maddelerinden imal edilen
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malzemelere uygulandiginda bu tiir bir tarama, etkin bir sekilde degistirilebilmeleri igin ilgili bilegiklerin tanimlanmasini
kolaylastirabilir.

Hig siiphesiz plastik ve tlirevlerine iligkin biyolojik etki ¢aligmalarinda en 6nemli ayaklardan birisini mikrometre alt1
plastikler olugturmaktadir. Clinkii mevcut hem boyutlart hem de yayilimlari agisindan daha gelismis analiz teknikleri ve ileri
diizeyde calismalar ile tespiti gerekli olan farkli bir karaktere sahiptirler.

Plastik malzemeler, kullanimlarina bagl olarak, ekosistem isleyiginde kritik bir rol oynayan bakteri ve mantarlar gibi
organizmalar igin toksik olabilecek antimikrobiyal maddeler ve nanomalzemeler gibi bilesikler icerebilir. Mikroskobik
parcaciklarin, sizan katki maddelerin ve diger bozunma iirlinlerinin bir kombinasyonunun, sucul ve karasal organizmalara karsi
mevcut analiz metotlarinda tespit edilmesi veya tanimlanmasi zor olan ince etkilere neden olmast miimkiindiir. Bozunma
sirasinda mikron alti ve nanometre boyutlarinda plastik parcaciklarin ortaya ¢ikmasi oldukga olasidir (Lambert vd.., 2014;
Andrady, 2011; Lambert ve Wagner, 2016a; Mattsson vd., 2015; Syberg vd., 2015).

Tasarlanmig nanopargaciklar hiicre zarlarini gegebilir ve i¢sellestirilebilir. Bunlar boyutlarina bagli olarak endositoz
veya fagositoz yolu ile alinabilmektedir (Nowack ve Bucheli, 2007). Hiicre i¢ine girdikten sonra tasarlanmis nanopargaciklar
vezikiiller ve mitokondri i¢cinde depolanir ve bir etki olusturabilir (Nowack ve Bucheli, 2007). Hiicresel tepkiler oksidatif stres,
antioksidan aktivite ve sitotoksisiteyi igerir (Oberdérster vd., 2006). Toksisite degerlendirmeleri agisindan, nano-boyut
araligindaki mikroplastiklere 6zgii olabilecek absorpsiyon, dagilim, metabolizma ve bosaltim mekanizmalarinin molekiiler ve
hiicresel yollarinin ve kinetiklerinin anlagilmasina ihtiya¢ vardir.

Desai vd. (1997) tarafindan yapilan bir ¢alismada bir polilaktik poliglikolik asit kopolimerinin 100 nm partikiillerinin,
ayni malzemeden yapilmis 10 um partikiillere kiyasla bir in vitro hiicre kiiltiiriinde hiicre i¢i alimin on kat daha yiiksek oldugunu
gostermistir. Tasarlanmis nanopargaciklarin ayrica memeli ve balik sistemlerinde sitotoksik, genotoksik, enflamatuar ve
oksidatif stres tepkileri tirettigi gosterilmistir (Dhawan vd., 2011).

Handy vd. (2008) tarafindan yapilan bir literatiir taramasinda baliklarda hedef organlar olarak solungaglari, bagirsagi,
karacigeri ve beyni ve ayrica oksidatif stres, karacigerde tiimor olusumuyla uyumlu hiicresel patolojiler, bazi organa 6zgii iyon
diizenleyici bozukluklar ve vaskiiler dahil olmak iizere bir dizi toksik etkiyi vurgulamigtir. Bazi plastiklerin karmasik kimyasal
yapisi ve birlikte olusan kirleticileri absorbe etme yetenegi dikkate alindiginda, mikroplastikler i¢in bu u¢ noktalarin deneysel
olarak aragtirilmasi olduk¢a 6nemlidir.

Plastik ve Tiirevlerinin Olusturdugu Cevresel Risklerin Degerlendirilmesi

Cogu iilkede kimyasal risk degerlendirmeleri, maruz kalma ve etki Olgiitii olarak ilgili maddelerin kiitle
konsantrasyonlarina dayanir. Literatiirde, yayilacagi tahmin edilen parcaciklarin kiitle konsantrasyonlari, tasarlanmis
nanopargaciklarin risklerini degerlendirmek i¢in kullanilmistir (Boxall vd., 2007; Musee, 2011). Bu yaklasimlar, parcaciklarin
farkli ¢evresel boliimler arasinda transfer olmaksizin esit olarak dagildigim varsayar. Bu yaklasim, Gottschalk vd. (2009)
tarafindan, gelistirilerek kullanilan farkli bolmeler arasindaki emisyon akislarini modellemek igin transfer katsayilarini ve
sedimantasyon hizlarini1 dahil etmislerdir. Bununla birlikte, bu tiir bir yaklagim, anlamli bir maruz kalma degerlendirmesi
gerceklestirmek i¢in birincil mikroplastik {iretim seviyeleri, endiistriyel uygulamalar ve kullanimlar, tiiketici tiriinlerindeki
seviyeler, atik su aritimindaki akibet, depolama alanlarina desarj ve gevresel akibet ve dagilim modellemesi hakkinda kapsamli
bilgiler gerektirmektedir. Tkincil mikroplastikler i¢in bir maruz kalma degerlendirmesi, izleme verileri gerektirecektir. Ancak
saha calismalarinda bildirilen boyut araliklari genellikle kullanilan 6rnekleme teknikleri tarafindan kisitlandigindan bu
engellenmektedir (GESAMP, 2015).

Mikroplastiklerin kimyasal bilesimlerine dayali olarak degerlendirilmesi de 6nemli bir zorluk teskil eder. Clinkii
kimyasal olarak mikroplastikler bir karisim olarak kabul edilir. Kimyasal bilesimine dayali olarak poliiiretan icin risk
degerlendirmesinin basitlestirilmis bir 6rnegi Tablo 1'de verilmistir. Poliiiretan esnek kopiik silteler ve araba koltuklari i¢in
kullanilan ve {i¢ monomerin birlestirilmesinden olusan, %18'e kadar alev geciktirici igeren bir yapiya sahiptir (Alaee vd., 2003).
Karisimin tiim bilesenleri i¢in tahmin edilen gevresel konsantrasyon tahmin edilen etkisiz konsantrasyon oranlarina dayanan
ornek bir risk degerlendirmesi daha sonra bir risk katsayisini hesaplamak i¢in kullanilir. Bu 6zel 6rnek i¢in risk katsayisi birden
kii¢iiktiir; ancak bu tiir bir degerlendirme, kat1 parcaciklarin fiziksel tahriginden kaynaklanan potansiyel olumsuz etkileri hesaba
katmaz. Bu durumda, tasarlanmig nanoparcaciklarda oldugu gibi mikroplastikler i¢in risk degerlendirmesinin belirli zorluklar
icerdigi acikca ortaya ¢ikmaktadir (Brennholt vd., 2017).

58



Bozma et al, Menba Journal of Fisheries Faculty. 2023; 9(1): 54-62

Tablo 1. Alev geciktirici olarak Tetrabromobisphenol A (TBBPA) igeren esnek Poliiiretan kopiigiin kimyasal bilesenlerine

dayanan farazi bir kimyasal karigim risk degerlendirmesi (birimler mg/L'dir)(Lambert ve Wagner, 2018).

1. Monomer 2. Monomer 3. Monomer 1. Katki Maddesi
Propilen oksit Etilen oksit Toluen diizosiyanat TBBPA

LCso alg 307 502 3,79 0,19

LCso daphnia 188 278 2,61 0,02

LCsp balik 45 58 3,91 0,02

TEK (DF=1000) 0,045 0,058 0,003 0,000002

TCK (¢6ztinmiig | 0,00067 0,00067 0,00067 0,0000032

bilesik)

RKrek/rek 0,015 0,012 0,257 0,160

Karigim RK 0,443

Bu 6rnek tablo i¢in LC50 (ortanca dliimciil konsantrasyon), EPI Suite ECOSAR modeli kullanilarak hesaplanmustir;
DF: Degerlendirme faktorii
TCK: Tahmin edilen ¢evresel konsanstrasyon
TEK: Tahmin edilen etkisiz konsantrasyon
RK: Risk katsayisi
Monomerlerin TCK degerleri ECHA’nin propilen oksite dayali risk degerlendirmesine dayanmaktadir (European
Commission, 2002).

TBBPA’nin TCK degeri Birlesik Krallik gdllerinde 6lgiilen maksimum konsantrasyonlara dayanmaktadir (Harrad vd.,
2009).

Cevresel sistemlerdeki mikroplastiklerin farkli partikiil boyutlari, bu sistemlerde yasayan organizmalar i¢in farkl riskler
sunmaktadir. Ornegin, kiigiik planktonla beslenen balik tiirleri, nano 6lgekten 5 mm veya daha biiyiik mikroplastiklere kadar
mikroplastiklerle karsilagabilir. Balik daha biiyiik parcaciklardan kaginabilir, ancak beslenirken kiigiik pargaciklar yutulabilir.
Filtreyle beslenen organizmalar igin st boyut sinir1, belirli bir organizmanin dogal olarak yutacagi par¢aciklarin boyutuna bagh
olacaktir. Mikroplastiklerin risk degerlendirmesi bu nedenle pargacik boyutuna dayali olabilir. Arvidsson (2012) tarafindan
verilen bir 6rnekten yararlanan Kutucuk 1’de basitlestirilmis varsayimsal bir durum sunulmaktadir. Bu yaklagim, o pargacik
boyutu araligindaki en hassas tiirler i¢in boyut siniflarina ve pargacik konsantrasyonuna dayali olarak mikroplastiklerin zararla
ilgili esikleri hakkinda bilgi oldugunu varsaymaktadir. Bununla birlikte, ¢evresel riski tanimlamak i¢in pargacik boyutunun
kullanim1 o kadar basit olmayabilir. Ciinkii mikroplastikler ¢cevrede tek dagilimli degildir (Lambert ve Wagner, 2018).

Kutucuk 1: Parcacik boyutlarina gore Mikroplastiklere iliskin risk degerlendirmesi icin farazi bir vaka.
Bir goliin, <5 mm boyutlarinda mikroplastikler i¢in 10.000 parcacik/L TCK degeri var ve bu parcaciklarin TEK degerinin 1.000
parcacik/L oldugu farzediliyor. Ayrica, alt sinir ayni kabul edilerek TCK nin %1’inin 1 mm’den kiigiik pargaciklardan olustugu

farzediliyor; buna gére RK, parcacik boyutlarinin iist siniriyla asagida verildigi gibi belirlenir:
PEC  10.000

RKjst sinir—ssmm = m ~71.000 =10(>1)
PEC 100
RKst sinir—s1mm = m = m =01(<1)

Daha sonra iist sinirin ayarlanmasiyla risk olup olmadigi belirlenir.

SONUC

Bu literatiir arastirmasinda mikroplastiklerin genel yapilari, ¢evresel etkileri ile bu pargaciklarin sucul ekosistemlerde
etkilerine iliskin degerlendirmeler yapilmistir. Bu etkilerin miktar1 ve mahiyetinin ¢evresel girdilerin cografi dagilimlari, kisi
bagina plastik kullanim miktarlari, demografik ve niifus 6zelliklerine gore degisiklik gdsterdigi ortaya koyulmaktadir (Nguyen
Phuc vd., 2011). Tabi artan sanayilesme, niifus artisi, kentlesme faaliyetleri ve buna bagli olarak degisen teknolojik gelismeler
nedeniyle ¢evresel yogunlagsmalar uzun vadede olumlu ya da olumsuz etkileyebilir. Bu etkilesimin en aza indirilmesindeki en
Onemli faktorlerden birisi de mevcut altyapilarin atik malzemeleri isleme kapasitelerinin artirilmasi olmaktadir. Mevcut literatiir
caligmalar plastik ve tiirevlerinin ¢esitli geversel ortamlarda dagilimlari, taginimlari, pargalanma ve bozunmalarina iligkin ¢esitli
caligmalari igerse de yeterli ve biiyiik ¢capli calismalara ihtiyac vardir. Gelecekteki ¢aligmalar, mikroplastiklerin ¢cevresel kaderini
ve ekolojik etkilerini daha iyi anlamaya odaklanmalidir. Ciink{i smirli ¢alismalar olduk¢a degiskenlik gdsteren bu olumsuz
unsuru agiklamaya heniiz yeterli degildir. Mikroplastiklerin maruziyetinin uzun vadeli, ince etkileri hakkinda da ¢ok az sey
bilinmektedir. Ote yandan bu galismalarin ekseriyetinin denizel ortama odaklanmas tatli sularda plastik veya mikroplastik
kirliliginin yayilim ve etkilerinin yeterince anlasilmasimi kisitlamaktadir. Bilimsel ¢aligmalarin tatlisulara da yogunlagmasi
kaginilmaz bir gerekliliktir.

Ayrica bu tip ¢evresel sorunlarin tespiti, giderimi veya onelenmesi gibi etkinliklerin tiimii hi¢ siiphesiz ki politik,
sosoyolojik ve teknolojik bir kisim eylemleri gerektirmektedir. Toplumsal eylemler bilinglenme ve koruma caligmalarini ele
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alirken, politik eylemler 6nleyici mevzuatin olusturulmasi ve kararlilikla uygulanmasi ¢aligmalarini iistlenmelidir. Teknolojik
faaliyetler ise kirlenen kaynaklarin aslina uygun sekilde rehabilite edilebilmesi adina tepkiler iiretmelidir.
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