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EDITORIAL

<>

Paradoxes in Environmental Struggle

Dear Readers,

It is an undeniable fact that those engaged in environmental
struggles—whether activists or professionals—often find themselves
facing dilemmas and paradoxes. One of the most common challenges
is that environmental choices rarely allow for simply selecting the
“best” option; instead, they often require choosing the “least harmful”
among several negative alternatives. In such situations, it becomes
essential to conduct a thorough external analysis that considers both
environmental and human factors, weighing priorities, sensitivities,
and risks. A SWOT analysis is frequently among the most widely used
tools in this process.

Another major paradox lies at the heart of technological
development. While innovation provides us with the means to
monitor environmental degradation, develop renewable energy
sources, and restore damaged ecosystems, it has also historically
been one of the main drivers of environmental harm. The pursuit of
efficiency and convenience has often come at the cost of ecological
integrity. This raises a critical question: can we truly overcome a
crisis that has been partly fuelled by innovation through innovation
itself? For example, while green energy, electrification, and
magnetism-based energy production reduce greenhouse gas
emissions, they also bring new risks such as magnetic pollution, toxic
accumulation, and metabolic impacts on health. Meanwhile, the
rapid advance of artificial intelligence raises concerns about the
emergence of global-scale threats driven by future competition
between “humans” and “robots”.

A further striking paradox appears in the sphere of global cooperation.
While the challenges we face—such as climate change, biodiversity
loss, and transboundary pollution—demand collective action, national
interests, economic priorities, and historical responsibilities frequently
stand as formidable barriers to effective global environmental
governance. The urgency of the environmental crisis requires
unprecedented levels of collaboration, yet the road to achieving this is
fraught with political and economic complexities.
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Assist. Prof. Ahmet FIDAN

Cevresel Miicadeledeki Paradokslar
Merhaba degerli okurlarimiz;

Cevresel alanda micadele veren aktivistlerin veya bu alanda
profesyonel galisanlarin zaman zaman ikilem ya da paradokslarla
karsi karsiya kaldiklari bir gergektir. Bu durumlardan birisi, cevresel
tercihlerin yapilmasi gerektiginde “en iyi'yi i segmek yerine, mevcut
olumsuz segenekler arasinda “en zararl” olani segmek zorunda
kalinmasidir. Bu durumlarda c¢ogunlukla “cevre” ve “insan”
faktorint bir arada degerlendirerek oncelikler, hassasiyetler ve
riskler baglaminda kapsamli bir dis cevre analizi yapmak kaginilmaz
hale gelir. SWOT analizi de bu baglamda en yaygin kullanilan
yontemlerden biridir.

Onemli bir diger paradoks ise teknolojik gelismelerimizin
dogasinda yatmaktadir. inovasyon, gevresel bozulmay: izleme,
yenilenebilir enerji kaynaklari gelistirme ve kirlenmis alanlari
iyilestirme imkani sunarken, ayni zamanda, tarihsel siirecte
cevresel zararin 6nemli bir kismina da yol agmigtir. Verimlilik ve
kolaylhk arayisi, ¢ogu zaman ekolojik bitiinliik pahasina
gerceklesmistir. Bu noktada su soru 6nem kazanmaktadir: Kismen
inovasyonun kendisi tarafindan kériiklenen bir krizden gergekten
de inovasyon vyoluyla g¢ikabilir miyiz? Ornegin, yesil enerji,
elektrifikasyon ve manyetizma ile enerji iretimi, sera gaz
salinimini azaltirken, bir taraftan da manyetik kirlilik, toksik madde
birikimi ve metabolik etkiler gibi yeni riskler yaratmaktadir. Diger
yandan, yapay zekinin gelisimiyle birlikte, yakin gelecekte “insan”
ve “robot” arasindaki rekabetin kiiresel 6lgekte yeni tehditler
dogurma ihtimali belirginlesmektedir.

Bir baska carpici paradoks ise kiresel is birligi alaninda ortaya
¢ikmaktadir. Gezegenimizin karsi karsiya oldugu iklim degisikligi,
biyogesitlilik kaybi ve sinir 6tesi kirlilik gibi sorunlar kolektif eylemi
zorunlu kilarken, ulusal ¢ikarlar, ekonomik oOncelikler ve tarihsel
sorumluluklar, etkili bir kiiresel cevre yonetimi 6ntinde ciddi engeller
yaratmaktadir. Cevre krizinin aciliyeti, benzeri gértilmemis bir is
birligini gerektirirken, bu hedefe ulagsmak siyasi ve ekonomik
karmasikliklarla doludur.

<>
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We also observe paradoxes in public perception and engagement with
environmental issues. Although awareness of environmental problems
has increased significantly, translating this awareness into lasting and
widespread behavioural change remains a challenge. The ease of
unsustainable practices, the perception that individual actions are
insignificant in the face of global issues, and the constant competition
between personal and societal priorities deepen the gap between
knowledge and action. How we bridge this gap and cultivate a
stronger sense of collective responsibility remains one of the core
questions in environmental advocacy.

For developing countries like Turkey, participation in international
climate justice agreements is often limited by a lack of capacity to
assert strong positions. Moreover, the fact that developed nations can
buy pollution rights or emission quotas from less-developed
countries—forcing them to bear environmental burdens without
adequate compensation—further exacerbates global justice issues. At
the same time, when one nation wages extreme violence against
another, the resulting helplessness in the face of the aggressor’s
economic power pushes small-scale activist groups into their own
paradoxes. As these groups attempt to unite and strengthen their
voices, powerful capital interests often find ways to undermine their
solidarity or pit them against one another—another reflection of the
paradoxes that define our era.

In the end, the frenzied pace of capitalist accumulation continues to
ravage the world, much like a Pyrrhic victory, despite the vastness of
the universe and the calm resilience of our blue planet. For this
reason, one of the most important things we can do is to consistently
and persistently bring the growing inevitability of global catastrophes
to the forefront across scientific and social platforms. We sincerely call
on you, our valued readers, to contribute to this struggle—whether in
the academic or social sphere.

With our best regards.

https://www.jenas.org
ISSN: 2687-6450

Ayrica, gevre sorunlarina yonelik kamuoyu algisi ve katiliminda da
bir paradoks gozlenmektedir. Cevre sorunlarina iliskin farkindalik
onemli dlglide artmis olsa da bu farkindaligi kalici ve yaygin davranis
degisikliklerine dontistirmek bir zorlu bir stregtir.

Surdurilebilir olmayan uygulamalarin kolayligi, kiresel sorunlar
karsisinda bireysel eylemlerin yetersiz oldugu algisi ve oncelikler,
arasindaki  rekabet, bilgi ve eylem arasindaki ugurumu
derinlestirmektedir. Bu boslugu nasil kapatacagimiz ve kolektif
sorumluluk  duygusunu  nasil  glglendirecegimiz,  cevresel
mucadelenin temel sorularindan biridir.

Turkiye gibi gelismekte olan dlkelerin iklim adaleti g¢ercevesinde
uluslararasi sozlesmelere taraf olmalari, ne yazik ki, kimi zaman
gerekli karsi duruslari dirayetle gésterememesine yol agmaktadir.
Dahasi, gelismis tlkelerin kirletme haklarini geri kalmis tlkelerin
kotalarindan satin alarak onlari kirletmeden bedel 6demeye mecbur
birakmalari, kiresel olgekte adalet sorununu derinlestirmektedir.
Diger yandan, bir ulusun baska bir ulusu tiimden yok etmeye varan
siddet eylemleri ve bu baglamda ekonomik Ustlinltklerin yarattigi
caresizlik,  kuguk  Olcekli  aktivist  gruplari  paradokslara
surtiklemektedir. Bu gruplar guglenmek igin birlesmeye calistikca,
sermaye cevrelerinin bu birliktelikleri baltalama veya birbirine
disirme g¢abalari, karsilasilan  paradokslarin  gintumuzdeki
yansimalarini olusturmaktadir.

Sonug olarak, kapitalist birikimin azginligi, evrenin genisligi ve mavi
gezegenimizin dinginligine ragmen, ¢ogu zaman Pyrrhus zaferi
misali, diinyayi kasip kavurmaktadir. Bu nedenle, elimizden gelen en
onemli sey; kiresel felaketlerin ne denli kaginilmaz hale geldigini,
bilimsel ve toplumsal tiim mecralarda dizenli ve strekli sekilde
giindeme tagimaktir. Siz degerli okurlarimizdan, akademik ya da
sosyal alanlarda bu micadeleye katki saglamanizi igtenlikle rica
ediyoruz.
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ABSTRACT

The environment is a complex and essential system that sustains human life and connects individuals to their surroundings. It
encompasses the built environment, the natural environment, and all natural resources, including air, land, and water. These
elements are interconnected and contribute to the overall living conditions of individuals and society. The environment is vital for
human survival, and ecosystems must remain intact to ensure a healthy life. If ecosystems are damaged, life will become increasingly
difficult for all living organisms, and, in extreme cases, life may cease due to pollution.

Human activities often lead to environmental pollution through the disposal of waste harmful to the environment, which can damage
both living and non-living elements. Pollution may be visible to the eye or occur in an invisible form, yet its effects can still be strongly
felt. Environmental pollution can manifest as biological, physical, or chemical pollution, each disrupting the ecological balance by
adversely affecting ecosystems in the sea, on land, and in the air. Pollution from various sources leads to public health issues, climate
change, economic costs, and negative social impacts.

Marine pollution, particularly oil spills, is one of the most severe forms of environmental pollution. Oil spills have devastating effects
on marine ecosystems and have become a central focus for researchers and organizations in the field of oil spill response. This study
will examine the methods used to clean oil pollution, one of the most serious types of marine pollution. It will focus on the practical
application of these methods, evaluate both traditional and innovative approaches emerging from technological developments, and
provide recommendations for improving oil spill response and preventing further environmental damage.

KEYWORDS: Pollution, Marine Pollution, Types of Marine Pollution, Marine Pollution Cleaning Techniques

0zZ:

Cevre, insan yasamini slirdiiren ve bireyleri gevrelerine baglayan karmasik ve temel bir sistemdir. Yapili cevreyi, dogal cevreyi ve hava,
toprak ve su dahil olmak tizere tiim dogal kaynaklari kapsar. Bu unsurlar birbiriyle baglantilidir ve bireylerin ve toplumun genel yasam
kosullarina katkida bulunur. Cevre, insanlarin hayatta kalmasi icin hayati 6nem tasir ve saglkli bir yasam igin ekosistemlerin
bozulmadan kalmasi gerekir. Ekosistemler zarar gorirse, tim canl organizmalar igin yasam giderek zorlasir ve asiri durumlarda kirlilik
nedeniyle yasam sona erebilir.

insan faaliyetleri genellikle cevreye zararl atiklarin bertaraf edilmesi yoluyla gevre kirliligine yol agar ve bu da hem canli hem de cansiz
unsurlara zarar verebilir. Kirlilik gozle gorilebilir veya goriinmez bir bigimde ortaya cikabilir, ancak etkileri yine de giigli bir sekilde
hissedilebilir. Cevre kirliligi biyolojik, fiziksel veya kimyasal kirlilik olarak ortaya gikabilir ve her biri denizdeki, karadaki ve havadaki
ekosistemleri olumsuz etkileyerek ekolojik dengeyi bozar. Cesitli kaynaklardan kaynaklanan kirlilik halk sagligi sorunlarina, iklim
degisikligine, ekonomik maliyetlere ve olumsuz sosyal etkilere yol agmaktadir.

1 Corresponding Author Yetkili Yazar: istanbul Teknik Universitesi Lisansiistii Egitim Enstitiisii, fulyaaguner@gmail.com, ORCID:
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Deniz kirliligi, 6zellikle de petrol sizintilari, gevre kirliliginin en ciddi bigimlerinden biridir. Petrol sizintilarinin deniz ekosistemleri
Uzerinde yikici etkileri vardir ve petrol sizintilarina miidahale alanindaki arastirmacilar ve kuruluslar igin merkezi bir odak noktasi
haline gelmistir. Bu ¢alisma, deniz kirliliginin en ciddi tirlerinden biri olan petrol kirliligini temizlemek igin kullanilan yéntemleri
inceleyecektir. Bu yontemlerin pratik uygulamalarina odaklanacak hem geleneksel hem de teknolojik gelismelerden kaynaklanan
yenilikgi yaklasimlari degerlendirecek ve petrol dokintlsii miidahalesinin iyilestirilmesi ve daha fazla gevresel zararin 6nlenmesi igin
oneriler sunacaktir.

Anahtar Kelimeler: Kirlilik, Deniz Kirliligi, MARPOL, Deniz KirliliGi Temizleme Teknikleri

1.GIRIS

insanligin varolusundan bu yana, cevreden ve gevreyi olusturan tiim canli ve nesnelerden yararlanmis, bu
yararlanma sirecinde cevreye cesitli atiklar birakarak, cevre kirliligi sorunlarina neden olmustur (Usluer vd.,
2022). Bu siirecin genellikle sanayi devrim ile basladigl ve glinimiize geldigimizde de artik global anlamda
tim dlkeleri etkiledigi ve sonuclarinin ekolojik krizlere neden oldugunu goézlemlemek mimkindir. Bu
cevresel krizler iginde yeryiziiniin yaklasik % 70’ini olusturan denizler, okyanuslar ve su kaynaklarinin payi da
oldukga 6nemlidir. O nedenle denizlerin kirletilmesi ve bu baglamda tiim Dinya’da denizel kirlilik ve kiyisal
ekosistem sorunlari 6nemlidir. Bu kirlilik icinde gemilerin neden oldugu petrol sizintilari nedeniyle biylk
miktarda hasarlar meydana gelmistir (incaz ve Ozdemir, 2018). Bu hasarlarin yarattigi sorunlar baglaminda
denizcilik sektori yizlerce yildir sayisiz felaketlere maruz kalmis ve bunun sonucunda bu trajik olaylara ¢6ziim
olarak uluslararasi kurallar dogmustur. Denizlerin kirletilmesine iliskin olarak Uluslararasi Denizcilik Orgiitii
(IMO) tarafindan uyarlanan MARPOL 73/78 (Denizlerin Gemiler Tarafindan Kirletiimesinin Onlenmesine Dair
Uluslararasi Sozlesme), denizlerin kirletilmesinin énlenmesinde en kapsamli uluslararasi sézlesmedir. 1973
yilinda IMO, artik evrensel olarak MARPOL olarak bilinen ve 1978 ve 1997 Protokolleri ile degistirilen ve ilgili
degisikliklerle giincellenen Gemilerden Kirliligin Onlenmesine Yénelik Uluslararasi Sézlesme kabul edilmistir.
MARPOL Sozlesmesi, gemilerden kaynaklanan petrol kirliligini; toplu olarak tasinan zararli sivi maddeleri,
paketlenmis bicimde deniz yoluyla tasinan zararli maddeleri; kanalizasyon, ¢op ve gemilerden kaynaklanan
hava kirliliginin onlenmesini ele almaktadir. MARPOL, uluslararasi deniz tasimaciligindan kaynaklanan
kirliligin 6nemli Ol¢lide azaltiimasina bilylk katkida bulunmustur ve diinya ticaret tonajinin %99'una
uygulanmaktadir (IMO, 29.10.2024). MARPOL sozlesmesinin amaci, deniz ortaminda gemilerden
kaynaklanan kirliligin dnlenmesini en aza indirmektir.

Denizlerin Ulkemizde, Gemiler Tarafindan Kirletilmesinin Onlenmesine Ait Uluslararasi Sozlesmesi
(Convention for the Prevention of Pollution from Ships-MARPOL73/78) ve Sozlesmeyi Degistiren 1997
Protokolinin teknik eklerine iliskin degisikliklerin onaylanmasina, bazi andlasmalarin yapilmasi icin
Cumhurbaskanina Yetki Verilmesi Hakkinda 244 sayih Kanunun 5’inci maddesi, MARPOL Sozlesmesini
Degistiren 1997 Protokoline katilimimizin uygun bulunduguna dair 6438 sayil Kanunun 2’nci maddesi,
MARPOL Sézlesmesi’nin Il ve IV'iincu Eklerine Katilmamizin Uygun Bulunduguna Dair 6477 sayili Kanunun
2’nci maddesi ve Milletlerarasi Andlasmalarin Onaylanmasina iliskin Usul ve Esaslar Hakkinda 9 sayili
Cumhurbaskanligi  Kararnamesinin  2'nci ve 3’Unci maddeleri geregince karar verilmis olup
Cumhurbaskanhginin 8935 sayili Karari ile 06.09.2024 tarih ve 32654 Sayil (1'inci Miikerrer) Resmi Gazetede
yayimlanmistir (IMEAK Deniz Ticaret Odasi, 09.09.2024)

Dinyada denizler atiklarin bosaltilabilecegi bir alici ortam vazifesi olarak goriilmis ve yillarca atiklarla
kirletilmis ve kirletiimeye devam edilmektedir. Genel anlamda denizlerde goriilen kirliligin kaynaklari olarak
direkt desarjlar ve nehirlerle tasinma, zirai islemler, atmosferik ¢cokelme, deniz tasimaciligi faaliyetleri, kagak
bosaltimlar, denizdeki petrol ve gaz Uretimi, deniz kazalari siralanabilir. Bu kirlilik kaynaklari tim dlke
denizlerinde kirlenmeyi yaratan temel nedenlerdir.

2.KiRLILIK

Cevre; bitiin canli ve cansiz varliklar ve canli varliklarin eylemlerini etkileyen ya da etkileyebilecek fiziksel,
kimyasal, biyolojik ve toplumsal nitelikteki tiim etkenlerdir (Eroglu, 2018).
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insanlar gerceklestirdikleri eylemlerin sonucunda doga ve cevre icin zararl bir gesit atiklar ortaya cikarirlar.
Bu atiklar plastikler gibi kati madde, kimyasallar gibi sivi ya da zehirli gazlar gibi cok cesitli sekillerde olabilir.
Ortaya c¢ikan bitin bu atiklarin dogaya karisarak, icerisinde yasayan canli ve cansiz bitin varliklara zarar
vermesi kirlilik olarak isimlendirilir. Bu kirlilik bazen gozle gorilebilecek boyutlarda olurken, bazen ise gozle
gorilmeyen ama etkisi hissedilebilen sekilde de meydana gelebilir (Enez Kaymakamhgi, 2021).

Gelismis Ulkeler klresel ¢evre sorunlari ile miicadele ederken, gelismemis ve gelismekte olan ulkeler kendi
baslarina ciddi ve hizla blylyen kirlilik sorunlari ile miicadele ediyor (JICA, 27.10. 2024)

Cevre kirliligi, kirleticilerin 6zelligine ve etkide bulunduklari ortama gore cesitli tirlere ayrilabilir. Cevre
kirliliginin basta deniz kirliligi olmak Uzere ek olarak bazi dnemli tirleri su sekildedir: Hava kirliligi, ses kirliligi,
1tk kirliligi, toprak kirliligi, su kirliligi, yeralti sular kirliligi, yertsti sular kirliligi, akarsu kirliligi, gol kirliligi
(Kuleyin, 2024). Cevre kirliliginin halk saghginin bozulmasi, ¢evresel bozulmalar, iklim degisikligi, ekonomik
maliyetler, olumsuz sosyal etkiler gibi etkileri vardir (Nextias, 15.11.2023).

3. DENiZ KiRLILiGi

3.1. Deniz Kirliligi Tanimi

Deniz kirliligi, 'insan tarafindan dogrudan veya dolayl olarak deniz ortamina madde veya enerji sokulmasi
sonucu insan sagligina tehlike, balikcilik da dahil olmak (izere deniz faaliyetlerinin engellenmesi, deniz
suyunun kullanim kalitesinin bozulmasi ve olanaklarda azalma gibi zararli etkilere yol agmasi' olarak
tanimlanmistir (GESAMP, 1991).

3.2. Denizlerde Kirlilige Neden Olan Kirletici Kaynaklar
Denizlerde kirlilige neden olan kirletici kaynaklar cesitli sekillerde siniflandirilabilir. insanhgin etkinlikleri de
dikkate alinarak, ¢ farkli baslik altinda incelemek miimkiindiir (incaz vd, 2000).

Denizlerin hava yoluyla kirletilmesi

-Hava kirliligi mevcut olan boélgelerdeki yagislar ve kimyasal olaylar sonucu atmosferik ¢cevrimdeki kirliligin
yagislar yoluyla denizlere ulagsmasi

- Denizin hava yoluyla kirletilmesinin bir baska sebebi de sanayiler veya konutlar yoluyla olusturulan hava
kirliligidir.

- Hava tasitlarindan kaynaklanan kirlilik

Denizlerin kara yoluyla kirletilmesi

- Domestik atiklardan ¢opler, pis sular ve lagim sulari

- Sanayinin kati, sivi atiklarindan

- Zirai etkinlikler sebebiyle kirlenme

- Enerji Gretim merkezlerinden

- Turizm faaliyetleri ve kiyilarin daginik faaliyet vermesi nedeniyle olan

- Akarsu ve derelerin tasidigl karadan kaynakli atiklardan denizlerin kirlenmesi

Denizlerin denizlerdeki faaliyetler ve olusumlar yoluyla kirletilmesi

- Deniz yolu tasimaciligi faaliyetleri ve atiklarindan olusan kirlilik

- Yiikleme tahliye operasyonlari ya da temizlik islemleri esnasinda meydana gelen kirlilik

- Gemilerin kendi yakit operasyonlari esnasinda meydana gelen kirlilik

- Gemilerin kirli sular ve lagim sularinin denize bosaltilmasindan olusan kirlilik

- Gemi sintine ve pis sularindan olusan kirlilik

- Gemilerden kati ya da katimsi atiklarin denize tahliyesi veya atilmasindan olusan kirlilik

- Spesifik olarak tanker gemilerinin gasfree operasyonlarindan dolayi meydana gelen kirlilik
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- Gemilerin kanuni veya kanuni olmayan sekilde ylk olarak tasidiklari tehlikeli maddelerin veya tehlikeli
atiklarin denize tahliyesi veya dokilmesinden dolayl meydana gelen kirlilik

- Deniz kazasi nedeniyle olusan kirlilik

- Deniz dibi kaynaklarindan iiretilen petrolden olusan kirlilik

-Su Urdnleri Gretilmesi ve avlanmasi sebebiyle meydana gelen kirlilik

-Deniz dibi arastirmalari ve kazilari sebebiyle meydana gelen kirlilik

- Askeri faaliyetler ve harp neticesinde meydana gelen deniz dibi arastirmalari ve kazilari sebebiyle meydana
gelen kirlilikler

Denizlere karisan kirleticilerin cogu, kiyi seritleri boyunca ve i¢ kesimlerde gergeklesen insan faaliyetlerinden
kaynaklanir. Kirliligin en blyik kaynaklarindan biri, akis sonucu olusan noktasal olmayan kaynak kirliligidir.
Noktasal olmayan kaynak kirliligi, septik tanklar, araglar, giftlikler, hayvan ciftlikleri ve kereste hasat alanlari
gibi bircok kaynaktan gelebilir. Petrol veya kimyasal sizinti gibi tek bir kaynaktan gelen kirlilige noktasal
kaynak kirliligi denir. Noktasal kaynak kirliligi olaylari genellikle bilyik etkilere sahiptir, ancak neyse ki daha
az siklikta meydana gelirler. Arizali veya hasarli fabrikalardan veya su aritma sistemlerinden gelen desarjlar
da noktasal kaynak kirliligi olarak kabul edilir. (National Oceanic and Atmospheric Administration, 2024)

3.3.Deniz Kirliliginin Tiirleri

3.3.1. Plastik ve Cop Kirliligi

Plastik siseler, torbalar, sigara izmaritleri, plastik parcalar, pipetler, lastikler, aglar vb. baliklar ve diger
canhlarin bunlara dolanmasi, bogulmasi ve 6lmesi nedeniyle deniz ekosistemini tehdit eder. Kaplumbagalar
ve deniz kuslari bazen bunlari yiyecekle karistirabilir ve hatta sindirebilir, bu da sindirim sistemlerinde bir
yirtilmaya ve sonunda agliktan 6lmelerine neden olabilir (Ahmed, 2022). Her yil nehirlerden okyanusa 1,15
ila 2,41 milyon ton plastik atigin girdigini ve emisyonlarin %74'tinden fazlasinin Mayis ile Ekim aylari arasinda
meydana geldigini tahmin edilmektedir. Cogunlugu Asya'da bulunan 20 kirletici nehir, kiresel toplamin
%67'sini olusturmaktadir (Lebreton, 2017).

3.3.2. Giibre, Pestisit ve Bocek Oldiiriiciilerden Kaynaklanan Kirlilik

Dinyada her yil 4.000.000 tondan fazla pestisit kullanilmakta ve diinya g¢apindaki su kitlelerinde esik
degerlerinin tzerinde yliksek konsantrasyonlar tespit edilmistir. Olusan atik su (pestisitlerle kirlenmis) insan
sagligi, ekosistem ve su ortami lzerinde olumsuz etkilere sahiptir (Rad ve digerleri, 2022). Besin agisindan
zengin glibreler, pestisitler, bocek ilaglari ve herbisitler giftliklere puskiirtilir ve fazlasi genellikle yakinlardaki
akarsulara, nehirlere, koylara ve haliglere gider ve bunlar da onlari okyanusa tasir (Ahmed, 2022). Pestisit
kirliligi, insan saghgi ve su ekosistemleri igin ortaya ¢ikan kiiresel bir tehdittir. Pestisitler su canhlarinin besin
zincirinin bozulmasina ve popiilasyonlarinin azalmasina neden olmaktadir (AbuQamar ve digerleri, 2024).

3.3.3. Gemiler ve Denizcilik Ekipmanlari Tarafindan Yapilan Giiriiltiiden Kaynaklanan Kirlilik

Deniz kirliligi yalnizca elle tutulur plastik veya diger kirleticiler degil, graltu kirliligi gibi elle tutulamayan diger
unsurlari da icerir. Balinalar ve yunuslar gibi bircok deniz memelisinin keskin bir gorisi yoktur. Cevrelerini
anlarlar ve sesler kullanarak tirleriyle uzun mesafelerden iletisim kurarlar. Buna eko lokasyon denir (Usluer,
2024). Ancak gemilerden, sonarlardan ve diger ekipmanlardan gelen yapay sesler iletisimlerini bozar. Yasam
dongilerini bozabilir ve gog, Greme diizenleri ve avlanma siireclerini etkileyebilir. Seslere karsi hassas
olduklari icin asiri glrilti saghklarina zarar verebilir. Glriltlinin yani sira, bu glizel memeliler geminin
govdeleri ve pervaneleri tarafindan yaralanir ve 6limcil yaralanmalar alirlar (Ahmed, 2022). Gemilerdeki
surekli glraltl insan saghgl lizerinde olumsuz etki yaratabilir. IMO, 2012 yilinda, Denizde Can Gilivenligi
Uluslararasi Sozlesmesi'nde (SOLAS) gemilerin gemideki giriltiyl azaltacak ve personeli gilriltiiden
koruyacak sekilde insa edilmesini ve gemilerdeki giiriiltii seviyelerine iliskin Kod'a uygun olmasini gerektiren
bir diizenleme kabul etti. Kod, makine daireleri, kontrol odalari, atélyeler, konaklama ve gemilerdeki diger
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alanlar igin zorunlu maksimum giriilti seviyesi sinirlarini belirler. Uluslararasi Calisma Orgiiti'niin Deniz
Calisma Sozlesmesi (MLC 2006) de gemilerde tehlikeli diizeydeki giiriiltiye maruz kalma riskinin dnlenmesine
iliskin gereklilikler icermektedir (International Maritime Organization, 11.10.2024).

3.3.4. Giines Kremleri Benzeri Cilt Bakim Uriinlerindeki Kimyasallarin Yarattig: Kirlilik

Arastirmalar, glines kremlerinde ve diger kisisel saglik Uriinlerinde bulunan bazi kimyasallarin mercan
resiflerinin saghgini da tehdit ettigini gosteriyor. Glines kremleri ve cildimizi glinesin zararl ultraviyole
1sinlarindan koruyan gesitli topikal Griinler mercanlar ve diger deniz canhlari igin 6limcildir (Ahmed, 2022).
Gunes kremleri mercanlar lizerinde beyazlamaya neden olabilir ve bu da sonunda 6liimlerine yol acabilir
(Chatzigianni ve digerleri, 2022). Yapilan arastirmalarda yayinlanan arastirma, erken gelisen mercanlarda dort
onemli toksik etki oldugunu gosterdi: beyazlamaya karsi artan duyarlilik; DNA hasari (genotoksisite); anormal
iskelet gelisimi (endokrin bozulmasi yoluyla); ve bebek mercanlarda biiyiik deformiteler (Downs, digerleri,
2016).

3.3.5. Petrol Sizintilarindan Kaynaklanan Kirlilik

Tankerler ham petrolii denizde tasirken petrol sizintilari meydana gelebilir. Ancak, onlari son derece tehlikeli
yapan sey, onlari temizlemenin zorlugu ve deniz ekosistemi izerindeki etkileridir. Petrol, su ylizeyinde ince
bir tabaka olusturarak sudaki oksijenin ¢éziinmesini engeller. Kiyi bolgelerinde, plajlari kirletebilir ve deniz
kuslarini 6ldarebilir. Petrol bir kusun kanatlarina bulandiginda ugamaz ve tiyleri yalitim 6zelliklerini kaybeder,
bunun sonucunda hipotermi nedeniyle 6lim meydana gelir (Ahmed, 2022).

3.3.6. Zehirli Endistriyel Atiklardan Kaynaklanan Kirlilik

Endistriyel atik su, endiistriyel proseslerden kaynaklanan kullanilmis veya kirlenmis suyu ifade eder. insanlar,
yaban hayati ve daha genis cevre icin zararli olabilecek cesitli kirleticiler icerir. Endistriyel atik su,
ekosistemlerin saghgini tehdit eden ve uzun vadeli ekolojik degisimlere yol acan buyuk bir kiresel ¢cevre
sorunudur. Bu etkiler, biyolojik gesitliligin kaybindan, topragin bozulmasindan ve su yasamina yonelik
tehlikelerden, kiiresel olarak 6liimciil mikro kirleticilerin birikmesine kadar uzanir (Fahrion, 12.03. 2024).

3.3.7. Pis Sulardan Kaynaklanan Kirlilik

Pis sular cevreye salindiginda veya sizdiginda 6nemli hava, toprak ve su kirliligine neden olurlar. Cogu zaman,
aritilmamis pis su, altyapi veya diizenleme eksikligi nedeniyle yanls bir sekilde su kitlelerine geri salinir. Bu
oldugunda, goller, nehirler ve denizler ve diger tim kiyi sulari 6nemli 6lgiide kirlenebilir (Peacock, 13.07.
2022). Bu tir sular ayrica su ekosistemlerini ve o suyu i¢en insanlarin sagligini olumsuz yénde etkileyen
metaller veya kimyasallar igerebilir. Toksinler deniz yasamini éldiirebilir ve besin zincirini bozabilir (Ahmed,
2022).

3.3.8. Isik Kirliligi

Kiyi sehirleri, acik deniz petrol platformlari ve gemiler okyanusu yapay isikla doldurarak ¢ok cesitli deniz
canlilarini etkiliyor. En kiiclik zooplanktonlardan en buylk balinalara kadar, isik kirliligi dogal ritimleri bozarak
deniz habitatlarini tehdit ediyor.

Gezegenimizdeki tim hayvanlar arasinda, belki de higbiri deniz kaplumbagalari kadar isik kirliliginden tehdit
altinda degildir. Kiyi sehirlerinden gelen gece yapay i1sig1, yuvalama alanlarinin basarisini bliytk 6l¢lide etkiler.
Sonug olarak, yetiskin disi deniz kaplumbagalari yumurtalarini birakmak icin uygun karanlik bir plaj bulmakta
zorlanirlar ve sehirlerimizin isiklari yavrularini sasirtir. Dogal bir plajda, yeni yumurtadan cikan deniz
kaplumbagalari agik ufku bulur ve suya dogru yonelir. Ne yazik ki, 1sik kirliligi yavrulari okyanustan uzaklastirir
ve burada yorgunluktan veya yirticilardan olirler (Chortos, 08.06.2024).
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3.3.9. Atmosferik Emisyonlardan Kaynaklanan Kirlilik

Okyanus atmosfer nedeniyle gesitli sekillerde kirlenebilir. Rlizgar, kiicik parcaciklar, plastik pargalari vb. dahil
olmak lizere toz ve dokiintileri ¢copliklerden nehirlere veya denizlere tasir. Yaz aylarinda, Sahra Coli'nden
gelen toz Karayipler ve Florida'ya tasinir ve buradan subtropikal Atlantik'e akar. Bu toz olaylari Karayipler ve
Florida boyunca mercan resiflerinin saghgini bozmustur. Okyanuslarin ve denizlerin pH'ini etkiler, bu da daha
asidik hale gelerek okyanus asitlenmesine yol acar. Sonug olarak, mercanlar ve planktonlar gibi deniz canllari,
kabuklarini ve iskeletlerini bu tir asidik suda olusturamadiklari icin etkilenirler, bu da kabuklarini veya
iskeletlerini agindirir (Ahmed, 2022).

3.3.10. Otrofikasyondan Kaynaklanan Okyanus Kirliligi

Otrofikasyon, bir su kiitlesinin, esas olarak azot ve fosfor olmak lizere, yosun biiylimesine yol acan asiri
besinleri aldiginda meydana gelen bir siirectir. Tath su kaynaklarindan gelen besinler, belediye ve endistriyel
tesislerden gelen akis yoluyla acgik denizlere ve okyanuslara ulasir. Sonuglari, tiim glines 1si§ini emen ve su
ylzeyine nifuz etmesini engelleyen zararh alg patlamalaridir, bu da okyanusta oksijen seviyelerinin yetersiz
oldugu o6l bolgeler yaratir. Ayrica, bazi deniz memelileri 6lirken digerleri bu alanlardan digerlerine go¢ eder
ve deniz ekosisteminin hassas dengesini etkiler (Ahmed, 2022).

3.3.11. Derin Deniz Madenciliginden Kaynaklanan Okyanus Kirliligi

Derin deniz madenciligi, 200 metreden daha derinlerdeki okyanus tabanindan metal ve mineralleri ¢cikarma
uygulamasidir. isletme icin hedeflenen cevher tiiriine gére tanimlanan farkl derin deniz madenciligi tiirleri
vardir (IUCN, 01.03.2024). Derin denizin bir zamanlar yasamdan yoksun oldugu dustnilirken artik
gezegendeki en biyilk yasanabilir alan oldugunu ve géz kamastirici bir yasam cesitliligine ev sahipligi yaptigini
biliyoruz. Bugline kadar derin okyanusta on binlerce tiir bulundu ve milyonlarca daha olabilecegi tahmin
ediliyor. Deniz yasamina dogrudan zarar: Daha az hareketli derin deniz organizmalarinin deniz tabanina
yerlestirilen agir madencilik ekipmanlariyla dogrudan temas yoluyla 6lmesi ve organizmalarin bu makinelerin
yaratmasi muhtemel tortu tiiyleri tarafindan bogulup nefessiz kalmasi olasiligi yiiksektir. Sicak madencilik atik
suyu da asiri Isinma ve zehirlenme yoluyla deniz yasamini 6ldirebilir. Madencilik faaliyetleri, dogal olarak
karanlik ve sessiz bir ortamda yogun guriltl ve 1sik kirliligi yaratarak derin deniz tirlerinin beslenmesini ve
Giremesini bozabilir (Ashford, ve digerleri, 23.02.2024). Derin deniz madenciligi operasyonlarinin okyanuslar
Uzerinde zararh etkileri vardir. 30 yillik bir madencilik projesi yaklasik dokuz bin kilometrekarelik okyanus
tabanini etkiler. Denizalti daglari kobalt ve diger metalleri barindiran dis kabuk tabakasindan siyrildiginda,
derin deniz stingerleri ve mercan ekosistemleri yok olur (Ahmed, 2022).

3.3.12. Tarama isleminin Deniz Ortaminda Yarattig Kirlilik

Tarama faaliyeti, tim su yollarinda istenmeyen tortulari temizlemek igin gerceklestiriimesi gereken bir
faaliyettir. Ancak bu faaliyet deniz trafiginin dizenliligini saglasa da deniz ortami igin tehditleri oldukca
fazladir. Bu nedenle tarama makinelerinin oldukca dikkatli bir sekilde gerceklestiriimesi gerekir. Tarama
isleminin ana odagl, altinda kalan tortulari ¢cikarmak oldugundan, siirecin cevresel etkileri ortaya ¢ikabilmekte
deniz cevresine zarar verebilmektedir. Herhangi bir su kitlesindeki toprak birikintileri belirli bir 6nceden
belirlenmis bilesime sahiptir. Tarama yoluyla bu bilesim degistirilebilir. S6z konusu degisiklik nedeniyle,
topragin orijinal bilesimine bagh olan canlilarin ve organizmalarin mevcut yasam alani, meydana gelen
olumsuz deniz cevresi degisikliklerin nedeniyle yok olmaktadir. Sualti toprak bilesimindeki bu degisiklik
nedeniyle, su altindaki topragin bulanikhigi da degisir. Bu, durum yeni ve zararli organizmalarin yaratiimasi,
istenmeyen organizmalarin su kitlesindeki diger bolgelere aktarilmasi ve ekstra ve istenmeyen besinlerin
salinmasi yoluyla daha genis bir kirlenme ve organik siireclerin yayllmasina yol agarak sorunlara yol agar.
Bulaniklik ayrica, halihazirda var olan kirlenmelerin su kiitlesine daha fazla yayilmasina neden olur ve bu da
deniz ortamini olumsuz etkiler (Karan, 26.07.2021).
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4. DENiZDE PETROL SIZINTISI TEMiZLEME YONTEMLERI

Petrol ve petrol tiirevi yakitlarin kiiresel kullanimi arttigindan, bu Grilinlerin ¢evreye akut ve kronik salinim
olasihgl da artmistir. Buna ek olarak, ekonomik faaliyetlerin artmasiyla birlikte gemicilik faaliyetleri ve liman
ihtiyaclari da artmakta, bu da petrol tiketimi ve petrol sizintisi miktari tizerinde etkili olmaktadir. Cok sayida
petrol tankeri, zorlu denizcilik kosullari ve yiksek yogunluklu bolgelerin bir araya gelmesiyle karakterize
edilen diinya capindaki deniz seyriiseferlerini kullanmaktadir (Ates Duru ve incaz, 2008).

Ham petrol herhangi bir yolla denize dokildigiinde, sudan daha disik yogunlugu nedeniyle hizla dokilen
petrol su ylzeyine yikselir. Normalde petroliin yeryizinin derinliklerinden c¢ikarilmasi siirecinde buyik
Olcekli sorunlar goriilmez. Ancak, bir petrol sizintisi oldugunda bu durum felakete yol acabilir (Ates Duru ve
incaz, 2008). Su yiizeyine yiikselen petrol deniz yiizeyinde birka¢ milimetre kaliniginda bir tabaka olusturur.
Bu sirada petrol sizintisindan ¢ogu toksik bilesen de dahil olmak (izere ucucu bilesenler, hizla buharlasarak
atmosfere yayilir. Doganin ¢evrim dogal ¢cevrimi icinde riizgarlar ve olusan akintilar ile dnce yakin kiyilara daha
sonra daha uzak kiyilara dogru dogru tasinmasina neden olur. Azwell’e gore; her yil {i¢ milyon ton petrol
kirleticisi okyanusa sizmaktadir. Buna ek olarak Azwell tarafindan biylk petrol sizintilarindan biri olan
Deepwater Horizon patlamasinda ortaya ¢ikan petrol sizintisi ile kurtarma ve iyilestirme teknolojilerinin
petrol sondajinin blylklGgiine ayak uyduramadigi ifade edilmistir. O nedenle deniz kirliliginde eski
teknolojiler yaninda yeni teknolojilere de ihtiya¢ duyulmaktadir (Thomas, 2013). En bilyiik deniz petrol
sizintisi olan Deepwater Horizon felaketi, Nisan 2010'da bir petrol platformunun patlamasinin ardindan
yaklasik 800 milyon litre ham petrolin Meksika Korfezi'ne akmasina neden oldu. Cevre lizerindeki etkisi
ozellikle baliklar, kuslar ve deniz hayvanlarinin bliytk miktarlarda 6lim ile ortaya gikti.

Sekil 1. Deepwater Horizon Patlamasi Sonrasi Calismalar (Prueitt, 19.04.2018).

Denizde petrol kirliligini temizleme yontemlerini temel olarak dort grupta incelemek mimkindir. Glincel
teknolojik degismelerle bu siniflandirmalar degisiklik gosterebilmektedir. Bu temel yontemler; mekanik
yontemler, kimyasal yontemler, yerinde yakma yontemi ve biyolojik yontemlerdir.
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4.1. Mekanik Yontemler

Petrol sizintisini temizlemenin en iyi yontemi mekanik yontemdir. Bunun nedeni mekanik yontemin petroli
deniz ortamindan tamamen uzaklastirmasidir. Ancak bu yontem sadece deniz sakin oldugunda uygulanabilir.
Mekanik yontemlerin yiksek deniz dalgalari, yiksek riizgar hizi gibi durumlarda uygulanmasi zordur (Obi ve
digerleri, 2014). Mekanik yontemler, ozelliklerini degistirmeden su ylizeyinde kalan petroli tutmak ve geri
kazanmak igin kullanilir. Bunlar arasinda bomlar, siyiricilar ve emici malzemeler bulunmaktadir (Ventikos vd.
2004). Ancak, rlzgar dalgalari ve akintilardan etkilenir. Mekanik yontemler iginde boomlar, skimmerler ve
sorbentler bulunur.

Boomlar: Bu yontem petrol sizintilarini kontrol etmenin en basit ve en yaygin temizleme yontemidir; dokiilme
alaniniizole etmek i¢in suya dogru uzanan blylk yiizen boomlarin kullaniimasini igerir (Stellarix, 21.03.2024)
Boomlar, yilizen petroli tek bir yerde tutmaya yardimci olan yizer bariyerlerdir. Bomlar yalnizca kiyidan
temizleme yapan sistemler gibi daha sakin sularda daha iyi ¢alsabilirler (Collins, 14.07.2024). Petrol
sizintisinin etrafa yayilmasini engellemek igin sizintinin etrafi ¢evrelenir. Bu yontem yalnizca petrol tek bir
noktada oldugunda etkilidir ve olayin meydana gelmesinden kisa bir siire icinde miidahale edilecegi zaman
ise yarar aksi takdirde sizinti denizde dagilacagi igin bu yontemi kullanmak faydali ve elverisli olmayacaktir
(Agarwal, 30.04.2021).

Sekil 2. Skimmer (Mavi Deniz, 2024)

Skimmer’lar: Bu makineler su yiizeyinden petrolii siyirir. Once petrolii yogunlastirir ve daha sonra etkili bir
sekilde siyirir (Stellarix, 21.03.2024). Petrol, petrol boomlari kullanilarak ¢evrelendikten sonra, kirleticileri su
yuzeyinden gikarmak icin gemilere skimmer'lar veya petrol kepgeleri yerlestirilebilir. Bu teknigin 6niindeki en
blyik engel, dokintilerin varligidir; c¢linki skimmer'lar kolayca tikanabilir (Agarwal, 30.04.2021).
Skimmer’lar dokiilen petroliin geri kazanilmasi icin ekonomik olarak uygun olmaya devam etmekte ve bu da
onlari temizleme operasyonlarinin temel tasi haline getirmektedir (Fatima, 13.02.2024).
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Sekil 3. Sorbentler. (Ypers, 25 02.&020)

Sorbentler: Sorbentler, emilim ve/veya ylzeyde bir tabaka olusturma mekanizmasiyla petroli geri kazanirlar
(Stellarix, 21.03.2024). Emiciler, petroliin yapildiklari malzemedeki gézenek bosluklarina niifuz etmesine izin
verirken, adsorbanlar petrolii ylizeylerine ¢geker ancak malzemeye niifuz etmesine izin vermez. sorbentler
¢ogunlukla son yag izlerini gidermek icin veya yagin temizlenemeyecegi alanlarda kullanilir. (U.S.
Environmental Protection Agency, 2024). Petroliin geri kazanilmasi miimkin oldugundan israfin ve kirliligin
online gegiliyor. Emilimden sonra, sorbent maddeler etkili bir sekilde geri alinmalidir. Kiiglik sizintilarda veya
blylik sizintilarin biraktigi izlerin giderilmesinde en etkili yontemdir (Agarwal, 30.04.2021).

4.2. Kimyasal Yontemler

Dagiticilar (Dispersantlar): Denize atilan boomlar kullanilarak sizinti kontrol altina alinamadigl durumlarda
dagiticilar deterjan benzeri bir etkiye sahiptir; bir petrol sizintisini cok kiclk damlaciklara boler ve bunlar
suda seyrelir. Bu daha kiguk petrol parcaciklari daha kolay biyolojik olarak pargalanir ve boylece yiizey
sizintisi tarafindan tehdit edilen hassas yasam alanlarini korur. Dikkat cekici bir sekilde, dagiticilar dokilen
petroli temizlemez (Stellarix, 21.03.2024). Genis alanlara yayilan dokilmelerde etkili bir sekilde kullanilabilir.
Dagiticilarin toksisitesi deniz canlilarini, 6zellikle mercan ve deniz cayiri gibi hareketsiz canhlari etkileyebilir
(Agarwal, 30.04.2021). Katilastiricilar (Solidifiers): Bunlar petrolle fiziksel bir bag olusturur ve petroliin
viskozitesini, petroliin kauguk benzeri bir katiya katilastigl noktaya kadar yukseltir (Stellarix, 21.03.2024).

4.3. Termal veya Yerinde Yakma Yontemi

Yerinde yakma, petrol dokiintisii midahale ekipleri tarafindan kullanilan ve bir petrol kaynagindan ddkilen
petroliin kontrolli olarak yakilmasini iceren bir tekniktir (Walther, 2014).

Bu yontem, petrol sizintilarinin neredeyse %98'ini gidermeye yardimci olur. Bu yontem diger yontemlerden
daha faydalidir ancak, yanan kalintilar ve iligkili dumanlar, sizinti alaninin yakinindaki hava kalitesini etkiler
(Stellarix, 21.03.2024). Yerinde yakma yonteminin élgiilebilir etkinligi igin su ylizeyindeki petroliin minimum
kalinligi 3 mm'dir. Bunun nedeni, yeterince kalin olmayan bir tabakayi tutusturmanin zor ve hatta neredeyse
imkansiz olmasidir. Petrol daha genis bir alana yayllmadan ve kalinligi azalmadan 6nce, kullanildiginda ise
yariyor (Agarwal, 30.04.2021).
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Sekil 4. Yerinde Yakma (International Association of Oil & Gas Producers, 2016)

4.4. Biolojk Yontemler

Bakteriler gibi belirli mikroorganizmalar dokilen petrolle beslenir. Yontem oldukca uygun maliyetli ve
stirdiiriilebilirdir ve ¢ok fazla insan giicii gerektirmez. Ancak, cok zaman alicidir. Ozellikle kiyi seridine yakin
alanlar icin uygundur (Stellarix, 21.03.2024). Azot ve fosfor gibi besin maddeleri ekleyerek dogal biyolojik
bozunma sirecini hizlandirabiliriz. Bu besinler ilgili mikroorganizmalarin blyimesini tesvik eder (Obi ve
digerleri, 2014). Azot ve fosfor bakimindan zengin maddeler, 1989 yilinda Alaska'da meydana gelen Exxon
Valdez petrol dokiintlisiinde mikrobiyal faaliyetleri arttirmak icin katalizor olarak kullaniimistir (Adofo ve
digerleri, 2022).

5. SONUC VE ONERILER

Deniz kirliligini azaltmak, tiim Ulkeler ve endustrilerin ele alinmasi gereken kiiresel bir zorunluluktur. Clink
deniz kirliligi kiiresel bir sorundur. Denizlerde olusan kirlilik birden fazla kaynaktan olusur ve Ulke sinirlari
asar. Deniz kirliligi deniz ekosistemlerini tehlikeye atar. Atmosferik oksijen iiretimini engeller. insan sagligina
yonelik tehditleri de oldukga blyuktir ve siiregte artmaktadir, ancak deniz kirliliginin 6nlenmesi igin gerekli
¢abalarin 6nemi hala tam olarak anlasilmamistir. Deniz kirliliginin ortaya koydugu ekonomik maliyetlerin de
henliz tam olarak hesaplanmadigini ifade edebiliriz. Tum kirlilik bigimleri gibi deniz kirliligi de 6ncelikli kirlilik
kaynaklarini hedef alan yasa, politika, teknoloji ve yaptirima dayali veri odakli stratejiler kullanilarak kontrol
edilebilir.

Deniz kirliliginin 6nlenmesi ile deniz kirliliginin yarattigi maliyetler ortadan kaldinlacagi igin Ulke
ekonomilerindeki darbogazlarin azalmasinda da katkida bulunacaktir. Deniz kirliliginin dnlenmesi denizin
surdirilebilirligi saglayacak ve deniz turizmini canlandiracak, insan saghiginin iyilesmesine de katkida
bulunup, toplumsal refahi arttiracaktir.

Deniz kirliligine neden olan denizde olusan petrol sizintilarinin etkileri her zaman birbirinden farkh olarak
gerceklesmektedir. Clnki her bir deniz kirliliginin kendine 6zgl kosullari vardir ve bir petrol sizintisina
miidahale ederken butin bu farkliliklarin géz 6niine alinmasi gerekir. Deniz kirliligi olaylari tankerler
gemilerinin yikleme ile tahliye operasyonlari sirasinda, deniz kazalar sirasinda, petrol rafinerilerinden
kaynakli, bir geminin batmasi sebebi vb. durumlardan kaynaklanabilir. Deniz kirliliginin en uygun temizleme
yontemlerini tespit ederken bircok kosulun dikkate alinmasi gerekmektedir. Bunlarin basinda hava kosullari,
denizin durumu, denizdeki akinti, sizintinin blytklGga, tlkenin kirlilige bakisi ve verdigi 6nem gelmektedir.
Petrol sizintilari gibi buyik kirlilik olaylarina karsi derhal temizlik midahaleleri yapilmasi ¢evrenin, denizin
surdarilebilirligi agisindan Glkelerin temel hedefleri icinde yer almalidir.
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Daha temiz ve saglkli bir deniz ekosisteminin saglanabilmesi icin makalede aciklanan teknolojilerin
uygulanmasi yaninda ayni zamanda deniz kirliligi konusunda bilin¢lendirme egitimi ve hem toplumsal hem de
bireysel faaliyetleri kapsayan genis bir yaklasimi gerektirir.

Denizin petrol sizintilari ile kirletilmesi konusundaki uygulanan tekniklerdeki tercihlerde bircok etken birlikte
rol oynamaktadir.

ETiK STANDARTLAR

Cikar Catismasi: Herhangi bir cikar ¢atismasi s6zkonusu degildir.

Etik Kurul izni: Etik kurul izni gerekmemektedir.

Finansal Destek: Makale ile ilgili herhangi bir finansal destek alinmamustir.

Tesekkiir: Bilimsel calismalarda, 6zellikle projeden elde edilen makalelerde, tesekkiir etmek, dncelikle bir etik
gereklilik sonra da 6nemli bir nezaket kurahdir.
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EXTENDED SUMMARY

It is an examination of oil pollution, which has a very high spread in marine pollution, and the cleaning
techniques used in combating it in a general perspective. The effectiveness of the techniques applied
according to the types of marine pollution in reducing marine pollution and preventing the spread of marine
pollution has been investigated and the relevant situations are the subject of research.

The concept of pollution, marine pollution and its types, and techniques to prevent oil pollution that causes
marine pollution have been determined as the subject of the research.

Since its existence, man has been in the process of using all living things and objects that make up the earth
as sea, air and land, and in this process, he has left and continues to leave wastes both in general and
especially in the marine environment. The share of seas, oceans and water resources, which constitute
approximately 70 per cent of the world surface, further reveals the importance of marine pollution. For this
reason, pollution of the seas all over the world and, in this context, marine pollution and coastal ecosystem
problems are addressed both at national and international level and evaluated within the scope of
sustainability by the competent institutions of the coastal countries, especially by the International Maritime
Organisation.

Pollutant sources causing pollution in the seas can be generally classified as marine pollution of the seas, land
pollution of the seas and air pollution of the seas. pollution of the seas by sea; plastic and garbage pollution,
pollution caused by fertilisers, pesticides and insecticides, pollution caused by noise from ships and marine
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equipment, pollution caused by chemicals in skin care products such as sunscreens, pollution caused by oil
spills, pollution caused by toxic industrial wastes, pollution caused by sewage, light pollution, pollution
caused by atmospheric emissions, ocean pollution caused by eutrophication, ocean pollution caused by deep
sea mining, pollution caused by dredging in the marine environment and the effects of each of them are
explained from various angles. Since the global use of petroleum and petroleum derivative fuels among these
pollution sources has increased, the possibility of the release of these products into the environment has also
increased, therefore, due to its importance in pollution, oil pollution in the seas and their cleaning techniques
have been investigated.

The study starts with a conceptual framework in which pollution and marine pollution are defined. While
drawing this conceptual framework, especially the literature on pollution and marine pollution has been
analysed. In this study, the concept of pollution, types of pollution in general, marine pollution, main types
of marine pollution and pollution prevention techniques are analysed through literature research.

Many factors play a role in the preferences of the techniques applied in the pollution of the seas by oil spills.
Among these factors, the rate of spread of pollution on the sea surface, weather conditions, wave size, costs
incurred, pollution size and similar effects can be listed. When the studies on pollution in the seas are
examined, the research of pollution types causing marine pollution and the research of cleaning techniques
for oil pollution and systematic explanation with examples may differ from other studies.
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ABSTRACT:

This study briefly focuses on the history of landscape architecture education. It examines the initiatives preceding the formal
establishment of the field, including early attempts and the official opening of academic programs. The study highlights the
contributions of pioneering figures who played essential roles in shaping the education process. It addresses changes in
curriculum and pedagogy over time, particularly the influence of modernism and the integration of sustainability into the
discipline. Additionally, it explores the challenges and innovations within landscape architecture education, such as the impact of
the digital age, the growth of interdisciplinary approaches, and the expansion of the professional sphere.
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INTRODUCTION

The domain of landscape architecture education engages with the intricate intersection of art and science
pertaining to landscape intervention and creation. It underscores the significance of both theoretical frameworks
and applied technological facets of design (Zachariasz, 2020). The formalization of professional education and
training for landscape architects in academic institutions can be traced back to the early 20th century, constituting
a pivotal milestone in the professionalization of the discipline (Collins, 2020). The establishment of the first
university-level course dedicated to landscape architecture at Harvard University, USA, in 1900 marked this
important development (Hopstock, 2022a).

Throughout the past century, landscape architecture education has experienced substantial growth and
transformation, particularly within Western nations such as Britain, Germany, Canada, and Australia (Hopstock,
2022b). More recently, there has been noteworthy progress in Eastern nations, including China and Korea
(Jorgensen et al., 2022). This evolution reflects a paradigmatic shift in pedagogical methodologies, transitioning
from the traditional Beaux-Arts approach to contemporary ecological and interdisciplinary frameworks (Hautamaki
& Donner, 2022). Presently, landscape architecture education across the globe is characterized by ongoing
evolution, continually adapting to the dynamic needs and challenges of contemporary society.

The primary aim of this study is to provide a comprehensive historical analysis of the evolution of landscape
architecture education on a global scale, while also examining the implications of this developmental trajectory for
the current and future state of the field. Interest in the historical geographies of landscape architecture education
has notably surged in the past decade. However, harnessing these historical insights to shape the future of
landscape architecture education requires scholars to engage deeply with the multifaceted and diverse
international histories that underpin this academic discipline.

For instance, while it is well acknowledged in the United States that the professional practice of landscape
architecture emerged around the early 20th century, with educational initiatives prior to this period largely
horticulturally oriented, pioneering contributions such as John Nolen’s proposed course at Harvard in 1900 are
often celebrated as the inception of formal education within this field (Robin, 2012). The interplay between
established historical narratives and contemporary understandings in charting the evolution of landscape
architecture education necessitates further exploration (Abass et al., 2020).

The historical and geographical development of landscape architecture education, a crucial yet frequently
undervalued aspect of the discipline, provides invaluable insights as we progress into the 21st century and the
global community increasingly influences both the conceptual and practical realms of landscape design and
research (Cheng et al., 2020). In Europe, particular emphasis has been accorded to the German-speaking tradition
of “Gartenkunst,” or garden art, and its ramifications for design education (Drake & Reid, 2020). However, the
integration of such discussions within the broader historical and geographical context of landscape architecture
education remains inadequately articulated (Li, 2020).

This research distinguishes itself by mapping the historical narrative of landscape architecture education’s
development through prominent international programs, such as the Royal Botanic Society at Kew, England, and
the Ecole Nationale Supérieure d’Agronomie et du Paysage in Paris, France, thereby extending the discourse
beyond existing “global” histories of landscape education (Namin et al., 2020). It aspires to furnish a
comprehensive overview of the history of landscape architecture education, bridging the gap between seasoned
researchers and novices exploring the evolution and implementation of educational programs for the first time
(Meyer and Norman, 2020; Penning-Rowsell & Lowenthal, 1986; Woods, 2023).

Ultimately, this study endeavors to amalgamate the diverse local and international narratives that have
contributed to the establishment of varied landscape architecture curricula worldwide. By tracing the
development of teaching, learning, and conceptual frameworks within landscape architecture, this research seeks
to serve as a foundational reference for informed discourse regarding the future trajectories of landscape
architecture education, exploring how historical insights can effectively shape and direct future advancements in
the field.
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1. Early Developments in Landscape Architecture Education

The landscape architecture curriculum at the University of Michigan holds the distinction of being the first to be
established independently of existing programs in architecture or horticulture (Meyer & Norman, 2020). Founded
in 1901, the program did not enroll its inaugural student until 1906, under the direction of Harlow O. Whittemore,
a newly appointed faculty member (Jgrgensen et al., 2022). Whittemore, along with other prominent figures,
played a significant role in the advancement of landscape architecture education in the United States.

Notably, Charles Eliot, a former pupil of Frederick Law Olmsted and a senior partner within the Olmsted firm, made
substantial contributions to the establishment of the landscape architecture program at Harvard University in 1900
in collaboration with F. L. Olmsted (Woods, 2023). This program marked a pivotal moment as it became the first to
provide a comprehensive, academically rigorous curriculum, thereby differentiating the discipline from the
traditional apprenticeship-based approach that had previously predominated (Collins, 2020). At Harvard,
students—including those instructed by Whittemore—gained practical experience through the Arnold Arboretum,
an institution affiliated with the Olmsted firm that served as a critical site for the design and planning of public and
private landscapes (Hopstock, 2022a). This integration of theoretical study with practical application can be seen
as a foundational characteristic of the profession’s evolution (Hopstock, 2022b).

Furthermore, Knox’s 1922 textbook, Landscape Engineering, served as an encyclopedic resource for students of
landscape architecture, topographical engineering, and park design, defining landscape architecture as an
amalgamation of artistic and mechanical domains (Penning-Rowsell & Lowenthal, 1986). This highlights the efforts
of early scholars and educators to establish a theoretical framework and appropriate terminology for the
discipline, thereby facilitating its growth (Drake & Reid, 2020).

Key institutional advancements during this period included the founding of the American Society of Landscape
Architects (ASLA) in 1899, which marked the beginning of organized professional standards in the field (Robin,
2012). This was followed by the establishment of the New York State School of Landscape Architecture at Cornell
University, which played a pivotal role in formalizing educational pathways for aspiring professionals (Abass et al.,
2020). Examining these early initiatives elucidates the rapid evolution of landscape architecture in the United
States, from the coining of the term “landscape architecture” in the mid-19th century to the establishment of key
institutions dedicated to the promotion of the profession and provision of formal education for subsequent
generations of landscape architects (Li, 2020).

Moreover, it is noteworthy that the American Society of Landscape Architects was founded before the
establishment of the world’s first official landscape architecture education at Harvard University. This
phenomenon underscores an intriguing aspect of professional organization activities, which commenced prior to
educational institutions conferring diplomas in the field (Zachariasz, 2020; Namin et al., 2020; Hautamaki &
Donner, 2022). Interestingly, analogous to the American experience, the Landscape Architecture Association was
also founded in Ankara in 1966, preceding the formal introduction of landscape architecture education in Tarkiye.
These initiatives illustrate the prevalence of diverse diploma holders actively practicing the profession prior to the
formalization of education in this field.

1.1 Origins of Landscape Architecture Education:

The Institute for Garden and Landscape Architecture, known as the Institut fir Gartenkunst und
Landschaftsarchitektur, was established in 1889 as the first formal institute dedicated to the field of landscape
architecture (Collins, 2020). Ernst Hettich significantly influenced the policies and evolution of landscape
architecture education in Germany during this period (Csepely-Knorr & Klagyivik, 2020). The same year marked the
introduction of the first comprehensive landscape architecture course in the United States at Harvard University,
under the leadership of Frederick Law Olmsted (Luckmann & Welter, 2023).

Early education in landscape architecture emerged from a recognized need for professional preparation that
extended beyond the skills of talented individual designers. This is illustrated by the predominance of initial
courses offered in the eastern United States (Cupers, 2020). In Europe, the development of landscape architecture
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was largely shaped by German concepts, which were deeply rooted in horticulture and garden design (Kovacs,
2020). In the United Kingdom, Thomas Mawson is frequently regarded as the first modern landscape architect,
advocating for professional standards and engaging in the ongoing debate between theory and practice within the
discipline (Collins, 2020). Mawson produced several influential publications, including Landscape Gardening in
Theory and Practice, and served as a consultant to Veitches, a distinguished botanical company. Under his
direction, Veitches emerged as one of the leading garden design firms during the 19th and 20th centuries. Recent
studies suggest a revival of interest in Mawson’s work, particularly his naturalistic and non-intrusive design style,
which resonates with contemporary trends in landscape architecture (Csepely-Knorr & Klagyivik, 2020; Luckmann
& Welter, 2023).

According to Collins (2020), there is an increasing demand for Mawson’s contributions, indicative of the evolution
of landscape architecture as a recognized professional discipline since the late 19th century. In the United States,
the practice and education of landscape design during the late 19th century were profoundly influenced by
Olmsted’s philosophies (Cupers, 2020). His work, especially his instrumental role in the design of Central Park, is
intricately connected to the establishment of landscape architecture programs and his planning principles (Kovacs,
2020). Olmsted’s contributions not only introduced innovative concepts of space and form but also illustrated the
practical application of his belief that “urban parks provide residents a refuge in nature from the congestion and
noise of the city” (Csepely-Knorr & Klagyivik, 2020; Luckmann & Welter, 2023).

While much of the development in landscape architecture education was centered in Western countries, Eastern
nations such as Japan and China have also made significant contributions (Ignatieva et al., 2020). For instance,
Japan’s Kyoto University incorporates traditional Japanese garden principles into modern environmental design,
reflecting a seamless integration of cultural heritage and ecological awareness (Cheng et al., 2020). Similarly,
Chinese programs emphasize large-scale ecological planning to address challenges associated with urbanization
and environmental restoration (Napawan et al.,, 2023). These developments highlight the global nature of
landscape architecture education and the diverse approaches shaping its evolution (Yusuf et al., 2023; Herrington,
2017).

1.2 Pioneers in Landscape Architecture Education:

Painter and art lecturer John Ruskin established the first education initiative for landscape architecture in England
in 1863 (Palacios, 2020). Although it did not evolve into a sustained curriculum, it is recognized for shaping the Arts
and Crafts movement (Wolschke-Bulmahn & Clark, 2021). In 1900, Harvard University’s School of Architecture and
Department of Engineering established the world’s first official Department of Landscape Architecture, offering a
formal “course in landscape architecture” (King, 2021). Led by Frederick Law Olmsted and Jacob Weidenmann,
Harvard’s program emphasized a more systematic and scientific approach to the study of landscape architecture
than previous programs (Jgrgensen et al., 2022).

Weidenmann, who had been practicing in New Haven, played a pivotal role in the reconstruction of the American
Civic Garden, the first public park in the United States, in 1847 (Pagan & Page, 2023). A year later, he was
appointed the first chair of the landscape garden department at Weststadt Baumschule. His 1870 book,
Beautifying Country Homes, published in Hartford, was the first American publication of its kind, focusing on a
“gardenesque” style, in contrast to earlier works by figures like Andrew Jackson Downing that emphasized the
artistic and ornamental aspects of landscape design (Palacios, 2020). From 1879, Weidenmann joined the
University of lllinois while also contributing to the plan for Prospect Park in Brooklyn, for which he was appointed
by the Brooklyn Park Commissioner in 1865 (Wolschke-Bulmahn & Clark, 2021).

Frederick Law Olmsted succeeded Weidenmann as chair in 1870 but soon retired. However, his influence was so
profound that the department at Harvard became informally known as the Olmsted School, a title it retained until
it was renamed the Department of Landscape Architecture and Regional Planning in 1997 (King, 2021). This change
marked an effort to modernize and adapt to the evolving demands of landscape architecture (Jgrgensen et al.,
2022). Meanwhile, a second program was founded at the Massachusetts Institute of Technology (M.L.T.) under the
influence of Beatrix Farrand, the niece of Edith Wharton and president of the American Society of Landscape
Architects, in 1913 (Pagan & Page, 2023).
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M.1.T.’s program advanced rapidly, arguably surpassing Harvard’s. Ralph Rodney Root, an instructor influenced by
the works of Frederick Law Olmsted, Jr., led the program’s development until his resignation in 1940, following
internal disagreements regarding academic direction and professional focus (Palacios, 2020). Root criticized the
program for its lack of intellectual rigor and its shift towards vocational training, which prioritized current
construction techniques and technical skills over a broader, science-based curriculum and professional standards
(Wolschke-Bulmahn & Clark, 2021).

2. Evolution of Landscape Architecture Education

According to the American Society of Landscape Architects (ASLA), the late 1950s and 1960s marked a notable
expansion in the breadth of design education across landscape architecture programs (Olin, 2020). In the initial
stages of these programs, education was primarily delivered through shorter, practitioner-led courses rather than
formal university curricula (Haffner, 2021). These early educational opportunities were predominantly male
dominated, though many practitioners engaged students within their offices for practical training, which was
regarded as an effective learning methodology for some (van Hellemondt, 2021).

Historians frequently consider the establishment of Chicago’s landscape architecture program in 1907 as the first
modern curriculum in the discipline (Antunes et al., 2022). The program welcomed its inaugural cohort of students
in 1914, with Stanton serving as its first professor (Yusuf et al.,, 2023). Throughout the twentieth century, a
plethora of new programs emerged, accompanied by successive generations of educators and students, which
provided diverse educational experiences (Oliynyk et al., 2023).

For example, the establishment of the Central Park Department of Public Works in the 1930s significantly
contributed to the development of programs that awarded professional degrees at both the bachelor’s and
master’s levels (Lus-Arana et al., 2023). Courses in related disciplines, including forestry, city planning, and garden
history, offered vital contextual understanding for the academic and professional evolution of landscape
architecture in the United States (Olin, 2020).

By the 1960s and 1970s, student movements across various disciplines, including landscape architecture,
invigorated the advancement of design advocacy and community engagement within the field (Haffner, 2021). The
pedagogical approaches in landscape architecture programs increasingly emphasized design thinking (van
Hellemondt, 2021).

Sue Reed, a registered landscape architect and ASLA fellow, posits that landscape design plays a pivotal role in
promoting a greener world that prioritizes water conservation, healthy plant ecosystems, and reduced pesticide
use (Antunes et al., 2022). Reed contends that as landscape design addresses critical environmental challenges,
academic institutions have begun to incorporate sustainable landscape design courses into their curricula (Yusuf et
al., 2023).

One of the most pressing challenges faced by the landscape industry is the enhancement of the connection
between built and natural environments (Oliynyk et al., 2023). The integration of sustainable solutions within
design processes highlights the significance of sustainability in landscape education (Lus-Arana et al., 2023).

A growing corpus of practice-led research and academic discourse focuses on sustainable landscape architecture,
addressing key elements such as green roofs, green walls, water management, sustainable plantings, the role of
trees, and eco-friendly construction practices (Olin, 2020; Haffner, 2021). The instruction of these sustainable
principles inspires both current and future generations of landscape architects, prompting a shift toward
environmentally responsible practices within the industry (van Hellemondt, 2021).

For instance, at the University of Sheffield, a module on sustainable design encompasses both theoretical and
practical dimensions of the subject, ensuring that students gain a comprehensive understanding of how their
professional actions can effectuate positive environmental change (Antunes et al., 2022). Similarly, the University
of Gloucestershire offers a module titled Design Technology — Landscape, conducted by lecturer David Howell,
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which investigates sustainable landscape technology and design with an emphasis on eco-design (Yusuf et al.,
2023).

These courses, which prioritize the application of technology in the analysis and conceptualization of sustainable
landscapes, ensure that students meet the emerging professional standards requisite in the evolving landscape
industry (Oliynyk et al., 2023; Lus-Arana et al., 2023).

2.1 Changes in Curriculum and Pedagogy:

This analysis investigates the evolution of landscape architecture education, with a particular emphasis on the
noteworthy transformations in curriculum and pedagogy across three distinct historical periods. The initial period
is identified as the pre-modernism phase, characterized by a classical program deeply rooted in the Beaux-Arts
tradition (Curran, 2020; Naidoo, 2021). During this era, there was an intensive emphasis on history, drafting, and
design, predominantly concentrated within the final two years of academic study (Monacella & Keane, 2022).
Instruction adhered to an atelier model that fostered close relationships between instructors and students,
wherein individual design projects constituted the cornerstone of the educational experience (Colomina et al.,
2022). This pedagogical framework remained largely intact for nearly a century following the establishment of
landscape architecture education in the early 1900s (Laurence, 2023).

However, as the profession endeavored to position itself as more scientific and evidence-based, the modernist
period emerged, marking the second significant phase of transformation (Curran, 2020). As societal perspectives
shifted from idealism to realism, educators, practitioners, and governmental authorities began to scrutinize the
effectiveness of a curriculum heavily reliant on artistic traditions (Naidoo, 2021). In the early 1990s, landscape
architecture programs across the United States initiated a transition towards more diverse and comprehensive
curricula (Monacella & Keane, 2022). The Project Discovery initiative, which emerged in the late 1990s as a
national visioning process engaging the entire landscape architecture profession, served as a catalyst for this shift
(Colomina et al., 2022). The Beaux-Arts-centered pedagogical approach was progressively supplanted by more
interactive and interdisciplinary methodologies deemed pertinent to contemporary practice (Laurence, 2023).
Consequently, the Beaux-Arts framework was increasingly regarded as an impediment to the profession’s capacity
for adaptation and evolution (Curran, 2020).

Despite the longstanding predominance of traditional pedagogy, the curriculum has now evolved to promote
critical and interdisciplinary thinking (Naidoo, 2021). In contrast to previous educational methods, modern design
work frequently entails collaborative group efforts, with regular workshops encouraging active discussion and
critique (Monacella & Keane, 2022). Guest lectures and practical engagements are now integrated into the
teaching schedule, providing students with a balanced exposure to academic theories and real-world applications
(Colomina et al., 2022). These reforms have enhanced the quality of students’ work by fostering a deeper
engagement with innovative design methodologies and emerging trends (Laurence, 2023).

The third period, which reflects the globalized and technologically advanced context of the current era, has seen
landscape architecture education embrace a more international and cross-cultural perspective (Curran, 2020).
Instructors now incorporate global viewpoints into their teaching, thereby exposing students to diverse design
practices worldwide (Naidoo, 2021). International slide sessions and cross-cultural case studies have become
integral components of the curriculum, adequately preparing students for the increasingly globalized nature of the
profession (Monacella & Keane, 2022). Moreover, advancements in digital technology have facilitated the
exchange of knowledge and practices across borders, enabling students to engage with global design standards
(Colomina et al., 2022). Such exposure better equips graduates to navigate the complexities of contemporary
landscape architecture practice, ensuring their preparedness for the evolving demands of the field (Laurence,
2023).

The transition from traditional apprenticeship-based training to research-driven and experimental processes laid
the foundation for addressing contemporary challenges in landscape architecture education. Modern curricula not
only emphasize critical and interdisciplinary thinking but also incorporate technological advancements to address
real-world issues. For instance, the integration of digital tools, such as GIS and 3D modeling software,
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complements the broader scientific and ecological framework of the discipline. Furthermore, interdisciplinary
collaboration, which brings together fields like architecture, ecology, and urban planning, has become an essential
component of pedagogical reform. By aligning these innovations with the evolving needs of society, landscape
architecture education continues to bridge the gap between academic research and professional practice, ensuring
that students are equipped to tackle global environmental challenges.

2.2 Influence of Modernism:

During the modernist period, significant transformations occurred within landscape architecture education,
mirroring the broader cultural and intellectual shifts of society (Gibbons, 2020). Modernism, which emerged in the
late 19th century in the wake of the Enlightenment and continued until the mid-20th century, was characterized
by a marked departure from traditional forms and practices (Mouratidis & Hassan, 2020). This movement rejected
historical styles and subjects in favor of innovation, self-expression, and critical analysis. Within landscape
architecture education, modernist principles instigated a shift away from the established pedagogical foundations
rooted in the Beaux-Arts tradition, which prioritized classical design principles and historical allusions (Penning-
Rowsell & Lowenthal, 1986).

A key transformation during this period was the movement towards a more scientific and technical approach to
education (Gibbons, 2020). In contrast to the Beaux-Arts era, where the focus was primarily on aesthetic qualities
and drafting techniques, modernist education incorporated experimentation, research, and technical precision
(Mouratidis & Hassan, 2020). Jerry Miller, a former president of the ASLA, stated that modernism promoted
experimentation and practical application, endorsing a more analytical and evidence-based methodology in
landscape design (Penning-Rowsell & Lowenthal, 1986). This scientific orientation mirrored the broader societal
emphasis on rationalism and empiricism that characterized the modernist movement.

Furthermore, the rise of environmentalism and research-driven professional education marked this epoch (Kerr &
Lawson, 2020). While the Beaux-Arts curriculum mostly revolved around artistic ideals and rigid design
frameworks, modernist education integrated environmental issues and research as critical elements of
professional training (Wu, 2021). This evolution linked landscape architecture to contemporary knowledge and
scientific advancements, with research-based pedagogy aimed at reinforcing the profession’s intellectual
foundation in response to the complex environmental and social challenges of the modern era (Liu et al., 2022).

Cognitive and critical thinking skills also gained prominence within the curriculum during the modernist era
(Gibbons, 2020). As articulated in Barry Starke’s Landscape Architecture: A Manual for Environmental Design, the
Beaux-Arts model primarily conditioned students to replicate the fixed ideals of their instructors, allowing little
room for individual interpretation or creative autonomy (Kerr & Lawson, 2020). In contrast, modernism
encouraged students to engage with various methodologies, design theories, and conceptual frameworks that
facilitated greater intellectual freedom and critical inquiry (Wu, 2021). This educational shift represented a
significant departure from prior practices, fostering a more dynamic and student-centered learning environment
(Liu et al., 2022).

Starke further emphasized a pivotal modernist tenet: humans are not mere passive entities within designed
environments, but rather active participants in their formation (Gibbons, 2020). This ideological transition led to
students learning not merely to replicate established design paradigms but to explore how landscape architecture
could accurately reflect and respond to evolving social, environmental, and technological dynamics (Mouratidis &
Hassan, 2020). Consequently, the modernist educational approach highlights the symbiotic relationship between
humans and their environments, enabling students to cultivate a deeper and contextually responsive
understanding of landscape design (Penning-Rowsell & Lowenthal, 1986).

In conclusion, the modernist transformation of landscape architecture education introduced scientific rigor,
environmental awareness, and critical thinking into the curriculum, thereby reshaping the profession and its
pedagogical underpinnings (Akour & Alenezi, 2022). This period cultivated a new generation of landscape
architects who are markedly better equipped to confront the complexities of the modern world through
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innovative and research-driven design practices (Gibbons, 2020; Kerr & Lawson, 2020; Penning-Rowsell &
Lowenthal, 1986).

2.3 Integration of Sustainability:

Sustainable development, commonly referred to as the triple bottom line in economic discussions, underscores
the necessity of addressing current needs without compromising the capacity of future generations to meet their
own requirements (Hallinger & Nguyen, 2020). At the heart of sustainability is the organization of work to ensure
that environmentally sound projects are frequently designated as “green projects” (Ignatieva et al., 2020). Within
the domain of landscape architecture, the principles of sustainability are implemented to create outdoor
environments that not only safeguard the ecosystem but also promote the conservation of natural resources
(Mian et al., 2020).

As societal awareness of environmental issues has intensified, there has been a notable increase in the demand for
sustainable design, consequently reshaping the responsibilities of landscape architects (Gibbons, 2020). These
evolving responsibilities have been systematically integrated into the core principles of the profession (Boarin et
al., 2020). A significant number of accredited landscape architecture programs in the United States have
responded to this shift by incorporating sustainability instruction into their curricula (Wu, 2021).

Research conducted by Alexander et al. indicates that over 80% of landscape architecture programs now include
sustainability education, reflecting a movement towards environmentally conscious design practices within the
profession (Hallinger & Nguyen, 2020). Despite these positive developments, ongoing debates regarding the
extent, timing, and content of sustainability instruction in landscape architecture education persist (Ignatieva et
al., 2020). Critics have raised concerns that an excessive focus on prescriptive sustainable design principles may
stifle professional creativity and judgment (Mian et al., 2020). However, such critiques may overlook the broader
objectives of sustainability education (Gibbons, 2020).

Beyond the transmission of technical knowledge, these educational initiatives facilitate critical engagement with
contemporary environmental challenges and encourage reflection on the ethical responsibilities of future
landscape architects (Boarin et al., 2020). As the profession increasingly prioritizes sustainability, the education of
landscape architects is experiencing a transformative shift (Wu, 2021). This trend is evident not only in the United
States but also on a global scale, as sustainability becomes a fundamental element of both professional practice
and academic instruction (Hallinger & Nguyen, 2020).

This transition represents a significant evolution in the field, suggesting that landscape architecture will continue
to adapt in response to the growing demand for environmentally responsible design (Ignatieva et al., 2020).
Sustainability is a cornerstone of modern landscape architecture education, with programs worldwide introducing
climate-resilient design principles into their curricula (Mian et al., 2020).

For instance, Wageningen University in the Netherlands engages students in real-world projects where they design
adaptive landscapes for flood-prone regions using nature-based solutions like wetland restoration and urban rain
gardens (Gibbons, 2020). Additionally, the University of Gloucestershire’s Sustainable Landscape Technology
module emphasizes hands-on learning in areas such as green infrastructure and renewable materials (Boarin et al.,
2020). These programs illustrate how sustainability is being seamlessly integrated into the pedagogy, equipping
future professionals to combat the challenges of climate change (Wu, 2021; Mertens, 2022).

3. Challenges and Innovations

Landscape architecture education has consistently demonstrated a dynamic nature, continuously evolving in
response to technological, environmental, and social changes (Ang et al., 2020). In recent decades, the pace of this
evolution has accelerated significantly, necessitating that educational programs adapt expeditiously (Milovanovic¢
et al., 2020). The increasing demand for sustainable outdoor spaces has elevated the role of landscape architects,
underscoring the importance of equipping students with the necessary skills to confront the evolving challenges
within the profession (Alam, 2020).
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One of the foremost challenges is the integration of emerging digital technologies into the curriculum (Alam,
2021). As the software and tools utilized in landscape architecture progress rapidly, educators must ensure that
students acquire the competencies to employ these technologies proficiently (Mustapha et al., 2021). Staying
abreast of technological trends is paramount for students’ success in an increasingly competitive industry
(Shwedeh, 2024).

Additionally, fostering interdisciplinary collaboration presents another significant challenge (Georgakakos et al.,
2020). Landscape architects frequently engage collaboratively with professionals in urban planning, architecture,
and ecology (Steinitz, 2020). Consequently, educational institutions must develop opportunities that promote
interdisciplinary learning (Butt & Dimitrijevi¢, 2022). Participation in cross-disciplinary projects and discussions
enables students to cultivate a more comprehensive understanding of landscape architecture, allowing them to
address broader issues such as sustainability, community engagement, and cultural context in their designs
(Monacella & Keane, 2022). Such experiences are vital for generating holistic and impactful solutions to complex
design challenges (Fricker et al., 2023).

Furthermore, promoting diversity and inclusivity within landscape architecture education is imperative (Ang et al.,
2020). As the field continues to evolve, it is essential to address the underrepresentation of marginalized groups
and ensure that a diverse array of voices and perspectives contributes to the shaping of the profession’s future
(Milovanovi¢ et al., 2020). By prioritizing these values, educational programs can foster a more inclusive
environment, which benefits both students and the communities they will ultimately serve (Alam, 2020).

By addressing these challenges and advocating for innovative approaches, educational institutions can adequately
prepare future landscape architects to meet the intricate demands of the profession (Alam, 2021). This
preparation will facilitate the creation of sustainable, inclusive, and aesthetically pleasing outdoor spaces that
effectively respond to the needs of communities on a global scale (Mustapha et al., 2021; Shwedeh, 2024).

3.1 Addressing the Digital Age:

While the academic world of landscape architecture may have strong traditional foundations, it’s critical to
recognize the substantial shifts both in how the field is advanced and in the profession itself, which have taken
place in recent times (Kerr & Lawson, 2020). This evolution has given rise to a number of significant trends. For
example, those who instruct students in the use of digital tools might be termed digital immigrants, indicating their
possible hesitance to adopt new technologies and a tendency to lean on conventional teaching techniques (Urech
et al.,, 2020). Conversely, the practice of landscape architecture has swiftly adopted digital technologies,
incorporating them into its methodologies and practices (Nijhuis & de Vries, 2020).

In the current climate of the landscape architecture sector, it’s vital for students to be well-versed in the latest
technological innovations to perform their tasks more efficiently and creatively (Liu & Nijhuis, 2020). Thus,
embedding technology and digital tools into the teaching syllabus is of paramount importance (Kang, 2021). A
prime illustration of this is the initiative led by Bradley Cantrell at the Rhode Island School of Design, which acts as
a dynamic exploration into the vast potentials of digital technology in landscape architecture (Shan & Sun, 2021).
Cantrell’s initiative aims to prepare students to apply software and breakthrough technologies to produce designs
that are both relevant and impactful (Marion & Fixson, 2021).

Through engaging with real site data and algorithms, students get to investigate the significant effects of digital big
data and algorithmic operations on design processes (Goldin et al., 2022). The project’s first version employs a
web-based interface, a design plugin based on modeling, and an advanced algorithm for form-finding that enables
instant 3D design modifications (Shwedeh, 2024). A pilot run in the spring of 2017 demonstrated that using a
digital platform for design tasks substantially improves students’ capacity to choose the best design options
tailored to the specific site conditions (Kerr & Lawson, 2020). Additionally, the project highlights how the user
interface, preset options, and the algorithmic design’s mathematical rationale are crucial to the instructor’s role in
guiding the project (Urech et al., 2020).
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This endeavor proves that merging digital technology with conventional design concepts not only elevates studio-
based learning but also fundamentally transforms landscape architecture (Nijhuis & de Vries, 2020). It lays the
groundwork for new possibilities in innovation, creativity, and problem-solving within the discipline (Liu & Nijhuis,
2020). Enabling students to integrate technology fluently into their learning process pushes the boundaries of the
profession and shapes its future direction (Kang, 2021).

As landscape architecture continues to evolve with technological progress, education in the field must keep pace
by integrating digital tools and techniques into its teaching methods (Shan & Sun, 2021). This approach ensures
that future landscape architects are equipped to deal with the complexities of the modern digital era and
contribute significantly to the profession (Marion & Fixson, 2021). By grounding students in digital technology and
encouraging critical thinking about its applications, landscape architecture education can nurture a new breed of
professionals who are adept in traditional design as well as the possibilities offered by digital tools for creating
sustainable, innovative, and impactful landscapes (Goldin et al., 2022).

By welcoming the digital era into landscape architecture education, students are prepared to excel in both
conventional design principles and contemporary technologies, setting themselves up as industry leaders and
driving the field of landscape architecture forward (Shwedeh, 2024). They will be capable of merging data-driven
design approaches with creative thought, allowing them to address intricate design challenges and contemporary
issues effectively (Kerr & Lawson, 2020). This comprehensive educational strategy will usher in a new generation of
professionals capable of innovating our environment with sustainable and forward-thinking designs (Urech et al.,
2020).

In sum, the merging of digital technology with landscape architecture is revolutionizing the discipline in significant
ways (Nijhuis & de Vries, 2020). By taking advantage of digital tools, students can expand their design horizons,
enhance their decision-making capabilities, and contribute positively to the profession’s growth (Liu & Nijhuis,
2020). The inclusion of technology and digital resources in the educational path is essential, preparing students for
success in a constantly changing and demanding industry (Kang, 2021). With initiatives like Bradley Cantrell’s, the
future of landscape architecture looks bright, innovative, and full of promise (Shan & Sun, 2021).

Adapting to the rapid evolution of digital tools presents both a challenge and an opportunity in landscape
architecture education (Marion & Fixson, 2021). For example, the Landscape Design Studio at the University of
Sheffield has effectively integrated GIS (Geographic Information Systems) and parametric design software like
Grasshopper into its curriculum (Goldin et al., 2022). These tools enable students to model ecological systems and
visualize complex urban landscapes dynamically (Shwedeh, 2024). Similarly, at the Rhode Island School of Design,
Bradley Cantrell’s initiative on algorithmic design empowers students to employ real-time data and machine
learning algorithms to optimize site-specific design decisions (Kerr & Lawson, 2020). By blending traditional design
approaches with cutting-edge digital tools, these programs prepare students for the evolving demands of the
profession (Urech et al., 2020).

3.2 Incorporating Interdisciplinary Approaches:

The trend toward interdisciplinary learning in higher education is gaining momentum, with interdisciplinary
pedagogy being lauded for its engaging and practical approach compared to traditional discipline-specific
education (Brown & Chamberlain, 2020). This approach broadens students’ and their future employers’ exposure
to diverse knowledge and methodologies (Chen et al., 2021). As programs in landscape architecture evolve, there
is an increasing emphasis on incorporating interdisciplinary methods into the curriculum, recognizing landscape
architecture’s inherent interdisciplinary nature (Shao et al.,, 2021). It combines elements from the arts and
sciences, underlining synthesis’s importance in education and professional practice (Oldham, 2022).

Historically, landscape architecture was categorized under arts and humanities, focusing on traditional design
practices (King et al., 2022). However, the shift towards sustainable design and technological advancements has
spotlighted the scientific aspects of the field (Gulhan, 2023). Herrington (2017) notes that modern landscape
architecture education aims to foster unique and hybridized areas of inquiry and problem-solving from the
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interplay between art, ecology, science, and technology. This opens up new avenues for innovative research and
developing novel design theories and methods in landscape architecture (Mendenhall, 2023).

With the move towards interdisciplinarity, landscape architecture curricula now include more science-based
courses, teaching students to leverage technologies used in ecological science and landscape planning (Anacker,
2023). Courses on geographic information systems (GIS), plant and soil science, and ecology have become
common, enhancing students’ understanding of environmental complexities and their ability to devise solutions
for ecological and social challenges (Qiu et al., 2023). This provides a well-rounded academic experience and
equips emerging professionals with valuable skills for the job market (Brown & Chamberlain, 2020).

Furthermore, students are encouraged to participate in real-world collaborative projects that demand multi-
disciplinary problem-solving approaches (Chen et al., 2021). In professional practices, familiarity with various
technologies is increasingly required (Shao et al., 2021). Collaborating with architecture, civil engineering, and
environmental science peers allows students to appreciate the connections between theory, practice, and diverse
knowledge bases (Oldham, 2022). Integrated design studio courses offer opportunities for students from different
fields to tackle real-world challenges, promoting a comprehensive and holistic problem-solving approach (King et
al., 2022). This experience fosters professional and intellectual growth, preparing students for future careers and
instilling a continuous learning mindset and open-mindedness (Gulhan, 2023).

By embracing interdisciplinary approaches, landscape architecture education not only equips students with
practical skills but also encourages innovative and exploratory work in the field, teaching adaptability and fostering
open-ended thinking (Mendenhall, 2023).

The complexity of contemporary environmental challenges has amplified the need for interdisciplinary education
in landscape architecture (Anacker, 2023). Harvard University’s Graduate School of Design exemplifies this
approach by fostering collaboration among architecture, urban planning, and environmental science students (Qiu
et al.,, 2023). One recent initiative focused on designing green corridors in urban areas, combining ecological
restoration principles with social equity frameworks (Brown & Chamberlain, 2020). This integrative model equips
students with a broader perspective, enabling them to address multifaceted issues such as biodiversity loss and
urban heat islands through cohesive, interdisciplinary solutions (Chen et al., 2021).

3.3 Promoting Diversity and Inclusivity:

In In the United States, the field of landscape architecture has traditionally been dominated by white males (Rafi et
al., 2020). Although progress toward diversifying the profession has been gradual, there are signs of improvement,
especially among younger professionals entering the field (Bang, 2020). Yet, there remains significant work to be
done for the demographic composition of landscape architects to mirror the diversity of the wider society
(Alderman et al., 2021).

Key strategies for promoting diversity within the profession include fostering partnerships with the Higher
Education Multicultural Scholars Program and similar organizations (Haan et al., 2021). These partnerships aim to
better connect emerging professionals from underrepresented groups with leadership roles in the ASLA and alike
bodies (Stoltz & Grahn, 2021). Moreover, embracing diverse perspectives through interdisciplinary research and
practice opportunities can further enhance diversity in the field (Leonardo & Boas, 2021). The shift towards
interdisciplinary work and project-based practices opens doors for students, faculty, and practicing landscape
architects to explore pedagogical and practice models that value and support diversity among faculty and students
(Kabisch et al., 2021).

Penning-Rowsell & Lowenthal (1986) highlights the benefits of integrating diverse perspectives into landscape
architecture, which include promoting environmental justice, enriching research and innovation, addressing
globalization and international practice, and advancing social and cultural sustainability. Expanding academic and
professional networks to include a wide range of demographic diversity will empower landscape architects to
devise innovative solutions for various pressing social and environmental challenges (Samayeen et al., 2022).

ISSN: 2687-6450 Article Title: ngtory of Landscape Architecture Education: Evolving Curriculum Through ' 25
Global Perspectives


https://www.jenas.org/

https://www.jenas.org
ISSN: 2146-9229

JENAS | Journal of Environmental and Natural Studies | Volume: 7 Issue: 1 2025

Signs of substantive change are already visible, thanks to initiatives like the Landscape Architecture Foundation’s
fellowship programs and changes in academic accreditation standards that aim to diversify both students and
faculty in landscape architecture (Rafi et al., 2020). Programs like the Olmsted Scholars Program are pivotal in
fostering mentorship and collaborations across generations of landscape architects and public health
professionals, especially among those from underrepresented groups (Bang, 2020). These efforts underscore the
importance of dismantling professional and academic barriers as a critical step towards building networks and
leadership capacity in the field (Alderman et al., 2021).

The 2016 Landscape Architecture Program Accreditation Standards set by the Landscape Architectural
Accreditation Board (LAAB) include criteria for evaluating the diversity of a program’s students and administrators,
student retention rates, and retention strategies (Haan et al., 2021). This shift in accreditation standards
exemplifies how institutional change within higher education can promote diversity and inclusivity in the field,
with a focus on evaluating student success and retention within a diverse learning environment (Stoltz & Grahn,
2021). Consequently, programs are now more focused on implementing targeted recruitment strategies for
underrepresented populations and documenting the effectiveness of these strategies in enhancing student
diversity (Leonardo & Boas, 2021). These measures not only signify a shift in how diversity is conceptualized but
also in how it is actualized, by establishing evaluation criteria that underscore the importance of fostering a diverse
student body within academic programs and the broader profession (Kabisch et al., 2021).

Creating a more diverse and inclusive landscape architecture profession remains a pressing challenge (Penning-
Rowsell & Lowenthal, 1986). Initiatives like the Olmsted Scholars Program in the United States actively address this
issue by offering scholarships and mentorship opportunities to underrepresented groups (Samayeen et al., 2022).
These efforts not only foster inclusivity but also enrich the profession by introducing diverse cultural perspectives
into design practices (Rafi et al., 2020).

A notable success includes a recent community-led project where students collaborated with indigenous groups to
integrate traditional ecological knowledge into sustainable landscape designs (Bang, 2020). This approach
underscores the importance of inclusivity in shaping designs that resonate with and respect the cultural and
environmental needs of diverse communities (Alderman et al., 2021).

it highlights the discipline's global

By consolidating these developments, trajectory and pedagogical

transformations (Table 1).

Table 1. Concise memory of Landscape Architecture Education.

Year Event Significance

1863 John Ruskin's lectures on landscape architecture in Early conceptualization of landscape architecture
England education.

1889 Institut fir Gartenkunst und Landschaftsarchitektur First formal institute dedicated to landscape
founded in Germany architecture.
Founding of the American Society of Landscape Architects | Established professional standards and advocacy for

1899 R
(ASLA) the discipline.

1900 Harvard University established the world’s first Transitioned from apprenticeship-based training to
Department of Landscape Architecture formal academic education.

1900 University of Michigan initiated the first independent Established education independent of horticulture or
landscape architecture program architecture disciplines.

1901 University of Michigan initiated the first independent Established education independent of horticulture or
landscape architecture program architecture disciplines.

1922 | Publication of Landscape Engineering by Knox Introduced technical and theoretical frameworks for

landscape architecture.

1930s Central Park Department of Public Works contributed to Bridged practical training with formal education in
professional degrees in landscape design urban landscape projects.

1960s Growth of interdisciplinary and sustainable design in Reflects student-led movements toward ecological
curricula and community-focused approaches.

1966 Landscape Architecture Association founded in Ankara, Early steps toward formalizing the profession in
Turkiye. Tirkiye.
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Establishment of landscape architecture education at Marked the formal introduction of structured

Ankara University, Turkiye. education in Tirkiye.

Visioning process that catalyzed curriculum
modernization, emphasizing research and technology.

1968

1990s | Emergence of Project Discovery initiative in the U.S.

Integration of sustainability and digital tools into global Responded to environmental challenges and
2000s | curricula technological advancements.
Pilot of Bradley Cantrell’s digital algorithmic design Demonstrated the transformative potential of data-
2017 | . .. .. . . . . .
initiative at the Rhode Island School of Design driven tools in landscape architecture education.
CONCLUSION

Over the past century, landscape architecture education has undergone significant growth and transformation,
particularly in Western nations such as Britain, Germany, Canada, and Australia. More recently, Eastern countries,
including China and Korea, have also made notable advancements. This evolution reflects a paradigmatic shift in
pedagogical methodologies, transitioning from the traditional Beaux-Arts approach to contemporary ecological
and interdisciplinary frameworks. These shifts demonstrate that landscape architecture education is not static but
continually adapts to cultural, social, economic, and technological changes.

In conclusion, landscape architecture education has evolved in diverse ways across different regions, influenced by
varying historical and contextual factors. Rather than adhering to a single, universally applicable model, the field
has developed distinct approaches that balance artistic, ecological, and technological dimensions. Historically, the
discipline has moved from a primarily artistic and visually focused foundation to a more comprehensive and
research-driven educational framework. Today, in the digital age, the integration of advanced technologies into
both education and professional practice is becoming an urgent necessity. The growing emphasis on
interdisciplinary collaboration further highlights the importance of engaging experts from various fields to enhance
landscape architecture education.

However, several challenges remain. A key issue is the full adoption and effective integration of digital tools as
essential components of teaching, research, and practice. This transition requires not only individual adaptation by
educators but also collective engagement across institutions and professional organizations. The future of
landscape architecture education presents a unique opportunity for innovation, as emerging methodologies and
evolving pedagogical frameworks will shape the next generation of landscape architects.

Landscape architects play a crucial role in shaping environments that harmonize natural processes with human
needs. To achieve this, ongoing critical reflection—both within academic settings and professional practice—is
essential. This study provides a broad overview of the historical evolution and current global landscape of
landscape architecture education. While it does not cover every aspect in exhaustive detail, it serves as a
foundation for further inquiry into specific regional and institutional variations. A deeper, systematic analysis of
global trends in landscape architecture education will contribute valuable insights to both academia and
professional practice.

Ultimately, landscapes are living systems that communicate through the language of nature. Understanding and
responding to this language requires a multidisciplinary and inclusive approach. By embracing diverse perspectives
and methodologies, landscape architecture education can continue to evolve, fostering a new generation of
professionals who are well-equipped to address contemporary challenges and contribute to a sustainable, resilient
future.
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6z

Bu ¢alisma ile Antalya kiyilarinda Mavi Kart Sistemi (MKS)'nin altyapisi ve uygulama siirecinde yasanan sorunlarin arastiriimasi
amaglanmistir. Bu amagla, Mayis-Ekim aylari (2024 yili) arasinda Antalya kiyi seridinde yapilan saha galismalarinda yat ve
glnubirlik gezi teknesi barinma noktalarinin MARPOL sozlesmesi Ek I, IV ve V protokolleri geregi olusturulan Atik Kabul Tesisi
(AKT) alt yapilari incelenmis, MKS’nin uygulanmasinda yasanan sorunlar belirlenmeye c¢alisilmistir. Arastirmada, yat ve
glinubirlik gezi teknelerinin Antalya kiyilarinda bulunan 14’4 kiyi tesisi (Gazipasa Gold Marina, Alanya Yat Limani, Alanya
Marina, Antik Side Limani, Kaleigi Yat Limani, Setur Antalya Marina, Galticak Balik¢i Barinagi, Kemer G-Marin, Setur Finike
Marina, Demre Cayagzi Yat Limani, Kekova Ugagiz iskelesi, Kas Yat Limani, Setur Kas Marina ve Kalkan Yat Limani), 3'(i akarsu
(Manavgat Nehri, Belek Acisu, Aksu Deresi) ve 2’si koy (Cirali ve Adrasan) olmak Uzere toplam 19 noktayi barinak olarak
kullandiklari tespit edilmistir. Bunlardan, insaasi yeni tamamlanmis ve isletmeye agilmamis olan Gazipasa Gold Marina ve
Belek/Acisu digindaki barinma noktalarinin tamaminda AKT bulundugu belirlenmistir. Bazi eksiklikler tespit edilen Antik Side
Limani digsindaki AKT’lerde MARPOL Ek I, IV ve V protokolleri kapsamindaki atiklarin aliminin yapildigi ve sistem gorevlileri
tarafindan atik veri girisinin gergeklestirildigi anlasiimistir. Ancak, atiklarin alimi ve MKS’'ne atik veri girislerinde suistimallere
yol agabilecek hususlarin oldugu belirlenmistir.

Anahtar Kelimeler: Antalya kiyilari, Yat ve Gliniibirlik gezi teknesi, MARPOL 73/78, Mavi Kart Sistemi, Atik Kabul Tesisi
ABSTRACT:

This study aims to investigate the infrastructure and implementation problems of the Blue Card System (BCS) along the coats of
Antalya. For this purpose, field work was carried out between May and October 2024. During these studies, the waste
reception facility (WRF) infrastructure, established in compliance with Annexes |, IV and V of the MARPOL Convention, at yacht
and daily excursion boat mooring sites were examined, and the problems encountered in the implementation of the Blue Card
System (BCS) were identified. The study identified 19 sheltering used by yachts and daily tour boats, comprising 14 coastal
facilities (Gazipasa Gold Marina, Alanya Marina, Alanya Marina, Ancient Side Harbor, Kaleigi Marina, Setur Antalya Marina,
Calticak Fishing Shelter, Kemer G-Marin, Setur Finike Marina, Demre Cayagzi Marina, Kekova Ugagiz Pier, Kas Marina, Setur Kas
Marina and Kalkan Marina), 3 rivers (Manavgat River, Belek Acisu, Aksu Stream) and 2 bays (Cirali and Adrasan). Among these,
it was determined that all mooring points—except for Gazipasa Gold Marina and Belek/Acisu, which have recently been
completed and not yet opened for operation—are equipped with WRFs. It was also found that, aside from the Ancient Side
Harbor, where certain deficiencies were identified, all WRFs are actively receiving waste in accordance with MARPOL Annexes |,
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IV, and V, and the waste data is being entered into the system by designated personnel. However, the study also revealed
potential vulnerabilities within the waste collection process and the data entry into the BCS that may lead to misuse or
irregularities.

KEYWORDS: Antalya coasts, Yacht and Daily excursion boat, MARPOL 73/78, Blue Card System, Waste Reception Facility

GiRIS

Deniz kirliliginin en 6nemli nedeni kara kaynakh kirlilik olmakla birlikte, gemi ve agik deniz tesislerinden kaynaklanan kirlilik de
etkin tedbirler alinmasini gerektirecek 6neme sahip boyuttadir (Battal, 2011). Gemi kaynakh kirlilik genellikle gemicilik faaliyetleri
ve deniz kazalari sonucu ortaya gikmaktadir. Gemicilik faaliyetleri ve deniz kazalar kaynakli deniz kirliliginin 6nlenmesi igin IMO
(Uluslararasi Denizcilik Orgiitii) tarafindan, tlkemizin de 1990 yilinda taraf oldugu (Késeoglu vd., 2016) Gemilerden Kaynakl Deniz
Kirliliginin Onlenmesine iliskin Uluslararasi Sézlesmesi (MARPOL 73/78) cikarilmistir. MARPOL 73/78 Sozlesmesi, hem kazara
kirlenme hem de rutin operasyonlardan kaynaklanan kirlenmenin Onlenmesi igin alinmasi gereken tedbirleri iceren 6 ek
protokolden olusmaktadir (IMO, 2024). Bu protokoller;

Ek I: Petrol ve petrol tirevleri atiklarindan (sintine, kirli balast, slag, slop, atik motor yagi vb.) olusan kirliligin 6nlenmesi
Ek Il: Dokme olarak tasinan zararli sivi maddelerden kaynaklanan kirliligin onlenmesi
Ek Ill: Paketlenmis sekilde deniz yoluyla taginan zararli maddelerden olusan kirlenmenin dnlenmesi

Ek IV: Gemilerden gikan pis sularin neden oldugu kirliliginin 6nlenmesi (Her gesit tuvalet, tibbi yerlerde bulunan legen, kivet ve
frengilerden gelen akintilar, icinde canh hayvan bulunan mahallerden gelen akintilar veya yukarida tanimlanan akintilarla
karisan diger atik sular)

Ek V: Gemilerden atilan ¢op ve kati atiklarin neden oldugu kirliligin dnlenmesi
Ek VI: Gemilerin baca gazlarinin neden oldugu hava kirliliginin 6nlenmesine iliskin kurallari icermektedir.

MARPOL (73/78) S6zlesmesine taraf olan okyanus ve denizlere kiyisi olan her llke gibi Tirkiye'nin de yeterli sayi ve kapasitede
AKT (Atik Kabul Tesisi) kurarak, gemi kaynakli kirliligin azaltiimasina veya ortadan kaldirimasina katki yapma sorumlulugu
bulunmaktadir. Bu amagla 26.12.2004 tarih ve 25682 sayili Resmi Gazetede yayimlanan “Gemilerden Atik Alinmasi ve Atiklarin
KontrolG Yonetmeligi” ile Gilkemizin deniz yetki alanlarindaki gemilerin Urettigi atiklar ile ylk artiklarinin denize dogrudan veya
dolayli sekilde verilmesinin oniline gegilmesi igin ylikiimlileri tarafindan atik kabul tesislerinin kurulmasi ve isletilmesi ile atik
alma gemileriyle ilgili usul ve esaslar belirlenmistir (Kabak, 2019). Bu yonetmelikte belirtilen usul ve esaslarda, 2010 yilinda
¢ikarilan “Gemilerden Atik Alinmasi ve Atiklarin Kontroli Yonetmeliginde Degisiklik Yapilmasina Dair Yonetmelik” ile baz
degisikliklere yapilmistir. Bu yonetmeligin yanisira, MARPOL (73/78) S6zlesmesi, Cevre Kanunu’nun 11 nci, 12 nci ve 24 nci
maddeleri ve 2019/883 sayili Avrupa Birligi Direktifine dayanilarak 2022 yilinda yayinlanan “Denizcilik Atiklari Uygulamasi
Hakkinda Genelge” ile Tiirkiye'nin deniz yetki alanlarinda gemilerin normal faaliyetlerinden kaynaklanan atiklar ile yiik atiklarina
iliskin uygulanmasi gereken bildirim yontemleri ve atik alim ylkimldliklerinin atiklarin ydnetimi esnasinda kullanmalari gereken
GATS (Gemi Atik Takip Sistemi) ile MKS (Mavi Kart Sistemi)’ni kapsayan DAU (Denizcilik Atiklari Uygulamasi)'na iliskin usul ve
esaslar diizenlenmistir. Bu usul ve esaslara gére 150 GRT ve Ustiindeki petrol gemileri ile 400 GRT ve Ustlindeki diger gemilerin
ve bu gemilere hizmet veren kiyi tesislerinin atik verme islemleri GATS, GATS kapsami disinda kalan atik tretecek donanima
sahip olan biitiin gemiler ile bu gemilere hizmet veren kiyi tesislerde (balikgl barinaklari, yat limanlari, gcekek yerleri vb. kiy
tesisleri ile baglantisi olmayan yilizer baglama yerleri ve platformlarda) ortaya ¢ikan atiklarin verme islemleri MKS ile
gerceklestiriimektedir. Ulkemize 6zgii olan Mavi Kart Sistemi (MKS)' ne gére yolcu ve personel dahil tasima kapasitesi 12’den az
olan gemilerin, seyrusefer esnasinda MARPOL (73/78) ek protokollerinden Ek I, IV ve kismen Ek V kapsaminda olusan atiklarini
15 glinde en az bir defa AKT veya atik alma gemisine verme zorunluluklari bulunmaktadir. Yolcu ve personel sayisi 12 kisi ve
Uzeri olanlar ise, pis sularini ve ¢oplerini limandan ayrildiktan sonra faaliyetlerini tamamlayarak limana dondiikleri glini takip
eden 10 giin igerisinde, 10 giin icerisinde baska bir sefere ¢ikmasi halinde ise bu atiklarini sefer éncesi ATK’ye veya atik alma
gemisine vermek zorundadirlar. Atiklarin verilecegi tesislerin mutlaka yetkilendirilmis AKT’ler olmasi ve atik veri girislerinin tesisi
yetkilisi tarafindan MKS’ne islenmesi gerekmektedir (Boratav, 2016).

Dinya genelinde gemilerden kaynaklanan kirlilik ve 6nlenmesini konu edinen bir ¢ok arastirma yapilmistir. Bunlara Backer

(2018)’in yapmis oldugu Baltik Denizi'nde gemilerden kaynaklanan kirliligin 6nlenmesine yonelik ¢alisma, Uddin ve Md Saiful
(2019)’'un yapmis oldugu gemilerden kaynaklanan deniz kirliliginin 6nlenmesi, azaltiimasi ve kontrolii, Carrefio ve Lloret
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(2021)'in yapmis oldugu Akdeniz kiyi sularinda artan eglence amagl teknecilik faaliyetlerinin g¢evresel etkileri, konulu
arastirmalar &rnek olarak verilebilir. Ulkemizde de 6zellikle yat ve gezi teknelerinin sebep oldugu deniz kirliligi ve dnlenmesin
amaciyla yapilan dizenlemelere iligskin bir ¢ok arastirma yuritalmustir. Kiigcik ve Topgu (2012)’'nun “Deniz tasimaciligindan
kaynaklanan kirlilik, Kosar Danisman vd. (2016)'nin “Mavi kart uygulamasi ve uygulamada yasanan sorunlar”, Ozdemir vd.
(2016)’nin “Gemi operasyonlarindan kaynaklanan deniz kirliliginin DEMATEL yontemi ile arastirilmasi”, Muslu (2018)’nun “Deniz
turizminin gelisimi i¢in yonetim ihtiyaci: Bodrum Bolgesi'nde nitel bir ¢calisma”, Dogan-Saglamtimur ve Subasi (2018)'nin “Diinya
ve Tirkiye’de gemilerden kaynaklanan deniz kirliligi ve atik kabul tesisleri: Genel perspektif, yonetim ve oneriler”, Kabak
(2019)"in “Tekne atiklarina yonelik uygulamadaki mavi kart sisteminin gelistirilmesi ve iklim degisikliginin azaltimina etkilerinin
belirlenmesi: Fethiye 6rnegi”, Sahin vd. (2020)'nin “MARPOL Ek IV ve VI Uzerine yapilan galismalarin odak ilerlemesinin
incelenmesi”, Arslan vd. (2022)'nin “Gemi y6netiminin, gemilerin rutin operasyonlarindan kaynaklanan gevre kirliligine yonelik
algisinin belirlenmesi” bu alanda yapilmis arastirmalarin bazilaridir.

Bu ¢alismanin ylratildiga Antalya kiyilarinda “gezi, spor ve eglence amaciyla deniz turizmi ticaretinde kullanilmaya uygun,
tasidigr yolcu sayisi 12’i gegmeyen, yiik, yolcu ve balikgi gemisi niteliginde olmayan, kamarasi, tuvaleti ve mutfagi olan deniz
araci” olarak tanimlanan yatlar ve “gezi, spor, eglence ve turizm amaciyla limandan aldig yolcularini ayni giin ayni limanda
indiren, denize elverislilik belgesine sahip deniz turizmi araci” olarak tanimlanan ginubirlik gezi tekneleri (Deniz Turizmi
Yonetmeligi, 2009) 6zellikle turizm sezonunda yogun denizcilik faaliyeti gostermektedirler. Bu deniz araglarindan guinubirlik gezi
tekneleri ile yapilan glintbirlik gezi tekneciligi; teknede konaklama yapmayi gerektirmeyen, karayoluyla ulagilamayan koylardan
faydalanma imkani sunan, giin icerisinde yeme-icme gibi temel ihtiyaglarin teknede karsilandigi ve ekonomik olarak ulasiimasi
daha olanakh bir deniz turizmi hizmetidir (Paker vd., 2019: 1).

Yat limanlari ve bazi balikgi barinaklari disinda deniz araglarinin giris ve gikis denetimlerinin yapiimadigi bir ok barinma alaninda
yat ve gezi teknesi barinip barinmadigi, bariniyorsa bu deniz araglarinin atiklarini verebilecekleri ATK alt yapisi bulunup
bulunmadigl konusunda yapilmis herhangi bir arastirma bulunmamaktadir. Bu boslugun doldurulmasi amaciyla yapilan bu
arastirma ile ilk olarak Antalya kiyilarinda faaliyet gostermekte olan yat ve gilinlbirlik gezi teknelerinin barinak olarak
kullandiklari yat limani, balikgi barinagi gibi kiyi tesisleri ile nehir agzi ve koy gibi dogal alanlar belirlenmistir. ikinci olarak, bu kiyi
yapilari ile dogal alanlarda MKS geregi bulunmasi gereken AKT altyapisinin bulunup bulunmadigi, bulunuyorsa varsa altyapi
eksikliklerinin neler oldugunun belirlenmesi amaclanmistir. Uglincii olarak ise MKS’nin uygulanmasinda yasanan sorunlarin
belirlenmeye calisiimistir.

1. Materyal ve Metod

Antalya kiyilarinda yat ve gunubirlik gezi teknesi barinma noktalarindaki MKS (Mavi Kart Sistemin)'nin altyapilarinin ve
uygulanmasinda yasanan sorunlarin arastirildigi bu arastirma Mayis-Ekim (2024 yili) aylari arasinda gergeklestirilmistir.
Arastirma, nitel arastirma yontemlerinden biri olan katimci gézlem yéntemine (Ciesielska vd., 2018) dayanmakta ise de karma
arastirma modeli gergevesinde durum analizi, gézlem ve alanyazin taramasinin birlesimiyle tasarlanmistir.

Turkiye'nin taraf oldugu uluslararasi mevzuatlar ve gevre diizenlemeleri géz 6niinde bulundurularak yapilan bu ¢alismada
Antalya il merkezinden dogusunda yer alan Mersin il sinirina ve batisinda yer alan Mugla il sinirina kadar olan kiyi seridinde
deniz araclari tarafindan barinak olarak kullanilan barinma noktalarinin tamami incelenmistir. ilk olarak yat ve giiniibirlik gezi
tekneleri tarafindan barinak olarak kullanilan barinma noktalarinin tespiti yapiimistir. ikinci olarak yat limani, balik¢i barinagi ve
iskelelerde; a) AKT bulunup bulunmadigi b) AKT bulunuyorsa isletmeci kamu kurumunun, sivil toplum 6rgltiinin ya da 6zel
sektoriin adi, c) AKT tarafindan MARPOL Ek I, IV ve V kapsamindaki atiklardan hangilerinin alindigi, d) Alinmayan atik tipi varsa
bu tir atiklarin akibetlerinin ne oldugu, e) MKS ile ilgili sorunlarin neler olduguna iliskin bilgiler toplanmistir. Elde edilen veriler
1siginda, her bir barinma noktasindaki AKT altyapisinin yeterliligi degerlendirilmis ve varsa altyapi eksiklikleri belirlenmistir.
Ayrica, MKS uygulamasinda yasanan sorunlar tespit edilerek ve ¢dziimlerine iliskin dneriler getirilmistir.

2. Bulgular ve Tartisma
2.1 Yat ve giiniibirlik gezi teknelerinin barinma noktalari

Antalya’nin, Mersin il sinirindan Mugla il sinirina kadar 630 km denize kiyisi bulunmaktadir (Kése, 2019). Bu kiyi seridinde yat ve
gunbirlik gezi tekneleri tarafindan barinak olarak kullanilan toplam 19 farkl noktanin bulundugu tespit edilmistir (Sekil 1).
Bunlardan 14 ‘G kiyi tesisidir (13’0 yat limani, 1'i balikgi barinagi ve 1’i iskele). Geri kalan 5 noktasinin 3’0 nehir ya da gay, 2’si
koy niteligindeki dogal barinma noktasidir. Yat limanlarindan biri olan Gazipasa ilgesi’'ndeki Gold Marina’nin insaati devam
etmekte olup heniiz faaliyete gegmemistir. Ancak bazi deniz araglari tarafindan barinak olarak kullaniimakta oldugu tespit
edilmistir. Alanya ilcesinde ise biri Alanya Belediyesi’ne (Alanya Yat Limani) digeri 6zel sektére ait (Alanya Marina) iki kiyi tesisi
mevcuttur. Alanya ilge’sinin bati kiyisinda bulunan Alanya Marina’dan Antalya il Merkezinde bulunan tarihi Kaleigi Yat Limani’na
kadar olan kiyi seridinde Manavgat-Side’de bulunan Antik Side Yat Limani disinda herhangi bir kiyi tesisi bulunmamaktadir. Cok
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sayida guinlbirlik gezi teknesinin bulundugu Manavgat Bolgesi'ndeki deniz araglarinin buytk bir ¢ogunlugu zorunlu olarak
barinak olarak Manavgat Nehrini kullanmaktadir. Benzer sekilde Serik kiyilarinda faaliyet gosteren yat ve gezi tekneleri Belek
Acisu, Aksu/Kundu Bolgesi’nde faaliyet gdsteren yat ve gezi tekneleri de Aksu Cayr’ni barinak olarak kullanmaktadir. Antalya |l
Merkezinde ise iki yat limani (Kaleigi Yat Limani ve Setur Antalya Marina) ve bir balikgi barinag (Galticak Balikgi Barinagi)
mevcuttur. Faaliyet alani Antalya Korfezi olan yat ve gezi tekneleri blyik oranda bu kiyi tesislerinde barinmaktadirlar.
Antalya’nin bati kiyilarinda bulunan dnemli turizm merkezlerinden Kemer, Finike ve Demre ilcelerinde birer adet, Kas ilgesi’nde
¢ adet yat limani (Kas Yat Limani, Setur Kas Marina ve Kalkan Yat Limani) bulunmaktadir. Kemer ve Finike ilgeleri arasinda kalan
kiyllarda faaliyet gdsteren yat ve gezi teknelerinin Cirali ve Adrasan koylarinda, Demre ilgesi ile Kas ilgesi arasinda kalan
kiyilardaki yat ve gezi teknelerinin Kekova’da bulunan Ugagiz iskelesi'nde barindiklari saptanmistir.

lulgaristan

KalKan:Yat Lifani

5 : =
\L‘:@? "‘-'T'" 2 : s :.'\ .f;nike ¢
Setur Kag MM@/ ) (&= Demre
s

Kas)Yat,Limani. kekdva/Ucagiz iskele

Sekil 1. Yat ve giiniibirlik gezi teknelerinin barinak olarak kullandigi kiyi tesisleri (Yat limani, Balkgl barinagi ve iskele) ve dogal
barinma alanlari (Nehir, gay ve koy)

2.2 Barinma noktalarinin AKT (Atik Kabul Tesisi) Altyapilar

Gemilerden Atik Alinmasi ve Atiklarin Kontrolii Yonetmeligi (2010), Denizcilik Atiklari Uygulamasi Hakkinda Genelge (CSiB, 2022)
ve 5216 Sayili Buylksehir Belediyesi Kanunu (2004) ile AKT’lerin kurulmasi, isletilmesi, alinan atiklarin imhasi ve gemi
denetimleri gibi hususlar dizenlenmistir. S6z konusu dizenlemeler geregi Antalya kiyilarindaki yat ve gunUbirlik gezi
teknelerinin barinma alanlarinda yapilan calismalarda tespit edilen AKT altyapilarina iligkin veriler Tablo 1’'de verilmistir.

Antalya kiyilarindaki yat ve glnubirlik gezi teknelerinin barinma noktalarindan Gazipasa Gold Marina, Belek Acisu, Cirali ve
Adrasan’da AKT bulunmadigi saptanmistir. Yakin bir gelecekte faaliyete ge¢mesi beklenen Gazipasa Gold Marina’da AKT'nin
kurulacagi tahmin edilmektedir. Ancak, Belek/Acisu’da AKT altyapisinin olusturulmasina yénelik bir ¢alisma olduguna iliskin bilgi
edinilememistir. Cirali ve Adrasan koylarinda barinan yat ve gezi teknelerinin atiklarinin ise atik alim gemisi tarafindan alindigi
saptanmistir. Diger barinma alanlarinda ise MARPOL Ek I, IV ve V kapsamindaki atiklarinin alimi igin uygun altyapilarin
olusturuldugu anlasiimistir.
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Tablo 1. Antalya kiyilarindaki deniz araglari (yat ve glinibirlik gezi teknesi) barinma yerlerinin kapasiteleri ve atik alim hizmetleri
[MARPOL Ek I: Atik yag ve sintine, Ek IV: Pis su, Ek V: Kati atik ve ¢op]

Liman/Barinak Adi Kapastesi (Gemi sayisi) | Verilen atik alim hizmeti
ilce Hizmet verilen Denizde Karada MARPOL Ek I, IV, V
Gazipasa Gazipasa Gold Marina 200 50 -
Alanya Yat Limani 300 11 Ek1,IV,V
Alanya -
Alanya Marina 287 160 Ek I, IV, V
Manavgat Manavgat Nehri Ek 1, IV, V
Antik Side Limani 50 - Ek I, IV, V
Serik Belek/Acisu Cayi -
Aksu Kundu/Aksu Cayi Ek1, IV, V
Muratpasa | Kaleigi Yat Limani 65 - Ek 1, IV, V
Setur Antalya Marina 198 150 Ek1,IV,V
Konyaalti "
Calticak Balikgi Barinagi - - Ek1, IV, V
Kemer G-Marin 230 140 Ek1, IV, V
Kemer Cirali Ek I, IV, V
Adrasan Ek I, IV, V
Finike Setur Finike Marina 320 150 Ek I, IV, V
Demre Demre/(;.gyaém.Yat Limani 400 300 Ek I, IV, V
Kekova/Ugagiz Iskelesi 50 - Ek I, IV, V
Kas Yat Limani 100 - Ek 1, IV, V
Kas Setur Kag Marina 450 150 Ek1, IV, V
Kalkan Yat Limani 60 - Ek I, IV, V

AKT bulunan barinma yerlerinde MARPOL Ek | kapsaminda alinan atiklarin tamamina yakinini atik motor yagi ve sintine suyu
olusturmaktadir. Ozellikle turizm sezonu dncesi ilkbahar aylarinda yapilan motor bakimi esnasinda ortaya ¢ikan (Dolgen, 2003)
atik motor yaglarinin bir kismi AKT’lerine verilirken, bir kisminin da motor bakimi yapanlar tarafindan geri donlstime verilmek
Uzere beraberlerinde gotlrildigu tespit edilmistir. ATK lere teslim edilen atik motor yaglari 6nce mobil tanklara alinmakta,
sonrada sabit tanklara aktariimaktadir. Benzer sekilde sintine sulari da 6nce mobil tanklara alinmakta daha sonra sabit tanklara
transfer edilmektedir. Blyliksehir Belediyelerinin atik alim hizmeti verdikleri AKT’ler disindaki tesislerde toplanan bu atiklar (atik
motor yagl ve sintine) Gemilerden Atik Alinmasi ve Atiklarin Kontrolii Yonetmeligi (2010) geregi, valilik temsilcisi bagkanliginda;
atik alim yikimlusi, Maliye Bakanhgi tasra teskilati ve Emniyet/Jandarma teskilati temsilcileri, atik kabul tesisinin gimrikli
sahalarda bulunmasi durumunda; Gumrik ve Muhafaza Basmudurliigli temsilcilerinden olusan komisyonun onayi ile geri
déniisime ya da imha igin lisansh bertaraf firmalarina teslim edilmektedir. EK IV geregi alinmasi gereken pis sular ise AKT’lerde
kurulu sistemler marifetiyle deniz araglarindan gekilerek kanalizasyon sistemine ya da sabit tanklara transfer edilmektedir. Sabit
tanklarda toplana pis su atiklari ise isletmenin anlagsmali oldugu vidanjor firmalari araciliglyla atik su aritma tesislerine transfer
edilerek bertaraf edilmektedir.

MARPOL Ek V geregi, yat ve gezi teknelerinde biriken basta denizlerde uzun yillar yok olmayan ve deniz yasamina dnemli zarar
verebilen plastik, aliminyum ve diger bazi metallerden imal edilen malzemeler (Battal, 2011) olmak Uzere, kagit, cam, metal
kutu, plastik atiklar ve ¢oplerin AKT’lere verilme zorunlulugu bulunmaktadir. Bu tir kati atiklar, deniz araci ¢alisanlari tarafindan
AKT’nce hazirlanmis olan konteynerlere birakilmaktadir. Daha sonra konteynerlerde biriken kati atiklar bertaraf edilmek Uzere,
Belediye Temizlik ekiplerince ¢op kamyonlarina bosaltilarak gotiurilmektedir. Ancak, yat ve gezi teknelerinde biriken kati
atiklarin tamaminin karaya cikarildigini séylemek miimkiin degildir. italya kiyillarinda Galli vd. (2023) tarafindan yapilan bir
arastirmada deniz ¢oplerinin 10-15 mil deniz mili igindeki kiyi sularinda toplandigini tespit etmislerdir. Gedik ve Mugan-Ertugral
(2019) tarafindan yapilan galismada da, Turkiye kiyilarinda artan kruz turizmi, yat isletmeciligi ve guntbirlik tekneciligi nedeniyle
ozellikle Akdeniz kiyilarinda denize birakilan atiklarin arttigi bildirilmektedir. S6z konusu arastirmaya gore denizdeki artan
kirlilikten deniz yagami ve insan saghgi olumsuz etkilenmistir. Dolayisiyla, yat ve gezi teknelerinde ortaya ¢ikan kati atiklarin
bertarafi Antalya kiyilari i¢in daha da 6nemli hale gelmektedir.

Barinma noktalarinin alt yapilari ayri ayri degerlendirildiginde; Alanya Yat Limani’'nda Alanya Belediyesi, Alanya Marina’da ise
Ozel sektor tarafindan isletilen birer adet AKT bulunmaktadir. Cok sayida deniz araci tarafindan barinak olarak kullanilan ancak
Balik ve Muslu (2016) tarafindan yapilan galisma da belirtildigi Gzere yanasma vyeri, elektrik, su ve yakit temini gibi hicbir
altyapisi bulunmayan Manavgat Nehri kiyisinda bulunan AKT Manavgat Belediyesi tarafindan isletilmektedir. Ek I, IV ve V
kapsami atiklarin aliminin yapildigi tesisin yipranmis oldugu gozlenmistir. Pompa ve tanklarin yenilenmesinde yarar vardir.
Manavgat’ta bulunan Antik Side Limani’ndaki AKT’de Manavgat Belediyesi tarafindan isletilmektedir. Saha ¢alismasi esnasinda
tesis pompasinin yerinde olmadigi, sokilerek gotlruldigu tespit edilmistir. Muhtemelen ariza nedeniyle sokilmis oldugu
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tahmin edilen tesiste gorevli personelin de yerinde olmadigi anlasilmistir. Pis su atiginin, deniz araglarinin pompalari vasitasiyla
belirli araliklarla kanalizasyon sistemine yerlestirilen gider kapaklarindan kanalizasyon sistemine transfer edildigi belirlenmistir.
Her atik transferi sonrasi, AKT sorumlusu aranilarak MKS'ne atik veri girisinin yapildigi anlasiimistir. Bu uygulamanin devamli
getirilmesinin MKS’ne zarar vermesi kaginilmaz olacaktir. Dolayisiyla, arizalanan pompanin yerine konularak aktif hale
getirilmesi ve tesis gorevlisinin galisma saatlerinde gorev basinda olmasi saglanmalidir. Belek’de bulunan Acisu Irmagi’'nda AKT
bulunmamaktadir. Buradaki deniz araglarinin MKS’ne kayitli olup olmadiklari ve atiklarini nasil yok ettikleri belirlenememistir.
Kundu’da bulunan Aksu Cayi kiyisinda Botgular ve Tur Teknecileri Kooperatifi, Antalya Kaleigi Yat Limani’'nda S.S. 200 No’lu
Yelkenli Yat Motorlu Tasiyicilar Kooperatifi, Calticak Balik¢i Barinagi’nda da S.S. Yeni Liman Su Uriinleri Kooperatifi tarafindan
isletilen bir adet AKT bulundugu tespit edilmistir. Setur Antalya Marina, Kemer G-Marin ve Setur Finike Marinada da 6zel sekt6r
tarafindan isletilen birer adet AKT mevcuttur. Bu yat limanlari ve balik¢i barinagindaki AKT’lerin tamaminda MARPOL (73/78) EK
I, IV ve V'de belirtilen atik ahimlarinin yapildigi saptanmistir. Cirali ve Adrasan koylarinda barinan deniz araglarinin ise atiklarini
kendilerine en yakin olan Kemer G-Marin AKT’sine ya da S.S. Oz Adrasan, Olimpos, Cirali Tekne ve Yatgilar Deniz Motorlu
Tastyicilar Kooperatifi tarafindan isletilmekte olan Atik Aim Gemisine verdikleri saptanmistir. Atik alim gemisinde de MARPOL
Ek I, IV ve V kapsamindaki atik alimlarinin eksiksiz olarak uygulandigi belirlenmistir. Demre ilgesi’/nde bulunan Demre Yat
Liman’'nda ve Kekova Ugagiz iskelede S.S. Demre Deniz Motorlu Tasiyicilar Kooperatifi tarafindan isletilen birer AKT
bulunmaktadir. incaz (2022) tarafindan da belirtildigi izere elektrik, su, palamar gibi hizmetlerin eksiksiz olarak verildigi Kas Yat
Limani ile Kalkan’da bulunan Yat Limani’'nda Kas Belediyesi tarafindan, Setur Kas Marina’da da 6zel sektor tarafindan isletilen
birer adet AKT bulundugu tespit edilmistir. Diger ATK’lerde oldugu gibi Demre, Kekova, Kas ve Kalkan’da bulunan yat limanlari
ve iskelede de MARPOL Ek I, IV ve V gereklerine uygun hizmet verildigi saptanmistir.

2.3 MKS (Mavi Kart Sistemi) Uygulamasinda Karsilagilan Sorunlar

Antalya kiyilarindaki AKT’ler arasinda bazi yapisal farkliliklar bulunmakta ise de Antik Side Limani disindaki AKT’lerde MKS
gereklerinin mevcut yasal mevzuata uygun olarak yerine getirildigi saptanmistir. Ancak, sistemin, denizleri yat ve giintbirlik gezi
tekneleri kaynakli kirleticilerden yeterince korudugunu séylemek mimkin degildir. Bunun séylenebilmesi igin hi¢ bir yat ve gezi
teknesinin denize sivi ya da kati atik birakmadigindan emin olmak gerekmektedir. Halbuki, sistemin uygulanma asamasindaki
sorunlar buna imkan vermemektedir. Canak ve Bastug (2022) tarafindan da belirtildigi Gzere 2015 yilindan itibaren kademeli
gecis uygulanan MKS stirekli bir gelisim icerisindedir. Yapilacak bilimsel arastirmalarla aksayan yonlerinin ayrintili olarak ortaya
konmasina ve aksakliklarina yonelik 6nerilerin getirilmesine ihtiyaci vardir. Antalya kiyilarinda yapilan bu ¢alismada da hem
bolgedeki sistemin altyapisi hem de uygulanmasina iliskin bazi eksiklikler tespit edilmistir. Bu eksiklikleri asagidaki sekilde
ozetlemek mimkindur.

Cevre, Sehircilik ve iklim Degisikligi Bakanhg’'nin 9 Eylil 2022 tarihli Denizcilik Atiklari Uygulamasi Hakkinda Genelgeye (CSIB,
2022) gbre MKS'ye atik vermesi gereken gemilerden yolcu ve personel tasima kapasitesi 12 kisiden az olanlar pis su atiklarini ve
¢Oplerini 15 glinde en az bir kere; 12 kisi ve daha fazla olanlar ise limandan ayrildiktan sonra faaliyetlerini tamamladiktan sonra
10 giin icerisinde; 10 giin icerisinde tekrar sefere g¢ikmalari halinde ise sefer 6ncesi atiklarini AKT veya atik alma gemisine
vermek zorundadirlar. Daha 6nceki uygulamada deniz araglarindan cekilen atik miktarlarinin karta islenme zorunlulugu
bulunmaktaydi. Mevcut uygulamada ise sisteme veri girisi AKT gorevlisi tarafindan yapilmaktadir. Bunun yanisira deniz araglari
sahipleri ve galisanlariyla yapilan goriismelerde AKT gorevlisinin yerinde olmamasi halinde bazi barinma noktalarinda atik
transferinin deniz araci sahiplerinin veya ¢alisanlarinin gergeklestirdiklerini, sisteme atik veri girisinin de beyan lzerine AKT
gorevlisi tarafindan yapildigi ifade anlasiimistir. Bu da, sadece Ucret tahsilati yapilarak AKT’ne pis su verilmeden MKS’'ne atik veri
girisinin yapilmasi gibi sistemin amaciyla uyumlu olmayan usulsiiz uygulamalarin ortaya ¢ikmasina neden olabilir.

AKT’lerde, deniz araglarindan pis suyun transferinde kullanilan devrede bulunan sayaglarin g¢alisip ¢alismadiginin kontrol
yapilamamaktadir. Bu da, atik transferi konusunda teredditlerin olusmasina neden olmaktadir.

Daha ¢ok motor bakimi esnasinda ortaya ¢ikan ve AKT’lere verilmesi gereken MARPOL Ek | kapsamindaki atik motor yaglarinin
bir kisminin motor bakimi yapan sahislar tarafindan goétiiriilmesinin yaygin bir uygulama oldugu saptanmistir. Bu tir
uygulamalara son verilmelidir.

Yat ve gliniibirlik gezi teknelerinde, aktivite tipleri ve yogunluklarina gore degisen miktarlarda sintine suyu birikebilir. Makine
dairesinde Uretilen yakit, yag ve diger toksik maddeler igceren sintine suyu (Carrefio ve Lloret, 2021: 5) deniz ekosistemleri igin
oldukga kirletici 6zelliktedir. Ancak, yapilan saha galismalari esnasinda AKT’lere sintine veren deniz araci sayisinin ve sintine
verme sikhginin disik oldugu anlasilmistir.  Bu da deniz araglari tarafindan sintinenin denize basiliyor olma ihtimalini
guclendirmektedir. Bu ihtimali, Akaltan ve Gokdemir (2018) tarafindan Tiirkiye marinalar Gzerine yapilan ¢alismada 180 gln
icerisinde komisyon karari ile lisansli bertaraf firmalarina gonderilmesi gereken tanklarda biriken atik yag ve sintine suyu
miktarlarinin ¢ok az oldugunu belirtiliyor olmasi da glglendirmektedir. Bunun, atik transfer formuna sintine satiri eklenmek
suretiyle engellenmesi mimkin olabilir. Soyle ki, AKT gorevlisi pis su transferi esnasinda sintine kontroliinii de yaparak transfer
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formuna isleyebilir. Boylelikle pis suyun yanisira en biytk problemlerden biri olan sintinenin bertarafi ve takibi de saglanmis
olur.

SONUGLAR VE ONERILER

Antalya kiyillarinda MKS’nin altyapisi ve uygulanmasinda yasanan sorunlarin arastirildigi bu c¢alismada, Antik Side Limani
disindaki kiyi tesislerinde MARPOL 73/78 s6zlesmesinin Ek 1, IV ve V protokolleri kapsamindaki atiklarin alimi igin olusturulan
AKT’lerin 6nemli yapisal sorunlarinin olmadigi anlagilmistir. Dogal barinma alanlarindan Manavgat Nehri ve Kundu/Aksu Cayinda
AKT eksiz olarak faaliyet géstermekte iken Belek/Acisu’da AKT bulunmamaktadir. Cirali ve Adrasan koylarini barinak olarak
kullanan yat ve gezi tekneleri ise atiklarini atik toplama gemisine vermektedirler.

Ulkemizin dnemli deniz turizmi merkezlerinden Manavgat kiyilarinda yer alan Antik Side Limani’'ndaki AKT’nde pis su ¢cekiminde
kullanilan pompanin yerine olmadigl saptanmistir. S6z konusu pompanin yerine konulmasi ve faaliyete gegcirilmesi
gerekmektedir.

Bazi AKT’lerde, gorevli personelin tesiste bulunmadigl zamanlarda pis su atik transferinin deniz araci sahipleri veya galisanlari
tarafindan yapildigi saptanmigtir. AKT gorevlilerinin mutlaka tesiste bulunmalari ve atik aliminin gorevliler tarafindan
gerceklestirilmesi saglanmalidir. Boylece, yapilip yapilmadigi stipheli olan atiklarin MKS’ne islenmesi engellenmelidir.

Yat ve gezi teknelerinin bakimi esnasinda ortaya gikan atik motor yaglari MARPOL 73/78 s6zlesmesinin Ek | protokolu geregi
AKT’lere verilmesi gerekirken bir kisminin verilmedigi anlagiimistir. Bunun 6nlenebilmesi icin yat ve gezi teknelerine yilda en az
bir kere AKT’ye atik motor yagi verilmesi zorunlulugu getirilebilir.

Denize olasi sintine suyu basiimasi, atik transfer formuna sintine satiri eklenmek suretiyle engellenebilir. Soyle ki, AKT gorevlisi
pis su transferi esnasinda sintine kontroliinii de yaparak transfer formuna isleyebilir. Boylelikle pis suyun yanisira en biylk
problemlerden biri olan sintinenin bertarafi ve takibi de saglanmis olacaktir.

MKS’ne pis su miktari girisi yapilmadigindan denetimlerde tereddiitler olugsabildigi belirlenmistir. Bunun onlenmesi igin atik
transferi siresince pis su akisinin gerceklesme gérintisiini kaydeden bir sistemin/belirtecin sisteme eklenmesi yararli olacaktir.

Yat ve gezi teknelerinde ortaya ¢ikan kati atiklarin genellikle AKT’lerde bulunan ¢ép konteynerlerine birakildiklari anlasiimistir.
Ancak, denize atilan kati atik olup olmadig, atiliyorsa ne kadarinin denize atildigi bilinmemektedir. Bu da arastiriimasi gereken
bir 6nemli bir konudur.

Muslu (2018) tarafindan tekne ve gemilerden kaynaklanan atik sularin yonetimi icin uygulanan MKS'nin altyapi eksiklikleri
nedeniyle etkili bir ¢cdziim sunamadig, denizlerin korunmasi igin biirokrasinin degil, islevsel ve kapsamli bir altyapinin 6ncelikli
olmasi gerektigini ifade edilmesine karsin; Ergeng (2021) tarafindan atik tirlerine gore farklihk géstermekle birlikte AKT’lere
verilen atiklarin miktarinin MKS uygulamasindan sonra arttig), kesilen cezalarin ise azaldig) bildiriimektedir. iki arastirmada ifade
edilen gorlslerden de anlasilacagi Gizere MKS’nin yat ve gezi teknesi kaynakli kirliligi 6nlemedeki basarisi hakkinda farkli gorigsler
bulunmaktadir. Alinan atiklarin miktarlari bilinmedigi igin ayrintili bir degerlendirme yapmak miimkiin olmasa da gerek yapmis
oldugumuz arastirmanin sonuglari gerekse gézlemlerimiz yat ve gezi teknelerinde biriken sivi ve kati atiklarin biyik bir kisminin
AKT’lere verildigi yonindedir. Yapilan bu arastirmada tespit edilen sorunlarin giderilmesi MKS'nin basarisini olumlu
etkileyecektir. Ayrica, bu alanda yapilacak baska arastirmalarin sonuglarindan yararlanilarak sistemin gelistiriimesine devam
edilmelidir.

Calismanin Kisitlar:

Arastirma konusuyla ilgili bazi veriler, isletmeler tarafindan kayit zorunlulugu bulunmadigi icin alinmadigindan elde
edilememistir. Dolayisiyla konuyla ilgili degerlendirmeler somut veriler yerine soyut kavramlara gére yapilmistir. Bu
da arastirmanin glciini kisitlayan 6énemli bir husus olmustur.

Gelecek Aragtirmalar:
Konuyla ilgili gelecekte yapilacak arastirmalarda kullanilacak verilerin, belirlenecek uygun yontemler kullanilarak

saha calismalarini yiritecek arastiricilar tarafindan toplanmasini saglayacak organizasyonun yapilmasinda yarar
vardir.
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Etik Standartlara Uyum
Cikar Catismasi

Yazar(lar), bu calismada herhangi bir ¢ikar catismasinin bulunmadigini beyan eder. Eger ¢ikar ¢atismasi mevcut ise,
bu durumun ayrintilari ve nasil ¢oziilecegi, 1slak imzali Cikar Catismasi Beyan Formu ile birlikte belirtilmis ayni
sekilde bu form, makale siire¢ dosyasina eklenmis ve her bir yazar tarafindan ayri ayri imzalanmistir.

Cikar ¢atismasi, yalnizca yazar(lar) arasinda degil, ayni zamanda yazar(lar) ile lgiincii kisiler veya kurumlar
arasindaki olasi hukuki ve etik iliskileri de kapsamalidir.

Etik Kurul izni

Bu galisma icin etik kurul iznine gerek yoktur. Buna iliskin i1slak imzali onam formu, makale siire¢ dosyasina
eklenmistir.

Finansal Destek
Finansal destek bulunmamaktadir.

Tesekkiir
Tesekkiir edilecek kisi veya kurum bulunmamaktadir.
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EXTENDED SUMMARY

The field studies of this study, which investigated the problems experienced in the Blue Card System (MKS) infrastructure and
implementation process along the coasts of Antalya, were carried out between May and October (2024). In the field studies,
mooring sites used by yachts and daily excursion boats were identified on the coastline from Antalya city center to the Mersin
province border in the east and to the Mugla province border in the west, and the Waste Reception Facility (WRF)
infrastructures established in accordance with the Annex I, IV and V protocols of the MARPOL convention were examined at the
mooring sites and the problems experienced in the implementation of the MKS were tried to be determined.

In the research; It was determined that 14 coastal facilities (Gazipasa Gold Marina, Alanya Marina, Alanya Marina, Ancient Side
Harbor, Kaleigi Marina, Setur Antalya Marina, Calticak Fishing Shelter, Kemer G-Marin, Setur Finike Marina, Demre Cayagzi
Marina, Kekova Ucagiz Pier, Kas Marina, Setur Kas Marina and Kalkan Marina), 3 rivers (Manavgat River, Belek Acisu, Aksu
Stream) and 2 bays (Girali and Adrasan) located on the Antalya coast were used as shelters by yachts and daily tour boats. It
was determined that there was no coastal facility in Gazipasa Gold Marina, which was recently completed and not yet put into
operation, and that there was no replacement pump used for wastewater extraction in ATK located in Ancient Side Harbor. It
was determined that wastewater transfer was done by yacht and tour boat pumps in this coastal facility. While AKTs operate
without interruption in the natural sheltering areas of Manavgat River and Kundu/Aksu Stream, there is no AKT in Belek/Acisu.
Yachts and daily excursion boats using Cirali and Adrasan bays as shelters give their waste to the waste collection ship.

Waste collections within the scope of Annex I, IV and V protocols of MARPOL Convention are carried out completely in other
sheltering points except Gazipasa Gold Marina, Belek/Acisu and Ancient Side Harbor where there are some deficiencies and
waste delivery entry is carried out by system officers without any problems. However, it has been determined that there are
issues that may lead to water-abuse especially in MKS waste data entries. One of these problems is that the pump in AKT in
Antique Side Port located on Manavgat coast, an important tourism center of our country, has been dismantled and waste
water is drawn by the pumps of yachts and Daily excursion boats and waste data entry is not made by the officers based on the
declarations of yacht and tour boat employees. In order to eliminate this problem, the pump used in waste water collection
should be installed in its place and waste collection should definitely be carried out by the authorized personnel. Another
important problem is that waste water waste transfer is occasionally carried out by the owners or employees of the sea vessel
in some AKTs. It should be ensured that AKT officers are present at the facility during the time period when waste collection is
made and that waste collection is carried out by the officers, thus preventing waste data entry to the MKS even though no
waste transfer is made. Another problem detected at the sheltering points is that waste engine oils generated during the
maintenance of yachts and Daily excursion boats should be given to AKTs according to the Annex | protocol of the MARPOL
73/78 convention, but some of them are taken by the technical staff performing engine maintenance. In order to prevent this
practice, which creates weaknesses in the implementation of the system, it can be made mandatory for yachts and tour boats
to give waste engine oil to the AKT at least once a year. It has been determined that there are problems in the monitoring of
bilge formed in yachts and daily excursion boats in MKS. It is thought that this can be prevented by adding a bilge line to the
waste transfer form. The AKT officer can also check the bilge during the transfer of waste water and record it in the transfer
form. In this way, disposal and monitoring of bilge, which is one of the biggest problems in addition to waste water, will also be
ensured. Another important problem of MKS is that it does not allow monitoring of whether wastewater transfer is taking place
in AKTs. It would be useful to add a system/indicator to the system that records the image of the wastewater flow during waste
transfer. It has been understood that solid waste generated on yachts and tour boats are generally left in garbage containers
located in AKTs. However, it is not known whether solid waste is being thrown into the sea and if so, how much of it is being
thrown into the sea. This is also an important issue that needs to be investigated.

Some studies conducted in Turkey indicate that MKS cannot provide an effective solution for the management of wastewater
originating from yachts and pleasure boats due to infrastructural deficiencies, and that a functional and comprehensive
infrastructure, not bureaucracy, should be the priority for the protection of the seas. In some studies, it is reported that the
amount of waste given to AKTs increased after the implementation of MKS, while the fines imposed decreased, although they
differ according to the types of waste. These views indicate that there are different views on the success of MKS in preventing
pollution originating from yachts and daily excursion boats. The results of our research reveal that although the amount of
waste collected could not be determined, a large portion of the liquid and solid waste accumulated in yachts and pleasure
boats was given to AKTs. Eliminating the identified problems and taking the suggested measures will increase the success of
MKS. There is a need to reveal the deficiencies of MKS through scientific research and to propose solutions. It is thought that
the implementation of the suggestions presented in this study conducted along the coasts of Antalya will contribute to the
development of the system. The development of the system should continue with other research to be conducted in this field.
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ABSTRACT:

The interaction between humans and nature, along with the utilization of natural spaces to meet their needs, has led to the
development of spatial solutions that are both functional and environmentally compatible. In this context, landscape design,
which seeks to create outdoor spaces that align with ecological characteristics while fulfilling functional and aesthetic
requirements, has become a vital sub-discipline within landscape architecture. The landscape design process involves translating
planning decisions into optimal spatial solutions. Nature-compatible landscape designs prioritize the preservation of natural areas
and prevent environmental degradation by considering the ecological and natural characteristics of the landscape. These
ecological designs, particularly crucial in urban areas, are increasingly applied to large urban spaces, open areas, urban green
spaces, and protected zones. Integrating large natural areas with urban spaces through landscape design significantly benefits
cities and their inhabitants. Based on this premise, this study proposes an approach to landscape design for large-scale areas,
identifying land uses that are environmentally sustainable and minimally invasive. As part of the research, detailed landscape
design proposals, including site plans and visual representations, were developed for a selected site in Mugla province. The study
presents a nature-compatible landscape design model applied to a forested area within Mugla’s borders.

KEYWORDS: Nature Area, Ecology, Mugla, Landscape Design

0z

insanlarin doga ile etkilesimi ve ihtiyaglari dogrultusunda dogal alanlari kullanmasi, onlari bulundugu cevreye ve dogaya uyumlu,
ihtiyaclarini gideren mekansal ¢dziimlemelere yonlendirmistir. Bu dogrultuda hem fonksiyonel hem gorsel nitelikteki ihtiyaglari
tamamlayan, dis mekanda ekolojik 6zelliklere uyumlu tasarim énerileri gelistirmeyi hedefleyen peyzaj tasarimi, peyzaj mimarhgi
altinda yer alan 6nemli bir alt disiplin olmustur. Peyzaj tasarim sireci planlamada alinan kararlarin en uygun bicimde mekansal
¢6ziimlemeler olarak ortaya cikarilmasidir. Ozellikle dogal alanlarin korunmasina ve tahribatin énlenmesine 6nem veren doga ile
uyumlu peyzaj tasarimlari, peyzaj alanlarinin ekolojik ve dogal 6zelliklerini géz 6niinde bulundurarak ¢éziimler sunmaktadir.
Kentsel alanlarda ihtiyag duyulan bu doga ile uyumlu, ekolojik tasarimlar gliniimiizde kent iglerinde yer alan biyik alanlarda, agik
alanlarda, kentsel yesil alanlarda veya korunan alanlarda peyzaj tasarimlari ile gelistiriimektedir. Ozellikle kent ile baglantisi
bulunan doga ile butlnlesik buyik alanlarin peyzaj tasarimi ile gelistirilerek kullanima agilmasi birgok noktada kente ve
kullanicilara katki saglayacaktir. Bu noktadan yola gikilarak ortaya gikarilan bu ¢alismada, biyuk alanlarda doga ile uyumlu peyzaj
tasarimlarinin nasil olmasi gerektigini ve bu alanlarin tasariminda hangi kullanimlari belirlemek gerektigi ile ilgili dneriler
sunulmustur. Arastirmanin amaci Mugla'nin Fethiye Yaniklar bolgesinde, doga ile uyumlu peyzaj tasarimi uygulamalari
yapilmasinin bolgedeki ekolojik bozulmayi azaltarak, surdlrdlebilir turizm potansiyelini artiracagi yoniindeki etkileri ortaya
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¢ikarmaktir. Calismada Mugla ili sinirlarinda yer alan bir ormanlik alan Gizerinde doga ile uyumlu bir peyzaj tasarim proje 6rnegi
ortaya cikarilmistir.

Anahtar Kelimeler: Dogal Alan, Ekoloji, Mugla, Peyzaj Tasarimi

INTRODUCTION

It is known that throughout history, humans have interacted with their external environment and nature. This
interaction has established a bridge between humans and their surroundings, defining humans as an inseparable
whole from the environment they inhabit. Human existence depends on the continuity of nature, and the balance
between the natural environment and humans has been equated with the balance of conservation and utilization
(Emekgi, 2021). Particularly after the Industrial Revolution and the subsequent urbanization, the loss of natural areas
within urban spaces and daily life caused urbanization to extend toward rural areas in the 20th century (Ozgiiner,
2003). The ever-increasing human population has further contributed to the destruction, degradation, and inability
of the natural regions to renew themselves, resulting from interactions with nature (Aytis and Ozcam, 2010).
Consequently, significant responsibilities fall upon nature- and environment-based disciplines. Among these
disciplines, landscape architecture undertakes environmental planning and design efforts to protect and utilize
nature appropriately. Within the sub-discipline of landscape design, ecological designs that are harmonious with
nature, environmentally conscious, climate-sensitive, resilient, and sustainable have come to the forefront to raise
environmental awareness.

Design is one of the activities that play a significant role in solving many existing problems today. The design
approach has shown development across various disciplines. Particularly, design, which provides the ability to
present possibilities to meet the requirements of a workload, implement complex thinking systems in real life, and
take goal-oriented actions (Wang and Foley, 2021), is utilized in spatial and product-oriented disciplines such as
architecture, urban planning, landscape architecture, interior design, industrial design, and graphic design.
Landscape design, defined as a sub-discipline of landscape architecture, is a process where outdoor spaces and
human environments are shaped and detailed within the framework of planning decisions. In this process, factors
such as land use, size, scale, and users are considered, and uses are determined according to the needs of the area
(Korkut et al., 2017). Landscape design is the final stage of landscape planning, producing user-centered functional,
ecological, and visual solutions. To provide a high quality of life suitable for users in the physical environment, to
improve and preserve the environment's functionality, and to manage user perceptions visually, comprehensive
management of landscape design practices is essential (Kayar, 2023). Accurate and applicable spatial solutions
related to the study area must be proposed to achieve solution-oriented results in landscape design.

Living in harmony with nature has shaped human activities and needs in this direction. As a result, landscape designs
have come to the forefront of understanding the natural process (Makhzoumi and Pungetti, 1999). Since landscape
designs are carried out in outdoor spaces, the design approach is directly influenced by nature. This highlights the
necessity of considering natural conditions in landscape design. In landscape designs where natural conditions are
considered, harmony with nature is also sought. In nature-focused design approaches within landscape design and
planning, solutions can be produced by modeling nature and aligning with natural processes, structural features,
and ecological characteristics (Yeler and Akdeniz, 2022). Especially in environmental approaches that are compatible
with nature, the area to be designed must be compatible with existing local resources. As a result, adaptation to
field conditions will be ensured, and low-cost practices that minimize natural resource consumption can be used to
establish and maintain these areas. In this way, an ecological approach and harmony with nature are achieved in
urban areas, and sustainability practices are contributed to (Birkeland, 2002; Cranz and Boland, 2003). Ecological
landscape designs in urban areas affect user comfort, thermal comfort, air quality, and energy consumption in the
given area. Therefore, nature-compatible and environmental design solutions must be increased in landscape design
to ensure sustainability and maximize long-term efficiency from land use (Eliasson, 2000).

To achieve harmony with nature in landscape designs, parameters such as the climatic characteristics of the study
area (air-humidity movement, water movement, shadow-sun movement, etc.), soil structure, site topography
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(landform), structural elements, plant materials, available resources, ground coverings, and existing hydrological
features are considered (Cakir, 2016; Korkut et al., 2017; Yeler and Akdeniz, 2022). These parameters ensure an
area's design is compatible with its environment and nature while effectively preserving its natural uses. This also
demonstrates that natural conditions directly influence the landscape design process.

Landscape designs proceed with nature-based solutions in mind. The discipline of landscape architecture, especially
considering future scenarios that account for the increasing potential of human populations, develops design
strategies in the form of solutions compatible with nature and addressing climate change. In this sense, it is evident
that this discipline has the potential to produce solutions for such issues (IFLA, 2022; Acar and Yavuz, 2023).
Landscape design applications, particularly in urban areas and other environments, sometimes positively and
sometimes negatively contribute to interactions with nature. When these contributions result from nature-
compatible approaches in landscape design, they positively impact the environment and humanity. Especially in
urban areas, it is essential to use natural landscape elements and surfaces to reduce the impact of air temperature
and urban heat islands. (Croce and Vettorato, 2021). In this context, nature-compatible landscape approaches play
a critical role in environmental design approaches, meeting the environment’s and humanity’s needs.

This study presents sample landscape designs with a nature-compatible landscape design approach and suitable
uses on a large-scale area, explicitly focusing on Yaniklar Sigla Forest in Fethiye, Mugla. The study aims to realize
nature-compatible landscape designs to open large areas within nature for use. This study hypothesizes that
landscape design practices in harmony with nature in the Fethiye Yaniklar region of Mugla will increase the
sustainable tourism potential by reducing ecological degradation in the region. Accordingly, the sample design
solutions developed in the study emphasize the use of appropriate structural materials in spatial analyses of the
area, the creation of circulation systems and road networks compatible with the design of large regions and
landforms, and the development of design proposals that do not cause damage to the natural environment and
existing vegetation.

2. MATERIAL AND METHOD
2.1. Landscape design in large-scale areas: Mugla/Fethiye Yaniklar Area

In studies on large natural areas requiring comprehensive research in landscape design projects, parameters such
as landform, vegetation, existing uses, usage needs, accessibility, and pedestrian circulation are essential.
Accordingly, the intended use areas to be highlighted should be compatible with spatial characteristics and
harmonious with nature. This study focuses on developing and emphasizing these ideas and proposes a landscape
design project for a large area in Yaniklar, Fethiye, Mugla. The current terrain conditions and vegetation of the area
were prioritized. The Sweetgum tree (Liquidambar orientalis), part of the area's natural vegetation, is emphasized.
Considering the widespread uses of the Sweetgum tree, especially for medicinal purposes, the aim is to design a
nature-compatible landscape project to highlight the importance of these trees to visitors and the local community
and enable them to benefit from the advantages they provide.

e The following criteria were considered for the selected sample area in line with this project:
e  The proximity of hotels for accommodation,

e |t's close to Fethiye, a tourism center, and the airport,

e lts location bordering the sea,

e Adequate size of the area,

e  Partial exposure to anthropogenic effects,

e The presence of a natural water source and its flow through the forest via a soil channel.

2.2. Description of study area

In landscape designs made in large areas, it is essential to analyze the current location of the selected area, its
environmental effects, and the contributions it can provide to the user. In line with the analysis made for the existing
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area, suitable usage areas and design suggestions for landscape design can be developed. Parameters such as
climatic data, land topography or form, hydrological structure, soil structure, and vegetation cover of the selected
project areas are considered to realize a landscape design compatible with nature. In this direction, while
determining the targeted study area, as a result of expert evaluations, the most suitable area that will contribute to
and reflect the existing vegetation protection, promotion, and sustainability was tried to be determined. It aimed to
realize a landscape design in this natural and large area to create a landscape design compatible with nature,
introduce the existing vegetation to the local people and visitors, and emphasize its importance. The determined
study area is a forested area comprising approximately 200 decares, mostly with sweet gum trees on the coast,
water surfaces that need protection, and different natural vegetation covers and soil structures (Figure 1). This
situation shows that the project to be designed in the area should be a work that is compatible with nature, does
not harm the plants, and consists of natural materials.

3235800 N
0 015 03 0.6 0,9
Study area -— km W v

Figure 1. Study Area

2.3. Field studies and area analysis

It is known that it is essential to protect natural areas located in rural or urban areas, host many living things, and
pass them on to future generations. This study aimed to develop a correct planning and design strategy by
performing existing analyses of the natural area. Investigations were carried out within the scope of the study in this
project area, which has already suffered a lot of damage and is in danger of deterioration of the natural ecosystem.
The research started from the route from the Yaniklar location of the study area to the coast. The area was
determined to have uncontrolled entrances, and animal grazing and damage were caused. It was observed that the
water surfaces, seashore, and roads passing around the study area were unprotected and open to damage that
would disrupt the natural ecosystem. It was observed that the presence of vegetation specific to the region increased
the ecological value of the area (Figure 2). The presence of settlements, such as hotels, etc., in the close vicinity of
the study area also contributes to having an idea about the area in terms of usage intensity. In line with all this
information, a general SWOT analysis of the area was carried out (Table 1).
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Figure 2. Study area existing trees.

Table 1. SWOT Analysis of the area.

e The region has rich biodiversity, with a particularly high ecological value due to the presence of
Liquidambar (Sweetgum) trees.

e Presence of preserved natural landscapes.

¢ Potential for ecotourism and nature-based sustainable tourism.

et is an area that will increase the quality of the region as a nature conservation area with its
richness of biodiversity, flora and fauna of worldwide importance.

STRENGTH

e Uncontrolled access and unregulated human activities that harm the area.

e Damage to the natural balance due to animal grazing and other human-induced factors.
e Insufficient protection of natural areas and lack of proper environmental regulations.

e Lack of protection for coastal areas and water surfaces.

WEAKNESS

e Since the region has Mediterranean climate characteristics, it is an area that can host visitors at
any time of the year.

o The fact that the area is home to many species and has an ecosystem is of great importance for the
region's development.

e The dense presence of sweetgum trees, a unique plant species in the region, makes the ecological
structure of the area special.

OPPORTUNITIES

¢ Negative impacts of increasing human activities and tourism pressure on the ecosystem.

o Risk of environmental degradation due to unplanned construction and infrastructure deficiencies.
o Adverse effects of global climate change on the region's water resources and ecosystem.

¢ In terms of wildlife, unconscious poaching threatens bird species in the area and damages trees.

THREATS
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3. FINDINGS

The study area, which is located in the Special Environmental Protection Area and has unique ecological values and
vegetation, has already suffered much damage and is facing the danger of deterioration of the natural ecosystem.
The area should be used more appropriately to protect the damaged area more effectively in future processes. It is
suggested that a landscape design arrangement be compatible with nature in the area. In this context, a landscape
design approach has been developed with sustainable materials compatible with nature and wooden structures with
minimum dimensions (only for mandatory needs) to protect the natural environment, promote the area to make it
a tourism destination center, and inform the people living in the region and visiting the region under the scope of
nature and health tourism with the name of Therapy Forest. In this direction, a site plan was created based on the
analysis and examinations made for the study area first (Figure 3).

L,

Figure 3. Proposed Site Plan for the Project Approach

As a result of the analyses and examinations conducted in the study area, the site's current conditions were
considered, and a list of needs and uses was determined. Based on this, site plans and technical drawings were
created, and the work was finalized with detailed visual presentations of landscape design. The identified list of
needs includes:

¢ Entrance Gate

e Welcome Center / Information Area

e Security

¢ Parking Area

¢ Snack Bar & Restrooms

¢ Pavilions and Pergolas

e Bicycle / Electric Vehicle Rental Point

e Pedestrian / Bicycle / Electric Vehicle Pathways

e Site Boundary / Enclosure

e Surveillance Cameras

¢ Tree Observation Tower

e Directional, Informative, and Warning Signs

In the proposed approach for the study area, the region was secured by establishing an enclosure starting from the
eastern side of the area and covering all parts down to the shoreline, including the coastal boundary. The lack of
protection for the area exposes it to damage that could disrupt the natural ecosystem. Therefore, surveillance
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cameras along the boundary ensure the area is monitored 24/7. In addition to securing the region with an enclosure
wall, a security cabin at the gate and parking entrance in the northeastern area were included in the design.

A single entrance gate and its model are located in the northeastern section of the site. The gate was designed as a
single-entry point for the entire area, featuring a unique design reflecting the therapeutic forest concept. It was
constructed using nature-friendly materials such as wood and natural stones. A parking area with controlled access
was planned next to the entrance. The parking location was chosen to cover a part of the site with the fewest trees,
minimizing damage to the existing vegetation.

Immediately after the entrance, a Welcome Center was positioned to avoid creating structural impact or dominance
within the area. Slightly further ahead but still close to the entrance, one snack bar and one restroom were planned.
Adjacent to these, wooden platforms for electric vehicles and bicycle rental points were proposed. All structures
within the area were designed using natural wood, ensuring environmental harmony and minimal interference with
the natural landscape.

The site includes a Tree Observation Tower to highlight and promote the existing vegetation. Additionally, pavilions
and informational, directional, and warning signs were strategically placed throughout the area. To enhance
harmony with nature, wooden bridges, designed to align with the natural environment, were constructed over water
surfaces integrated into the site.

Entrance Gate

A defining and introductory entrance gate design has been considered at the top of the list of needs for the study
area. In line with this need, a nature-compatible entrance gate with a landscape design has been designed at the
area entrance. Natural stone and wood building materials were used for the gate. The vertical water features on
both the right and left sides of the entrance gate evoke a natural living environment, both because they are nature-
based and due to the calming effect of the water (Figure 4).

Figure 4. Model images designed for the Entrance Gate

Welcome Center / Information Area

The Welcome Center, one of the essential structures in the list of needs for the study area, has been designed to
introduce the area and inform visitors. Inside the Welcome Center is a reception desk providing information about
the area, a display to introduce the local vegetation and unique souvenirs for visitors. Additional facilities have been
included to complement the needs within the center, such as informational brochures, panels, and signs. A model
of a Tree Observation Tower, the area's natural vegetation, has also been placed inside to allow visitors to closely
touch and observe the tree.
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The structural elements of the Welcome Center, the materials used, and the interior design have been selected
based on materials that harmonize with nature without disturbing the natural integrity of the site. In the interior of
the Welcome Center, wood materials have been used for both vertical and horizontal elements and in the choice of

furnishings. Additionally, an interior that aligns with nature has been created by placing a model of the Liquidamber
tree inside (Figure 5).

Figure 5. Welcome Center Images

Security

A parking area and a security hut are next to the entrance gate. In the selection of the locations of these structures,
care was taken not to damage the existing vegetation. Like other structural elements designed in the area, the
structures were created with materials compatible with nature and integrated into the area in this way (Figure 6).
The security hut is planned so that at least two people can control the movement inside. At the same time, a small
area has been created inside for eating and drinking needs. All the materials used on the exterior are preferred in a
way that does not disturb the nature of the existing workspace.

Figure 6. Security Images
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Parking Area

To the right of the entrance gate, a security checkpoint is located, and for the arriving guests, there is a parking area
measuring 2.5 m * 5 m, with space for 200 vehicles and six accessible parking spots. Guests who enter through
security and park their cars can directly access the area from the parking lot. A sufficient area was considered for
the parking lot without considering a large hard ground area. In this way, the destruction of the existing green area
was prevented, and the vegetation was preserved. The parking area has been designed in an appropriate location
without damaging the existing vegetation (Figure 7).

-~

Figure 7. Parking Area Images

Snack Bar & Restrooms

A 12 m? Snack Bar has been designed near the entrance area. The building material for the snack bar is treated as
raw pine wood, which ensures natural harmony within the study area. Additionally, a restroom with an area of 25
m? has been designed close to the entrance and the snack bar. The building material for the restroom is also wood,
ensuring natural harmony with the area, just like the snack bar. Inside the restroom are separate sections for two
males, two females, and one disabled user. The snack bar and restroom structures have been designed to match the
area's natural environment regarding structural integrity, material, and size (Figure 8).

Figure 8. Snack Bar & Restrooms Images
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Pavilions and Pergolas

A total of 40 gazebos have been placed along the walking paths in the area. Two different types of gazebos have
been used. The first gazebo is built on a 25 m? concrete floor and consists of 7 seven wooden profiles arranged in a
10x10 layout. The second gazebo, measuring 9 m?, is made of iron profiles with wood. Both gazebos are supported
by vines creating, which create a canopy. Supported by green cover, pergolas and pergolas both aesthetically display
an image integrated with nature and functionally benefit users by creating a shaded area. At the same time, natural
solid wood material was used in the seating units and tables used in these pergolas in harmony with the exterior
facade and floor material. In this way, a holistic design approach was focused on entirely natural materials. Thanks
to this design approach, the use of green areas has also been reduced. Both gazebos' materials and plant elements
contribute to the design's harmony with nature (Figure 9).

e
Figure 9. Pavilions and Pergolas Images

Bicycle / Electric Vehicle Rental Point

The circulation system for the entire area, starting from the entrance, is provided by a wooden path. The designed
path is 3 meters wide and is intended to be a multipurpose route. Users can access and explore the area on foot,
while the path allows for cycling and electric vehicle use. For this reason, both bicycle and electric vehicle rental
stations have been placed at the area entrance. When considering these points, the scale of the existing area was
taken into account, and in line with the need, vast areas were not preferred, and hard ground and structural
elements were saved. At the same time, structurally costly and artificial materials were avoided. The electric vehicles
used were also selected from models that would not harm the environment, and paths for bicycles were designed
so as not to destroy the vegetation and the existing area. The structural elements and furnishings designed for these
stations have been selected and created harmoniously with the area and nature (Figure 10).

Figure 10. Bicycle / Electric Vehicle Rental Point Images
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Pedestrian / Bicycle / Electric Vehicle Pathways

1.70-meter-wide wooden paths provide circulation throughout the entire area; the wooden path is 3.40 meters wide
at the entrance. In the Therapy Forest, due to the trees' extensive and spreading roots, the area's circulation line
has been designed as one way to avoid damaging the tree roots. To ensure compatibility with the natural
environment and prevent pressure on the roots, "Treated Wood" has been used as the material. As a result, the
circulation paths, which do not cover the entire area, have been designed in harmony with nature and natural
materials (Figure 11).

”IMH"II!H\H\\\\\\“ §
W

Figure 11. Pedestrian / Bicycle / Electric Vehicle Pathways Images

Site Boundary / Enclosure

A boundary element created with enclosures has been considered to prevent entry and exit from surrounding
parcels at the outer boundaries of the area. In this regard, an iron panel fence has been used to define the area's
boundary. A rope fence supported by wooden posts has been used around all the wooden paths, providing
circulation within the region (Figure 12).
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Figure 12. Site Boundary / Enclosure Images
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Surveillance Cameras

360-degree rotating security cameras, which can be monitored from a security booth 24/7, have been placed within
the area to ensure the area's security. These security cameras are positioned on the iron boundary enclosures
surrounding the area and on poles at specific points within the area.

Figure 13. Surveillance Cameras Images

Tree Observation Tower

A watchtower has been designed with sparse vegetation within the area to highlight and promote natural
vegetation. This 30-meter tall, five-layer observation tower allows for a bird's-eye view of the trees and the area.
The structural materials used in the tower's construction are made of wood, which is in harmony with all the other
structural elements in the area. The tower's five-layer spiral form represents nature and is designed to blend with

the natural structure of the area. This watchtower is a focal point for visitors while providing a space for them to
take photographs (Figure 14).

Figure 14. Tree Observation Tower Images
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Directional, Informative, and Warning Signs

Due to the size of the 200-decare working area, directional and informative signs have been placed to provide users
with proper access. In this regard, signs directing visitors to key areas and warning signs have been positioned
throughout the region. These signs are placed appropriately within the existing ecosystem. Formally, they are
designed in a way that does not harm the wildlife in the area and are shaped to prevent damage to living creatures
such as birds. At the same time, the presence of signs introducing the area contributed to creating an efficient
landscape area by providing easy circulation and user accessibility—80 directional signs and area maps across the
working area (Figure 15).

CONCLUSION

The development of landscape projects in harmony with nature offers excellent benefits for the protection and
sustainability of ecosystems. These projects support the maintenance of natural habitats and biodiversity, helping
to protect local flora and fauna species. It also ensures environmental balance by reducing soil erosion and
protecting water resources (Elliason,2000). Increasing green spaces improves air quality and reduces the heat island
effect in cities. Landscaping in harmony with nature allows people to interact more with nature, positively affecting
mental and physical health. They also offer aesthetic and recreational values, improve the quality of life of
communities, and promote environmental awareness. Landscape projects harmonizing with nature are essential to
support environmental and social sustainability.

The Yaniklar region was studied in the Fethiye district of Mugla, home to many liquidamber trees and other flora
species in an extensive 200-hectare working area. Based on all the inspections, research, and analyses conducted, it
was observed that the region has been subjected to significant degradation over time. To protect, improve, and
promote this area, which hosts many ecological elements, a landscape design project has been developed in
alignment with the principles of nature conservation and sustainable use, aiming to transform the area into a nature
and health tourism center recognized nationally and internationally.

The project approach initially focuses on areas within the site that have been impacted by human pressure and
various environmental factors, leading to degradation. A few small, elevated, demountable wooden structures have
been proposed where the ground primarily comprises hard surfaces and barren land with little vegetation. These
structures, which will not harm the area, include an entrance section, parking lot, and wooden walkways to facilitate
circulation within the forest based on on-site measurements and the suggested pedestrian path routes.
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A welcome center has been designed for visitors to the area, but no access points other than the designated
pedestrian paths have been included to maintain the natural integrity of the site. Along the pathways, seating
pavilions made entirely of wood have been placed. Additionally, a wooden observation tower has been designed to
provide visitors with an overhead view of the Sigla trees without causing ground disturbance.

In conclusion, the project's primary goal is to protect the area, take measures against further degradation, and
promote the Sigla tree, which has been scientifically proven to have significant health benefits and contribute to its
introduction into tourism. Landscape arrangements that are compatible with nature have been suggested for the
site. It is believed that urgent intervention is required to preserve the region and ensure its transfer to future
generations.

Additionally, this project provides significant insights not only in terms of ecological conservation but also in
environmental policies and community participation. To ensure sustainable protection of the region, strong
collaboration must be established among local governments, non-governmental organizations, and academic circles.
Environmental policies should not only focus on conservation but also adopt an inclusive approach that actively
involves the community in the process. In this context, raising awareness among local residents and visitors is of
great importance. Awareness of the region’s ecological values can be increased through educational programs,
nature walks, ecological tours, and workshops.

To encourage community participation, volunteer initiatives, sustainable tourism practices, and eco-friendly
economic models should be developed, ensuring the active involvement of local communities in the project. In this
way, the region will not only be preserved but also evaluated in a socially and economically sustainable manner.
Such approaches will provide long-term and lasting solutions in line with nature conservation and sustainable
development goals.
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ABSTRACT

The construction sector is characterized by an incessant demand for new materials, resulting in the continuous consumption of natural resources
and exacerbating environmental degradation. This study aims to innovate within this context by developing a novel acoustic material through the
strategic reuse of waste generated from construction and demolition activities. Specifically, brick waste serves as the primary constituent in the
formulation of this new composite material. To enhance its acoustic properties, agricultural by-products, particularly paddy husks, are incorporated
to introduce a porous structure, which is hypothesized to significantly augment the material's sound absorption capabilities. The overarching
objective is to achieve a sound absorption coefficient that surpasses that of traditional brick materials, thereby offering a more effective solution for
acoustic insulation in construction applications. This research is grounded in rigorous laboratory experimentation, wherein samples produced in two
distinct thicknesses are meticulously evaluated using an impedance tube to ascertain their acoustic performance under controlled conditions. The
findings of this study are anticipated to not only contribute to sustainable building practices but also to facilitate the reduction of waste in the
construction industry, thereby fostering a more circular economy.

Keywords: Building and Demolition Waste, Acoustic Materials, Sound Absorption Coefficients, Brick Waste, Rice Husk

oz

insaat sektérii, dogal kaynaklarin siirekli tiiketilmesine ve cevresel bozulmanin siddetlenmesine neden olan yeni malzemelere yénelik siirekli bir talep
ile karakterize edilmektedir. Bu ¢alisma, insaat ve yikim faaliyetlerinden kaynaklanan atiklarin stratejik olarak yeniden kullanimi yoluyla yeni bir
akustik malzeme gelistirerek bu baglamda yenilik yapmay: amaglamaktadir. Ozellikle tugla atiklari bu yeni kompozit malzemenin formiilasyonunda
birincil bilesen olarak gérev yapmaktadir. Akustik ézelliklerini gelistirmek icin tarimsal yan driinler, 6zellikle de ¢eltik kabuklari, malzemenin ses
yutma kapasitesini 6nemli éigiide artiracadi varsayilan gézenekli bir yapi olusturmak lizere bir araya getirilmistir. Genel amag, geleneksel tugla
malzemelerini geride birakan bir ses yutma katsayisi elde etmek ve béylece insaat uygulamalarinda akustik yalitim igin daha etkili bir ¢6ziim
sunmaktir. Bu arastirma, iki farkl kalinlikta tretilen numunelerin kontrollii kosullar altinda akustik performanslarini tespit etmek icin bir empedans
tipd kullanilarak titizlikle degerlendirildigi kapsamli laboratuvar deneylerine dayanmaktadir. Bu ¢alismanin bulgularinin yalnizca sirdiirilebilir bina
uygulamalarina katkida bulunmasi degil, ayni zamanda insaat sektériinde atiklarin azaltiimasini kolaylastirmasi ve béylece daha déngtisel bir
ekonomiyi tesvik etmesi beklenmektedir.

Anahtar Kelimeler: Akustik Malzeme, Celtik Kabugu, insaat ve Yikim Atiklari, Ses Yutma Katsayisi, Tugla Atiklar.
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INTRODUCTION

Natural resources are gradually decreasing due to the direct proportional increase in world population and
consumption. Therefore, making existing wastes reusable through recycling is very important to protect natural
resources by reducing the consumption of natural materials.

Materials considered as waste and suitable for recycling vary from region to region and country to country. The term
'waste' in this study refers specifically to construction and demolition waste, which includes brick waste, concrete,
and other building materials that are discarded during construction activities or after the demolition of buildings.
These wastes, often considered inert or unusable, are evaluated for their potential to be transformed into value-added
materials through recycling and innovative applications.

Brick waste has been extensively studied in the context of sustainable construction materials. Gomes and De Brito
(2009) highlighted the mechanical recycling potential of brick waste, emphasizing its application as a substitute for
natural aggregates in concrete. Similarly, Silva, De Brito, and Dhir (2014) reviewed the reuse of ceramic waste,
including bricks, in construction, demonstrating its viability in various structural and non-structural applications. These
studies suggest that brick waste, often considered unusable, can be transformed into value-added materials with
proper treatment and integration.

In terms of sound insulation, the utilization of porous materials has been shown to significantly improve acoustic
performance. According to Berardi and lannace (2015), recycled and natural materials with high porosity, such as
agricultural by-products, exhibit excellent sound absorption properties. Specifically, rice husks have gained attention
as an agricultural waste with unique characteristics. Gupta and Kua (2016) demonstrated that rice husk ash enhances
the acoustic and thermal insulation of construction materials, making it a sustainable alternative in composite material
development.

The integration of brick waste and agricultural by-products not only addresses environmental concerns but also aligns
with global efforts toward circular economy practices. Studies by Torgal et al. (2011) emphasize the importance of
utilizing local, abundant wastes to minimize ecological footprints and enhance material properties.

Waste diversity provides information about the climate, economy, life and consumption of the region. In a region that
makes a living through agriculture, there are agricultural wastes, and in industrial areas, there are industrial and even
hazardous wastes.

Acoustic comfort is one of the most important indoor comfort conditions. Sounds are a constant part of daily life.
While listening to music and other pleasant sounds gives pleasure to the user, understanding through speaking and
providing some of the methods of warning against dangers through sounds emphasize the technical and comfort
importance of acoustic values. Unwanted sounds are called noise. Short and long-term exposure to noise causes
different negative effects on human health. The ideal background noise levels that should be provided for spaces with
different functions have been determined by academic studies and regulations. Failure to achieve the desired noise
levels negatively affects the acoustic comfort conditions in the space.

There are many criteria that affect acoustic comfort conditions in a closed space, other than background noise. One
of the most important criteria to be considered in evaluating the acoustic comfort conditions of indoor spaces is to
ensure optimum reverberation time. After the active sound source in a closed space is turned off, the time it takes for
the sound level in the space to decrease by 60 dB? (decrease by one millionth of the energy) is called reverberation
time. The materials used on the interior surfaces of the space, furniture and the number of people play an active role
in determining the reverberation time in a closed space. The interior materials to be used to ensure acoustic comfort
conditions must be efficient and useful. At the same time, the materials used should be of a type that will not pose a
risk to human health indoors over time.

2 Decibel (dB) is a logarithmic unit used to measure sound intensity.
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The objective of this study is to develop an acoustic material from construction and demolition waste, particularly
brick waste, combined with agricultural by-products. The scope of the study includes laboratory experiments
evaluating acoustic properties under controlled conditions. The methodology involves sample preparation with
varying compositions and thicknesses, followed by testing using the impedance tube method.

1. Waste and Recycling Concepts

All kinds of substances that remain because of production, consumption, or elimination activities, are unwanted and
are intended to be removed, are called waste. Waste and garbage are two different concepts that should not be
confused. Garbage is the name given to all residues/materials that have lost their function, are free of reusable
substances and cannot be recycled. Waste is all the materials that can be recycled and must be separated and recycled.

1.1 Waste Types

The need for waste management is gaining importance today due to the continuous increase in pollution caused by
waste and the resulting increase in environmental risks, the rapid decrease in natural resources, economic and other
reasons (Donmez & Tiirker, 2017).

Wastes are classified into many types and are subjected to various recycling processes according to their types. After
the recycling process, it can be used in different areas. After recycling, some wastes can be reused as materials with
the same properties, while in some wastes, the materials resulting from the recycling process have different functions
and properties.

1.1.1 Construction and Demolition Waste

Before starting the construction of a building, the soil resulting from the excavation and leveling works carried out to
organize the land in the area where the building will be built is called excavation soil (Yarim¢am & Parlak Biger, 2020).
The waste generated during the construction of roads, infrastructure and superstructures is called construction waste.
Wastes resulting from the repair, renovation, renewal, demolition of residences, buildings, bridges, roads and similar
infrastructure and superstructures or as a result of a natural disaster are also defined as demolition waste.

Although the accelerations in the construction sector cause a directly proportional increase in waste production, it
also brings with it the problems of waste polluting nature more and taking up more space. This sector's acceleration
in Turkey in the 2000s continues to grow, although it pauses from time to time.

The growth in the construction sector and the problems it brings create a necessary awareness for the solution of
these problems (Craighill, 2002). Waste regulations issued, determination of compulsory dumping sites, R&D studies
on materials that pollute nature less, and also the reuse of materials used during the construction phase in another
building construction or in a different sector after the demolition of the building are among the measures taken to
solve and slow down the problems.

An existing structure may be demolished for different reasons. Construction and excavation wastes are generated
after demolition. The amount, type and diversity of waste to be generated varies depending on the size of the
demolished building, its location, carrier system, construction method and type of building group.

A construction material goes through the stages of being extracted from the source, transported to the processing
center or factory, processed, and turned into a product, transported to the site, used at the construction site,
demolished, decomposed and recycled.

It is planned to use construction and demolition waste in the new composite material samples to be produced.
1.1.2 Evaluation of Construction and Demolition Waste

It is possible to reuse concrete waste by recycling or without further processing. It is possible to crush concrete waste
without any further processing and use it in road construction, as asphalt filler and as a sound barrier. They can also
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be reused in concrete containing recycled concrete aggregate after undergoing some processes. In these concretes,
recycled concrete aggregates obtained and processed as waste are used instead of natural aggregates (Hendriks &
Pietersen, 2000).

e*Masonry Waste (Bricks, Ceramics, Stones)

Considering the current research, masonry wastes, like concrete wastes, can be used as aggregates in concretes using
recycled aggregates. The definition of masonry waste is used for wastes such as bricks, ceramics, and stones.

eMetal Waste

Metal waste can be separated in detail and used directly, or it can be melted and reused in many different sectors.
Metal wastes are first subjected to physical grinding in facilities. After this process, they are melted at high
temperatures and poured into molds. Then, the metal coming out of the molds is pressed to the desired thickness.

*Wood Waste

Damaged wood waste can be used in the production of cardboard and paper, as well as in the production of wood-
based panels, MDF, chipboard and similar using different processes and binders. In addition, some undamaged wood
waste can be directly reused elsewhere.

*Glass Waste

It is very difficult to rescue glass from a demolition site without breaking it. However, in cases where uncontaminated
glass can be obtained, it is possible to reuse the resulting glass waste in glass production (Hendriks & Pietersen, 2000).

e|nsulation Materials Waste

It is possible to use insulation materials such as glass wool and mineral wool in the production of new glass wool and
mineral wool materials after they are crushed and sieved.

If EPS(Expanded Polystyrene) sheets are not damaged, they can be reused directly or they can be used in the
production of a new sheet by undergoing heat treatment (Hendriks & Pietersen, 2000).

*PVC (Polyvinyl Chloride) Waste

Recycling PVC waste can be easier than other wastes. It can be easily used in the production of a new PVC component
by turning it into granules or powder through mechanical separation, grinding and other processes (Aksel Cicekgi,
2020).

ePlasterboards

Plasterboards are a widely used material for walls and ceilings. After the plasterboards are removed from the place of
use, the cardboard on the panelboard can be used in paper production. Additionally, gypsum panels can be used again
in the production of gypsum panels.

2. Production and Measurement of New Composite Material

Recycling is becoming more important day by day. The reason for this is that the rapidly increasing consumption of
natural resources poses major problems for the future. The first problem is that the danger of depletion of natural
resources is inevitable. The second problem is that waste generated as a result of consumption accumulates and
pollutes nature. Recycling and reusing existing waste are very important to protect natural resources by reducing
consumption and to prevent further pollution of nature.

One of the sectors that produces the most waste is the construction industry. In the construction industry, natural
materials such as wood and clay and petroleum and plastic-based synthetic-artificial building materials can be used.
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Waste is generated during the construction and demolition of a building. The resulting waste consists of wastes such
as concrete shards, brick shards, ceramic shards, metal pieces, wooden pieces, glass, insulation materials, PVC, and
plaster plates. Some of these wastes can be reused, while some of them are stored in dump sites as useless waste and
pollute the nature. It is very important to evaluate these wastes that are abandoned without being used. Based on
this idea, the idea was to produce a new acoustic material from construction and demolition waste by recycling
method and to evaluate these wastes.

As a result of the research, brick waste was selected among the wastes examined. The evaluation of these wastes as
inert and limited reusable wastes after the construction and demolition processes played an important role in the
selection. Within the scope of the study with brick wastes, rice husks were used to increase the porosity of newly
produced samples. Rice husks were selected for this study primarily due to their unique physical and chemical
properties, which are highly conducive to creating porous structures in composite materials. When subjected to high
temperatures during the firing process, the organic content of rice husks burns off, leaving behind voids within the
material matrix. This phenomenon significantly increases the porosity of the composite, which is directly correlated
with improved sound absorption properties, as higher porosity enables better dissipation of sound energy within the
material.

The choice of rice husks is supported by existing literature. For instance, studies by Jamil, Kaish, Alam, and Islam (2013)
and Torgal, Jalali, Faria, and Henriques (2011) have highlighted the potential of agricultural by-products, including rice
husks, in enhancing the functional properties of construction materials. Rice husks contain a high proportion of organic
compounds such as cellulose and lignin, which combust during firing, leading to the formation of interconnected voids.
This process not only improves the acoustic performance but also contributes to the lightweight nature of the
material, a desirable characteristic for acoustic panels (Gupta & Kua, 2016).

2.1 Production of Samples

Samples with 3cm and 5cm thicknesses were produced to examine the differences that thickness may have on the
sound absorption coefficients of the new material produced. The mixture for the composite material consisted of 50%
brick waste, 49,75% clay as a binder, and 0,25% rice husks by weight. The samples were fired at 840°C, and their
porosity and acoustic properties were subsequently tested.

In the samples produced, brick waste was used as the main material and clay was used as a binder. The code names,

content, thickness and firing temperatures of the samples examined within the scope of the study are shown in Table
1.

Table 1. Characteristics of the Samples Examined Within the Scope of the Study (Ozbek, 2022).

Sample Firing
Thickness
Name Temperature
840C3 3cm 840 °C
840C5 5cm 840 °C

After the planning, the production of sample mixtures started. Mixtures containing rice husks are shown in Figure 1.
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Fig. 1. Mixture Containing Produced Paddy Husk (Ozbek, 2022).

In the next stage, the mixtures were thrown into the vacuum press machine, the air in the material mixture was sucked
out and the samples were started to be shaped into cylinders by extrusion method with the help of a mold at the exit
of the machine. Extrusion method is a production process in which a material is pushed through a mold in the desired
cross-section and the material is compressed and forced to come out by taking the shape of the mold at the exit end.
The sample material is first poured into the chamber of the machine. The air in the poured sample is sucked by vacuum
and continues to move inside the cylinder. At the end of the cylinder, there is a mold with openings in the cross-section
desired to be produced. When the material moving in the cylinder reaches the mold, it gets compressed and comes
out, taking the shape of the mold.

After the samples were produced, they were placed in the drying oven to remove the water they contained. After the
drying process, the samples were fired at 840°C. As a result of this process, the samples reached their final state. The
final state of the samples is seen in Figure 2.

Fig. 2. Final State of the Samples (Ozbek, 2022).
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2.2 Sound Absorption Coefficient Measurement Method

Measurements of sound absorption coefficients of the samples were made with an impedance tube within the scope
of TS EN ISO 10534-23 standard. The parts that make up the impedance tube are as follows.

* Speaker unit,
¢ Small diameter measuring tube used in high frequency measurements, into which two microphones can be placed,
e Sample holder piston that ensures correct samples are placed into the tube.

The impedance tube assembly used in the measurements is seen in Figure 3.

Fig. 3. Impedance Tube Assembly Used in Measurements (Ozbek, 2022).

Sound absorption coefficient results were carried out with a small tube arrangement, and the measurements focused
on the results in the 1/3 octave band between 500 Hz and 6.4 kHz. Before starting the measurements of the samples,
calibration was performed to increase the sensitivity of the device. The microphones on the device were placed in
their places, and measurements were made through the software on the computer connected to the device. The
results of the measurements were obtained as an Excel table at the end of the procedures.

2.3 Sound Absorption Coefficient Measurements

After the sample production was carried out, sound absorption coefficient measurements were carried out using the
impedance tube method. Before the measurements, a calibration process was performed on the impedance tube
system. The gaps around the samples placed in the impedance tube were sealed with a thin layer of play dough to
ensure sealing. In order to avoid errors in the measurements, the measurement was repeated 5 times for each sample.
In each measurement, the sample was removed from the impedance tube and rotated to create a change in the
surface angle. Then, the average of the 5 measurement results obtained for each sample was taken. As a result of the
measurements, sound absorption coefficients in the range of 500 Hertz (Hz) - 6400 Hertz (Hz) in the 1/3 octave band
were obtained. The obtained sound absorption coefficient values are shown in the figures below.

3 TS EN ISO 10534-2: Turkish Standards European Norm International Organization for Standardization 10534-2 is a standard
method for measuring sound absorption coefficients using an impedance tube.
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Fig. 4. Sound Absorption Coefficients of the Sample Containing Rice Husk as Additional Material, 3 cm Thick and
Cooked at 840°C. (Ozbek, 2022).
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Fig. 2. Sound Absorption Coefficients of the Sample Containing Paddy Husk as Additional Material, 5 cm Thick and
Cooked at 840°C. (Ozbek, 2022).
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Table 1. Sound Absorption Coefficients of the Measured Samples According to Frequencies (Ozbek, 2022).

Sample Name Sound Absorption
Coefficient of
f (Hz) 840C3 840C5 Reference Brick
Surface4

500 0.06 0.08 0.03

1000 0.07 0.08 0.03

2000 0.08 0.10 0.04

4000 0.12 0.10 0.05

6400 0.20 0.14 0.05

When the measurement results are reviewed, it is seen that the samples have different sound absorption coefficient
values at different frequencies. When we look at all the results, it can be said that the sound absorption coefficients
of the samples increase at high frequencies (thin sounds), that is, their absorption increases.

2.4 Effect of Rice Husk Addition on Physical and Mechanical Properties

The addition of rice husks, while primarily aimed at improving the acoustic properties of the material through
increased porosity, also has implications for its physical and mechanical properties. Porosity, resulting from the
combustion of rice husks during the firing process, can reduce the density and compressive strength of the composite
material. This trade-off between acoustic performance and mechanical integrity has been highlighted in previous
studies. For instance, Jamil et al. (2013) observed that rice husk ash-based composites tend to exhibit reduced
compressive strength due to increased void content, which aligns with the findings of Gupta and Kua (2016).

In this study, while detailed mechanical testing was not the primary focus, preliminary observations indicated a
decrease in the material's structural rigidity as the proportion of rice husk increased. This effect is consistent with the
behavior of other agricultural waste-enhanced composites, as reported by Torgal et al. (2011). Future research could
involve optimizing the ratio of rice husk to clay to achieve a balance between improved sound absorption and
acceptable mechanical performance for specific applications.

Furthermore, the thermal conductivity of the material may also be affected by the inclusion of rice husks, as increased
porosity generally enhances thermal insulation properties. This characteristic could make the material suitable for
dual-purpose applications where both thermal and acoustic insulation are desired (Berardi & lannace, 2015).

While this study primarily focused on acoustic properties, it acknowledges the need for a comprehensive evaluation
of the physical and mechanical performance of the developed material in future work. Such evaluations will ensure
its suitability for broader applications in construction and interior design.

3. DISCUSSION

The results of this study demonstrate that the addition of rice husks to brick waste-based composites enhances the
sound absorption properties, particularly at higher frequencies. When compared with similar studies, the findings
align with existing literature on the acoustic performance of porous materials.

For example, Berardi and lannace (2015) reported that natural fibers, including agricultural by-products, can achieve
sound absorption coefficients in the range of 0.1 to 0.3 at frequencies above 2000 Hz. The material developed in this
study achieved comparable coefficients, with values reaching 0.20 at 6400 Hz for the 3 cm thick sample. Similarly,

41t is the laboratory result obtained from the manufacturers.
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Torgal, Jalali, Faria, and Henriques (2011) emphasized the role of porosity in improving acoustic performance, which
is consistent with the observed behavior of the rice husk-infused composites.

In terms of comparison with traditional materials, the developed composite outperforms standard brick surfaces,
which typically exhibit sound absorption coefficients below 0.05 across most frequencies (Gupta & Kua, 2016). This
improvement highlights the potential of the composite as an effective acoustic solution in construction applications.

Moreover, the study contributes to the broader body of work on sustainable materials. The integration of construction
and demolition waste with agricultural by-products aligns with circular economy principles, as highlighted by Silva, De
Brito, and Dhir (2014). By transforming waste into value-added products, this study addresses both environmental
and technical challenges in material innovation.

However, it is important to note that while the acoustic properties of the material have been extensively evaluated,
its mechanical performance and durability under long-term use require further investigation. Future studies should
explore these aspects to ensure the material's suitability for practical applications in various construction contexts.

4. CONCLUSION

This study investigated the potential of recycling brick waste and integrating it with rice husks to develop a sustainable
acoustic material. The findings demonstrate that the composite material, formed by combining brick waste, clay as a
binder, and rice husks, exhibits superior acoustic properties compared to traditional brick surfaces.

Preliminary tests showed that brick waste alone is insufficient for creating cohesive and durable materials due to its
brittleness and low bonding properties, as also noted in Silva, De Brito, and Dhir (2014). To address this limitation, clay
was introduced to enhance structural integrity, and rice husks were added to increase porosity, leading to improved
sound absorption. The material’s porosity, resulting from the combustion of rice husks during firing, played a critical
role in enhancing its acoustic performance.

Laboratory evaluations using impedance tube tests confirmed that the composite material achieved significantly
higher sound absorption coefficients compared to traditional brick surfaces. For instance, the sound absorption
coefficient of the 3 cm thick sample reached 0.20 at 6400 Hz, whereas standard brick surfaces typically exhibit
coefficients below 0.05 in similar frequency ranges (Gupta & Kua, 2016). These results validate the effectiveness of
the material in providing acoustic insulation, particularly in high-frequency ranges.

In addition to its acoustic performance, the study acknowledged trade-offs in other properties. While the increased
porosity improved sound absorption, it potentially reduced compressive strength and density. These findings align
with prior studies, such as those by Jamil et al. (2013), emphasizing the importance of balancing acoustic and
mechanical properties in porous composites.

This research contributes to sustainable construction practices by offering a method to repurpose low-value
construction and demolition waste alongside agricultural by-products. The approach aligns with circular economy
principles, transforming waste into high-value materials. However, further studies are needed to optimize the material
composition for enhanced structural performance and thermal insulation. Long-term durability testing, additional
mechanical evaluations, and comparisons with commercially available acoustic solutions would further strengthen the
applicability of this material in real-world construction projects.

By integrating experimental findings with established literature, this study underscores the viability of innovative,
waste-based materials as effective solutions for acoustic insulation, addressing both environmental and functional
challenges in the construction industry.
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