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SIFIR ATIK VE DONGUSEL EKONOMIDE DUSUK KARBON

ilker Hakan Terzioglu

Cevre Sehircilik ve iklim Degisikligi Bakanlig Yesil Mutabakat ve Siirdiiriilebilirlik Calisma Grubu
Yesil Finansman ve Karbon Fiyatlama Danismani - Mimar, e-mail: hakan.terzi3461@gmail.com,
architecilkerhakan@gmail.com tel: 05535488334

Avrupa Birligi (AB), 2020 AB Donglisel Ekonomi Eylem Plani kapsaminda en kaynak ve enerji yogun
sektorlerden baslayarak yeni bir dongisel Urin politikasi gelistirmeyi taahhiit etmistir. Plan,
yalnizca AB'de Uretilen Grlnleri degil, ayni zamanda tim ithalati da kapsayacak zorunlu geri
donustirilmuis icerik gereklilikleri ve standartlari da dahil olmak (izere yeni diizenlemeler
ongdriyor. Ticaret, daha siirdirilebilir bir gelecege degerli bir katki saglayabilir. ikincil
malzemelerde ortaya ¢ikan ticaret akislari ancak yakin gelecekte artacaktir. Yeni is modelleri,
mevcut dogrusal yaklasimlar daha donglisel olanlarla degistirecek: onarim, yeniden kullanim,
yenileme, yeniden lretim olacaktir. Ve bdylece hizmet ticareti daha yaygin hale gelecektir. Tim
soylenenler, ulusal hiikiimetlerin politikalarini desteklemesi hayati 5nem tasimaktadir. ikili ve
bolgesel ticaret anlagsmalari ile stirdlrilebilir mal ve hizmetleri 6lceklendirmek icin esit bir oyun
alani yaratan iklim dostu kurallar ve hiikiimler hakkinda bir DTO anlasmasi ile ilerlemek igin bu
kadar onemli bir pencere olmamistir. Dislik karbonlu doénglisel ekonomi hikiimlerine iliskin
maddeler, sifir emisyonlu, adil ve esitlikgi bir topluma giden yol, ticaret camiasinin daha fazla
katilimini, destegini ve yenilikgiligini gerektirir.

Anahtar Kelimeler: Dongiisel ekonomi, sifir atik, sifir emisyon
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ZERO WASTE AND LOW CARBON IN A CIRCULAR ECONOMY

ilker Hakan Terzioglu

Environment Ministry of Urbanization and Climate Change Green Reconciliation and
Sustainability Working Group, Green Finance and Carbon Pricing Consultant —Architect, e-mail:
hakan.terzi3461@gmail.com-architectilkerhakan@gmail.com

Within the scope of the 2020 EU Circular Economy Action Plan, the European Union (EU) has
committed to developing a new circular product policy, starting with the most resource- and
energy-intensive sectors. The plan envisages new regulations, including mandatory recycled
content requirements and standards, which will cover not only products manufactured in the EU,
but also all imports. Trade can make a valuable contribution to a more sustainable future. The
emerging trade flows in secondary materials will only increase in the near future. New business
models will replace the existing linear approaches with more cyclical ones: there will be repair,
reuse, renovation, remanufacturing. And so the trade in services will become more widespread.
All that being said, it is vital that national governments support their policies. There has never
been such an important window to move forward with bilateral and regional trade agreements
and a WTO agreement on climate-friendly rules and provisions that create a level playing field for
scaling sustainable goods and services. The articles related to the provisions of the low-carbon
circular economy, the path to a zero-emission, fair and egalitarian society requires greater
participation, support and innovation of the business community.

Keywords: Circular economy, zero waste, zero emissions
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TIBBi ATIKLARIN BERTARAFINA iLiSKiN NIiTEL BiR DEGERLENDiRME

ilaha ismayilova?, Nuray Caglar?

listanbul Universitesi, Deniz Bilimleri ve isletmeciligi Enstitiisti, orcid:0009-0009-2293-5564

%istanbul Universitesi Deniz Bilimleri ve isletmeciligi Enstitiisii, orcid: 0000-0001-7608-6339

Turkiye'de ozellikle biytik sehirlerde sanayilesme hizla biylyor. Bunun yaninda kentlesme, goc
ve hizli nlfus artisi insan ve gevre saghgini tehditi arttirmaktatir. Atiklar, bilingsiz kullaniimis,
ihtiyac duyulmayan ve cevre icin zarar olusturan nitelendirebilecegimiz her tirli madde olarak
tanimlanir. Atik konusunda saglik kurumlarinin giktisi olan tibbi atiklarin miktari hizli bir sekilde
artarak gevre icin sorun haline gelmektedir.

Hastane, klinik vo muayenehanelerdeki islemler sirasinda ortaya ¢ikan tibbi atiklar (enfeksiyoz,
patolojik ve kesici-delici) saglik agisindan riskler olusturmaktadir. Gerek gevre ve toplum saghgi
acisindan risklerin minimum dizeye disiriilmesi, gerekse ekonomik kayiplarin indirilmesi igin
saglik kuruluslarinda ortaya c¢ikan tibbi atiklar konusunda gerekli onlemlerin alinmasi
gerekmektedir.

Bu calismanin g¢ikis noktasinin nedeni tibbi atik konusuna literatiirde ¢ok sinirli ¢alismada
deginilmis olmasidir. Calismamizda tibbi atiklarin bertarafinin incelenmesi, durumun belirlenmesi,
degerlendirilmesi ve yeni bakis acilarinin hayata gegirilmesi amaclanmistir. Bu ¢alismada glincel
literatlir bilgilerine dayanilarak nitel arastirma yontemi kullanilmistir. Calismamiz derleme
seklinde yiritulmustir. Tibbi atiklarin bertaraf edilmesi gerek dinyada, gerekse Tiirkiye'de
onemli sorunlardan bir tanesidir. Saghk kurumlarinin giktisi olan tibbi atiklarin Gretiminden
bertarafina kadar olan siire¢ oldukga karmasik bir stregi olusturmaktadir. Calismamizda saghk
kuruluslarinin Urettikleri atik miktarlarina gore 6lgekli gruplamasi, kaynaginda ayri toplanmasi ve
zararsiz hale getirilmesi belirtilmektedir. Saglk Unitelerinde tibbi atiklarin bertaraf edilmesi
yontemlerinin bilinmesi ve geri donisimiine dayali yeni malzeme gelistiriimesi 6nem
tasimaktadir.

Anahtar Kelimeler: Atik, hastane, tibbi atik, bertaraf, tibbi atik yonetimi
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A QUALITATIVE EVALUATION OF DISPOSAL OF MEDICAL WASTES

ilaha ismayilova?, Nuray Cagla?

lIstanbul University, Institute of Marine Sciences and Management, orcid:0009-0009-2293-5564

2Istanbul University, Institute of Marine Sciences and Management, orcid: 0000-0001-7608-6339

Industrialization is growing rapidly in Turkey, especially in big cities. In addition, urbanization,
migration and rapid population growth threaten human and environmental health. Waste is
defined as any substance that is used unconsciously, thatis not needed and that we can describe
as harmful to the environment. The amount of medical waste, which is the output of health
institutions, is rapidly increasing and becoming a problem for the environment.

Medical wastes (infectious, pathological and penetrating) generated during procedures in
hospitals, clinics and practices pose health risks. Necessary precautions should be taken regarding
the medical wastes generated in health institutions in order to minimize the risks in terms of
environment and public health and to reduce economic losses.

The reason for the starting point of this study is that the subject of medical waste has been
mentioned in very limited studies in the literature. In our study, itis aimed to examine the disposal
of medical wastes, to determine the situation, to evaluate it and to put new perspectives into
practice. In this study, qualitative research method was used based on current literature
information. Our study was conducted as a compilation. Disposal of medical wastes is one of the
important problems both in the world and in Turkey. The process from the production to disposal
of medical waste, which is the output of health institutions, is a very complex process. In our
study, it is stated that health institutions are grouped according to the amount of waste they
produce, collected separately at the source and rendered harmless. It is important to know the
disposal methods of medical wastes in health units and to develop new materials based on their
recycling.

Keywords: Waste, hospital, medicalwaste, elimination, medical waste management.
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DEMIR CELIK URETIMi YAPAN TESIS ATIK SULARININ ARITIMI iCiN YENILIKCi ARITIMIN
(ENZIMATIK FENTON) UYGULANMASI

Nagihan Korkmaz

istanbul Universitesi Deniz Bilimleri ve isletmeciligi Enstitiisii, ORCID: 0000-0002-9492-5105

Endustriyel atik sular, sanayide lretim asamasi sonucunda ortaya c¢ikan atik sulardir. Bu atik sular
¢cok karmasik yapiya sahip olup aritimlari en zor olan atik sularindan biridir. Demir gelik sanayi atik
sulan icerdikleri yogun metal kirlilikleri sebebiyle kanalizasyon sistemine verilmeden &nce
anitimlarinin yapilmasi gerekmektedir. Aritim icin kullanilacak yontemler mevzuatlara uygun
olacak sekilde uygulanmaktadir.

Bu calismada, galvanizli celik Uretici fabrikasina ait atik su aritma tesisindeki Tersinir Soguk
Haddeleme ve alkali karakterli Sicak Daldirma Galvanizleme Unitelerinden alinan yogun kimyasal
oksijen ihitaci (KOI) atik sularin aritimlar i¢in Enzimatik Fenton aritim yéntemi uygulanmustir.
Enzimatik fenton ile aritim icin pH 5’e ayarlanip 1,2 g/L Fe?* ve 0,76 g/L H202 ve 2,5 g/L lakkaz
enzimi kullanilmistir. Bu aritim ydntemi art arda iki kez uygulanmistir. Aritim sonunda KOI, renk
ve camurdaki toplam organik karbon (TOK) parametreleri incelenmistir. Tersinir Soguk
Haddeleme ve alkali karakterli Sicak Daldirma Galvanizleme Unitelerindeki atik sularinda art arda
iki kez uygulanan bu aritma yénteminde KOI aritim verimleri sirasiyla % 80 ve 95 tespit edilmistir.
Renk giderim verimleri ise Tersinir Soguk Haddeleme Unite atik suyu igin % 87 ve Sicak Daldirma
Galvanizleme Unite atik suyu igcin % 96 olarak hesaplanmistir. Aritim igin kullanilan lakkaz enzimi
sayesinde toksik H202 miktarn azaltilmis olup ¢evre dostu bir aritim uygulanmistir. Yapilan bu
calisma ile demir celik enddstrisi atik sularinin aritimi icin yenilik¢ci Enzimatik Fenton aritim
yonteminin iyi bir basari elde ettigi sonucuna varilmistir.

Anahtar Kelimeler: Endiistriyel atik sular, Enzimatik Fenton, ileri oksidasyon prosesi

Tesekkiir: Atik su numunelerini temin edildigi Borgelik'e tesekkir ederim.
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APPLICATION OF INNOVATIVE TREATMENT (ENZYMATIC FENTON) FOR THE REMOVAL OF IRON AND
STEEL PRODUCTION FACILITY WASTEWATER

Nagihan KORKMAZ

Istanbul University, Institute of Marine Sciences and Management, Department of Chemical
Oceanography, Istanbul, Turkiye, (nagihan.ersoy@istanbul.edu.tr)

ABSTRACT

Industrial wastewater is the discarded water that emerges from the manufacturing processin the
industry. These wastewaters have a very complex structure and are one of the most difficult
wastewaters to treat. Due to the heavy metal pollution, they contain, the iron and steel industry
wastewater must be treated before being given to the sewage system. The methods to be used
for treatment are applied in accordance with the legislation.

In this study, the Enzymatic Fenton treatment method was applied for the treatment of intensive
chemical oxygen demand (COD) wastewater input from Reversed Cold Milling (RCM) and Alkaline
Continuous Galvanising Line (CGL) units in the wastewater treatment plant of the galvanized steel
producer factory. pH was adjusted to 5 and 1.2 g/L Fe?** and 0.76 g/L H,0, and 2.5 g/L laccase
enzyme were used for treatment with Enzymatic Fenton. This treatment method was applied
twice in succession. The COD, color, and total organic carbon (TOC) parametersin the sludge were
examined. COD treatment efficiencies of 80 and 95%, respectively, were determined in this
treatment method, which was applied twice in succession to the wastewater of the Reversible
Cold Rolling and Alkaline Hot Dip Galvanizing units. Color removal efficiencies were calculated as
87% and 96 % for RCM and CGL units wastewater, respectively. With the laccase enzyme used
for treatment, the amount of toxic H,0, has been reduced and an environmentally friendly
treatment has been applied. With this study, it has been concluded that the innovative Enzymatic
Fenton treatment method has achieved good success for the treatment of iron and steel industry
wastewater.

Keywords: Industrial wastewater, Enzymatic Fenton, Advanced Oxidation process

Acknowledgments: The author would like to thank Borcelik for providing the wastewater
samples.
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MARMARA DENizZi’NDEKi BALIKLARDA ONCELIKLi KIRLETICiLERIN BULUNURLULUGU VE iNSAN
SAGLIGI RiSK DEGERLENDIRMELERI

Nuray Caglar Balkis, Nagihan Korkmaz, Abdullah Aksu, Tuba Unsal, Esra Billur Balcioglu, Hande
Cavus Arslan, Nazli Demirel

istanbul Universitesi Deniz Bilimleri ve isletmeciligi Enstitiisii, ORCID: 0000-0001-7608-6339

Oncelikli kirleticiler, insan sagligl veya cevre icin potansiyel veya gercek bir tehdit olarak algilanan
kimyasallar veya malzemelerdir. Farmasotik bilesikler bu Oncelikli kirleticiler sinifina
girmektedirler. Farmasotikler atik su aritma tesislerinde aritimi tam olarak gerceklestirilemedigi
ve alici ortamlara ulastigi icin sucul ekosistem icin diinyada da genel bir problem haline gelmeye
baslamistir. Bu bilesikler ve kalintilari, su ortamina ¢ogunlukla atik su aritma tesisleri, evsel,
hastane ve endustriyel atik sulari yoluyla ulasabilmektedir. Bu nedenle, bu bilesikler, yeralti sulari,
denizler, nehirler, goller vb. gibi su ortamlarinda yaygin olarak tespit edilmektedirler. Bir
milyardan fazla insanin gida ihtiyacini ve gecimini saglayan denizler bircok canliya ev sahipligi
yapmaktadir. Denizsel ortamlarda farmasotik bilesiklerin varliklari, deniz ekosistemlerindeki
organizmalarin sagliklari icin ciddi risklere neden olabilmektedir. Marmara Denizi, antropojenik
baskilarin (evsel, endustriyel, vb.) deniz ekosistemleri tGzerindeki etkilerinin bulundugu bir boélge
olmasi nedeniyle bu tir mikrokirleticilerin bulunma ihtimali yiiksek olmasi nedeniyle arastirma
alani olarak segilmistir.

Bu calismada, Marmara Denizi'ndeki balik kas dokularinda insanlar tarafindan yaygin olarak
kullanilan 11 farmasotik bilesigin (karbamazepin, ibuprofen, diclofenac, ketoprofen, naproksen,
fenoprofen, klofibrik asit, gemfibrozil, 17B-estradiol, estrone, 17a-etinilestradiol) varligi ve bu
Urlnlerin tiketimi yoluyla olusabilecek insan saghg risk degerlendirmeleri arastiriimistir. 2019 yili
ilkbahar ve sonbahar mevsimlerinde Marmara Denizi bes istasyondan bes balik tird (Trachurus
meditterraneus, Spratus sprattus, Pomatomus saltatrix, Merlangius merlangus, Serranus
hepatus) toplanmistir. Numuneler ultrasonik ekstraksiyon metodu ile ekstrakte edilmis ve daha
sonra kati faz ekstraksiyon metodu ile saflastinlmistir. Ardindan yiksek performansli sivi
kromotografisi ile analiz edilmistir. Balik kas dokularinda en sik saptanan farmasotik bilesikler
ibuprofen (<3,0-1225 ng/g), gemfibrozil (<3,2-480 ng/g), 17a-ethynylestradiol (<2,0-462 ng/g)
olmustur. Tehlike katsayilarina gore 17B-estradiol, 17a etinilestradiol ve estron bu deniz
Urtinlerinin tiketimi yoluyla insanlaricin bir saglik riski olusturabilir.

Anahtar Kelimeler: Balik kas dokulari, Marmara Denizi, Osinografi, Oncelikli kirleticiler, risk
degerlendirmesi
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OCCURRENCE AND HUMAN HEALTH RISK ASSESSMENT OF EMERGING CONTAMINANTS IN FISH TISSUE
IN THE SEA OF MARMARA, TURKIYE

Nuray Caglar Balkis, Nagihan Korkmaz, Abdullah Aksu, Tuba Unsal, Esra Billur Balcioglu, Hande
Cavus Arslan, Nazli Demirel

Istanbul University, Institute of Marine Sciences and Management, orcid: 0000-0001-7608-6339

Emerging contaminants are chemicals or materials that are perceived as a potential or real threat
to human health or the environment. Pharmaceutical compounds belong to this class pollutans.
Since the pharmaceuticals cannot be completely removed from the wastewater treatment plants
and reach the receiving environments without being treated, it has become a general problem
for the aquatic ecosystem of the world. These compounds and their residues can reach the
aquatic environment mostly through wastewater treatment plants, domestic, hospital and
industrial wastewater. Therefore, these compounds are commonly detected in aquatic
environments such as groundwater, seas, rivers, lakes, etc. The seas, which provide food and
livelihood for more than a billion people, are home to many living organisms. The presence of
pharmaceutical compounds in marine environments can cause serious risks to the health of
organisms in marine ecosystems. The Sea of Marmara has been chosen as a research area due to
the high probability of the presence of such micropollutants, asitis a region where anthropogenic
pressures (domestic, industrial, etc.) have effects on marine ecosystems.

In this study, the occurrence of eleven pharmaceutical compounds (carbamazepine, ibuprofen,
diclofenac, ketoprofen, naproxen, fenoprofen, clofibric acid, gemfibrozil, 17B-estradiol, estrone,
17a-ethnylestradiol), commonly used by humans, in fish muscle tissues in the Sea of Marmara
and human health risk assessments that may occur through the consumption of these products
were investigated. Five fish species (Trachurus meditterraneus, Spratus sprattus, Pomatomus
saltatrix, Merlangius merlangus, Serranus hepatus) were collected from five stations in the
Marmara Seain the spring and autumn seasonsin 2019. The samples were extracted by ultrasonic
extraction method and then clean-up by solid phase extraction method. It was then analyzed by
high performance liquid chromatography. The most frequently detected target compounds in fish
muscle tissues were ibuprofen (<3.0-1225 ng/g), gemfibrozil (<3.2-480 ng/g), 170-
ethynylestradiol (<2.0-462 ng/g). According to their hazard coefficients 17B-estradiol, 17a
ethinylestradiol, and estrone may pose a health risk to humans through consumption of these
products.

Keywords: Fish muscle tissues, Sea of Marmara, Oceanography, Emerging contaminants, risk
assessment
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iKLiM DEGISiKLiGi KAPSAMINDA KONUTLARDA SURDURULEBILIR SU, ENERJI VE ATIK YONETiMi

Melis ERDOGAN?, Ayse FiLIiBELi2

Dokuz Eyliil Universitesi Fen Bilimleri Enstitiisii, Tinaztepe Yerleskesi, 35390 Buca-iZMIR,
melis.erdogan23@gmail.com

2Dokuz Eylil Universitesi Miihendislik Fakiiltesi, Cevre Miihendisligi Bélimii, Tinaztepe
Yerleskesi, 35390 Buca-IZMIR, ayse.filibeli@deu.edu.tr

Bugilin karsilasilan en blyilk cevre sorunlarindan birisi iklim degisikligidir. Bu durum artik
sehirlerde yasayan insanlar icin bliylk bir sorun haline gelmistir.

Bu calismanin amaci, her gecen yil etkisinin fazlasiyla hissedildigi iklim degisikligine karsi kirilgan
olan konutlarin, strdurilebilir su yonetimi, enerji verimliligi ve atik yonetimi agisindan dayanikli
hale getirilmesidir. Ozellikle kentlerde suyun siirdiiriilebilir bir sekilde yénetiminin saglanmasi,
enerji verimliligi konusunun incelenmesi ve atik yonetimi icin planlamalarin yapilmasi ve bu
sorunlarin iklim degisikligi baglaminda ele alinmasi, kentlerde etkilenmis veya etkilenebilecek
alanlarin belirlenmesi ve uygulanmasi icin gereken stratejileri planlamaktir.

Bu calisma kapsaminda, segilen bir bélge igin tasarimi yapilan konut genelinde siirdirulebilir su
yonetimi, enerji verimliligi ve atik yonetiminin etkin kullaniminin saglanmasi icin ‘etkin kullanim
Onerileri’ ortaya konulmustur. Stirdlrilebilir su yonetimi kapsaminda yagmur suyu hasadi, gri su
geri kazanim sistemleri ve yagmur bahgesi tasarimi; glines kollektorlerinin kullanimiyla
yenilenebilir enerjiden faydalanilarak etkin bir enerji yénetiminin saglanmasi konusunda yapilan
uygulamalar incelenmistir. Atik yonetiminde ise geri kazanim/dénlsiim, atik yag toplama sistemi
ve kompostlama uygulamalar detayli olarak arastirilmistir. Bu ‘etkin kullanim o&nerileri’ ile
konutun en verimli sekilde iklim degisikligine dayanikli ‘Yesil Bina’ 06zelligine ve LEED
standartlarina uyumu igin yapilmasi gerekenler tartisiimistir.

Bu calisma kapsaminda incelenen sirdirilebilir su yonetim sistemleri ile iklim krizi nedeniyle
tehlike altinda olan su kaynaklarinin korunmasina yonelik ve konutlarda yenilenebilir eneriji
kullanimi sayesinde eneriji tasarrufu icin saglanan katkilar belirlenmistir. Ayrica isinma ve diger
ihtiyaglar icin fosil yakit kullanimina gerek olmadigi, boylelikle atmosferde fazlasiyla bulunan sera
gazi salinimlilarin konut bazinda ele alinarak azaltilabilecegi gorilmektedir. Kati atik yonetiminde
yapilacak uygulamalar ile su kaynaklari Uzerindeki etkilerin bliylik o6lclide giderilerek,
surdirilebilir bir yasama donlsim asamasindaki kazanimlar Gzerinde durulmustur.

Bu bildiri kapsaminda uygulanan yontemler Cevre Mihendisligi bakis agisiyla degerlendirilmis
olup, 6nerilerin bu alanda yapilacak ¢alismalar igin iklim krizine karsi dayanikli konutlarininsasinda
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yeni bir bakis acisi kazandiracagi diistintilmektedir. Calisma kapsaminda 6zellikle kati atik yonetimi
uygulamalari detayh olarak ele alinmus, stirdiirilebilir atik yonetiminin dnemi tartisiimistir.

Anahtar Kelimeler: iklim degisikligi/krizi, sirdtrilebilir su yonetimi, stirdtrilebilir atik yonetimi,

enerji verimliligi
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SUSTAINABLE WATER, ENERGY AND WASTE MANAGEMENT IN RESIDENCES WITHIN THE
SCOPE OF CLIMATE CHANGE

Melis ERDOGAN?, Ayse FiLiBELi2

'Dokuz Eylul University The Graduate School of Natural and Applied Sciences, Tinaztepe Campus
35390 Buca-izmir, melis.erdogan23@gmail.com

2Dokuz Eylul University Engineering Faculty, Department of Environmental Engineering,
Tinaztepe Campus, 35390 Buca-izmir, ayse.filibeli@deu.edu.tr

Climate change is one of the biggest environmental problems faced today. This situation has now
become a big problem for people living in cities. The aim of this study is to make the residences
that are vulnerable to climate change, the impact of which is felt every year, resilient in terms of
sustainable water management, energy efficiency and waste management. Especially, ensuring
the sustainable management of water in cities, examining the issue of energy efficiency and
making plans for waste management, and addressing these problems in the context of climate
change, determining the areas that are or may be affected in the cities and planning the necessary
strategies for their implementation.

Within the scope of this study, ‘recommendations for effective use’ were put forward to ensure
the effective use of sustainable water management, energy efficiency and waste management
throughout the house designed for a specific region. Within the scope of sustainable water
management, rainwater harvesting, gray water recycling systems and rain garden design were
examined. Ensuring an effective energy management by utilizing renewable energy with the use
of solar collectors has been examined. In waste management, suggestions such as recycling,
waste oil collection system and composting were examined. With these ‘recommendations for
effective use’, it has been ensured that the residence complies with the climate change-resistant
'Green Building' feature and LEED standards in the most efficient way.

Sustainable water management systems implemented within the scope of this study, it has been
observed that it contributes to the protection of water resources that are in danger due to climate
change. With use of renewable energy in the residence, a contribution was made to energy
savings. In addition, there was no need to use fossil fuels for heating and other needs. In this way,
greenhouse gas emissions, which are excessively present in the atmosphere, are prevented from
the residential basis. With solid waste management, the danger on water resources has been
eliminated to a great extent, and it has contributed to a sustainable life.

11
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The methods applied within the scope of the study have been evaluated from the perspective of
Environmental Engineering, and itis thought that the proposals will gain a new perspective in the
construction of residences resistant to climate change for the studies to be carried out in this
area.

Keywords: climate change, sustainable water management, sustainable waste management,
energy efficiency
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TEKSTIL ENDUSTRIiSINDE ATIKSU YONETIMI
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Tekstil endustrisi, insanlarin en temel ihtiyaci olan gida temininden sonra en Onemli
ihtiyaclarindan biri olan giyeceklerin Uretildigi sektordir. Tekstil endistrisi, birden fazla
hammaddenin kullanimi ile yiin ve pamuk gibi kumaslarin elde edilmesinde kullanilan liflerden
tekstil Grinleri haline gelmesini saglayan bir endustri tlir olarak tanimlanabilir. Tekstil endistrisi
kendine daha cok gelismekte olan lilkelerde daha yaygin kullanim alani bulmustur. Tlirkiye, diinya
tekstil piyasasinda énemli bir konuma sahip olmustur. Ulkemizin toplam ihracat gelirlerinin %40’a
yakini tekstil Grlinlerinden saglandigl bilinmektedir. Ayrica Glkemizin toplam endustriyel
isgliciiniin % 10'u bu sektorde ¢alismaktadir.

Tekstil, Tarkiye’'nin en 6nemli sektorlerinden biri olmasi nedeniyle, atik Gretiminin de en fazla
oldugu sektérlerin ilk siralarinda oldugu bilinmektedir. Uretim icin, farkli proseslerde ¢ok fazla su
kullanilmaktadir. Bu nedenle biyik miktarda atik su olusmaktadir. Tekstil sektériinde kullanilan
kimyasallar ve boyarmaddeler genellikle ¢evre ve halk saghgl agisindan toksik maddeler
icermektedir. Tekstil sanayinin gevre igin olusturdugu bu zararl etkilerin minimizasyonu igin, ham
madde kullanimini azaltmak, geri donisim ve yeniden kullanimlarini artirmak gerekmektedir.
Turkiye istatistik kurumu (TUIK) verilerine gore ilkemizde en fazla su tiilketen endustrilerin
basinda Tekstil endistrisi gelmektedir. Cok farkli tiirlere sahip olan tekstil endstrisi (ilkemizde Su
Kirliligi Kontroll Yonetmeligi) SKKY kapsaminda yedi farkl alt baslik seklinde degerlendirilmistir.

Olusan atiksular farkli icerige sahip oldugu icin farklh yontemler ile antilma islemleri mimkandur.
Bu prosesler fiziksel aritim (membran prosesler, ¢oktiirme, flotasyon vb.), kimyasal aritim
(kimyasal koagllasyon, nétralizasyon, ileri oksidasyon prosesleri vb.) ve biyolojik yontemler
(membran biyoreaktdr, aerobik anaerobik biyolojik aritim vb.) ile aritilabilmektedir. Ayrica
kombine proseslerin de (fiziksel, kimyasal ve biyolojik) kullanimi aritma tesisleri icin oldukca
onemli biradimdir. Tim bu proseslerin kendi icinde avantaj ve dezavantajlara sahiptir. Bu nedenle
aritilabilirlik ve degerlendirme g¢alismalarinin yapilmasi zorunludur.

Anahtar Kelimeler: Tekstil endistrisi, atiksu yonetimi, antilabilirlik
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WASTEWATER MANAGEMENT IN THE TEXTILE INDUSTRY

Esra Billur BALCIGLU iLHAN?, Fatih iLHANZ, Ugur KURT?

!Istanbul University Institute of Marine Sciences and Management, Chemical Oceanography
Department, Vefa, istanbul, Tlrkiye

2 Yildiz Technical University Civil Engineering Faculty, Environmental Engineering Department,
Davutpasa, istanbul, Tiirkiye

The textile industry is the sector where clothing is produced, which is one of the most important
needs of people after the most important need of food supply. The textile industry can be defined
as a type of industry that enables textile products to be made from fibres used to obtain fabrics
such as wool and cotton with the use of more than one raw material. The textile industry has
found itself more widely used in developing countries. Tiirkiye has an important position in the
world textile market. It is known that nearly 40% of our country's total export revenues are
provided from textile products. In addition, 10% of the total industrial labour force of our country
works in this sector.

Since textile is one of the most important sectors in Tlirkiye, it is known to be one of the sectors
with the highest waste production. For production, a lot of water is used in different processes.
Therefore, a large amount of waste water is generated. Chemicals and dyestuffs used in the textile
industry generally contain toxic substances for the environment and public health. In order to
minimise these harmful effects of the textile industry on the environment, it is necessary to
reduce the use of raw materials and increase recycling and reuse. According to the data of Turkish
Statistical Institute (TUIK), textile industry is one of the most water consuming industries in our
country. The textile industry, which has many different types, is evaluated under seven different
sub-headings within the scope of Water Pollution Control Regulation in our country.

Since the wastewaters formed have different contents, it is possible to treat them with different
methods. These processes can be treated by physical treatment (membrane processes,
sedimentation, flotation etc.), chemical treatment (chemical coagulation, neutralisation,
advanced oxidation processes etc.) and biological methods (membrane bioreactor, aerobic
anaerobic biological treatment etc.). In addition, the use of combined processes (physical,
chemical and biological) is a very important step for treatment plants. All these processes have
advantages and disadvantages. Therefore, it is mandatory to carry out treatability and assessment
studies.

Keywords: Textile industry, wastewater management, treatability
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Metaller cok farkli alanlarda kullanilan hammadde ve (rinlerdendir. Metal kaplama estetik ve
korozyona karsi 6nlem agisindan énemli bir yontemdir. Kaplama, korozyonu dnleme, dekoratif ve
ylzey kalitesini arttirma amacgh yaygin olarak kullanilan yontemlerdendir. Metallerin Uretim
esnasinda ylizeyde yag ve gres bulunur. Metal kaplama sanayiinde ¢ok farkli pH larda atiksu cikisi
olmaktadir. Metal sanayi atiksuyu temizlemek igin kullanilan alkali ve kaplama yontemleri
nedeniyle ylksek pH, askida kati maddeler, metal parcaciklari, sabunlar, nitrir, silfit, klortr, gres,
yag vb. 6zelliklere sahiptir. Yagdan arindirildiktan sonra malzemeler kaplama banyolara gonderilir.
Durulama ve yikama atiklar genellikle alkalindir. Kaplama banyolari asidiktir ve sulfurik asit,
hidroklorik asit veya nitrik asit icerir. Alkali banyolarda karbonat, hidroksit ve siyanir kullanihr.
Kaplama yapildiktan sonra malzemeler kaplama banyolarinin arkasindaki durulama Unitesine
gonderilir. Bu banyolarda bulunan c¢o6zelti, belirlenen limitlerin Uzerinde kirletici maddeler
icerdiginden atik su olarak desarj edilemez. Ancak durulama suyu alici ortama desarj edilebilir.
Kaplama banyolarindan salinan atik sudaki katilar yliksek hacimde olmayip 6nemli toksik kimyasal
maddeler igerebilir. Bliylk miktarlarda metalle kirlenmis atik suyun desarji nedeniyle, krom,
cinko, bakir, nikel, kalay ve siyaniir gibi agir metal tasiyan endustriler, kimyasal yogun endustriler
arasinda en tehlikeli olanlardir.

Metal kaplama endustrisi tilkemizde ve diinyada hizla gelisen endistri dallarindan birisidir. Metal
kaplama endiistrisi, sahip oldugu 6nemin yaninda, sebep oldugu kirliliklerden 6tliri de 6nem
verilmesi gereken bir endistri dalidir. Metal kaplama endustrisinden kaynakli ortaya ¢ikan bakir,
nikel, demir, krom, siyantr ve cinko gibi agir metaller ¢cevre ve insan sagligina olan zararlarindan
otiri hassasiyetle giderimi saglanmasi gereken agir metal bilesikleridir. Ulkemizde de metal
kaplama endustrisi yaygin olarak bulunmaktadir. Bu sebeple endiistriden kaynaklanan atiksu
miktari da fazla olacaktir. Olusan atiksuda bulunan agir metallerin giderim standartlar Su Kirliligi
Kontroli Yonetmeliginde belirtiimektedir. Su Kirliligi Kontroli Yonetmeligine gore atiksularin
desarji icin gerekli parametreler bulunmaktadir. Metal kaplama endistrisinden ¢ikan atiksularin
antilarak yonetmelikte belirtilen sinir degerleri asmayacak sekilde desarj edilmesi veya tekrar
kullanilacaksa da kullanim alanina bagli olarak uygun kirlilik gideriminin saglanmasi
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gerekmektedir. Bu calismada metal kaplama atiksularinni aritilabilrigi ve atiksu yonetimi

hakkinda detayli bilgiler verilmistir.

Anahtar Kelimeler: Metal kaplama, atiksu yonetimi, aritilabilirlik
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Metals are raw materials and products used in many different fields. Metal coatingis an important
method for aesthetics and corrosion prevention. Coating is a widely used method for corrosion
prevention, decorative and surface quality enhancement. During the production of metals, oiland
grease are present on the surface. In the metal coating industry, wastewater is discharged at very
different pH levels. Metal industry wastewater has high pH, suspended solids, metal particles,
soaps, nitrides, sulfides, chlorides, grease, oil, etc. due to the alkali and coating methods used to
cleanit. After degreasing, the materials are sent to coating baths. Rinsing and washing wastes are
usually alkaline. Coating baths are acidic and contain sulfuric acid, hydrochloric acid or nitric acid.
Carbonate, hydroxide and cyanide are used in alkaline baths. After coating, the materials are sent
to the rinsing unit behind the stationary baths. The solution in the coating baths cannot be
discharged as wastewater as it contains pollutants above the set limits. However, rinse water can
be discharged to the receiving environment. The solids in wastewater released from coating baths
are not in high volumes and may contain significant toxic chemicals. Heavy metal-bearing
industries such as chromium, zinc, copper, nickel, tin and cyanide are the most hazardous among
chemical-intensive industries due to the discharge of large quantities of metal-contaminated
wastewater.

Metal coating industry is one of the rapidly developing industries in our country and in the world.
In addition to its importance, the metal coating industry is also an industry that should be given
importance due to the pollution it causes. Heavy metals such as copper, nickel, iron, chromium,
cyanide, zinc, nickel, iron, copper, nickel, iron, chromium, chromium, cyanide and zinc are heavy
metal compounds that need to be removed sensitively due to their harm to the environment and
human health. Heavy metals such as copper, nickel, iron, chromium, cyanide and zinc are heavy
metals originated from metal coating industry that need to be removed sensitively due to their
harm to the environment and human health. The metal coatingindustry is also widespread in our
country. Bu sebeple endistriden kaynaklanan atiksu miktar da fazla olacaktir. The removal
standards of heavy metals in the wastewater are specified in the Water Pollution Control
Regulation. According to the Water Pollution Control Regulation, there are parameters required
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for the discharge of wastewater. Wastewater from the metal coating industry should be treated
and discharged in such a way that it does not exceed the limit values specified in the regulation,
or if it is to be reused, appropriate pollution removal should be provided depending on the area
of use. In this study, detailed informations about the treatability of metal coating wastewaterand
wastewater management are given.

Keywords: Metal coating, wastewater management, treatability
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Gelisen dinyada endustriyel kirliligin kontrol altina alinmasi ve ortaya c¢ikan atiklarin
degerlendirilmesi blyiuk bir onem tasimaktadir. Atiklarin degerlendirilmesi, atik yonetimi
stirecinin bir pargasi olarak gevresel etkileriazaltmayi, kaynaklari verimli kullanmayi ve atiklari geri
kazanmayr amaclayan bir yaklasimdir. Ulkemiz, diinyanin en biiyiik bor rezervlerine sahip bir
Ulkesidir ve yilda 385 bin ton borik asit tiretilmektedir. Konsantre kolemanitten elde edilen her bir
ton borik asit igin yaklasik 3 ton borojips (kati atik) olusmaktadir. Borojips, genellikle %3 ila %7
arasinda B203 igerigi icermektedir.

Bu calismanin amaci, atik borojipsin bor icerikli glibre lretiminde nasil kullanilabilecegini
incelemektir. Bu amac¢ dogrultusunda, diamonyum fosfat gibi bir giibre malzemesi kullaniimistir.
Laboratuvar kosullarinda, diamonyum fosfat ile borojips atig1 1.0:1.0, 1.0:1.2, 1.0:1.4, 1.0:1.6 ve
1.0:2.0 mol oranlarinda kanstirilmistir. Karisim esnasinda K/S orani 0.5, sicaklik 50°C, karisma
stiresi 60 dakika, ¢ozeltinin pH aralig1 5.5-6.5 ve karisma hiz1 400 devir/dakika olarak ayarlanmistir.
Olusan (riinde X-ray difraktometresi (XRD), Fourier transform infrared (FT-IR), UV (ultraviyole
1sinlari) ve taramali elektron mikroskobu (SEM) analizleri incelenmistir.

Anahtar Kelimeler: Borojips,Kati atik, Cozlinme
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INVESTIGATION OF THE FEASIBILITY OF USING BORON-RICH WASTE AS A BORON-
CONTAINING RAW MATERIAL FOR FERTILIZER PRODUCTION

Havva Mumcu Simsek, Rovsen Guliyev
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3642, havvamumcu@osmaniye.edu.tr

Ardahan University Department of Environmental Engineering, ORCID : 0000-0003-2396-8201,
rovsengulivev@ardahan.edu.tr

In the evolving world, controlling industrial pollution and evaluating the generated waste hold
significant importance. Waste valorization is an approach within the waste management process
that aims to reduce environmental impacts, utilize resources efficiently, and recycle waste. It
involves minimizing waste generation, maximizing reuse, recycling materials, and recovering
value from waste." Our country possesses the world's largest boron reserves and produces 385
thousand tons of boric acid annually. For each ton of boric acid obtained from concentrated
colemanite, approximately 3 tons of borogypsum (solid waste) are generated. Borogypsum
typically contains a B203 content ranging from 3% to 7%.

The aim of this study is to investigate the potential utilization of waste borogypsum in the
production of boron-containing fertilizers. In line with this objective, a fertilizer material such as
diammonium phosphate has been utilized. Under laboratory conditions, diammonium phosphate
and borogypsum waste were mixed at molar ratios of 1.0:1.0, 1.0:1.2, 1.0:1.4, 1.0:1.6, and
1.0:2.0.During the mixing process, the K/S ratio was set at 0.5, temperature at 50°C, mixing time
at 60 minutes, solution pH range at 5.5-6.5, and mixing speed at 400 revolutions per minute. The
resulting product was subjected to X-ray diffraction (XRD), Fourier transform infrared (FT-IR),
ultraviolet (UV), and scanning electron microscopy (SEM) analyses.

Keywords: Borogypsum,Solid Waste, Dissolution
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YERALTINDA URANYUMUN BIYOJEOKIMYASAL REAKTIF TASINIM MODELLEMESI

Selin Gékgel, Sema Seving Sengor?

1 Ortadogu Teknik Universitesi, selin.gokce@metu.edu.tr ORCID NO: 0000-0002-0669-466X

2 Ortadogu Teknik Universitesi, ssengor@metu.edu.tr ORCID NO: 0000-0003-3944-1172
(Corresponding author)

Uranyum (U), yliksek c¢ozinarlik, hareketlilik ve toksisite seviyelerine sahip olmasi nedeniyle
onemli bir cevresel sorun haline gelmistir. Cevrede yaygin olarak bulunan uranyum, toprak ve yer
alti suyu kirliligine kahci bir miras birakir ve insan saglig icin 6nemli 6lglide risk olusturur.
Uranyumla ilgili farkh ¢oziim yontemleri bulunsa da, mikrobiyal temelli ¢oziim teknolojileri,
maliyet etkin, dayanikli ve bu stratejiye yonelik ciddi bir ilgi gosterildigi icin umut vadeden bir
yaklagimdir. Uranyumun oksitlenmis formu olan U(VI), uzun yar dmri ve toksisitesi nedeniyle
onemli bir cevresel endise kaynagidir. U(VI)'in daha az ¢dziinlr U(IV) durumuna indirgenmesi,
genellikle mineral uraninit (UO2) formunda gézlemlenir ve indirgenme kosullarinda termodinamik
olarak desteklenmektedir. Ote yandan, uranyumun immobilizasyonu icin metal indirgeyen
bakteriler kullanilarak biyo-indirgenmesi, bircok uranyum kirlenmis sahada olasi bir iyilestirme
teknolojisi olarak kabul edilmistir. Ancak, elektron vericisi tamamen tiikenir tlikenmez ¢6ziinmez
uraninit, Fe-oksitlerin varliginda tekrar ¢éztnir, U(VI)'ye yeniden oksitlenebilir ve uranyum
kirliliginin temizleme c¢abalanni engelleyebilir. Bu ¢alismanin temel amaci, yer alti ortaminda
uranyumun biyojeokimyasal slireglerini dikkate alan iki boyutlu (2D) modelleme gercgevesi iginde,
fiziksel ve kimyasal heterojenligin etkisi altinda tasinimini incelemektir.

Akifer heterojenligi kavrami ve rol{, yer alti ortamlarninda kirletici tasiniminin davranisini anlamak
icin buylk ilgi gormustir. Heterojenligin siireclerin nicelendirilmesi lGizerinde 6nemli bir kontrol
sagladig gosterilmisken, bu etkinin boyutunun detayli olarak arastirilmasi oldukca 6nemlidir. Bu
calismada yer alti ortaminda fiziksel ve kimyasal akifer heterojenliginin varliginda uranyumun
biyo-indirgenme reaksiyonlarinin uranyumun reoksitlenme sireci ile birlestiriimis sekilde
incelenmesine odaklaniimaktadir.

Model simiilasyon sonuglari, mekansal heterojenligin ihmal edildigi durumlarda, vyeralti
ortamindaki uranyumun biyoremediasyonunun daha yliksek tahmin edilmesine yol agabilecegini
gostermistir. Ayrica, uranyumun adsorpsiyonun modele dahil edildigi durumlarda, kimyasal
heterojenligin fiziksel heterojenligin etkisine gére dneminin daha belirgin oldugu gdzlemlenmistir.
Oksidasyon ve indirgeme reaksiyonlarinin etkisi de sistemdeki farkli hidrolik iletkenlik bolgeleri
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icindeki reaksiyon potansiyellerine goére uranyumun tasinimi Uzerinde belirgin etkiye yol
acabilmektedir. Arastirmanin nihai bulgularinin, heterojen olarak dagilmis alanlarda uranyumun
biyoremediasyon stratejilerinin belirlenmesine yonelik modelleme calismalarinda kullaniimasi
amaglanmaktadir.

Anahtar Kelimeler: Heterojenite, Reoksidasyon, Biyojeokimyasal reaksiyonlar, Uranyum, Reaktif
Tasinim Modellemesi
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BIOGEOCHEMICAL REACTIVE TRANSPORT MODELING OF URANIUM IN SUBSURFACE

Selin Gékgel, Sema Seving Sengor?

Middle East Technical University, selin.gokce@metu.edu.tr ORCID NO: 0000-0002-0669-466X

2Middle East Technical University, ssengor@metu.edu.tr ORCID NO: 0000-0003-3944-1172
(Corresponding author)

Uranium (U), due to its significant solubility, mobility, and toxicity, has emerged as a noteworthy
environmental concern. Uranium which is highly prevalentin the environment, resultsin a lasting
legacy of soil and groundwater contamination, posing risks to human health. While various
methods exist for addressing uranium-related issues, microbial-based remediation technologies
present a promising avenue owing to their cost-effectiveness, durability, and substantial
attention garnered by this approach. The oxidized form of uranium, U(VI), poses a significant
environmental concern due to its long half-life and toxicity. The reduction of U(VI) into the less
soluble U(IV) state, often observed in the form of the mineral uraninite (UO2), is
thermodynamically favored under reducing conditions. Conversely, the bioreduction of U(VI)
using metal-reducing bacteria for U immobilization has been considered a plausible remediation
technology at numerous uranium-contaminated sites. However, once the electron donor is
entirely consumed, insoluble uraninite may undergo reoxidation back to soluble U(VI) in the
presence of Fe-oxides, hindering the clean-up efforts for uranium contamination. The primary
objective of this study is to investigate the subsurface fate and transport of uranium within a 2D
modeling framework that considers the biogeochemical processes of U under the influence of
physical and chemical heterogeneity.

The concept and role of aquifer heterogeneity have been received attention in understanding the
behavior of contaminant transport in the subsurface environment. As heterogeneity has been
shown to exert significant control over the quantification of processes, the investigation of the
extent of this effect is highly important. This study is particularly focused on uranium behaviorin
the subsurface, specifically examining coupled bioreduction reactions with the uranium
reoxidation process in the presence of physical and chemical aquifer heterogeneity.

Model simulation results have shown that neglecting spatial heterogeneity might lead to an
overestimation of uranium bioremediation in the subsurface environment. Furthermore, when
adsorption of uranium is included in the model simulations, the significance of chemical
heterogeneity compared to physical heterogeneity becomes more pronounced. The impact of
oxidation and reduction reactions on the overall uranium transport is observed to be enhanced
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in different hydraulic conductivity zones in the system based on the reaction potential. The final
results of the research are expected to be used in modeling efforts aimed at establishing
bioremediation approaches for uranium in sites with heterogeneous distribution.

Keywords: Heterogeneity, Reoxidation, Biogeochemical Processes, Uranium, Reactive Transport
Modeling
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KURESEL CAPTA SIZINTI SUYU OZELLIKLERININ iSTATiSTiKSEL DEGERLENDIRMESI

Didar Ergene Orta Dogu Teknik Universitesi, Cevre Miihendisligi Bélimii, d.ergene@gmail.com,
https://orcid.org/0000-0002-8810-9769

Aysegiil Aksoy Orta Dogu Teknik Universitesi, Cevre Mithendisligi Béliimii, aaksoy@metu.edu.tr,
https://orcid.org/0000-0003-0099-348X

F.Dilek Sanin Orta Dogu Teknik Universitesi, Cevre Miihendisligi B6limii, dsanin@metu.edu.tr,
https://orcid.org/0000-0002-1376-8700

Sizinti suyu, kati atik depolama sahalarindan kaynaklanan, yiksek miktarda organik ve inorganik
kirleticiler iceren bir atiksudur. Cop sizinti suyunun kalite ve miktarini etkileyen baslica faktorler:
kati atik kompozisyonu, bertaraf teknikleri, isletme kosullarn, depolama vyasi, iklim ve yagis
ozellikleridir. Sizinti suyu strekli degiskenlik gdsteren icerigi, toksisitesi, ve biyolojik yapisi nedeni
ile yonetimi zor bir atiksudur. Bu nedenle, sizinti suyu aritma tesislerinin tasarimi ve revizyonu igin
depolama émri boyunca sizinti suyu 6zelliklerinin iyi anlasiimasi 6nem arz etmektedir.

Sizinti suyunun 6zellikleri genelde pH, kimyasal oksijen ihtiyaci (KOi), biyolojik oksijen ihtiyaci
(BOI), askida kati madde (AKM), amonyum nitrojen (NH4-N), toplam Kjeldahl nitrojen (TKN),
alkalinite, iletkenlik ve agir metaller ile temsil edilir. Sizinti suyunun organik bilesimi (cogunlukla
KOi, BOi ve TOK olarak olciliir) atiklarin ¢éziiniir kisimlarindan ve biyolojik ayrismadan
kaynaklanan yan Grlinlerden olusur. Azot ise atiktaki proteinlerin ve amino asitlerin biyolojik
ayrismasindan kaynaklanir ve genelde NH4-N ve TKN olarak olcllir. Sizinti suyunun iletkenligi
oldukga ylksek olup, cogunlukla Ca, Mg, Cl, Na ve K gibi iyonlardan olusur.

Bu calismada, 46 Ulkedeki 220 farkli depolama sahasindan derlenen sizinti suyu verileri, cok
degiskenli analiz yontemi ile istatistiksel olarak analiz edilmistir. Analiz sonuglari sizinti suyunun
spesifik 6zellikleri hakkinda énemli bilgiler saglamistir. Korelasyon analizi regresyon modellemesi
ile birlikte sizinti suyu parametrelerinin bircogunun birbiriyle iyi korelasyon gosterdigini ortaya
koymustur. En yiiksek korelasyonlar organik parametreler (BOi ve KOi) ile TKN ve NH4-N arasinda
bulunmustur. Tuz grubu parametreleri (Cl, Na ve K) birbirleriyle ve alkalinite ile glglu bir sekilde
iliskili bulunmustur. iletkenlik ve potasyumun (K), NH4-N, TKN ve alkalinite ile ¢ok iyi korelasyon
gosterdigi gbézlenmistir. Bunun yani sira, sizinti suyunun inorganik ve organik bilesenleri arasinda
kayda deger bir farklilik tespit edilmistir. Sizinti suyunda organiklerin (BOI, KOI), Ca, Mg ve Fe gibi
iliskili parametreler ile ylksek veya disik konsantrasyonlarda bir arada bulundugu fakat
inorganiklerle bu tir bir baglantisi olmadigl gorilmustir. Yiksek orandaki iletkenlik, alkalinite, ve

25


https://orcid.org/0000-0002-8810-9769
https://orcid.org/0000-0003-0099-348X
https://orcid.org/0000-0002-1376-8700

& :é;‘.‘-T.--a

L . o . &

11.ULUSAL KATI ATIK YONETIMI KONGRESI (UKAY 2023) BILDIRI OZETLERI @ N/
KAKAD

tek degerli iyonlarin daha c¢ok yasli sizinti suyu numunelerinde bulundugu gézlemlenmis olup, bu
bulgunun sizinti suyu 6zelliklerindeki degisimi anlamak i¢in ¢ok dnemli oldugu disintlmektedir.
Ote yandan, iki degerli iyonlar ve organik bilesenler, gen¢ depolama alanlarindan alinan sizinti
suyu numunelerinde daha yiksek konsantrasyonlarda bulunmustur. Netice olarak, tuz, alkalinite
ve NH4-N gibi bazi inorganik bilesenlerin sizinti suyuna biyolojik ayrisma ile degil, ¢6ziinme,
seyrelme, vb. gibi diger mekanizmalar yoluyla gectigi varsayilmaktadir.

Anahtar Kelimeler: Sizinti suyu, sizinti suyu kompozisyonu, ¢cok degiskenli analiz, sizinti suyu
ozellikleri
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STATISTICAL ASSESSMENT OF THE WORLDWIDE LANDFILL LEACHATE CHARACTERISTICS

Didar Ergene Middle East Technical University, Department of Environmental Engineering,
d.ergene@gmail.com, https://orcid.org/0000-0002-8810-9769

Aysegiil Aksoy Middle East Technical University, Department of Environmental Engineering,
aaksoy@metu.edu.tr, https://orcid.org/0000-0003-0099-348X

F.Dilek Sanin Middle East Technical University, Department of Environmental Engineering,
dsanin@metu.edu.tr, https://orcid.org/0000-0002-1376-8700

Leachate, a wastewater with high concentrations of organic and inorganic compounds, is
produced as a consequence of waste disposal in landfills. Leachate quality and quantity in landfills
fluctuate significantly mainly due to composition of waste, disposal techniques, landfill
operations, age of the landfill, climate, and rainfall patterns. Leachate management can be a
complicated task due to the variationsin its strength, biodegradability, and toxicity. In that sense,
leachate treatment plants need to be designed and upgraded accordingly requiring well
understanding of leachate characteristics throughout the lifespan of a landfill.

Characteristics of leachate are mostly represented by pH, chemical oxygen demand (COD),
biological oxygen demand (BOD), suspended solids (SS), ammonium nitrogen (NH4-N), total
Kjeldahl nitrogen (TKN), alkalinity, conductivity, and heavy metals. Organic composition of
leachate (mostly measured as COD, BOD, and TOC) originates from the soluble parts of wastes
and decomposition by-products. Nitrogen originates from the biodegradation of proteins and
amino acids in waste and measured mostly as NH4-N and TKN. Conductivity being extremely high
in leachate consists of major ions like Ca, Mg, Cl, Na, and K.

In this study, landfill leachate data compiled from 220 different landfills from 46 countries were
analyzed by a multivariate statistical approach. Findings of the analyses supplied valuable
information about the specific properties of landfill leachate. Correlation analysis reinforced by
regression modeling showed that many leachate parameters are well-correlated with each other.
The highest correlations are for organic parameters (BOD and COD), as well as TKN and NH4-N.
Parameters grouped under salt component (Cl, Na, and K) are strongly correlated with each other,
aswell as with alkalinity. Conductivity and Kemerged to be correlated very well with NH4-N, TKN,
and alkalinity. Beside that, a notable divergence was observed between inorganic and organic
components of leachate. The organic portion (BOD, COD) and associated parameters like Ca, Mg,
and Fe appeared to be co-existed in high or low concentrations in leachate without any
relationship to inorganics. This finding is crucial to understand the variation in leachate
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characteristics as higher concentrations of EC, alkalinity, and monovalent ions in leachate were
associated with samples from aged landfills. On the other hand, divalent ions and organics had
higher concentrationsin leachate samples from landfills of early operational life. This leads to the
inference that concentrations of particular inorganic substances like salts, NH4-N, and alkalinity
in leachate may not be directly affected by the state of biodegradation but other mechanisms like
dissolution, dilution, etc.

Keywords: Landfill leachate, leachate composition, multivariate analysis, leachate
characteristics
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ORGANIZE SANAYi BOLGELERINDE ATIK YONETIMI UYGULAMALARI

Rifat Ozan KEDEK?, Ayse FiLIBELI? Taylan Ozgiir PEK?

Dokuz Eyliil Universitesi, Fen Bilimleri Enstitiisii, Tinaztepe Yerleskesi, 35160 Buca-
izmir/Turkiye

2Dokuz Eylil Universitesi, Miihendislik Fakiiltesi Cevre Miihendisligi Bélimii, 35160 Buca-
izmir/Tirkiye

3Selvilitepe OSB Mahallesi, 1299 Cadde, No:3, Turgutlu Birinci Organize Sanayi Bolgesi, 45400
Turgutlu-Manisa/Turkiye

Ulkemizde ve diinyada hizli niifus artisi, kentlesme ve sanayilesme ile birlikte ¢evre sorunlari
belirgin bir sekilde artis géstermektedir. Ayni zamanda, temiz ve yenilenebilir kaynaklarimizda
glinden giine azalma meydana gelmektedir. Bu nedenle, dogal kaynaklardaki kithgin listesinden
gelebilmek ve ekosistemin korunabilmesi icin siirdlrebilir ¢coziimler ve cevre dostu yeni
teknolojiler gelistirmek gerekmektedir.

Organize Sanayi Bolgeleri, llkemizde bu anlamda carpik sanayilesme ve ¢evre sorunlarini
onlemeyi hedefleyen, kentlesmeyi yonlendiren tlizel kisilikler olarak karsimiza ¢ikmaktadir.
Organize Sanayi Bolgeleri, sanayilesmenin uygun gorildiugu alanlarda, belirli bir planlama/sistem
dahilinde sanayi tirlerinin yerlesimi ve gelistiriimesi amaciyla, rasyonel kaynaklar kullanarak
verimliligi hedefleyen hizmet liretim bolgelerimizdir.

Bu ¢alismanin amaci, Ege Bolgesi’'nde karma bir organize sanayi bolgesi 6rnek olarak segilerek,
OSB icerisinde meydana gelen/olusan atiklar ve atiksularin yonetimi ile ilgili sirdurulebilir,
Ulkemiz mevzuatlarina uygun g¢evre dostu yeni stratejiler/atik yonetim sistemleri énermek ve
uygulamaktir. Bu calisma kapsaminda OSB yoOnetimi ile birlikte attk yodnetim
faaliyetleri/uygulamalari belirlenecektir. Sanayicilerin meydana getirmis oldugu atigin kaynaginda
oncelikle miimkiinse azaltilmasi hedeflenmektedir. Bununla birlikte, meydana gelen atik niteligine
ve niceligine gore siniflandirilacak, sektorel olarak atik tirleri/karakteri belirlenecektir. Atigin
toplanmasi, tasinmasi, gecici olarak depolanmasi, geri kazanimi, bertarafi, yeniden yararl
kullanilmasi, aritimi, enerjiye doénustlirilmesi ve nihai olarak depolanmasi konusunda
yontemler/uygulamalar gelistirilecek ve atik tlrlerine gore bu faaliyetlere yapilan literatiir
taramalari ile birlikte karar verilecektir.
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Bu arastirmanin atiksu yonetimi kapsaminda; OSB merkezi aritmasina gelen karnisik atiksuyun
karakterini belirlemeye yonelik ulusal/uluslarasi standart metotlara uygun kompozit numuneler
alinacak ve analiz calismalan yapilacaktir. Bulunan analiz sonuglan Cevre Kanunu uyarinca
gikarilan “Su Kirliligi Kontroli Yonetmeligi” Kapsaminda desarj kritleri degerlendirilecektir.
Bununla birlikte numune alma ve analiz galismalari sektorel olarak da yapilacak olup, sanayicilerin
kirletici kaynaklari da ayni metodoloji ile belirlenecektir. Sektérel olarak sanayicilerden alinan
numunelerin analiz sonuglari OSB’nin Merkezi Aritma Tesisinin kabul edebilecegi desarj
kriterlerine gore degerlendirilecek ve atiksu yonetim planlamalari yapilacaktir.

Yenilenebilir kaynaklarimizin glinden giine azaldigi bu zamanlarda, strdirtlebilir ¢gozim onerileri
bulabilmek adina, OSB’de sanayilerin faaliyetleri sonucu meydana gelen atik/atiksulara deger
katacak yeni metotlar gelistirmek bu calismanin hedefleri arasinda yer almaktadir.

Atig1 desarj edebilecek, bertaraf edilecek bir materyal olarak degil bir kaynak olarak
gorebilecegimiz, geri kazanim/yeniden kullanim olanaklarinin yer aldigi yonetim sistemleri
gelistirmek de ¢calismanin amaglari arasinda yer almaktadir. Uretilen atigin/atik suyun yeniden
kullanimina yonelik alternatiflerin uygulanabilirligi arastirilarak OSB icerisinde yer alan sanayi
kuruluslari igin sektdr bazinda endistriyel olarak faydali kullanim alani yaratilabilecek sistemlerin
gelistirilmesi hedeflenmektedir. Geleneksel kaynaklar yerine, atiga/atiksuya kazandiracagimiz
deger ile OSB’de atik yonetimi acisindan bircok isletme maliyetinin disdrilmesi
hedeflenmektedir.

Anahtar Kelimeler: atik, kati atik, atitk yonetimi, organize sanayi bolgesi, yararli kullanim, geri
kazanim
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WASTE MANAGEMENT IMPLEMENTATIONS IN ORGANIZED INDUSTRIAL DISTRICTS

Rifat Ozan KEDEK?, Ayse FiLIBELi? Taylan Ozgiir PEK?

Dokuz Eylul University The Graduate School of Natural and Applied Sciences, Tinaztepe Campus
35390 Buca-izmir, rozankedek@gmail.com

2Dokuz Eylul University Engineering Faculty, Department of Environmental Engineering,
Tinaztepe Campus, 35390 Buca-izmir, ayse.filibeli@deu.edu.tr

3Turgutlu Organized Industrial District, 45400 Turgutlu-Manisa/Turkiye

Environmental problems are increasing significantly in our country and in the world with rapid
population growth, urbanization and industrialization. At the same time, our clean and renewable
resources are decreasing day by day. Therefore, it is necessary to develop sustainable solutions
and environmentally friendly new technologies to overcome the scarcity of natural resources and
protect the ecosystem. Organized Industrial Districts purpose is preventing distorted
industrialization and environmental problems and guide to urbanization in our country. In
addition to this, Organized Industrial Districts are industrial service production districts that aim
efficiency by using rational resources for the settlement and development of industrial types
within a certain system in areas where industrialization is considered appropriate.

The main objective of this study is to propose and implement sustainable, environmentally
friendly new strategies/waste management systems for the management of wastes and
wastewater produced within the OID in accordance with the legislation of our country by selecting
a mixed organized industrial district in the Aegean Region as a pilot. Within the scope of this
research, waste management implementations will be determined together with the OID
Management. Firstly, we aimed to reduce the waste proced by industrialists at the source, if
possible. Inaddition, the waste will be classified according to its quality and quantity, and sectoral
waste types/characteristics will be determined. Methods will be developed for the collection,
transportation, temporary storage, recovery, disposal, reuse, treatment, conversion to energy
and final storage of waste and these activities will be decided according to the types of waste
together with the literature reviews.

Within the context of wastewater management of this investigation; composite samples will be
taken and analyzed in accordance with national/international standard methods to determine
the character of the mixed wastewater coming to the OID central wastewater treatment plant.
The results of the analysis will be evaluated for discharge criteria within the scope of the "Water
Pollution Control Regulation" issued in accordance with the Environmental Law. In addition,
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sampling and analysis studies will also be carried out sectorally and the contaminant sources of
manufacturers will be determined by the same methodology.

The analysis results of the samples taken from waste manufacturers on a sectoral basis will be
evaluated according to the discharge criteria acceptable by the OID's Central Treatment Plant and
wastewater management plans will be” made. Our renewable resources are decreasing day by
day. One of the objectives of this investigation is to develop new methods to add a value/potential
to the waste/wastewater produced as a result of industrial activities in OID.

It is also one of the objectives of the research to develop management systems where we can
consider waste as a resource, not as a material to be discharged or disposed of, and where
recovery/reuse possibilities are included. The alternatives for the reuse of the waste/wastewater
produced will be investigated. It is aimed to develop systems that can create an industrially
beneficial use area for industrial organizations located in the OID; and also to reduce many
operatiational costs in terms of waste management in OID with the value/potential we will add
to waste/wastewater instead of traditional resources.

Keywords: waste, solid waste, waste management, organized industrial district, reuse, recovery
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Cevre Miihendisligi B6limi, Orta Dogu Teknik Universitesi, 06800 Ankara, Tirkiye,
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Cevre Miihendisligi B6limi, Orta Dogu Teknik Universitesi, 06800 Ankara, Tiirkiye,
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Mikroplastikler (MP'ler) gesitli kaynaklardan kaynaklanan plastik kalintilardir. Pek ¢ok kaynaktan
atiksu girisi olan atiksu aritma tesisleri (AAT’ler) MP’lerin 6nemli birikim noktalarini olustururlar.
Giristeki MP'lerin %90'Indan fazlasini giderebilmelerine ragmen, AAT'ler MP'lerin gevreye
yayllmasinda transfer merkezi islevi gormeye devam etmektedir. Su kiitlelerine desarj edilen
MP'lere ek olarak, glibre olarak kullanilabilen antma c¢amurlarinda tutulan MP'ler cevresel
kirlenme riski olusturmaktadir. Dahasi, MP'lerin aritma ¢amuru icinde biyolojik yaslanma siireci
yoluyla oOzelliklerini degistirdikleri bilinmektedir. MP'lerin biyolojik yaslanmasi ve aritma
camurlarinin araziye uygulanmasinin cevre lzerinde tam olarak arastinlmamis ciddi etkileri
olabilir. Buna ek olarak, c¢alismalar MP'lerin sadece glritme sirasinda biyolojik olarak
yaslanmadigini, ayni zamanda mikrobiyal toplulugu inhibe ettigini ve ylksek dozlarda mevcut
oldugunda metan Uretim seviyelerini dislrebilecegini gostermistir. Bu da MP'lerin dozlari
artmaya devam ettikce AAT’ler ve cevre igin ek endiseler yaratmaktadir. Bu nedenle, bu arastirma
yiksek ve disuk yogunluklu polietilen (HDPE, LDPE) MP'lerin mezofilik anaerobik ve aerobik
gurGtltilerde biyolojik yaslandirma potansiyelini arastirmayr ve MP'lerin AAT'ler ve gevre
Uzerindeki etkilerinin yani sira biyolojik yaslandirma sonrasinda MP'lerin degisen ozelliklerini
incelemeyi amaclamaktadir.

Bu amagla, 425-500 um boyut araliginda yiksek dozlarda HDPE ve LDPE igeren anaerobik ve
aerobik clruticileri temsilen isletilen laboratuvar olcekli reaktorler, MP icermeyen reaktorlerle
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birlikte calistinlmistir. Anaerobik reaktorler, ikincil isletime sahip bir AAT'den toplanan atik-aktif
¢amur (AAC) ve c¢urutiulmis camur (ast) kullanilarak kurulmustur. Aerobik reaktorler ise sadece
AAC kullanilarak kurulmustur. Biyogaz hacimleri ve metan icerigi anaerobik reaktorlerde bir su yer
degistirme diizenegi ve bir gaz kromatografi (GC-TCD) cihazi kullanilarak 6lgilmustlr. Clritme
stirecinin sonunda biyolojik olarak yaslandiriimig ve bozulmamis MP'ler, PE'nin fiziksel ve kimyasal
ozelliklerindeki degisiklikleri karsilastirmak icin FTIR, DSC ve SEM kullanilarak karakterize
edilmistir. Sonuglara gore, HDPE MP eklenmemis anaerobik reaktérler, HDPE MP icerenlere
kiyasla daha yilksek biyogaz ve metan Uretimi gostermistir, ancak LDPE reaktorleri icin durum
boyle degildir. HDPE reaktorlerinde biyogaz ve metan Uretimindeki distsiin, yliksek miktardaki
MP'lerin neden oldugu mikrobiyal toplulugun engellenmesinin yani sira HDPE'de LDPE'de
bulunmayan katki maddelerinin varligindan kaynaklaniyor olabilecegi distinilmustir.

Literatlrde sikhkla kullanilan yaslanma gostergelerinden biri olan karbonil indeksi (ClI), FTIR
karakterizasyon ciktisindan hesaplanmistir. FTIR'a gore, bu calismada elde edilen tim PE
numuneleri sifir Cl degerleri vermistir. Buna ragmen, FTIR spektrumlari, oksidasyonu gosteren
bircok pikin (ester ve keton (C=0) gerilme titresimleri gibi) varhgi yoluyla polimer yapisindaki
degisimi gostermektedir. Bu pikler biyofilm olusumu ve PE yapisindaki proteinlerin varlig ile
eslesmektedir. Ayrica, DSC sonuglari ¢liriticilerden alinan MP'lerin kristalinitesinin her iki PE MP
tlrdnin biyolojik yaslanmasiyla azaldigini ortaya koymustur. Son olarak, yiizey morfolojisinin
karsilastinlmasina olanak taniyan SEM goériintileri, PE ylizeyinin her modifikasyonla degistigini
ortaya koymustur. Bozulmamis MP'ler plriizsiz bir ylzey gosterirken, yikamadan sonra
bozulmamis MP'lerin dokusu daha purizli goriinmektedir. Benzer sekilde, yikamanin ardindan
cliriticillerden geri kazanilan biyolojik olarak yaslandiriimis MP'lerin en plirizli dokuya sahip
olduklari goriilmustir ve bunun nedeni MP'lerin dis tabakasi Gizerindeki mikrobiyal etki olabilecegi
distnlilmusgtar.

Genel olarak c¢alisma, anaerobik curuticilerdeki PE varliginin biyogaz Uretimini olumsuz
etkileyebilecegini ve MP'lerde katki maddesi bulunup bulunmamasina bagli olarak kontrol
reaktorlerine kiyasla 6nemli farkliliklar gésterebilecegini ortaya koymustur. Ayrica, MP'ler atiksu
ve camur aritimi sirasinda biyolojik olarak yaslanip kimyasal ve fiziksel olarak degisime ugrayabilir.
Bu degisim MP’lerin davranislarini (6rnegin kirletici biriktirme ya da biyofilm olusturma
potansiyeli) farklilastirip, onlari aritma ¢amurlarinin toprakta kullanimi sirasinda bir kirlilik faktori
haline getirebilir.

Anahtar Kelimeler: Mikroplastik, polietilen, anaerobik ¢uritiicl, aerobik ctiritici, biyolojik
yaslanma
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Microplastics (MPs) are plastic residues originating from various sources. Wastewater treatment
plants (WWTPs), which receive wastewater from many sources, are important accumulation
points for MPs. Despite being able to remove more than 90% of the upstream MPs, WWTPs
continue to serve as transfer centers for the dispersion of MPs into the environment. In addition
to MPs discharged into water bodies, MPs retained in sewage sludge, which can be used as
fertilizer, pose a risk of environmental contamination. Moreover, MPs are known to change their
properties through the process of bio-aging in sewage sludge. Bio-aging of MPs and land
application of sewage sludge can have serious impacts on the environment that have not been
fully investigated. In addition, studies have shown that MPs not only bio-age during digestion, but
also inhibit the microbial community and can reduce methane production levels when present at
high doses. This creates additional concerns for WWTPs and the environment as doses of MPs
continue to increase. Therefore, this research aims to investigate the bioaging potential of high
and low density polyethylene (HDPE, LDPE) MPs in mesophilic anaerobic and aerobic digesters
and to study the effects of MPs on WWTPs and the environment as well as the changing
properties of MPs after bioaging.

For this purpose, laboratory-scale reactors representative of anaerobic and aerobic digesters
containing high doses of HDPE and LDPE in the size range 425-500 um were operated together
with reactors without MPs. Anaerobic reactors were set up using waste-activated sludge (WAS)
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and digested sludge (digestate) collected from a WWTP with secondary operation. Aerobic
reactors were installed using only WAS. Biogas volumes and methane content were measured in
the anaerobic reactors using a water displacement setup and a gas chromatography (GC-TCD)
instrument. At the end of the digestion process, biologically aged and intact MPs were
characterized using FTIR, DSC and SEM to compare the changes in the physical and chemical
properties of PE. According to the results, anaerobic reactors without HDPE MP addition showed
higher biogas and methane production compared to those with HDPE MP, but this is not the case
for LDPE reactors. The decrease in biogas and methane production in HDPE reactors was thought
to be due to the inhibition of the microbial community caused by the high amount of MPs as well
as the presence of additives in HDPE that are not present in LDPE.

Carbonyl index (Cl), one of the aging indicators frequently used in the literature, was calculated
from the FTIR characterization output. According to FTIR, all PE samples obtained in this study
gave zero Cl values. Nevertheless, the FTIR spectra show the change in the polymer structure
through the presence of many peaks indicating oxidation (such as ester and ketone (C=0)
stretching vibrations). These peaks match the biofilm formation and the presence of proteins in
the PE structure. Furthermore, DSC results revealed that the crystallinity of MPs from the
digesters decreased with the bio-aging of both types of PE MPs. Finally, SEM images, which
allowed the comparison of surface morphology, revealed that the PE surface changed with each
modification. While the intact MPs show a smooth surface, after washing the texture of the intact
MPs appears rougher. Similarly, bio-aged MPs recovered from digesters after washing were found
to have the roughest texture, which could be due to microbial impact on the outer layer of the
MPs.

Overall, the study revealed that the presence of PE in anaerobic digesters can negatively affect
biogas production and show significant differences compared to control reactors depending on
the presence or absence of additives in MPs. Furthermore, MPs can biologically age and
chemically and physically change during wastewater and sludge treatment. This change may alter
the behavior of MPs (e.g. the potential to accumulate pollutants or form biofilms), making them
a pollution factor during land use of sewage sludge.

Keywords: Microplastics, polyethylene, anaerobic digester, aerobic digester, biological aging
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Gunumizde, hafif, uzun 6mirli ve disik maliyetli olmalari nedeniyle plastik Grinler glinlik
hayatimizin her alaninda yaygin olarak kullaniimakta ve plastik atiklarinin, gezegenin her tarafinda
ve Ozellikle okyanuslarda yaygin olarak bulundugu bilinmektedir. Her yil okyanuslara giren plastik
¢Op miktarinin 12,8 MT olacagi tahmin ediliyor ve ciddi bir dnlem alinmazsa bu sayinin 2040 yilina
kadar 37 MT'ye cikabilecegi ongoriliiyor. Mikroplastikler (MP) boyutlan 5 milimetreden kiictik
olan plastik parcaciklari olarak tanimlanmaktadir. MP’ler glines 15181, sicaklik, mikrobiyal
etkilesimler, mekanik ve diger etmenler sebebiyle zaman icinde fiziksel ve kimyasal degisimlere
ugramaktadir ve bu degisimlerden sonra olusan MPler vyaslanmis MP’ler olarak
adlandiriimaktadir. Saf ve yaslanmis MP’lerin cevresel etkilerinin benzerlik gésterip gostermedigi
onemli arastirma konularindan birisidir. Sucul ortamlarda yer alan ¢esitli kirleticiler icin orijinal
MP’ler gibi yaslandirilmis MP’lerin de vektor etkisi gosterebildigi, yani tasiyici ajan olarak gérev
alabildigi literatlirde tartisiilmaktadir. Bu calismanin amaci, MP’lerin UV etkisiyle yaslanmasinin
karakterizasyonunun yani sira MP’lerin organik kirleticilerle etkilesimlerinin yaslandirma sonrasi
degisiminin arastiriimasidir.

Bu calismada, c¢ok Uretilen ve kullanilan LDPE (Low-Density Polyethlyene/ Diisik Yogunluklu
Polietilen) tiri MP’ler model polimer olarak secilirken, cesitli fizikokimyasal 6zellikleri temsilen
bes farkli organik kirletici (malasit yesili, MG; triklosan, TCS; fenol; 2,3,6-triklorofenol, TCP ve
tetrakloroetan, PCA) model olarak secilmistir. MG, endistride gida boyasi, mantar ilaci, ve tibbi
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dezenfektan olarak; TCS dis macunlarinda, sabunlarda antimikrobiyal ajan olarak; Phenol ve TCP
cesitli Uretim silireglerinde ara madde olarak; PCA ise endistride ¢oziici madde olarak
kullaniimaktadir.

Elenen, yikanan, ultrasoniklenen ve kurumaya birakilan 250-500 um boyutlarindaki MP’ler 6zel
tasarlanan UV kabininde yaslandirilmistir. Kabin sicakligi ortalama 72 °C, UV-A lambalarinin 1sik
yogunlugu ise yaklasik 30 W/m2 olarak ol¢lilmustiir. Dizenli araliklarla UV radyometre ile 1sik
yogunluklari olctilerek MP’lere uygulanan UV dozu hesaplanmistir. Farkli dozlarda UV isigina
maruz birakilan MP’lerin yapilarinda meydana gelen degisiklikler Fourier Dontstimli Kizilotesi
Spektroskopisi (FTIR) ile incelenmis ve ylizey oksidasyonunun bir 6lgitl olan karbonil indeksleri
hesaplanmistir. Yaslandirilan numunlerin kristalinite (%) degerleri Diferansiyel Taramali
Kalorimetre (DSC) analizleri ile hesaplanmis ve degisen erime sicakliklari belirlenmistir. Taramali
elektron mikroskobu (SEM) ile ylzey goruntileri elde edilmistir. MP’lerin yaslandirma oncesi ve
sonrasl organiklerle etkilesimleri kesikli adsorpsiyon deneyleriyle ortaya konmustur. PCA
Olciimleri GC-ECD ile gerceklestirilirken, diger kimyasallar UV-Vis Spektorofotometre ile
Olcllmustir.

Elde edilen sonuglara gére MP’lerin artan UV dozlarda ylizeyde oksitlenmelerin gerceklestigi, FTIR
ile belirlenen karbonil indekslerinin artmasiyla teyit edilmistir. Ayrica, FTIR spektrumlarinda 3200-
3400 cm-1, 1850-1650 cm-1, 1412-1413 cm™" 1174-1176 cm-1, ve 964-966 cm-1"de gézlemlenen
yeni bantlar MP’lerin UV yaslandirma nedeniyle yapilarinda meydana gelen degisiklikleri
gostermektedir. DSC analizleri, uygulanan UV doz arttikga MP numunlerinin kristalinite (%) ve
erime sicakliklarinin arttigina, dolayisiyla polimerik yapida énemli degisikliklerin gerceklestigine
isaret etmigstir.

Orijinal ve UV 15181 altinda yaslandirilan MP’ler ile yapilan adsorpsiyon deneylerinde UV
radyasyonuna maruz kalan mikroplastiklerin bahsi geg¢en kimyasallara karsi ilgisinin orijinal
MP’lerden daha yliksek oldugu gozlemlenmistir. Organik kirleticilerin fizikokimyasal 6zelliklerine
bagh olarak etkilesimlerin farkhlik gosterebildigi de tespit edilmistir; 6rnegin ylksek
hidrofobisitesi olan TCS’nin MP’lere olan yiksek tutunma kapasitesi fazla degismezken, suda
¢ozinurlGglu yiksek olan fenoliin MP’lere adsorpsiyonu yaslanma ile ciddi oranda artis
gostermistir.

Elde edilen sonuglar, gerek kati atik olarak biylk parcalar halinde atildiktan sonra ufalan, gerekse
de mikro parcaciklar halinde dogaya atilan plastiklerin glines 15181 altinda kaldik¢a, sucul
ortamlarda organik kirleticiler ile daha fazla etkilesime girebilecegini ve besin zinciri icin tehlikeli
sonuclara sebep olabilecegini gostermektedir. Bunun yani sira, tarimsal alanda yaygin olarak
kullanilan tanmsal filmler genellikle LDPE tiri plastiklerdir. S6z konusu filmlerin glines 1s1g1 altinda
yaslanarak parcalanmalari ile bu ¢alismada ele alinan tiirde yaslanmis mikroplastikler topraga
karismaktadir. Bu durum, mikrokirleticilerin topraktaki akibetini etkilemekte ve toprakta
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tutunmak yerine mikroplastiklerle hareketliliklerinin artarak yer alti sulari icin olasi bir tehdit de

olusturmaktadir.

Anahtar Kelimeler: Mikroplastik, UV yaslandirmasi, LDPE, Organik Kirleticiler, Karbonil indeks,
Adsorpsiyon
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Today, plastic products are widely used in all areas of our daily life due to their light weight,
longevity and low cost, and it is known that plastic waste is widely found all over the planet and
especially in the oceans. The amount of plastic garbage that enters the ocean each year is
projected to be 12.8 MT, and if no serious action is taken, this number might rise to 37 MT by
2040. Microplastics (MP) are defined as plastic particles smaller than 5 millimeters in size. MPs
undergo physical and chemical changes over time due to sunlight, temperature, microbial
interactions, mechanical and other factors, and MPs formed after these changes are called aged
MPs. One of the important research topics is whether the environmental effects of pristine and
aged MPs are similar. It has been discussed in the literature that aged MPs, like pristine MPs, can
act as vectors for various pollutants in aquatic environments, that is, they can act as carrier
agents. The aim of this study is to investigate the aging of MPs with UV, detailed characterization
before and after, as well as the post-aging change of the interactions of MPs with organic
pollutants.

In this study, LDPE (Low-Density Polyethlyene/Low Density Polyethylene) type MPs, which are
widely produced and used, were selected as model polymers, while five different organic
pollutants (malachite green, MG; triclosan, TCS; phenol; 2,3 ,6-trichlorophenol, TCP and
tetrachloroethane, PCA) were chosen as models. MG is used in industry as a food dye, fungicide,
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and medical disinfectant; TCS is used as an antimicrobial agent in toothpastes, soaps; Phenol and
TCP as intermediates in various production processes; PCA is used as a solvent in industry.

MPs of 250-500 um in size, which were sieved, washed, ultrasonicized and left to dry, were aged
by placing them in a UV cabinet. The cabin temperature was measured at an average of 72 °C,
and the light intensity of the UV-A lamps was approximately 30 W/m2. The UV dose applied to
the MPs was calculated by measuring the light intensities with a UV radiometer at regular
intervals. The changes in the structures of MPs exposed to different doses of UV light were
examined by Fourier Transform Infrared Spectroscopy (FTIR) and carbonyl indexes, a measure of
surface oxidation, were calculated. The crystallinity (%) values of the aged samples were
calculated by Differential Scanning Calorimetry (DSC) analysis and the varying melting
temperatures were determined. Surface images were obtained by Scanning Electron Microscopy
(SEM). The interactions of MPs with organics before and after aging were demonstrated by batch
adsorption experiments. PCA measurements were performed with GC-ECD, while other chemicals
were measured with UV-Vis Spectrophotometer.

According to the results, it was confirmed by the increase of carbonyl indexes determined by FTIR
that MPs oxidized on the surface atincreasing UV doses. In addition, new bands observed in FTIR
spectra at 3200-3400 cm-1, 1850-1650 cm-1, 1412-1413 cm™ 1174-1176 cm-1, and 964-966 cm-
1 shows the changes that have occured in the MPs' structures due to UV aging. DSC analyzes
indicated that asthe applied UV dose increased, the crystallinity (%) and melting temperatures of
the MP samples increased, thus significant changes occurred in the polymeric structure.

In adsorption experiments with pristine and aged LDPE MPs, it was observed that MPs exposed
to UV radiation had a higher affinity for the aforementioned chemicals than pristine MPs. It has
also been determined that interactions may differ depending on the physicochemical properties
of organic pollutants; For example, while the adhesion capacity of TCS, which has a high
hydrophobicity, did not change much, the adsorption of highly soluble phenol to MPs increased
significantly with aging.

The results show that the plastics, which are either crumbled after being disposed of as solid
waste in large pieces or thrown into the nature in the form of micro particles, can interact more
with organic pollutants in aquatic environments and cause dangerous consequences for the food
chain, as long as they are exposed to sunlight. Moreover, LDPE plastics are widely used in
agricultural films within the agricultural industry. As these films degrade and fragment under
sunlight, microplastic particles as considered in the present study are released into the soil. This
affects the fate of micropollutants in the soil and instead of being retained in the soil, their
mobility with microplastics increases, posing a potential threat to groundwater.

Keywords: Microplastic, UV-aging, LDPE, Organic Contaminants, Carbonyl Index, Adsorption
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Turkiye'de 6 Subat 2023 Pazartesi giinii Kahramanmaras merkezli olarak ilki sabah 04.17'de 7.7
buylkliglinde, ikincisi ise saat 13.24’te 7.6 biyikliglinde olmak lizere iki bliyik deprem
gerceklesmistir. Sonrasinda “Asrin Felaketi” olarak adlandirilan ve 11 ili etkileyen bu depremler
neticesinde 50 binin Ulzerinde insan hayatini kaybetmis, 100 binin lzerinde insan yaralanmis,
onlarcasi ise hala hastanelerde tedavi gormektedir. Bu iki blyik depremin ardindan biytkltkleri
6,7’ye varan 40 bini askin sayida art¢i sarsinti da kaydedilmistir.

Boylesine biyik bir afetin insan ve cevre saghgi izerine etkileri de biyik ve derin olmustur. Tim
bu depremler, can kaybi ve yaralanmalarinin yaninda diger canli ve cansiz varliklar Gzerinde de
buyuk bir etki ve yikim getirmistir. Bu kapsamda 300 bini askin binanin yikik/hasarli oldugu
bildirilmis olup buglin dahi agir hasarli binalarin yikimi ve enkaz kaldirma calismalarinin devam
ettigi bilinmektedir.

Tipki su temini ve atiksu hizmeti gibi normal zamanlarda yonetimleri plan, program ve altyapi
gerektiren kati, sivi ve gaz atiklarin (belediye atiklar, insaat ve yikinti atiklari, tehlikeli ve tibbi
atiklar vs) afet ve acil durum zamanlarinda da yonetiminin saglanmasi gereklidir. Hatta bu tir
zamanlarda halk saghiginin korunmasi amaciyla daha da titiz davranilmasi gerekir. Zira normal
sartlarda atik yonetimi ne kadar kaliteli yapiliyor olsa da afet ve acil durum zamanlarinda ilk anda
ortaya ¢ikan ve bir siire devam eden kaos ortaminda da tiim bu hizmetlerin asgari sartlarla
sunulabilmesi ayn bir plan, program, altyapi ve hazirlik gerektirmektedir. Bu tiir bir hazirlik hem
afet ve acil durum sonrasi arama-kurtarma safhasinda hem de sonrasi toparlanma ve hayata
donis safhasinda afet 6ncesindeki cevre ve atik yonetimine donisu kolaylastiracaktir.

Bu ¢alismada, depremin yikici etkileri ile afet ve acil durum zamanlarinda gevre ve insan saghgini
korumak icin atik yonetiminin énemine dikkat cekmek ve bu hizmetlerin asgari sartlarla yerine
getirilmesinin gerekliligini hatirlatmak amaclanmistir. Bu kapsamda 6 Subat tarihinde tlkemizde
11 ili derinden etkileyen Kahramanmaras depremleri incelenerek afet ve acil durumlarinda gevre
ve atik yonetiminin nasil yapilmasi ve nelere dikkat edilmesi gerektigi husular ortaya konulmaya

42



O+ @

11.ULUSAL KATI ATIK YONETiMi KONGRESI (UKAY 2023) BiLDIRi OZETLERI
KAKAD

calisiimistir. Sonucta her tirli afet ve acil durumlar icin hazirlikh olmak adina atik yonetim
planlarinin her daim gilincellenmesi ve uygulanmasi gerekliligi vurgulanmustir.

Anahtar Kelimeler: acil durum, afet, atik yonetimi, cevre sagligi
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WASTE MANAGEMENT IN TIMES OF DISASTER AND EMERGENCY: THE CASE OF THE 6
FEBRUARY KAHRAMANMARAS EARTHQUAKE

Kamil Varinca

Adiyaman University Engineering Faculty Department of Environmental Engineering,
Merkez/Adiyaman, kvarinca@adiyaman.edu.tr, 0000-0002-7932-2146

On Monday, February 6, 2023, two major earthquakes occurred in Turkey, the first with a
magnitude of 7.7 at 04.17 am and the second with a magnitude of 7.6 at 01.24 pm, centered in
Kahramanmaras. As a result of these earthquakes, which were later called the "Disaster of the
Century" and affected 11 provinces, more than 50 thousand people lost their lives, over 100
thousand people were injured, and dozens of them are still being treated in hospitals. After these
two major earthquakes, more than 40 thousand aftershocks with magnitudes of up to 6.7 were
also recorded.

The effects of such a major disaster on human and environmental health have also been great
and profound. All these earthquakes brought great impact and destruction on other living and
non-living beings as well as loss of life and injuries. In this context, it has been reported that more
than 300 thousand buildings are destroyed/damaged, and it is known that the demolition and
debris removal works of heavily damaged buildings continue even today.

Just like water supply and wastewater service, it is necessary to ensure the management of solid,
liquid and gaseous wastes (municipal wastes, construction and demolition wastes, hazardous and
medical wastes, etc.) Even at such times, it is necessary to be more meticulousin order to protect
public health. Because, no matter how high-quality waste management is under normal
conditions, it requires a separate plan, program, infrastructure and preparation to be able to
provide all these services with minimum conditionsin an environment of chaos that occurs at the
first moment in times of disaster and emergency and continues for a while. Such preparation will
facilitate the return to pre-disaster environmental and waste management, both in the search
and rescue phase after the disaster and emergency, and in the post-disaster recovery and return
to life phase.

In this study, it is aimed to draw attention to the importance of waste management in order to
protect the environment and human health during the destructive effects of the earthquake and
in times of disaster and emergency, and to remind the necessity of fulfilling these services with
minimum conditions. In this context, the Kahramanmaras earthquakes, which deeply affected 11
provinces in our country on February 6, were examined and it was tried to reveal the awe of how
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the environment and waste management should be done and what should be paid attention in
case of disasters and emergencies. As a result, it was emphasized that waste management plans
should always be updated and implemented in order to be prepared for all kinds of disasters and

emergencies.

Keywords: emergency, disaster, waste management, environmental health
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TERMAL DEZENTEGRASYON iSLEMININ AKTIF CAMURUN ANAEROBIK CURUTME
SURECINE ETKISi

K. Eda Sakinmaz?, F. Dilek Sanin?

10rta Dogu Teknik Universitesi Cevre Miihendisligi Bolimi, 06800, Ankara, Tiirkiye,
eda.sakinmaz@metu.edu.tr

2Orta Dogu Teknik Universitesi Cevre Miihendisligi Blimi, 06800, Ankara, Tiirkiye,
dsanin@metu.edu.tr, 0000-0002-1376-8700

Aritma c¢amurlarindan anaerobik c¢lriitme yoluyla biyogaz Uretimi, slrdirilebilir ¢amur
yonetiminde 6ne cikan bir yontemdir. Anaerobik cliritme (AD), ayni anda atik aktif camurun
(WAS) etkin bir sekilde aritilmasini, miktarinin azaltilmasini ve ¢amurdan enerji kazanimini
saglayabilen bir teknolojidir. AD sayesinde, son Urin ¢amur hacmi yaklasik %40-50 oraninda
azaltilabilirken ayni zamanda biyogaz formunda metan (CH4) ve karbondioksit (CO2) Uretimi
gerceklesmektedir (Bougrier et al., 2006).

Termal hidroliz islemi, ¢camur ¢6zinurlGgini ve biyogaz Uretimini artirmada one c¢ikan
yontemlerden biridir. Yiksek sicaklik ve basincin bir sonucu olarak daha kig¢iik molekillerin
salinmasina neden olan termal dezentegrasyon, organik parcaciklarin, polimerlerin ve
mikrobiyolojik hiicrelerin parcalanmasini saglamaktadir. Ayrica, bu yontem patojenleri sterilize
etme olanagl da sunmaktadir (Keymer et al., 2013; Xue et al., 2015). Termal hidroliz islemi tam
Olcekli tesislerde de uygulamasi bulunan nadir dezentegrasyon yontemlerinden biridir (Zhang et
al., 2020).

Genellikle, camur dezentegrasyon uygulamasinin etkinligi ¢ozintrlik hizina ve miktarina goére
degerlendirilmektedir. Bu oran, camurdaki hem toplam kimyasal oksijen ihtiyaci (tkOi) hem de
¢oziinlir kimyasal oksijen ihtiyaci (cKOIi) miktari dikkate alinarak dezentegrasyon derecesi (DD)
olarak adlandirilan bir parametre araciligiyla belirlenmektedir (Jeon ve Nam, 2019).

Bu calismada, Ankara Biyuiksehir Belediyesi kentsel atiksu aritma tesisinde olusan biyolojik camur
Uzerinde termal dezentegrasyonun etkisi incelenmistir. Camur, 127°C sicaklikta farkl sirelerle
(30, 60, 90, 120 dakika) termal parcalanma islemine tabi tutulmustur. Farkh termal parcalanma
surelerinin etkisini degerlendirmek icin DD degerleri 6lctilmustlir. Test sonuglari, 30, 60 ve 90
dakikalik sureler igin dezentegrasyon derecesinde minimum degisiklik oldugunu ve %13-14
araliginda kaldigini gostermistir. Bununla birlikte, 120 dakikalik bir termal dezentegrasyon
suresinin kullanilmasi, daha kisa stirelerden elde edilen degerlerin neredeyse iki kati olan %26,1'lik
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bir DD ile sonuglanmistir. 120 dakikadaki bu artis, diger zaman araliklarinda gézlemlenen benzer
degerlerden ayristigiicin DD icin en uygun zamana olarak belirlenmistir.

Bu calisma TUBITAK 121Y156 nolu proje tarafindan desteklenmistir.

Anahtar Kelimeler: Anaerobik Clritme, Termal Dezentegrasyon, Aritma Camuru
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EFFECT OF THERMAL DISINTEGRATION ON ANAEROBIC DIGESTION PROCESS OF ACTIVATED
SLUDGE

K. Eda Sakinmaz?, F. Dilek Sanin?

!Middle East Technical University, Department of Environmental Engineering, 06800, Ankara,
Turkiye, eda.sakinmaz@metu.edu.tr

2Middle East Technical University, Department of Environmental Engineering, 06800, Ankara,
Turkiye, dsanin@metu.edu.tr, 0000-0002-1376-8700

Generating biogas through anaerobic digestion (AD) using sewage sludge is a prominent method
in sustainable sludge management. Anaerobic digestion (AD) is a method used to effectively
process waste activated sludge (WAS), while also reducing its volume and recovering energy from
it. This process has the potential to diminish the volume of end-product sludge by approximately
40% to 50%, all the while producing methane (CH4) and carbon dioxide (CO2) in biogas form
(Bougrier et al., 2006).

The thermal hydrolysis procedure is one of the prominent methods forimproving sludge solubility
and biogas production. Thermal hydrolysis is accomplished through the disintegration of organic
particles, polymers, and microbiological cells, resulting in the release of smaller molecules as a
result of elevated temperature and pressure. Furthermore, the method provides pathogen
sterilizing (Keymer et al., 2013; Xue et al., 2015). The thermal hydrolysis process is one of the rare
disintegration methods that has application in full-scale plants (Zhang et al., 2020).

In most cases, the effectiveness of the sludge disintegration application is evaluated based on the
solubilization rate and amount. Solubilization rate is determined by considering both the total
chemical oxygen demand (tCOD) and the amount of soluble chemical oxygen demand (sCOD)
present in the sludge (Jeon and Nam, 2019), through a parameter called as degree of
disintegration (DD).

In this study, the impact of thermal disintegration on biological sludge from the Ankara
Metropolitan Municipality urban wastewater treatment facility was examined. The sludge
underwent thermal disintegration with varying time periods (30, 60, 90, 120 minutes) at a
temperature of 127°C. To assess the impact of varying thermal disintegration durations, DD was
measured. The test outcomes indicated that for 30, 60, and 90 minutes disintegration periods,
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there was minimal variation in DD values, remaining in the range of 13-14%. However, utilizing a
thermal disintegration duration of 120 minutes resulted in a DD of 26.1%, nearly twice the values
from shorter durations. This increase at 120 minutes led to the choice of an optimal time for DD,
as it deviated from the relatively constant values observed during other time intervals.

This project was funded by TUBITAK through the project grant 121Y156.

Keywords: Anaerobic Digestion, Thermal Disintegration, Sludge
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OGUTULMUS ARAC LASTIKLERININ BIYOLOJIK DESULFURIZASYONU ICIN OTOTROFIK
DENITRIFIKASYON BAKTERILERININ KULLANIMININ ARASTIRILMASI

Tercan Catakl! - Tuba Hande (Erguder) Bayramoglu?

10rta Dogu Teknik Universitesi, Cevre Mithendisligi Boliimii, tcatakli@metu.edu.tr

2Orta Dogu Teknik Universitesi, Cevre Mithendisligi Béliimii, etubahan@meetu.edu.tr, ORCID ID:
0000-0002-9669-171X

Hizli sanayilesme ve 6zellikle de otomotiv endistrisinin gelisimi nedeniyle kaucuga olan talep
artmaktadir. Ginimuzde, lastik endustrisi %70 ile en blyuk kauguk tuketicisidir ve 2016 yilinda
dinya capinda uretilen 30,9 milyon ton atik lastikten sorumludur. Bu nedenle atik lastikler, atik
kauguk sorununun ana sorumlusu haline gelmis ve atik kauguklarla ilgili calismalar agirlikli olarak
atik lastiklere odaklanmistir. Ne yazik ki, vulkanize kauguk atiklar termoplastiklerde oldugu gibi
eritilerek yeniden kullanilamamakta ve bag yapisi nedeniyle 6n isleme ihtiya¢c duymaktadir. Atik
lastiklerin geri donlsimil icin bircok yeni yontem gelistirilmistir. Son zamanlarda biyo-
desulflirizasyon yontemi, diislik enerji gereksinimi, kauguk ana zincirine zarar vermeden silfidik
capraz baglarin secici olarak kinlmasi ve cevre dostu bir uygulama olmasi nedeniyle dikkat
cekmektedir.

Bu calismada, oglitllmis arac lastiginin (GTR) biyo-desilfiirizasyonu (biyolojik olarak kiik{rt
giderimi) ilk defa kikiirt bazl karisik ototrofik denitrifikasyon kiltiri kullanilarak arastirilmistir.
Kullanilan asi camuru, bir deri Organize Sanayi Bolgesinin atiksu aritma tesisi BNR (biyolojik
nltriyent giderim) Gnitesinden alinan camurun, ardisik kesikli reaktdrde zenginlestirilmesiyle elde
edilmistir. Ardindan, GTR'nin biyo-desulfurizasyonu, kesikli reaktorlerde, ortamdaki silfat
derisimdeki artis ile takip edilmistir. GTR yoluyla abiyotik nitrat gideriminin 6nemli bir siireg¢
oldugu belirlendigi icin fazla miktarda nitrat uygulanmistir. Sonuclar, elde edilen biyo-
desilfirizasyon oraninin %3,9 oldugunu géstermistir. Aslinda, biyo-desulfiirizasyon oraninin daha
yliksek olmasi mimkiindir; ¢iinkii GTR'nin metal oksit icerigi, biyo-desilflrizasyon oranini
tanimlamak icin kullanilan ve islem sirasinda Uretilen siilfat ile reaksiyona girmis olabilir. Bununla
birlikte, bu ¢alisma, GTR'nin biyo-desilfiirizasyonunun ototrofik denitrifikasyon bakterilerince
zenginlestirilmis karisik camurlarla miimkiin oldugunu gostermistir. Sonuglar, atik lastik kaucugun
biyo-desilfiirize GTR olarak geri kazanilabilecegini gostermesi agisindan Onemlidir. Biyo-
desulflrizasyon orani %3,9 gibi dusiik bir seviyede olmasina ragmen, biyo-desiilfirize GTR, kauguk
paspaslar, konveyor bantlar ve ayakkabi tabanlari gibi kauguk parcalarin tretimi icin taze kauguk
bilesigine eklenerek degerlendirilebilir. Bu ¢alismada gosterildigi gibi, GTR'nin kansik kllttrlerle
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biyo-desllfiirizasyonu sadece bir atik yonetimi yaklasimi degil, ayni zamanda déngisel ekonomi
kapsaminda arastirilmasi gereken énemli bir uygulamadir.

Anahtar Kelimeler: Ogiitiilmis arag lastigi, biyolojik desiilfiirizasyon, ototrofik denitrifikasyon,
deri endustrisi
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INVESTIGATION OF THE USE OF AUTOTROPHIC DENITRIFIERS IN BIO-DESULFURIZATION OF
GROUND TIRE RUBBER

Tercan Catakh! - Tuba Hande (Erguder) Bayramoglu?

!Middle East Technical University, Department of Environmental Engineering,
tcatakli@metu.edu.tr

2Middle East Technical University, Department of Environmental Engineering,
etubahan@meetu.edu.tr, ORCID ID: 0000-0002-9669-171X

The demand for rubber has been increasing due to rapid industrialization and especially the
evolution of the automotive industry. Nowadays, the tire industry is the largest rubber consumer
with 70%, and is responsible for 30.9 million tons of waste tires produced worldwide in 2016.
That’s why waste tires become the main responsible of the waste rubber problem, and studies
regarding waste rubbers mainly focused on waste tires. Unfortunately, vulcanized rubber waste
cannot be reused by melting as in thermoplastics and needs pretreatment due to the bond
structure (Holst et al., 1998; Karaagacg et al., 2017). Many new methods have been developed for
the recycling of waste tires. Recently, the bio-desulfurization method has taken attention due to
its low energy requirement, selective breakage of sulfidic crosslinks without damaging the rubber
main chain and being an environmentally friendly application.

In this study, bio-desulfurization of ground tire rubber (GTR) was investigated for the first time by
using sulfur-driven mixed autotrophic denitrifiers. Seed culture used was obtained by enriching
the BNR (biological nutrient removal) sludge of a Leather Organized Industrial Zone WWTP in a
sequencing batch reactor. Bio-desulphurization of GTR was then investigated through the
increase in the sulfate concentration in the medium. Excess nitrate was applied because abiotic
nitrate removal via GTR was observed as a significant process. Results revealed that bio-
desulphurization ratio obtained was 3.9%. Actually, the bio-desulfurization ratio might be higher
because the metal oxides content of GTR might have been reacted with the sulfate produced
during the process, which is used to define bio-desulfurization ratio. Nevertheless, this study
indicated that bio-desulfurization of GTR is possible with mixed sludges enriched in autotrophic
denitrifiers. The results are of significant for revealing that waste tire rubber can be recovered as
bio-desulfurized GTR. Despite the low bio-desulfurization ratio of 3.9%, bio-desulfurized GTR can
still be valorized by adding to fresh rubber compound for the production of rubber parts such as
rubber mats, conveyor belts and shoe soles (Gumede et al., 2022). Bio-desulfurization of GTR with
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mixed cultures, as shown in this study, is thus not only a waste management approach but also a
significant application on circular economy, which should be investigated in detail.

Keywords: Ground tire rubber, biological desulfurization, autotrophic denitrification, leather
industry
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ASITLE AKTIVE EDILEN TARIMSAL ATIK KULLANILARAK SULU COZELTILERDEN ZN (I1) iYON
ADSORPSIYONU

Necla BARLIK

Ardahan Universitesi Miihendislik Fakiiltesi Cevre Mihendisligi. Bélimii,
neclabarlik@ardahan.edu.tr, ORCID:0000-0003-0000-1903

Atik sulardan toksik cinko iyonlarinin giderimi i¢in kimyasal ¢oktiirme, solvent ekstraksiyonu,
membran filtrasyonu, adsorpsiyon, ters ozmoz ve iyon degisimi gibi cok cesitli aritma prosesleri
kullanilmaktadir. Ekonomik ve verimli olmasinin yaninda basitligi, esnekligi, toksik yan Grinlerin
olmamasi, sorunsuz ¢alismasi, ¢evre dostu olmasi, ¢ok yonltliglu ve rejenerasyon kolayhgi gibi
avantajlari nedeniyle de adsorpsiyon; bircok agir metal tirlinln uzaklastinlmasi icin kanitlanmis
bir yaklasim olarak kabul edilir. Bu calismada tarimsal atik olarak Erzurum Pasinler'de yetisen
aycicegi (Helianthus annuus L.) bitkisinin ¢ekirdek kabuklari kullanilarak sulu ¢ozeltilerden Zn (I1)
iyonlari giderilmistir.

Kabuklar fiziksel olarak ayiklandiktan sonra distile su ile yikandi ve 60°C'de 24 saat kurutuldu. Daha
sonra ev tipi bir 6gitlicide 6gituldiler ve yizey aktivasyonu icin 1 M H2SO4 ile muamele
edildiler. Once 40°C'de 24 saat ardindan 100°C'de 2 saat siireyle asitle muamele edildikten sonra
oda sicakligina kadar sogutuldu, stizildQ, ¢ift distile su ile pH degeri 5.00 + 0.2 olana kadar yikandi
ve 60°C'de 24 saat kurutuldu. Kurutulmus aktive kabuklar elekten gecirildi ve bir biyosorbent sulu
¢ozeltilerden Zn (1) uzaklastirma kapasitesini test etmek icin deneyler yirataldi.

Denge izoterm ve adsorpsiyon kinetik modelleri ile karsilastinlmak Uzere yiritilen denge
deneyleri 250C'de 500 rpm karistirma hizina ayarh bir manyetik karistirici kullanilarak yapildi. 100
ml’lik ¢cozeltilerin baslangi¢ pH'si 5.00 olarak ayarlandi. Aktive edilmis biosorbent dozaji 2 g/L idi.
120 dk’lik denge siiresinin ardindan ¢ozelti suziildl ve filtratta Zn (Il) analizi ylritildi. Kinetik
calismalar icin yapilan testlerde baslangi¢c Zn (ll) konsantrasyonu 100 mg/L olarak belirlendi.
Testler 5 — 120 dakika araligindaki adsorpsiyon slireleri icin gerceklestirildi.

Denge iyon adsorpsiyon testlerinin sonuclan Langmuir, Freundlich, Temkin ve D — R izoterm
modelleriyle, kinetik test sonugclari ise PFO, PSO, Elovich ve Partikil ici diflizyon modelleri ile
karsilastinlmistir. Model parametreleri, dogrusallastirimis denklemlerinden hesaplanmistir.
Langmuir izoterm modeli r2 = 0.996’luk bir korelasyon katsayisi ile uyumlulugu en yiiksek olan
izoterm modeli olmustur. Model maksimum adsorpsiyon kapasitesini 15.6 mg/g ve Langmuir
katsayisini 0.121 L/g olarak tahmin etmistir. Deneysel sonuglara en yiksek uyumu (r2 = 0.988)
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gosteren kinetik adsorpsiyon modeli PSO olmustur. D — R izoterm modelinden E = 8.972 kJ/mol
olarak hesaplanmistir. Bu sonuglara gore; aktive edilmis ¢ekirdek kabuklarn lzerine sulu
¢Ozeltilerden Zn (ll) iyon adsorpsiyonunun bir kemisorpsiyon oldugu disuniilebilir.

Anahtar Kelimeler: Zn (ll) giderimi, aygicegi cekirdegi kabugu, biosorpsiyon, asitle ylzey
aktivasyonu, tarimsal atik
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ION ADSORPTION OF ZN (lI) FROM AQUEOUS SOLUTIONS USING ACID-ACTIVATED
AGRICULTURAL WASTE

Necla BARLIK

Ardahan University Engineering Faculty Department of Environmental Engineering,
neclabarlik@ardahan.edu.tr, ORCID:0000-0003-0000-1903

Various treatment processes such as chemical precipitation, solvent extraction, membrane
filtration, adsorption, reverse osmosis and ion exchange are used for the removal of toxic zinc
ions from wastewater. In addition to being economical and efficient, adsorption also has
advantages such as simplicity, flexibility, absence of toxic by-products, trouble-free operation,
environmental friendliness, versatility and ease of regeneration. So, it is considered a proven
approach for the removal of many types of heavy metals.

In this study, Zn (ll) ions were removed from aqueous solutions by using the seed hulls of
sunflower (Helianthus annuus L.) plant grown in Erzurum Pasinler as agricultural waste. After the
hulls were physically weed out, they were washed with distilled water and dried at 60°C for 24
hours. They were then ground in a household grinder and treated with 1 M H2SO4 for surface
activation. After they were treated with acid first at 40°C for 24 hours and then at 100°C for 2
hours, cooled to room temperature, filtered, washed with distilled water until the pH value was
5.00 £ 0.2 and dried at 60°C for 24 hours. The dried activated hulls were sieved and experiments
were carried out to test the ability to remove Zn (ll) from aqueous solutions as a biosorbent.
Equilibrium experiments were carried out to compare with equilibrium isotherm and adsorption
kinetic models.

The tests performed using a magnetic stirrer adjusted to 500 rpm stirring speed at 250C. The
initial pH of 100 ml solutions was adjusted to 5.00. The activated biosorbent dosage was 2 g/L.
After the equilibration period of 120 min, the solution was filtered and Zn (ll) analysis was carried
out in the filtrate. Initial Zn (Il) concentration was determined as 100 mg/L in tests for kinetic
studies. The tests were performed for adsorption times in the range of 5— 120 minutes.

The results of equilibrium ion adsorption tests were compared with Langmuir, Freundlich, Temkin
and D — R isotherm models, and kinetic test results were compared with PFO, PSO, Elovich and
Intraparticle Diffusion models. The model parameters were calculated from linearized equations.
The Langmuir isotherm model was the isotherm model with the highest agreement with a
correlation coefficient of r2 = 0.996. The model estimated the maximum adsorption capacity as
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15.6 mg/g and the Langmuir coefficient as 0.121 L/g. The kinetic adsorption model showing the
highest agreement (r2 = 0.988) to the experimental results was PSO. It calculated from the D—-R
isotherm model as E = 8.972 kJ/mol. According to these results; Zn (Il) ion adsorption from
aqueous solutions onto the activated hulls can be considered as a chemisorption.

Keywords: Zn (Il) removal, seed hulls of sunflower, biosorption, surface activation by acid,
agricultural waste
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PANKREATIN ENZIMI ILE DEZENTEGRASYON iSLEMININ ARITMA CAMURUNA ETKISI

Elif Nurhan Giizel?, F. Dilek Sanin?
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2Orta Dogu Teknik Universitesi, 06800, Ankara, Tiirkiye, dsanin@metu.edu.tr, 0000-0002-1376-
8700

Aritma ¢amuru yonetimi diinya capinda giderek daha dncelikli bir konu haline gelmektedir.
Anaerobik ¢uritme (AD), camurun enerjisini biyolojik olarak metan acisindan zengin biyogaza
donuastirmekicin yaygin olarak kullanilan birislemdir. Bu islem ayni zamanda patojenleri ortadan
kaldirmaya yardimci olurken ve koku sorununu azaltirken, islem sirasinda Uretilen biyogaz ise fosil
yakitlara alternatif olarak kullanilabilir. AD isleminde hidroliz adimi, gamurun karmasik flok yapisi
ve glgli hicre duvarlan nedeniyle islemin hizini sinirlayabilmektedir. Hidroliz agsamasini
hizlandirmak ve AD'nin verimliligini artirmak icin cesitli dezentegrasyon stratejileri gelistirilmistir
(Zzhen vd., 2017). Hidrolitik enzimler, polimerik molekilleri cok adimli islemlerle parcalayabilir ve
onlan direncli durumdan biyolojik olarak parcalanabilir duruma donistirebilir. Bu ylzden
enzimler aritma c¢amuru gibi biyolojik olarak parcalanabilen atiklann aynismasini hizlandirarak
daha verimli aritmaya olanak taniyabilir. AD islemine enzimlerin dahil edilmesi, yalnizca glritme
suresini kisaltmakla, camurun ¢lriitme verimini arttirmakla ve bertaraf maliyetlerini distirmekle
kalmayan, ayni zamanda kolayca kontrol edilebilen ve son Grlinleri ¢cevre agisindan glivenli olan
bir islemdir. Enzimatik camur dezentegrasyonu arastirmalarinda gesitli enzimlerin gesitli atiklar
parcalama uygulamalarinda 6nemli rol oynadigl rapor edilmistir (Yang vd, 2010). Pankreatin
enzimi bes farkh enzimin (tripsin, amilaz, lipaz, riboniikleaz, proteaz) karisimindan olustugu igin
aritma ¢amurlanndaki farkli baglara yonelik islev gérmesi ve tekil enzimlere kiyasla etkinliginin
ylksek olmasi beklenen bir enzim olarak dne ¢ikmaktadir.

Bu calismada Ankara Merkezi Atiksu Aritma Tesisi biyolojik ¢amuru, pankreatin enzim ile
enzimatik dezentegrasyona tabi tutulmustur. Enzimin camur lzerindeki dezentegrasyon etkinligi
ise ucucu askida kati madde (UAKM) parametresinin dislsu ile takip edilmistir. Camur, 38°C
sicaklikta, degisen sirelerde (3, 5, 24 saat) farkli enzim dozlarina (100, 150, 250 mg/gTS) tabi
tutulmus ve UAKM degeri diislisii optimum doz ve siireyi bulmak icin takip edilmistir. Bulunan
degerler ise arastirmanin ilerleyen asamalarnnda, enzimatik dezentegrasyonun aritma
¢amurundan metan lretimi Uzerindeki etkisini gozlemlemek icin biyokimyasal metan potensiyeli
testi ile gbzlemlenecektir.
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ENZYMATIC DISINTEGRATION OF SLUDGE USING PANCREATIN ENZYME
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Sludge management isincreasingly a primary concern around the world. Anaerobic digestion (AD)
is a fundamental and well-studied process for biologically converting the energy of sludge into
methane-rich biogas, which can be used as a carbon-neutral alternative to fossil fuels while also
removing pathogens and reducing odors. Hydrolysis is the rate-limiting step of AD because of the
sludge’s complex floc structure and strong cell walls. Various disintegration strategies have been
developed to accelerate the rate-limiting hydrolysis step and to improve the efficiency of AD
(zhen et al., 2017). Hydrolytic enzymes can break down polymeric molecules in multi-step
processes, converting substances from recalcitrant to biodegradable states. Enzymes can also
speed up the decomposition of biodegradable materials such as activated sludge, allowing for
more efficient treatment. Including enzymes in the AD process might not only shorten digestion
time, enhance sludge digestibility, and lower disposal costs, but it could also be easily controlled,
and the end products are environmentally safe. Enzymatic sludge disintegration has been studied,
and several enzymes have been reported to play a vital role in various waste treatment
applications (Yangetal., 2010). Since the pancreatin enzyme consists of a mixture of five different
enzymes (trypsin, amylase, lipase, ribonuclease, protease), it stands out as an enzyme that is
expected to function for different bonds in sewage sludge and to have higher efficiency compared
to individual enzymes.

In this study, the sludge from Ankara Central Wastewater Treatment Plant was subjected to
enzymatic disintegration with pancreatin enzyme, and its effect on sludge was followed by the
volatile suspended solids (VSS) reduction parameter. The sludge was examined with varying
periods (3, 5, 24 hours) and enzyme doses (100, 150, 250 mg/g TS) at a temperature of 38°C. VSS
reduction was followed for varying periods and doses to select the optimum point for further
observation in the anaerobic digestion biochemical methane potential test to assess the effect of
the enzymatic disintegration on methane production from sludge.
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ATIK AKTiIF CAMURUN ALKALI-TERMAL iSLEMLE PARCALANMASI VE BiYOGAZ
URETIMININ ARTIRILMASI
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Son zamanlarda nifus artisi ve atiksu aritma tesislerinin (AAT’lerin) artmasi nedeniyle, kiresel
olarak atiksu ¢gamuru Gretimi artmistir. Bu gamurun bertaraf edilmesi, bir aritma tesisinin isletim
maliyetinin yaklasik %60'in1 olusturmaktadir (Yin & Wang, 2019). Atiksu aritiminin bir yan Grin{
olan atik aktif camur (WAS) yliksek organik madde icermektedir. Anaerobik clritici (AD), WAS'|
stabilize etmek, hacmini %40-50 oraninda azaltmak ve igerdigi yliksek organik maddeden biyogaz
elde etmek icin kullanilan bir ydntemdir (Park vd., 2022). Ancak, camurun karmasik yapisi aritma
¢amurlarindan enerjinin AD ile verimli bir sekilde elde edilmesine engel olusturmaktadir. Fiziksel,
kimyasal ve biyolojik dezentegrasyon teknikleri, organik maddeyi hidrolitik siireglericin hazir hale
getirerek ve hiz sinirlayic hidroliz adimini hizlandirarak, WAS’in biyolojik parcalanabilirligini
artirmayl amaglamaktadir. Bu ¢alisma, alkali, termal ve bunlarin birlesik uygulanmasiyla olusan
dezentegrasyon yontemlerinin camur azaltimi ve biyogaz (Uretimi Uzerindeki etkisine
odaklanmistir. Ayrica, WAS’In parcalanmasi icin en iyi ydntemi ve bunlarin siralamasini bulmayi
amaglamistir.

Bu calismadaki WAS ve asi camuru 6rnekleri, Ankara merkezi AAT'den temin edilmistir. Kimyasal
dezentegrasyon igin, WAS o6rnekleri NaOH ve KOH'dan olusan 0,5 M'lik bir ¢ézelti kullanilarak
alkali aritmaya tabi tutulmustur. Kimyasallarin orani, tasarlanan laboratuvar olcekli AD'nin
inhibisyon seviyesi dikkate alinarak ayarlanmistir. Uygulanan alkali islem 25°C ve 200 rpm'de 48
saat boyunca gerceklestirilmistir (Hatinoglu & Sanin, 2022). Termal islem igin ise WAS numuneleri
127°C'de 120 dakika boyunca termal hidrolize tabi tutulmustur (Hatinoglu & Sanin, 2022). Birlesik
alkali-termal islemin etkilerini arastirmak i¢cin, WAS numuneleri 6nce 48 saat boyunca NaOH ve
KOH kombinasyonu kullanilarak alkali isleme maruz birakilmis, ardindan 120 dakika boyunca
127°C'de otoklavlamaya tabi tutulmustur. Diger bir birlesik islem olan termal-alkali uygulamasi
icin ise gamur numuneleri 6nce 120 dakika boyunca 127°C'de termal isleme maruz birakilmis,
ardindan numunelere alkali islem uygulanmistir. Deneysel stire¢ boyunca, her bir dezentegrasyon
yonteminden cikarilan alt numunelerin ¢dziinmiis kimyasal oksijen ihtiyaci (¢KOI), protein ve
karbonhidrat analizleri gerceklestirilmistir. Birlesik dezentegrasyon yontemlerinden kaynaklanan
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biyolojik parcalanabilirlikteki potansiyel artislari arastirmak icin bir dizi anaerobik ¢liritme deneyi
gerceklestirilmistir. Bu amacla, biyokimyasal metan potansiyeli (BMP) testi 35°C'de 60 giin stireyle
dezentegrasyon uygulanmis ve uygulanmamis WAS kullanilarak yiritiilmustir. Ug replika olarak
dizenlenen reaktorler %2 toplam kati madde (TKM) yogunluguna ayarlanmistir. Asi olarak
anaerobik camur besin-mikroorganizma (B/M) orani 1 olacak sekilde eklenmistir. Reaktérlerin
isletimi boyunca biyogaz lretimi slirekli olarak izlenmis ve hem reaktérler baslatilirken hem de
sonlandirilirken antma ¢camurunun kalite parametreleri analiz edilmistir. Tekil 6n aritim islemleri
olarak, iki glin boyunca 0,5 M alkali 6n islem ve 127°C'de 120 dakika boyunca gerceklestirilen
termal hidroliz islemi, WASIn ¢KOi degerlerinde &nemli artislar saglamistir. Gézlenen ¢KOI
degerleri, dezentegrasyona maruz birakilmamis WAS’a kiyasla sirasiyla 22,5 ve 11,9 kat artmustir.
BMP reaktorlerinin sonuglari, birlesik alkali-termal ve birlesik termal-alkali 6én islemin WAS’in
metan Uretim verimini ve biyolojik parcalanabilirligi artirdigini géstermistir.

Bu calisma Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK) tarafindan 121Y156 nolu
proje kapsaminda desteklenmistir.

Anahtar Kelimeler: Atik Aktif Camur; Alkali Dezentegrasyon, Termal Dezentegrasyon, Anaerobik
Cardtme
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ACTIVATED SLUDGE

Oguzhan ALTUNTASY,. F. Dilek Sanin?

!Middle East Technical University, Department of Environmental Engineering,
oguzhan.altuntas@metu.edu.tr/ 05072697765, 0009-0001-3351-0934

2Middle East Technical University, Department of Environmental Engineering,
dsanin@metu.edu.tr, 0000-0002-1376-8700

In recent times, the global production of wastewater sludge has surged due to population growth
and increased wastewater treatment plants (WWTPs). Disposing of this sludge accounts forabout
60% of a treatment plant's operating costs (Yin & Wang, 2019). Waste activated sludge (WAS), a
byproduct of wastewater treatment, contains high amounts of organic material. Anaerobic
digester (AD) is a method used to stabilize WAS, reduce its volume by 40-50% and obtain biogas
from the high organic matter it contains (Park et al., 2022). However, the complex nature of the
sludge hinders the efficient extraction of energy from sewage sludge by AD. Physical, chemical
and biological disintegration techniques aim to improve the biodegradability of WAS by making
the organic matter available for hydrolytic processes and accelerating the rate-limiting hydrolysis
step. The present study focused on alkaline/thermal impact of disintegration methods on sludge
reduction and biogas production. It aimed to find the best method and order for sludge
disintegration.

In this study, waste-activated sludge (WAS) and inoculum samples were procured from the central
WWTP of Ankara. For chemical disintegration, WAS samples underwent an alkaline treatment
using a solution of 0.5 M, composed of NaOH and KOH. The ratio of chemicals was adjusted
considering the inhibition level of the designed lab scale AD. Applied alkaline disintegration was
conducted 48 hours at 25°C and 200 rpm (Hatinoglu & Sanin, 2022). In the context of thermal
disintegration, the WAS samples were subjected to thermal hydrolysis at 127°C for 120 minutes
(Hatinoglu & Sanin, 2022). To explore the effects of combined alkaline-thermal disintegration, the
WAS samples were first exposed to the alkaline disintegration using a combination of NaOH and
KOH for 48 hours, after which they were subjected to autoclaving at 127°C for 120 minutes.
Subsequently, for the combined thermal-alkaline disintegration, the sludge samples were initially
exposed to thermal disintegration at 127°C for 120 minutes, followed by the application of
alkaline disintegration. Throughout the experimental process, subsamples extracted from each
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disintegration method were analyzed for soluble chemical oxygen demand (sCOD), protein, and
carbohydrate. To delve into the potential enhancements in digestibility resulting from the
combined disintegration methods, a series of batch AD experiments were conducted. For this
purpose, biochemical methane potential (BMP) reactors were operated for a duration of 60 days
at 35°C, employing pretreated and untreated WAS. The reactors, arranged in triplicate, were
maintained at a total solids (TS) concentration of 2%. Adequate quantities of anaerobic sludges
were introduced as seed material at a feed-to-microorganism (F/M) ratio 1. Throughout the
reactors' operational span, continuous biogas production monitoring was carried out, and at both
reactor initiation and termination, the parameters were analyzed. The application of individual
treatments, specifically a 0.5 M alkaline disintegration over a duration of two days and a thermal
hydrolysis process executed at 127°C for 120 minutes, yielded substantial increases in the sCOD
of WAS. The sCOD values observed were augmented by a factor of 22.5 and 11.9, respectively,
compared to the untreated WAS. The results of BMP reactors showed that combined alkaline-
thermal and combined thermal-alkaline disintegration increased the methane vyield and
biodegradability of WAS.

This study was supported by the Scientific and Technological Research Council of Turkey
(TUBITAK) under Project No. 121Y156.

Keywords: Waste Activated Sludge; Alkaline Disintegration, Thermal Disintegration, Anaerobic
Digestion
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PLASTIK ENDUSTRISINDEN KAYNAKLANAN MiKROPLASTIKLERIN MALZEME AKIS
ANALIZi iLE INCELENMESI
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Plastik atiklar, mikro veya makro hangi boyutta olursa olsun, ciddi bir ¢evresel problemdir.
Giderek artan cevresel etkilerin ve plastik endistrisini bekleyen kaynak sikintisinin isiginda, plastik
enduUstrisi tarafindan gevreye salinan mikroplastiklerin (MP'ler) yarattigi zorluklann gesitli
boyutlarda incelenmesini amaglayan bir arastirma galismasi yiratilmektedir. Bu aragtirmanin bir
parcasl olarak, plastik deger zincirinin mevcut durumda deneyimlemekte oldugu siki
dizenlemeler, dongisellige ve surdirulebilirlige yonelik sistemik degisimler ve dolayisiyla olasi
orta ve uzun vadeli rekabet glict zorluklari incelenmistir. Bu calismada, cevresel etkileri azaltirken
kaynak verimligi ve dongiselligin saglanmasi amaciyla plastik deger zincirinde miidahale
gerektiren odak noktalarini belirlemek igin gergeklestirilen malzeme akis analizi (MFA) bulgulan
sunulmaktadir.

MFA sirasinda ihtiyag duyulan proses akisi ve miktarlari da dahil olmak Uzere malzeme
envanterine iliskin veriler OECD ve EUROSTAT istatistikleri, Tiirkiye istatistik Kurumu (TUIK) gibi
glvenilir kurumlardan ve literatir ve saha ¢alismalari sirasinda elde edilen bolgesel veriler gibi
cesitli kaynaklardan derlenmistir. Analiz, hammadde elde edilmesinden liretim, tedarik, tiketim,
atik yonetimi, geri donltisim ve bertarafa kadar olan asamalardaki kayiplari ve atik olusumunu
kapsamaktadir. Onciil analizler sonucunda plastik ambalaj ve bina ve insaat plastik atiklar
sektorleri, plastik atiklar igerisinde ise LDPE ve HDPE hammaddeleri 6n plana ¢ikmistir. MFA
¢alismasi sirasinda, 6ne ¢ikan bu iki sektor ve plastik icerigine yonelik iki ayn MFA yapilmistir. Son
olarak, Turkiye genelinde toplam plastik atik i¢in tim deger zincirinin durumunu ortaya tglnci
bir MFA gerceklestirilmistir.

MFA sonuglari, Turkiye'de Uretilen toplam plastik atigin %61'inin dizenli depolama alanlarina
gonderildigini ve %16,8’inin de dizensiz depolama alanlarina dokuldigini ortaya koyarken,
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rakamlarin gercegi yansitmayabilecegi sliphesi de bulunmaktadir. Toplamda, Tirkiye'deki plastik
atiklarin %33'U0 toplanmayan atiklar, agikta birakilan atiklar ve yakma islemlerini kapsayacak
sekilde uygunsuz yonetilmektedir. MFA ayrica toplam plastik ambalaj atiklarinin %59'unun saha
disinda geri donistirialdigind, %21'inin diizenli depolama sahalarinda son buldugunu, %9,5'inin
dizenli olmayan sekilde bertaraf edildigini, %9,2’sinin yakildigini ve atiktan enerjiye dontsiimiin
ise kiiglik bir rol oynadigini, %1,2'sinin yerinde geri dénustirildigini, %0,2’sinin ¢ope atildigini
ortaya koymustur. Plastik ambalaj atiklari igin geri dontusim orani %59'dur ve bu oranin 2023
yilina kadar %65'e ¢ikarilmasi hedeflenmektedir. Bina ve insaat plastik atiklari agisindan, toplam
bina ve insaat plastik atiklarinin %58,4'(inin saha disinda geri donstirildigl, %21,2’sinin diizenli
depolama sahalarinda son buldugu, %9,7'sinin diizenli olmayan bir sekilde bertaraf edildigi,
%9,6'sinin yakildig1 ve atiktan enerjiye donisimiin minimum diizeyde oldugu, %0,9'unun yerinde
geri donusturaldigi, %0,2'sinin ¢op plastik atig oldugu tespit edilmistir.

Toplam plastik atiklar icin hesaplanan dizenli depolama alanina gonderilen plastik atik orani
(%21), OECD {lkeleri ortalamasi ile (%21,8) tutarhlik gostermektedir. Tirkiye'de toplam plastik
atik icin geri donistiim orani %12,9 olarak hesaplanmistir ve bu oran 2022 yili AB ortalamasi olan
%48'in oldukca altindadir. AB (ilkelerinde, 2020 yili verilerine gore geri donistirilen toplam
plastik atik icerisinde %22,5 oraninda plastik ambalaj bulunmaktadir. 2018 verilerine bakildiginda
ise toplam geri donustirilen plastik atik igerisinde %26 oraninda bina ve insaat kaynakli plastik
atiklarin yer aldigi gorilmektedir. Bina ve insaat plastik atik bertaraf oranlarina ait veri
bulunamamasi nedeniyle bu hesaplamalar bazi kabuller ¢ergevesinde gerceklestirilmistir.

Calisma sonucunda her bir MFA grubu icin baslica zorluklarin tiiketici ve atik toplama/ayristirma
asamalarinda yasandigi tespit edilmistir. Diger yandan, diizenli ve diizensiz depolamanin yani sira,
yasadisi yakmanin da degerli kaynaklarin uygun yonetilmesi agisindan onlenmesi biyik 6nem
tasimaktadir.

Bu calisma TUBITAK Proje No: 220N044 tarafindan desteklenmistir.

Anahtar Kelimler: Plastik atiklar, deger zinciri, malzeme akis analizi, mikroplastikler, dongusellik,
kaynak verimliligi
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Plastic waste, whether in micro or macro size, is a serious environmental problem. In the light of
the increasing environmental impacts and resource constraints facing the plastics industry, a
research study is being conducted from various dimensions to examine the challenges posed by
microplastics (MPs) released into the environment by the plastics industry. As part of this
research, the stringent regulations, systemic shifts towards circularity and sustainability that the
plastics value chain is currently experiencing, and thus the potential medium and long-term
competitiveness challenges, are examined. This study presents the findings of material flow
analysis (MFA) conducted to identify focal points in the plastics value chain that require
intervention to ensure resource efficiency and circularity while reducing environmental impacts.

Data on material inventory, including process flows and quantities needed during MFA, were
compiled from various reliable institutions such as OECD and EUROSTAT statistics and the Turkish
Statistical Institute (TurkStat). Regional data is also obtained from literature and from field
studies. The analysis covers losses and waste generation at all stages from raw material
acquisition to production, supply, consumption, waste management, recycling, and disposal. As
a result of preliminary analyses, the plastic packaging and building and construction plastic waste
sectors, and LDPE and HDPE raw materials within plastic waste have come to the forefront. During
the MFA study, two separate MFAs were conducted for these two prominent sectors and plastic
content. Finally, a third MFA was conducted for total plastic waste across Turkey, revealing the
status of the entire value chain.

The analysis results revealed that 61% of total plastic waste generated in Turkey is sent to landfills,
and an additional 16.8% is openly dumped with a suspicion that the actual figures could be even
higher. In total, 33% of plastic waste in Turkey is mismanaged, encompassing uncollected waste,
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openly dumped waste, and incineration. MFA also revealed that 59% total plastic packaging waste
is recycled off-site, 21% ends up in sanitary landfills, while 9.5% is disposed of in unsanitary
fashion, 9.2% is incinerated with waste-to-energy conversion playing a minor role, 1.2% is
recycled on-site, 0.2% is littered plastic waste. The recycling rate for plastic packaging waste
stands at 59%, a target set to increase to 65% by 2023. In terms of building and construction
plastic waste, it is found that 58.4% is recycled off-site, 21.2% of total building and construction
plastic waste ends up in sanitary landfills, while 9.7% is disposed of in an unsanitary fashion, 9.6%
isincinerated with minimal waste-to-energy conversion, 0.9% is recycled on-site, 0.2% is littered
plastic waste.

The rate of plastic waste sent to landfill calculated for total plastic waste (21%) is found to be
consistent with the average of OECD countries (21.8%). The recycling rate for total plastic waste
in Turkey is calculated as 12.9%, which is well below the EU average of 48% for the year 2022. In
EU countries, according to 2020 data, 22.5% of total recycled plastic waste includes plastic
packaging. Looking at 2018 data, it is seen that 26% of the total recycled plastic waste includes
plastic waste from buildings and construction. Due to the lack of data on buildingand construction
plastic waste disposal rates, these calculations were made within the framework of some
assumptions.

As a result of the analysis, for each MFA group, the primary challenges were found to be occurring
at the consumer and waste collection/segregation stages while addressing unsanitary and
sanitary disposal. Lastly, illegal incineration is identified as another issue which is crucial to
prevent in order to properly manage valuable resources.

This study is funded by TUBITAK Project No: 220N044.

Keywords: Plastic waste, value chain, material flow analysis, microplastics, circularity, resource
efficiency
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TAMPONLARIN SIGIR GUBRESINi iSLEYEN ANAEROBiIK CURUTME - MIKROBIYAL
ELEKTROLiZ HUCRESI ENTEGRASYON SiSTEMLERiI UZERINDEKI ETKISi

Berkan Oden?, Yasemin Dilsad Yilmazel?

10rta Dogu Teknik Universitesi, Ankara, Tiirkiye, Mail: berkan.oden@metu.edu.tr, Telefon:
+90(312)2105865, GSM: +90(534)4031320, 0009-0005-5435-6285

2Orta Dogu Teknik Universitesi, Ankara, Tiirkiye, Mail: dilsad @metu.edu.tr, Telefon:
+90(312)2105880, 0000-0001-9223-9681

Anaerobik clriitme, sigir glibresi gibi organik atiklarin degerli biyogaz ve besin agisindan zengin
cliritme suyuna donistirilmesi icin umut verici bir teknolojidir. Son zamanlarda, yaratici
entegrasyon stratejileri yoluyla anaerobik cliriitme prosedirlerinin etkinligini ve dayanikhligini
artirmak amaciyla artan bir ilgi ortaya cikmistir. Sigir glibresi, yiksek organik icerigi ve besin yiku
nedeniyle ¢cevresel zorluklara yol acan 6nemli bir organik atik kaynagidir. Anaerobik cliriitme, sigir
glbresindeki organik maddeyi yenilenebilir bir enerji kaynagi olan biyogaza ve besin agisindan
zengin bir gibreye donustlrerek bu zorluklara uygulanabilir bir ¢6ziim sunmaktadir. Ancak
anaerobik cliritmenin verimliligi, ucucu yag asidi (UYA) birikimi, uzun kati madde kalma siiresi
(SRT), pH degisiklikleri ve asiri amonyak gibi faktorlerle sinirlanabilir (Wang ve ark., 2021). Bu
sinirlamalari ele almak igin, CO2 ve proton uretimini tesvik etmek Uzere elektroaktif
mikroorganizmalari kullanan mikrobiyal elektroliz hiicrelerinin (MEH'ler) anaerobik clriitme ile
entegrasyonu, genel proses verimliligini artirabilir. Mikrobiyal elektroliz hiicreleri, organik
maddenin elektrolizini kolaylastirmak ve kigilk bir voltaj (0,2-0,8 V) uygulayarak elektrik akimi
Uretirken metan ve diger indirgenmis bilesiklere dontstiirmek icin bakterileri kullanan
biyoelektrokimyasal sistemlerdir (Zakaria ve Dhar, 2019). Bu entegrasyon, organik atiklardaki
karmasik organik molekillerin bozunmasini arttirir ve degerli bir yan rilin olan hidrojen tretmek
icin bu bilesiklerde depolanan enerjiyi kullanir. Uretilen hidrojen bir enerji tasiyicisi olarak
kullanilabilir veya mikrobiyal metanojenez adi verilen bir siirecle metana dondistirilebilir, boylece
AC sisteminin genel enerji verimi artar. Fosfat tamponlu ¢ozelti (FTC) ve karbonat tamponlu
¢oOzelti (KTC) gibi tamponlar, pH'I dengelemeleri (UYA birikiminin neden oldugu) ve i¢ direnci
azaltmalari nedeniyle AG-MEH sistemlerinde kullanilir. Artan tampon konsantrasyonu, ¢ozeltinin
neden oldugu direnci azaltarak elektron transferinin hizlanmasina ve AC-MEH performansinin
artmasina neden olur. Xu ve arkadaslan (2020), FTC'nin AC-MEH sistemleri (izerindeki etkisini
arastirmis ve substrat olarak alkali 6n aritilmis camur ile 50 mM FTC kullanilmasinin metan
Uretimini kontrole gore yaklasik %40 daha fazla artirdigini bulmustur. Bununla birlikte, sigir
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glbresi substratli AC-MEH sistemlerinde tampon kullanimi konusunda hala bir bosluk vardir. Bu
calismada, cesitli FTC (10, 20, 35 ve 50 mM) ve KTC (30, 60, 90 ve 120 mM) konsantrasyonlari,
sigir glibresi substrati ile AC-MEH performansi Uzerindeki etkilerini degerlendirmek icin test
edilmistir. Deneysel sonuglar, 50 mM FTC iceren AC-MEH reaktorlerinin en ylksek akim
yogunlugunu (0,23 mA/cm2) urettigini, FTC icermeyen reaktoriin ise en disiuk pik akim
yogunlugunu (0,04 mA/cm?2) Urettigini gostererek FTC'nin akim Gretimi Gizerinde olumlu bir etkisi
oldugunu ortaya koymustur. Benzer sekilde, KTC reaktorleri arasinda en yiksek tepe akim
yogunlugu 120 mM KTC reaktord (0,18 mA/cm2) tarafindan Uretilirken en disik tepe akim
yogunlugu tampon icermeyen reaktor (0,02 mA/cm2) tarafindan Gretilmistir. Bununla birlikte,
tampon icermeyen AC-MEH reaktorleri hem FTC hem de KTC reaktorlerinde en yiiksek metan
verimine sahipti (sirasiyla 302,8 mL CH4/g UKM ve 364,97 mL CH4/g UKM). Ote yandan, en yiiksek
FTC (50 mM) ve KTC (120 mM) konsantrasyonlari ile ayarlanan reaktorler, sirasiyla 200,7 mL CH4/g
UKM ve 222,15 mL CH4/g UKM ile en disik metan verimine sahip olmustur. Her iki tamponun
artan konsantrasyonlari AC-MEH reaktorlerinde metan veriminde azalmaya neden olmustur.
Dolayisiyla, FTC ve KTC, AC-MEH sistemlerinin AC kisminda bir inhibisyona ve MEC kisminda bir
artisa neden olmaktadir.

Tesekkiir: Bu calisma Orta Dogu Teknik Universitesi (ODTU) Destekli Arastirmalar Ofisi tarafindan
TEZ-YL-311-2023-11145 numarali hibe, Tirkiye Bilimsel ve Teknolojik Arastirma Kurumu
(TUBITAK) Milkemmeliyet Merkezi Destekleme Programi tarafindan 22AG019 numarali hibe ve
BAGEP aracihigiyla Bilim Akademisi Odiilii ile desteklenmistir.

Anahtar Kelimeler: Anaerobik ¢liritme, mikrobiyal elektroliz hiicresi, tampon, sigir glibresi
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IMPACT OF BUFFERS ON ANAEROBIC DIGESTION - MICROBIAL ELECTROLYSIS CELL
INTEGRATION SYSTEMS TREATING CATTLE MANURE
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Anaerobic digestion is a promising technology for converting organic waste, such as cattle
manure, into valuable biogas and nutrient-rich digestate. Recently, an increasing interest has
emerged with the aim of improving the effectiveness and durability of anaerobic digestion
procedures through inventive integration strategies. Cattle manure is a significant source of
organic waste that poses environmental challenges due to its high organic content and nutrient
load. Anaerobic digestion offers a viable solution to these challenges by converting the organic
matter in cattle manure into biogas, a renewable energy source, and digestate, a nutrient-rich
fertilizer. However, the efficiency of anaerobic digestion can be limited by factors such as volatile
fatty acid (VFA) accumulation, long solids residence time (SRT), pH changes, and excess ammonia
(Wang et al., 2021). To address these limitations, the integration of microbial electrolysis cells
(MECs), which employ electroactive microorganisms to promote CO2 and proton production, can
enhance the overall process efficiency. Microbial electrolysis cells are bioelectrochemical systems
that utilize bacteria to facilitate the electrolysis of organic matter and convert it into methane and
other reduced compounds while producing electrical current by applying a small voltage (0.2-0.8
V) (Zakaria and Dhar, 2019). This integration improves the degradation of complex organic
molecules in organic waste and harnesses the energy stored in these compounds to produce a
valuable byproduct, hydrogen. The generated hydrogen can be used as an energy carrier or
further converted into methane through a process called microbial methanogenesis, thus
increasing the overall energy yield of the AD system. Buffers such as phosphate-buffered saline
(PBS) and carbonate buffer (CB) are used in AD-MEC systems due to balancing pH (caused by VFA
accumulation) and reducing internal resistance. Increased buffer concentration decreases the
resistance caused by bulk solution, resulting in accelerated electron transfer and enhanced AD-
MEC performance. Xu et al., (2020) investigated the effect of PBS on AD-MEC systems and found
that using 50 mM PBS with alkaline pre-treated sludge as substrate increased methane
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production by about 40% more than control. However, there is still a gap in buffer usage in AD-
MEC systems with cattle manure substrate. In this study, various concentrations of PBS (10, 20,
35, and 50 mM) and CB (30, 60, 90, and 120 mM) were tested to assess their influence on AD-
MEC performance with cattle manure substrate. Experimental results demonstrated that AD-MEC
reactors with 50 mM PBS produced the highest current density (0.23 mA/cm2) while no PBS
reactor produced the lowest peak current density (0.04 mA/cm?2) indicating a positive effect of
PBS on the current generation. Similarly, among CB reactors, the highest peak current density was
produced by a 120 mM CB reactor (0.18 mA/cm2) while the lowest peak current density was
produced by no buffer reactor (0.02 mA/cm2). However, AD-MEC reactors with no buffer had the
highest methane yields in both PBS and CB reactors (302.8 mL CH4/g VS added and 364.97 mL
CH4/g VS added, respectively). On the other hand, the reactors set with the highest
concentrations of PBS (50 mM) and CB (120 mM) had the lowest methane yields with 200.7 mL
CH4/g VS added and 222.15 mL CH4/g VS added, respectively. Increased concentrations of both
buffers caused a reduction in methane yield in AD-MEC reactors. Hence, PBS and CB cause an
inhibition in the AD part and an enhancement in the MEC part of AD-MEC systems.

Acknowledgements: This work was supported by the Middle East Technical University (METU)
Office of Sponsored Research grant number TEZ-YL-311-2023-11145, the Scientific and
Technological Research Council of Turkey (TUBITAK) Supporting Excellence Centers grant number
22AG019 and the Science Academy Award through BAGEP.
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SIGIR GUBRESI ILE BESLENEN ANAEROBIK CURUTUCU-MIKROBIYAL ELEKTROLIZ
HUCRESI (AC-MEH) SISTEMINDE KATOT POTANSIYELININ METAN VE HIDROJEN URETIMI
UZERINDEKI ETKISININ ARASTIRILMASI
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Yiksek miktarda hayvan glibresi tiretilmesi ile giftciler ve devlet kurumlari stirekli olarak ekonomik
ve cevresel zorluklarla karsilasmaktadir. Aralik 2021'de Tiirkiye'de toplam 17,8 milyon sigir varlig
kaydedilmistir (TUIK, 2022). Tek bir sigir hayvan yilda yaklasik 14,5 ton yas giibre {retebilir ve bu
da yillik bazda yaklasik 259 milyon tonluk bir toplu ¢iktiya neden olur (Atelge, 2021). Hayvansal
atiklarin yetersiz yonetimi, hayvan kaynakli enfeksiyonlarin yayilmasi, ylizey ve yeralti sularinin
kirlenmesi gibi 6nemli cevresel sonuglara yol agabilmektedir (Nasirvd., 2012). Anaerobik ¢lritme
(AC), biyogaz uretimi ile birlikte sigir giibresinin aritilmasinda faydali bir proses olarak kabul
edilmektedir. Bununla birlikte, AC slrecinin uzun hidrolik bekletme sireleri, disuk verimlilik ve
degisken performans gibi cesitli kisittamalan vardir (Zhao vd., 2021). Bu kisitlamalarin tstesinden
gelmek icin AC-mikrobiyal elektroliz hticresi (AC-MEH) teknolojisi gelistirilmistir (Zakaria ve Dhar,
2019). Bununla birlikte, AC-MEH sistemleri icin uygun baslatma proseddrlerine iliskin kapsamli
arastirmalar sinirlh kalmaktadir. Bu galisma, biyoelektrotlar olarak adlandirilan biyofilm éncesi
elektrotlarin performansini bakir elektrotlarinkiyle karsilastirarak biyofilm olusumunun reaktor
baslatma Uzerindeki etkisini incelemeyi amaglamaktadir.

Aktif hacmi 65 mLolan tekb6Imeli MEH'lerde anot olarak grafit plakalar ve katot olarak paslanmaz
celik elek kullanilmstir. Sigir glibresi ve anaerobik c¢lritlici camuru sirasiyla besi stogu ve asi
kiltlrd olarak kullanilmistir. Reaktorler iki replika olarak 35°C’de isletilmistir. AC-MEH isleminden
once elektrotlar lizerinde 6n biyofilm olusumu gerceklestirilmistir. Ardindan, biyoelektrotlar tek
bolmeli reaktorlere aktanimistir. Ayrica, bakir elektrotlar kontrol olarak tek bélmeli reaktorlere
yerlestirilmistir. Konvansiyonel AC (Konv. AC), acik devre (AD) ve asi kiltliri kontroll reaktorleri
kontrol olarak kurulmustur. Ug farkli katot potansiyelleri: (1) -0,9 V, (2) -1V ve (3) -0,95 V (Ag/AgCl
karsisinda) ile beslemeli kesikli olarak isletilmistir.
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Metan ve hidrojen Uretimi li¢ set boyunca izlenmistir. Reaktor performanslarini karsilastirmakicin
metan verimleri hesaplanmistir. Biyoelektrot reaktorleri -0,95 V katot potansiyelinde en fazla
metani Gretmistir (454 + 13 mL CH4/g Ucucu kati madde (UKM)). Bu artis Konv. AC reaktorlerine
kiyasla %105'tir. Bakir elektrot reaktorleri ise -0,9 V ve 0,95 V katot potansiyellerinde benzer
miktarda metan Uretmistir, ancak tretim hizi -0,9 V katot potansiyelinde daha yiksektir.

Biyoelektrot reaktoriiniin metan verimi -0,9 V katot potansiyelinde ise Bakir elektrota kiyasla daha
dlsliktlr (305 + 11 mL CH4/g UKM). Konv. AG reaktorleriile karsilastirildiginda, metan verimi artigi
Bakir elektrot ve Biyoelektrot reaktérleri igin sirasiyla %51 ve %37’dir. Ayrica, Konv. AC ve AD
kontrolleri li¢ sette de benzer miktarlarda metan iiretmistir. Ote yandan, -1 V katot potansiyeli
voltaji uygulanan reaktorlerde daha az metan Uretimi gozlemlenmistir. Bu nedenle, ikinci set
inhibisyon nedeniyle sadece 9 giin slirmistir. Reaktorlerin hidrojen kismi basinci 0,57 atm olup,
bu deger inhibitor degerlerden 6nemli 6lglide yliksektir (Kutlar vd., 2022).

Kimdlatif metan verimi grafikleri modifiye edilmis Gompertz ile modellenmistir. Konv. AC ve AD
reaktorlerinin benzer metan Uretim hizlarina sahip oldugu gorilmiustiir. Genel olarak, AC-MEH
sistemi Gretim hizini artirmis ancak reaktor baslatma siresini azaltmamistir. En yiiksek metan
uretim hizi -0,95 V katot potansiyelinde Biyoelektrot reaktorlerinde gézlenmistir (24,2 mL CH4/g
UKM/giin). Bu hiz Konv. AC reaktorlerine kiyasla %41 daha ylksektir.

Genel olarak, Biyoelektrot reaktori -0,95 V katot potansiyelinde calistinldiginda maksimum
performansa sahip olmustur. Bu durum, kontrollii bir ortam altinda 6n biyofilm olusumunun
ylksek katot potansiyellerinde kayda deger avantajlar sagladigini géstermektedir.

Tesekkiir: Bu ¢calisma Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK) Oncelikli Alanlar
Ar-Ge Projeleri Destekleme Programi (Proje no: 218 M854) ve Bilim Akademisi tarafindan BAGEP
aracihgiyla desteklenmistir.
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INVESTIGATING THE EFFECT OF CATHODE POTENTIAL ON METHANE AND HYDROGEN
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Persistent economic and environmental challenges are encountered by farmers and
governmental entities due to high amounts of animal manure. In December 2021, Turkey
recorded a total cattle population of 17.8 million (TUIK, 2022). Single cattle can generate
approximately 14.5 tons/year of wet manure, resultingin a collective output of nearly 259 million
tons on an annual basis (Atelge, 2021). Inadequate management of animal waste can result in
significant environmental consequences, such as the release of animal-borne infections, and the
contamination of surface and groundwater (Nasir et al., 2012). Anaerobic digestion (AD) is well
recognized as a beneficial process in the treatment of cattle manure due to the production of
biogas. However, the AD process has several bottlenecks, such as extended hydraulic retention
times, poor efficiency, and unstable performance (Zhao et al., 2021). AD-microbial electrolysis cell
(AD-MEC) has been developed to overcome these limitations (Zakaria and Dhar, 2019). However,
comprehensive research on appropriate start-up procedures for AD-MEC systems remains
limited. This study aims to examine the influence of biofilm formation on reactor start-ups by
comparing the performance of pre-biofilm electrodes, referred to as bioelectrodes, with that of
bare electrodes.

Single chamber MECs with an active volume of 65 mL were used with graphite plates as the anode
and stainless-steel mesh as the cathode. Cattle manure and anaerobic digester sludge were used
as feed and inoculum, respectively. All tests were conducted in duplicate at 35°C. Pre-biofilm
formation on electrodes was performed before the AD-MEC operation. Then, bioelectrodes were
transferred to a single-chamber reactor. Also, bare electrodes were placed in a single chamber
reactor as a control. Conventional AD (Conv. AD), open circuit (OC), and blank reactors were set
as controls. Three fed-batch cycles were employed with different cathode potentials: (1) -0.9 V,
(2)-1V, and (3) -0.95 V vs. Ag/AgCl.
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Methane and hydrogen production were monitored during three cycles. Methane yields were
calculated to compare reactor performances. The Bioelectrode reactors produced the most
methane at —0.95 V cathode potential (454 + 13 mL CH4/g VS). The increase in yield is 105%
compared to Conv. AD reactors. The Bare electrode reactors produced a similar amount of
methane at - 0.9V and 0.95 V cathode potentials, but at different rates.

The methane yield of the Bioelectrode reactor (305 + 11 mL CH4/g VS) was lower compared to
the Bare electrode at -0.9 V cathode potential. Compared to Conv. AD reactors, methane yield
increased by 51% and 37% for Bare electrode and Bioelectrode, respectively. Additionally, Conv.
AD and OC controls produced similar amounts of methane per cycle. On the other hand, at -1V
cathode potential voltage-applied reactors produced less methane. Thus, the second cycle lasted
only 9 days due to inhibition. The hydrogen partial pressure of the reactors was 0.57 atm, which
is significantly higher than inhibitory values (Kutlar et al. 2022).

The cumulative methane yield plots were fitted by the modified Gompertz model. It was observed
that the Conv. AD and OC reactors had similar methane production rates. In general, the AD-MEC
systems increased the rate but did not decrease the reactor start-up time. The highest methane
production rate was observed for the Bioelectrode reactors at -0.95 V cathode potential (24.2 mL
CH4/g VS/d). This rate was 41% higher than Conv. AD reactors.

In general, the Bioelectrode reactor had the maximum performance when operated at a cathode
potential of -0.95 V. This suggests that pre-biofilm formation in a controlled environment yields
notable advantages in the presence of elevated cathode potentials.

Acknowledgments: This work was supported by the Scientific and Technological Research
Council of Turkey (TUBITAK) Priority Areas R&D Projects Support Program (Grant no: 218M854)
and the Science Academy through BAGEP.
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Dogal kaynak ve hammadde tiketimini en aza indirgemek amaciyla yeniden kullanim, geri
donisim ve yenilenebilir enerji kullanimini benimseyen doénglsel ekonomi (DE), dogrusal
ekonomiye alternatif olarak olusturulmus bir ekonomi modelidir. Dénglisel ekonominin en énemli
uygulamalarindan biri, yeni is firsatlari yaratma, atik bertaraf maliyetlerini azaltma ve kaynak
verimliligini artirma amaaiyla lretim tesisleri arasinda atik ve yan Urlnlerin degisimini saglayan
endustriyel simbiyozdur (ES). Basta AB Uyesi lilkeler olmak lizere bircok (ilkede basariyla hayata
gecirilmis ve surdirilebilirligi tesvik ederek cevresel etkiyi azaltma potansiyeli kanitlanmis ES
uygulamalari Avrupa Yesil Mutabakati'na uyum agsamasinda olan Glkemizin DE’ye gegisi icin blylik
onem arz etmektedir. Bu ¢alisma, Adana Haci Sabanci Organize Sanayi Bolgesi'nde (AOSB) 11 alt
imalat sektériinde faaliyet gosteren 22 pilot sanayi firmasinin lretim prosesleri kapsaminda,
hammadde, Grlin ve yan Grin ile atik miktari, su ve enerji tiketimi gibi verilerini kullanarak
optimum bir ES modeli olusturmayr amaclamaktadir. Bu kapsamda ilk olarak firmalann Gretim
hatlari, hammadde-iriin giris cikislari, atik olusan noktalarn ve atiklarin tip ve miktarlari ile enerji
tiketimiyle ilgili bilgiler deger akis haritalarn yardimiyla gorsellestirilecektir. Daha sonra, her
firmanin atik ve girdileri olusturulan veri tabani sayesinde dinamik olarak izlenerek firmalar
arasinda potansiyel ES eslesmeleri senaryolastirilacaktir. En sonunda da, olusturulan ES
senaryolari Ecoinvent 3.0 veritabani ve CML2001 ydntemi vasitasiyla yasam doénglisii analizine
(YDA) tabi tutularak cevresel etkinin en aza indirgendigi ve ekonomik kazanimin maksimize

78



S G

o . o <3

11.ULUSAL KATI ATIK YONETIMi KONGRESI (UKAY 2023) BiLDiRi OZETLERI ¢ N
KAKAD

edildigi optimum bir ES modeli olusturulacaktir. Calisma neticesinde elde edilen bulgular, YDA
yardimiyla optimum ES modelinin belirlenebilmesine, Tirkiye’deki OSB’lerde ES uygulamalarini
tesvik edilmesine ve organize sanayi bolgelerinin eko-endistriyel parka dontstlrilmesi icin
yurlrlige konulmasi gereken ulusal stratejinin ve yol haritasinin olusturulmasina katki
saglayacaktir.

Anahtar Kelimeler: Dongiisel ekonomi, yasam dongistu analizi, endistriyel simbiyoz, eko-
endustriyel park
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AN INDUSTRIAL SYMBIOSIS MODEL SUPPORTED BY LIFE CYCLE ASSESSMENT
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Volkan S. Ediger®

lizmir Institute of Technology, Department of Environmental Engineering, Giilbahce Campus,
35430, Urla, izmir, Tiirkiye

2jzmir Institute of Technology, Department of Mechanical Engineering, Giilbahce Campus,
Sakarya Caddesi No:156, 35330, Balcova, izmir, Tiirkiye

3Dokuz Eylul University, Faculty of Business Administration, Department of Economics in English,
Tinaztepe Campus 35390 Buca, izmir, Tirkiye

“Alparslan Turkes Alpaslan Science and Technology University, Department of Computer
Engineering, , Saricam, Adana, Tlrkiye

SKadir Has University, Energy Systems Engineering, 34083, Fatih, istanbul, Tiirkiye

Emphasizing the reuse, recycling, and use of renewable energy to minimize natural resources and
raw material consumption, the circular economy is an alternative model to the linear economy.
Industrial symbiosis (IS) is one of the most significant applications of the circular economy,
promoting the exchange of waste and by-products among production facilities to create new
business opportunities, reduce waste disposal costs, and enhance resource efficiency. IS practices
have successfully been implemented in many countries, especially among EU member states, and
demonstrated the remarkable potential to reduce environmental impact as well as promote
sustainability. Applying these practices holds significant importance for our transition towards a
circular economy as a nation, that aligns with the European Green Deal. This study aims to
develop an optimal model for IS through the analysis of data obtained from 22 industrial firms
operating in 11 sub-manufacturing sectors within the Adana Hac Sabanci Organized Industrial
Zone (AOSB). The data includes information on raw materials, product and by-product types and
guantities, waste generation, water, and energy consumption. Within this framework, firstly, the
production lines of the firms, the inflow and outflow of raw materials and products, points of
waste generation, as well as the type and quantity of generated waste and energy consumption-
related data will be visualized usingvisual stream mapping techniques. Subsequently, the waste
and inputs of each firm will be dynamically monitored through a database, and potential IS
matches among the firms will be scenario-planned. Ultimately, the generated IS scenarios will be
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subjected to a comprehensive Life Cycle Analysis (LCA) via Ecoinvent 3.0 database and CML2001
method in order to establish an optimal IS model that minimizes environmental impact while
maximizing economic gains. The findings of this study will contribute to the determination of an
ideal IS model through LCA, the promotion of IS applications within industrial zones in Tirkiye,
and the formulation of a national strategy and roadmap to be implemented for the
transformation of organized industrial zones into eco-industrial parks.

Keywords: Circular economy, life cycle assessment, industrial symbiosis, eco-industrial park
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ARDAHAN iL MERKEZINDE KATI ATIK TOPLAMA VE TASIMA OPTIMiZASYONU

Mustafa AKGUN

Ardahan Universitesi, Cevre Miihendisligi B6limii, mustafa.akgun@ardahan.edu.tr, 0000-0002-
7172-1855

Ardahan ilinde kati atiklarin toplanmasi ve tasinmasi belediye tarafindan belli saatlerde degisik
yerlere konumlandirilmis konteynirlardan sikistirmali ¢cop araglari ile yapilmaktadir. il genelinde
kati atiklarin toplanmasinda iki ana problem gbze ¢arpmaktadir. Birincisi; ¢cop kamyonlarinin
depolama sahasina fazla sayida sefer yapmasi, ikincisi ise halkin ¢op toplama saatlerine 6zen
gostermeyisidir.

Bu calismada; Ardahan kent merkezindeki kati atik verilerinin kullanilarak atiklarin toplanmasi ve
tasinmasi icin bir plan belirlenmesi amaclanmistir. Belediyeden alinan veriler dogrultusunda
Ardahan kent merkezi kati atiklarin toplanmasi icin 600 adet konteynir ve 450 adet diret tipi ¢cop
kutusu kullanildigi ve bu atiklarin tasinmasi ise 7 adet ¢6p kamyonu kullanildigi tespit edilmistir.
Cop kamyonlari glinde 3 sefer ¢op depolama alanina gidip gelmektedir. Mevcut ¢6p depolama
alaninin merkeze uzaklig 6 km dir. Tasima ve toplama optimizasyonunun saglanabilmesi i¢cin 600
adet konteynirin ve 450 adet direk tipi ¢op kutusunun yeterli olacagl gorilmistir. Ardahan
belediyesinde mevcut olan 7 tane sikistirmali ¢op toplama ve tasima arag sayisinin yeterli oldugu,
ancak 5 tonluk araclarin kapasitelerinin 10 tonluga cikarilarak ¢6p toplama alanina yapilan
seferlerin azalacagl ve birka¢ mahallenin daha atiginin toplanabilecegi 6ngérilmektedir. Bunun
sonucu olarak ¢6p toplama ve tasima maliyetinin azalacagl ve veriminin artacagi
distindlmektedir.

Yapilan bu g¢alisma sonucunda Ardahan kent merkezi kati atiklarin toplanmasi ve tasinmasi
optimizasyonunu saglamak amacli asagida belirtilen 6nerilerin uygulanmasi uygun olacaktir.

1.Kati atiklarin yonetiminde verimi artirip, masrafi distirmek igin iyi bir organizasyon
hazirlanmalidir.

2.Kati atiklarda geri kazanilabilir maddeler degerlendirilebilir.
3.Mevcut diizensiz depolama alani diizenlenerek dogaya kazandinlabilir.

4 Kati atiklarin azaltilmasi, siniflandirilarak biriktirilmesi, verimli bir sekilde toplanmasi ve
tasinmasi, nihayet diizenli bir depolama yapilmasi hususlarinda halkin egitilmesi uygun olacaktir.

Anahtar Kelimeler: Ardahan, Diizenli depolama, Kati atik, Maliyet
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SOLID WASTE COLLECTION AND TRANSPORT OPTIMIZATION IN ARDAHAN CITY CENTER

Mustafa AKGUN

Ardahan University, Department of Environmental Engineering,
mustafa.akgun@ardahan.edu.tr, 0000-0002-7172-1855

In the province of Ardahan, the collection and transportation of solid wastes is carried out by the
municipality using compressed garbage trucks from containers located at different locations at
certain hours.

There are two main problems in the collection of solid wastes throughout the province. First one;
The second is that the garbage trucks make a large number of trips to the landfill, and the second
is that the public does not pay attention to the garbage collection times.

In this study; It is aimed to determine a plan for the collection and transportation of wastes using
the solid waste data in Ardahan city center. In line with the data obtained from the municipality,
it was determined that 600 containers and 450 diret type garbage bins were used for the
collection of solid wastes in Ardahan city center and 7 garbage trucks were used to transport
these wastes. Garbage trucks go to and from the landfill 3 times a day. The existing garbage
storage area is 6 km from the center. It has been observed that 600 containers and 450 pole-type
garbage bins will be sufficient to optimize the transport and collection. It is envisaged that the
number of compressed garbage collection and transportation vehicles available in Ardahan
municipality is sufficient, but the capacity of 5-ton vehicles will be increased to 10 tons and the
trips to the garbage collection area will decrease and the waste of a few more neighborhoods
may be collected. As a result, it is thought that the cost of garbage collection and transportation
will decrease and its efficiency will increase. As a result of this study, it will be appropriate to apply
the following recommendations to optimize the collection and transportation of solid wastes in
Ardahan city center.

1. A good organization should be prepared in order to increase efficiency and reduce costs in the
management of solid wastes.

2. Recyclable materials can be used in solid wastes.
3. The existing irregular storage area can be arranged and brought to nature.

4. It would be appropriate to educate the public about the reduction of solid wastes, their
classification and storage, efficient collection and transportation, and finally a regular storage.

Keywords: Ardahan, Landfill, Solid waste, Cost
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TURKIYE'DE TEHLIKELI ATIK URETIM ORANINI BELIRLEMEYE YONELIK BIR TAHMIN
MODELI

Esra ATES?, Selim Latif SANiIN2
Artvin Coruh Universitesi, esra_ates@artvin.edu.tr, 0000-0002-4550-8612

?Hacettepe Universitesi, sanin@hacettepe.edu.tr, 0000-0003-2971-8385

Endlstri ve teknoloji alanindaki gelismeler birgok ¢evresel problemi de beraberinde
getirmektedir. Bu problemlerden bir tanesi her gecen yil artan kati atik miktaridir. Olusan atik
miktarinin net olarak hesaplanmasi, 6zellikle de halen daha tehlikesiz atiklarla karistirilan tehlikeli
atik miktarinin hesaplanmasi zor ve kati atik alaninda ele alinmasi gereken 6nemli biristir. Yapilan
bu calismanin amaci, tehlikeli atik miktarini etkileyen parametreleri arastirarak Tirkiye'deki
tehlikeli atik tGretim hizinin tahmin edilmesine yonelik bir yontem gelistirmektir. Arastirmanin
metodolojisi 6 modilden olusmaktadir: tarihsel veri elde etme, gerekiyorsa varsayimlarda
bulunma, gostergelerin secimi, STATGRAFIK ile veri isleme-veri analizi ve son olarak tehlikeli atik
miktarinin tahmin edilmesi. Bu model gelistirilirken gelismislik dizeyleri Tirkiye yakin olan 10
Avrupa Ulkesi secildi: Norveg, Almanya, Belcika, Fransa, ispanya, italya, Yunanistan, Polonya,
Macaristan ve Bulgaristan. Bu Ulkelerin verileri kullanilarak yedi model elde edildi. Bu modeller
kullanilarak Tirkiye’nin tehlikeli atik miktari hesaplandi ve hesaplanan bu degerlerle TUIK'ten elde
edilen tehlikeli attk miktari degerleri karsilastirildi. Sonug olarak elde edilen modeller arasindan,
Model 3, 4 ve 6'nin Tirkiye'deki tehlikeli atik miktarinin tahminiigin kullanilabilecegi tespit edildi.
Ancak son vyillarda Tirkiye'ye olan atik ihracati dikkate alindiginda tehlikeli atik miktarinin
belirlenmesinde Model 3 ve 4'lin kullaniilmasinin daha dogru olacag bulundu. Model 3 ve Model
4’'in Turkiye icin daha uygun oldugu gortilse de Belarus gibi diger AB disi tlkeler bu modeller icin
incelendiginde Model 6’'nin genel olarak daha dogru degerler verdigi anlasildi. Buradan yola
cikarak, tehlikeli atik miktarina iliskin herhangi bir bilginin bilinmedigi durumlarda, tehlikeli atik
miktarinin tahminineiliskin iyi bir baslangic elde edebilmekicin Model 6'nin kullanilmasinin uygun
olabilecegi belirlendi.

Anahtar Kelimeler: Avrupa istatistikleri, Denklem, Tehlikeli atik gostergeleri, Tehlikeli atik
miktari, Yontem
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A FORECAST MODEL TO DETERMINE HAZARDOUS WASTE GENERATION RATE IN TURKIYE

Esra ATES?, Selim Latif SANIN?2
Artvin Coruh University, esra_ates@artvin.edu.tr, 0000-0002-4550-8612

Hacettepe University, sanin@hacettepe.edu.tr, 0000-0003-2971-8385

Developments in industry and technology bring with them many environmental problems. One
of these problems is the amount of solid waste increasing every year. The calculation of the
amount of waste generated exactly, especially the amount of hazardous waste that is still mixed
with non-hazardous waste, is a difficult and important task that needs to be addressed in the field
of solid waste. The aim of this study is to develop a method for estimating the hazardous waste
production rate in Turkey by investigating the parameters affecting the amount of hazardous
waste. The methodology of the research included 6 modules: historical data obtainment, making
assumptions if necessary, choose of indicators, data processing and data analysis with
STATGRAPHICS, and forecast hazardous waste amount. While developing this model, 10
European countries with similar development levels to Turkey were selected: Norway, Germany,
Belgium, France, Spain, Italy, Greece, Poland, Hungary and Bulgaria. Seven models were obtained
using the data of these countries. Using these models, Turkey's hazardous waste amount was
calculated and these calculated values were compared with the hazardous waste amount values
obtained from TURKSTAT. As a result, it was determined thatamong the models obtained, Models
3, 4 and 6 could be used to estimate the amount of hazardous waste in Turkey. However,
considering the waste exports to Turkey in recent years, it was found that it would be more
accurate to use Models 3 and 4 in determining the amount of hazardous waste. Although Model
3 and Model 4 were seen to be more suitable for Turkey, when other non-EU countries such as
Belarus were examined for these models, it was understood that Model 6 generally gave more
accurate values. Based on this, it was determined that in cases where no information about the
amount of hazardous waste is known, it may be appropriate to use Model 6 to get a good start
on estimating the amount of hazardous waste.

Keywords: Equation; European statistics; Hazardous waste amount; Hazardous waste
indicators; Method
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TURKIYE'DE INSAAT MALZEMELERININ YAYGIN YASAM SONU YONETiMi UZERINE BiR
INCELEME

Deniz Uger Erduran

Bilkent Universitesi, Mimarlik Boliimu, deniz.ucer@bilkent.edu.tr, 0000-0001-7284-7209

Betonarme, metaller ve i1si yalitimi malzemelerine odaklanan bu calisma, Ankara'da temel yapi
malzemelerinin bina yikildiktan sonra nasil bir yol izledigini incelemistir. Belediyenin mevcut kural
ve diizenlemelerine uygun olarak bu malzemeler yasam dongllerinin sonraki asamalariicin farkh
rotalarizlemistir. Metaller eritilip geri donistirilms, 1si yalitimi entegre bir atik yonetimi tesisine
tasinmis ve ¢elik donati ayrildiktan sonra beton kiriklari hafriyat sahasina aktarilmistir. Bu Ug yer
(belediyenin hafriyat alani, ticari bir metal geri donlisiim tesisi ve 6zel bir endistriyel atik yénetim
tesisi) ziyaret edilmis ve prosedirler fotograflar araciligiyla belgelenmistir. Uygulamalilarin
degerlendirilmesi amaciyla bu tesislerin mevcut durumuna iliskin bir rapor olusturulmustur.
Malzemelerin gizli potansiyelini daha iyi kullanmak amaciyla kullanim édmri sonu yonetiminin
iyilestiriimesine yonelik 6nerilerde bulunulmustur.

Anahtar Kelimeler: Beton, isi yalitimi, aliminyum, celik, yasam sonu
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AN INVESTIGATION ON COMMON END-OF-LIFE MANAGEMENT OF CONSTRUCTION
MATERIALS IN TURKEY

Deniz Uger Erduran

Bilkent University, Department of Architecture, deniz.ucer@bilkent.edu.tr, 0000-0001-7284-
7209

With a focus on reinforced concrete, various metals, and thermal insulation, this study examined
how the primary building materials are handled in Ankara, Turkey, after the building being
demolished. In accordance with the municipality's current rules and regulations, these materials
follow different paths for the subsequent stages of their life cycle. The metals are melted and
recycled, the thermal insulation is transported to an integrated waste management facility, and
after the reinforcement has been removed, the concrete is landfilled. These three locations—the
municipality's disposal area, a commercial metal recycler, and the privately run waste
management facility the municipality initiated—were visited, and the procedures were
documented through photographs. In order to assess the applications, a report on the current
state of these facilities was created. Suggestions for improving the end-of-life management were
made in order to better utilize the potential of materials.

Keywords: Concrete, thermal insulation, aluminium, steel, end of life
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AGRO-EKOLOJIK KOMPOST URETIMI

Emel Atillal, Canan Koca?, Mehmet Gengosmanogullari®, M.Fatih Peker*, Fatih Hosoglu®

LISTAC Inc. Istanbul Environment Management Industry and Trade Company, 34379,
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3|ISTAC Inc. Istanbul Environment Management Industry and Trade Company, 34379,
Sisli/Istanbul mgencosmanogullari@istac.istanbul

41STAC Inc. Istanbul Environment Management Industry and Trade Company, 34379,
Sisli/Istanbul fpeker@istac.istanbul

>|ISTAC Inc. Istanbul Environment Management Industry and Trade Company, 34379,
Sisli/Istanbul fhosoglu@istac.istanbul

Son zamanlarda Ulkemizde evsel atiklarin organik kismi igin kuru tip biyogaz tesisleri
kurulumu yayginlasmaktadir. Bu tesislerde elektrik enerjisi Gretimi saglansa da olusan kati
fermente Uriinden elde edilen kompostun, giristeki organik atiklarin safsizligindan dolay
verimi ve kalitesi dustktir. Ayrica Uretim maliyetleri daha saf organik girdiyle uUretilen
kompost proseslerine gore daha yiksek kalmaktadir. Bu sebeple kati fermente Griinin
degerlendirilmesi icin daha az karistirma ve sulama ihtiyaci olan 6zel bir bakteri kiltiiri
asilayarak desteklenen bokashi yontemi ile kompost liretimi calismasi yapilmistir. Calismada
kati fermente Urin, hayvan glibresi ve park bahge atiklari iceren farkli kompozisyonlarda 4
yigin olusturulmustur. Yiginlarda kati fermente Urilin, hayvan gilibresi ve park bahge atiklari
agirhkea 1. Yigin, % 77,8:11,1:11,1 , 2.Yigin % 60:20:20, 3. Yigin % 40:30:30, 4. Yigin %
12,5:50:37,5 olacak sekilde karistirilmistir. 12 hafta boyunca Uzeri 151k gecirmez brandayla
orttld ortamda bekletilerek agro-ekolojik kompost lretilmistir. Bu slire¢ sonrasi yiginlar 15
mm’lik eleklerden gegirilmis ve 1. Yiginda %64,5, 2. Yiginda %28,4 , 3. Yiginda %20,3 , 4.
Yiginda %88,9 elek alti Urlin elde edilmistir.Her yigin i¢in “Tarimda Kullanilan Organik,
Mineral Ve Mikrobiyal Kaynakli Glbrelere Dair Yonetmelik’” kapsaminda nihai (rin igin
istenen analizler yapilmistir. Ayrica ¢cimlendirme deneyi yapilarak ortalama %80 ¢cimlenme
gozlenmistir.

Anahtar Kelimeler: Bokashi, Agro-Ekolojik Kompost, Fermente Uriin, Kompost
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AGRO-ECOLOGICAL COMPOST PRODUCTION
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Sisli/Istanbul fhosoglu@istac.istanbul

Recently, the establishment of dry type biogas plants for the organic part of domestic waste has
become widespread in our country. Although electrical energy is produced in these facilities, the
yield and quality of the compost obtained from the solid fermented product is low due to the
impurities of the organic wastes at the entrance. Additionally,production costs remain higher
than compost processes produced with pure organic input. For this reason, compost production
study was carried out with the bokashi method supported by inoculating a special bacterial
culture that needs less mixing and irrigation for the evaluation of the solid fermented product. In
the study, 4 batches of different compositions containing solid fermented product, animal
manure and park and garden waste were constituted. Solid fermented products, animal manure
and park and garden wastes in batches by weight 1st Batch, % 77.8:11.1,1:11.1 , 2nd Batch %
60:20:20, 3rd Batch % 40:30:30, 4th The batch was mixed to 12.5:50:37.5%. The agro-ecological
compost was produced by keepingitin an environment covered with a lightproof tarpaulin for 12
weeks. After this process, the batches were passed through 15 mm sieves and 64.5% in the 1st
batch, 28.4% in the 2nd batch, 20.3% in the 3rd batch, and 88.9% in the 4th batch were obtained.
For each batch, the required analyzes were made for the final product within the scope of the
"Regulation on Organic, Mineral and Microbial Fertilizers Used in Agriculture". In addition,
germination test was performed and an average of 80% germination was observed.

Key Words: Bokashi, Agro-Ecological Compost, Fermented Product, Compost
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ARDAHAN iLi HAYVANSAL ATIKLARINDAN BIiYOKOMUR URETIM POTANSIYELINIiN

BELIRLENMESI

Nesrin DURSUN 1*

'Ardahan  Universitesi, Cevre Saghg Ana Bilim Dal, Ardahan, Tirkiye,
nesrindursun@ardahan.edu.tr

Biyokomur toprak (gozeneklilik, su tutma kapasitesi, pH, katyon degisim kapasitesi gibi)
ozelliklerini iyilestirme, Grlin verimliligini arttirma ve sera (CO2, CH4, N20) gaz
emisyonlarini azaltma ozellikleri nedeniyle, diinya genelinde arastirmacilarin odak noktasi
haline gelmistir. Biyokdmdir UGretimi igin, cesitli tipte organik atiklarin kullanildig
bildirilmistir. Calismada, tretim yontemi olarak, farkli piroliz kosullarinda elde edilen kati
Urlnlerin dontisim orani, en yiksek % 35 oran ile yavas piroliz yonteminde oldugu igin, bu
yontem orani tercih edilerek hesaplama yapilmistir. Arastirmada, hayvansal (retim
faaliyetlerinin yogun yapildigi Ardahan ilinde, hayvansal atiklarin kullanimi ile elde
edilebilecek biyokomiir'lin donlisim potansiyeli belirlenmigstir. Atik miktarini bilmek, iyi bir
atik yénetimi icin &nem arz etmektedir. Bu kapsamda, Tiirkiye istatistik Kurumu'nun 2015,
2016, 2017, 2018 ve 2019 yili Hayvancilik istatistikleri datalari kullanilmistir. Biyokémiir
Uretim potansiyelinin belirlenmesinde bilyikbas (sit sigirlan), kiiglikbas (stit veren koyun
ve keci) ve kiimes (yumurta tavugu, hindi, kaz ve 6rdek) hayvan sayilari dikkate alinarak, atik
miktarlar tespit edilmistir. Calismada, hayvansal atik tipleri belirlenirken, barinaklarda kisa
streli bulunan/bulunabilecek hayvan gruplari, stirdlrllebilir olmadigi icin degerlendirmeye
alinmamistir. Ardahan ilinin 2015, 2016, 2017, 2018 ve 2019 yili hayvansal atik kaynakli
biyokdmiur donlisim potansiyeli; hayvan siniflarinin toplamina gére 270210 ton ve yillik
ortalama 54042 ton/yil olarak belirlenmistir. Biyokomir donlisim potansiyeli yillara gore;
2015 yilinda 53348 ton/yil, 2016 yilinda 49915 ton/yil, 2017 yilinda 51283 ton/yil, 2018
yilinda 53964 ton/yil ve 2019 yilinda 61700 ton/yil olarak saptanmistir. Hayvan sinifina gore
bes yil icinde en yiksek biyokdmir potansiyeli olan yil degerlendirildiginde, hayvan
siniflarinin kendi icinde en yliksek biyokémur potansiyeli; blyilkbas hayvanda 2019 yilinda
60551 ton/yil, kiiclikbas hayvanda 2019 yilinda 483 ton/yil ve kiimes hayvanda 2016 yilinda
722 ton/yil olarak tespit edilmistir. Hayvan sinifina gore her yil icin, en yiksek biyokomur
donlsim potansiyeli degerlendirmesi yapildiginda; tim yillarda biyilikbas hayvan atiklari
biyokomiur dénlisim potansiyelinin yaklasik % 98'ini olusturmustur.

Anahtar Kelimeler: Ardahan, Atik gerikazanimi, Biyokémir, Hayvansal atik
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DETERMINING THE POTENTIAL OF PRODUCTION BiOCHAR FROM ANIMAL WASTES OF
ARDAHAN PROVINCE

Nesrin DURSUN 1*

'Ardahan University, Department of Environmental Health, Ardahan, Turkey,
nesrindursun@ardahan.edu.tr

Biochar has become the focus of researchers worldwide due to its properties of improving
the soil (such as porosity, water holding capacity, pH, cation exchange capacity), increasing
product efficiency and reducing greenhouse (CO2, CH4, N20) gas emissions. It is reported
that various types of organic wastes are used for producing biochar. In this study,
calculations were made based on the rates of the slow pyrolysis method due to the fact that
the conversion rate of solid products obtained under different pyrolysis conditions was
highest in the slow pyrolysis with 35%. This study determined the transformation potential
of biochar, which could be obtained using animal wastes in Ardahan province, where
intense animal production activities were carried out. It is important to know the amount
of waste to perform a good waste management. In this context, the Livestock Statistics data
of 2015, 2016, 2017, 2018 and 2019 obtained from the Turkish Statistical Institute were
used. Waste amounts were identified by considering the number of bovine (dairy cattle),
ovine (milk giving sheep and goat) and poultry (laying hen, turkey, goose and duck) to
determine production potential of the biochar. In the study, while determining the types of
animal waste, animal groups that were found/could be found in shelters for a short period
of time were not considered since they were not sustainable. The potential of biochar
conversion from animal waste in Ardahan for the years of 2015, 2016, 2017, 2018 and 2019
was calculated as 270210 tons according to the total of animal species with an annual
average of 54042 tons/year. The conversion potential of biochar by years was determined
as 53348 tons/year in 2015, 49915 tons/year in 2016, 51283 tons/year in 2017, 53964
tons/year in 2018, and 61700 tons/year in 2019. When the year with the highest biochar
potential in five years according to the animal species was evaluated, the highest biochar
potential in the animal species was determined as 60551 tons/year for bovine in 2019, 483
tons/year for ovine in 2019, 722 tons/year for poultry in 2016. When the highest biochar
conversion potential assessment was made for each year according to the animal species;
bovine wastes accounted for approximately 98% of the biochar conversion potential in all
years.

Keywords: Ardahan, Waste recycling, Biochar, Animal waste
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PEYNIR ALTI SUYUNUN MANYETIK NANOPARTIKUL (MNP) iLE ARITILMASINDAN ELDE
EDILEN CAMURUN, GIDA VEYA YEM OLARAK KULLANIM POTANSIYELI

Yusuf Esen?, Mustafa Akgiin?, Révsen Giiliyev?

Teknik Bilimler Meslek Yiiksekokulu Gida isleme B&liimii, yusufesen@ardahan.edu.tr,
https://orcid.org/0000-0003-1173-0677

2Teknik  Bilimler Meslek Yiiksekokulu is Saghg ve Guvenligi Programi,
mustafaakgun@ardahan.edu.tr, https://orcid.org/0000-0002-7172-1855

3Muhendislik Fakultesi Cevre Mihendisligi Boélimi, rovsenguliyev@ardahan.edu.tr,
https://orcid.org/0000-0003-2396-8201

Peynir alti suyu, siit endistrisinden kaynaklanan blyiik bir cevre kirliligi sorunu olup, etkili
ve uzun vadeli bir ¢6ziim gerektirmektedir. Bliylik siit fabrikalarinda cevresel etkiyi azaltmak
icin ultrafiltrasyon teknolojisi veya isil pihtilastirma yontemleri benimsenmis olsa da orta ve
kiictik 6lcekli tesislerde bu teknolojiler ekonomik ve yerel nedenlerle uygulanabilir degildir.
Bu ¢alismada, Tiirkiye, Ardahan'da bulunan yerel peynir lireticilerinden temin edilen peynir
alti suyu, cevresel etkisini en aza indirmek icin MNP'lerle aritilmis ve islem sonucunda elde
edilen protein ¢amurunun gida ve yem endistrisinde kullannm potansiyeli
degerlendirilmistir. Yapilan calismalar sonucunda MNP geri kazanimi yaklasik %85 oraninda
gergeklestiginden diger yaklasik %15’lik kissm gamur igerisinde kalmistir. Cok farkli metotlar
denenmisse de geri kazanim orani artirlamamistir. Bu nedenle peynir alti suyu ¢gamurunun
protein oraniyaklasik %0,6 olmasina ragmen, icerisinde kalan %15’lik MNP (Fe304) kisminin
insan ya da hayvan beslenmesi acisindan riskli bulunmasindan dolayi gida veya yem katkisi
olarak kullanimina uygun olmadig sonucuna varilmistir. Her ne kadar belirli analizlerle,
¢amuricerisinde “Fe” iyonlarinin konsantrasyonu belirlenebilir olsa da bu demirformu Tirk
Gida Kodeksi Takviye Edici Gidalar Tebligi’ nde izin verilen formlar arasinda
bulunmamaktadir (TGK, 2013). Dolayisiyla MNP geri kazaniminin %100 olmasi
gerekmektedir. Ancak buna ragmen Fe304 formunun bitki ve hayvan beslemesinde
kullanilabilirligi ile ilgili calismalar bulunmakla birlikte bu ¢alismalardaki demir kaynaklari
bitkisel veya hayvansaldir. Yani calismamizda oldugu gibi kimyasal kaynakh degildir. Bunun
yani sira insan beslenmesi agisindan incelendigi calismalar oldukga sinirlidir. Gelecekte
yapilacak calismalarda MNP igeriginin tamaminin geri kazanilmasi i¢in metotlar gelistiriimesi
ve bu sayede camurun protein kaynagi olarak kullanilmasi énerilmektedir.

Anahtar Kelimeler: Manyetik Nanopartikil, peynir alti suyu, aritma, protein kaynag
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THE POTENTIAL USE OF SLUDGE OBTAINED FROM THE TREATMENT OF WHEY WITH
MAGNETIC NANOPARTICLES (MNPS) AS FOOD OR ANIMAL FEED

Yusuf Esen?, Mustafa Akgiin?, Révsen Giiliyev?

'Ardahan University Technical Sciences Vocational School Food Processing Department,
yusufesen@ardahan.edu.tr, https://orcid.org/0000-0003-1173-0677

2Ardahan University Technical Sciences Vocational School Occupational Health and Safety
Program, mustafaakgun@ardahan.edu.tr, https://orcid.org/0000-0002-7172-1855

3Ardahan University Engineering Faculty Department of Environmental Engineering,
rovsenguliyev@ardahan.edu.tr, https://orcid.org/0000-0003-2396-8201

Whey, originating from the dairy industry, poses a significant environmental pollution
challenge, necessitating an effective and long-term solution. While large dairy factories
have adopted ultrafiltration technology or thermal coagulation methods to reduce
environmental impact, these technologies are not economically viable for medium and
small-scale facilities due to local reasons. In this study, whey obtained from local cheese
producersin Ardahan, Turkey, was treated with magnetic nanoparticles (MNPs) to minimize
its environmental impact, and the potential use of the protein sludge obtained as a result
of the process in the food and feed industries was evaluated. The study results revealed
that MNP recovery was approximately 85%, leaving approximately 15% of the material in
the sludge. Despite various methods being attempted, the recovery rate could not be
increased. Therefore, it was concluded that the remaining 15% portion, consisting of MNP
(Fe304), posed a potential risk for human or animal consumption, making it unsuitable for
use as a food or feed additive. Although specific analyses can determine the concentration
of "Fe" ions in the sludge, this form of iron is not among the permitted forms according to
the Turkish Food Codex Regulation on Food Supplements (TGK, 2013). Therefore, achieving
100% MNP recovery is essential. Nevertheless, studies on the suitability of Fe304 for plant
and animal nutrition exist, but these studies primarily involve plant-based or animal-based
iron sources, rather than chemical sources, as in our study. Additionally, studies examining
its suitability for human consumption are limited. Therefore, it is recommended that future
research focuses on developing methods for the complete recovery of MNP content,
allowing for the utilization of the sludge as a protein source.

Keywords: Magnetic Nanoparticle, whey, treatment, protein source
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DONGUSEL EKONOMI CERCEVESINDE TURKIYE VE AB ULKELERINDE ATIK YONETIM

SURECININ iNCELENMESI

Zeynep Ceylan?, Dilek OZDEMIR?, Faruk SAHIN3

Atatiirk Universitesi Cevre Miihendisligi Bolimii, zceylan@atauni.edu.tr

2Atatiirk  Universitesi  iktisadi  ve idari Bilimler Fakiltesi, pdilek@atauni.edu.tr,
04422312065, 0000-0002-8048-7730

3Atatiirk Universitesi iktisadi ve idari Bilimler Fakiltesi, faruksahin@atauni.edu.tr,
05443010052, 0000-0002-9708-9085

Sanayi devrimi insan nifusunun hizl bir sekilde artisinda 6nemli bir dénim noktasi olarak
gorilmektedir. Bu doneme kadar olan tiretimde hem glinlik ihtiyaglar karsilanabilirken hem
de ticaret yapilabilmektedir. Ancak insan niufusunun hizli artisi, ihtiyaclarin cesidinin ve
miktarinin da artmasina sebep olmaktadir. ihtiyaglann cesit ve miktarindaki artisin
karsilanabilmesi sanayi devrimi sonrasi ortaya ¢ikan kitlesel Gretim ile saglanabilmektedir.
Kitlesel Uretim ile birlikte nifus artisindan kaynakl talebin karsilanmasi saglanmistir ancak
takip eden déonemde dogal kaynaklarin hizla tikenmesi, ¢evresel bozulmanin artmasi ve
iklim degisikligi gibi olumsuz etkiler ortaya ¢cikmistir. Cevresel bozulmanin géz ardi edildigi
yalnizca ekonomik kara odaklanan bu dretim modeline dogrusal ekonomi modeli
denilmektedir. Dogrusal ekonomi modelinde hammaddeden atiga (dogal kaynak-tretim-
tiketim-atik) dogru giden bir sirec¢ islenmektedir. Bu slire¢ dogal kaynaklari azaltirken
cevresel bozulmayi da hizla arttirdigi icin kiresel isinmanin da en énemli sebeplerinden
gorilmektedir. Dogal kaynaklarin hizla tlikenmesi, ¢evre bilincinin gelismesi, lretim
yontemlerindeki teknolojik yenilikler sonucunda donglisel ekonomi kavrami ortaya
citkmistir. Donglisel ekonomide temel amag kar elde etmek degil dogal kaynagin verimli bir
sekilde kullanildigi, Gretimde gevreye verilen zararin en aza indirildigi, iretim asamasinda
ve tiketim sonrasinda ortaya cikan atiklarin azaltildigl ve yeniden degerlendirildigi bir
Uretim yapisini ifade etmektedir.

2015 yilinda Avrupa komisyonu tarafindan olusturulan “Donglisel Ekonomi igin AB Eylem

” i«

Plani” ‘nda AB Uye ve aday Ulkeleri icin geri donlsim kapasitelerinin artirllmasi ve atik
yonetiminin iyilestirilmesi gibi dnemli hedefler koyulmustur. Bu kapsamda atik yonetiminde
ve geri donlsimiinde dnemli gelismeler yasanmistir ancak bu gelismeler yeterli diizeye
ulasamamaktadir. Bu calismada Turkiye ve AB llkelerindeki atik yonetim slrecinin

incelenmesi amaglanmistir. AB Uyesi ulkelerde geri donuisiim orani 2015 yilinda %44,9 iken
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2021 yilinda %48,7 dizeyine ¢ikmistir. Tirkiye’de ayni yillarda bu oran 9,2’den %12,3’e
yukselmistir. Bu oranlar Tirkiye’nin atik geri donisim alanindaki ilginin arttigini ancak
olmasi gereken seviyelerin ¢ok gerisinde kaldigini gostermektedir. Tirkiye'de belediyeler
tarafindan toplanan atiklarin bertaraf ve geri kazanim yéntemlerinden olan vahsi depolama
alanlarina (Belediye ¢opligl) gonderilen atiklarin, toplam atiklar igerisindeki payr 2020 yili
itibari ile yaklasik %17 civarindadir. Bu da olusturulan atiklarin 6nemli bir kisminin hala
cevreye zarar verici sekilde yonetildigini gostermektedir. Donglisel ekonomi hedeflerine
ulasma yolunda oncelikle atiklarin kontrolli bir sekilde toplanip ¢evreye etkisinin azaltilmasi
daha sonra ise geri donlisim sektorlerine verilen desteklerin arttirilmasi ile atiklann
depolama sahasina varmadan azaltilmasi ile kaynak verimliligi ve ekonomik etkinlik
saglanmaldir.

Anahtar Kelimeler: Atik Yonetimi, Déngusel Ekonomi, Atik Geri Dontsim{
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INVESTIGATION OF WASTE MANAGEMENT PROCESS IN TURKEY AND EU COUNTRIES
WITHIN THE FRAMEWORK OF CIRCULAR ECONOMY

Zeynep Ceylan?, Dilek OZDEMIR?, Faruk SAHIN3
!Atatlrk University Department of Environmental Engineering, zceylan@atauni.edu.tr

2Atatirk  University  Faculty of Economics and  Administrative  Sciences,
pdilek@atauni.edu.tr, 04422312065, 0000-0002-8048-7730

3Atatirk  University  Faculty of  Economics and  Administrative  Sciences,
faruksahin@atauni.edu.tr, 05443010052, 0000-0002-9708-9085

The industrial revolution is seen as an important turning point in the rapid increase in the
human population. In production until this period, both daily needs could be met and trade
could be carried out. However, the rapid increase in the human population leads to an
increase in the variety and quantity of needs. The increase in the variety and quantity of
needs can be met through mass production that emerged after the industrial revolution.
With mass production, the demand arising from population growth has been met, but in
the following period, negative effects such as the rapid depletion of natural resources,
increased environmental degradation and climate change have emerged. This production
model, which focuses only on economic profit while ignoring environmental degradation, is
called the linear economy model. In the linear economy model, a process that goes from
raw materials to waste (natural resource-production-consumption-waste) is processed.
This process is seen as one of the most important causes of global warming as it rapidly
increases environmental degradation while reducing natural resources. As a result of the
rapid depletion of natural resources, the development of environmental awareness and
technological innovations in production methods, the concept of circular economy has
emerged. The main purpose of the circular economy is not to make a profit, but to use
natural resources efficiently, minimize the damage to the environment in production,
reduce and reuse the wastes generated during the production phase and after
consumption.

In 2015, the "EU Action Plan for the Circular Economy" established by the European
Commission set important targets for EU member and candidate countries such as
increasing recycling capacities and improving waste management. In this context, there
have been significant developments in waste management and recycling, but these
developments cannot reach a sufficient level. This study aims to examine the waste
management process in Turkey and EU countries. While the recycling rate in EU member
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countries was 44.9% in 2015, it increased to 48.7% in 2021. In Turkey, this rate increased
from 9.2% to 12.3% in the same years. These rates show that Turkey's interest in waste
recycling is increasing, but remains far behind where it should be. The share of waste sent
to wild landfills (municipal dumpsites), which is one of the disposal and recovery methods
of waste collected by municipalities in Turkey, in total waste is around 17% as of 2020. This
shows that a significant portion of the waste generated is still managed in an
environmentally damaging way. In order to achieve circular economy targets, resource
efficiency and economic efficiency should be ensured by first collecting waste in a controlled
manner and reducing its impact on the environment, and then reducing waste before it
reaches the landfill by increasing the support given to the recycling sectors.

Keywords: Waste Management, Circular Economy, Waste Recycling
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ARTVIN ILI’NIN IKLIM VE ENERJI ANALIZi

Arda GZTURK?, Gokhan OMEROGLU?
Atatiirk Universitesi Yiiksek Lisans Ogrencisi, 05070509085, 0009-0007-3012-9787

2Atatiirk Universitesi Mihendislik Fakiiltesi, gomeroglu@atauni.edu.tr

Ulkelerin gelismesi, niifusun artmasi, sanayi ve endiistrinin kesfedilmesi ve insanlarn
hammadde ihtiyacindan dolayi enerjiye duyulan ihtiyac artmaktadir. Bu ihtiyaclarn
karsisinda dogal kaynaklar yetersiz kalmaya baglamis ve insanlarin bu kaynaklari bilingsizce
tliketmesi cevre kirliligi sorununu ortaya gikarmistir. Bu kirlilik ve fosil yakitlarin kontrolsiiz
kullanimi diinyanin en blyik sorunu olan kiiresel 1sinmaya sebep olmustur. Kiresel
Isinmanin en blyuk etkilerinden biri iklimin degisikligidir.

insanlar hayatta kalabilmek icin iklim sartlarina uyum saglamaya calismaktadir. iklimle
birebir uyum icerisinde yasamak icin sicak iklimlerin sogutulmasi buna paralel olarak soguk
iklimlerin 1sitilmasi en temel ihtiyactir. Enerji bir sistemin is yapabilme yetenegi olarak
tanimlanmakta olup ayni zamanda diinyada yenilenebilir ve yenilenemez enerji olarak ikiye
ayrilmaktadir. Yenilenebilir enerji fosil yakitlara gére ¢evreye daha az zarari olan alternatif
enerji kaynaklari arasina girmektedir.

Turkiye’nin 8. ili olan Artvin; yazlan sicak, kislar soguk ve kar yagisli, ilkbahar ve sonbahar
da yagislari yogun olan ve doért mevsimi olmasi gerektigi gibi geciren cografyaya sahiptir.
Bundan dolayr Artvin ilinin yenilenebilir enerji potansiyelinin ylksek oldugu
dustnilmektedir. Bu ¢calismada 1970-2020 yillar arasi Meteoroloji Bélge Mudurligi’nden
alinan degerlerile enerji analizydontemlerinden derece-giin uzun iklim verileri kullanilmistir.
Bu analiz yapilirken, aylik kar yagish glinler sayisi, aylik donlu giinler sayisi, aylik ortalama
bulutluluk, aylik ortalama acik giinler sayisi, aylik ortalama gilinliik toplam gilineslenme
siddeti, aylik ortalama kapali glinler sayisi, aylik toplam gilineslenme sliresi ve aylik toplam
yagis verileri kullanilmistir. Elde edilen sonuclarda yagis miktarlarn ile karli ortuli giin
sayisinda azalma ve glineslenme siirelerinde artma oldugu tespit edilmistir.

Anahtar Kelimeler: Enerji, Enerji Analizi, Derece-Giin
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CLIMATE AND ENERGY ANALYSIS OF ARTVIN PROVINCE

Arda OZTURK?, Gokhan OMEROGLU?
Atatiirk University Institute of Science and Technology, 0009-0007-3012-9787

2Ataturk University Faculty of Engineering, gomeroglu@atauni.edu.tr

The need for energy is increasing due to the development of countries, the increase in
population, the discovery of industry, and people's raw material requirement. Natural
resources have become insufficient in the face of these needs, and people's unconscious
consumption of these resources has revealed the problem of environmental pollution. This
pollution and the uncontrolled use of fossil fuels have caused global warming, the world's
biggest problem. One of the biggest effects of global warming is climate change.

Humans try to adapt to climatic conditions in order to survive. In order to live in one-to-one
harmony with the climate, cooling of hot climates and heating of cold climates is the most
basic need in parallel. Energy is defined as the ability of a system to do work, and it is also
divided into two in the world: renewable and non-renewable energy. Renewable energy,
which is among the alternative energy sources are less harmful to the environment than
fossil fuels.

Artvin, which is the 8th province of Turkey, has a geography with hot summers, cold and
snowy winters, heavy rainfall in spring and autumn, and spending the four seasons as they
should. Therefore, it is thought that the renewable energy potential of Artvin province is
high. In this study, the values taken from the Regional Directorate of Meteorology between
1970-2020 and degree-day-long climate data from energy analysis methods were used.
While making this analysis, monthly number of snowy days, monthly frosty days, monthly
average cloudiness, monthly average number of clear days, monthly average daily total
sunshine intensity, monthly average number of closed days, monthly total sunshine
duration and monthly total precipitation data have used. In the results obtained, it has
determined that there is a decrease in the amount of precipitation and the number of days
covered with snow, and an increase in the duration of sunshine.

Keywords: Energy, Analysis, Degree-Day
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TIBBi ATIKLARIN TOPLANMASI, TASINMASI VE BERTARAFINDA iSTANBUL ORNEGI

Burcu TASKINOGLU
istanbul Blyiiksehir Belediye Baskanligi, Cevre Koruma ve Kontrol Daresi Baskanhgi, Atik
Yonetimi Sube MudiirlGgu, burcu.taskinoglu@ibb.gov.tr

Tibbi Atiklarin Toplanmasi, Tasinmasi

istanbul’da tibbi atiklarinin toplanmasi, tasinmasi ve bertarafi hizmeti, 29959 sayili 25.01.2017
tarihli Resmi Gazete’de yayimlanan Tibbi Atiklarin Kontroli Ydnetmeligi dogrultusunda
yuratilmektedir. Saglik kurulusglarinda Yonetmelik geregince diger atiklardan ayri toplanmis tibbi
atiklar, bu is icin egitilmis, 6zel is kiyafetleri ile muhafazasi saglanmis personelle toplanip, bu ise
uygun araglarla toplanmakta, tasinmakta ve bertaraf tesislerinde bertaraf edilmektedir.
istanbul’da tibbi atik toplama hizmeti verilen saglk kurulusu sayisi 10.009 adettir. Bunlarin 251
tanesi hastane olup, digerleri tibbi atik Greten muayenehaneler, poliklinikler, tip merkezleri,
laboratuvarlar vb. yataksiz saghk kuruluslaridir. istanbul Biyiiksehir Belediyesi (iBB) tarafindan
hastane sayisi olarak Tirkiye genelinin yaklasik %20’sine ve tibbi atik miktari olarak ise %25’ine
hizmet verilmektedir.

Tibbi atik toplama, tasima ve bertarafi hizmeti, 195 personel ve 64 adet lisansli ve Yonetmelikte
belirtilen sartlari saglayan tibbi atik araci ile Avrupa Yakasinda Eylipsultan ve Kirag, Asya Yakasinda
Hekimbasi ve Kiglikbakkalkdy olmak lizere dort ayri lokasyondan yiratilmektedir.

Tibbi atiklann saghk kuruluslarindan toplanmasi ve bertaraf tesislerine tasinmasi islemleri,
optimum sekilde is emirlerinin olusturulmasi amaciyla belli bir rota optimizasyon calismasi ile
saglanmaktadir. Avrupa ve Asya yakasinda toplamda 98 adet rota olusturulmustur. Rota disinda
gelen acil telefon ve mailler oldugunda miidahale edilerek tibbi atiklar programa dahil edilmekte
ve alinmasi saglanmaktadir.2022 yilinda istanbul’da 34.401 ton (giinde yaklasik 86 ton) tibbi atik
toplanmistir.

Tibbi atik miktarlarinin kayit altina alinmasi, yillik atik beyani ve kiitle-denge bildirimi isleri Cevre,
Sehircilik ve iklim Degisikligi Bakanlig’'nin Entegre Cevre Bilgi Sistemi (ECBS) icinde olusturmus
oldugu Atik Yonetim Uygulamasi (Atik Beyan Sistemi (TABS) / Mobil Atik Takip Sistemi (MoTAT) /
Kitle Denge Sistemi (KDS) ) Gizerinden online olarak yapilmaktadir.

Tibbi Atiklarin Bertarafi

Odayeri Atik Yakma Tesisi

IBB sinirlari icinde tibbi atik Gireten saglik kuruluslarinin tibbi atiklar 6zel tibbi atik araglari ile
toplanmakta ve tibbi atiklarin bir kismi1 1995 yilinda faaliyete baslayan ve kapasitesi 24 ton/gln
olan Odayeri Atik Yakma Tesisinde bertaraf edilmektedir.
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iBB Tibbi Atik Sterilizasyon Tesisi

2013 yilinda faaliyete baslayan iBB Tibbi Atik Sterilizasyon Tesisi’nin (Sekil 8) kapasitesi 6
ton/saattir (144 ton/gin).

Toplanan tibbi atiklarin diger bir kismi ise, Tibbi Atiklarin Kontroll Yonetmeligi'nin “Tanimlar” alt
baslikli 4. Maddesinde belirtilen 6zelliklere sahip enfeksiyon yapici atiklar ile kesici-delici atiklar
icerecek sekilde, sterilizasyon islemine tabi tutularak zararsiz hale getirilmektedir ve zararsiz hale
getirilen bu atiklar 26.03.2010 tarihli ve 27533 sayili Resmi Gazete’de yayimlanan Atiklarin Dizenli
Depolanmasina Dair Yonetmelikte tanimlanan II. Sinif Diizenli Depolama Alanlarinda depolanarak
bertaraf edilmektedir.

Tibbi Atiklarin Kontrolli Yonetmeligi’'nin “Enfeksiyon Yapici Atiklarin Sterilizasyonu” bashkl 17.
Maddesi geregi sterilizasyon islemine tabi tutulacak atiklarin icinde herhangi bir kimyasalla
muamele gormus patolojik atiklar ile ugucu ve yari ucucu organik maddeler ve civa basta olmak
Uzere kimyasal maddeler, genotoksik/sitotoksik ajanlar, radyolojik atiklar ve basingh kaplar
bulunmamasi gerekmektedir.

Tibbi Atik Protokolii ve Tibbi Atiklarin Ucretlendirilmesi

Tibbi Atiklarin Kontrolii Yonetmeligi dogrultusunda istanbul’da her yil bir sonraki yila ait tibbi atik
bertaraf ticretleri il Mahalli Cevre Kurulu (iMCK) Karari ile belirlenmektedir.

Tibbi atik bertaraf Ucretini hastaneler tartilan atik miktarina, diyaliz merkezleri toplam seans
miktarina gore dderken hastaneler ve diyaliz merkezleri disinda tibbi hizmet veren diger tim
saglik kuruluslan yillik aidat usulii 6demektedirler.

Saglik kuruluslar Tibbi Atiklarin Kontroli Yonetmeligi geregince tibbi atik toplama-tasima ve
bertaraf hizmeti veren Belediye ile tibbi atik protokoli yapmak zorundadir. Bu dogrultuda; saglik
kuruluslar IBB online tibbi atik uygulamasi tzerinden basvurularini yapmakta, tibbi atik aidat
Ucretlerini 6demekte ve tibbi atik kabul belgelerini online sistemden e-imzali bir sekilde
indirebilmektedir.

Tibbi Atik Kontrolleri

Tibbi atik hizmeti verilen saghk kuruluslarina Belediyemiz ekiplerince diizenli olarak ziyaretler
gerceklestirilmektedir. Bu ziyaretlerde; tibbi atik toplanmasi-tasinmasi ve bertarafi isinin saglik
kuruluslarindan baslayarak sahada Yonetmelikte belirtilen kriterlere uygun vyuratilap
yuratilmedigi kontrol edilmekte olup, iyilestirme ¢alismalar yapilmaktadir. Ayrica, tespit edilen
uygunsuzluklar yetkili kurumlara bildirilmektedir.
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AKILLI SEHIRLER

Gunay Kocasoy

Baskan, Kati Atik Kirlenmesi Arastirma ve Denetimi Tiirk Milli Komitesi, istanbul, Turkiye,
kocasoy@retired.boun.edu.tr

Tum dilinyada cevre sorunlari giindemin en 6nemli sorunlar arasinda yer almaktadir.
Kuraklik, dogal kaynaklarin yok olmasi, kati atiklardan ve atiksulardan ¢evrenin ve denizlerin
kirlenmesi, ¢carpik kentlesme, ekolojik dengenin bozulmasi sonucu yasanan iklim degisikligi.
Bitlin bu olumsuzlukar ise suursuzca artan nifus yogunlugu, teknolojik gelismeler,
toplumun tiiketim aliskanliklarinin degisimi ve gerek kirsal alanlardan ve gerekse baska
tlkelerden yogun bir sekilde kentlere olusan goclerden kaynaklanmaktadir. ikinci Diinya
Savasindan sonra dogal kaynaklann ve doganin korunmasina 6zen gosterilmeden, hicbir
Onlem alinmadan siratli ve sirekli olarak sanayilesme c¢abalarina girisilmis, sanayi
devriminin gerceklesmesi saglanmistir. Yeni teknolojilerin gelistirilmesi, dolayisi ile tilkelerin
ekonomileri gittikce gliclenirken sehirler hava kirliligi, su kirliligi, evsel ve tehlikeli atik
kimeleri/yiginaklari, iklim degisikligi ve orman ve yesil alanlarin yokolmasi ile karsi karsiya
kalmistir. Ancak bitin bu olumsuzluklara neden olan en onemli faktoriin bitin
faaliyetlerimizin plansiz ve de faaliyetlerimizin  olumsuz etkilerinin gozardi edilerek
gerceklestilmesi, sehirlerimizi betonlastirarak carpik kentlesmeyi yaratmis olmamizi gézardi
etmis olmamizdir..

Cevre sorunlarinin diinyay tehdit eden boyutlara ulasmasi, toplumlarin 6zellikle Z kusagi
olarak adlandirilan gencligin baskisinin sirekli olarak artmasi sonunda yetkililer
gezegenimizin surdirilebilirligi icin bu 6nemli soruna ¢6zim arayisina girmislerdir. Bu
alanda vyapilacak calismalar sadece bir konu Uzerinde degil bircok konu Uzerinde
yogunlasmak zorundadir. Diinya nifusunun ylizde 69-70’inin sehirlerde yasadigi bilinmekte,
2050 yilinda ise 9.5 milyara ulasacagl tahmin edilen bu niifusun yizde 75’inin sehirlerde
yasayacagl ongorilmektedir. Bu durum ise sehirler tasima kapasitelerin cok tzerinde bir
nlfus yogunlugu ile karsi karsiya kalacak, bolgesel ve merkezi yoneticileri sadece fiiziksel
cevre sorunlar ile degil, olusacak goclerden kaynaklanan sosyo-ekonomik sorunlarla da
miicadele etmek zorunda kalacaklardir.

Degisik Glkelerin yetkilileri sehirleri stirdlrtlebilir bir gelecege hazirlamak igin bazi 6nlemleri
planlanmaya ve uygulanmaya baslamislardir. Bu sehirler icin “cevre dostu sehirler”,
strdirilebilir sehirler” ve “akilli sehirler” gibi degisik terminolojiler kullanilmaktadir.Ulkeler
gonilli olarak belli stirelerde sehirlerindeki gevre kirliliginin azaltilmasi konusunda hedefler
belirrleyerek ilan etmektedirler. Hava kalitesi, atik kirliligi, gtrultu kirliligi, doga ve biyo
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cesitliligi, iklim degisikligi, sehir alanlarninin strdirilebilirlige uygun olarak kullanimi, enerji
performansi, yesil alanlarin artirilmasi, cevre dostu faaliyetlerin, yonetimin ve stirdirilebilir
goc hareketlerinin planlanmasi, karbon emisyonlannin azaltilmasini hedefledikleri ¢evre
kirlilikleri arasinda yer almaktadir. Ulkeler 2030 ve 2050 yillari icin hedefledikleri karbon
emisyonlarinin azaltilma miktarlarini beyan etmis, “besiktenten mezara” prensibi “besikten

“"

besige” prensibi olarak degistirilmis boylece “dogrusal ekonomi”den dongiisel

ekonomi”ye dénus yapilmistir.

Finlandiya’da nifusu 120 000 olan Lahiti sehrinin yetkilileri karbon emisyonundaki azaltma
hedeflerini 1990 yilindakinin ylizde 90 mertebesinde azaltmayi ve 2050 yilinda tamamiyle
notr karbon emisyonuna ulasmayr hedeflemektedirler. Yetkililer toplumlari déngusel
ekonomi uygulamasi ve toplumun gidecekleri yere yirimeleri, bisiklet ve/veya toplu
tasima vasitalart  kullanmalarini  tesvik ederek “sifir atik“ hedefine ulagsmay
planlamaktadirlar. Lahiti sehrinin belirledigi hedef Finlandiyanin belirledigi hedeften 10 yil,
AB’nin hedefledigindenise 25 yil daha dndedir. Lahiti sehri bu faaliyetlrinden 6ttiri “Avrupa
Yesil Bagkent (kapital) Odili” ile taclandiriimistir.

Tebligde sehirlerin renovasyonu, Amsterdam, San Francisco, Reykjavik ve Cape Town gibi
doga ostu sehirlerin kurulmasi icin uygulanan kriterrler ve strdirilebilirlik icin gerekli
planlarin hazirlanmasi ve uygulanmasi icin uluslararasi kuruluslar tarafindan yapilan finans
destekleri detayli olarak aciklanacaktir.

Anahtar Kelimeler: Akilli sehirler besikten besige prensibi. cevre dostu sehirler, enerji
performansi, karbon emisyonu
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SMART CITIES

Gunay Kocasoy

President, Turkish National Committee on Solid Wastes, istanbul, Tirkiye,
kocasoy@retired.boun.edu.tr

Due to the increase in the population, development of technology, changing the consumption
behavior of people and the massive immigration both from the rural areas to cities as well as from
the other countries caused the deterioration of the environment extensively. After the World War
I, industrialization activities had been continuously performed without taking any precaution for
the protection of environment, prevention of pollution and preservation of natural resources.
While the new technologies had been developing and the economy of the countries had been
growing, all the cities had been suffering from heavy air pollution, water pollution, climate change
and mountains of waste-municipal and hazardous—and deforestation

Experiencing the environmental disasters and the indications of the threat for the world and the
pressure of the demand of the community especially of the Generation Z, the authorities of the
countries started to look for solution for this global problem for the sustainability of the planet.
At this combat the authorities should focus not only on one issue, but on many different issues.
They have observed that almost 69-70 percent of the world population is living at the cities. It is
estimated that the world population will be almost 9.5 billion and 75 per cent of it will be living
at cities at 2050. This indicates that cities will be very crowded and both the central and the
regional authorities will combat not only with the physical environmental problems, but also with
the social-economic-adaptation problems of the immigrants

Authorities of the countries decided to plan and apply some necessary precautions to prepare the
cities to be sustainable at future. The terminologies such as “environmentally friendly cities”,
“sustainable cities” and “smart cities” are used for these cities. The countries declared their
targets for the reduction of pollution at their cities voluntarily. Among combatting with the issues
such as air quality, water quality, waste, noise, nature and biodiversity, climate change,
sustainable usage of the areas, energy performance, green growth and environmentally friendly
innovation, administration and sustainable mobility plans of immigrants, the authorities have
been mostly focusing on the reduction of the carbon emissions. Countries have been declaring
their targets for the reduction of carbon emissions for the years 2030 and 2050. The principle
“cradle to grave” has been also abandoned and replaced with the principle “from cradle to
cradle”. In other words, switching from “linear economy” to “circular economy” has been
emerged.
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As an example, the authorities of Lahti —a city with a population of 120 000 at Finland- declared
their target as 90 percent reduction of the green gas emissions from the value of the year 1990
and will have neutral carbon at 2050. They are targeting to realize the “zero waste” by the
application of circular economy and apply the sustainable transportation by encouraging people
to walk, to ride bicycles, to ski and use public transportation, etc. The targets of Lahti are 10 years
ahead of the target of Finland and 25 years ahead of EU. Lahti was crowned with the “Europe
Green Capital Award”.

At the final manuscript criteria and features for the renovation of the cities, plans to be made for
the construction of sustainable cities and the commitments made by the authorities of eco-
friendly cities of the world such as Amsterdam, San Francisco, Reykjavik, Cape Town will be
presented in detail

Key Words: carbon reduction, cradle to cradle, energy performance, environmentally friendly
cities, smart cities, sustainable cities
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BOLGESEL BAZDA KARACI SEHRININ (PAKISTAN) BELEDIYE KATI ATIKLARIN
KARAKTERIZASYONU

Taliye Bulut Ahmad?, Tuba Hande Ergiider?, Aysegiil Aksoy?

10rta Dogu Teknik Universitesi, Cevre Mithendisligi B6liimii, 06800 Ankara,
bulut.taliye@metu.edu.tr

2Orta Dogu Teknik Universitesi, Cevre Mithendisligi Bélimii, 06800 Ankara,
etubahan@metu.edu.tr, ORCID:0000-0002-9669-171X

30rta Dogu Teknik Universitesi, Cevre Miihendisligi Blimi, 06800 Ankara,
aaksoy@metu.edu.tr, ORCID:0000-0003-0099-348X

Etkili bir kati atik ydonetiminin tasarlanmasi, Giretilen kati atik miktarinin tayini ve karakterizasyonu
ile baslar. Uygun sekilde yonetilmesi gereken belediye kati atiklarinin Gretimi, dinyanin farkli
sehirlerinde 0,11 kg/kisi.gun ile 4,54 kg/kisi.glin arasinda degismektedir. Gelismekte olan diger
bircok Ulke gibi Pakistan da kati atik yonetiminde énemli zorluklarla karsilasmaktadir. Yaklasik
87.000 ton/gin miktarinda kati atik, halk saghgi ve gevrenin korunmasi igin ve strdurtlebilir
kalkinma igin islenmelidir. Pakistan'daki kentsel alanlarin yaklasik %43-%60'inda atik toplama
hizmetlerine erisimi vardir. Sera gazi emisyonlarina ve yanlis atik yonetimi ile ilgili diger sorunlara
katkida bulunan vahsi depolama, birincil atik bertaraf yontemidir. Stirdiirtlebilir bir atik yonetimi
programi gelistirmek icin ele alinmasi gereken zorluklar arasinda glivenilir atik Gretimi ve bilesimi
verilerinin olmamasi, yetersiz ve gincelligini yitirmis yasal ve dlizenleyici mevzuat, yetersiz
ekipman ve sinirli teknik kapasite yer almaktadir. Diger gelismekte olan Ulkelerde oldugu gibi,
atigin ve kompost ve biyogaz gibi yan Grlnlerinin yararl kullanimini ve ekonomik potansiyelini en
Ust dlizeye cikaracak teknolojileri kullanma istegi vardir.. Bununla birlikte, atik tiirlerinin dogru bir
sekilde olclilmesi ve karakterizasyonu, etkili bir atik yonetimi programi tasarlamanin ilk
adimlandir. Ek olarak, kati atigin bilesiminin degerlendirilmesi, kompostlama igin uygunlugunu ve
biyogaz ve enerji Gretimi potansiyelini belirlemek igin kritik &nem tasir. Bu ¢alismada, daha iyi bir
kati atik yonetimi icin potansiyel yontemler hakkinda bilgi saglamak amaciyla Pakistan'in Karagi
kentindeki farkli bolgelerindeki ¢opliik alanlarindan toplanan belediye kati atiklarinin bilesimleri
degerlendirilmistir. Cok sayida alt kategoriye ayrilan atiklar daha sonra genel siniflara atanmistir.
Kompozisyonlardaki bolge bazindaki farkliliklar degerlendirilmistir. Sonuclar, bilesimlerde ve
fiziksel 6zelliklerde 6nemli farkhliklara isaret etmistir.

Anahtar Kelimeler: belediye kati atigl, atik karakterizasyonu, atik Gretimi
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DISTRICT-WISE MUNICIPAL SOLID WASTE CHARACTERIZATION IN KARACHI CITY (PAKISTAN)

Taliye Bulut Ahmad?, Tuba Hande Ergiider?, Aysegiil Aksoy?

!Middle East Technical University, Department of Environmental Engineering, 06800 Ankara,
bulut.taliye@metu.edu.tr

2Middle East Technical University, Department of Environmental Engineering, 06800 Ankara,
etubahan@metu.edu.tr, ORCID:0000-0002-9669-171X

3Middle East Technical University, Department of Environmental Engineering, 06800 Ankara,
aaksoy@metu.edu.tr, ORCID:0000-0003-0099-348X

Designing effective solid waste management starts with the quantification and characterization
of the solid waste produced. The production rate of municipal solid waste, which must be
managed properly, varies between 0.11 kg/person.day and 4.54 kg/person.day in different cities
of the world. Like many other developing nations, Pakistan also encounters significant challenges
in solid waste management. Approximately 87,000 tonnes/day of waste needs handling for public
health and environmental protection. About 43%-60% of urban areas have access to waste
collection services in Pakistan. Open dumpingis the primary waste disposal method, contributing
to greenhouse gas emissions and other problems related to improper waste handling. Lack of
reliable waste generation and composition data, deficient and outdated legal and regulatory
framework, inadequate equipment, and limited technical capacity are among the challenges that
should be addressed to develop a sustainable waste management program. As for other
developing countries, there is a will to adopt technologies to maximize beneficial usage and
economic potential of waste and its byproducts, such as compost and biogas. However, accurate
guantification and characterization of waste types are the initial steps for designing an effective
waste management program. Additionally, assessing the composition of solid waste is vital for
determining its suitability for composting and its potential for biogas and energy production. In
this study, the compositions of municipal solid waste collected from dumping sites in different
districts of Karachi City in Pakistan were evaluated to provide insight into potential methods for
better solid waste management. Wastes divided into several subcategories were then assigned
to general classes. District-wise differences in compositions were evaluated. Results pointed out
important differences in the compositions and physical properties.

Keywords: municipal solid waste, waste characterization, waste generation
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LABORATUVARLARDA ATIK YONETIMI iCiN iZLENECEK YOL

Duygu Totur Pamik?, Ayse Filibeli?

1Dokuz Eyliil Universitesi, Mithendislik Fakiiltesi Cevre Miihendisligi B6limii, Tinaztepe
Yerleskesi, 35390 Buca, izmir, Tiirkiye, duygu.totur@deu.edu.tr, 0000-0003-1411-3500

2Dokuz Eylil Universitesi, Mihendislik Fakiiltesi Cevre Mithendisligi Bélimii, Tinaztepe
Yerleskesi, 35390, Buca, izmir, Tirkiye, ayse.filibeli@deu.edu.tr, 0000-0003-2475-7246

insan sagligina ve cevreye tehdit olusturabilecek en 6nemli atik kaynaklarindan bir tanesi
laboratuvar atiklaridir. Laboratuvarlarda ok gesitli tiirlerde analiz yapilmakta ve ¢ok fazla sayida
analiz metodu uygulanmaktadir, dolayisiyla da ¢ok farkli tirlerde atik meydana gelmektedir. Bir
laboratuvarda ilgili yonetmeliklere gore atik yonetim plani olusturmak cok onemlidir. Her
laboratuvarda mutlaka atik sorumlusu belirlenmelidir. Bu sorumlu atik yonetim sistemindeki tiim
asamalari uygun bir sekilde uygulamak, organize etmek ve denetlemekten sorumludur. Atik
yonetimindeki ilk basamak atiklari uygun bir sekilde siniflandirmaktir. Laboratuvar atiklar
kimyasal, biyolojik ve radyoaktif olmak lzere li¢ sinifa ayrilabilir [1]. 2 Nisan 2015 tarihli, 29314
sayili Resmi Gazetede yayimlanan Atik Yonetimi Yonetmeligine gore atiklar dnce siniflandirlarak
uygun kodlama yapilmali ve kodlama yapilan etiket ilgili atigin konuldugu kaba yapistiriimalidir.
Daha sonra atiklar, laboratuvara tahsis edilmis gecici depolama alanina gotirilmelidir. Gegici
depolama alanindaki atiklarin geri kazanimi ve bertarafi icin, bakanlik tarafindan lisans verilmis,
yetkili firmalarla s6zlesme imzalanmasi zorunludur [2]. Tim bu islemlerin yanisira, en dnemli konu
laboratuvarda olusan atig azaltmaktir. Daha az atik olusturmak igin kullanilacak yontemlerle ilgili
laboratuvar sorumlularininilgili egitimleri vermesi gerekmektedir. Ayrica kimyasallari satin alirken
daha az tehlikeli kimyasallarin segilmesi, eger ki tehlikeli kimyasallarin kullanilmasi sart ise daha
az miktarlarda satin alinmasi gerekmektedir [3]. Laboratuvarda bulunan tiim personelin insan
sagligina ve cevreye en az zarar verecek sekilde hareket etmesi, tim analiz basamaklarini bu
bilingle yapmasi, ilgili ydonetmelik ve prosedirlerdeki talimatlari uygulamasi elzemdir.

Bu bildiri kapsaminda laboratuvarlarda atik yonetimi uygulamalarina érnekler verilerek detayl
bir sekilde tartisilacaktir.

Anahtar Kelimeler: Laboratuvar, Atik Yonetimi, Tehlikeli atik
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THE WAY TO FOLLOW FOR WASTE MANAGEMENT IN LABORATORIES

Duygu Totur Pamik?, Ayse Filibeli?

Dokuz Eylul University, Department of Environmental Engineering, Tinaztepe Campus, 35390
Buca, izmir, Turkiye, duygu.totur@deu.edu.tr, 0000-0003-1411-3500

2Dokuz Eylul University, Department of Environmental Engineering, Tinaztepe Yerleskesi, 35390,
Buca, izmir, Tiirkiye, ayse.filibeli@deu.edu.tr, 0000-0003-2475-7246

One of the most important waste sources that may pose a threat to human health and the
environment is laboratory waste. Many different types of analyzes are performed in laboratories
and many analysis methods are applied, resulting in many different types of waste. It is very
important to create a waste management plan in a laboratory according to relevant regulations.
A waste manager must be determined in every laboratory. This responsible person is responsible
for properly implementing, organizing and supervising all stages in the waste management
system. The first step in waste management is to classify waste appropriately. Laboratory waste
can bedivided into three classes: chemical, biological and radioactive [1]. According to the Waste
Management Regulation published in the Official Gazette No. 29314 dated April 2, 2015, wastes
must first be classified and appropriate coding must be done and the coded label must be pasted
on the container where the relevant waste is placed. The waste should then be taken to the
temporary storage area allocated to the laboratory. For the recovery and disposal of waste in
temporary storage areas, it is mandatory to sign a contract with authorized companies licensed
by the ministry [2]. In addition to all these processes, the most important issue is to reduce the
waste generated in the laboratory. Laboratory managers must provide relevant training on the
methods to be used to create less waste. In addition, when purchasing chemicals, less hazardous
chemicals should be chosen, and if hazardous chemicals must be used, they should be purchased
in smaller quantities [3]. It is essential that all personnel in the laboratory act in a way that will
cause the least harm to human health and the environment, carry out all analysis steps with this
awareness, and follow the instructions in the relevant regulations and procedures. In this study,
waste management practices in laboratories will be discussed in detail.

Keywords : Laboratory, Waste Management, Hazardous Wastes
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