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YONETICI OZETI

Interreg NEXT Karadeniz Havzasi Programi (BSB00584) kapsaminda ydurdtilen
MACRO CLEAN (Makroalg Patlamalari icin Arastirma, Temizlik Yontemleri,
Ekonomik Degerlendirme ve Pilot Uygulama) Projesi; Tirkiye'den Sinop
Universitesi (SNU) ve Marmara Belediyeler Birligi (MMU), Giircistan'dan Batum
Devlet Universitesi (BSU) ve Bulgaristan’dan Sumen Universitesi'nin (ShU)
katimiyla gerceklestirilen ortak bir girisimdir. Proje, makroalglerin ekonomik
olarak degerlendiriimesine yonelik arastrma ve pilot uygulamalara
odaklanmakta; ayni zamanda 6trofikasyona ve Karadeniz bélgesinde makroalg
patlamalarina yol agan insan faaliyetlerinin etkilerini dnlemeyi ve hafifletmeyi de
amaclamaktadir.

Projenin temel amaci; makroalg arastirmalari igin kapsamli bir arastirma
metodolojisi gelistirmek, laboratuvar kapasitelerini artirmak, makroalg temelli
uygulamalara yonelik fizibilite planlar hazirlamak, paydaslarin farkindahigini
yukseltmek ve yenilikci temizlik teknolojileri konusunda isbirligini tesvik
etmektir. Karasal kaynakli kirlilik ve deniz ekosistemlerindeki degisimlerden
buylk olcide kaynaklanan otrofikasyon ve alg patlamalar gibi bolgesel
sorunlara ¢6zim Ureterek, proje strdirilebilir kaynak yonetimini desteklemekte
ve kalici olumlu etkiler yaratmay hedeflemektedir.

Bu kilavuz, makroalg, deniz suyu ve sediment &rneklemesine; ayrica
makroalglerin glibre ve biyoplastik uygulamalarinda kullanimina yonelik olarak
Faaliyet 1.1 ve Faaliyet 1.2 kapsaminda ortaklasa gelistirilen metodolojiyi ortaya
koymaktadir. Paydaslarin katimi ve uyumlastirilmis bir metodolojinin
gelistiriimesi sayesinde, A.1.1 ve A.1.2 politika yapicilar, arastirmacilar ve cevre
kuruluslarinin bu faaliyetleri etkin bir sekilde izlemesine ve uygulamasina
yardimci olacak pratik yonergeler bitlint olusturmustur.

Bu belge, tim ortaklarin ortak c¢abalarini ve gayriresmi mutabakatini
yansitmakla birlikte, Interreg NEXT Programi'nin resmi gorislerini mutlaka
temsil etmemektedir.

Prof. Dr. Levent BAT
Proje Yiirditiiciisi
Eyliil, 2025
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GiRIiS
Gerekce

MACRO CLEAN Projesi, Tirkiye, Gurcistan ve Bulgaristan’dan ¢ Karadeniz Havzasi
Ulkesinin ortak cabalariyla, giincel cevresel sorunlara ¢o6zim Uretmek amaciyla
baslatilmistir. Proje, makroalglerin giibre ve biyoplastik olarak kullaniimasina y&nelik
strdurilebilir ve etkin toplanmasi, degerlendiriimesi ve ekonomik katma deger
kazandirilmasi icin arastirma ve pilot uygulamalara odaklanan kapsamli bir cerceve
sunmaktadir.

Bu amag dogrultusunda, ortaklasa gelistirilen bir metodoloji; makroalg, deniz suyu ve
sediment 6rneklemesi icin acik yonergeler ortaya koymakta ve bunlarin gesitli ekonomik
sektorlerde kullanimina rehberlik etmektedir. Bu kilavuz, doért ana bileseni kapsayan
entegre bir arastirma metodolojisi sunmaktadir: saha calismalari, érnekleme teknikleri,
analitik prosediirler ve uygulamali arastirmalar.

Ayrica, gubre ve biyoplastiklerle ilgili 6rnek olaylar ve pilot projeler Gizerinden, makroalg
kullanimina yonelik pratik uygulamalar ve yenilikci yaklagimlari da vurgulamaktadir.
Metodolojik tutarliligi saglamak ve veri kalitesini artirmak yoluyla, bu bilesenler; Karadeniz
boélgesinde ve 6tesinde, deniz kaynaklarinin siirdirilebilir kullanimini tesvik etmeye kararl
arastirmacilar, kurumlar ve paydaslar arasinda bilgi paylasimini kolaylastirmayi
amaclamaktadir.

Tesekkiir

Bu metodoloji rehberinin hazirlanmasina katki saglayan tim kisi ve kurumlara en icten
tesekkiirlerimizi sunariz. Ozellikle ¢alismanin farkli asamalarinda verdikleri degerli
rehberlik, uzmanlik ve yapici dneriler icin Prof. Dr. Riza Bayrak, Dog. Dr. Omer Elkiran, Doc.
Dr. Dilara Kaya Oztirk, Dr. Ogr. Uyesi Aysah Oztekin, Dr. Ogr. Uyesi Orcin Uygun, Dr.
Gokhan Yildiz, Dr. Erdogan Cicek, Dr. Sevil Sungur, Dr. Burak Secer, Ziraat Miihendisi Akin
Ustaoglu ve Yiksek Lisans 6grencisi Seray Sevgi'ye 6zel olarak tesekkir ederiz. Onlarin
Ozverili destegi ve akademik katkilari, bu yayinin bilimsel niteligini ve genel kalitesini
onemli 6lclide yukseltmistir.

Onemli not: Bu materyalin iceriginden yazar(lar) sorumludur. icerik, Avrupa Birligi'nin
resmi goriistinii yansitmak zorunda degildir. Kaynak belirtiimek ve yapilan degisiklikler
actkca gésterilmek kosuluyla cogaltiimasina izin verilmektedir.
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KISALTMALAR

AAS Atomik Absorpsiyon Spektroskopisi
AFM Atomik Kuvvet Mikroskobu
Al Aliminyum
Ca Kalsiyum
CaCl, Kalsiyum Klortr
Co Kobalt
Cr Krom
Cu Bakir
DO Co6ztinmus Oksijen
E223 Sodyum Metabisuilfit
EC Elektriksel iletkenlik
EVA Etilen-Vinil Asetat
Fe Demir
FTIR Fourier D6nlisimlu Kiziltesi Spektroskopi
HCI Hidroklorik Asit
Hg Civa
HNO3; Nitrik Asit
ICP-MS indiiktif Eslesmis Plazma Kiitle Spektrometrisi
IR Kizilbtesi
K Potasyum
KOH Potasyum Hidroksit
Mg Magnezyum
Mn Manganez
N Azot
Na Sodyum
Na,COs; Sodyum Karbonat
Ni Nikel
P Fosfor
ppm Milyonda Birim
Sb Antimon
Se Selenyum
SEM Taramali Elektron Mikroskobu
Sn Kalay
TGA Termogravimetrik Analiz
uv Ultraviyole
W/V Agirhk/Hacim
XRD X-1sini Kirinimi
Zn Cinko
7
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BOLUM | - SAHA CALISMALARI
I.l. MAKROALG BiYOMAS ARASTIRMASI VE ORNEKLEME TEKNiKLERi

Makroalg biyokutlesi arastirmasi, kiyi sularinda yaratilmekte olup yaklasik 15 x
15 metrelik bir alanda ve 0-1 metre derinlikte, en az (g farkli noktadan 6rnek
alinarak bolgesel temsil edilebilirlik saglanmaktadir (Sekil 1 ve 2).

Orneklerin toplanmasinda, Bouiadjra ve ark. (2021) tarafindan &nerilen
yéntemde belirtildigi Gizere 20 x 20 cm'’lik (400 cm?) bir quadrat kullanilmaktadir
(Sekil 3a). Ornekler, spatula yardimiyla elle toplanmakta, &nce plastik posetlere
konulmakta, ardindan da deniz suyu ile doldurulmus plastik kavanozlara
aktarilmaktadir (Sekil 3b). Koruma amaciyla, %2-5 oraninda formaldehit-deniz
suyu cozeltisi, CSB-CEDIDGM ve TUBITAK-MAM (2017) tarafindan &nerildigi
sekilde eklenmektedir (Sekil 3c).

=

Sekil 1. Biyomas arastirmasi
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Sekil 3. (a) Kuadrat, (b) Plastik kaplar and (c) Formaldehit
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Laboratuvara getirilen 6rnekler, tas, kum veya epifit gibi yabanci maddelerden
arindirmak amaciyla damitik su ile yikanir (Sekil 4). Temizlenen 6rnekler, fazla
suyun uzaklastirilmasi icin emici kagit tzerine yerlestirilir (Sekil 5) ve ardindan
60 °C'de, 48 saat boyunca etlivde kurutulur (Srijaya ve ark., 2010; Fernandez-
Aldez & Fernandez-Aldez, 2011; Setthamongkol ve ark., 2015) (Sekil 6). Kurutma
isleminin ardindan, makroalgler tartilir ve yabanci maddelerden ayrilan érnekler
Uzerinde, gerekirse mikroskobik inceleme vyapilarak taksonomik teshis
gerceklestirilir.

Kimyasal analiz icin kullanilacak makroalgler, biyokitle arastirmasindan
bagimsiz olarak ayri drnekler halinde toplanir. Bu érnekler, iyon giderilmis su ile
yikanir, makroskobik epizoa ve epifitlerden arindirilir ve ardindan laboratuvar
etiiviinde 60°C'de 48 saat boyunca kurutulur. Kurutulan materyal daha sonra
havan ve tokmak kullanilarak ince toz haline getirilir (Sekil 7). Bu islem, makroalg
orneklerinin hem biyokdtle él¢limleri hem de ayrintili kimyasal analizler igin
dogru sekilde hazirlanmasini saglar.

Tanimlanan alg 6rneklerinin biyokltle olciimleri, 0,0001 g hassasiyetindeki
analitik terazi kullanilarak yapilir. Makroalglerin nicel 6rnekleri, birim alan basina
biyokitleye (g kuru agirlik/m?) dénustirilir. Kiyr seridi boyunca bentik alg
topluluklarinin mevsimsel dagilimini daha iyi anlamak amaciyla, makroalg
turlerine ait verilerin ortalama degerleri istatistiksel analize tabi tutulur. Ayrica,
pH, sicaklik, tuzluluk ve ¢dzlinmis oksijen gibi cevresel parametrelerin yerinde
(in situ) olclimleri, cok parametreli bir cihaz kullanilarak gerceklestirilir (Sekil 8).
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Sekil 4. Temizleme ve tUr teshisi

Sekil 5. Orneklerden fazla suyun kagit lizerinde uzaklastinimasi
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Sekil 7. Toz haline getirilmis 6rnekler
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Sekil 8. Fiziksel paremetrelerin yerinde 6l¢imu
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I.Il. MAKROALG ARASTIRMALARINDA ORNEKLEME ALANLARININ
BELIRLENMESi

istasyonlar asagidaki kriterlere gére secilmektedir:

a. Kwisal Ozellikler: Ornekleme icin kumlu, kayalik ve camurlu ortamlar gibi
farkli zemin tipleri hedeflenmektedir. Bu ¢esitli zeminler, makroalglerin dagilimi
ve blyumesi tUzerinde dnemli bir rol oynamaktadir.

b. insan Faaliyetlerine Yakinlik: Yiiksek diizeyde insan etkisine maruz kalan
bolgeler (6r. tarimsal drenaj, kentsel atik su desarjlari) ile gorece az etkilenmis,
nispeten bozulmamis alanlar érnekleme icin secgilmektedir. Bu karsilastirma,
insan kaynakl etkilerin degerlendirilmesine olanak tanir. Makroalg blyimesi ve
kiyr ekosistemleri Gzerindeki gevresel etkinin tim boyutlarini anlayabilmek icin
hem yogun insan etkisine maruz kalan hem de gérece dogal kalan alanlarin
segilmesi kritik 5neme sahiptir. Tarimsal drenaj ve kentsel atik su desarjlarindan
etkilenen bolgeler genellikle azot ve fosfor gibi besin elementlerinde artis
gosterir. Bu durum otrofikasyona ve makroalg patlamalarina yol acar. Bu tir
alanlar, insan faaliyetlerinin deniz ekosistemleri Ulzerindeki dogrudan
sonuglarina dair degerli bilgiler sunar. Buna karsilik, gérece bozulmamis ve
dogal kalan alanlar, dogal sireclerin baskin oldugu referans noktalari olarak
islev gorir ve karsilastirmalar icin temel bir 6l¢tt saglar. Bu iki farkli ¢evre tipinin
karsilastirlmasi sayesinde, insan etkisiyle ortaya ¢ikan degisimlerin boyutu
degerlendirilebilir ve c¢evresel bozulmayl azaltmaya yonelik yonetim
stratejilerinin etkinligi olcllebilir. Bu ikili yaklasim, insan faaliyetlerinin ekolojik
sonuglarinin daha iyi anlasilmasina katki saglar ve daha surdurilebilir kiyi
yonetim uygulamalarinin gelistiriimesine destek olur.

c. Ulasulabilirlik ve Ornekleme Uygunlugu: Secilen bélgeler yil boyunca
kolayca erisilebilir olmali ve dlzenli izleme ile veri toplamanin surekliligini
saglamak icin mevsimsel olarak tekrarlanan 6rnekleme calismalarina elverigli
olmalidir.

d. Temsil Yetenegi: Secilen istasyonlar, kiyi seridinin genel ekolojik durumunu
dogru bicimde yansitir. Uzun vadeli izleme ¢alismalarina elverisli olup, uzun siire
boyunca slrekli veya tekrarlayan veri toplama imkani sunar. Bu uzun vadeli
yaklasim, ekosistemdeki degisimlerin izlenmesi, zaman icindeki egilimlerin
belirlenmesi ve uygulanan yonetim ya da koruma calismalarinin etkinliginin
degerlendirilmesi acisindan buylk énem tasir.
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e. Mekansal Degiskenlik: istasyonlar, mekansal heterojeniteyi yansitacak
sekilde yeterli uzakliklara dagitilmistir. Bu sayede farkl bolgeler ve cevresel
gradyanlar arasindaki degiskenlik incelenebilmektedir.

f. Kaynak Potansiyeli: Makroalg cesitliligi ve biyokultlesi yiksek alanlara
dncelik verilmektedir. Ozellikle, giibre ve biyoplastik tretimine uygun tiirlerin
bulundugu bdlgeler tercih edilmektedir.

LIIl. PLANLANAN iSTASYONLARIN KONUMU

Bu calisma, bolgede gorilen makroalg asin biyimesi ve o&trofikasyonun
kaynaklarini ve dinamiklerini incelemek amaciyla tasarlanmistir. Arastirmanin
odaginda, bu olgulara katkida bulunan cevresel ve insan kaynakli faktorlerin
belirlenmesi yer almaktadir.

Calismanin temel amaclarindan biri, glibre ve biyoplastik Uretimi gibi
uygulamalar yoluyla makroalglerin strdurlebilir kullanimina katki saglamaktir.
Arastirma, Ozellikle bodlgedeki baskin makroalg tirleri olan Ulva spp. ve
Cystoseira sp. Uzerine yogunlagmaktadir (Sekil 9 ve 10). Bu tirlerden alinan
ornekler ile; makrobentik alglerin yogunlugu, mevsimsel biyime modelleri ile
makroalg, denizsuyu ve sedimentin besin bilesimi gibi cesitli faktorler
degerlendirilmektedir.

Sekil 9. Ulva sp. Sekil 10. Cystoseira sp.

Calisma tasariminda belirtildigi Gzere, drnekleme bolgeleri dnceden belirlenen
kriterlere gore secilmistir. Turkiye'nin Sinop ilinde secilen alanlar sunlardir:
inceburun, Hamsilos, Akliman, Dis Liman, Karakum, ic Liman ve Mobil (Sekil 11).
Bulgaristan'da érnekleme bolgeleri, Emine Burnu’nun glineyinde yer almakta
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olup Burgaz Korfezi, Chengene Skele Korfezi, Maslen Nos Korfezi, Petrol Limani
Korfezi, Sozopol ve Bamboo'yu kapsamaktadir (Sekil 12). Gircistan'da ise
belirlenen 6rnekleme alanlari Sarph, Kvariati, Gonio, Yesil Burun (Green Cape),
Tsikhisdziri, Photi ve Kuleviden olusmaktadir (Sekil 13). Ornekleme
istasyonlarinin koordinatlari (enlem ve boylam) tabloda sunulmaktadir (Tablo 1)

Table 1. Ornekleme istasyonlarinin koordinatlari

istasyon adi Enlem Boylam
inceburun (TR) 42°5'46.38"N 34°56'40.63"E
Hamsilos (TR) 42°3'38.14"N 35°2'39.74"E
Akliman (TR) 42°3'3.31"N 35°2'37.19"E
Dis Liman (TR) 42°1'51.48"N 35°9'6.32"E
Karakum (TR) 42°0'56.16"N 35°11'11.94"E
ig Liman (TR) 42°1'13.07"N 35°9'34.01"E
Mobil (TR) 42°0'36.81"N 35°7'9.87"E
Burgaz Korfezi (BG) 42°30'16.24"N 27°29'2.87"E

Chengene Skele Korfezi (BG)
Maslen Nos Korfezi (BG)
Petrol Limani Korfezi (BG)
Sozopol (BG)

Bamboo (BG)

42°15'43.24"N
42°18'27.17"N
42°26'45.36"N
42°25'20.02"N
42°24'35.49"N

27°18'51.55"E
27°47'24.32"E
27°32'4.85"E

27°41'40.29"E
27°42'20.62"E

Sarph (GE) 41°5'39.9"N 41°5'20.0"E
Kvariati (GE) 41°5'40.6"N 41°5'52.8"E
Gonio (GE) 41°5'43.85"N 41°5'56.95"E
Yesil Burun (Green Cape) (GE) 41°6'96.68"N 41°7'06.14"E
Tsikhisdziri (GE) 41°7'61.02"N 41°7'42.99"E
Photi (GE) 42°0'43.66"N 41°7'27.34"E
Kulevi (GE) 42°2'48.23"N 41°6'27.75"E
16
Interreg [l o v

MEXT siack sea Basin

Ciacro
PAERS




150 m

250 m

400m

750 m

1250 m
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Gowan Data View

34.8°E 35°E 35.2°E 35.4°E

Sekil 11. Sinop ilindeki 6rnekleme istasyonlari
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27.4°E

‘Ocoon ot vrew

27.6°E 27.8°E

Sekil 12. Bulgaristan'da drnekleme istasyonlari
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Ocean Data View

41.2°E 41.4°E 41.6°E 41.8°E

Sekil 13. Glrcistan'da 6rnekleme istasyonlari

19
lnerreg RSS20 | 5,

NEXT aiuck s posin o



BOLUM I1 - ORNEKLEME TEKNIiKLERI

Makroalg, Denizsuyu ve Sediment

Il.Il. MAKROALG ORNEKLEME

Makroalg 6rnekleri, calisilan bdlgenin tamamini temsil etmelerini saglamak
amacliyla kiyr seridindeki farkli noktalardan mevsimsel olarak toplanmaktadir.
Toplanan 6rnekler dikkatle etiketlenir ve tasinmak Uzere polietilen torbalara
yerlestirilir. Daha sonra gerceklestirilecek metal analizleri igin, her 6rnege 1 ml
derisik nitrik asit (HNOs3) eklenerek metal cokelmesi 6nlenir ve eser elementlerin
¢ozinurligi korunur. Ornekler, analiz yapilana kadar -20 °C'de saklanir. Bu
yontem, O&rneklerin  bitlnluginu koruyarak laboratuvarda metal analizi
oncesinde bozulma ve kontaminasyona karsi glivence saglar (Sekil 14).

1 ml concentrated
nitric acid (HNO,)
added to each

sample
ol

&

Stored at
-20°C

Sekil 14. Makroalg 6rneklemesinin gorseli
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IL.Il. DENiZSUYU ORNEKLEME

Makroalglerin bulundugu noktalardan denizsuyu érnekleri toplanmaktadir. Bu
alanlar, denizsuyu ile makroalgler arasindaki metal gecisinin iliskisini daha iyi
anlamak amaciyla secilmistir. Ornek toplamaya ek olarak, sicaklik, tuzluluk ve pH
gibi temel fiziksel parametrelerin anlik (in situ) élcimleri cok parametreli bir
prob kullanilarak kaydedilmektedir. Bu sayede 6rnekleme sirasinda gecerli olan
cevresel kosullar bitiincul olarak dederlendirilebilmektedir.

Deniz Suyu Orneklemesi Yerinde (In Situ) Olgiimler

Orneklerin Korunmasi

Tml
derisik HNO;

250 cc

polletilen
kap

Orneklerin Korunmasi Metal Analizi

Sekil 15. Denizsuyu drneklemesinin gorseli
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Makroalglerin bulundugu noktalardan, hem metal analizi hem de klorofil-a
(Chl-a) 6lgim igin, 500 ml'lik polietilen kaplara lcer 6rnek halinde denizsuyu
alinmistir.

Sonraki metal analizleri icin drneklerin korunmasini saglamak amaciyla, her kaba
1 ml derisik HNO; eklenmistir. Kapaklari kapatilan kaplar, laboratuvar analizine
hazir hale gelene kadar dogrudan giines i1sigindan ve isi kaynaklarindan uzak,
oda sicakliginda saklanmistir. Chl-a analizinde kullanilan su 6rnekleri ise
laboratuvara getirildikten sonra vakum filtrasyon sistemi ile stzllmustur (Sekil
16).

Sekil 16. Filtrasyon sistemi
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Klorofil-a (Chl-a) tayini, asadida verilen yénteme gore gerceklestirildi:

Her bir analiz icin, 2 litrelik su 6rnekleri Ug tekrar halinde, 0.45 uym gozenek
capina sahip GF/C cam fiber filtre kagitlan kullanilarak sizlldid. Sizme
isleminden once, filtre kagitlar tzerine %1'lik magnezyum karbonat (MgCOs)
¢Ozeltisinden birka¢ damla damlatilarak nemlendirildi; bdylece asitlesme
onlendi ve filtrede tutulan parcaciklarin pH dengesi korundu. Nemlendirilmis
filtreler vakumlu filtrasyon sistemine yerlestirildi ve 2 litrelik 6rnekler vakum
altinda stzulerek algler ve diger partikllerin filtre yiizeyinde birikmesi sagland.

Filtrasyon isleminin ardindan filtre kagitlar dikkatlice katlanarak 15 ml'lik
santriflj tUplerine yerlestirildi (Sekil 17). Her tiip, 10 ml %90’k aseton cozeltisi
ile dolduruldu, sikica kapatildi ve klorofilin ¢oziicliye gegisini kolaylastirmak
amaciyla buzdolabinda (yaklasik 4 °C) 12-24 saat sureyle bekletildi. Bu adim, alg
hiicrelerindeki  klorofilin ~ asetona  maksimum  dlzeyde aktariimasini
saglamaktadir.

Sekil 17. Santriflj tapleri

24 saatlik ekstraksiyon siresinin ardindan tipler buzdolabindan ¢ikarilarak oda
sicakligina ulasmalari beklendi. Daha sonra, kati partikillerin ¢okelmesi ve
berrak bir stipernatan elde edilmesi icin 5000 devir/dakikada 10 dakika slreyle
santrifdj edildi.
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Elde edilen berrak slipernatanin absorbansi, spektrofotometre kullanilarak 750,
664, 647 ve 630 nm dalga boylarinda 6lculmustir. Bulanikligin (sispansiyon
halindeki partikillerin isik saciimi) neden olabilecegi hatalar gidermek icin, 750
nm'de Olclilen absorbans dederleri 664, 647 ve 630 nm'deki &lcimlerden
¢ikariimistir. Bu duizeltme, klorofil disi isik saciimindan kaynaklanan girisimleri
en aza indirerek daha dogru klorofil él¢limleri yapilmasini saglamaktadir (Sekil
18).

Klorofil-a (Chl-a) Konsantrasyonu Hesaplama Formuli:

Chl-a (ug L") = (11,85 * (E664 — E750)-1,54 * (E647 - E750)- 0,08 * (E630-
E750))*Ve/Vf

Ve: Ekstraksiyon hacmi (ml), Vf: Filtre edilen su hacmi (litre)

Sekil 18. Klorofil dlcimleri
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ILIII. SEDIMENT ORNEKLEME

Sediment Ornekleri, farkli zemin yapisina sahip istasyonlardan, sediment kor
cihazi veya kirek kullanilarak toplanmistir (Sekil 19). Cevresel etkilesimlerin
incelenebilmesi icin ornekler sediment ylzeyinin Ust 0-5 cm’lik kismindan
alinmistir.  Toplanan &rnekler dikkatlice etiketlenerek tanimlanmis ve
buttnluklerinin korunmasi amaciyla analiz yapilincaya kadar -20 °C'de derin
dondurucuda saklanmistir (Sekil 20).

Sekil 19. Sediment kor

Metal analizlerinin dogrulugunu ve hassasiyetini saglamak amaciyla sediment
ornekleri asidik bir ortamda muhafaza edilmektedir. Her bir 6rnege, metallerin
¢6kelmesini engellemek ve ¢ézinurllklerini korumak icin az miktarda (1-2 ml)
derisik HNOj ilave edilmistir. Bu adim, 6zellikle karmasik sediment matrisleriyle
cahsildiginda eser metallerin dogru 6lcimi agisindan kritik dneme sahiptir.
Asitle muamele edilen 6rnekler, laboratuvarda ileri islemler yapilincaya kadar
genellikle 4°C civarinda disik sicakliklarda saklanmakta ve bu sekilde
tasinmaktadir.
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Sekil 20. Etiketlenmis sediment 6rnekleri

Laboratuvara ulastirilan sediment 6rnekleri, icerdikleri metalleri aciga ¢ikarmak
ve sediment yapisini parcalamak amaciyla derisik HNO;s veya HCI gibi asidik
¢ozlculer kullanilarak ¢dzindirilmastir. Bu islem, metal iceriginin tamamen
ekstrakte edilmesini ve analize hazir hale getirilmesini saglamaktadir. Cézlinen
ornekler daha sonra eser metal konsantrasyonlarinin belirlenmesi icin analiz
edilmistir. Analizlerde, cevresel Orneklerde eser metalleri tespit etme ve
nicelendirme acisindan oldukca etkili yontemler olan indiktif Eslesmis Plazma
Kitle Spektrometresi (ICP-MS) veya Atomik Absorpsiyon Spektroskopisi (AAS)
kullaniimistir.
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BOLUM I11- ANALITIK TEKNIKLER
lll.I. MAKROALGLERDE METAL ANALIzi

Makroalglerde metal analizi sireci, bu canhllarin yodun bulundugu secili
bolgelerden orneklerin toplanmasiyla baslar. Toplanan makroalg 6rnekleri,
analiz sonuclarini etkileyebilecek denizsuyu, tortu ve diger kirleticilerden
arindinlmak Gzere dikkatlice temizlenir. Bu temizlik asamasi, dis etkenlerin
Olcim sonuclarini etkilemesini 6nlemek agisindan kritik 5neme sahiptir.

Temizleme isleminin ardindan makroalgler etlvde kurutulur. Bu kurutma
islemiyle 6rneklerin nemi uzaklastirilir. Tamamen kuruyan algler ince toz haline
gelinceye kadar o6gutulir. Metal analizinde genellikle 0,5-1 gram arasi
kurutulmus ve 6gitilmus makroalg 6rnegi kullanilir.

Ogitilmis deniz yosunlar, daha sonra asidik sindirim islemine tabi tutulur.
Ornek, organik yapinin parcalanmasi ve icerdigi metallerin aciga cikariimasi
amaciyla derisik HNO; veya HCI icinde ¢ozundurdlir. Sindirim isleminin
ardindan ¢ozeltide kalabilecek kati kalintilari uzaklastirmak icin stizme yapilir.

Elde edilen berrak ¢ozelti uygun derisime seyreltilerek metal analizine hazir hale
getirilir. Analiz 6ncesinde makroalg o6rneklerinin saklanmasi gerekiyorsa,
asitlendirilmis ¢ozelti icinde muhafaza edilir ve 4 °C'de buzdolabinda tutulur.
Boylece 6rnekler test asamasina kadar batlnliklerini korur.

111.1l. DENiZSUYUNDA METAL ANALIZi

Denizsuyunda metal analizi, dncelikle makroalglerin bulundugu bélgelerden
orneklerin toplanmasiyla baslar. Denizsuyu ©&rnekleri, tasinma sirasinda
kirlenmeyi veya ucucu maddelerin kaybini dnlemek amaciyla 250 cc'lik kaplara
alinarak sikica kapatilir. Toplanan &rnekler, analiz asamasina kadar
buttnluklerini korumalari icin dogrudan giines 151§1 ve isidan uzak, oda
sicakliinda muhafaza edilir. Metal analizi icin her bir 6rnege 1 ml derisik HNO;
ilave edilerek metallerin ¢okelmesi dnlenir ve ¢dzeltinin ¢6ztinmis halde kalmasi
saglanir (Sekil 21). Asitle muamele edilen 6rnekler, laboratuvarda ileri analizler
yapilincaya kadar kapali kaplarda saklanir. Laboratuvar ortaminda bu denizsuyu
ornekleri, eser metal konsantrasyonlarinin belirlenmesi amaciyla analiz edilir.
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Sekil 21. Denizsuyu &rneklerine derisik HNOj ilavesi
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lLIII. SEDIMENTTE METAL ANALIZi

Makroalglerin toplandigi alanlardan alinan sediment &rnekleri, sediment
ylizeyinin st 0-5 cm’lik tabakasindan toplanmistir. Toplama isleminin ardindan
orneklere 1-2 ml nitrik asit eklenmis, ornekler etiketlenmis ve ileri analizlere
kadar butunluklerinin korunmasi amaciyla -20 °C'de saklanmustir.

Metal analizinden 6nce, sediment drnekleri derin dondurucudan cikarilmis ve
nemleri emici kagit kullanilarak uzaklastirilmistir. Daha sonra, 105 °C'de 24 saat
boyunca etiivde kurutulmustur. Kurutma isleminin ardindan &rnekler, farkli
g6zenek boyutlarina sahip eleklerle donatilmis motorlu elek cihazindan
gegirilmis ve 63 pm veya daha kiclk boyuttaki partikiller element
konsantrasyonlarinin belirlenmesinde kullaniimistir (Sekil 22).

Metal analizine ayrilan kiicik boyutlu 6rnekler, mikrodalga parcalama
Unitesinde yakilmis, ardindan ICP-MS veya AAS cihazlan kullanilarak analiz
edilmistir (Sekil 23).

Sekil 23. Mikrodalga parcalama unitesi
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BOLUM IV- SERA
IV.l. SERA KURULUMU

Sera, en az 50 m? (5,5 m x 9,09 m) biyikliginde olacak sekilde tasarlanmis ve
kapall bir yapidadir (Sekil 24 ve Sekil 25). Sera boyutlari 55 m x 9,09 m olup
toplam alani 50 m*dir. Orta noktasindaki minimum y(kseklik 270 cm'dir. Yapida
her biri en az 1 metre genisliginde iki strgili kapi bulunmaktadir. Kapilar,
sineklikli, agilip kapanabilir, metal malzemeden yapilmis ve minimum 45x45 cm
boyutlarinda havalandirma panjurlari ile donatilmigtir.

Sekil 25. SNU'da seranin kurulumu
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Sera yapisi galvanizli borular kullanilarak insa edilmistir. Ana tasiyici direkler, her
yay baglanti noktasinda zemine cakilmis olup 40 mm galvanizli borudan
yapilmistir; kemer direkleri ise 32 mm galvanizli borudan Uretilmistir. Zemindeki
baglantilar, riizgar direncini saglamak icin uygun araliklarla yerlestirilmistir.

Sera yan ylzeyleri ve tavaninda, ¢ sira 32 mm galvanizli boru ve en az 2 mm
kalinliginda bes sira esit araliklarla yerlestirilmis galvanizli tel bulunmaktadir
(sekilde gosterildigi gibi).

Serada, metal profillerden yapilmis ve naylon orti ile kaplanmis iki kapi (6n ve
arka) bulunmaktadir. Yapinin dayanikhligini artirmak amaciyla, yatay bir Ust
boruya baglanan iki dikey destek borusu ile makas tipi capraz borular
kullanilmistir. Ortd, riizgar hasarini nlemek icin sikica serilmis, kenarlari topraga
gomdlerek sabitlenmistir. Kullanilan galvanizli borularin et kalinligi en az 2,5
mm’dir.

Sera 6rtisi (sera filmi), 36 ay dayanikli polietilen malzemeden yapiimis olup UV,
IR, EVA, AO, AV ve diflizyon direncine sahiptir.

IV.1l. SERADAKI BIiTKIiLER

Serada bitkiler hem saksilarda hem de dogrudan toprakta yetistirilmektedir.
Birinci ve ikinci deneme donemlerinin tamamlanmasinin ardindan, saksilar
seranin toprak alanina tasinmaktadir. Bu yontem, sera alaninin daha verimli
kullanilmasina olanak saglamaktadir (Sekil 26 ve Sekil 27). Dikimden 6nce analiz
edilmis toprak saksilara yerlestirilmistir.

Calismada sivi glibre, kati gubre (toz ve pelet formunda) ve kompost olmak
Uzere Ug¢ farkli konsantrasyonda uygulama yapilmasi hedeflenmistir: kat
glbrelerde 1 g, 3 g, 5 g; sivi glbrelerde ise 1 ml, 3 ml, 5 ml.

Ayrica her deneme ddneminde 2 saksi kimyasal glbre icin, 2 saksi ise kontrol
grubu olarak ayrilmistir. Bu nedenle, her bir bitki turd icin her donem toplamda
14 saksiya ihtiya¢ duyulmaktadir.

Co-funded by
Hnerrey the European Union

MEXT siack sea Basin

Ciacro
PAERS




4m (saksilardaki bitkiler) 6m (toraktaki bitkiler)
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Sekil 26. Seradaki saksi ve bitkilerin yerlesim planlari (Birinci ve ikinci dénemler)

4m (topraktaki bitkiler) 6m (saksidaki bitkiler)
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Sekil 27. Seradaki saksi ve bitkilerin yerlesim planlari (Uclincii ve dérdincii
doénemler)
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Bitki basina saksi dagihmi (Her deneme dénemi igin)

= Swvi glbre: 3 saksi (1 ml, 3 ml, 5 ml)

= Kati glbre (Toz): 3 saksi (1g,39,59)

= Kati glbre (Pelet): 1 saksi (3 g)

=  Kompost: 3 saksi (1g,349,509)

= Kontrol ve Kimyasal Gubre: 4 saksi

= Toplam: Her bir bitki tirQ icin, her ddnemde 14 saksi

IV.1II. BiTKi BUYUME DENEMELERI

Bitki biyime denemeleri iki asamada gerceklestirilmektedir: saksi denemeleri
ve sera denemeleri. Saksi denemelerinde, makroalg bazli gubrelerin bitki
gelisimi, verim ve besin alimi Gzerindeki etkilerini incelemek amaciyla saksilarda
kontrolll deneyler yapilir. Bu denemeler, standart kosullar altinda ayrintili veriler
elde edilmesini saglar. Sera denemelerinde ise yari-tarla kosullarinda, daha
dogal bir ortamda deneyler yirutulerek gibrelerin performansi daha genis
Olcekte degerlendirilir.

Kullanilan saksilar villa tipi, dikdortgen formda olup en az 62 litre hacme sahiptir
(boyutlar: 38 x 86 x 30 cm). Malzemesi UV isinlarina dayanikli ve dis mekanda
kullanima uygundur. Her saksida bir drenaj deligi ve taban kisminda bir ayak
bulunmaktadir.
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BOLUM V - BiTKi MATERYALLERI

Bu arastirma projesinde temsili bitki materyali olarak ¢ilek (Fragaria x ananassa)
ve marul (Lactuca sativa L.) segilmistir.

Gilek, Rosaceae (glgiller) familyasinda yer alan Fragaria cinsine ait, meyvesi icin
dinya genelinde yaygin olarak yetistirilen hibrit bir tirdir. Secilen cesit, genis
ekolojik uyum yetenegi ve kisa meyve verme siresi nedeniyle tercih edilmistir.
Saksilara dikilecek cilek fideleri, yaklasik 10 cm uzunlugunda koklere ve 2-3
yapraga sahip olacak sekilde budanmis kdksuz (bare-root) fide formunda temin
edilmistir (Sekil 28).

Marul (Lactuca sativa L.), Asteraceae (papatyagiller) familyasina ait tek yillik bir
bitkidir (Sekil 29). Bu 6zel cesit, yil boyunca yetistirilebilme 6zelligi ve kisa hasat
siresi nedeniyle secilmistir. ik asamada marul tohumlari tiplerde
cimlendirilmekte, fideler 2-3 yaprak olusturdugunda saksilara aktariimaktadir.
Bitkinin gelisim streci boyunca ilgili 6lciimler yapilmaktadir.

Sekil 29. Marul (Lactuca sativa L.)
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V.l. SEBZE PERFORMANSI

Makroalg bazli gibrelerle yetistirilen sebzelerin performansi birka¢ temel
parametre iizerinden degerlendiriimektedir. Oncelikle, Giriinlerin blyiime, verim
ve kalite ozellikleri olctlerek geleneksel gubrelerle yetistirilen sebzelerle
karsilastirilir.  Bu sayede, makroalg bazli gibrelerin bitki gelisimini
desteklemedeki etkinligi belirlenir. Ayrica, hasat edilen sebzelerin besin igerigi
analiz edilerek bitkilerin bu organik glbrelerden besin alimindaki verimliligi
ortaya konur. Son olarak, makroalg bazli glbrelerin uygulanmasindan
kaynaklanabilecek olasi kirleticileri veya kalintilar tespit etmek amaciyla kalinti
analizi yapilr.

V.II. BiTKi ANALIzi

Calisma, cilek ve marul bitkilerinde buylme, besin alimi ve kalinti diizeylerine
iliskin ayrintili analizleri icermektedir.

a. Uriin Biiyiimesi ve Verimi: Blyime ve verimi degerlendirmek icin her
uygulama grubundan en az bes 6rnek Uzerinde gesitli 6l¢im ve godzlemler
yapilmaktadir. Bunlar; bitki boyu (toprak Ustu), yaprak genisligi ve uzunlugu,
cicek sayisi (cilek icin), meyve sayisi (cilek icin), bitki gévdesi ve yaprak rengi,
kokler dahil toplam bitki uzunlugu, topraktan ¢ikarildiktan sonraki bitki agirligi
ile renk, tat ve koku gibi duyusal degerlendirmeleri kapsamaktadir. Marul icin
ayrica cap olcuimleri de yapilmaktadir.

b. Besin Alumu: Besin analizi, biylimenin orta doneminde yaprak &6rnekleri
alinarak gerceklestiriimektedir. Analiz edilen elementler sunlardir: Azot (N),
Fosfor (P), Potasyum (K), Kalsiyum (Ca), Magnezyum (Mg), Demir (Fe), Bakir (Cu),
Manganez (Mn) ve Cinko (Zn).

Cilekte en uygun 6rnekleme zamani, aktif biylime dénemi olup ciceklenme ve
meyve verme Oncesidir. Bu doénemde farkli bitkilerin gesitli kisimlarindan
rastgele secilen yaklasik 10-15 yaprak (100-150 g) toplanmaktadir. Ornekler
soguk zincir kosullarinda laboratuvara tasinmaktadir.
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Marulda, yaprak ornekleri hasattan 2-4 hafta 6nce alinmaktadir. Yine farkli
bitkilerin cesitli bolgelerinden yaklasik 10-15 yaprak (100-150 g) toplanmakta
ve soguk zincir kosullarinda taginmaktadir.

c. Kalintt Analizi: Agir metal kalinti analizi, Cu, Hg, Zn, Fe, Ca vb. metallerin
varligini tespit etmek amaciyla yapilmaktadir.

Cilekte Ornekleme, agir metallerin en ok yapraklarda birikme olasiliginin
bulundugu hasattan 3-7 glin 6nce gergeklestiriimektedir. Bu donemde rastgele
secilen yaklasik 10-15 st yaprak alinmakta ve buz kutulari ile koruyucu ambalaj
gibi hijyenik saklama malzemeleri kullanilarak soguk zincir kosullarinda
muhafaza edilmektedir.

Marulda ise 6rnekleme, metal aliminin en ylksek seviyede olmasi beklenen
hasattan 2—4 hafta 6nce yapiimaktadir. Farkl bitkilerin cesitli kissmlarindan 10—
15 yaprak toplanarak toplamda yaklasik 100-150 gram &rnek elde edilmektedir.
Bu &rnekler de siki soguk zincir ve hijyen protokolleri altinda korunmaktadir.
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BOLUM VI - TOPRAK MATERYALLERI

Projede toprak analizi, makroalg bazl glbrelerin uygulanmasindan 6nce ve
sonra besin igerigi ile pH degerinin incelenmesi yoluyla toprak verimliligi ve
mikrobiyal aktivitenin degerlendiriimesine odaklanmaktadir. Ayrica bu
glbrelerin  mikrobiyal topluluklar ve besin déngusi Uzerindeki etkileri
incelenerek toprak sagligina katkilari hakkinda 6nemli veriler elde edilmektedir.

VI.I. TOPRAK MATERYALI VE ANALizi

Deneyde kullanilacak toprak, proje kapsaminda kurulan seranin ¢evresinden
temin edilmistir (Sekil 30). Dikimden 6nce, blyuk parcaciklarin uzaklastiriimasi
amaciyla toprak 1 cm gozenekli elekten gecirilerek hazirlanir. Toprak érnekleri,
hem saksilara yerlestiriimeden énce hem de bitkiler biylimesini tamamladiktan
sonra alinir. Benzer sekilde, sera topraginda yetistirilen bitkiler i¢in de dikim
Oncesi ve sonrasi toprak analizleri yapilir.

Sekil 30. Seradaki toprak materyali
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Toprak Verimliligi Degerlendirmesi: Toprak verimliligi, makroalg bazl
glbrelerin uygulanmasindan &nce ve sonra besin icerigi ile pH degerinin analiz
edilmesiyle belirlenmektedir. Ornekler (yaklagik 1000 gram), dikim éncesinde ve
bitki gelisiminden sonra 0-20 c¢cm derinlikten alinmaktadir. pH 6lgtimleri pH
metre ile yapilmakta, ayrica organik madde analiziyle topragin besin durumu
degerlendirilmektedir.

Toprak Mikrobiyal Aktivitesi: Makroalg bazli glibrelerin toprak mikrobiyal
topluluklart ve besin ddnglisi lzerindeki etkileri degerlendirilmektedir. Toplam
mikrobiyal  kiitledeki artis, mikroorganizmalarin  sayisinda,  biyolojik
aktivitelerinde veya onlar icin cevresel kosullarin iyilesmesinde bir artist
gostermektedir. Bu artis genellikle tarimsal verimlilik, cevre sagligt ve ekosistem
isleyisi tizerinde olumlu etkiler yaratir. Mikrobiyal aktivite analizleri, her grup icin
her dénemde, deney éncesinde ve sonrasinda gerceklestirilmektedir.

VLII. BiTKILERIN SULANMASI

Sulama, sehir sebeke suyu kullanilarak gergeklestiriimektedir. Seranin disinda
bulunan su deposunun cikis hattina bagli otomatik sulama sistemi, iklim
kosullarina gére sulamayi saglamaktadir. Sulama sikhig, EC (Elektriksel iletkenlik)
seviyelerine gore belirlenmektedir (Cilek: 1-2.5; Marul: 1.5-3) ve ortalama pH 6
seviyesinde tutulmaktadir.
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BOLUM VII - GUBRELER

Calisma icin Ug farkh glibre turd hazirlanmistir: sivi giibre, kompost ve kati
glbre. Hazirlanan glbreler, bitki 6rneklerine uygulanmadan &nce analiz
edilmistir.

VILI. SIVI GUBRE

Toplanan makroalgler (Ulva spp.), gibre Uretim calismalarina baslanmadan
once +40 °C'de 24 saat siireyle musluk suyunda bekletilmektedir. Makroalgler,
tuzluluk seviyesi 1 PSU’'nun altina disene kadar akan musluk suyu ile yikanir.
istenen degerlere ulasildiginda yikama islemi sonlandinlir ve bir sonraki
asamaya gecilir.

Denizden ¢ikarilip 6n islemden gecirilen ve 0,5-1 cm boyutlarinda hazirlanan
ornekler, saf su ile 1:1 oraninda karnistirilarak fermantasyon tankina
yerlestirilecektir (Sekil 31). Kullanilacak gibre tanki daha énce kullanilmamis
olup, basit mekanizmalar (6rnegin plastik kaplar) tercih edilmistir. Bu nedenle
mevcut fermantasyon tanklarinda, hava girisini engellemek icin kilitli
mekanizma kurulmasi gibi kiictik degisiklikler yapilacaktir.

Fermantasyon tanki icindeki sicaklik 22-26 °C arasinda tutulacak ve pH degeri 7
olmalidir. pH 6l¢imu, tank Uzerinde bulunan 6zel bir bolimden yapilacaktir.
Gerekirse pH ayari icin KOH gibi bir asit eklenebilir. Hassas pH ayarlamalari igin
bir kimyaciya danisilabilir. Tank icindeki karistirici her 15 dakikada bir 2 dakika
calisacaktir. Fermantasyon suresi 30 glin olacaktir.

Fermantasyon tamamlandiktan sonra sivi guibre siselere alinacak ve saf su ile 1:5
oraninda (1 birim glbre, 5 birim su) seyreltilerek hazirlanacaktir. Fermantasyon
strecini durdurmak icin siselere Sodyum Metabisulfit (E223) (5,5 g/20 L) ile
birlikte kif ve mantar olusumunu &nlemek amaciyla Potasyum Metabistilfit (2
g/10 L) eklenecektir. Fermantasyon tankinin temizliginde dezenfeksiyon icin
Potasyum Metabisdlfit (20 g/10 L) ve Sitrik Asit (10 g/10 L) karisimi
kullanilacaktir. Karisim fermantasyon tankina dékilecek, kapagi gazlarin yavasca
¢tkmasina izin verecek sekilde gevsek kapatilacaktir. 30 dakika beklendikten
sonra ¢ozelti durulanmaya gerek kalmadan bosaltilacaktir.

Co-funded by
Hnerrey the European Union

MEXT siack sea Basin

“Macro
CLEAN




Sekil 31. Sivi glbre tanki

Sivi giibre (i¢ farkh derisimde (1 ml, 2 ml ve 3 ml) uygulanmaktadir. ilk uygulama,
bitkiler saksilara veya topraga dikildikten hemen sonra yapilir. Sonraki
uygulamalar, bitkiler gelisimlerini tamamlayana kadar 15 gunlik araliklarla
gerceklestirilir. Her uygulamada sivi glbre, belirtilen derisimlerde (1 ml, 2 ml ve
3 ml) 1 litre suya eklenerek hazirlanir ve hem saksilara hem de acik topraga
uygulanir.
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VILII. KATI GUBRE

Denizden toplanan ornekler, 6n islem olarak nem oraninin %10'un altina
disirilmesi amaciyla kurutma islemine tabi tutulur (Sekil 32). Daha sonra
oguticlde toz haline getirilir. Elde edilen tozdan, 2,5 mm ve 3 mm caplarinda
pelet formunda gibre Uretilir. Hem toz glbre hem de peletler ayr ayri
saflastirihr.

Sekil 32. iklim kontrollii odada kurutma islemi

Analiz tamamlandiktan sonra uygulamalar yapilir. Kati glibrede kif ve mantar
olusumunu 6nlemek amaciyla %95 Propiyonik Asit kullanilir. Paskirtme
isleminden sonra glbre 1 giin boyunca kapali kapta bekletilir. Ardindan kapak
1 glin agik birakilir ve gubre kullanima hazir hale gelir. 1 kg kati glibre igin 20 ml
su ve 3 ml propiyonik asit karisimi kullaniimaktadir.

Kati guibre uygulamasi dikimden hemen &nce baslar. Yani énce glibre uygulanir,
ardindan bitki dikilir. Toz glibre uygulamasindan sonra toprak 10 cm derinlige
kadar karistirilir. Bitki gelisimini tamamlayana kadar glbre 15 gunlik araliklarla
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uygulanir. Kontrol saksisina giibre uygulanmaz. ikinci saksiya baslangic dozu
olarak 1 g, Ucglincl saksiya 3 g, dordiincl saksiya ise 5 g gubre verilir. Pelet
uygulamasinda toprak ylizeyden 3-5 cm derinlige kadar karistirilir. Pelet, tek doz
halinde 1 saksiya uygulanir ve topraga karistirilir. Pelet icin uygulama miktari 3
g'dir. Kati glibreler dogrudan bitkinin kék bolgesine uygulanir.

VILIII. KOMPOST GUBRE

Denizden toplanip 6n islemden gegirilen 6rnekler 1-3 cm boyutlarinda dogranir
veya kesilir (Sekil 33) ve ardindan kompost hazirlamak icin “Bokashi Yontemi”
kullanilarak fermantasyon cihazina yerlestirilir (Sekil 34). Hazirlanan kompost,
analizden sonra bitkilere uygulanir.

Kompostta kif ve mantar olusumunu onlemek igin %95 Propiyonik Asit
kullanilir. Piskirtme yoluyla uygulandiktan sonra kompost 1 giin boyunca
kapali kapta bekletilir. Daha sonra kapak 1 giin acik birakilarak havalandirilir ve
kompost kullanima hazir hale gelir. Kompost giibre uygulamalari, dikimden
hemen sonra baslar. Bitki gelisimini tamamlayana kadar 15 gunlik araliklarla
glibreleme yapilir. Kontrol saksisina giibre uygulanmaz. ikinci saksiya baslangic
dozu olarak 1 g, l¢linct saksiya 3 g, dérdiinci saksiya ise 5 g glbre uygulanir.
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Sekil 33. Dogranmis makroalg 6rnekleri  Sekil 34. Fermantasyon cihazi

VILIV. GUBRE ANALIZi

Bitki 6rneklerine uygulanmadan 6nce gibreler kapsamli bir analizden gegirilir.
Bu analiz, hem sivi hem kati gubreler ile kompost icin cesitli parametreleri
degerlendirmektedir.

Sivi ve kati glibrelerde incelenen parametreler sunlardir: nem icerigi, yanma
kaybi, pH, elektriksel iletkenlik (EC) ve azot (N), fosfor (P), potasyum (K), kalsiyum
(Ca), magnezyum (Mg), demir (Fe), manganez (Mn), ¢inko (Zn) ve bakir (Cu) gibi
temel besin elementleri. Ayrica, alginik asit, giberellik asit, sitokinin ve oksin
varligi da analiz edilmektedir.

Kompost analizinde ise nem igerigi, yanma kaybi, pH, EC ve ayni temel besin
elementleri (N, P, K, Ca, Mg, Fe, Mn, Zn, Cu) incelenmektedir. Buna ek olarak,
hiumik asit ve filvik asit ile birlikte alginik asit, giberellik asit, sitokinin ve oksin
varligi da degerlendirilmektedir.
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VILV. KIMYASAL GUBRE UYGULAMASI (15N, 15P, 15K)

Makroalg bazl glbrelerin yani sira, calisma stiresince her bitkiye kimyasal glibre
de uygulanmaktadir. Kullanilan kimyasal giibre 15-15-15 bilesimindedir (%15
Azot, %15 Fosfor ve %15 Potasyum).

Cilek icin, dikimden hemen 6nce saksiya veya topraga 30 gram kimyasal glbre
uygulanir. Cileklerin dikimi icin toprak 10 cm derinlige kadar kazilir. Daha sonra,
calisma tamamlanincaya kadar her 30 glinde bir 15 gram kimyasal glbre
uygulanir.

Marul igin, dikimden hemen sonra 25 gram kimyasal gibre verilir. Ardindan
marul bitkileri tam olarak gelisene kadar her 15 giinde bir 15 gram gibre
uygulanir.
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BOLUM VIl - BiYOPLASTIKLER
VIILI. EKSTRAKSIYON PROSEDURU

1-5 mm boyutlarinda hazirlanan biyokiitle, kaynatma balonunda saf su ile
elektrikli isitici kullanilarak 30 dakika kaynatilir. Ardindan, alg artigir CaCl, (0,5%
A/H) cozeltisi icinde kaynatma balonunda 30 dakika pisirilir. Daha sonra, alg
biyokutlesine sodyum klortr (NaCl) (%0,5 A/H) eklenir ve 60 dakika kaynatilr.
Son asamada, alg artigi Na,COs (%5 A/H) ile kuvvetli karistirma esliginde 30
dakika kaynatilir. izopropil alkol veya etil alkol eklenerek sodyum aljinat elde
edilir ve 50 °C'de elektrikli etlivde 28 saat boyunca kurutulur.

VIILII. BiYOFiLM HAZIRLIGI

Biyofilm hazirlig, istenen film 6zelliklerine bagh olarak farkli miktarlarda alg
artiginin, ozellikle ulvan veya aljinatin hassas sekilde 6lctimesiyle baglar. Bu
biyopolimerler, temel ham madde olarak kullanilir ve homojen bir ¢6zelti elde
etmek amaciyla saf suda ¢ozundurdlir. Biyofilmlerin esnekligini, mekanik
dayaniklihgini ve genel performansini artirmak icin c¢ozeltiye belirlenen
derisimlerde gliserol, polivinil alkol (PVA), polietilen glikol (PEG) veya literatiirde
yaygin olarak bildirilen seliiloz tirevleri gibi cesitli plastiklestiriciler eklenir.

Karigim, tim bilesenlerin tam olarak dagilmasini saglamak ve polimer
zincirlerinin kiimelenmesini 6nlemek igin manyetik ya da mekanik karistirici ile
surekli olarak karistirilir. Karistirma islemi, protokole bagl olarak degisebilen
ancak genellikle oda sicakligindan orta dereceli isitmaya kadar degisen
kontrolli  sicakliklarda gergeklestirilir.  Bu silreg, ¢Ozeltinin  tamamen
¢6zlinmesini ve homojenlesmesini kolaylastirir.

Bu homojenlestirme asamasinin ardindan, hazirlanan ¢ozelti biyofilmin kalibini
olusturacak sekilde temiz petri kaplarina dikkatlice dokilerek diizglin bir tabaka
halinde yayilir. Petri kaplari daha sonra 45 °C'de sabitlenen bir etlve yerlestirilir
ve burada ¢oziicl (su) 24 saat boyunca yavas yavas buharlasir. Bu kurutma islemi
sonucunda, kaplarin yilizeyine yapisan ince ve homojen biyofilmler olusur.

Filmler tamamen kuruduktan sonra, herhangi bir hasar veya yirtiimayi 6nlemek
icin petri kaplarindan dikkatlice cikarilir. Fiziksel 6zelliklerin stabilize edilmesi ve
artik nemin uzaklastirnlmasi amaciyla biyofilmler, sabit sicaklik ve bagdil nemin
korundugu kontrolli bir ortamda en az 48 saat slreyle sartlandiriir. Bu
sartlandirma adimi, biyofilmlerin sonraki testler veya uygulamalar sirasinda
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ozelliklerinin tekrarlanabilirligini ve guvenilirligini saglamak acisindan kritik
oneme sahiptir (Sekil 35).

ALGAL RESIDUE

(ULVAN OR ALGINATE) =48 HOURS

Sekil 35. Biyofilm hazirlhig

VLI FILMLERIN OZELLIKLERI

Uretilen biyoplastiklerin karakterizasyonu ve degerlendiriimesi, fiziksel, optik,
mekanik, morfolojik, termal ve biyobozunurluk &zelliklerini kapsamli bir sekilde
incelemek Uzere tasarlanmis bir dizi titiz test araciligiyla gergeklestirilecektir. Bu
analizler, yalnizca deniz yosunu bazli biyoplastiklerin genel kalite ve
performansini belirlemek icin degil, ayni zamanda geleneksel petrol tirevi
plastiklerle dogrudan karsilastirma yapilabilmesi icin de kritik dneme sahiptir.
Boylece, calismanin amaci surdurilebilir denizel biyokitleden biyoplastik
Uretiminin teknik olarak uygulanabilirligini ve cevresel avantajlarini ortaya
koymak, ayni zamanda bu biyoplastiklerin gelismekte olan yesil teknoloji
pazarina potansiyel katkilarini vurgulamaktir.

Fiziksel Ozellikler: Filmlerin yapisal bitiinligini ve cevresel dayanikliligini
anlamak igin temel fiziksel parametreler &l¢timektedir. Kalinlik, homojenligi
saglamak amaciyla hassas mikrometreler veya kalinlik 6lgerlerle degerlendirilir.
Cozunarluk testleri, filmin suya ve diger cozicllere karsi direncini inceleyerek
farkli uygulamalara uygunlugunu ortaya koyar. Su buhari gecirgenligi (WVP) ve
su buhari gecis hizi (WVTR) 6lglimleri, filmin nem transferine karsi bariyer
ozelliklerini belirlemek igin yapilir; bu &zellikler 6zellikle ambalaj uygulamalari
acgisindan kritik dneme sahiptir. Nem icerigi analizi ise biyoplastigin blinyesinde
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tuttugu su miktarini dlcer ve bu deger, mekanik ve bariyer 6zelliklerini etkileyen
onemli bir parametre olarak kabul edilir.

Optik Ozellikler: Filmlerin gorsel kalitesi ve isikla etkilesim &zellikleri,
spektrofotometri kullanilarak ilgili dalga boylarinda gecirgenlik, opaklik ve isik
gegirgenligi degerlerinin 6lgllmesiyle incelenir. Bu ozellikler, ozellikle belirli
optik berraklik veya isik engelleme kapasitesi gerektiren gida ambalaji ya da
tarimsal filmler gibi uygulamalar agisindan énemlidir.

Mekanik Ozellikler: Filmlerin cekme dayanimi, kopma anindaki uzama ve
Young moduli degerlerini belirlemek igin Universal test cihazi kullanilarak
mekanik testler yapilir. Cekme dayanimi, biyoplastik filmin kirlmadan &nce
dayanabilecegi maksimum gerilimi; kopma anindaki uzama, filmin esnekligini
ve stnekligini; Young modili ise sertlik ve elastikiyetini gosterir. Bu
parametreler, biyoplastiklerin pratik uygulamalardaki dayanikliligini  ve
performansini degerlendirmek acisindan kritik &neme sahiptir.

Morfolojik inceleme: Biyoplastiklerin kimyasal bilesimi ve yiizey morfolojisini
arastirmak icin ileri analitik teknikler kullanilmaktadir. Fourier-donisimli
kizilétesi (FTIR) spektroskopisi, fonksiyonel gruplari ve kimyasal baglan
belirleyerek filmin molekuler yapisi ve i etkilesimleri hakkinda bilgi saglar. Alan
Emisyonlu Taramali Elektron Mikroskobu (FE-SEM), ylizey topografyasi ve mikro
yapisal ozellikleri ayrintili olarak ortaya koyarken, Atomik Kuvvet Mikroskobu
(AFM) nanoskopik Olcekte ylizey plrizliligu ve doku bilgisi sunar. X-isini
kinnimi (XRD) analizi ise biyoplastik materyallerin kristallik derecesi ve faz
bilesimini belirlemek icin yapilir; bu 6zellikler, malzemenin mekanik ve termal
davranislarini dogrudan etkiler.
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Termal Ozellikler: Biyoplastiklerin termal kararliligini ve bozunma egilimlerini
degerlendirmek icin Termogravimetrik Analiz (TGA) uygulanir. Bu teknik,
sicakliga bagh olarak agirhk kaybini oOlcerek biyoplastiklerin bitinlugini
korudugu sicaklik araliklar ve termal bozunma sireclerinin niteligi hakkinda
degerli veriler saglar.

Biyobozunurluk: Biyoplastiklerin gevresel etkisi ve surdirilebilirligi, dogal
toprak ortamina gdmilerek zaman icinde bozunma sireclerinin izlendigi
toprakta gomilme testleri ile degerlendiriimektedir. Bu test, biyoplastik
materyallerin mikrobiyal aktiviteyle ne &lclide parcalanabildigini ve bozunma
hizini ortaya koyarak, onlarin sentetik plastiklere ¢evre dostu bir alternatif olarak
siniflandirnimasini desteklemektedir.

VIILIV. EKSTRAKSIYON YONTEMI
Aljinat Ekstraksiyonu

Blender ile parcalanmis alg biyokitlesi (20 g), bir beherde 200 mL saf su ile
kanstirihr ve 50 °C'de 30 dakika isitilir. Karisim stzilir ve geriye kalan alg artig
300 mL kalsiyum klorur ¢ozeltisi (%0,5, a/h) ile 50 °C'de 30 dakika isleme tabi
tutulur. Filtrasyondan sonra 300 mL sodyum klorlr ¢dzeltisi (%0,5, a/h) eklenir
ve karisim 50 °C'de 60 dakika isitilir. Sispansiyon yeniden suizilir ve alg artig
100 mL sodyum karbonat ¢ozeltisi (%5, a/h) ile 50 °C'de kuvvetli mekanik
karistirma altinda 30 dakika muamele edilir. Filtrata etil alkol eklenerek sodyum
aljinat ¢okturdlir ve Grin 50 °C'de elektrikli etlivde 28 saat boyunca kurutulur
(Sekil 36).
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Sekil 36. Aljinat ekstraksiyonu

Ulvan Ekstraksiyonu icin On iglem

Ulvan, yesil alglerden sicak su ekstraksiyon yontemi ile elde edilmektedir.
Ekstraksiyon oncesinde, lipidleri, pigmentleri ve fenoller, serbest sekerler, amino
asitler gibi dusik molekdl agirlikli bilesikleri uzaklastirmak icin bir 6n islem
uygulanir. Yikanmis ve kurutulmus, blender ile parcalanmis algler 24 saat
boyunca Soxhlet ekstraktérii kullanilarak etil alkol ile muamele edilir. Ust fazlar
atilir ve drnekler 40 °C'de 48 saat sireyle tekrar kurutulduktan sonra sicak su
ekstraksiyon islemine kadar saklanir.
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ARACLAR VE EKIPMANLAR

AAS (Atomik Absorpsiyon Spektrofotometresi): Metal konsantrasyonlarinin analizinde
kullanilir.

Analitik Terazi: Orneklerin tartiimasinda kullanilir.

Atomik Kuvvet Mikroskobu (AFM): Biyofilmlerin ylizey 6zelliklerinin nanoskopik dlcekte
incelenmesinde kullanilir.

Otomatik Sulama Sistemi: Bitkilere suyun diizenli verilmesini saglar.

Emici Kagit: Temizlenen 6rneklerin kurutulmasi ve fazla suyun alinmasinda kullanilr.
Kaynatma Balonu: Alg biyokutlesinin islem sirasinda kaynatiimasinda kullanilir.

Soguk Zincir Saklama Ekipmani: Buz kutulari ve sogutmali araglarla 6rnek butinliguni
korur.

Derisik HNO; (Nitrik Asit): Orneklerin asitlendirilmeleri, metallerin ¢ékelmesini
onleyerek battnlGglnd korur.

Saf Su (Distile Su): Toplanan 6rneklerin yabanci maddelerden arindirilmasi icin kullanilir.
EC Olgiim Cihazlan: Sulama sikligini diizenlemek icin EC seviyelerinin belirlenmesinde
kullanihr.

Elektrikli Isitici: Kaynatma balonuna 1s1 saglamak igin kullanilir.

Taramali Elektron Mikroskobu (SEM): Biyofilmlerin ylizey yapisinin incelenmesinde
kullanihr.

Bes Sira Galvanizli Tel: Sera yapisinin gliglendirilmesinde kullanilir.
Formaldehit-Denizsuyu Cozeltisi (2-5%): Makroalg 6rneklerini korur.

FTIR Spektroskopisi: Uretilen biyoplastiklerin kimyasal yapisinin analizinde kullanilir.
Derin Dondurucu: Sediment &rneklerinin analiz 6ncesi butunligini koruyarak
saklanmasinda kullanilir.

Galvanizli Borular: Sera ana taslyici sistemi ve cercevesinin insasinda, riizgara dayaniklilik
icin kullanilir.

Sera: Bitkilerin dis iklim kosullarindan korunarak kontrolli ortamda yetistirilmesinde
kullanihr.

ICP-MS (indiiktif Eslesmis Plazma Kiitle Spektrometresi): Metal konsantrasyonlarinin
analizinde kullanihir.

izopropil Alkol veya Etil Alkol: Alg artiklarindan sodyum aljinat elde etmek icin kullanilir.
Kapilar icin Metal Profiller: Seranin kapi cercevelerinin yapilmasinda kullanilir.
Mikroskop: Makroalg tiirlerinin mikroskobik inceleme ile belirlenmesinde kullanilir.
Mikrodalga Parcalama Unitesi: Organik materyali parcalamak ve metalleri aciga
cikarmak icin orneklerin isi ve basinca tabi tutulmasinda kullanilir.

Havan ve Tokmak: Kurutulmus makroalg 6rneklerinin ince toz haline getirilmesinde
kullanilir.

Motorlu Elek Cihazi: Kurutulmus sediment 6rneklerinin elenmesinde kullanilir.
Multiparametre Cihazi: pH, sicaklik, tuzluluk ve ¢6ziinmis oksijen gibi in-situ fiziksel
parametrelerin dlctilmesinde kullanilir.

Etiiv: Orneklerin kurutulmasinda kullanilir.
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Petri Kaplari: Alg artig ve plastiklestirici ¢ozeltilerinin yayilip biyofilm hazirlanmasinda
kullanihr.

pH Metre: pH seviyesini dlgmek icin kullanilir.

Plastik Torbalar: Toplanan 6rneklerin tasinmasi sirasinda gegici olarak saklanmasinda
kullanihr.

Sera Ortiisii (Sera Filmi): Seradaki bitkilerin UV isinlarindan ve cevresel faktorlerden
korunmasinda kullanilir.

Plastik Kaplar: Orneklerin transferinde ve korunmasinda kullanilir.

Plastiklestiriciler (Gliserol, Polivinil Alkol, Polietilen Glikol, Seliiloz): Alg artiklarindan
biyofilm ve biyoplastik tretiminde kullanilir.

Saksilar: Bitkilerin serada yetistirilmesinde kullanilir.

Kare Cerceve (Quadrate): Makroalg érnekleme alaninin belirlenmesinde kullanilir.
Ornek Toplama ve Tasima Kaplan: Orneklerin uygun kosullarda saklanmasi ve
tasinmasinda kullanilir.

SEM (Taramali Elektron Mikroskobu): Biyoplastiklerin ylzey morfolojisinin
incelenmesinde kullanihr.

Kapali Kaplar: Asitlendirilen denizsuyu orneklerinin laboratuvara taginmasinda kullanilir.
Deniz Suyu Toplama Kaplari: Denizsuyu &rneklerinin toplanmasinda kullanilir.
Fide/Tohumlar: Dikim igin kullanilir.

Duyusal Degerlendirme Aracglari: Sebzelerin renk, tat ve koku degerlendirmelerinde
kullanihr.

Siirgiilii Kapilar: Sera giris-cikisini kolaylastirmak ve havalandirmayi saglamak igin
kullanihr.

Sodyum Kloriir (%0,5 A/H): Alg biyokitlesinin biyofilm ve biyoplastik Uretiminde
islenmesinde kullanilir.

Toprak Ornekleme Araglan: Dikim 6ncesi ve sonrasi toprak drneklerinin alinmasinda
kullanihr.

Toprak Eleme Ekipmani: Dikim 6ncesi topragin hazirlanmasinda, iri pargaciklarin
uzaklastirnimasinda kullanihir.

Toprak: Bitkilerin yetismesi icin kullanilir.

Toprakta Gomiilme Testi: Biyoplastiklerin biyobozunurlugunun degerlendirilmesinde
kullanihr.

Spatiil: Makroalglerin substrattan manuel toplanmasinda kullanilir.

Termogravimetrik Analiz Cihazi (TGA): Uretilen biyoplastiklerin termal dayanikliliginin
incelenmesinde kullanihr.

Dikey Destek Borulari ve Capraz Baglanti Borulari: Seranin yapisal dayanikhliginin
artinlmasinda kullanilir.

Su Deposu ve Cikis Hatti: Sulama icin su kaynagidir, sera disindadir ve sulama sistemine
baglidir.

Teraziler: Bitkilerin topraktan ¢ikarildiktan sonraki agirliklarinin élgilmesinde kullanilir.
X-Isim Kirnmimi (XRD) Analizi: Biyofilmlerin kristallik yapisi ve molekiler yapisinin
belirlenmesinde kullanilir.
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EXECUTIVE SUMMARY

The MACRO CLEAN (Research, Cleaning Methodologies, Economic Valorization
and Pilot Application for Macroalgal Blooms) Project, implemented under the
Interreg NEXT Black Sea Basin Programme (BSB00584), is a collaborative
initiative involving Sinop University (SNU) and Marmara Municipalities Union
(MMU) from Turkiye, Batumi State University (BSU) from Georgia, and Shumen
University (ShU) from Bulgaria. The project focuses on the economic utilization
of macroalgae through research and pilot implementations, while also aiming
to prevent and mitigate the impacts of human activities contributing to
eutrophication and macroalgae blooms in the Black Sea region.

The main objective of the project is to develop a comprehensive research
methodology for macroalgae studies, enhance laboratory capacities, prepare
feasibility plans for macroalgae-based applications, raise awareness among
stakeholders, and foster collaboration on innovative cleaning technologies. By
addressing the regional challenges of eutrophication and algal blooms -largely
caused by land-based pollution and changes in marine ecosystems-the project
promotes sustainable resource management and seeks to create lasting
positive impacts.

This guide outlines the methodology collaboratively developed by Activity 1.1
and Activity 1.2 for sampling macroalgae, seawater, and sediments, as well as
for utilizing macroalgae in fertilizer and bioplastic applications. Through
stakeholder engagement and the development of a harmonized methodology,
A.1.1. and A.1.2 has produced a set of practical guidelines designed to assist
policymakers, researchers, and environmental organizations in monitoring and
implementing these activities effectively.

While this document reflects the collective efforts and informal consensus of all
contributing partners, it does not necessarily represent the official views of the
Interreg NEXT Programme.

Prof. Dr. Levent BAT
Project Coordinator
May, 2025
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INTRODUCTION

Rationale

The MACRO CLEAN Project was initiated to address pressing environmental challenges
through the collaborative efforts of partners from three Black Sea Basin countries: Turkiye,
Georgia, and Bulgaria. This project establishes a comprehensive framework for research
and pilot applications focused on the sustainable and effective collection, evaluation, and
economic valorization of macroalgae, targeting their use as fertilizers and bioplastics.

To this end, a jointly developed methodology provides clear guidelines for sampling
macroalgae, seawater, and sediments, as well as for their utilization in various economic
sectors. This guide presents an integrated research methodology encompassing four
main components: field studies, sampling techniques, analytical procedures, and applied
research.

Moreover, it highlights practical applications and innovative approaches to macroalgae
utilization, illustrated through case studies and pilot projects related to fertilizers and
bioplastics. By ensuring methodological consistency and enhancing data quality, these
components aim to facilitate knowledge sharing among researchers, institutions, and
stakeholders committed to promoting the sustainable use of marine resources within the
Black Sea region and beyond.
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PART | - FIELD STUDIES
I.l. MACROALGAE BIOMASS SURVEY AND SAMPLING TECHNIQUES

A macroalgae biomass survey is conducted at coastal water points, with
sampling carried out at a minimum of three different locations within an area
of approximately 15x15 meters and at a depth of 0-1 meter to ensure the
representation of the region (Figure 1 and 2).

Figure 2. Macroalgae sampling
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To collect the samples, a 20 x 20 cm quadrat (400 cm?) is used as described in
the methodology (Bouiadjra et al. 2021) (Figure 3a). The samples are manually
gathered using a spatula, initially placed in plastic bags, and then transferred to
plastic jars filled with seawater (Figure 3b). To preserve the samples, a
formaldehyde-seawater solution is added at a concentration of 2-5% (CSB-
CEDIDGM and TUBITAK-MAM, 2017) (Figure 3c).

Figure 3. (a) quadrate, (b) plastic jars and (c) formaldehyde

Once in the laboratory, the samples are cleaned to remove any foreign materials
such as stones, sand, or epiphytes by rinsing them with distilled water (Figure
4). The cleaned samples are then placed on blotting paper to remove excess
water (Figure 5) and subsequently dried in an oven at 60 °C for 48 hours (Srijaya
et al. 2010; Ferndndez-Aldez & Fernandez-Aldez 2011; Setthamongkol et al.
2015) (Figure 6). After drying, the macroalgae are weighed, and taxonomic
identification is performed, using microscopic examination when necessary, on
specimens separated from foreign materials.

For macroalgae intended for chemical analysis, separate collections are made
apart from the biomass samples. These samples are briefly rinsed in deionized
water, cleaned of macroscopic epizoa and epiphytes, and then dried in a
laboratory oven at 60 °C for 48 hours. The dried material is subsequently ground
into a fine powder using a mortar and pestle (Figure 7). This process ensures
that the macroalgae samples are accurately prepared for both biomass
quantification and detailed chemical analysis.



Figure 4. Cleaning and species identification

Figure 5. Removal of excess water from samples on paper

10



Figure 7. Powdered samples

Biomass measurements of the identified algal samples are carried out using an
analytical balance with a sensitivity of 0.0001 g. Quantitative samples of
macroalgae are converted into biomass per unit area (g dry weight/m?. To
better understand the seasonal distribution patterns of benthic algal
communities along the coastline, the mean values of the macroalgal species

11
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data are subjected to statistical analysis. Additionally, in situ measurements of
environmental parameters such as pH, temperature, salinity, and dissolved
oxygen will be conducted using a multiparameter device (Figure 8).

Figure 8. In-situ measurement of physical parameters

12
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I.1l. SELECTION OF SAMPLING AREAS FOR MACROALGAE RESEARCH
Stations are selected based on the following criteria:

a. Coastal Characteristics: Diverse substrate types, such as sandy, rocky, and
muddy environments, are targeted for sampling. These varied substrates play a
significant role in the distribution and growth of macroalgae.

b. Proximity to Human Activities: Areas with high anthropogenic influence
(e.g., agricultural runoff, urban wastewater discharges) and less impacted,
relatively pristine areas are selected. This contrast allows for the evaluation of
human-induced effects. In order to understand the full scope of the
environmental impact on macroalgal growth and coastal ecosystems, it is
crucial to select both areas with high anthropogenic influence and those that
remain relatively undisturbed. Areas affected by agricultural runoff and urban
wastewater discharges often experience elevated nutrient levels, such as
nitrogen and phosphorus, which contribute to eutrophication and macroalgal
blooms. These areas offer valuable insights into the direct consequences of
human activities on marine ecosystems. In contrast, less impacted and relatively
pristine areas serve as reference sites where natural processes dominate,
providing a baseline for comparison. By contrasting these two types of
environments, it becomes possible to evaluate the extent of human-induced
changes and to assess the effectiveness of management strategies aimed at
mitigating environmental degradation. This dual approach enhances the
understanding of the ecological consequences of human activities and aids in
the development of more sustainable coastal management practices.

c. Accessibility and Sampling Feasibility: Locations are easily accessible
throughout the year and suitable for repeated seasonal sampling efforts to
ensure consistent monitoring and data collection.

d. Representativeness: The selected stations accurately reflect the general
ecological status of the coastline. They are suitable for long-term monitoring,
enabling continuous or repeated data collection over extended periods. This
long-term approach is essential for tracking changes in the ecosystem,
identifying trends over time, and evaluating the effectiveness of management
or conservation efforts.

13
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e. Spatial Variability: Stations are distributed at sufficient distances to capture
spatial heterogeneity. This helps analyze variability across different regions and
environmental gradients.

f. Resource Potential: Areas with macroalgal diversity and biomass are
prioritized. Specifically, regions with species suitable for fertilizer and bioplastic
production are preferred.

I.IIl. THE LOCATION OF THE PLANNED STATIONS

This study is designed to investigate the origins and dynamics of macroalgal
overgrowth and eutrophication in the region, with a focus on identifying the
environmental and anthropogenic factors that contribute to these phenomena.

A key objective of the study is to support the sustainable utilization of
macroalgae through applications such as fertilizer and bioplastic production.
The research specifically concentrates on the dominant macroalgal species in
the region, particularly Ulva spp. and Cystoseira sp. (Figures 9 and 10). These
species are sampled to assess various factors, including the density and
seasonal growth patterns of macrobenthic algae, as well as the nutrient
composition of macroalgae, seawater, and sediment.

Figure 9. Ulva sp. Figure 10. Cystoseira sp.
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According to the study design, sampling regions were selected based on
specific criteria (Figure 11). In Sinop province (Turkiye), the selected regions
include Inceburun, Hamsilos, Akliman, Outer Port (Dis Liman), Karakum, Inner
Port (i¢ Liman), Mobil, and Gerze. In Bulgaria, sampling sites are located south
of Cape Emine and include the following bays: Burgas Bay, Chengene Skele Bay,
Maslen Nos Bay, Petrol Harbor Bay, Sozopol and/or Bamboo Bays and Harmoni

Bay. In Georgia, sampling sites will be determined along the Georgian sector of
the Black Sea.

150m

250 m

400m

750 m

1250 m

1750 m

2250 m

Goean Data View

34.8°E 35°E 35.2°E 35.4°E

Figure 11. Sampling stations in Sinop Province
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PART Il - SAMPLING TECHNIQUES

Macroalgae, Seawater & Sediment
ILI. MACROALGAE SAMPLING

Macroalgae samples are collected seasonally from various locations along the
coastline to ensure they represent the entire area being studied. The collected
samples are carefully labeled and placed in polyethylene bags for transport. To
preserve the samples for subsequent metal analysis, 1 ml of concentrated nitric
acid (HNOs;) is added to each sample to prevent metal precipitation and
maintain the solubility of trace elements. The samples are then stored at -20°C
until they are ready for analysis. This method ensures the integrity of the
samples, safeguarding them from degradation and contamination before they
are processed in the laboratory for metal analysis (Figure 12).

1 ml concentrated
nitric acid (HNO,)
added to each
sample

)

S

Stored at
-20°C

i

Figure 12. lllustration of macroalgae sampling
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I.1l. SEAWATER SAMPLING

Seawater samples are collected from locations where macroalgae are present.
These locations are selected to better understand the correlation of metal
translocation between seawater and the macroalgae. In addition to sample
collection, real-time in situ measurements of key physical parameters, such as
temperature, salinity, and pH, are recorded using a multiparameter probe. This
provides a comprehensive understanding of the environmental conditions at
the time of sampling.

The collected seawater samples are transferred into 250 cc polyethylene
containers, which are carefully sealed with stoppers to prevent the loss of
volatile substances during transportation and storage. To preserve the samples
for subsequent metal analysis, T ml of concentrated HNO; is added to each
container. The sealed containers are stored at room temperature, away from
direct sunlight and heat sources, to maintain the stability of the samples until
they are ready for laboratory analysis.

The samples are analyzed for metal concentrations, providing precise and
accurate measurements of trace metal elements. This comprehensive approach
offers insights into the levels of metal contamination in the seawater and its
potential effects on the surrounding macroalgal communities (Figure 13).

Seawater Sampling In Situ Measurements

Metal Analysis

Sample Preservation

1ml
conc. HNO;

250cc
polyethylene
container

Figure 13. Illustration of seawater sampling
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IL1II. SEDIMENT SAMPLING

Sediment samples are collected from stations with varying ground structures,
using a sediment-core or shovel (Figure 14). Samples are collected from the top
0-5 cm of the sediment surface to study environmental interactions. Once
collected, the samples are carefully labeled for identification and stored in a
deep freezer at -20°C to preserve their integrity until further analysis.

Figure 14. Sediment-core and shovel for sediment sampling

To ensure the accuracy and sensitivity of metal analyses, the sediment samples
are preserved in an acidic environment. A small amount (1-2 ml) of
concentrated HNO; is added to each sample to prevent the precipitation of
metals and maintain their solubility. This step is crucial for accurate
measurement of trace metals, especially when dealing with complex sediment
matrices. Once treated with acid, the samples are stored at low temperatures,
typically around 4°C, until they are ready for transportation to the laboratory
for further processing.

Upon arrival at the laboratory, the sediment samples are dissolved using acidic
solvents, such as concentrated HNO; or HCl, in order to break down the
sediment and release the metals contained within. This process ensures that the
metal content is fully extracted for analysis. The dissolved samples are then
analyzed for trace metal concentrations. The analysis is conducted using either
an Inductively Coupled Plasma Mass Spectrometer (ICP-MS) or Atomic
Absorption Spectroscopy (AAS), both of which are highly effective techniques
for detecting and quantifying trace metals in environmental samples.

18



PART Ill- ANALYTICAL TECHNIQUES
l1l.l. METAL ANALYSIS OF MACROALGAE

The process of metal analysis in macroalgae begins with the collection of
samples from selected locations where macroalgae are abundant. Once
collected, the macroalgae samples are carefully cleaned to remove seawater,
debris, and any other contaminants that could interfere with the analysis. This
cleaning process is critical to ensure that no external materials influence the
results.

After cleaning, the macroalgae are dried in an oven. This drying process
removes the moisture content. Once the algae are fully dried, they are ground
into a fine powder. Typically, 0.5 to 1 gram of the dried and ground macroalgae
is used for the metal analysis.

The ground seaweed is then subjected to an acidic digestion process. The
sample is dissolved in concentrated HNO; or HCl to break down the organic
material and release the metals contained within. After digestion, the solution
is filtered to remove any solid residues that may remain.

The filtered solution is then diluted to the appropriate concentration and
prepared for metal analysis. If the macroalgae samples need to be stored before
analysis, they are kept in an acidified solution and refrigerated at 4°C to
maintain their integrity until they are ready for testing.

HLII. METAL ANALYSIS OF SEAWATER

The metal analysis of seawater begins by collecting seawater samples from
selected locations, particularly where macroalgae are found. Seawater samples
are collected in 250 cc containers that are sealed to avoid contamination or loss
of volatile substances during transportation. Once collected, the seawater
samples are stored at room temperature, away from direct sunlight and heat,
to preserve their integrity until they are ready for analysis. For metal analysis, 1
ml of concentrated HNO; is added to each sample to prevent precipitation of
metals and ensure that the sample remains in a dissolved state (Figure 15). The
acidified samples are stored in a sealed container until they are transported to
the laboratory for further analysis. In the laboratory, the seawater samples are
analyzed for trace metal concentrations.

19



Figure 15. Addition of concentrated HNOj; to the seawater samples

20



HLIIl. METAL ANALYSIS OF SEDIMENT

Sediment samples taken from the area where macroalgae are collected are
taken from the top 0-5 cm layer of the sediment surface. Once collected, 1-2 ml
of nitric acid is added to the samples, and they are labeled and stored at -20°C
to preserve their integrity until further analysis.

Before metal analysis, sediment samples are removed from the freezer and the
moisture is removed using blotting paper. They are then dried in an oven at
105°C for 24 hours. After drying, the sediment samples are passed through a
motorized sieve shaker with varying mesh sizes, and particles with a size of 63
pm or smaller are used for determining element concentrations (Figure 16).

The small-sized samples designated for metal analysis are then combusted in a
microwave digestion unit, after which they are analyzed using ICP-MS or AAS
devices (Figure 17).

Figure 17. Microwave digestion unit
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PART IV- GREENHOUSE
IV.I. CONSTRUCTION OF GREENHOUSE

The greenhouse is designed to be a minimum of 50 square meters (5.5 m x 9.09
m) and is enclosed (Figure 18 and Figure 19). The greenhouse dimensions are
5.5 m x 9.09 m, with a total area of 50 m2 The minimum height at the center is
270 cm. It features two sliding doors, each with a minimum width of 1 meter,
equipped with ventilation grilles (fitted with fly screens, openable and closable,
metal, minimum size 45x45 cm).

Figure 19. Greenhouse installation
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The greenhouse structure is constructed using galvanized pipes. The main
support poles, which are driven into the ground at each spring connection
point, are made of 40 mm galvanized pipe, while the arch poles are made of 32
mm galvanized pipe. Ground connections are spaced appropriately to ensure
wind resistance.

Along the side and top surfaces of the greenhouse, three rows of 32 mm
galvanized pipe and five rows of evenly spaced galvanized wire (minimum 2
mm thickness) are installed, as shown in the illustration.

The greenhouse has two doors (front and rear), made of metal profiles and
covered with nylon sheeting. To increase structural stability, two vertical support
pipes and scissor-type cross-braced pipes connected to a horizontal top pipe
are used. The greenhouse covering is laid and anchored securely to prevent
wind damage, with the edges buried in the soil. The galvanized pipes have a
wall thickness of no less than 2.5 mm.

The plastic covering (greenhouse film) is a 36-month durable polyethylene
material with UV, IR, EVA, AO, AV, and diffusion-resistant properties.

IV.Il. PLANTS IN GREENHOUSE

Plants are cultivated in both pots and directly in soil inside the greenhouse.
After the completion of the first and second trial periods, the pots are relocated
to the soil area within the greenhouse. This strategy allows for more efficient
use of the greenhouse space (Figure 20 and Figure 21). Analyzed soil is placed
into the pots before planting.

The study aims to apply liquid fertilizer, solid fertilizer (in both powder and
pellet forms), and compost at three different concentrations: 1 g, 3 g, 5 g (for
solids) and 1 ml, 3 ml, 5 ml (for liquids).

In addition, 2 pots are used for chemical fertilizer, and 2 pots serve as control in
each trial period. Therefore, a total of 14 pots are required per plant species for
each period.
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Figure 20. The layout plans of the pots and plants in the greenhouse (First

and second periods)

4m (plants in soil)

6m (plants in pots)
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(Lettuce)
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Figure 21. The layout plans of the pots and plants in the greenhouse (Third and

fourth periods)
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Pot Allocation per Plant (per Trial Period)

= Liquid Fertilizer: 3 pots (1 ml, 3 ml, 5 ml)

= Solid Fertilizer (Powder): 3 pots (19,39, 59)
= Solid Fertilizer (Pellet): 1 pot (3 g)

= Compost: 3 pots (1g,3g,59)

= Control and Chemical Fertilizer: 4 pots

= Total: 14 pots per plant species per period

IV.IIl. PLANT GROWTH TRIALS

Plant growth trials are carried out in two stages: pot trials and greenhouse trials.
In the pot trials, controlled experiments are conducted using potted plants to
examine the effects of macroalgae-based fertilizers on plant growth, yield, and
nutrient uptake. These trials provide detailed insights under standardized
conditions. In the greenhouse trials, semi-field experiments are performed
under more natural conditions, allowing for the evaluation of fertilizer
performance on a larger scale.

The pot is of the villa type and rectangular in shape, with a minimum capacity
of 62 liters (dimensions: 38 x 86 x 30 cm). The material is UV-resistant and
suitable for outdoor use. Each pot has a drainage hole and a base at the bottom.
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PART V - PLANT MATERIALS

The study uses strawberry (Fragaria x ananassa) and lettuce (Lactuca sativa L.)
as plant materials.

Strawberry is a widely cultivated hybrid species from the Fragaria genus in the
Rosaceae family, grown globally for its fruit. The selected variety is chosen for
its broad ecological adaptability and short fruiting period. Strawberry seedlings
to be planted in pots are supplied as bare-root plants, pruned to have two or
three leaves and root lengths of approximately 10 cm (Figure 22).

Figure 22. Strawberry (Fragaria x ananassa) and strawberry seedlings

Lettuce (Lactuca sativa L.) is an annual plant belonging to the Asteraceae family
(Figure 23). This particular variety is selected for its ability to grow year-round
and its short harvest cycle. Initially, lettuce seeds are germinated in vials. Once
the seedlings develop 2-3 leaves, they are transplanted into pots. Relevant

Figure 23. Lettuce (Lactuca sativa L.)
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V.l. VEGETABLE PERFORMANCE

The performance of vegetables grown with macroalgae-based fertilizers is
evaluated through several key parameters. First, crop growth, yield, and quality
attributes are measured and compared to those of vegetables grown with
conventional fertilizers. This helps determine the effectiveness of macroalgae-
based fertilizers in supporting plant development. Additionally, the nutrient
content of the harvested vegetables is analyzed to assess how efficiently plants
can uptake nutrients from these organic fertilizers. Finally, residue analysis is
conducted to detect any potential contaminants or residues in the vegetables
that may result from the application of macroalgae-based fertilizers.

V.II. PLANT ANALYSES

The study includes detailed analyses of plant growth, nutrient uptake, and
residue levels in strawberry and lettuce plants.

a. Crop Growth and Yield: To evaluate growth and yield, various
measurements and observations are performed on at least five samples per
treatment group. These include: plant height (above ground), leaf width and
length, flower count (for strawberries), fruit count (for strawberries), plant body
and leaf color, total plant length including roots, plant weight after removal
from soil, as well as sensory evaluations such as color, taste, and smell. For
lettuce, diameter measurements are also taken.

b. Nutrient Uptake: Nutrient analysis is conducted by sampling leaves during
mid-growth. The following elements are analyzed: Nitrogen (N), Phosphorus (P),
Potassium (K), Calcium (Ca), Magnesium (Mg), lron (Fe), Copper (Cu),
Manganese (Mn), and Zinc (Zn).

For strawberries, the optimal sampling time is during active growth, before
flowering and fruiting. Around 10-15 leaves (100-150 g) are collected randomly
from different parts of various plants. Samples are transported under cold chain
conditions.
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For lettuce, leaf samples are collected 2—4 weeks before harvest. Again, 10-15
leaves (100-150 g) are taken from different areas of the plants and transported
with cold chain preservation.

¢. Residue Analysis: Heavy metal residue analysis is performed to detect the
presence of metals such as Al, Sb, Cu, Hg, Zn, Fe, Co, Sn, Ca, Cr, Mg, Mn, Ni, K,
Se, and Na.

For strawberries, sampling occurs 3-7 days before harvest, when heavy metals
are most likely to accumulate in leaves. Approximately 10-15 upper leaves are
sampled randomly and preserved under cold chain conditions using hygienic
storage materials such as ice boxes and protective packaging.

For lettuce, samples are collected 2—-4 weeks before harvest when metal uptake
is expected to be highest. 10-15 leaves from different sections of multiple plants
are collected, totaling around 100-150 grams. These samples are also kept
under strict cold chain and hygiene protocols.
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PART VI - SOIL MATERIALS

The soil analysis in the project focuses on assessing soil fertility and microbial
activity by analyzing nutrient content and pH before and after applying
macroalgae-based fertilizers. It also evaluates the impact of these fertilizers on
microbial communities and nutrient cycling, offering insights into their
influence on soil health.

VLI. SOIL MATERIAL & ANALYSIS

The soil to be used in the experiment is sourced from the area surrounding the
greenhouse established for the project. Before planting, the soil is prepared by
passing it through a 1 cm sieve to remove any large particles. Soil samples are
collected both before placing the soil in the pots and after the plants have
completed their growth. Similarly, soil analysis is conducted both before and
after planting for the plants grown in the greenhouse soil.

Soil Fertility Assessment: Soil fertility is assessed by analyzing nutrient content
and pH before and after applying macroalgae-based fertilizers. Samples (nearly
1000 grams) are taken from a depth of 0-20 cm, both before planting and after
plant development. pH is measured with a pH meter, and organic matter
analysis is conducted to evaluate the soil's nutrient status.

Soil Microbial Activity: The impact of macroalgae-based fertilizers on soil
microbial communities and nutrient cycling is assessed. An increase in the total
microbial mass indicates an increase in microorganisms, their biological activity,
or improved environmental conditions for them. This increase generally has
positive effects on agricultural productivity, environmental health, and
ecosystem functioning. Microbial activity analyses are conducted for each
group in each period, both before and after the experiment.

VLII. IRRIGATION OF PLANTS

Irrigation is carried out using municipal water. An automatic irrigation system,
connected to the outlet line of the water reservoir located outside the
greenhouse, provides watering based on climatic conditions. The frequency of
watering is determined according to the EC (Electrical Conductivity) levels
(Strawberry: 1-2.5; Lettuce: 1.5-3), and the average pH is maintained at 6.

29



PART VII - FERTILIZERS

Three different types of fertilizers are prepared for the study: liquid fertilizer,
compost, and solid fertilizer. Once prepared, the fertilizers are analyzed prior to
their application to the plant samples.

VILI. LIQUID FERTILIZER

The collected macroalgae (Ulva spp.) are soaked in tap water at +40°C for 24
hours before proceeding with fertilizer production studies. The macroalgae are
washed with running tap water until the salinity level drops below 1 PSU. Once
the desired values are reached, the washing process is terminated, and the next
stage is initiated.

Samples, prepared to be 0.5-1 cm in size after being extracted from the sea and
pre-processed, will be mixed with pure water at a 1:1 ratio and placed into a
fermentation tank (Figure 24). The fertilizer tank to be used has not been
previously utilized. Simple mechanisms, such as plastic containers, have been
employed. Therefore, minor modifications will be made to the existing
fermentation tanks, including the installation of a locking mechanism to prevent
air ingress.

The temperature inside the fermentation tank will be maintained between 22-
26°C, and the pH should be 7. The pH will be monitored from a special
compartment on the tank. If necessary, an acid such as KOH can be added to
adjust the pH. A chemist can be consulted for precise pH adjustments. The mixer
inside the fermentation tank will run for 2 minutes every 15 minutes. The
fermentation period will last 30 days.

Once fermentation is complete, the liquid fertilizer will be transferred to bottles
and mixed with pure water at a ratio of 1:5 (1 part fertilizer to 5 parts water). To
stop the fermentation process, Sodium Metabisulfite (E223) (5.5 g/20 L) will be
added to the bottles, along with Potassium Metabisulfite (2 g/10 L) as a mold
and fungus inhibitor. For cleaning the fermentation tank, a mixture of Potassium
Metabisulfite (20 g/10 L) and Citric Acid (10 g/10 L) will be used for disinfection.
The mixture will be poured into the fermentation tank, and the lid will be loosely
secured to allow gases to escape slowly. After waiting for 30 minutes, the
solution will be drained without the need for rinsing.
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Figure 24. Liquid fertilizer tank

Liquid fertilizer is applied in three different concentrations (1 ml, 2 ml, and 3 ml).
The first application is made immediately after the plants are planted in pots or
soil. Subsequent applications are carried out at 15-day intervals until the plants
complete their development. During each application, the liquid fertilizer is
added to 1 liter of water at the specified concentrations (1 ml, 2 ml, and 3 ml)
and applied to both pots and open soil.

VILII. SOLID FERTILIZER

After being collected from the sea, the samples undergo preliminary processing,
beginning with a drying process to reduce moisture content to below 10%.
(Figure 25). They are then ground into a powder using a mill. From the resulting
powder, fertilizers are produced in pellet form with diameters of 2.5 mm and 3
mm. Both the powder fertilizer and the pellets are purified separately.
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Figure 25. Drying process in a climate-controlled chamber

Applications are made after the analysis is completed. Propionic Acid (95%) is
used as a mold and fungus inhibitor for the solid fertilizer. After spraying, the
fertilizer is kept in a closed container for 1 day. Then, the container lid is opened
for another day, and the fertilizer is ready for use. A mixture of 20 ml water and
3 ml propionic acid is used per 1 kg of solid fertilizer.

The application of solid fertilizer starts just before planting. In other words, the
fertilizer is applied first, and then the plant is planted. After applying the powder
fertilizer, the soil is mixed to a depth of 10 cm. Fertilizer is applied at 15-day
intervals until the plant completes its development. No fertilizer is applied to
the control pot. The second pot receives 1 g of fertilizer, the third pot receives
3 g, and the fourth pot receives 5 g as a starting dose. For pellet application,
the soil is mixed to a depth of 3-5 cm from the surface. The pellet is applied as
a single dose in 1 pot and mixed into the soil. The application amount for the
pellet is 3 g. Solid fertilizers are applied directly to the root areas of the plant.
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VILIIl. COMPOST FERTILIZER

After being collected from the sea and undergoing preliminary processing, the
samples are chopped or cut to a size of 1-3 cm (Figure 26) and then placed in
a fermentation device (Figure 27) to prepare compost using the 'Bokashi
Method. The prepared compost is applied to the plants after analysis.

Propionic Acid (95%) is used as a mold and fungus inhibitor in the compost.
After being applied via spraying, the compost is kept in a closed container for
1 day. The container lid is then opened for another day to allow the compost to
air, making it ready for use. Compost fertilizers are applied starting immediately
after planting. Fertilizer is then applied at 15-day intervals until the plant
completes its development. No fertilizer is applied to the control pot. The
second pot receives an initial dose of 1 g, the third pot receives 3 g, and the
fourth pot receives 5 g of fertilizer.

Figure 26. Chopped macroalgae samples Figure 27. Fermentation device
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VILIV. FERTILIZERS ANALYSIS

Before the fertilizers are applied to the plant samples, they undergo a thorough
analysis. The analysis assesses various parameters for both liquid and solid
fertilizers, as well as compost.

For the liquid and solid fertilizers, the following parameters are examined:
moisture content, combustion loss, pH, electrical conductivity (EC), and the
levels of essential nutrients such as nitrogen (N), phosphorus (P), potassium (K),
calcium (Ca), magnesium (Mg), iron (Fe), manganese (Mn), zinc (Zn), and copper
(Cu). Additionally, the presence of alginic acid, gibberellic acid, cytokinin, and
auxin is also analyzed.

For the compost, the analysis includes moisture content, combustion loss, pH,
EC, and the same essential nutrients (N, P, K, Ca, Mg, Fe, Mn, Zn, Cu). In addition,
humic acid and fulvic acid are examined, along with alginic acid, gibberellic acid,
cytokinin, and auxin.

VIL.V. CHEMICAL FERTILIZER APPLICATION (15N, 15P, 15K)

In addition to macroalgae-based fertilizers, chemical fertilizers are also applied
to each plant during the study. The chemical fertilizer used has a 15-15-15
composition (15% Nitrogen, 15% Phosphorus, and 15% Potassium).

For strawberries, 30 grams of chemical fertilizer are applied to the pot or soil
just before planting. The soil is dug to a depth of 10 cm to plant the strawberries.
Then, 15 grams of chemical fertilizer are applied every 30 days until the study is
completed.

For lettuce, 25 grams of chemical fertilizer are applied immediately after
planting. Subsequently, 15 grams of fertilizer are applied every 15 days until the
lettuce plants have fully developed.
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PART VIII - BIOPLASTICS
VIILI. EXTRACTION PROCEDURE

The biomass, sized between 1-5 mm, is boiled with distilled water in a boiling
flask using an electric heater for 30 minutes. The algal residue is then cooked
for 30 minutes in a solution of CaCl, (0.5% W/V) in a boiling flask using an
electric heater. After that, sodium chloride (0.5% W/V) is added to the algal
biomass and boiled for 60 minutes. Finally, the algal residue is boiled with
Na,CO; (5% W/V) for 30 minutes with vigorous mixing. Sodium alginate is
obtained by adding isopropyl alcohol or ethyl alcohol, followed by drying in an
electric oven at 50°C for 28 hours.

VIILII. BIOFILM PREPARATION

The preparation of biofilms begins by accurately measuring different quantities
of algal residues, specifically ulvan or alginate, depending on the desired film
properties. These biopolymers serve as the primary raw materials and are
initially dissolved in distilled water to create a uniform solution. To enhance the
flexibility, mechanical strength, and overall performance of the biofilms, various
plasticizers such as glycerol, polyvinyl alcohol (PVA), polyethylene glycol (PEG),
or other polymers commonly reported in the literature—such as cellulose
derivatives—are incorporated into the solution at predetermined
concentrations.

The mixture is subjected to continuous stirring using a magnetic or mechanical
stirrer to ensure thorough dispersion of all components and to prevent any
aggregation of the polymer chains. The stirring is carried out at controlled
temperatures, which may vary depending on the specific protocol but generally
ranges from room temperature to moderate heating, facilitating complete
solubilization and homogenization of the solution.

Following this homogenization step, the prepared solution is carefully poured
or cast onto clean petri dishes to form an even layer, which serves as the mold
for the biofilm. These petri dishes are then placed in a drying oven maintained
at 45°C, where the solvent (water) gradually evaporates over a 24-hour period.
This drying process results in the formation of thin, uniform biofilms adhering
to the surface of the dishes.
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Once the films have completely dried, they are gently peeled off from the petri
dishes to avoid any damage or tearing. To stabilize the physical properties and
remove any residual moisture, the biofilms are conditioned for a minimum of
48 hours in a controlled environment with constant temperature and relative
humidity. This conditioning step is crucial for ensuring reproducibility and
reliability of the biofilm characteristics during subsequent testing or application
(Figure 28).
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Figure 28. Biofilm preparation

VIILII. CHARACTERISTICS OF THE FILMS

The characterization and evaluation of the produced bioplastics will be
conducted through a series of rigorous tests designed to comprehensively
assess their physical, optical, mechanical, morphological, thermal, and
biodegradability properties.

These analyses are critical not only for determining the overall quality and
performance of the fabricated seaweed-based bioplastics but also for enabling
direct comparisons with conventional petroleum-derived plastics. By doing so,
the study aims to demonstrate the technical feasibility and environmental
advantages of producing bioplastics from sustainable marine biomass,
highlighting their potential contribution to the expanding green technology
market.
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Physical Properties: Key physical parameters are measured to understand the
structural integrity and environmental durability of the films. Thickness is
evaluated using precise micrometers or thickness gauges to ensure uniformity.
Solubility tests examine the film’'s resistance to water and other solvents,
indicating its suitability for various applications. Water vapor permeability
(WVP) and water vapor transmission rate (WVTR) measurements are conducted
to determine the film's barrier properties against moisture transfer; these
properties are especially critical for packaging applications. Moisture content
analysis measures the amount of water retained in the bioplastic, considered an
important parameter affecting its mechanical and barrier properties.

Optical Properties: The visual quality and light interaction characteristics of the
films are examined by measuring transparency, opacity, and light transmittance
values at relevant wavelengths using spectrophotometry. These properties are
important for applications that require specific optical clarity or light-blocking
capabilities, such as food packaging or agricultural films.

Mechanical Properties: Mechanical tests are conducted using a universal
testing machine to determine the tensile strength, elongation at break, and
Young's modulus of the films. Tensile strength indicates the maximum stress
the bioplastic film can withstand before breaking, elongation at break measures
the film’'s flexibility and ductility, and Young's modulus reflects its stiffness and
elasticity. These parameters are critical for assessing the durability and
performance of the bioplastics in practical applications.

Morphological Study: Advanced analytical techniques are used to investigate
the chemical composition and surface morphology of bioplastics. Fourier-
transform infrared (FTIR) spectroscopy is employed to identify functional
groups and chemical bonds, providing information about the molecular
structure and interactions within the film. Field Emission Scanning Electron
Microscopy (FE-SEM) reveals detailed surface topography and microstructural
features, while Atomic Force Microscopy (AFM) provides nanoscale surface
roughness and texture information. X-ray diffraction (XRD) analysis is
performed to determine the crystallinity and phase composition of the
bioplastic materials, which influence their mechanical and thermal behavior.
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Thermal Properties: Thermal Gravimetric Analysis (TGA) is performed to
evaluate the thermal stability and decomposition patterns of the bioplastics.
This technique measures weight loss as a function of temperature, providing
valuable data on the temperature ranges within which the bioplastics maintain
their integrity and the nature of thermal degradation processes.

Biodegradability: The environmental impact and sustainability of the
bioplastics are evaluated through soil burial tests, where samples are buried in
natural soil environments and monitored over time for degradation. This test
provides empirical evidence of the biodegradation rate and the extent to which
the bioplastic materials can be broken down by microbial activity, supporting
their classification as eco-friendly alternatives to synthetic plastics.
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TOOLS & EQUIPMENT

AAS (Atomic Absorption Spectrophotometry): Used for analyzing metal
concentrations.

Analytical Balance: Used to measure samples.

Atomic Force Microscopy (AFM): Used for analyzing the surface properties of biofilms
at the nanoscale.

Automatic Irrigation System: Regulates water supply to crops.

Blotting Paper: Used for drying and removing excess water from cleaned samples.
Boiling Flask: Used for boiling algal biomass during processing.

Cold Chain Storage Equipment: Ice boxes and refrigerated transport to maintain sample
integrity.

Concentrated HNO; (Nitric Acid): Used for acidifying samples to prevent precipitation
of metals and preserve the sample’'s integrity.

Distilled Water: Used for rinsing collected samples to remove foreign materials.

EC Measurement Tools: Tools used to determine the EC levels to regulate irrigation
frequency.

Electric Heater: Used for providing heat to the boiling flask.

Field Emission Scanning Electron Microscope (SEM): Used for studying the surface
structure of biofilms.

Five Rows of Galvanized Wire: Used for reinforcing the greenhouse structure.
Formaldehyde-Seawater Solution (2-5%): Used for preserving macroalgae samples.
Fourier-Transform Infrared (FTIR) Spectroscopy: Used for analyzing the chemical
structure of the produced bioplastics.

Freezer: Used for storing sediment samples to preserve their integrity before analysis.
Galvanized Pipes: Used for constructing the main framework and support system of the
greenhouse, ensuring strength and durability against wind forces.

Greenhouse: Used for providing a controlled environment for plant growth, protected
from external weather conditions.

ICP-MS (Inductively Coupled Plasma Mass Spectrometry): Used for analyzing the
metal concentrations.

Isopropyl Alcohol or Ethyl Alcohol: Used for obtaining sodium alginate from algal
residue.

Metal Profiles for Doors: Used for creating the frames for the doors of the greenhouse.
Microscope: Used for identifying macroalgae species through microscopic examination.
Microwave Digestion Unit: Used for digesting samples by applying heat and pressure
to break down organic material and release metals for analysis.

Mortar and Pestle: Used to grind dried macroalgae samples into fine powder for
chemical analysis.

Motorized Sieve Shaker: Used for sieving dried sediment samples.

Multiparameter Device: Used for measuring in-situ physical parameters such as pH,
temperature, salinity, and dissolved oxygen.
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Oven: Used for drying samples.

Petri Dishes: Used to spread homogenized solutions of algal residue and plasticizers to
prepare biofilms.

pH Meter: Used to measure the pH level.

Plastic Bags: Used for temporarily holding collected samples during transportation.
Plastic Covering (Greenhouse Film): Used for protecting plants inside the greenhouse
from UV rays and environmental factors.

Plastic Jars: Used for transferring and preserving samples.

Plasticizers (Glycerol, Polyvinyl Alcohol, Polyethylene Glycol, Cellulose): Used for
preparing biofilms and bioplastics from algal residues.

Pots: Used for growing plants inside the greenhouse.

Quadrate: Used for defining the sampling area for collecting macroalgae samples.
Sample Collection and Transport Containers: Used for ensuring proper storage and
preservation during transportation.

Scanning Electron Microscope (SEM): Used for examining the surface morphology of
the bioplastics.

Sealed Containers: Used to store acidified seawater samples during transportation to the
laboratory.

Seawater Collection Containers: Used for collecting seawater samples.
Seedlings/Seeds: Used for planting.

Sensory Evaluation Tools: For evaluating color, taste, and smell of the vegetables.
Sliding Doors: Used for allowing easy access to the greenhouse and proper ventilation.
Sodium Chloride (0.5% W/V): Used for treating algal biomass in the process of making
biofilms and bioplastics.

Soil Sampling Tools: Tools for collecting soil samples before and after plant growth.
Soil Sieving Equipment: For preparing the soil before planting by removing large
particles.

Soil: Used for providing a growing for plants.

Soil-Burial Test: Used for assessing the biodegradability of bioplastics.

Spatula: Used for manually gathering macroalgae from the substrate.
Thermogravimetric Analyzer (TGA): Used for analyzing the thermal stability of the
produced bioplastics.

Vertical Support Pipes and Cross-Braced Pipes: Used for enhancing the structural
stability of the greenhouse.

Water Reservoir and Outlet Line: The water source for irrigation, located outside the
greenhouse, connected to the irrigation system.

Weighing Scales: To measure plant weight after removal from soil.

X-ray Diffraction (XRD) Analysis: Used for determining the crystallinity and molecular
structure of biofilms.
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