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REF: Akademik Teşvik 

 

İlgili makama; 

2. Uluslararası Multidisipliner Çevre ve Kenevir Kongresi,  16-18 Ocak 2023 tarihleri arasında 

Bursa’da 18 farklı ülkenin (Türkiye 39 bildiri- Diğer ülkeler 56 bildiri) 
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Kongre 16 Ocak 2020 Akademik Teşvik Ödeneği Yönetmeliğine getirilen “Tebliğlerin sunulduğu 

yurt içinde veya yurt dışındaki etkinliğin uluslararası olarak nitelendirilebilmesi için Türkiye 

dışında en az beş farklı ülkeden sözlü tebliğ sunan konuşmacının katılım sağlaması ve tebliğlerin 

yarıdan fazlasının Türkiye dışından katılımcılar tarafından sunulması esastır.” değişikliğine uygun 

düzenlenmiştir.  

Bilgilerinize arz edilir, 

Saygılarımla 

 
Prof. Dr. Ahmet KARADAĞ 

HEAD OF CONGRESS 
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Konu:

KİMYA BÖLÜM BAŞKANLIĞINA

İlgi : 10.12.2025 tarihli ve 69221899-000-35210 sayılı yazınız.
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Participant Countries (18): 

TÜRKİYE, ROMANIA, BOSNIA AND HERCEGOVINA, MOROCCO, PAKISTAN, INDIA, 

IRAN, EGYPT, BANGLADESH, BULGARIA, ALBANIA, CHINA, GEORGIA, UKRAINE, 

VIETNAM, MAURITANIA, TURKMENISTAN, NIGERIA, USA



 

 

 

 
Opening Ceremony 

 
Date: 15.12.2025 / Ankara Time: 10:00 

Prof. Dr. M. Mete Cengiz Kültür Merkezi Özel Harekat Polis Memuru İlyas 

Kaygusuz Salonu 

 

*** 
HEAD OF CONGRESS 

 Prof. Dr. Ahmet KARADAĞ 
Department of Chemistry, Science and Letters Faculty, Bursa Uludağ University, Bursa 

 

 Sefa Salih BİLDİRİCİ 
Head of IKSAD Publishing House 

 

Ümit ORHAN 
Deputy General Manager of TMO 

 

HONORARY PRESIDENT OF CONGRESS 

 Prof. Dr. Ferudun YILMAZ  
Rector of Bursa Uludağ University 

 

 

https://avesis.bozok.edu.tr/ahmet.karadag
https://avesis.bozok.edu.tr/ahmet.karadag
https://www.ostimteknik.edu.tr/rektorluk-193/80


 

 

 

 
Invited Speakers 

 
Date: 15.12.2025 / Ankara Time: 13:00-13:30 

Moderator: Prof. Dr. Muhammet UZUN 

Meeting ID: 833 1287 1999 / Passcode: 020202 

 

Prof. Dr. Rahmatullah Qureshi  

PMAS-Arid Agriculture University, Pakıstan 

 

*** 

Date: 15.12.2025 / Ankara Time: 15:00-15:30 

Moderator: Prof. Dr. Muhammet UZUN 

Meeting ID: 833 1287 1999 / Passcode: 020202 

 

Prof. Dr. Jagadesh S. Rao 

IGC Pharma LLC, United States 

 

*** 

Date: 15.12.2025 / Ankara Time: 15:30-16:00 

Moderator: Prof. Dr. Muhammet UZUN 

Meeting ID: 833 1287 1999 / Passcode: 020202 

 

Assoc. Prof. Dr. Aldwin M. Anterola 

Southern Illinois University Carbondale, United States   
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IN-PERSON BURSA ULUDAĞ UNIVERSITY 

Prof. Dr. M. Mete Cengiz Kültür Merkezi 

Jandarma Er Bahadır Aydın Seminer Salonu 

Moderator: Prof. Dr. Muhammet UZUN 

 
Title Author(s) Affiliation 

THE ROLE OF HEMP IN 

INFLAMMATORY PROCESSES 

Prof. Dr. Ufuk KOCA ÇALIŞKAN 

Res. Assist. Dudu Altıntaş GÜNDÜZ 

Gazi University TÜRKİYE 

Düzce University TÜRKİYE 

Düzce University TÜRKİYE 

Gazi University TÜRKİYE 

ESTABLISHING OF CANNABIS 

SATIVA L. PLANT TISSUE 

CULTURES AND OPTIMIZATION OF 

SECONDARY METABOLITE 

PRODUCTION 

Lect. Hatice Beyza BAŞKAL 

DOĞANER 

Assoc. Prof. Dr. Cennet YAMAN 

Prof. Dr. Ufuk KOCA ÇALIŞKAN 

Yozgat BozokUniversity 

TÜRKİYE 

Yozgat Bozok University 

TÜRKİYE 

Gazi University TÜRKİYE 

Düzce University TÜRKİYE 

INVESTIGATION OF 

ANTIMICROBIAL PROPERTIES OF 

NARLI (Cannabis sativa l) HEMP 

SEED OIL 

Assoc. Prof. Dr. Seda ÖZDİKMENLİ 

TEPELİ 

Assist. Prof. Dr. Musa YALMAN 

Assist. Prof. Dr. Kahraman SELVİ 

Çanakkale Onsekiz Mart 

University TÜRKİYE 

Bandırma Onyedi Eylül 

University TÜRKİYE 

Çanakkale Onsekiz Mart 

University TÜRKİYE 

THE POTENTIAL EFFECTS OF 

CANNABIS SATIVA 

PHYTOCHEMICALS IN LIVER 

HEALTH 

Res. Assist. Dudu Altıntaş GÜNDÜZ 

Prof. Dr. Ufuk KOCA ÇALIŞKAN 

Düzce University TÜRKİYE 

Gazi University TÜRKİYE 

Gazi University TÜRKİYE 

Düzce University TÜRKİYE 

CATIONIC DYEING AND 

STRUCTURAL CHARACTERIZATION 

OF NATURAL FIBERS: JUTE AND 

HEMP 

Humayun KABİR 

Zeynep AKÇAOĞLU 

Aysun GENÇTÜRK 

Prof. Dr. Muhammet UZUN 

Marmara University TÜRKİYE 

  

15.12.2025 / SESSION-1

Ankara Local Time: 1330-1500
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IN-PERSON BURSA ULUDAĞ UNIVERSITY 

Prof. Dr. M. Mete Cengiz Kültür Merkezi 

Küçük Seminer Salonu 

Moderator: Assoc. Prof. Dr. MONIREH YÜCEL 

 

 
Title Author(s) Affiliation 

STRUCTURAL TRANSFORMATION 

IN HEMP FIBERS: AN ECO-

FRIENDLY PRETREATMENT 

APPROACH USING POTASSIUM 

CARBONATE 

Özgenur DİNÇER ŞAHAN 

Prof. Dr. Ahmet KARADAĞ 

Yozgat Bozok University 

TÜRKİYE 

Bursa Uludağ University 

TÜRKİYE 

EVALUATION OF THE THERMAL 

PERFORMANCE AND 

SUSTAINABILITY OF AN ECO-

FRIENDLY COMPOSITE THERMAL 

INSULATION MATERIAL 

DEVELOPED FROM HEMP FIBER 

AND LOW-MELTING POLYESTER 

RESIN 

Mihriban SARI 

Kaan AKSOY 

Betek Paint and Chemical 

Industry Inc. TÜRKİYE 

VALIDATION OF OPTIMIZED 

KINETIC PARAMETERS USING 

INDUSTRIAL DATA FOR N-BUTANE 

OXIDATION TO MALEIC 

ANHYDRIDE IN A FIXED-BED 

REACTOR 

Ervin Karić 

Ivan Petric 

Edina Ibrić 

Maida Smajlović 

Marijana Marković 

Maida Kuduzović 

Emir Suljaković 

Ermin Mujkić 

Tuzla University BOSNIA AND 

HERCEGOVINA 

ECO-FRIENDLY SYNTHESIS AND 

ANTIOXIDANT PROPERTIES OF 

SILVER NANOPARTICLES USING 

HALFETI BLACK ROSE EXTRACT 

Ali DESTEGÜL 

Prof. Dr. Ahmet KARADAĞ 

Nusret GENÇ 

Tokat Gaziosmanpaşa 

University TÜRKİYE 

Bursa Uludağ University 

TÜRKİYE 

Tokat Gaziosmanpaşa 

University TÜRKİYE 

GREEN SYNTHESIS OF SILVER 

NANOPARTICLES FROM CANNABIS 

SATIVA AND THEIR VERSATILE 

APPLICATIONS 

Tünay KARAN 
Yozgat Bozok University 

TÜRKİYE 
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IN-PERSON BURSA ULUDAĞ UNIVERSITY 

Prof. Dr. M. Mete Cengiz Kültür Merkezi 

Jandarma Er Bahadır Aydın Seminer Salonu 

Moderator: Prof. Dr. Muhammet UZUN 

 
Title Author(s) Affiliation 

EFFECT OF HEMP GEOTEXTILE TO 

UNCONFINED COMPRESSION 

STRENGTH OF CLAYEY SOIL 

Dr. Eren BALABAN 

Eren BAYRAKCI 

Yücel GÜNEY 

Eskişehir Technical University 

TÜRKİYE 

Anadolu University TÜRKİYE 

HEMP SEED PULP AS A BIOMASS 

SOURCE: CELLULOSE EXTRACTION 

AND COMPUTATIONAL 

EVALUATION 

Lect. Nurullah KARTALOĞLU 

Okan UÇAR 

Yozgat Bozok University 

TÜRKİYE 

HEMP AS A LOST LEGACY: 

REASSESSING THE HISTORICAL 

AND CULTURAL ROLE OF 

CANNABIS SATIVA IN TURKIC 

CIVILIZATIONS: HISTORICAL, 

ARCHAEOBOTANICAL, AND 

ETHNOBOTANICAL PERSPECTIVES 

ON CANNABIS SATIVA IN EURASIA 

Ahmet KALAYCI 

Zahra KALAYCI 

Independent Researcher 

TÜRKİYE 

Marmara University TÜRKİYE 

CANNABINOIDS AND THE 

ENDOCANNABINOID SYSTEM (2020–

2025) PHARMACOLOGICAL 

ADVANCES, INDUSTRIAL 

TRANSFORMATIONS AND 

REGULATORY TRAJECTORIES WITH 

FOCUS ON THCP AND BIG PHARMA 

INTEGRATION 

Ahmet KALAYCI 

Zahra KALAYCI 

Independent Researcher 

TÜRKİYE 

Marmara University TÜRKİYE 

HEMP (CANNABIS SATIVA L.) AS AN 

ALTERNATIVE FEED INGREDIENT 

IN ANIMAL NUTRITION 

M. Kemal KÜÇÜKERSAN 

Seher KÜÇÜKERSAN 

Yusuf YÜKSEL 

Mehmet Ali EREN 

Ankara University TÜRKİYE 

CANNABIS SATIVA L. IN 

ANATOLIAN ETHNOBOTANY 
Fatma GÖÇ 

Tokat Gaziosmanpaşa 

University TÜRKİYE 

TECHNICAL TEXTILE 

APPLICATIONS AND HEMP: 

DEVELOPMENT OF SUSTAINABLE 

BALLISTIC COMPOSITES 

Sinan KOCAÖZ 

Can KETENCİ 

Prof. Dr. Muhammet UZUN 

Marmara University TÜRKİYE 

  

15.12.2025 / SESSION-3

Ankara Local Time: 1600-1730
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Prof. Dr. M. Mete Cengiz Kültür Merkezi 

Küçük Seminer Salonu 

Moderator: Prof. Dr. Yücel GÜNEY 

 
Title Author(s) Affiliation 

HEMP AND THE SUSTAINABILITY 

PARADIGM: REPOSITIONING 

THROUGH SCIENCE, ECONOMY, 

AND POLICY 

Prof. Dr. Ahmet KARADAĞ 

Özgenur DİNÇER ŞAHAN 

Bursa Uludağ University 

TÜRKİYE 

Yozgat Bozok University 

TÜRKİYE 

A SUSTAINABLE MODEL FOR 

INDUSTRIAL WATER 

CONSUMPTION: R&D- BASED DRY 

SYSTEM IMPLEMENTATION AND 

THE MITIGATION OF WASTEWATER 

TREATMENT LOAD 

Ayşenur ÖZLER 

Mehmet Ergül YEŞİLYURT 

Mücahit Enes GÜNDOĞDU 

Aslı ÖZTUĞ 

Eksun Food Konya TÜRKİYE 

HEMP, CARBON CAPTURE AND AIR 

QUALITY 
İbrahim GÜNDÜZ Düzce University TÜRKİYE 

POSTHUMANISM AS AN 

ALTERNATIVE TO 

ANTHROPOCENTRIC ECOLOGY 

Dr. Nihat ÇAM 
Ministry of Education 

TÜRKİYE 

FROM HEMP BIOMASS TO FUEL: 

THE KEY ROLE OF HYDROLYSIS IN 

GREEN CONVERSION 

Özgenur DİNÇER ŞAHAN 

Prof. Dr. Ahmet KARADAĞ 

Yozgat Bozok University 

TÜRKİYE 

Bursa Uludağ University 

TÜRKİYE 

A NEW GENERATION MODEL 

FOCUSED ON TÜRKİYE FOR POST-

EARRHQUAKE SHELTER AND 

RECONSTRUCTION 

Dilara KOLAT 
Independent Researcher 

TÜRKİYE 

  

15.12.2025 / SESSION-4

Ankara Local Time: 1600-1730
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ÖNEMLİ, DİKKATLE OKUYUNUZ LÜTFEN / IMPORTANT, PLEASE READ CAREFULLY 

 

 

Önemli, Dikkatle Okuyunuz Lütfen 

 Kongremizde Yazım Kurallarına uygun gönderilmiş ve bilim kurulundan geçen bildiriler için online (video 

konferans sistemi üzerinden) sunum imkanı sağlanmıştır. 

 Online sunum yapabilmek için https://zoom.us/join sitesi üzerinden giriş yaparak “Meeting ID or Personal Link 

Name” yerine ID numarasını girerek oturuma katılabilirsiniz. 

 Zoom uygulaması ücretsizdir ve hesap oluşturmaya gerek yoktur. 

 Zoom uygulaması kaydolmadan kullanılabilir. 

 Uygulama tablet, telefon ve PC’lerde çalışıyor. 

 Her oturumdaki sunucular, sunum saatinden 15 dk öncesinde oturuma bağlanmış olmaları gerekmektedir. 

 Tüm kongre katılımcıları canlı bağlanarak tüm oturumları dinleyebilir. 

 Moderatör – oturumdaki sunum ve bilimsel tartışma (soru-cevap) kısmından sorumludur. 

 

Dikkat Edilmesi Gerekenler- TEKNİK BİLGİLER 

 Bilgisayarınızda mikrofon olduğuna ve çalıştığına emin olun. 

 Zoom'da ekran paylaşma özelliğine kullanabilmelisiniz. 

 Kabul edilen bildiri sahiplerinin mail adreslerine Zoom uygulamasında oluşturduğumuz oturuma ait ID numarası 

gönderilecektir. 

 Katılım belgeleri kongre sonunda tarafınıza pdf olarak gönderilecektir 

 Kongre programında yer ve saat değişikliği gibi talepler dikkate alınmayacaktır 

 

 

IMPORTANT, PLEASE READ CAREFULLY 

 To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “Meeting ID or Personal Link 

Name” and solidify the session. 

 The Zoom application is free and no need to create an account. 

 The Zoom application can be used without registration. 

 The application works on tablets, phones and PCs. 

 The participant must be connected to the session 15 minutes before the presentation time. 

 All congress participants can connect live and listen to all sessions. 

 Moderator is responsible for the presentation and scientific discussion (question-answer) section of the session. 

 

Points to Take into Consideration - TECHNICAL INFORMATION 

 Make sure your computer has a microphone and is working. 

 You should be able to use screen sharing feature in Zoom. 

 Attendance certificates will be sent to you as pdf at the end of the congress. 

 Requests such as change of place and time will not be taken into consideration in the congress program. 

 

 

Before you login to Zoom please indicate your name_surname and HALL number,  

exp. Hall-1, Merve KIDIRYUZ 
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Moderator: Prof. Dr. H. Ziya ÖZEK 

 

Title Author(s) Affiliation  

CHANGES IN AIR QUALITY OVER 

TIME IN BİTLİS PROVINCE: PM₁₀ 

AND SO₂ TREND ANALYSIS 

Assoc. Prof. Dr. Çiğdem ÖZER 
Bitlis Eren University 

TÜRKİYE 

MICROPLASTIC POLLUTION AND 

ENVIRONMENTAL IMPACTS IN 

LAKE İZNİK 

Dilara DEMİRBAŞ 

Assist. Prof. Dr. Saadet 

HACISALİHOĞLU 

Bursa Technical University 

TÜRKİYE 

HEMP AS A STRATEGIC 

AGRICULTURAL PRODUCT: 

CULTIVATION STAGES AND 

ASSESSMENT OF PRODUCTION 

POTENTIAL 

Tahsin BEYCİOĞLU 
Pamukkale University 

TÜRKİYE 

OPPORTUNITIES AND POSSIBLE 

THREATS NEED TO BE OVERCOME 

FOR HEMP FIBER 

Prof. Dr. H. Ziya ÖZEK 

Dr. Bilge Berkhan KASTACI 

Tekirdağ Namık Kemal 

University TÜRKİYE 

USABILITY OF HEMP SEED IN DIET 

Beste EKER 

Assist. Prof. Dr. Ahmet Murat 

GÜNAL 

Haliç University TÜRKİYE 

PHYTOBIOLOGICAL RADIOACTIVE 

POLLUTION MANAGEMENT: 

APPLICATION POTENTIAL OF THE 

CANNABIS PLANT 

Assoc. Prof. Dr. Aysun ALTIKAT Iğdır University TÜRKİYE 

A NEW ERA IN ZERO WASTE: HEMP, 

THE WASTE-FREE PRODUCT 
Assoc. Prof. Dr. Oğuzhan ERDOĞAN 

Burdur Mehmet Akif Ersoy 

University TÜRKİYE 

EFFECT OF HEMP FIBER ADDITION 

ON THE SURFACE ROUGHNESS 

AND MECHANICAL STRENGTH OF 

ZINC PHOSPHATE CEMENT USED 

IN PROSTHODONTICS 

Aliye İpek KUŞÇU 
Yozgat Bozok University 

TÜRKİYE 

SENSITIZING THE POTENTIAL OF 

CANNABIDIOL IN OVERCOMING 

CHEMOTHERAPY RESISTANCE 

Kezban UÇAR ÇİFÇİ 
Yozgat Bozok University 

TÜRKİYE 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  

Kindly keep your cameras on till the end of the session. 

  

16.12.2025| HALL-1 | SESSION-1

Ankara Local Time: 1000-1200



 
2ND INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS 

  CONGRESS PROGRAM 

 

 

 

 

Meeting ID: 833 1287 1999 / Passcode: 020202  
Moderator: Dr. Maria Taj 

 

Title Author(s) Affiliation  

PHYTOREMEDIATION OF 

INDUSTRIAL SOIL CONTAMINATED 

WITH AROMATIC COMPOUNDS BY 

PLANTING PAULOWNIA TREES 

Zehrudin Osmanovic 

Hana Alihodžić 

Maida Smajlović 

Lejla Oštraković 

Alma Krekić 

Tuzla University BOSNIA AND 

HERCEGOVINA 

EVALUATING THE EFFICIENCY OF 

NATURAL CLAY: BENTONITE AND 

CHITOSAN IN WATER TREATMENT 

VIA THE COAGULATION-

FLOCCULATION PROCESS 

Fatima EL ARNOUKI 
Abdelmalik Essaadi University 

MOROCCO 

LAURAMINE OXIDE–MODIFIED 

BENTONITE: AN INNOVATIVE 

MATERIAL FOR ENHANCED LEAD 

REMOVAL FROM POLLUTED 

WATERS 

Architha Vijayalakshmi 

S. Hemalatha 

B.S. Abdur Rahman Crescent 

Institute of Science and 

Technology INDIA 

BIOSYNTHESIS OF 

NANOPARTICLES BASED ON GREEN 

WASTE AND THEIR APPLICATION 

IN WASTEWATER TREATMENT 

Mohammed HAFID 

EL HERRADI El Hassania 

Hamid Saufi 

Mohammed V University 

MOROCCO 

EMERGING TECHNOLOGIES FOR 

ADVANCED WATER ANALYSIS: 

INNOVATIONS FOR SUSTAINABLE 

WATER QUALITY MONITORING 

EL-BOUZIDI Ahmed 

ACHIOU Brahim 

BEQQOUR Dounia 

ABROUKI Younes 

Latifa BEN AKKA 

LOUKILI Hayat 

Hassan II University 

MOROCCO 

Mohammed V University 

MOROCCO 

REMINEX Research Center 

MOROCCO 

Ibn Tofail University 

MOROCCO 

MINIMIZING FERTILIZER IMPACT 

ON ENVIRONMENT 

ELABBARI Chaimaa 

Labjar Najoua 

EL Hajjaji souad 

Mohammed V University 

MOROCCO 

POTENTIAL IMPACT OF GUANIDINE 

IN MODULATING DIRECT AMMONIA 

OXIDATION (DIRAMMOX) PATHWAY 

AND FUTURE RESEARCH 

DIRECTIONS FOR WASTEWATER 

TREATMENT 

Nimra Bashir Qureshi 

Aliza Bashir Qureshi 

University of Chinese Academy 

of Sciences CHINA 

NATURAL MATERIAL-MEDIATED 

SYNTHESIS OF AgNPs FOR 

SENSITIVE MERCURY DETECTION 

IN WASTEWATER 

Dr. Maria Taj 
Jinnah University for women 

PAKISTAN 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  

Kindly keep your cameras on till the end of the session. 
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Moderator: Assoc. Prof. Dr. Marina Axentii 

 

Title Author(s) Affiliation  

DEVELOPMENT OF INNOVATIVE 

PASTA FORMULATIONS USING 

UNDERUTILIZED YET HIGH-

QUALITY PROTEINS: RAPESEED 

AND HEMP 

Assoc. Prof. Dr. Marina Axentii 

Georgiana CODINĂ 

Stefan cel Mare University 

ROMANIA 

REDISCOVERING FUNCTIONAL 

POTENTIAL OF HEMP PROTEIN 

MEAL AS KEY INGREDIENT FOR 

FOOD FORTIFICATION 

Assoc. Prof. Dr. Marina Axentii 

Jiyan Aslan CEYLAN 

Georgiana CODINĂ 

Stefan cel Mare University 

ROMANIA 

Mardin Artuklu University 

TÜRKİYE 

Stefan cel Mare University 

ROMANIA 

COLD PLASMA TREATMENT FOR 

ENHANCING THE FUNCTIONAL 

AND NUTRITIONAL QUALITY OF 

HEMP PROTEIN 

Mir-Hassan Moosavy Tabriz University IRAN 

A COMPARATIVE ECONOMIC 

ANALYSIS OF INDUSTRIAL HEMP 

CULTIVATION IN OPEN-FIELD 

VERSUS GREENHOUSE SYSTEMS 

FOR ARID REGIONS 

Seyyed Hasan mousavi 

Nasrin Farhadi 

Greenhouse and Controlled 

Environments Research Center 

(GCER), Horticultural Science 

Research IRAN 

Institute (HSRI), Agricultural 

Research Education And 

Extension Organization 

(AREEO) IRAN 

HEMPIN TRADITIONAL AND 

ALTERNATIVE MEDICINE 

R. Devadharshini 

S, Gomathy E 

Dr.W. Helen 

Bharath Institute of Higher 

Education and Research INDIA 

NUTRACEUTICAL POTENTIAL OF 

HEMP AND ITS THERAPEUTIC 

RELEVANCE IN VETERINARY 

HEALTH 

Vikram Chandu V 

Rajiv Gandhi Institute of 

Veterinary Education and 

Research INDIA 

IMPACT OF HEMP INCLUSION IN 

CROP ROTATION ON THE 

REQUIREMENT FOR SYNTHETIC 

PESTICIDES 

Babayeva Mavluda Ruslanovna 

Rahimova Yulduz Atamyradovna 

Oguz han Engineering and 

Technology University 

TURKMENISTAN 

THE DOCTRINE OF THE BIOSPHERE 

AND THE MAIN DIRECTIONS OF ITS 

DEVELOPMENT 

Babayeva Mavluda Ruslanovna 

Rahimova Yulduz Atamyradovna 

Oguz han Engineering and 

Technology University 

TURKMENISTAN 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  

Kindly keep your cameras on till the end of the session. 
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Title Author(s) Affiliation  

GREEN PHARMACY: A 

SUSTAINABLE APPROACH TO DRUG 

DEVELOPMENT 

Dr.R.Saravanan 

Keerthana.V 

Meenatchi.S 

Kishore.R 

Vaishnavi.k 

Bharath Institute of Higher 

Education and Research INDIA 

OPTICAL SPECTRA OF MERCURY 

COMPOUNDS AS A BASIS FOR 

THEIR DETERMINATION IN THE 

ENVIRONMENT 

Olesya Bokotey 

Tuan Vu 

Oleksandr Bokotey 

Oleksandr Slivka 

Uzhhorod National University 

UKRAINE 

Ton Duc Thang University 

VIETNAM 

CORN HUSK–BENTONITE 

COMPOSITE FOR REMOVAL OF 

ANTIBIOTICS 

Yumna Ayesha 

Architha Vijayalakshmi 

S. Hemalatha 

B.S. Abdur Rahman Crescent 

Institute of Science and 

Technology INDIA 

FORMULATION AND APPLICATION 

OF PVP MODIFIED FE3O4@SiO2 

MAGNETIC NANOCOMPOSITE OF 

NIGELLA SATIVA FOR REMOVING 

HEAVY METAL AND 

PHARMACEUTICAL 

CONTAMINANTS 

Rumeesa Rafique Gill 

Adeel Sattar 

Muhammad Ovais Omer 

Muhammad Adil Rasheed 

Sammina Mahmood 

Qamar Niaz 

Umbreen Anwar 

University of Veterinary and 

Animal Sciences PAKISTAN 

Education University 

PAKISTAN 

Sialkot College of Physical 

Therapy PAKISTAN 

ECO-FRIENDLY MICROBIAL 

PRODUCTION OF CAROTENOIDS 

FROM AGRICULTURAL 

FEEDSTOCKS 

Nithya Sree S 

Faridha Begum I 

B.S. Abdur Rahman Crescent 

Institute of Science and 

Technology INDIA 

SUSTAINABLE BIOCONVERSION OF 

FRUIT RESIDUES INTO MICROBIAL 

LIPIDS 

Roshini M 

Faridha Begum I 

B.S. Abdur Rahman Crescent 

Institute of Science and 

Technology INDIA 

DESIGN AND EXPERIMENTAL 

RESEARCH ON HEMP FIBER 

COMPOSITE-BASED SUSTAINABLE 

VIBRATION DAMPERS 

Helal Uddin 

Mizanur Rahman Howlader 

Hajee Mohammad Danesh 

Science and Technology 

University BANGLADESH 

INTEGRATING HEMP-BASED BIO-

MATERIALS IN SMALL-SCALE 

AQUACULTURE: IMPACTS ON 

RURAL LIVELIHOOD AND 

ENVIRONMENTAL SUSTAINABILITY 

Md. Saikot Hasan 

Akhi Akther 

Bangladesh Agricultural 

University BANGLADESH 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  

Kindly keep your cameras on till the end of the session. 

  

16.12.2025| HALL-4| SESSION-1

Ankara Local Time: 1000-1200



 
2ND INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS 

  CONGRESS PROGRAM 

 

 

 

 

Meeting ID: 833 1287 1999 / Passcode: 020202  
Moderator: Assist. Prof. Dr. Tahir Qureshi 

 

Title Author(s) Affiliation  

WATER POLLUTION AND 

CORPORATE ACCOUNTABILITY: 

STRENGTHENING THE POLLUTER-

PAYS PRINCIPLE 

Assist. Prof. Dr. Tahir Qureshi 

Assist. Prof. Khanam Afreen 

Assist. Prof. Dr. Shaeyuq Ahmad 

Shah 

Deemed University INDIA 

Bihar University INDIA 

Deemed University INDIA 

FROM FORESTS TO RESORTS: 

GOVERNMENTAL INACTION, 

BIODIVERSITY LOSS, AND SDGs IN 

THE CHATTOGRAM HILL TRACTS 

Mahammad Sohel 

Rahatul Mowla Rahat 

Israt Jahan 

Seemanto Das 

Gopalganj Science and 

Technology University 

BANGLADESH 

THE PROBLEM OF MICROPLASTICS 

IN ENVIRONMENTAL MEDICINE 
Mariami Managadze 

Tbilisi State Medical University 

GEORGIA 

UTILIZATION OF OLIVE MILL SOLID 

WASTE-BASED ACTIVATED CARBON 

FOR THE EFFECTIVE ELIMINATION 

OF PHENOLIC COMPOUNDS IN 

OLIVE-MILL WASTEWATER: A 

STUDY ON OPTIMIZATION, 

KINETICS, AND ISOTHERMS 

Aboubacar Sidigh sylla 

Aziz Ihammi 

Ilham Kirm 

Abdelghani Boussetta 

Kamal Benali 

Tarik Ainane 

Nour-Eddine El Mansouri 

Mohammed Chigr 

Sultan Moulay Slimane 

University MOROCCO 

S.A, Mohammed VI Polytechnic 

University MOROCCO 

CONTINUOUS 

ELECTROCOAGULATION FOR 

INDUSTRIAL INORGANIC 

WASTEWATER 

Mounir BOUTARBOUCH 

Khadija El-Moustaqim 

Jamal MABROUKI 

Mohammed V University 

MOROCCO 

Ibn Tofail University 

MOROCCO 

Mohammed V University 

MOROCCO 

POTENTIAL RAINWATER 

HARVESTING UTILIZING GEO-

INFORMATICS AND MCDA 

Chottu Purkait 

Sandeepan Saha 

Subhojit Chattaraj 

Dr. Sandip Sarkar 

Subir Mondal 

Greater Kolkata College of 

Engineering and Management 

INDIA 

TRACING NITRATE SOURCES USING 

STABLE ISOTOPES: A REVIEW 

Ahmed Mahmoud Ahmed Oubeid 

Ismail Hilal 

Aminetou Kebd 

Mohamed Sadiki 

Ibn Tofail University 

MOROCCO 

Nouakchott University 

MAURITANIA 

³National Center for Energy, 

Sciences and Nuclear 

Techniques (CNESTEN) 

MOROCCO 

STUDY ON THE DIVERSITY AND 

ASSEMBLAGES OF FORAMINIFERA 

IN RELATION TO CHEMICAL 

PARAMETERS OF WATER IN THE 

BEACHES OF LABONI, SUGANDHA 

AND KOLATOLI BELT OF THE BAY 

OF BENGAL, BANGLADESH 

Md. Mansurul Haque 

Md. Mahedi Hasan 

Aysha Akter Metu 

Nusrat Jahan 

Mahmuda Khatun 

Jahangirnagar University 

BANGLADESH 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  

Kindly keep your cameras on till the end of the session. 
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Moderator: Prof. Dr. Ahmet KOLUMAN 

 

Title Author(s) Affiliation  

INVESTIGATION OF THE EFFECT 

OF RECYCLED AGGREGATE ON 3D-

PRINTABLE MORTAR MIXTURES 

INCORPORATING HEMP FIBER 

Assist. Prof. Dr. Derya ÖVER 

Dr. Nesil Özbakan ORHAN 

Dr. Ayten ÇAPUTÇU 

Prof. Dr. Yücel GÜNEY 

Eskişehir Technical University 

TÜRKİYE 

Çimsa Cement Industry and 

Trade Inc. Mersin TÜRKİYE 

Anadolu University TÜRKİYE 

DEVELOPMENT AND 

BIOCOMPATIBILITY ASSESSMENT 

OF A PMMA/HA–BASED BONE 

GRAFT REINFORCED WITH SILK 

FIBROIN AND HEMP FIBER 

Aylin KORKMAZ PINARBAŞI 

Ali AYDIN 

Prof. Dr. Ahmet KARADAĞ 

Yozgat Bozok University 

TÜRKİYE 

Bursa Uludağ University 

TÜRKİYE 

IN VITRO MODULATION OF TNF-α 

AND CXCR4 PATHWAYS BY 

CANNABIS SATIVA–DERIVED 

CANNABIDIOL IN LPS/PMA/IL-1β–

ACTIVATED THP-1 CELLS 

Mustafa YILMAZ KAYA 

Ali AYDIN 

Prof. Dr. Ahmet KARADAĞ 

Yozgat Bozok University 

TÜRKİYE 

Bursa Uludağ University 

TÜRKİYE 

EVALUATION OF 

BIOCOMPATIBILITY AND TOXICITY 

PROFILES OF TISSUE SCAFFOLDS 

PRODUCED FROM HEMP FIBER ON 

DIFFERENT CELLULAR MODELS 

Sıla KIZILTAŞ 

Senem Naz KAYA 

Prof. Dr. Ahmet KOLUMAN 

Pamukkale University 

TÜRKİYE 

COLOR AND ANTIMICROBIAL 

ANALYSIS OF HEMP FIBER 

MORDANTED WITH AVOCADO SEED 

SHELLS AND DYED WITH OAK 

BARK 

Assist. Prof. Dr. Gürsel KORKMAZ 

Assist. Prof. Dr. Mehmet KILINÇ 

Assoc. Prof. Dr. Şeyda EYÜPOĞLU 

Prof. Dr. Dilek KUT 

Sivas Cumhuriyet University 

TÜRKİYE 

Giresun University TÜRKİYE 

Istanbul University–

Cerrahpaşa TÜRKİYE 

Bursa Uludağ University 

TÜRKİYE 

ALTERNATIVE BIOMETARIAL 

POTENTIAL OF HEMP-PROUDUCED 

NANOLIFES AND 3D 

BIOCOMPOSITE SCAFFOLD 

STRUCTURES 

Lect. Batuhan AKILLI 

Hüseyin ÜÇAR 

Prof. Dr. Ahmet KOLUMAN 

Afyon Kocatepe University 

TÜRKİYE 

Pamukkale University 

TÜRKİYE 

Pamukkale University 

TÜRKİYE 

SUSTAINABLE, BIOCOMPATIBLE, 

AND ANTIMICROBIAL HEMP 

SUTURES ENGINEERED VIA A 

DECENTRALIZED SOCIAL SUTURE 

MODEL 

Prof. Dr. Ahmet KOLUMAN 

Emre CELAYIR 

Emir Doğu ERKAN 

Pamukkale University 

TÜRKİYE 

COMPARISON OF SOME 

AGRONOMIC TRAITS OF 

INDUSTRIAL HEMP CULTIVARS 

GROWN UNDER RİZE CONDITIONS 

Assoc. Prof. Dr. Yusuf ŞAVŞATLI 

Assist. Prof. Dr. Gözde Hafize 

YILDIRIM 

Recep Tayyip Erdoğan 

University TÜRKİYE 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  

Kindly keep your cameras on till the end of the session. 
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Title Author(s) Affiliation  

INDUSTRIALISATION, CAPITALISM, 

AND LEGAL RESTRAINTS ON 

UNREGULATED SINGLE-USE 

PLASTIC WASTE 

Pritheeraj Sen 

Assoc. Prof. Dr. Mainan Ray 
Amity University INDIA 

ENVIRONMENTAL RIGHTS AND 

HUMAN HEALTH: A LEGAL 

PERSPECTIVE 

Orlinda SINANAJ 

Romina SINANAJ 

University of Insurance and 

Finance BULGARIA 

Municipality of Vlora ALBANIA 

REVIVING DEPOPULATED 

HIMALAYAN LANDSCAPES: 

EXPLORING HEMP-BASED 

ECOLOGICAL RESTORATION, 

TRADITIONAL KNOWLEDGE 

PROTECTION, AND 

ENVIRONMENTAL GOVERNANCE IN 

UTTARAKHAND’S GHOST VILLAGES 

Ms. Manika Chaudhary 

Mr. Abhishek Kumar Verma 
Central University INDIA 

ENVIRONMENTAL STEWARDSHIP 

IN MEIVAZHI SALAI 

S.T.Salai Kavinvaan 

Thangapasumai 

J. Salai Thillai Thilagam 

G. Pulla Reddy Engineering 

College INDIA 

COMPREHENSIVE EXAMINATION 

OF PHARMACEUTICAL 

POLLUTANTS AND THEIR 

DISRUPTION OF ECOLOGICAL 

BALANCE: HUMAN HEALTH RISKS, 

COMPLEX INTERACTIONS, 

VULNERABILITY EVALUATION, 

INTEGRATED REMEDIATION 

STRATEGIES WITHIN NOVEL 

TOXICOLOGICAL RISK 

FRAMEWORKS 

Dr. Nodar Sulashvili 

Irina Imerlishvili 

Nana Gorgaslidze 

Luiza Gabunia 

Maka Buleishvili 

Tbilisi State Medical University 

GEORGIA 

BAU International University 

GEORGIA 

Tbilisi State Medical University 

GEORGIA 

The First University GEORGIA 

Tbilisi State Medical University 

GEORGIA 

PROMOTING ENVIRONMENTAL 

SUSTAINABILITY THROUGH 

BIODEGRADABLE ELECTRONIC 

TECHNOLOGIES 

SARABOJI S 

SARAN V 

SHELLY K R 

SOMESHWARAN M 

SUDHAKAR N 

Dr.A.VIJAYALAKSHMI 

R.M.K. Engineering College 

INDIA 

SUSTAINABLE RETAIL 

ENVIRONMENTS: A DESIGN-BASED 

EXPLORATION OF ZERO-WASTE 

GROCERY STORES 

Ayesha Zulfiqar 

Farhana Naz 

Maryam Usman 

Independent Researcher 

PAKISTAN 

Lahore College for Women 

University PAKISTAN 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  

Kindly keep your cameras on till the end of the session. 
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Title Author(s) Affiliation  

COMPUTATIONAL AND 

STATISTICAL APPROACHES FOR 

UNDERSTANDING HEMP 

(CANNABIS SATIVA L.) GENOMICS 

AND ENVIRONMENTAL 

ADAPTATION 

Nur Mohamad 

Md.Toukir Biswas 

Rajshahi University 

BANGLADESH 

COLLECTIVE ENVIROMENTAL 

ACTION AND MOVEMENTS 

OUTOMES: RETHINKING DECISION-

MAKING IN ALBANIA 

Gilda Hoxha 
Mediterranean University 

ALBANIA 

EVALUATING THE USE OF HEMP AS 

AN EFFECTIVE SUPPLEMENT FOR 

PAIN MANAGEMENT IN DOGS 

Meruva Nageswara S.K.P 

Rajiv Gandhi Institute of 

Veterinary Education and 

Research INDIA 

HEMP-BASED 

NANOFORMULATIONS FOR 

ENHANCED DRUG DELIVERY IN 

PHARMACEUTICAL SCIENCE 

D.Aravindhan 

K.Dinesh Rajan 

S.Shakthi Sree 

Bharath Institute of Higher 

Education and Research INDIA 

LICHENS AS EARLY-WARNING 

BIOINDICATORS OF ATMOSPHERIC 

POLLUTION 

Safaa Rhoulam 

Marouane Melloul 

Taha Chouati 

Bahia Rached 

El Alaoui Abdelaziz 

Ibn Tofail University 

MOROCCO 

National Center for Scientific 

and Technical Research 

(CNRST) MOROCCO 

Mohammed V University 

MOROCCO 

POTENTIAL OF HEMP (CANNABIS 

SATIVA L.) IN THE 

DECONTAMINATION OF DRINKING 

WATER RESOURCES: LITERATURE 

REVIEW AND ENVIRONMENTAL 

PERSPECTIVES 

Ben Akka Latifa 

Abrouri Salma 

Gliti Oussama 

Mehdioui Sakina 

Bejjaji Zohra 

Aouane Mahjoub 

Chakiri Said 

El-Bouzidi Ahmed 

Ibn Tofail University 

MOROCCO 

PARTIALLY HEMPCRETE FILLED 

STEEL TUBULAR BEAMS: BENDING 

BEHAVIOR 

M Surya Prasanth 

Mahendrakar Hemanth Kumar 

Vignan’s Lara Institute of 

Technology & Science INDIA 

G Pullareddy Engineering 

College INDIA 

HEMP REVOLUTION: REDEFINING 

SUSTAINABILITY THROUGH GREEN 

INDUSTRY, CLIMATE ACTION, AND 

CIRCULAR ECONOMY MODELS 

Dr. Manorath Das 

Sumaiya Begum 
Srinath University INDIA 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  

Kindly keep your cameras on till the end of the session. 
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ÖNSÖZ 

Bilimsel bilginin disiplinler arası etkileşimle zenginleştiği, çevresel sürdürülebilirliğin ve doğal 

kaynakların etkin kullanımının küresel ölçekte öncelik kazandığı bir dönemde; kenevir bitkisi, 

sunduğu çok yönlü potansiyel ile yeniden dikkatlerin odağına yerleşmiştir. Tarım, çevre, 

biyoteknoloji, sağlık, enerji ve sanayi gibi pek çok alanı doğrudan ya da dolaylı biçimde 

etkileyen bu bitki, günümüzde hem bilimsel araştırmaların hem de uygulamaya dönük 

politikaların önemli bir bileşeni hâline gelmiştir. 

Bu çerçevede düzenlenen II. Uluslararası Multidisipliner Çevre ve Kenevir Kongresi ile eş 

zamanlı olarak gerçekleştirilen II. Kenevir Forumu, kenevir konusunu yalnızca akademik bir 

araştırma alanı olarak değil; özellikle tıbbi kenevir ekseninde, tarımsal üretimden ileri işleme 

teknolojilerine, saflaştırma süreçlerinden farmasötik ve endüstriyel uygulamalara uzanan 

bütüncül bir ekosistem içerisinde ele almayı amaçlamıştır. 

Özellikle Kenevir Forumu, tıbbi kenevir başta olmak üzere; endokannabinoidler ve 

fitokannabinoidlerin üretimi, saflaştırılması, farmasötik kaliteye taşınması ve farklı 

sektörlerdeki kullanımlarını odağına alan oturumlarıyla öne çıkmıştır. Forum kapsamında; 

süperkritik CO₂ ekstraksiyonu gibi ileri saflaştırma teknolojileri, kannabinoidlerin 

endüstriyel ve tıbbi uygulamaları, farmasötik yönetmelik süreçleri, yeni nesil 

kannabinoidler ile kannabinoidlerin tıp, farmakoloji, kozmetik ve gıda alanlarındaki 

kullanımları çok boyutlu bir bakış açısıyla ele alınmıştır. 

Bu kapsamda Forum; kenevir tarımı ve tıbbi kenevir alanında faaliyet gösteren yatırımcıları, 

kenevir esaslı ürünler geliştiren sanayi temsilcilerini, akademisyenleri ve uygulamaya dönük 

deneyime sahip uzmanları bir araya getirerek; bilimsel bilgi ile uygulama ve yatırım 

ekosistemi arasında bir köprü kurulmasına katkı sunmayı hedeflemiştir. Böylece kenevir ve 

özellikle tıbbi kenevir alanındaki güncel gelişmelerin, ülkemiz nezdinde bilimsel, teknik ve 

toplumsal farkındalık düzeyinde daha görünür hâle gelmesine önemli bir zemin 

oluşturulmuştur. 

Kongre kapsamında sunulan bildiriler ve yapılan oturumlar; kenevirin çevresel etkilerinden 

biyoteknolojik uygulamalarına, tarımsal üretim modellerinden tıbbi ve endüstriyel kullanım 

alanlarına kadar uzanan geniş bir yelpazede güncel bilimsel verilerin paylaşılmasına imkân 

sağlamıştır. Farklı disiplinlerden araştırmacıların katkılarıyla şekillenen bu bilimsel ortam, 

kenevir konusunun tek boyutlu yaklaşımların ötesinde, bütüncül ve çok disiplinli bir bakış 

açısıyla değerlendirilmesinin önemini bir kez daha ortaya koymuştur. 

Bu kitapta yer alan bildiriler, kongre süresince gerçekleştirilen sözlü sunumların bir derlemesi 

niteliğinde olup; alandaki güncel araştırma eğilimlerini, metodolojik yaklaşımları ve geleceğe 

dönük araştırma alanlarını yansıtmaktadır. Sunulan çalışmaların, gerek akademik literatüre 

gerekse uygulamaya dönük araştırma ve geliştirme faaliyetlerine katkı sunacağına inanıyorum. 

Kongremiz, katılımcı profili ve uluslararası niteliği bakımından da önemli bir etkileşim zemini 

oluşturmuştur. Toplam 96 katılımcının yer aldığı kongrede; 40’ı Türkiye’den, 56’sı yurt 

dışından olmak üzere farklı coğrafyalardan bilim insanları bir araya gelmiştir. Etkinlik, 24 

katılımcının yüz yüze, 72 katılımcının ise çevrim içi katılımıyla hibrit bir formatta 

gerçekleştirilmiştir. 

Kongreye; Türkiye, Romanya, Bosna-Hersek, Fas, Pakistan, Hindistan, İran, Mısır, 

Bangladeş, Bulgaristan, Arnavutluk, Çin, Gürcistan, Ukrayna, Vietnam, Moritanya, 

Türkmenistan, Nijerya ve Amerika Birleşik Devletleri olmak üzere 18 farklı ülkeden 

akademisyen ve araştırmacı katılım sağlamıştır. Bu çeşitlilik, kongrenin uluslararası düzeyde 



ilgi gördüğünün ve kenevir konusunun küresel ölçekte ortak bir araştırma alanı hâline 

geldiğinin önemli bir göstergesidir. 

Başta Davetli Konuşmacılarımız ve Kenevir Forumu’nda katkı sunan konuşmacılarımız 

olmak üzere; bilgi, birikim ve deneyimlerini bizlerle paylaşarak kongremize değer katan tüm 

bilim insanlarına içten teşekkürlerimi sunuyorum. Özellikle özgün araştırmalarını sözlü 

bildiriler yoluyla sunan araştırmacılarımız, bilimsel üretimin ve akademik paylaşımın en 

somut örneklerini ortaya koymuş; sunumlarıyla bilimsel tartışmaları derinleştirmiş, 

bildirileriyle bu kitapta yer alan çalışmaları ise kongrenin bilimsel düzeyini, akademik 

saygınlığını ve kalıcı niteliğini önemli ölçüde güçlendirmiştir. 

Ayrıca, kongrenin düzenlenmesinde emeği geçen Bilim Kurulu, Düzenleme Kurulu, destek 

veren kurum ve kuruluşlar ile organizasyon sürecinde özveriyle çalışan tüm ekip 

arkadaşlarımıza teşekkür ederim. Katılımlarıyla kongreyi zenginleştiren öğrencilerimiz ve genç 

araştırmacılarımız da bu bilimsel ortamın dinamik ve sürdürülebilir olmasına önemli katkılar 

sunmuştur. 

Bu kongrenin ve elinizdeki bu kitabın; kenevir alanında yürütülecek gelecekteki akademik 

çalışmalara, politika geliştirme süreçlerine ve uygulamaya dönük girişimlere katkı sağlamasını 

temenni ediyorum. Bilimsel iş birliklerinin güçlenmesine vesile olmasını ve kenevir konusunun 

sürdürülebilir, bilim temelli ve bütüncül bir yaklaşımla ele alınmasına katkı sunmasını 

diliyorum. 

Bu düşüncelerle, II. Uluslararası Multidisipliner Çevre ve Kenevir Kongresi Bildiri 

Kitabı’nın tüm okuyucular için faydalı olmasını temenni eder, katkı sunan herkese bir kez daha 

teşekkür ederim. 
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PREFACE 

In a period when interdisciplinary scientific interaction is increasingly shaping knowledge 

production, and environmental sustainability together with the effective use of natural 

resources has become a global priority, hemp has once again attracted considerable attention 

due to its multifaceted potential. With applications spanning agriculture, environmental 

sciences, biotechnology, health, energy, and industry, hemp has emerged as a subject of 

growing interest not only in academic research but also in policy development and practical 

implementation. 

Within this framework, the II International Multidisciplinary Environment & Hemp 

Congress, held concurrently with the II Hemp Forum, aimed to address hemp not merely as 

an academic research topic, but—particularly through the lens of medical hemp—as an 

integrated ecosystem extending from agricultural production to advanced processing 

technologies, from purification methods to pharmaceutical and industrial applications. 

In this context, the Hemp Forum stood out with its sessions focusing primarily on medical 

hemp, with a particular emphasis on the production, purification, and application of 

endocannabinoids and phytocannabinoids. The forum discussions comprehensively 

addressed topics such as advanced extraction and purification technologies, including 

supercritical CO₂ extraction, the pharmaceutical and industrial utilization of 

cannabinoids, regulatory frameworks governing medical cannabis products, emerging 

and next-generation cannabinoids, and the applications of cannabinoids in medicine, 

pharmacology, cosmetics, and food-related sectors. 

Through this approach, the Forum brought together investors active in hemp cultivation and 

medical hemp, industrial stakeholders developing hemp-based products, academic researchers, 

and experts with hands-on, application-oriented experience. By doing so, it sought to establish 

a strong bridge between scientific knowledge, technological implementation, and 

investment ecosystems, while contributing to the increased scientific, technical, and societal 

visibility of hemp—particularly medical hemp—at the national level. 

The scientific sessions of the congress provided a platform for the presentation and discussion 

of current research findings across a broad thematic spectrum, including environmental aspects 

of hemp cultivation, biotechnological applications, agricultural production models, as well as 

medical and industrial uses. Contributions from diverse disciplines highlighted the importance 

of evaluating hemp through a holistic and multidisciplinary perspective, moving beyond single-

dimensional approaches. 

The papers included in this volume constitute a compilation of the oral presentations delivered 

during the congress and reflect current research trends, methodological approaches, and 

emerging directions in the field. I believe that the studies presented will contribute not only to 

the academic literature but also to applied research and development activities. 

The congress also distinguished itself through its international and diverse participant profile. 

A total of 96 participants attended the event, including 40 participants from Türkiye and 56 

international participants. The congress was conducted in a hybrid format, with 24 

participants attending in person and 72 participating online. 

Participants represented 18 countries, namely Türkiye, Romania, Bosnia and Herzegovina, 

Morocco, Pakistan, India, Iran, Egypt, Bangladesh, Bulgaria, Albania, China, Georgia, 

Ukraine, Vietnam, Mauritania, Turkmenistan, Nigeria, and the United States of America. 

This broad international representation demonstrates the global interest in hemp-related 

research and underscores the relevance of hemp as a shared scientific and societal concern. 



 

I would like to express my sincere appreciation to all scientists who enriched the congress by 

sharing their knowledge, expertise, and experience—particularly our Invited Speakers and the 

speakers of the Hemp Forum. Special recognition is due to the researchers who presented 

their original studies through oral presentations, as their contributions represent the most 

tangible outcomes of scientific inquiry and academic engagement. Through their presentations, 

they deepened scholarly discussion, and through the papers included in this volume, they have 

significantly strengthened the scientific rigor, academic reputation, and lasting value of the 

congress. 

My appreciation is also extended to the members of the Scientific Committee and the 

Organizing Committee, as well as to all institutions and organizations that supported the 

congress. Special thanks are due to the colleagues and students who worked diligently 

throughout the organization process, and to the young researchers whose active participation 

contributed to the dynamic and forward-looking atmosphere of the event. 

It is my sincere hope that this proceedings book will serve as a valuable reference for 

researchers, policymakers, and practitioners, and that it will contribute to future academic 

collaborations, policy discussions, and applied initiatives in the field of hemp research. I trust 

that the outcomes of this congress will support a scientifically grounded, sustainable, and 

multidisciplinary approach to hemp-related studies. 

With these thoughts, I would like to thank all contributors once again and wish the readers of 

the Proceedings of the II International Multidisciplinary Environment & Hemp Congress 

a productive and insightful reading experience. 

 

 

Prof. Dr. Ahmet KARADAĞ 

Congress Chair 

II International Multidisciplinary Environment & Hemp Congress 
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Abstract 

Hemp and cannabis-derived compounds have long been investigated for potential therapeutic 

applications. The cannabis plant contains a complex group of bioactive constituents, including 

phytocannabinoids, terpenes, and phenolic compounds. Among these, Δ9-

tetrahydrocannabinol (THC) and cannabidiol (CBD) are the most extensively studied 

phytocannabinoids and are known to exert distinct physiological and pharmacological effects. 

Preclinical studies in animal models of Alzheimer's disease (AD) indicate that THC can directly 

modulate key pathological features of the disease while improving cognitive performance. 

Specifically, low-dose THC administration has been shown to reduce tau phosphorylation, 

attenuate amyloid-β accumulation, and decrease glycogen synthase kinase-3β (GSK-3β) 

activity, in addition to enhancing mitochondrial function. Furthermore, emerging evidence 

suggests that balanced signaling through CB1 and CB2 receptors is critical for regulating 

neuroinflammation, supporting neurogenesis, and preserving cognitive function. Currently, 

several FDA-regulated clinical trials are underway to evaluate the therapeutic potential of THC 

and CBD for the management of cognitive decline and neuropsychiatric symptoms associated 

with AD. 

Introduction 

Cannabis is a genus of flowering plants within the family Cannabaceae, comprising three 

commonly recognized species: Cannabis sativa, Cannabis indica, and Cannabis ruderalis. The 

plant is characterized by a complex phytochemical profile that includes phytocannabinoids, 

terpenoids, flavonoids, and other secondary metabolites. To date, more than 560 distinct 

chemical constituents have been identified, of which over 100 are classified as 

phytocannabinoids (Bonini et al., 2018). These bioactive compounds are biosynthesized and 

sequestered within glandular trichomes that develop on the female inflorescences. The 

principal phytocannabinoids present in Cannabis include Δ9-tetrahydrocannabinol (THC) and 

cannabidiol (CBD). In addition, cannabis inflorescences synthesize several minor 

phytocannabinoids, such as cannabigerol (CBG), cannabichromene (CBC), cannabinol (CBN), 

and tetrahydrocannabivarin (THCV). All phytocannabinoids are biosynthesized in their acidic 

precursor forms, including tetrahydrocannabinolic acid (THCA) and cannabidiolic acid 

(CBDA). These acidic cannabinoids undergo nonenzymatic decarboxylation, typically induced 

by heat, light, or prolonged storage, to yield their corresponding neutral forms, THC and CBD. 

In female cannabis inflorescences, THC concentrations can account for 5–30% of the plant’s 

dry weight. 
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Pharmacokinetics of THC and CBD 

THC and CBD are highly lipophilic compounds that rapidly achieve measurable plasma 

concentrations following inhalation. Population pharmacokinetic models indicate that THC 

exhibits a rapid initial distribution phase with a short half-life of approximately six minutes 

after acute exposure, whereas chronic use markedly prolongs its terminal half-life to up to ~22 

hours (Lucas et al., 2018). CBD displays comparatively longer half-life, ranging from 16 to 30 

hours, which may extend to several days in chronic users. The intoxicating and cognitive 

effects of cannabis are dose-dependent and influenced by the route of administration. Low 

inhaled or oral doses can impair attention and short-term memory, while higher doses, 

particularly in adults and pediatric populations, are associated with more severe adverse effects, 

including anxiety, panic, hypotension, and respiratory depression (AR, 2022). 

Endocannabinoid System 

The endocannabinoid system (ECS) is composed of the G protein–coupled cannabinoid 

receptors CB1 and CB2, the endogenous ligands anandamide (AEA) and 2-

arachidonoylglycerol (2-AG), and the enzymes responsible for their synthesis and degradation 

(Aizpurua-Olaizola et al., 2017). AEA, the first identified endocannabinoid, acts as a partial 

agonist at both CB1 and CB2 receptors, with lower affinity for CB2 (Devane et al., 1992; Felder 

et al., 1993; Young and Denovan-Wright, 2021) and is synthesized on demand from membrane 

phospholipids by NAPE-PLD and primarily degraded by FAAH. In contrast, 2-AG functions 

as a full agonist at both CB1 and CB2 receptors and is present in circulation at higher 

concentrations than AEA, indicating a dominant role in endocannabinoid signaling. 2-AG is 

generated from diacylglycerol via diacylglycerol lipase (DAGL) and is mainly catabolized by 

monoacylglycerol lipase (MAGL), with additional contributions from alpha/beta-hydrolase 

domain-containing proteins ABHD6 and ABHD12 (ABHD6 and ABHD12)(Cravatt et al., 

2001; Young and Denovan-Wright, 2021). 

Altered ECS in AD and neuroprotection by Phytocannabinoids. 

In AD mouse models and postmortem human brain tissue, cognitive deficits are associated 

with disrupted eCB signaling, including reduced eCB levels and altered 2-AG signaling near 

amyloid plaques, highlighting ECS dysregulation in aging and AD (Mulder et al., 2011). 

Preclinical evidence indicates that THC, CBD, and their combinations can attenuate key 

pathological features of Alzheimer’s disease (AD). THC reduces amyloid-β aggregation, 

lowers GSK3β levels associated with tau phosphorylation, and improves mitochondrial 

function in cellular AD models, while chronic low-dose THC enhances cognitive performance 

in aged AD transgenic mice. CBD demonstrates neuroprotective effects in vitro by activating 

PPAR signaling and the Wnt/β-catenin pathway, leading to reduced oxidative stress, decreased 

tau hyperphosphorylation, modulation of acetylcholinesterase activity, and protection against 

Aβ- and oxidative stress–induced neurotoxicity (Cao et al., 2014; Esposito et al., 2006). Both 

in vitro and in vivo studies show that CBD reduces Aβ production, neuroinflammation, and 

glial activation, while improving memory and reducing anxiety in multiple AD mouse models 

(Iuvone et al., 2004; Scuderi et al., 2014). Collectively, these findings support the therapeutic 

potential of phytocannabinoids in modulating AD-related pathology and cognitive dysfunction. 

Phytocannabinoids effects on Neuroinflammation 

Emerging evidence indicates that phytocannabinoids can modulate neuroinflammation by 

suppressing pro-inflammatory cytokine release. Activated microglia and macrophages near 

amyloid plaques contribute to Alzheimer’s disease progression (Talarico et al., 2019). In vitro 

studies show that THC inhibits NLRP3 inflammasome activity, reducing pro-IL-1β levels and 

caspase-1 activation, suggesting its potential to protect against neuroinflammation (Rizzo et al., 



2019; Suryavanshi et al., 2020; Suryavanshi et al., 2022). Additionally, combined THC and 

CBD treatment is more effective than either compound alone in reducing astrogliosis, 

microgliosis, and neuroinflammation in AD mouse models, supporting their neuroprotective 

role (Aso et al., 2015). CB2R plays a critical role in attenuating neurodegeneration by 

suppressing neuroinflammatory responses and regulating cytokine release, processes that are 

central to the progression of neurodegenerative disorders (Cassano et al., 2017). In contrast, 

CB1R primarily confers neuronal protection by limiting excitotoxicity and preventing calcium 

overload resulting from excessive activation of excitatory neurotransmitter receptors (Cassano 

et al., 2017). 

Effects of Phytocannabinoids on Mitochondria 

Mitochondria are critical for cellular energy production and regulation of cell death, and 

impaired mitophagy is implicated in Alzheimer’s disease, leading to excessive ROS 

accumulation and ATP depletion (Martin-Maestro et al., 2016; McBride et al., 2006). 

Preclinical studies show that low doses of THC improve mitochondrial function in AβPP-

expressing cells, whereas higher doses induce mitochondrial dysfunction and oxidative stress. 

Similarly, CBD exhibits a biphasic effect, enhancing mitochondrial activity at low 

concentrations (300 nM–1 μM) but impairing respiration at higher doses (>3.75 

μM)(Drummond-Main et al., 2023; Reiss et al., 2024; Wolff et al., 2015). These findings 

suggest that low-dose THC and CBD can support mitochondrial function, while higher doses 

may be detrimental. 

Clinical Evidence 

Clinical studies indicate that low-dose THC and CBD can alleviate behavioral and 

neuropsychiatric symptoms in patients with Alzheimer’s disease. Open-label trials show that 

synthetic THC (dronabinol) and low-dose medical cannabis formulations improve appetite, 

body weight, agitation, and overall neuropsychiatric symptom severity, while reducing 

caregiver burden (Shelef et al., 2016; Volicer et al., 1997; Walther et al., 2006). Microdosing 

of THC, including THC-rich extracts combined with CBD, has been associated with 

improvements in cognitive scores, quality of life, and both mnemonic and non-mnemonic 

symptoms during long-term use, with fewer psychoactive adverse effects (Ruver-Martins et 

al., 2022). Preliminary evidence also suggests that CBD reduces anxiety and agitation in AD 

patients (Rosain Ozonsi BS 1, 2024). Overall, both preclinical and clinical findings support the 

therapeutic potential of low-dose THC and CBD for managing AD-related behavioral 

symptoms. A recent phase-3 study on THC and other cannabinoids demonstrated a significant 

improvement in back pain (Karst et al., 2025). 

Conclusions 

Overall, available preclinical and clinical data indicate that low-dose THC and CBD exert 

neuroprotective effects in Alzheimer’s disease, supporting modulation of the endocannabinoid 

system as a potential therapeutic strategy. Further randomized, placebo-controlled trials are 

required to confirm efficacy, safety, and optimal dosing. 
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As the global industrial hemp sector re-emerges, the United States provides a significant case study 

in decentralized market liberalization. This manuscript analyzes the trajectory of the U.S. hemp 

industry from the limited pilot programs initiated in 2014 through the market stabilization observed 

in 2024. It examines the structural disconnect between cultivation capacity and processing 

infrastructure, as well as market dynamics associated with regulatory ambiguities regarding 

cannabinoid classifications. The data reveal a pronounced boom-bust cycle between 2019 and 

2022, characterized by a surplus of biomass and subsequent price depreciation, followed by a 

transition toward fiber and grain production in 2024. The findings suggest that long-term industrial 

viability may require synchronizing supply chain development with cultivation expansion and 

establishing precise, chemistry-based definitions within regulatory frameworks. 

Keywords: Industrial Hemp, Cannabis sativa, Agricultural Policy, Market Volatility, 

Regulatory Framework, Hemp Economics, Cannabidiol, Delta-8 THC 

INTRODUCTION 

The reintroduction of Cannabis sativa L. (hemp) into modern agriculture requires navigation of 

regulatory frameworks that differentiate industrial commodities from controlled substances. 

Many nations have adopted centralized approaches with oversight by national agricultural 

ministries, whereas the United States implemented a decentralized, federalist model. This 

approach delegated substantial regulatory authority to individual states, creating a heterogeneous 

policy environment in which licensing requirements, testing protocols, and permissible uses varied 

across jurisdictions. 

This decentralized structure was associated with both rapid innovation and significant market 

volatility. The Agricultural Act of 2014 and the Agriculture Improvement Act of 2018 provided 

federal authorization, yet the absence of a unified national strategy for supply chain development 

resulted in fragmented markets. The hemp industry consequently experienced cycles of rapid 

expansion followed by sharp contractions. This analysis evaluates these economic fluctuations, 

particularly the 2019–2022 market correction and subsequent stabilization, to inform global policy 

development for industrial hemp regulation. 

The U.S. experience in hemp legalization illustrates the consequences of rapid cultivation 

expansion without sufficient processing infrastructure (see Sections 2 and 3), followed by market 

corrections that led to stabilization (see Sections 4 and 5). The objective of this paper is to draw 

lessons from this trajectory, which are deemed useful for global policymakers (see Section 6). 

THE PILOT ERA AND FEDERAL LEGALIZATION (2014–2018) 

The modern U.S. hemp industry originated under the Agricultural Act of 2014, which authorized 

state departments of agriculture and universities to cultivate hemp exclusively for research 

purposes. This statutory requirement created a restricted market environment that limited 

participation to entities capable of navigating complex compliance protocols and operating under 
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Year Planted Acres Harvested Acres Data Source 

2019 146,550 34,709 Vote Hemp/FSA 

2020 70,530 Not Tracked FSA 

2021 54,152 33,480 USDA NASS 

2022 28,314 18,251 USDA NASS 

2023 27,680 21,079 USDA NASS 

2024 45,294 32,694 USDA NASS 

Note: Data sources transitioned from industry estimates (Vote Hemp) and voluntary Farm Service 

Agency (FSA) reporting to official USDA National Agricultural Statistics Service (NASS) census 

beginning in 2021. 

The economic pressure drove market adaptation through utilization of regulatory definitional 

gaps. The 2018 Farm Bill defined hemp based on delta-9 THC concentration (≤0.3%) but did not 

address other tetrahydrocannabinols or acidic precursors. Confronted with surplus CBD biomass 

and declining prices, processors turned to chemical isomerization to convert CBD into delta-8 

tetrahydrocannabinol (delta-8 THC). Isomerization involves chemically rearranging CBD 

molecules using acid catalysts to produce delta-8 THC, a milder psychoactive compound. By 

direct public administrative oversight. 

During this period, distinct regulatory archetypes emerged. States with established agricultural 

interests, such as Kentucky and Colorado, leveraged the research mandate to develop commercial 

supply chains and generate agronomic data. Kentucky's pilot program, for example, facilitated 

over 1,000 acres of commercial trials by 2018, producing agronomic data that informed national 

standards and generating $16 million in hemp sales (Mark & Shepherd, 2020). Conversely, other 

jurisdictions maintained strict academic parameters, restricting cultivation to university-

managed plots with total acreage under 100 acres, thereby delaying market entry. This divergence 

illustrates how decentralized policies can foster innovation in some states while constraining it 

elsewhere. However, these restrictions prioritized cultivation research over processing 

infrastructure development, even as they prevented immediate market saturation. This created a 

latent bottleneck that would later influence post-legalization market dynamics. 

EXPANSION, ADAPTATION, AND BIFURCATION (2019–2024) 

The removal of hemp from the Controlled Substances Act in 2018 initiated a period of rapid 

commercial expansion. Driven by the high revenue potential of cannabidiol (CBD), which offered 

substantially higher returns per acre than traditional row crops, cultivation rapidly expanded. In 

2019, planted acreage in the U.S. reached approximately 146,550 acres (Vote Hemp, 2019). This 

expansion, however, outpaced the development of downstream processing capacity. Data reveal 

a significant disparity between planted and harvested acreage, with only 34,709 acres 

successfully harvested in 2019 (United States Department of Agriculture, 2022). The resulting 

biomass surplus, combined with insufficient extraction infrastructure, precipitated a severe 

market correction. Between 2019 and 2022, planted acreage decreased by approximately 80% to 

28,314 acres as biomass prices depreciated (Hemp Benchmarks, 2024). Table 1 summarizes the 

planted and harvested acreage throughout this period, illustrating both the initial expansion and 

subsequent contraction. 

TABLE 1. U.S. HEMP PLANTED AND HARVESTED ACREAGE (2019-2024) 



Year CBD Wellness Products Delta-8 THC / THCa Products Primary Market Driver 

2019 95%+ <5% CBD wellness boom 

2021 70% 30% Delta-8 THC emergence 

2023 45% 55% Intoxicating hemp expansion 

2025 30% 70% THCa flower & hemp-derived beverages 

Source: Whitney Economics (2025). 

Market stabilization has revealed a bifurcation in hemp production economic models. The industry 

now operates as two distinct sectors with unique economic profiles. The floral sector continues 

as a high-value specialty crop, with farm gate income in 2024 reaching approximately $32,637 

per acre (United States Department of Agriculture, 2024). While offering substantial revenue 

potential, this sector requires intensive management and risk mitigation against regulatory non- 

compliance. Conversely, the fiber and grain sectors operate on a commodity model similar to 

traditional field crops, with significantly lower revenue profiles: $594 per acre for fiber and $539 

per acre for grain in 2024 (United States Department of Agriculture, 2024). Economic viability 

in these sectors depends on economies of scale, mechanization, and logistical efficiency. 

This divergence has shaped the geographic distribution of production, with Upper Midwest states 

such as Montana and South Dakota emerging as leaders in industrial applications by prioritizing 

decortication and processing capacity. Table 3 highlights the stark economic contrast between 

these production models in 2024. The floral sector’s farm gate income of $32,637 per acre far 

exceeds that of corn (approximately $800–$1,000 per acre), which helps justify intensive inputs 

despite substantial regulatory and market risks. By contrast, fiber’s $594 per acre aligns more 

2021, delta-8 THC and related derivatives had become an important outlet for surplus biomass, 

accounting for up to 30% of floral biomass demand (Whitney Economics, 2025). In Tennessee, 

for instance, this process helped absorb excess biomass in 2021, with tax collections from hemp- 

derived cannabinoids reaching several million dollars (Tennessee Department of Revenue, 2024). 

Although this adaptation alleviated short-term economic pressures, it simultaneously raised 

questions about legislative intent and public health oversight. 

Subsequent market innovation within these regulatory parameters led to the emergence of “THCa 

flower” and hemp-derived THC beverages. Tetrahydrocannabinolic acid (THCa), a non- 

intoxicating precursor, converts to delta-9 THC upon heating through decarboxylation, enabling 

producers to market “high-THCa flower” as compliant hemp until the point of consumption. In 

parallel, the market for THC-infused beverages expanded as manufacturers utilized hemp-derived 

delta-9 THC to formulate low-dose intoxicants. As documented in Table 2, the composition of 

floral biomass demand shifted dramatically over this period. By 2023, 55% of floral biomass 

demand was attributable to these derived psychoactive products rather than non-intoxicating 

wellness applications, with this proportion reaching approximately 70% by 2025 (Whitney 

Economics, 2025). 

TABLE 2. FLORAL BIOMASS DEMAND BY PRODUCT CATEGORY (2019-2025) 



Utilization Type Harvested Acres % of Total Total Farm Gate Value Income per Acre 

Fiber Hemp 18,855 57.7% $11.2 million $594 

Floral Hemp 11,827 36.2% $386 million $32,637 

Grain Hemp 4,863 14.9% $2.62 million $539 

Seed Hemp 2,160 6.6% $16.9 million $7,824 

Source: USDA National Agricultural Statistics Service (2024). 

TABLE 4. FARM GATE INCOME PER ACRE BY UTILIZATION TYPE (2021-2024) 

Year Floral Seed Fiber Grain 

2021 $38,986 $11,806 $3,262 $726 

2022 $25,195 $3,873 $4,131 $675 

Year Floral Seed Fiber Grain 

2023 $32,642 $2,165 $958 $580 

2024 $32,637 $7,824 $594 $539 

Source: USDA National Agricultural Statistics Service (2021-2024). Values represent farm 

gate income per harvested acre. 

STABILIZATION AND THE INDUSTRIAL SHIFT (2024) 

Following the contraction of the early 2020s, the U.S. hemp sector exhibited signs of 

stabilization in 2024, establishing a new agronomic baseline. Planted acreage rebounded to 

45,294 acres (see Table 1 in Section 3), reflecting a recovery grounded in verifiable demand 

(United States Department of Agriculture, 2024). 

The evolution of utilization patterns across harvest categories demonstrates this transition 

clearly (Table 5). In 2024, a significant structural shift occurred regarding crop utilization: for 

the first time since federal legalization, fiber hemp became the dominant harvest category. 

Farmers harvested 18,855 acres for fiber (57.7% of total harvested acreage), surpassing the 

11,827 acres harvested for floral biomass (United States Department of Agriculture, 2024). 

This inversion indicates sectoral maturation, marking a transition from a horticultural specialty 

crop model centered on cannabinoids to a broad-acre commodity model oriented toward fiber 

and grain applications. 

closely with commodity grain returns and depends on scale efficiencies in regions such as the 

Upper Midwest, where states like Montana benefit from extensive arable land and established 

decortication facilities. The volatility of revenue per acre is further illustrated by year-over-

year fluctuations in prices (Table 4). The seed sector, in particular, experienced sharp 

variation, from 

$11,806 per acre in 2021 to $2,165 in 2023, before rebounding to $7,824 in 2024. This 

bifurcation echoes global patterns, including Canada’s grain-focused model, which has 

produced relatively stable export-oriented outcomes (Cherney & Small, 2016; Parvez et al., 

2021). 

TABLE 3. FARM GATE VALUE BY HEMP UTILIZATION TYPE (2024) 



TABLE 5. U.S. HEMP HARVESTED ACREAGE BY UTILIZATION CATEGORY (2021-2024) 

Year Total Harvested Floral (acres) Fiber (acres) Grain (acres) 

2021 33,480 15,980 (47.7%) 12,690 (37.9%) 8,255 (24.7%) 

Year Total Harvested Floral (acres) Fiber (acres) Grain (acres) 

2022 18,251 7,088 (38.8%) 6,854 (37.6%) 5,304 (29.1%) 

2023 21,079 7,383 (35.0%) 12,106 (57.4%) 3,986 (18.9%) 

2024 32,694 11,827 (36.2%) 18,855 (57.7%) 4,863 (14.9%) 

Source: USDA National Agricultural Statistics Service (2022-2025). Note: Percentages may 

exceed 100% as some acreage may be double-counted across multiple utilization categories. 

This transition is further supported by data from the seed sector. The value of seed production 

increased substantially in 2024, with farm gate income reaching $7,824 per acre (United States 

Department of Agriculture, 2024). This valuation indicates increased investment in certified 

genetics aimed at addressing phenotypic instability and yield inconsistencies documented in 

previous years (Schluttenhofer & Yuan, 2017). 

FEDERAL REGULATORY REVISION AND THE TOTAL THC STANDARD 

The expansion into intoxicating hemp-derived products prompted regulatory re-examination at 

both federal and state levels. Earlier regulations focused primarily on delta-9 THC, but the 

proliferation of THCa flower and synthetic isomers highlighted discrepancies between 

statutory language and regulatory intent, which prompted calls for legislative correction. In late 

2024, several states, including California and Connecticut, enacted emergency rules or 

statutory restrictions on intoxicating hemp-derived cannabinoids, aiming to redirect these 

products into regulated cannabis frameworks. 

On 12 November 2025, the U.S. federal government enacted sweeping changes to the legal 

definition of hemp within a mandatory government spending package (H.R. 5371). The 

legislation effectively closed the “hemp loophole” by redefining hemp in terms of “total 

tetrahydrocannabinols” concentration, explicitly including THCa, and capping it at 0.3% on a 

dry- weight basis. In addition, the law imposed a stringent potency limit for finished consumer 

products, restricting total THC to no more than 0.4 milligrams per container, thereby curtailing 

the market for intoxicating hemp-derived beverages and edibles. Synthetic or chemically 

converted cannabinoids, such as delta-8 THC, were explicitly excluded from the statutory 

definition of hemp, irrespective of concentration. 

These changes are scheduled to take full effect on 12 November 2026, following a one-year 

transition period. Industry analysts project that, if fully implemented without legislative 

amendment, this federal mandate could substantially reduce the intoxicating hemp market. 

Estimates suggest a potential loss of $20-$25 billion in market value, with approximately $2.8 

billion potentially shifting to regulated cannabis channels (Whitney Economics, 2025). 

However, these projections assume full enforcement and do not account for possible legal 

challenges, state- level non-compliance, or federal legislative revisions. 

The practical implementation of these provisions remains subject to considerable uncertainty. 

As of December 2025, the regulatory framework for enforcement has not been finalized, and 

multiple industry stakeholders have indicated intent to pursue legal challenges, citing potential 

conflicts with interstate commerce provisions and questions regarding regulatory authority. In 

addition, the one-year transition period may be altered through legislative amendment, as 

evidenced by ongoing congressional debate. The ultimate market impact will depend on 



enforcement mechanisms, the outcomes of pending and future litigation, and any statutory 

revisions adopted during the interim period. 

STRATEGIC POLICY IMPLICATIONS 

The analysis of the U.S. hemp market trajectory offers several implications for global policy 

development. 

SUPPLY CHAIN SYNCHRONIZATION 

Frameworks that link cultivation licensing to verified processing capacity can mitigate the risk 

of biomass accumulation and subsequent market collapse. For example, Canada’s system under 

the Industrial Hemp Regulations (1998) ties licensing to demonstrated processing 

relationships, which has helped prevent large surpluses and supported more stable, incremental 

sectoral growth. 

INFRASTRUCTURE-LED DEVELOPMENT 

Strategic prioritization of decortication and grain-cleaning capacity through public–private 

partnerships establishes a necessary foundation for sectoral growth. Under the European 

Union’s Common Agricultural Policy, targeted subsidies for hemp processing have contributed 

to a doubling of the market for hemp-based construction materials over the past decade, offering 

a clear example of an infrastructure-led investment model that accelerates downstream 

utilization (European Commission, 2023). 

REGULATORY PRECISION 

The emergence of the isomerized cannabinoid market underscores the necessity of precise 

chemical definitions in legislation. Regulatory frameworks should explicitly delineate 

permitted cannabinoids and processing methods to provide regulatory clarity and to align 

commercial frameworks with stated policy objectives. 

GENETIC VERIFICATION BEYOND THC THRESHOLDS 

THC testing does not account for the biological variability inherent in plants grown under 

differing environmental conditions. Environmental factors such as light intensity (Hahm et al., 

2025) and soil characteristics (Chacon et al., 2025) can induce intra-genotypic fluctuations in 

THC concentration of 20–50%, even when the underlying genetics remain constant. To 

mitigate the risk of unavoidable “hot crops” arising from such environmental variation, global 

policymakers should adopt complementary methods of verifying industrial hemp genotypes 

that do not rely solely on THC levels, such as certified genetics, molecular markers, or 

standardized cultivar registration systems. 

CONCLUSION 

The first decade of modern U.S. hemp legalization offers a valuable lens on decentralized 

market liberalization. The trajectory from the speculative expansion of 2019 to the structural 

stabilization observed in 2024, followed by the 2025 federal regulatory revision targeting 

intoxicating derivatives, suggests that long-term industrial viability requires alignment of 

cultivation activities with verifiable demand and investing in adequate physical 



infrastructure. As the global hemp market matures, U.S. experience to date indicates that the 

sustainable future of the crop lies primarily in industrial applications of fiber and grain. 

Realizing this potential will likely depend on regulatory frameworks that emphasize supply 

chain coordination, infrastructure development, and clearly defined statutory parameters that 

align cultivation incentives with long-term market demand across both intoxicating and non-

intoxicating applications. 
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Abstract 

Hemp (Cannabis sativa L.) has re-emerged in the twenty-first century as a strategically 

significant biological resource, transcending its historical framing as an agricultural 

commodity or a controlled substance. This paper argues that hemp-derived cannabinoids and 

associated biomolecules should be repositioned within the European Union’s (EU) frameworks 

for health security, strategic autonomy, and sustainable bioeconomy. Drawing on regulatory 

science, pharmaceutical policy, and bioeconomic strategy, the study situates hemp within the 

European Medicines Agency (EMA), the Health Emergency Preparedness and Response 

Authority (HERA), and the EU Bioeconomy Strategy. The analysis emphasizes regulated 

cannabinoid production as a component of biopharmaceutical resilience, supply-chain security, 

and crisis preparedness. Türkiye is presented as a case study illustrating the potential for EU-

aligned, regionally integrated pilot models. The paper concludes with policy recommendations 

aimed at harmonizing regulation, strengthening scientific governance, and embedding hemp-

derived active pharmaceutical ingredients (APIs) into Europe’s long-term health security 

architecture. 

Introduction 

From Marginal Crop to Strategic Asset 

The COVID-19 pandemic, followed by geopolitical disruptions and global supply-chain 

shocks, exposed the structural vulnerabilities of pharmaceutical systems worldwide. In the 

European Union, over 60–80% of active pharmaceutical ingredients (APIs) are sourced from 

outside the Union, primarily from a limited number of global suppliers. This dependency has 

elevated concerns regarding strategic autonomy, health security, and crisis preparedness. 

Within this context, hemp (Cannabis sativa L.) represents a unique and underutilized strategic 

resource. Unlike many synthetic APIs, hemp-derived compounds can be cultivated 

domestically, processed through standardized pharmaceutical technologies, and regulated 

under existing EU legal frameworks. Cannabinoids are no longer marginal or experimental 
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substances; they are increasingly recognized as pharmacologically relevant molecules with 

applications in pain management, neurology, inflammation, dermatology, and supportive care. 

This paper advances the argument that hemp should be understood not as a controversial 

agricultural product, but as a regulated biopharmaceutical input aligned with EU policy 

objectives. By situating hemp within the EMA regulatory system, HERA’s emergency 

preparedness mandate, and the EU Bioeconomy Strategy, the analysis reframes hemp as a 

component of Europe’s long-term health and resilience infrastructure. 

Historical Background and Scientific Continuity 

Cannabis-based preparations have been documented in medical, pharmacological, and 

botanical texts for millennia. Contrary to the perception that cannabinoids are a modern 

discovery, cannabinol (CBN) was isolated in the late nineteenth century, preceding the 

structural elucidation of cannabidiol (CBD) and delta-9-tetrahydrocannabinol (THC). 

Historical pharmacopeias across Asia, the Middle East, and Europe describe therapeutic 

applications of cannabis extracts in pain, inflammation, and neurological conditions. 

The twentieth-century criminalization of cannabis disrupted this scientific continuity. 

Regulatory frameworks designed to control narcotic abuse failed to distinguish between 

recreational intoxication and medicinal or industrial applications. As a result, research 

pathways were constrained, and standardized pharmaceutical development was delayed. 

In recent decades, advances in analytical chemistry, molecular pharmacology, and regulatory 

science have enabled a reassessment of cannabinoids within modern biomedical paradigms. 

The rediscovery of cannabis-based medicines coincides with the maturation of Good 

Manufacturing Practices (GMP), validated analytical methods, and harmonized regulatory  

standards under the International Council for Harmonisation (ICH). These developments 

provide the technical and legal infrastructure necessary to reintegrate hemp-derived substances 

into regulated pharmaceutical systems. 

Cannabinoids and the Endocannabinoid System 

The identification of the endocannabinoid system (ECS) marked a turning point in cannabinoid 

science. The ECS plays a central role in maintaining physiological homeostasis, influencing 

pain perception, immune modulation, neuroprotection, appetite regulation, and inflammatory 

responses. Cannabinoids interact with this system through multiple receptor pathways, enzyme 

modulation, and signaling cascades. 

From a regulatory perspective, this complexity underscores the necessity of standardized 

production, rigorous quality control, and comprehensive safety evaluation. EMA guidelines on 

herbal medicinal products and active substances provide a framework for ensuring consistency, 

purity, and traceability. Parameters such as impurity profiling, batch variability, and validated 

Certificates of Analysis (CoA) are essential for clinical credibility and pharmacovigilance. 

Importantly, cannabinoids extend beyond THC and CBD. Minor cannabinoids—such as CBN, 

CBC, CBG, THCP, and CBDP—are increasingly studied for their distinct pharmacological 

profiles. Their inclusion within regulated research and production pipelines aligns with EU 

priorities for innovation-driven healthcare and personalized medicine. 



Hemp within the EU Bioeconomy and Green Deal 

The EU Bioeconomy Strategy emphasizes the sustainable use of biological resources to 

produce food, materials, energy, and high-value products. Hemp aligns closely with these 

objectives. Agronomically, hemp exhibits high biomass yield, low pesticide requirements, and 

significant carbon sequestration potential. Industrially, it supports diverse value chains, ranging 

from fibers and construction materials to nutraceuticals and pharmaceutical intermediates. 

When integrated into pharmaceutical production, hemp exemplifies a circular bioeconomic 

model: agricultural inputs are transformed into high-value APIs, while residual biomass can be 

repurposed for industrial or energy applications. This integration supports the European Green 

Deal’s goals of climate neutrality, resource efficiency, and reduced environmental impact. 

From a policy perspective, hemp-derived APIs represent a convergence point between 

sustainability and health security. Unlike many petrochemical or import-dependent substances, 

hemp-based molecules can be produced within regional ecosystems, reducing exposure to 

external shocks and reinforcing domestic capacity. 

Regulation, Risk Perception, and Policy Misalignment 

Despite scientific and regulatory advances, hemp remains burdened by legacy perceptions 

associated with narcotics control. International conventions, particularly the 1961 Single 

Convention on Narcotic Drugs, were not designed to accommodate contemporary distinctions 

between recreational drug use and regulated pharmaceutical supply chains. 

The EU regulatory system, however, has evolved beyond this binary framing. EMA and 

national competent authorities already regulate controlled substances within medical contexts, 

balancing access, safety, and misuse prevention. Cannabinoid-based medicines approved 

within the EU demonstrate that regulatory integration is feasible when scientific standards are 

met. 

The persistence of policy misalignment—where hemp is simultaneously recognized as a 

sustainable crop and treated as a security risk—creates inefficiencies. A differentiated 

regulatory approach, grounded in product classification, GMP compliance, and end-use 

designation, is necessary to unlock hemp’s full biopharmaceutical potential. 

Türkiye as a Case Study for EU-Aligned Integration 

Türkiye offers a compelling case study in the controlled reintroduction of hemp cultivation and 

processing. With licensed production zones, specialized research institutions, and proximity to 

EU markets, Türkiye possesses the structural capacity to participate in EU-aligned pilot 

projects. 

Under frameworks such as EU4Health and HERA’s work program, joint initiatives could focus 

on regulated cannabinoid production for emergency preparedness, clinical research, and 

strategic reserves. Such cooperation would support mutual resilience while reinforcing 

regulatory convergence between Türkiye and the EU. 

This model illustrates how regional integration can enhance health security without 

compromising regulatory rigor. It also demonstrates the feasibility of embedding hemp-derived 

APIs within broader European preparedness mechanisms. 



1. Establish differentiated regulatory pathways for industrial, medical, and pharmaceutical

hemp applications.

2. Integrate hemp-derived APIs into EU health emergency preparedness and strategic

stockpiles under HERA coordination.

3. Harmonize cannabinoid monographs and quality standards through EMA and the

Committee on Herbal Medicinal Products (HMPC).

4. Support EU–Türkiye pilot projects focused on regulated cannabinoid production and

research.

5. Promote financing mechanisms for bio-based APIs within EU sustainable finance

frameworks.

Conclusion 

Hemp should no longer be debated solely within the confines of agriculture or drug control. It 

belongs to the strategic domains of health security, biopharmaceutical sovereignty, and 

sustainable bioeconomy. By aligning scientific evidence, regulatory frameworks, and policy 

objectives, the EU can transform hemp into a resilient component of its health and innovation 

ecosystem. The question is no longer whether hemp should be used, but what the cost of 

inaction may be in an increasingly uncertain global environment. 

References 

European Commission. (2018). A Sustainable Bioeconomy for Europe: Strengthening the 

Connection between Economy, Society and the Environment. 

European Commission. (2020). Pharmaceutical Strategy for Europe. 

European Medicines Agency (EMA). Guidelines on Quality of Herbal Medicinal Products. 

European Medicines Agency (EMA). Reflection Paper on the Quality of Herbal Substances. 

European Health Emergency Preparedness and Response Authority (HERA). Work 

Programme. 

International Council for Harmonisation (ICH). Q7–Q10 Guidelines. 

World Health Organization (WHO). Cannabis and Cannabis Resin: Critical Review. 

United Nations. (1961). Single Convention on Narcotic Drugs. 

Policy Recommendations 

To reposition hemp as a strategic biopharmaceutical asset, the following policy actions are 

recommended: 



USE OF CANNABIDIOL (CBD) IN ANIMAL NUTRITION 

KANNABİDİOLÜN (CBD) HAYVANLARIN BESLENMESİNDE KULLANIMI 

Mehmet Kemal KÜÇÜKERSAN 

Ankara Üniversitesi Veteriner Fakültesi, Hayvan Besleme ve Beslenme Hastalıkları Anabilim 

Dalı 06110 Ankara, Türkiye. 

https://orcid.org/0000-0002-4643-212X 

Seher KÜÇÜKERSAN 

Ankara Üniversitesi Veteriner Fakültesi, Hayvan Besleme ve Beslenme Hastalıkları Anabilim 

Dalı 06110 Ankara, Türkiye. 

https://orcid.org/0000-0002-2882-9203 

Yusuf YÜKSEL 

Ankara Üniversitesi Bala Meslek Yüksekokulu, Süt ve Besi Hayvancılığı Programı, Ankara, 

Türkiye 

Ankara Üniversitesi Sağlık Bilimleri Enstitüsü, Ankara, Türkiye 

https://orcid.org/0009-0003-2092-8201 

ABSTRACT 

Although industrial hemp production was marginalized for a long period due to restrictive 

regulations enacted in the first half of the twentieth century, recent legislative changes have 

drawn attention to the diversification of hemp-derived products and the renewed acceleration 

of production. In the livestock sector, where feed costs remain high, the growing need for 

sustainable protein and energy sources—together with increasing interest in hemp products—

has brought fractions such as hemp seed, oil, and particularly hempseed meal to the forefront 

due to their nutrient composition, thereby accelerating research on the feasibility of 

incorporating these fractions into animal rations on the basis of their nutritional value. 

Nevertheless, when evaluating hemp materials as feed ingredients, not only their nutritive value 

but also their cannabinoid profile and the potential risk of residue transfer/transport into animal-

derived products should be considered through a holistic approach. 

A relatively recent trend in the use of hemp products in animal nutrition focuses on the 

“functional” use of cannabidiol (CBD)—a non-psychoactive, pharmacologically active 

compound that is distinct from Δ9-THC, the cannabinoid primarily associated with 

psychoactive effects in hemp—for promoting animal welfare and supporting the management 

of various clinical conditions. Existing studies largely emphasize the potential therapeutic 

effects of CBD within a clinical nutrition framework, particularly in companion animals. 

Although the evidence base regarding its use in dogs is steadily expanding, the literature 

supporting clinical applications in cats remains relatively limited, indicating a need for further 

research in this area. 
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In conclusion, evaluating hemp and its fractions in animal rations in terms of their nutritive 

value, as well as the potential use of non-psychoactive cannabinoids such as CBD as part of 

clinical nutrition management to provide functional benefits, constitutes an important research 

area that should be elucidated through more comprehensive and controlled studies from the 

perspectives of both animal health and welfare and human health and food safety. 

Keywords: Cannabidiol, CBD, Animal nutrition 

INTRODUCTION 

In the first half of the twentieth century, increasingly prohibitive regulations worldwide led to 

a contraction in the production and uses of Cannabis sativa, despite its versatility, low cost, and 

ecological advantages, thereby marginalizing the plant’s potential in industry and agriculture. 

In contrast, recent legislative reforms have triggered rapid growth in the industrial hemp sector 

and have enabled the introduction of numerous new hemp-derived products to the market (Crini 

et al., 2020; Karche, 2019). In Türkiye, hempseed production declined markedly over the years; 

by 2013, the cultivated area had fallen to as little as 7 decares (0.7 ha), while production 

remained at only 1 ton. However, following the enactment of legal regulations, a renewed 

growth trend has been observed in the sector after 2017; as of 2024, the cultivated area 

increased to 7,206 decares and production reached 556 tons (TÜİK, 2025). Persistently high 

feed costs in livestock production and the need for sustainable protein and energy sources have 

accelerated efforts to identify alternative feed ingredients. In this context, amid growing 

interest in hemp cultivation and the utilization of hemp-derived products, the fact that hemp 

provides numerous by-products—such as seed, oil, meal/cake, hulls, leaves, and extracts—and 

that its different fractions exhibit notable nutrient profiles has prompted consideration of hemp 

as a promising feed ingredient in animal nutrition. 

USE OF HEMP IN ANIMAL NUTRITION 

The rationale for using hemp in animal feeding can be considered within the framework of two 

main approaches. The first is the feed-ingredient approach, which refers to the inclusion of by-

products such as hempseed, hempseed oil, and especially hempseed cake/meal  in rations to 

provide additional protein and fatty acids. In these applications, the primary objective is 

typically the contribution of these components to the overall nutrient profile. Indeed, previous 

studies have investigated the effects of hemp derivatives on performance and product 

characteristics across different species—including laying hens and broilers, as well as dairy 

sheep, finishing lambs, beef and dairy cattle, and calves—and their potential to substitute 

commonly used protein sources (Küçükersan et al., 2025). However, because these animals are 

largely raised to produce products intended for human consumption, the use of hemp in animal 

nutrition has also raised the need to evaluate cannabinoid levels in animal-derived products 

from a human health perspective. In fact, it has been reported that cannabinoids may transfer 

into foods of animal origin when hemp by-products or the whole plant are used as feed 

ingredients (EFSA, 2015). In one study in dairy cattle, feeding industrial hemp silage was 

shown to result in the transfer of certain cannabinoids into cow’s milk; toxicokinetic modeling 

further indicated that the transfer rates of the cannabinoids examined from feed to milk were 

below 1% (Wagner et al., 2022). These findings suggest that in future animal studies, the use 

of “hemp material” should be evaluated not only in terms of nutritive value but also by jointly 

considering the cannabinoid profile and potential food-safety risks. 

The phytochemical/cannabinoid approach, in contrast, can be defined as the “functional” use 

of hemp materials containing flowers and leaves (e.g., silage, biomass, extract residues) or 



CBD/CBDA-rich formulations with the expectation of providing pharmacological benefits for 

animal welfare, stress and pain management, and various disease conditions. In such 

applications, Δ9-tetrahydrocannabinol (Δ9-THC)—one of the best-known phytocannabinoids 

in hemp—emerges as a critical component due to its psychoactive properties, whereas 

cannabidiol (CBD) is more commonly characterized as a “non-psychoactive,” 

pharmacologically active compound (Pertwee, 2008). 

The use of cannabinoids (particularly CBD) in animal feeding can, in many cases, be 

considered as part of clinical nutrition management. The clinical nutrition approach, which is 

widely implemented in human medicine, leverages various nutrients with pharmacological 

activity—such as antioxidants, buffering agents, omega-3 fatty acids, and specific amino 

acids—to support recovery, accelerate tissue repair, and modulate immune responses (Saha & 

Pathak, 2021; Teixeira Rodrigues de Almeida et al., 2025). Within this framework, studies 

have evaluated the potential use of CBD—especially in companion animals such as cats and 

dogs—as an adjuvant to standard therapies in various clinical conditions, as well as its possible 

contributions to improving animal welfare through pain control (Coelho et al., 2023; Gamble 

et al., 2018; McGrath et al., 2019; Vaughn et al., 2021). 

Overview of Selected Animal Studies on Cannabidiol (CBD) 

In a randomized, double-blind (owner and veterinarian), placebo-controlled, crossover clinical 

trial conducted in dogs with osteoarthritis, administration of a CBD oil formulated in olive oil 

to contain approximately 10 mg/mL (CBD + CBDa) at a dose of 2 mg/kg every 12 hours 

resulted in decreased CBPI pain scores and increased Hudson activity scores. Veterinarian 

assessments likewise reported reductions in pain scores during CBD treatment. However, 

although no notable adverse effects were reported by owners, serum biochemistry analyses 

indicated increased alkaline phosphatase (ALP) levels (Gamble et al., 2018). 

In dogs with idiopathic epilepsy whose seizures could not be adequately controlled despite 

conventional antiepileptic drugs, the short-term efficacy and safety of orally administered 

cannabidiol added to standard therapy (a CBD-infused oil formulated by dissolving CBD in 

cold-pressed hemp oil, with a CBD concentration of 100 mg/mL) were evaluated in a double-

blind, placebo-controlled clinical trial. Cases were randomized for 12 weeks to receive either 

the CBD-containing oil (2.5 mg/kg, twice daily) or a CBD-free placebo that was 

indistinguishable in appearance and odor. Among the cases included in the analysis, the CBD 

group exhibited a median 33% reduction in seizure frequency, whereas no substantial change 

was observed in the placebo group. However, the proportion of dogs classified as responders 

(≥50% reduction in seizure activity) was similar between groups. In addition, a significant 

negative association was identified between plasma CBD concentrations and changes in seizure 

frequency. With respect to safety, although owners did not report notable adverse behavioral 

effects, dogs receiving CBD showed a significant increase in serum alkaline phosphatase 

(ALP) activity. Overall, the investigators concluded that although CBD demonstrated potential 

to reduce seizure frequency, additional studies are needed to clarify the effects of higher doses 

on clinical response, given the unchanged responder rates and the observed plasma 

concentration–effect relationship (McGrath et al., 2019). 

In a blinded, placebo-controlled study comparing repeated oral administration of plant-derived 

CBD with placebo to evaluate safety and pharmacokinetics across different doses, 20 healthy 

adult Beagle dogs received an MCT oil–based CBD isolate once daily for 28 days at doses of 

1, 2, 4, or 12 mg/kg. Safety was monitored through daily health observations, veterinary 

examinations, complete blood counts, and serum biochemistry; in addition, 24-hour 



pharmacokinetic profiles of CBD and selected metabolites (7-COOH-CBD and 7-OH-CBD) 

were evaluated. The findings indicated that treatment was generally well tolerated, with no 

clinically meaningful deterioration in safety parameters, and that most adverse events were 

mild in severity. However, at 12 mg/kg/day, gastrointestinal adverse events were notably 

increased compared with placebo, and this increase was reported to be particularly associated 

with hypersalivation. The most prominent change in serum biochemistry was an increase in 

alkaline phosphatase (ALP), which in some dogs showed a dose-related trend. Although ALP 

values exceeding the upper reference limit were observed in the 12 mg/kg group, no concurrent 

increases in hepatocellular injury markers (AST/ALT/GGT, bilirubin) or clinically consistent 

findings were detected. Pharmacokinetic evaluation further showed that total systemic 

exposure to CBD (AUC) increased in a dose-dependent manner after both the first dose and 

chronic administration; with repeated dosing, exposure within the same dose group increased 

1.6–3.3-fold, reaching steady state within approximately two weeks. In addition, 24-hour 

trough (Ctrough) plasma CBD concentrations were dose-related; by the end of chronic 

administration, individual maxima could reach approximately 10 ng/mL (1 mg/kg), 20 ng/mL 

(2 mg/kg), 50 ng/mL (4 mg/kg), and 100 ng/mL (12 mg/kg). The authors emphasized that these 

values may provide a practical reference for dose selection (Vaughn et al., 2021). 

While the number of studies supporting the addition of cannabinoids as adjuvant therapies in 

dogs continues to grow, the literature on the clinical use of cannabinoids in cats remains limited 

(Niño Cital et al., 2025). In cats, a single-blind, placebo-controlled clinical trial evaluated the 

clinical efficacy and safety of a commercially available powdered CBD product administered 

orally, as an adjunct to a multimodal standard postoperative regimen, in 22 client-owned cats 

with feline chronic gingivostomatitis (FCGS) undergoing tooth extractions. Administration of 

CBD (or a visually similar placebo) began 2 hours before extraction and continued for 15 days 

at a fixed dose of 4 mg CBD per cat every 12 hours. Disease activity was assessed using the 

Stomatitis Disease Activity Index (SDAI) and oral pain using the Composite Oral Pain Scale 

(COPS-C/F) on days 0 and 15; physiological and biochemical parameters, as well as the need 

for additional analgesia, were also recorded. The investigators reported that when CBD was 

added as an adjuvant to multimodal therapy during the post-extraction period in cats with 

FCGS, it may be beneficial particularly for improving comfort and controlling inflammation, 

and that 15 days of use at this dose appeared generally safe. Nevertheless, they emphasized the 

need for larger-sample, longer-duration studies incorporating different doses to confirm these 

findings (Coelho et al., 2023). 

CONCLUSION 

The renewed visibility of industrial hemp, when combined with rising feed costs in livestock 

production and the search for sustainable protein and energy sources, has brought the use of 

fractions such as hempseed, hempseed oil, and particularly hempseed cake/meal in rations to 

the forefront from both an economic and a nutritional physiology perspective. However, as 

emphasized, defining hemp material solely by its “nutrient composition” is becoming 

increasingly insufficient; the cannabinoid profile of the same material and the potential risk of 

residue transfer/transport into animal-derived products necessitate a holistic evaluation 

Within this framework, the role of hemp in animal nutrition becomes clearer through two 

complementary approaches: first, the use of hemp fractions in ration formulation based on their 

nutritive value; and second, the “functional” application of non-psychoactive yet 

pharmacologically active cannabinoids such as CBD to support animal welfare and to serve as 

an adjunct in the supportive management of certain clinical conditions. This distinction is 



important not because it delineates rigid boundaries in practice, but because it highlights that 

the same raw material can be utilized toward different objectives. 

Within the feed-ingredient approach, the most critical concern is food safety. The use of hemp 

by-products or the whole plant as feed raises the possibility of cannabinoid transfer into foods 

of animal origin, adding the question “How safe and traceable is it?” alongside “How beneficial 

is it?” Reports indicating that certain cannabinoids can be transferred into milk when industrial 

hemp silage is used in dairy cattle, even when transfer rates are reported to be low, clearly 

underscore the need for monitoring, oversight, and standardization throughout the production 

chain. 

Within the phytochemical/cannabinoid approach, the clinical nutrition management 

perspective becomes more pronounced: characterizing CBD as a non-psychoactive yet 

pharmacologically active compound moves it beyond a discussion of “feed additives” and 

situates it within an evaluative framework centered on clinical parameters such as dose, 

formulation, bioavailability, and safety. Indeed, the association of CBD oil administration in 

canine osteoarthritis with reduced pain scores and increased activity supports its potential for 

clinical benefit, whereas biochemical signals such as elevations in ALP levels underscore that 

the benefit–risk balance requires routine clinical monitoring. Similarly, the finding that CBD 

is associated with a median reduction in seizure frequency in dogs with idiopathic epilepsy is 

promising; however, unchanged responder rates and the presence of a plasma concentration–

effect relationship indicate that classic pharmacologic issues—such as dose optimization and 

interindividual variability—will also be determinative in this field. 

Another point that should be emphasized is that an intuitive expectation such as “the effect 

increases as the dose increases” may not always be confirmed. Findings such as dose-

dependent increases in exposure with repeated administration, the time required to reach steady 

state, and the more pronounced gastrointestinal adverse events at higher doses indicate that the 

use of CBD in animals from a clinical nutrition perspective should be evaluated in practice not 

only in terms of efficacy, but also within the context of tolerability and the safety window. 
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ABSTRACT 

The production of cannabinoid derivatives from medical cannabis with high purity, 

standardization, and pharmaceutical-grade quality has gained increasing importance alongside 

the advancement of modern extraction technologies. In this context, supercritical CO₂ 

extraction has emerged as a preferred method due to its solvent-free nature, precise 

controllability of process parameters, ability to preserve thermolabile compounds, and 

advantages in environmental sustainability. 

Within the scope of this study, the physical principles of supercritical CO₂, pressure–

temperature phase behavior, fractionation strategies, and process optimization approaches are 

evaluated based on the scientific literature. A comparative analysis of CO₂ extraction with 

ethanol, hydrocarbon-based, and emerging nanotechnological extraction methods 

demonstrates its clear advantages in terms of selectivity, efficiency, safety, and reproducibility. 

The main purification steps applied after extraction are outlined, highlighting their role in 

meeting the quality, safety, and purity requirements necessary for medical use. In addition, the 

importance of compliance with international standards, Good Manufacturing Practices (GMP), 

and ensuring batch-to-batch consistency is briefly discussed from an industrial perspective. 

The production and technological potential of Türkiye in the field of medical cannabis and its 

derivatives is also examined from a general perspective, emphasizing the opportunities offered 

by supercritical CO₂ extraction for the development of high-quality products and access to 

international markets. 

In conclusion, supercritical CO₂ extraction is considered one of the most effective scientific 

and industrial methods for cannabinoid purification from medical cannabis, owing to its 

reliability, environmental compatibility, selectivity, and compliance with pharmaceutical 

standards. 
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INTRODUCTION 

Medical cannabis (Cannabis sativa L.) has attracted increasing therapeutic interest in recent 

years due to its content of phytocannabinoids, particularly cannabidiol (CBD), 

tetrahydrocannabinol (THC), and other minor cannabinoids. Scientific and commercial interest 

in cannabis-based products has expanded rapidly across multiple clinical fields, including 

epilepsy, chronic pain, inflammatory diseases, and neurological disorders. In parallel, 

consumers and regulatory authorities increasingly emphasize the demand for healthy, natural, 

solvent-free, and standardized extracts. 

Among “green extraction technologies” capable of meeting these requirements, supercritical 

CO₂ extraction has gained prominence. Supercritical CO₂, above its critical point (31.1 °C and 

7.38 MPa), exhibits both gas-like and liquid-like properties, offering high diffusivity and 

tunable solvent power. A comprehensive review published in Molecules describes supercritical 

CO₂ extraction as an environmentally friendly and sustainable technology for obtaining 

phytochemical-rich extracts (Brunner, 2010; Reverchon & De Marco, 2006). Literature 

surveys indicate that this method is among the most extensively studied extraction techniques 

for cannabis phytochemicals, not only at laboratory scale but also at industrial scale (Da Porto 

et al., 2014; Sovová et al., 2017). 

This study examines the technical principles and advantages of supercritical CO₂ extraction, 

the pharmaceutical quality of the obtained extracts, energy and cost efficiency, comparisons 

with alternative extraction methods, and the production, regulatory, and university–industry 

collaboration potential in Türkiye. 

TECHNICAL PRINCIPLES AND ADVANTAGES OF SUPERCRITICAL CO₂ 

EXTRACTION 

Supercritical CO₂ extraction is based on converting carbon dioxide into a supercritical fluid 

above its critical temperature (31.1 °C) and critical pressure (7.38 MPa). In this state, CO₂ 

combines gas-like diffusivity with liquid-like solvent strength, enabling effective penetration 

into the cellular structure of plant material and efficient separation of target compounds from 

the matrix (Reverchon & De Marco, 2006). These unique physicochemical properties provide 

significant advantages, particularly for the extraction of high-value phytochemicals from 

complex botanical matrices. 

One of the most important technical strengths of supercritical CO₂ extraction is the precise 

tunability of solvent power. CO₂ density can be controlled over a wide range by adjusting 

temperature and pressure parameters. Increasing pressure enhances CO₂ density and solubility 

capacity, while temperature variations influence both density and the vapor pressure of solutes. 

Through balanced optimization of these parameters, compounds with different polarity and 

molecular weight can be selectively extracted (Sovová et al., 2017). This tunability 

distinguishes supercritical CO₂ extraction from conventional solvent-based techniques. 

2.1 High Selectivity and Fractionation Capability 

A key advantage of supercritical CO₂ extraction is its high selectivity and fractionation 

capability. By stepwise modification of pressure and temperature conditions or through the use 

of serial separator systems, different fractions—ranging from volatile terpenes to higher-

molecular-weight resinous compounds—can be collected separately. This approach enables 

the production of cannabis extracts with tailored cannabinoid profiles (Da Porto et al., 2014). 

For instance, volatile terpenes may be preferentially extracted under lower pressure and 

temperature conditions, whereas cannabinoid solubility increases at higher pressures. This 



allows for the preservation of aromatic components while enriching target pharmaceutical 

compounds. At the same time, the extraction of chlorophyll, waxes, and heavy lipids can be 

minimized, resulting in cleaner extracts requiring fewer downstream purification steps (Sovová 

et al., 2017). 

Solvent-Free Extraction and Purity 

One of the main reasons supercritical CO₂ extraction is favored in pharmaceutical and food 

applications is its ability to produce extracts free of solvent residues. Upon completion of 

extraction, pressure is reduced and CO₂ transitions to the gas phase, completely leaving the 

system. Consequently, the final extracts are obtained with high purity and without toxic or 

flammable organic solvents (Brunner, 2010). 

This feature is particularly critical for products manufactured under Good Manufacturing 

Practices (GMP). The absence of additional solvent removal steps reduces energy consumption 

and enhances process reliability, while eliminating risks associated with residual solvents and 

facilitating compliance with clinical safety requirements. 

Environmental Sustainability and Process Safety 

Supercritical CO₂ extraction offers significant advantages in terms of environmental 

sustainability and process safety. CO₂ is non-toxic, non-flammable, and naturally occurring. Its 

use in closed-loop industrial systems allows efficient recovery and reuse, substantially reducing 

environmental impact (Reverchon & De Marco, 2006). 

Moreover, the relatively low critical temperature of CO₂ enables operation at moderate thermal 

conditions compared to traditional extraction methods, resulting in lower energy demand. From 

a safety perspective, the elimination of flammable solvents significantly reduces fire and 

explosion risks in industrial facilities. 

Preservation of Product Integrity and Biological Activity 

The relatively low operating temperatures applied in supercritical CO₂ extraction help preserve 

the structural integrity of heat-sensitive phytocannabinoids and terpenes. This is particularly 

important for medical cannabis, where maintaining biological activity is essential. Compounds 

are protected from oxidative and thermal degradation during extraction (Sovová et al., 2017). 

Additionally, the decarboxylation of cannabinoid acids (e.g., CBDA and THCA) into their 

neutral forms (CBD and THC) can be applied in a controlled manner either before or after 

extraction. This enables optimization of the pharmacological profile of the final product 

according to its intended application. Supercritical CO₂ systems provide a flexible platform for 

such controlled processing. 

Technical Limitations and Use of Co-Solvents 

Despite its advantages, supercritical CO₂ extraction has certain technical limitations. Due to 

the non-polar nature of CO₂, the solubility of highly polar compounds is limited, which may 

reduce extraction efficiency for certain flavonoids and phenolic compounds. However, the 

addition of small amounts of polar co-solvents, such as ethanol, has been shown to effectively 

overcome this limitation (Da Porto et al., 2014). 

Co-solvent-assisted supercritical extraction improves solubility and extraction kinetics while 

increasing process flexibility. Nevertheless, careful control of co-solvent concentration and 

appropriate downstream purification strategies remain essential. 



INDUSTRIAL SCALABILITY, ENERGY/COST COMPARISON, AND 

ALTERNATIVE METHODS 

Currently, supercritical CO₂ extraction systems with extractor volumes ranging from 200 to 

1000 L are widely implemented at industrial scale. Continuous or semi-continuous process 

designs combined with CO₂ recovery units enhance energy efficiency and solvent utilization 

(Reverchon & De Marco, 2006). 

From a cost perspective, the initial capital investment for supercritical CO₂ systems is higher 

than that for ethanol extraction. However, solvent recovery, higher product purity, and reduced 

downstream purification requirements can offset operational costs in the long term. Although 

ethanol extraction offers lower equipment costs and higher total yields, solvent removal and 

additional purification steps may limit its suitability for pharmaceutical-grade applications (Da 

Porto et al., 2014). 

CANNABIDIOL (CBD) EXTRACTION AND PURIFICATION 

Cannabidiol (CBD) is one of the most sought-after components of medical cannabis due to its 

non-psychoactive nature and broad therapeutic potential. The primary objective in CBD 

extraction is to obtain a highly pure and standardized product while maintaining controlled 

THC levels. 

As a lipophilic compound, CBD exhibits high affinity for supercritical CO₂. Studies indicate 

that supercritical CO₂ extraction conducted at pressures of 250–350 bar and temperatures of 

40–60 °C provides high CBD yields (Da Porto et al., 2014). Increasing pressure enhances CO₂ 

density and CBD solubility. 

However, isolation of highly pure CBD typically requires multiple downstream processing 

steps. The crude extract obtained via supercritical extraction may be further refined through 

winterization (wax removal), fractionation, and short-path distillation (Brunner, 2010). 

Supercritical CO₂ extraction provides a clean initial matrix, offering a significant advantage for 

pharmaceutical-grade CBD production. 

Literature reports that CBD extracts obtained by supercritical CO₂ extraction contain lower 

levels of chlorophyll and waxes compared to ethanol-based methods, thereby reducing the need 

for extensive refinement and improving overall process efficiency (Sovová et al., 2017). 

Advantages in Terms of Pharmaceutical Quality and Purity 

The primary contribution of supercritical CO₂ extraction to pharmaceutical quality lies in its 

ability to produce solvent-free, high-purity extracts. The absence of organic solvent residues 

is a key requirement under GMP regulations, enabling direct integration of cannabis extracts 

into pharmaceutical formulations without extensive purification (Brunner, 2010). 

Furthermore, precise control of process parameters minimizes batch-to-batch variability and 

facilitates standardization of active ingredients. Studies report that cannabis extracts 

obtained via supercritical CO₂ extraction exhibit more consistent cannabinoid profiles 

compared to conventional solvent-based methods, which is particularly advantageous for 

clinical research and regulatory approval processes (Sovová et al., 2017). 
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MEDICAL CANNABIS IN TÜRKİYE: PRODUCTION, REGULATION, AND 

UNIVERSITY–INDUSTRY COLLABORATION 

In Türkiye, medical cannabis production has been placed within a controlled regulatory 

framework through recent legislative developments. The clarification of production domains 

by the Ministry of Agriculture and Forestry and the Ministry of Health aims to establish a 

traceable system from cultivation to final product. This framework provides an important 

opportunity for Türkiye to enter the global cannabis-based product market in a secure and 

competitive manner. 

University–industry collaboration plays a critical role in transferring advanced extraction 

technologies into domestic production. Research and development support, technology transfer 

offices, and pilot-scale facilities are of strategic importance for the successful implementation 

of high-technology processes such as supercritical CO₂ extraction. 

CONCLUSION 

This study demonstrates that supercritical CO₂ extraction is a critical technology for producing 

high-purity, standardized, and GMP-compliant extracts from medical cannabis. Its 

environmentally friendly nature, ability to preserve product integrity, and industrial scalability 

make it a strong option for pharmaceutical-grade production. 

For Türkiye, expanding the use of this technology will require increased R&D incentives, 

support for GMP-certified facility investments, and strengthened university–industry 

collaboration. Such efforts will contribute both to public health and to the sustainable 

development of a high-value cannabis industry. 
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ABSTRACT 

This study aims to synthesize silver nanoparticles (Br-AgNPs) using the extract of the unique 

black rose (Rosa x damascena Mill.) grown in Halfeti, Şanlıurfa, Türkiye, through an 

environmentally friendly green chemistry approach, and to evaluate their antioxidant 

performance. The plant-mediated synthesis method offers a sustainable and non-toxic 

alternative by enabling both reduction and stabilization through naturally occurring 

biomolecules. 

The formation of Br-AgNPs was confirmed by a characteristic surface plasmon resonance band 

at approximately 440 nm in UV–Vis spectroscopy, while SEM analyses revealed relatively 

uniform nanoparticles with sizes between 45 and 52 nm. To assess their biological potential, 

DPPH•, ABTS•⁺, and reducing power (FRAP) assays were conducted. As can be seen from the 

figure presented within this abstract, Br-AgNPs exhibited notably strong radical-scavenging 

and electron-donating capacities, particularly against the ABTS•⁺ radical. Results were reported 

as mean ± SD from three independent replicates, and comparisons with standard antioxidants 

(Trolox, BHT, BHA) further confirmed the remarkable antioxidant performance of the 

nanoparticles. 

These findings demonstrate that the green synthesis route utilizing Halfeti black rose extract is 

an effective and sustainable method for producing biocompatible silver nanoparticles with 

significant antioxidant activity. 

Keywords: Silver nanoparticles, Green synthesis, Halfeti black rose, Antioxidant activity, 

Nanotechnology 
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INTRODUCTION 

Nanotechnology enables the development of innovative solutions in various fields such as 

medicine, environment, food, energy, and industry by allowing the design and functionalization 

of materials at the nanometer scale. In this context, metal and metal oxide nanoparticles possess 

a wide application potential due to their high surface area, unique optical and electronic 

properties, strong catalytic activities, and biocompatibility. The nano-sized forms of metals 

such as gold (Au), silver (Ag), zinc (Zn), titanium (Ti), iron (Fe), cerium (Ce), and selenium 

(Se) are effectively used in numerous areas, including biomedical therapies, chemical sensors, 

photocatalysis, food safety, and environmental remediation processes (Ahmad et al., 2019; Eker 

et al., 2025; Mousavi et al., 2018; Patel et al., 2023; Shahzadi et al., 2025; Shyam et al., 2021). 

Among metal-based nanomaterials, silver nanoparticles (AgNPs) stand out particularly for their 

strong antimicrobial effects (Asif et al., 2022; Dhir et al., 2024). AgNPs not only exhibit activity 

against a wide range of pathogens, including bacteria, fungi, and viruses, but also demonstrate 

cytotoxic effects against cancer cells, free radical scavenging capacity, and the potential to 

accelerate wound healing (Chandraker et al., 2021; Imchen et al., 2025). 

In recent years, one of the prominent approaches in AgNP production has been green synthesis 

methods, which are preferred due to their environmentally friendly, economical, and sustainable 

nature. Among these methods, plant-based synthesis is considered more advantageous than 

bacteria-, fungus-, or algae-based approaches because it requires a shorter inhibition period and 

does not necessitate specific culture conditions (Eker et al., 2025; Shahzadi et al., 2025). Plant 

extracts play an important role in both the reduction of Ag⁺ ions and the stabilization of the 

synthesized nanoparticles due to their rich phytochemical content, including polyphenols, 

flavonoids, alkaloids, and terpenoids. Furthermore, these phytochemicals form a bioactive 

coating layer on the nanoparticle surface, enhancing their stability and providing safer usage 

potential in biomedical applications (Dhir et al., 2024; Patel et al., 2023). 

 

MATERIAL and METHODS 

Materials 

Halfeti black rose was purchased from Halfeti district of Şanlıurfa province in the Southeastern 

Anatolia Region of Türkiye. 1,1-diphenyl-2-picryl-hydrazyl (DPPH), Ferrous chloride, 3-(2-

pyridyl)- 5,6-bis(4-phenyl-sulphonic acid)-1,2,4-triazine (Ferrozine), Silver nitrate (AgNO3), 

BHA, BHT, Ammonium triocyanate, -tocopherol, trichloracetic acid (TCA) and nicotinamide 

adenine dinucleotide (NADH) was purchased from Sigma-Aldrich. Deionized water was used 

throughout experiments.  

Preparations of the plant extract 

Halfeti black rose were washed thoroughly to remove dust particles before use. Then the 

cleaned plant parts were washed again with distilled water and dried at room temperature. Dried 

red peppers were ground in a mixer blender to obtain better plant extract. 10 g of the ground 

red pepper particles were added to 250 mL of deionized water in a 500 mL Erlenmeyer flask 

and were heated by stirring for 30 min at 70 oC in a water bath. The suspension obtained was 

filtered through Whatman No.1 paper. Afterward, the filtrate was stored in refrigerator at 4 oC 

for use in further studies. 

Green synthesis of AgNPs 

For the preparation of AgNPs, aqueous Halfeti black rose extract was added dropwise to 5 mM 

aqueous AgNO3 solution  in a ratio of 1:5 (v/v)  and stirred using a mechanical stirrer for 1 h at 
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60 oC. Color change in the reaction mixture over time showed that AgNPs were formed. The 

synthesized AgNPs was centrifuged and then dried at room temperature. 

DPPH• Free Radical Scavenging Activity 

The free radical scavenging capacity of the synthesized silver nanoparticles (AgNPs) was 

assessed through the 2,2-diphenyl-1-picrylhydrazyl (DPPH•) assay following the procedure 

reported by Geçer et al. (Gecer et al., 2022), with slight modifications applied. The stock 

solution for AgNPs was prepared (1.0 mg/mL).  The stock solutions of  the nanoparticles were 

prepared at a concentration of 1.0 mg/mL. From these stock solution, varying volumes (20, 40, 

and 80 mL) were taken and diluted to a final volume of 3.0 mL using ethanol. Each prepared 

solution was then mixed with 1 mL of DPPH• solution (0.26 mM in ethanol). The mixtures were 

vortexed briefly and subsequently incubated in the dark at room temperature for 25 minutes to 

allow the reaction to occur. The absorbance of each reaction mixture was measured at using a 

spectrophotometer (517 nm). The free radical scavenging activity of the samples against DPPH• 

was calculated using Equation (1) below: 

 

DPPH scavenging effect (%) = [(Ac-As)/Ac] x 100          (1) 

 

Ac is the absorbance of the control sample and As is the absorbance of the sample containing 

the nanoparticles. The radical scavenging capacity was expressed as the IC₅₀ value, defined as 

the concentration required to inhibit 50% of the DPPH• radicals.  

 

ABTS•⁺ Radical Scavenging Activity 

The ABTS•⁺ radical cation decolorization assay was performed to additionally assess the 

antioxidant capacity of the synthesized AgNPs, using the procedure outlined by Re et al.(Re et 

al., 1999). Initially, the ABTS•⁺ stock solution was prepared by reacting ABTS (2.0 mM) with 

sodium persulfate (Na₂S₂O₈, 2.45 mM) in a 1:2 ratio using phosphate buffer (pH 7.4). The 

mixture was incubated in the dark for 6 hours to allow radical formation. For the antioxidant 

assay, 3.0 mL of phosphate buffer was added to the silver nanoparticle solutions (at volumes of 

40 mL and 80 mL). Subsequently, 1.0 mL of the pre-formed ABTS•⁺ solution was introduced 

into the reaction mixture, followed by vortexing and incubation in the dark at room temperature 

for 10 minutes. The absorbance of the reaction mixtures was measured using a 

spectrophotometer. The ABTS•⁺ radical scavenging activity was determined according to 

Equation (2) as follows: 

 

ABTS+ scavenging effect (%) = [(Ac-As)/Ac] x 100         (2) 

 

In this equation Ac is ABTS•⁺  initial concentration and As is ABTS•⁺ remaining concentration 

in the sample. The antioxidant capacity was expressed as the IC₅₀ value. 

 

Ferric Reducing Antioxidant Power (FRAP) Assay 

The ferric reducing power of the synthesized AgNPs was assessed based on the procedure 

reported by Oyaizu (Oyaizu, 1986), with minor adjustments. 0.2 M sodium phosphate buffer at 

pH 6.7 was prepared for use in the measurements. AgNPs solution (100 mL) was added to 1%, 
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1.25 mL of potassium ferric cyanide (K3Fe (CN)6) and phosphate buffer (1.15 mL). The 

resulting mixture was incubated at 45 oC for 25 min. In the final stage, FeCl3 (0.1 %, 0.25 mL) 

and trichloroacetic acid (10 %, 1.25 mL) were added to the mixture. The absorbance value was 

determined with spectrophotometer. 

 

RESULT and DISCUSSION 

Silver nanoparticles (AgNPs) were successfully synthesized using a green synthesis approach. 

In this process, Halfeti rose (R. x odorata cv. ‘Louis XIV’) extract served as the reducing and 

stabilizing agent, while AgNO₃ functioned as the silver source. When the plant extract was 

added to the silver nitrate solution, the color change from yellow to dark brown was observed 

as the first indication of nanoparticle formation. UV-Vis spectroscopic analysis revealed a 

surface plasmon resonance (SPR) band at approximately 440 nm, confirming the synthesis of 

silver nanoparticles (Fig.1). This band is consistent with the reported SPR range of 388–448 

nm for biologically synthesized AgNPs. Additionally, the UV-Vis analyses of the synthesized 

nanoparticles were repeated at different time intervals (2 h, 24 h, and 48 h) to assess their 

stability, and the results demonstrated that the silver nanoparticles remained stable over time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. UV–Vis absorption profile of AgNPs synthesized using Halfeti black rose. 

 

To obtain more detailed information about the morphology of the synthesized silver 

nanoparticles, scanning electron microscopy (SEM) analysis was performed. SEM images 

captured at 400,000× magnification revealed that the silver nanoparticles predominantly 

exhibited a spherical shape. In addition, particle size analysis showed that the nanoparticles 

ranged between 45 and 52 nm (Fig.2). This size range is consistent with previous studies 

reporting AgNPs synthesized using green synthesis methods. 
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Figure 2. Scanning electron microscopy (SEM) image of biosynthesized silver nanoparticles 

(AgNPs) obtained using Halfeti black rose. The nanoparticles appear predominantly spherical 

with sizes ranging from 45 to 52 nm 

 

The antioxidant analysis results indicate that the silver nanoparticles synthesized using Halfeti 

rose extract (BR-AgNPs) exhibit lower DPPH radical scavenging activity compared to the 

standard antioxidants TROLOX and BHA, yet demonstrate a moderate level of activity when 

compared to BHT. In contrast, the findings obtained from the ABTS•⁺ assay reveal that BR-

AgNPs display higher antioxidant activity than all standard samples (TROLOX, BHT, and 

BHA), showing a particularly notable superiority over BHT (Fig.3). Overall, these results 

highlight that BR-AgNPs possess a strong and selective antioxidant potential toward the 

ABTS•⁺ radical. 
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Figure 3. Comparative antioxidant activity of plant-mediated synthesized AgNPs evaluated by 

DPPH•, ABTS•⁺, and reducing power assays. Results are expressed as mean ± SD from three 

independent replicates. Standard antioxidants (Trolox, BHT, BHA) were used as positive 

controls, revealing the notable radical scavenging and electron-donating capacity of the 

nanoparticles. 

 

CONCLUSIONS 

In this study, silver nanoparticles were successfully synthesized using the extract of the Halfeti 

black rose, a unique rose variety that grows exclusively in the Halfeti district of Şanlıurfa, 

Türkiye. The formation of silver nanoparticles obtained through the green synthesis method 

was confirmed by the characteristic surface plasmon resonance peak observed at 440 nm in the 

UV–Vis spectrum. In addition, SEM analysis revealed that the synthesized nanoparticles 

possessed a spherical morphology and ranged in size from 45 to 52 nm. 

In addition to the characterization studies, the antioxidant properties of the plant-mediated 

synthesized silver nanoparticles were also investigated. The results demonstrated that these 

nanoparticles possess a remarkable antioxidant potential. Notably, they exhibited a striking 

superiority in ABTS radical scavenging capacity compared to all standard reference samples. 
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Lignocellulosic biomass is an abundant, renewable, and cost-effective feedstock widely used 

in the biofuel, textile, and biocomposite industries. It is mainly composed of cellulose, 

hemicellulose, and lignin—three structural polymers that collectively provide rigidity and 

resilience to plant cell walls. However, the tight binding of lignin to cellulose restricts 

enzymatic accessibility, thereby reducing biomass conversion efficiency. To overcome this 

limitation, a pretreatment stage is required to disrupt lignin–carbohydrate linkages and expose 

cellulose surfaces for further processing. 

Industrial hemp (Cannabis sativa L.) stands out due to its high cellulose content, low lignin 

proportion, and rapid growth. Efficient pretreatment of hemp fibers is crucial for enhancing 

both biofuel production and fiber-based industrial applications. Various physical, chemical, 

and biological pretreatment methods have been developed; however, environmentally friendly 

and economical approaches remain a priority. 

In this study, hemp of the “Narlısaray” variety was treated with 2.5% potassium carbonate 

(K₂CO₃) solution to evaluate the effects of an eco-friendly alkaline pretreatment. Potassium 

carbonate offers several advantages over stronger alkalis, such as lower corrosiveness and 

reduced environmental impact. Post-treatment analyses included lignin solubilization, 

cellulose crystallinity, surface morphology, and fiber tensile strength. 

The results demonstrate that potassium carbonate effectively loosens the lignin–cellulose 

network, enhances fiber porosity, and improves enzymatic accessibility and mechanical 

performance. These findings emphasize the potential of potassium carbonate pretreatment as a 

sustainable and scalable process for improving hemp utilization efficiency in both bioenergy 

conversion and advanced material development. 

Keywords: Industrial Hemp, Lignocellulose, Pretreatment, Potassium Carbonate, Fiber 

Morphology, Biofuel 
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Lignoselülozik biyokütleler, düşük maliyetli ve yenilenebilir yapıları sayesinde biyoyakıt, 

biyokompozit, tekstil ve kağıt endüstrilerinde stratejik bir kaynak olarak 

değerlendirilmektedir. Bu biyokütleler; selüloz, hemiselüloz ve lignin olmak üzere üç ana 

bileşenden oluşur. Lignin, bitkiye dayanıklılık kazandırırken aynı zamanda selülozun 

enzimlerle parçalanmasını zorlaştıran bir bariyer oluşturur. Bu nedenle lignin–karbonhidrat 

bağlarının kırılması amacıyla ön işlem (pretreatment) aşaması büyük önem taşır. 

Endüstriyel kenevir (Cannabis sativa L.), yüksek selüloz oranı (%60 civarı), düşük lignin 

içeriği ve hızlı büyüme süresiyle öne çıkar. Kenevir liflerinin etkin şekilde işlenmesi, hem 

biyoyakıt üretimi hem de tekstil ve kompozit uygulamalarında daha yüksek verim sağlar. Bu 

amaçla, fiziksel, kimyasal ve biyolojik ön işlem yöntemleri geliştirilmiştir. Ancak çevresel 

açıdan sürdürülebilir ve ekonomik yöntemlerin seçimi önemlidir. 

Bu çalışmada, “Narlısaray” kenevir çeşidi üzerinde %2,5 potasyum karbonat (K₂CO₃) 

çözeltisi kullanılarak yapılan kimyasal ön işlemin etkileri incelenmiştir. Potasyum karbonat, 

diğer alkali ajanlara kıyasla düşük korozif etki ve çevre dostu karakteriyle avantaj sağlar. Ön 

işlem sonrasında liflerdeki lignin çözünürlüğü, selüloz kristalinliği, yüzey morfolojisi ve lif 

dayanımı değerlendirilmiştir. 

Sonuçlar, potasyum karbonatın lignin yapısının kısmen çözünmesini sağlayarak liflerin daha 

gözenekli hale gelmesine, dolayısıyla enzimatik erişimin ve mekanik performansın 

artmasına katkıda bulunduğunu göstermiştir. Bu bulgular, kenevirin hem biyoyakıt 

üretiminde daha etkin dönüşümünü hem de endüstriyel lif kalitesinin artırılmasını 

mümkün kılan çevre dostu bir yaklaşımı ortaya koymaktadır. 

Anahtar Kelimeler: Endüstriyel Kenevir, Lignoselüloz, Ön İşlem, Potasyum Karbonat, Lif 

Morfolojisi, Biyoyakıt 

 

INTRODUCTION 

Lignocellulose, a cheap, sustainable, renewable, and widely available natural raw material 

source, is gaining popularity (Jatoi et al., 2023). To reduce greenhouse gas emissions, promote 

economic growth, and provide an environmentally friendly response to the world's growing 

energy needs, the conversion of lignocellulosic biomass into useful chemicals, biofuels, and 

energy is necessary (Okolie et al., 2021). Lignocellulosic biomass includes a variety of organic 

residues, such as forest, garden, and agricultural waste, paper industry waste, and municipal 

solid waste. 

Cellulose, hemicellulose, and lignin are the main components of lignocellulosic biomass. 

Cellulose serves as the primary structural component of this ternary structure, while lignin and 

hemicellulose are bound to cellulose fibers by chemical and physical bonds to form a complex 

matrix. According to Wu (2023), lignin is an important polymer that provides structural 

integrity to plant cell walls and prevents cellulose and hemicellulose from being hydrolyzed by 

enzymes. Therefore, the implementation of an appropriate pretreatment step, in which the lignin 

structure is partially or completely removed, is a crucial prerequisite for the efficient use of 

lignocellulosic biomass in biofuel or chemical production. 

Numerous industrial and environmental applications, including biofuel production, biorefinery 

processes, papermaking, wastewater treatment, biodegradation, and bioremediation, depend on 

the pretreatment procedures used for lignocellulosic feedstocks (Cheah et al., 2020). Generally, 

pretreatment techniques developed for this purpose fall into four categories: physical, chemical, 

physicochemical, or biological techniques. 
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Mechanical digestion, microwave applications, and pyrolysis are examples of physical 

methods. The primary goal of these techniques is to reduce the particle size of the biomass to 

increase its surface area. Chemical techniques release the cellulose content of lignocellulosic 

structures using dilute or concentrated acids, alkalis, ionic liquids, and organosol solvents. 

Electrical catalysis, CO₂ explosion, ammonia fiber expansion (AFEX), and steam explosion are 

examples of physicochemical techniques. 

In biological methods, lignin and hemicellulose are gradually degraded by microorganisms or 

enzymes. White-rot fungi are often preferred in this context due to their high lignin degradation 

efficiency (Madadi and Abbas, 2017; Taymaz and Uslu, 2019). 

The main reasons for preferring alkali-based pretreatment techniques for lignocellulosic 

biomass are their high delignification efficiency, low energy requirements, and economic 

viability. Alkali pretreatment primarily partially dissolves the lignin structure, loosening the 

lignocellulose matrix and making carbohydrate fractions more accessible (Ghosh et al., 2025). 

Furthermore, by facilitating the cleavage of lignin-carbohydrate ester and ether bonds, this 

process creates a suitable structure for the enzymatic hydrolysis of cellulose and hemicellulose. 

Undoubtedly, sodium hydroxide (NaOH) is one of the alkaline agents frequently used in the 

biological conversion of lignocellulose. Due to its significant effectiveness in pretreating 

agricultural waste and hardwood biomass, NaOH has been the subject of numerous studies in 

the literature (Wang et al., 2020). This technique significantly increases the efficiency of biofuel 

production processes by reducing lignin and increasing the chemical reactivity of biomass. On 

the other hand, the use of potassium carbonate instead of an alkaline agent in pretreatment is 

gaining traction in the literature. By partially dissolving the lignin matrix and improving the 

accessibility of cellulose and hemicellulose components, pretreatment with K₂CO₃ significantly 

reduces the structural strength of biomass. 

For example, the addition of 0.9% K₂CO₃ by weight during hydrothermal pretreatment nearly 

doubled glucan yield and resulted in a decrease in lignin content of approximately 40% (Kumar 

et al., 2010). Compared to traditional NaOH applications, these carbonate-alkali-based 

processes have the advantage of operating at more neutral pH levels and causing relatively little 

polysaccharide loss. In this context, K₂CO₃ can be considered a method that breaks ether and 

ester bonds in lignocellulosic feedstocks and increases sugar yield in applications such as 

biofuels and biorefineries. Industrial hemp (Cannabis sativa L.) is an important source of 

lignocellulosic feedstocks that can be used in various industries such as biofuels, paper, and 

textiles. 

Compared to other lignocellulosic feedstocks, hemp is an advantageous biological resource due 

to its high biomass yield and high cellulose content (approximately 70%). These properties 

make hemp even more strategically important for biobased industries and sustainable energy 

production. 

The ability of various pretreatment techniques to increase the enzymatic hydrolysis efficiency 

of hemp biomass has been the subject of numerous studies in the literature. These methods 

include various acid- and alkali-based chemical treatments, hot liquid water, steam explosion, 

and ionic liquid applications (Gladysheva 2025; Nguyen et al., 2010). These pretreatments 

increase the enzymes' accessibility to the crystalline cellulose and amorphous hemicellulose 

components of the lignocellulosic structure, improving hydrolysis efficiency and, consequently, 

sugar recovery. The type of treatment used, process parameters (temperature, time, chemical 

concentration, etc.), and the conditions of the subsequent enzymatic hydrolysis step 

significantly influence the effectiveness of pretreatment techniques. Therefore, comprehensive 

optimization of the pretreatment and hydrolysis steps is essential for the high-efficiency use of 

industrial hemp in biofuel production. According to one study, applying a K₂CO₃:ethylene 
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glycol (EG)-based treatment (1:10 molar ratio) to oil palm fruit clusters at 150°C for 60 minutes 

resulted in the removal of approximately 46.06% of lignin (Amelia et al., 2024). This study, 

conducted within the scope of all reviewed literature sources, used the K₂CO₃ pretreatment 

method to compare the morphological characteristics of the industrial hemp variety Narlısaray. 

 

RESEARCH AND FINDINGS  

Obtainment of Hemp  

The hemp material used in the study was obtained from Yozgat Bozok University, a university 

specializing in "Industrial Hemp." The Narlısaray variety was planted in special cultivation 

areas and harvested in 2022. The harvested plants for use in the experiments were dried in a 

suitable environment to equalize moisture levels.  

Hemp Fiber Production  

The mechanical separation of fibers from the stems was carried out at Yozgat Bozok 

University's Faculty of Agriculture. The process resulted in the fibers being obtained by 

removing the woody (tow) portions of the stems.  

Hemp Fiber Preparation  

After the hemp fibers were cleaned of tow, they were washed three times and dried. The dried 

fibers were ground into a fine powder using a ball mill. The powdered sample was characterized 

by SEM and EDX.  

Chemical Treatment of Hemp Fibers  

Hemp fibers were pretreated with chemical treatments to remove lignin and pectin from the 

fiber. The results were compared. A review of the literature revealed that plant fibers were 

chemically treated with ethylene, oxalic acid, sulfuric acid, hydrochloric acid, sodium 

hydroxide, and sodium sulfide. Pretreatment was carried out using chemicals such as (Silveira 

et al., 2015; Venkatachalam et al., 2016). Alkaline pretreatment is one of the most widely used 

methods because it uses less energy, is relatively inexpensive, and its use is not risky. There is 

no K₂CO₃ pretreatment study on hemp plants in the literature. In our study, 2.5% K₂CO₃ was 

prepared based on the method used by Chong (2018). The 1:10 fiber-solution mixture was 

incubated at 120℃ in a shaking water bath for approximately 90 minutes. The fibers were 

washed 3 times with pure water and filtered. The upper part of the solution that came to room 

temperature was removed by decantation, and the fiber that settled to the bottom was dried and 

kept in the oven at 50° C for 1 day. SEM analysis was performed to evaluate the changes in the 

structure of the pretreated fiber (Figure 1). Before SEM analysis, a thin layer of gold was coated 

on the samples to prevent any possible distortion, ensure even distribution of the sample, and 

ensure homogeneous imaging. 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 11



 

Figure 1. Images of fibers with and without pretreatment, respectively. 

 

CONCLUSION 

Scanning electron microscopy (SEM) can be used to examine hemp fiber surface modifications 

in detail. Due to the presence of wax, pectin, lignin, and other impurities on their surfaces, 

untreated raw fibers have a rather rough structure (Agus Suryawan et al., 2017). SEM images 

of natural fibers reveal a smooth surface structure with a highly regular, dense, and woody 

character (Figure 2). 

After pretreatment, SEM images of hemp biomass show that the hemicellulose and cellulose 

cores have loosened, the surface area of the biomass has been partially refined, and its network-

like structural properties have decreased (Figure 3). Specifically, 2.5% K₂CO₃ breaks the bonds 

between lignin and hemicellulose, increasing the surface area and creating a cleaner surface 

structure. 

The carbon and oxygen contents of the fibers were determined by EDX (Energy Dispersive X-

ray) analysis. The amount of lignin and hemicellulose in natural fibers can be determined by 

examining the oxygen-to-carbon ratio (O:C). Singh and Rout (2024) examined the EDX 

analysis results of untreated and alkali-treated fibers and found that the O:C ratio increased in 

alkali-pretreated fibers, while it remained low in natural fibers. Elemental analysis values are 

shown in Table 1: Narlısaray raw fiber had an O:C ratio of 0.62, while Narlısaray processed 

fiber had an O:C ratio of 0.79. These findings clearly indicate that lignin content decreased as 

the O:C ratio increased in alkali-treated fibers. 
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Figure 2. SEM image of raw fiber. 

 

Figure 3. SEM image of the pretreated fiber. 
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Table 1. EDX analysis of Narlısaray hemp fiber after raw and pre-treatment 

Narlısaray raw fiber Narlısaray pre-treated fiber 

Element Weight % Atomic % Element Weight % Atomic % 

C 61,23 67,97 C 55,36 61,27 

O 38,21 31,84 O 44,24 38,41 

NaK 0,33 0,11 NaK 0,40 0,32 

C:O             0,62 C:O               0,79 

In this study, morphological and elemental analyses of Narlısaray industrial hemp plants 

showed that the pretreatment used reduced the lignin content to some extent. Biomass 

pretreatment is a crucial step in the biological processing of raw materials for the production of 

biofuels and other biobased products. While each has its own advantages and disadvantages, no 

single pretreatment technique is universally applicable to all lignocellulosic raw materials. 

Applying various pretreatment techniques to industrial hemp biomass allows for comparative 

studies. In this case, enzymatic hydrolysis of pretreated hemp biomass is expected to result in 

higher sugar yields. Systematic studies may enable the development of new, economical, and 

environmentally friendly pretreatment procedures. Furthermore, a comprehensive analysis of 

the chemical structure of lignocellulosic biomass is necessary to improve the effectiveness of 

pretreatment procedures and understand the reaction mechanisms occurring during these 

processes. This strategy will enable the efficient and sustainable use of hemp biomass in biofuel 

and bioproduct production. 
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Global environmental challenges, energy security concerns, and the need for sustainable 

agricultural systems have revived interest in plant-based biomaterials. In this context, hemp 

(Cannabis sativa L.) stands out as a central actor within the sustainability paradigm due to its 

high biomass productivity, rapid growth cycle, low ecological footprint, and multidimensional 

usability. 

This study provides an interdisciplinary assessment of hemp’s transformation from a 

“prohibited plant” to a strategic resource of the green transition, analyzed through the 

interrelated lenses of science, economy, and policy. The historical perspective traces hemp’s 

diverse utilization across civilizations for medical, industrial, and cultural purposes; the 

scientific dimension discusses the discovery of the endocannabinoid system, the therapeutic 

potential of phytocannabinoids, and hemp biomass as a feedstock for biofuels, bioplastics, 

and biomaterials. 

Economically, hemp contributes to circular economy models, bio-based industries, and 

green innovation ecosystems. Politically, the paper evaluates the consequences of global 

criminalization policies and highlights Turkey’s progress through the Industrial Hemp 

Specialized University model (Yozgat Bozok University) and the Keneviro investment 

initiative. 

Findings indicate that hemp should be recognized not merely as an agricultural crop but as a 

strategic element of sustainable development integrating science, economy, and national 

policy. Ultimately, the study argues for a holistic restructuring of legislation, funding 

mechanisms, and R&D frameworks to reposition hemp as a pillar of the green economy and 

sustainable future. 

Keywords: Hemp, Sustainability, Endocannabinoid System, Green Industry, Bioeconomy 
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Küresel ölçekte derinleşen çevresel krizler, enerji arz güvenliği ve tarımsal sürdürülebilirlik 

tartışmaları, bitkisel biyokütlelerin yeniden değerlendirilmesini zorunlu kılmıştır. Bu çerçevede 

kenevir (Cannabis sativa L.), yüksek biyokütle verimi, kısa yetişme süresi, düşük çevresel 

ayak izi ve çok yönlü kullanım potansiyeliyle sürdürülebilirlik paradigmasının merkezinde yer 

almaktadır. 

Bu çalışma, kenevirin tarihsel süreçte “yasaklı bitki” kimliğinden “yeşil dönüşümün stratejik 

hammaddesi” konumuna geçişini bilim, ekonomi ve politika ekseninde disiplinlerarası bir 

bakışla değerlendirmektedir. Tarihsel analiz bölümünde, kenevirin antik çağlardan günümüze 

kadar uzanan tıbbi, endüstriyel ve kültürel kullanım geçmişi; bilimsel bölümde, 

endokannabinoid sistemin keşfi, fitokannabinoidlerin terapötik etkileri ve kenevir 

biyokütlesinin biyomalzeme, biyoyakıt ve biyoplastik üretimindeki rolü ele alınmıştır. 

Ekonomik boyutta, kenevirin döngüsel ekonomi, yeşil sanayi ve biyoteknolojik yenilik 

alanlarındaki katkıları; politik boyutta ise küresel kriminalizasyon politikalarının oluşturduğu 

kayıplar ve Türkiye’deki ihtisas üniversitesi modeli (Yozgat Bozok Üniversitesi) ile Keneviro 

yatırımı örnekleri tartışılmıştır. Bulgular, kenevirin yalnızca bir tarımsal ürün değil, aynı 

zamanda bilimsel, ekonomik ve stratejik bir kalkınma aracı olduğunu göstermektedir. 

Sonuç olarak çalışma, kenevirin sürdürülebilir kalkınma hedeflerine katkı sağlayan yeşil bir 

paradigma unsuru olarak yeniden konumlandırılması gerektiğini vurgulamakta; bu amaçla 

ulusal düzeyde mevzuat, finansman ve Ar-Ge politikalarının bütüncül biçimde yeniden 

yapılandırılmasını önermektedir. 

Anahtar Kelimeler: Kenevir, Sürdürülebilirlik, Endokannabinoid Sistem, Yeşil Sanayi, 

Biyoekonomi 

 

INTRODUCTION 

Environmental degradation, climate change, and growing energy security concerns have made 

it necessary to reconceptualize agricultural production systems beyond simple food supply, 

towards strategic crops capable of delivering biofuels, bioplastics, medical compounds, 

and advanced biomaterials. In this regard, hemp (Cannabis sativa L.) stands out as a 

“multifunctional strategic bio-based raw material” due to its high photosynthetic efficiency, 

short growth cycle, low input requirements, and broad industrial applications (Amaducci et al., 

2015; Carus & Sarmento, 2016). 

Hemp’s contemporary scientific and economic value has been shaped largely by the discovery 

of the endocannabinoid system (ECS). The identification of CB1 and CB2 receptors, 

endogenous ligands such as anandamide and 2-AG, and the associated enzymes in the 1990s 

(Devane et al., 1992; Mechoulam & Parker, 2013) opened the way for systematic investigation 

of the effects of hemp-derived phytocannabinoids on pain, inflammation, neurodegeneration, 

and psychiatric disorders (Pertwee, 2008; Zuardi, 2008). Clinical studies have demonstrated the 

therapeutic potential of several phytocannabinoids, particularly THC and CBD, in epilepsy and 

other neurological conditions (Friedman & Devinsky, 2015; Iversen, 2000). 

At the same time, hemp’s lignocellulosic biomass provides a crucial feedstock for high value-

added products such as biocomposites, biofuels, and bioplastics (Pickering & Le, 2016; Zhao 

et al., 2020; Nakajima et al., 2017). The high cellulose and hemicellulose content and favorable 

fiber morphology of hemp stalks enable low-carbon solutions for the textile, construction, 

automotive, and packaging sectors (Benfratello et al., 2013; Prade et al., 2012). 
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This chapter aims to reposition hemp within the contemporary sustainability paradigm by 

integrating its historical, biological, economic, and political dimensions into a unified analytical 

framework. 

 

HISTORICAL BACKGROUND: INDUSTRIAL, MEDICAL, AND CULTURAL 

DIMENSIONS 

Archaeological and paleobotanical evidence indicates that hemp is among the earliest cultivated 

plants in human history (Imran et al., 2025; Clarke & Merlin, 2013). Findings from Neolithic 

China’s Yangshao culture show that hemp fibers were used in ropes, nets, and woven fabrics, 

while its seeds served as food and medicinal ingredients. In the Indian subcontinent, hemp 

became a central component of religious rituals in the form of “bhang” and was widely used in 

Ayurvedic medicine for its analgesic, antispasmodic, and tonic properties (Sharma et al., 2022). 

From Mesopotamia to Ancient Egypt, from the Roman Empire to Islamic civilization, hemp 

was employed in a wide range of preparations, including analgesic and anti-inflammatory 

remedies, as well as in textiles, ropes, paper, and oils (Russo, 2007; Zlas et al., 1993). During 

the Ottoman period, particularly the Black Sea and Central Anatolian regions (e.g., 

Kastamonu, Samsun, Tokat, Amasya) emerged as strategic centers of hemp cultivation, 

supplying the navy with ropes and sails. Hemp fibers were used in carpets, sacks, and local 

textiles, while hempseed oil was applied in traditional medicine as an emollient and analgesic. 

In the 19th century, hemp re-entered the agenda of modern Western medicine. William B. 

O’Shaughnessy’s clinical observations in India regarding the efficacy of hemp preparations in 

rheumatism, epilepsy, and labor pain quickly spread across Europe and North America, leading 

to the widespread inclusion of cannabis preparations in pharmacopeias until the early 20th 

century (Russo, 2007). This extensive historical legacy shows that hemp has functioned not 

only as an agricultural crop but also as a cultural and technological component of civilization 

building. 

 

HEMP BIOMASS AND VALUE-ADDED PRODUCT POTENTIAL 

Fibers and stalks 

The bast fibers of hemp stalks exhibit high cellulose (65–70%) and low lignin (5–10%) 

contents, long fiber lengths (20–55 mm), and high tensile strength, enabling a wide range of 

applications from conventional textiles to advanced composite materials (Carus & Sarmento, 

2016; Pickering & Le, 2016). Hemp–lime composites (hempcrete) produced by combining 

hemp shives or fibers with lime-based binders offer low density, vapor permeability, a carbon-

negative life cycle, and excellent thermal and acoustic insulation, making them attractive for 

ecological construction (Benfratello et al., 2013). 

The woody core (hurds) serves as a filler in composite and insulation materials and as a 

lignocellulosic feedstock for pellets, briquettes, and bioenergy production (Prade et al., 2012). 

Seeds and oil 

Hempseed is rich in bioactive compounds, containing approximately 25–30% protein and 30–

35% polyunsaturated fatty acids (Callaway, 2004). The favorable omega-6/omega-3 fatty acid 

ratio (approximately 3:1) is associated with cardiovascular benefits (Rodriguez-Leyva & 

Pierce, 2010). High bioavailability of the storage proteins edestin and albumin makes hempseed 

a valuable plant-based protein source. 

Cold-pressed hempseed oil is widely used in dermocosmetic formulations due to its ability to 

strengthen the skin barrier and reduce inflammation, while transesterified hempseed oil can also 

be used in biodiesel production (Karadağ et al., 2024). 
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Environmental advantages and phytoremediation 

Hemp’s rapid growth (90–120 days), deep root system, low water requirement, and typically 

low pesticide demand qualify it as a strategic species for sustainable agriculture (Amaducci 

et al., 2015; Small, 2016). Its high biomass yield per hectare enhances carbon sequestration, 

while dense planting suppresses weeds and improves soil organic matter. 

Moreover, hemp can accumulate heavy metals (Cd, Pb, Zn, Ni) in its biomass, making it a 

promising and relatively low-cost tool for phytoremediation of contaminated soils. These 

features offer significant opportunities for the rehabilitation of degraded agricultural lands and 

the implementation of circular economy strategies. 

 

CRIMINALIZATION, THE ENDOCANNABINOID SYSTEM, AND MEDICAL 

REAPPRAISAL 

From the mid-20th century onwards, hemp was subjected to a global criminalization process, 

despite its millennia-long history as a source of food, medicine, and fiber. The 1937 Marihuana 

Tax Act in the United States and the propaganda campaigns led by Harry J. Anslinger framed 

cannabis as a dangerous narcotic, often employing racist narratives and media manipulation 

(Bonnie & Whitebread, 1987; Russo, 2007). Economic interests, such as DuPont’s investments 

in synthetic fibers (nylon) and the wood-pulp paper industry’s competition with hemp-based 

paper, further supported this prohibitionist agenda. 

The 1961 Single Convention on Narcotic Drugs and subsequent international treaties placed 

low-THC industrial hemp in the same category as psychoactive cannabis varieties, creating a 

regulatory framework at odds with scientific evidence. 

Since the 1990s, however, the discovery of the endocannabinoid system and the 

characterization of phytocannabinoids have challenged this paradigm (Devane et al., 1992; 

Iversen, 2000; Mechoulam & Parker, 2013). The therapeutic potential of cannabinoids such as 

THC, CBD, and CBG has been demonstrated in epilepsy, neurological disorders, chronic pain, 

inflammatory and psychiatric conditions in both preclinical and clinical studies (Friedman & 

Devinsky, 2015; Zuardi, 2008; Sharma et al., 2022). 

These findings underscore the need to reconsider hemp not through a purely prohibitionist lens, 

but as a source of medical innovation and biotechnological transformation. 

 

HEMP IN TÜRKİYE: HISTORY, REGULATION, AND THE KENEVİRO MODEL 

Since the Ottoman era, hemp has been cultivated in Türkiye as a strategic industrial crop, 

particularly for naval and textile applications. In the early Republican period, state-supported 

seed breeding and credit mechanisms encouraged hemp cultivation. 

The 1971 Law No. 2313 on the Control of Narcotic Substances restricted cultivation to licensed 

areas. Later, the 2016 Regulation on the Cultivation and Control of Hemp reinstated controlled 

industrial hemp production, gradually increasing the number of provinces authorized for 

licensed cultivation. 

In 2020, Yozgat Bozok University was designated as a Regional Development-Oriented 

Specialized University in the field of Industrial Hemp, and the Hemp Research Institute was 

established, signaling Türkiye’s strategic commitment to this crop. Similarly, the Hemp 

Research Institute at Ondokuz Mayıs University conducts multidisciplinary projects on hemp 

breeding, fiber yield, biomass utilization, and phytocannabinoid analysis. 

On the private-sector side, investments such as Keneviro have the potential to build integrated 

value chains from field production to processing, product development, and export. 
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Nonetheless, challenges related to access to finance, regulatory uncertainty, certification 

procedures, and public perception still hinder large-scale development. 

 

POLICY AND ACTION RECOMMENDATIONS 

For the sustainable expansion of hemp cultivation and industry in Türkiye, several policy areas 

are of critical importance: 

a) Regulatory reform and classification 

 Developing differentiated licensing models for industrial, medical, and academic use, 

 Establishing clear and standardized product categories (food, medicine, textiles, etc.) 

based on THC limits. 

b) Agricultural and licensing policies 

 Broadening the geographical distribution and number of licensed cultivation areas, 

 Providing technical training and supporting local seed development and adaptation 

programs. 

c) Financing and investment incentives 

 Classifying investments such as Keneviro as strategic and offering targeted incentives, 

 Improving access to dedicated credit lines, tax advantages, and R&D support schemes. 

d) University–industry–public collaboration 

 Establishing structures such as a “Hemp Technology Platform” to coordinate knowledge 

and product flows, 

 Adapting the specialized university model to other regions of the country. 

e) Scientific literacy and public awareness 

 Implementing public education campaigns on hemp’s dual status as both an 

industrial/medical resource and a psychoactive substance, 

 Ensuring that media and educational materials are grounded in scientific evidence. 

 

CONCLUSION 

Hemp (Cannabis sativa L.) is re-emerging as a strategic natural resource with profound 

historical, biological, economic, and political dimensions. This chapter has examined hemp’s 

repositioning in both the global and Turkish contexts by integrating its historical legacy, 

scientific foundations, technological applications, and policy frameworks. 

 Archaeobotanical and ethnobotanical evidence shows that hemp has been used for 

thousands of years as a source of fiber, seed, oil, and medicine, playing a significant role in 

cultural and economic development, particularly in Anatolia (Clarke & Merlin, 2013; Russo, 

2007; Imran et al., 2025). 

 Hemp’s robust root system, rapid growth, and phytoremediation potential render it an 

important tool for environmental sustainability and carbon management (Amaducci et al., 2015; 

Small, 2016). 

 The criminalization process has been shaped largely by economic interests and 

ideological manipulation rather than scientific evidence, thereby constraining medical and 

industrial applications for decades (Bonnie & Whitebread, 1987; Russo, 2007). 

 The discovery of the endocannabinoid system and the therapeutic potential of 

phytocannabinoids has prompted a medical reappraisal of hemp, with increasing evidence on 

the roles of THC, CBD, and other compounds in epilepsy, neurological disorders, chronic pain, 

and inflammatory diseases (Devane et al., 1992; Friedman & Devinsky, 2015; Zuardi, 2008). 
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 Multidisciplinary research in Türkiye, driven by specialized universities and model 

investments, suggests that hemp can become a powerful instrument for regional development 

and green transformation. 

 Overall, hemp offers a critical opportunity for sustainable development, green 

industrialization, and bioeconomic transformation. A coherent policy framework grounded 

in scientific rationality, economic vision, and public awareness is essential for transforming 

hemp into a strategic resource for Türkiye’s future. 
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The increasing global energy demand and the adverse environmental impacts of fossil fuels 

have intensified the search for renewable and carbon-neutral alternatives. Among these, 

biofuels—notably bioethanol and biobutanol—represent viable options for sustainable energy 

generation. These fuels can be produced from lignocellulosic biomass, a plant-derived material 

composed primarily of cellulose, hemicellulose, and lignin. 

Hemp (Cannabis sativa L.) has emerged as an attractive lignocellulosic resource due to its high 

cellulose content (up to 60%), moderate hemicellulose, and relatively low lignin levels. 

However, the lignin layer forms a rigid barrier that limits enzyme accessibility to cellulose 

chains. Therefore, biofuel production from hemp generally involves three sequential steps: 

pretreatment, hydrolysis, and fermentation. 

This study focuses on the hydrolysis stage—the crucial step that converts cellulose and 

hemicellulose polymers into fermentable sugars such as glucose and xylose. Two primary 

techniques are commonly applied: 

 Acidic hydrolysis, which employs mineral acids (e.g., H₂SO₄, HCl) under elevated 

temperatures, enabling rapid conversion but generating inhibitory by-products like furfural and 

hydroxymethylfurfural. 

 Enzymatic hydrolysis, using cellulase and hemicellulase enzymes, proceeds more 

slowly but offers higher sugar yields, lower inhibitor formation, and environmental 

compatibility. 

Through an in-depth literature analysis, this paper compares these hydrolysis methods in terms 

of sugar yield, process efficiency, energy demand, and environmental impact. The findings 

suggest that enzymatic hydrolysis provides a more sustainable and scalable pathway for 

producing bioethanol and biobutanol from hemp biomass, reinforcing the plant’s role as a key 

resource in future bioenergy systems. 

Keywords: Hemp, Bioethanol, Biobutanol, Hydrolysis, Lignocellulosic Biomass, Renewable 

Energy 
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Artan enerji talebi ve fosil yakıtların çevresel etkileri, araştırmacıları karbon nötr ve 

yenilenebilir alternatiflere yöneltmiştir. Bu kapsamda biyoyakıtlar, özellikle de biyoetanol ve 

biyobütanol, hem enerji güvenliği hem de sürdürülebilirlik açısından ön plana çıkmaktadır. Bu 

yakıtlar, tarımsal atıklar veya düşük değerli bitkisel kaynaklardan elde edilen lignoselülozik 

biyokütlelerin biyokimyasal dönüşümüyle üretilebilir. 

Kenevir (Cannabis sativa L.) bitkisi, yüksek selüloz (yaklaşık %60’a kadar), orta düzey 

hemiselüloz ve düşük lignin içeriği ile dikkat çeker. Bu bileşenler, yapısal olarak karbonhidrat 

polimerlerinden oluşur ve uygun şekilde parçalandığında fermente edilebilir şekerler (glikoz, 

ksiloz vb.) açığa çıkar. Ancak lignin tabakası, selüloza enzimlerin ulaşmasını zorlaştıran doğal 

bir engeldir. Bu nedenle biyoyakıt üretiminde üç temel adım gereklidir: ön işlem, hidroliz ve 

fermantasyon. 

Bu çalışmada özellikle ikinci adım olan hidroliz süreci üzerinde durulmuştur. Hidroliz, selüloz 

ve hemiselülozun yapı taşlarına, yani monosakkaritlere ayrılması işlemidir. İki temel yaklaşım 

öne çıkar: 

 Asidik hidroliz, mineral asitler (H₂SO₄, HCl) kullanılarak yüksek sıcaklıkta yapılır ve 

hızlıdır; ancak yan ürünler (furfural, HMF gibi) fermentasyon verimini azaltabilir. 

 Enzimatik hidroliz ise selülaz ve hemiselülaz gibi biyokatalizörlerle gerçekleştirilir; 

çevre dostu ve yüksek şeker dönüşüm oranına sahiptir, ancak daha uzun süre gerektirir. 

Bu bildiride, kenevir biyokütlesinden biyoetanol ve biyobütanol üretiminde uygulanan asidik 

ve enzimatik hidroliz yöntemleri, literatürde bildirilen verim, enerji tüketimi, yan ürün oluşumu 

ve çevresel etkiler açısından karşılaştırmalı olarak ele alınmıştır. Elde edilen bulgular, 

enzimatik hidrolizin uzun vadede daha sürdürülebilir bir strateji sunduğunu ve kenevirin 

biyoenerji kaynağı olarak yüksek potansiyele sahip olduğunu göstermektedir. 

Anahtar Kelimeler: Kenevir, Biyoetanol, Biyobütanol, Hidroliz, Lignoselülozik Biyokütle, 

Yenilenebilir Enerji 

 

INTRODUCTION 

Global warming and climate change are under tremendous pressure due to the gradual depletion 

of fossil fuel reserves and the accumulation of greenhouse gases released into the atmosphere 

during combustion, particularly carbon dioxide (CO₂), methane (CH₄), and nitrogen oxides 

(N₂O). In this context, biofuels are becoming increasingly important for achieving 

environmental sustainability and energy security goals. Biofuels have the potential to diversify 

energy supply and reduce environmental impacts because they can be produced from renewable 

raw materials and have a lower carbon footprint than fossil fuels (Woźniak et al., 2025). 

A key step in biofuel production technologies, particularly second-generation biofuel 

production, is the use of lignocellulosic biomass sources such as agricultural waste, woody 

biomass, corn stalks, and wheat straw. Because it contains waste and byproduct resources that 

do not directly compete with the food production process, lignocellulosic biomass is a strategic 

raw material source for sustainability (Norfarhana et al., 2024). 

The three primary components of lignocellulosic biomass are cellulose, hemicellulose, and 

lignin. The main source of fermentable sugars used in biofuel production is cellulose, a 

crystalline polymer composed of glucose units linked by β-1,4 glycosidic bonds. Compared to 

cellulose, hemicellulose is more amorphous but can retain a variety of sugar monomers, 

including xylose, arabinose, and mannanose. It can be hydrolyzed relatively easily by enzymes 
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or acids. In contrast, lignin is a complex substance composed of aromatic polymers that give 

biomass its structural strength and restricts cellulose's access to hemicellulose (Basera et al., 

2024; Tamo et al., 2025). Because lignocellulosic biomass is inherently resistant to hydrolysis, 

a "pretreatment" stage must be implemented to produce biofuel (Woźniaketal, 2025). 

Following the pretreatment stage, acid hydrolysis and enzymatic hydrolysis are two popular 

processes used to convert lignocellulosic biomass into fermentable sugars. Typically, acid 

hydrolysis uses sulfuric or other strong acids to break down cellulose and hemicellulose 

polymers into monomeric sugars. While this method can achieve high sugar yields quickly, 

conditions such as high temperature and acid concentration also have drawbacks, such as 

equipment corrosion, carbonization, and byproduct production. For example, the breakdown of 

sugars during acid hydrolysis can lead to the formation of inhibitory compounds such as furfural 

and 5-hydroxymethylfurfural (HMF), which can reduce the activity of microorganisms during 

fermentation (Świąteketal, 2020). Enzymatic hydrolysis, on the other hand, utilizes cellulase 

and hemicellulase enzymes. This technique operates at moderate pH and temperature levels, 

reducing equipment wear and byproduct formation. However, the performance of this approach 

can be affected by technical limitations such as process time, enzyme cost, and biomass 

structural strengths (e.g., lignin content, cellulose crystallinity) (Brunecky et al., 2025). 

Thus, it is important to understand the advantages and disadvantages of both acidic and 

enzymatic hydrolysis techniques for biofuel production and how they can be used in 

conjunction with appropriate pretreatment techniques. A general strategy suggested in the 

literature is to minimize biomass structural strengths through an optimized pretreatment, 

followed by fermentation by extraction of monomeric sugars using an appropriate acid or 

enzymatic hydrolysis process. When producing second-generation biofuels, this approach can 

achieve high yields while maintaining a sustainable and environmentally friendly production 

process. Moreover, when these techniques are combined with process optimization, 

lignocellulosic biomass becomes more technically and economically viable (Świątek et al., 

2020; Basera et al., 2024). 

 

ENZYMATİC HYDROLYSİS 

During the enzymatic hydrolysis of lignocellulosic materials used to produce bioethanol, 

cellulose and hemicellulose are broken down. Hemicellulose contains various sugar polymers, 

including mannan, xylan, glucan, galactan, and arabinan, while cellulose consists of glucan 

chains. The main sugar sources for fermentation are the various hexoses and pentoses released 

during hydrolysis. In this process, hemicellulose and cellulase enzymes can be produced by 

fungi such as Trichoderma, Penicillium, Fusarium, Phanerochaete, Humicola, and 

Schizophyllum species, as well as bacteria such as Clostridium, Cellumonas, 

Thermomonospora, Bacillus, Bacteroides, Ruminococcus, Erwinia, Acetovibrio, Microbispora, 

and Streptomyces (Balat, 2011). Cellulose degradation: The process occurs in three stages: the 

adhesion of cellulase enzymes to the cellulose surface, the biodegradation of cellulose into 

fermentable sugars, and the enzyme's desorption and release from the cellulose surface. 

Exo-1,4-β-D-glucanases (EC 3.2.1.91), endo-1,4-β-D-glucanases (EC 3.2.1.4), and β-

glucosidases (EC 3.2.1.21) are the three main classes of cellulases that break down cellulose 

into glucose. The cellulose chain is broken down by the combined action of endoglucanases 

and exoglucanases. Cellobiohydrolase I (CBH I), which hydrolyzes the reducing end of the 

cellulose chain, and cellobiohydrolase II (CBH II), which hydrolyzes the non-reducing end, are 

the two types of exoglucanases. Cellobiose is converted to glucose by β-glucosidase after 

endoglucanase breaks the internal O-glycoside bonds of the chain to form oligomers of different 

sizes (Volynets et al., 2017). Although cellulases can be produced by a variety of 
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microorganisms, the most researched and characterized cellulases are those obtained from 

Trichoderma reesei and T. viride. Although these enzymes are stable under enzymatic 

hydrolysis conditions and resistant to chemical inhibitors, their main limitations are low β-

glucosidase activity and non-ideal conditions (Taherzadeh and Karimi, 2007). In the 

degradation of hemicellulose; Endo-1,4-β-xylanase (EC 3.2.1.8): Cleaves internal xylan chain 

bonds. Exo-1,4-β-xylosidase (EC 3.2.1.37): Further hydrolyzes xylooligomers to produce 

xylose. Mannan chains are used in the cleavage of mannose by endo-1,4-β-mannase (EC 

3.2.1.78) and exo-1,4-β-mannosidase (EC 3.2.1.25). Hemicellulose side groups are cleaved by 

α-L-arabinofuranosidase (EC 3.2.1.99), endo-α1,5-arabinanase (EC 3.2.1.99), α-glucuronidase 

(EC 3.2.1.139), α-galactosidase (EC 3.2.1.22), endo-galactanase (EC 3.2.1.89), acetyl xylan 

esterase (EC 3.1.1.72), acetyl mannan esterase (EC 3.1.1.6) and ferulic/p-coumaric acid 

esterases (EC 3.1.1.73). Process variables such as pH and temperature have a major effect on 

the hydrolysis efficiency in cellulose and hemicellulose degradation. For maximum activity, 

enzymes require specific pH and temperature ranges. The enzyme may denature under 

unfavorable conditions, or higher enzyme dosages may be required to achieve the same degree 

of hydrolysis. According to the literature, the ideal pH and temperature ranges for enzymatic 

hydrolysis are generally between 4-5 and 40-50 °C (Maache-Rezzoug et al., 2024). A number 

of studies, such as Taherzadeh and Karimi (2007), have compared enzymatic and acidic 

hydrolysis, emphasizing the importance of pretreatment, while also highlighting the milder 

conditions and lower likelihood of byproducts associated with enzymatic methods. One study 

used enzymatic hydrolysis following various pretreatment conditions to achieve high yields, 

and recommendations such as lignin modification and the reduction of lignin-enzyme 

interactions were offered (Huang et al., 2022). 

A review of the literature generally suggests that mild conditions (low temperature, neutral or 

slightly acidic pH) can be used for enzymatic hydrolysis; these are less demanding on 

machinery and less likely to cause corrosion problems. Because fewer byproducts (furfural, 

HMF, etc.) are formed compared to acidic hydrolysis, fewer detoxification procedures may be 

required before fermentation. Research has shown that appropriate pretreatment can result in 

high sugar yields (i.e., a theoretically very large cellulose fraction). Considering the factors 

affecting enzymatic hydrolysis (Figure 1), the potential for higher costs, especially in large-

scale applications, is significant. Biomass "accessibility," or proper opening of the 

cellulose/hemicellulose/lignin matrix, is essential for enzymatic hydrolysis; therefore, efficient 

pretreatment is crucial. Enzyme activity can be reduced by the presence of lignin, high 

crystallinity, and other structural resistance factors. Longer treatment times compared to acidic 

hydrolysis can affect the efficiency of the process (Maurya et al., 2015). 
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Figure 1. Factors affecting enzymatic hydrolysis (Guo et al., 2023). 

 

CHEMICAL HYDROLYSİS 

A popular technique for converting lignocellulosic biomass into fermentable sugars is chemical 

hydrolysis. The fundamental principle of this strategy is the catalytic activity of acids. 

Braconnot (1819) demonstrated that flax fibers could be treated with concentrated sulfuric acid 

(H₂SO₄), diluted in water, and then further heated to produce fermentable sugars. This work 

established the basis for chemical hydrolysis by demonstrating that lignocellulosic biomass 

could be degraded by acid (Balat et al., 2011). Sugars can be produced by treating 

lignocellulosic biomass with concentrated or diluted acids, which results in the structural 

degradation of cellulose and hemicellulose polymers. Dilute acid hydrolysis, used in chemical 

hydrolysis, is one of the oldest and most popular methods for converting cellulose to bioethanol. 

The method was developed by Mel Parsons in 1856. This technique can be applied as a 

standalone hydrolysis method or as a pretreatment before enzymatic hydrolysis. Reaction times 

range from seconds to minutes, and the process is carried out at high temperatures and 

pressures. In continuous-flow reactors, sulfuric acid (H₂SO₄) is typically used at a concentration 

of approximately 1% (Balat et al., 2011). 

The two-stage dilute acid hydrolysis process accounts for the differences in the resistance of 

cellulose and hemicellulose to degradation. At a temperature of approximately 162°C and an 

acid concentration of 0.7%, the first stage aims to extract large amounts of pentose sugars from 

hemicellulose. To increase the recovery of hexose sugars, the second stage concentrates the 

more resistant cellulose and is applied under more stringent conditions (215°C; 0.4% H₂SO₄). 

The relatively low sugar yield is the main known disadvantage of this method (Chen, 2015). 

In concentrated acid hydrolysis, crystalline cellulose can be completely dissolved at lower 

temperatures and with longer reaction times using highly concentrated acids (72% sulfuric acid, 

42% hydrochloric acid, or 77–83% phosphoric acid). Compared to dilute acid hydrolysis, the 

sugar yield of concentrated acid hydrolysis is reported to be approximately 90% higher. 

Furthermore, this approach is technically superior to dilute acid hydrolysis due to its 

applicability at lower temperatures (Balat, 2011). On the other hand, concentrated acid 

hydrolysis requires non-metallic equipment, such as ceramics or special alloys, for heating and 

diluting the highly concentrated acid; otherwise, the equipment would undergo severe wear. 
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Furthermore, there are significant energy and costs associated with acid recovery and process 

safety. Therefore, one of the main obstacles to the widespread commercial applicability of 

concentrated acid hydrolysis is considered to be its high cost (Taherzadeh and Karimi, 2007). 

In light of all this information, the advantages and disadvantages of dilute and concentrated acid 

methods are presented comparatively in the table below (Table 1). 

Table 1. Advantages and disadvantages of concentrated and dilute acid hydrolysis (Taherzadeh 

and Karimi, 2007) 

 Concentrated Hydrolysis Acetate Dilute acid hydrolysis 

 

Advantages 

 It takes place under low 

temperatures 

 Low acid consumption 

 High sugar yield  Shorter reaction time 

 

 

Disadvantages 

 High acid consumption  Occurs at high temperatures 

 Equipment corrosion  Low sugar yield 

 High oil consumption takes 

place under low temperatures. 

 Equipment corrosion 

 High energy demand for acid 

recovery 

 Formation of inhibitors 

 Longer processing time (2-6 

hours) 

 

 

Antczak et al. (2018) subjected poplar (Populus) wood of different ages to acidic hydrolysis, 

finding that "high sugar yields were achieved, with yields varying depending on age and wood 

chemistry." Similarly, Shi et al. (2025) compared the effectiveness of enzymatic hydrolysis 

after acidic and alkaline pretreatment, observing that hemicellulose dissolution increased before 

acidic treatment, but sugar yield remained low in resistant biomass (such as woody). When 

these studies were examined and evaluated, it can be concluded that acidic methods can 

efficiently dissolve hemicellulose (such as xylan), particularly when diluted or concentrated 

sulfuric acid is used, releasing monomeric sugars. The process is generally quite rapid; 

dissolution can occur rapidly at high temperatures and acid concentrations. Catalyst costs 

(enzyme costs) can be beneficial because enzyme use is not required. However, acidic 

environments such as high temperatures and low pH are very demanding on machinery, 

increasing corrosion and maintenance costs (Brodeur et al., 2011). When sugars are broken 

down in acidic environments, byproducts (such as inhibitory compounds such as furfural and 

5-hydroxymethylfurfural (HMF)) can form, which can reduce fermentation yield (Jönsson and 

Martin, 2016). After acid neutralization, there may be financial and environmental costs, such 

as the management of waste acid solutions. The cellulose fraction may benefit most from acid 

hydrolysis; completely converting cellulose into monomeric sugars can be challenging. 

 

DISCUSSION AND CONCLUSION 

To overcome these limitations in biofuel production, the selection of effective pretreatment 

techniques and appropriate hydrolysis techniques is essential. According to the literature 

review, there are two main types of hydrolysis techniques: chemical (acid) hydrolysis and 

enzymatic hydrolysis. Under moderate pH and temperature conditions, enzymatic hydrolysis 

offers an environmentally friendly method; However, it may have disadvantages due to factors 

such as enzyme cost, processing time, and the structural properties of the biomass. In contrast, 

chemical hydrolysis uses concentrated or diluted acid to achieve high sugar yields, but it has 

technical and financial disadvantages such as energy requirements, equipment costs, and acid 

recovery. 
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While acidic hydrolysis generally offers a rapid and effective method for sugar production, it 

has technical and environmental disadvantages such as cost, equipment, and byproduct 

formation. Enzymatic hydrolysis, on the other hand, has disadvantages such as requiring 

biomass pretreatment, enzyme costs, and processing time, but can be performed under milder 

and more environmentally friendly conditions. These two techniques are often considered in 

the literature as components of a process chain that includes pretreatment, fermentation, and 

acidic/enzymatic hydrolysis. For example, efforts have been made to use acidic hydrolysis to 

degrade hemicellulose followed by enzymatic hydrolysis to maximize cellulose conversion. As 

an additional application example, the yields of these techniques have been compared across 

various biomass types (woody, grass-based). Reports indicate that hemicellulose and lignin 

structures are more durable in woody biomass types, resulting in lower yields. 

From a technical and financial perspective, the combination of hydrolysis techniques and 

process optimization will be crucial in second-generation biofuel production. The development 

of pretreatment methods, the use of new microorganisms, enzyme engineering, and the 

development of less energy-intensive chemical processes are important areas that will increase 

the sustainability of biofuel production. These methods will ensure the highest fermentable 

sugar yield from lignocellulosic biomass and facilitate the development of an economically and 

environmentally sustainable production process. 

Ultimately, by reducing dependence on fossil fuels and when used in conjunction with 

appropriate hydrolysis techniques and pretreatments, the efficient use of lignocellulosic 

biomass in biofuel production will support environmental sustainability and energy security. 
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ABSTRACT 

Cannabidiol (CBD), a major non-psychoactive phytocannabinoid of Cannabis sativa, has 

gained considerable attention as a natural immunomodulatory agent; however, its molecular 

effects under distinct inflammatory contexts remain insufficiently defined. This study 

investigated the immunomodulatory activity of C. sativa–derived CBD in vitro using the human 

monocytic THP-1 cell line. Inflammatory responses were induced through PMA differentiation 

followed by LPS- or IL-1β-mediated stimulation. After CBD administration (5 μg/mL), 

changes in TNF-α and CXCR4 gene expression were quantified by RT-qPCR. 

CBD markedly suppressed TNF-α expression in LPS/PMA-activated THP-1 cells (fold change: 

0.36; p < 0.001) and significantly reduced CXCR4 levels, indicating a modulatory effect on 

both pro-inflammatory cytokine signaling and chemokine-mediated cell trafficking. In the IL-

1β model, CBD produced moderate but significant downregulation of both genes, suggesting a 

stimulation-dependent regulatory pattern. These findings reveal that CBD exerts condition-

specific immunomodulatory activity, with the strongest suppression observed in LPS-driven 

inflammatory pathways. 

Overall, the results demonstrate that C. sativa–derived CBD can modulate key inflammatory 

gene networks in human immune cells, supporting its potential as a natural candidate for the 

management of inflammatory and immune-mediated disorders. Future studies should explore 

broader cytokine panels, protein-level responses, and in vivo models to further elucidate CBD’s 

therapeutic relevance. 

Keywords: Cannabidiol, Cannabis sativa, Immunomodulation, THP-1, TNF-α, CXCR4, LPS, 

IL-1β 

 

INTRODUCTION 

The immune system is a highly coordinated and dynamic defense network that protects the 

organism against pathogenic microorganisms, toxic agents, tumor cells, and foreign antigens 

(1). Proper regulation of this system is essential for maintaining homeostasis and overall health. 
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Dysregulation may occur in two opposing directions: excessive immune activation or 

immunosuppression. Overactivation can lead to tissue damage and the development of 

autoimmune disorders, where immune cells mistakenly target self-antigens (2). In contrast, 

immunodeficiency states—whether congenital or acquired—render the organism vulnerable to 

infections and diminish immune surveillance, enabling tumor progression (3,4). 

Given the complexity of immune regulation, immunomodulatory agents hold significant 

therapeutic value for managing autoimmune diseases, chronic inflammatory disorders, and 

cancer. However, conventional immunomodulators often exhibit high toxicity, narrow 

therapeutic windows, and substantial adverse effects that limit long-term clinical use (5). This 

situation highlights the need for safer, naturally derived, and more versatile immunomodulatory 

compounds. 

Phytocannabinoids from Cannabis sativa, particularly cannabidiol (CBD), have attracted 

increasing scientific interest due to their broad biological activities, including anti-

inflammatory, antioxidant, neuroprotective, and immunomodulatory effects. Unlike 

tetrahydrocannabinol (THC), CBD is non-psychoactive and interacts with multiple molecular 

targets beyond the classical cannabinoid receptors (CB1/CB2), making it an appealing 

candidate for therapeutic applications (5). Emerging evidence suggests that CBD may regulate 

cytokine release, modulate macrophage polarization, influence inflammasome activation, and 

affect chemokine-mediated cell trafficking (6–10). Despite these promising observations, the 

precise molecular mechanisms underlying CBD’s immunomodulatory actions—especially 

under distinct inflammatory stimuli—remain incompletely defined. 

Human monocytic THP-1 cells provide a widely accepted in vitro model for studying 

inflammation, macrophage differentiation, and cytokine dynamics. Pro-inflammatory stimuli 

such as phorbol 12-myristate 13-acetate (PMA), lipopolysaccharide (LPS), and interleukin-1β 

(IL-1β) activate different signaling cascades and allow detailed evaluation of immune response 

pathways. Key pro-inflammatory mediators—including TNF-α—and chemokine receptors 

such as CXCR4 play crucial roles in immune activation, cell migration, and inflammatory 

amplification. Thus, alterations in the expression of these genes provide valuable insights into 

the immunomodulatory effects of bioactive compounds. 

In this context, the present study investigates the immunomodulatory potential of C. sativa–

derived CBD in THP-1 cells exposed to LPS-, PMA-, and IL-1β-induced inflammatory 

conditions. By examining the expression levels of TNF-α and CXCR4 via RT-qPCR, this work 

aims to elucidate how CBD modulates key pro-inflammatory pathways under different 

stimulation environments. Understanding these molecular interactions is essential for defining 

CBD’s therapeutic potential and for guiding future in vivo and clinical research on cannabinoid-

based immunomodulatory strategies. 

 

MATERIAL and METHODS 

Cell Culture and Differentiation of THP-1 Cells 

The human monocytic cell line THP-1 was cultured in RPMI-1640 medium supplemented with 

fetal bovine serum and standard antibiotics. For each experiment, 500,000 cells were seeded 

into 12-well plates. To induce differentiation into M0-type macrophages, cells were exposed to 

phorbol 12-myristate 13-acetate (PMA, 100 ng/mL) and incubated for 48 hours in a CO₂-

controlled incubator. Following PMA stimulation, cells were transferred to PMA-free medium 

for an additional 48-hour recovery period to ensure stabilization of macrophage-like phenotype. 

Establishment of Inflammatory Models (LPS and IL-1β Stimulation)  

Two distinct inflammatory models were generated after PMA differentiation: 
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1. LPS-Induced Inflammation (M1-like Model): One group of recovered cells was 

treated with lipopolysaccharide (LPS, 1,000 ng/mL) and incubated for 48 hours to induce a 

strong pro-inflammatory response. 

2. IL-1β-Induced Inflammation (M2b-like Model): A second group was transferred onto 

IgG-coated plates and stimulated with IL-1β (10 ng/mL) for 48 hours to induce an alternative 

inflammatory trajectory. 

These two models enabled evaluation of CBD’s effects under distinct stimulation-dependent 

inflammatory conditions. 

CBD Treatment  

At the end of inflammatory pre-stimulation, Cannabis sativa–derived cannabidiol (CBD)—

provided by the Yozgat Bozok University Hemp Research Institute—was added to both LPS- 

and IL-1β-treated groups at a final concentration of 5 μg/mL in a total well volume of 2 mL. 

Plates were incubated for 24 hours following CBD exposure. 

Collection of Supernatants and Cell Pellets  

After CBD treatment, plates were centrifuged at 400 × g for 5 minutes to pellet the cells. 

 Supernatants containing cytokines were collected from the well edges without 

disturbing the pellet, transferred into sterile Eppendorf tubes, and stored at –80°C for 

subsequent cytokine analyses. 

 Cell pellets were recovered from the remaining medium and transferred to Eppendorf 

tubes for RNA extraction. 

RNA Isolation  

Total RNA was isolated using the NucleoGene Total RNA Extraction Kit following the 

manufacturer’s protocol. Briefly, cell pellets were lysed in 400 μL Lysis Buffer, vortexed 

thoroughly, and centrifuged at 14,000 × g for 1 minute. The supernatant was mixed with 400 

μL ethanol, vortexed, and transferred onto spin-columns. Sequential washing was performed 

with Wash Buffer I (twice) and Wash Buffer II. Columns were centrifuged for an additional 2 

minutes to remove residual ethanol. Total RNA was eluted with 50 μL elution buffer and 

stored at –80°C. RNA purity (A260/A280 ≈ 2; A260/A230 > 1.8) and concentration were 

confirmed spectrophotometrically. 

cDNA Synthesis  

cDNA was synthesized using the NucleoGene cDNA Synthesis Kit (5×). Reaction mixtures 

contained 1,000 ng RNA and 4 μL cDNA synthesis mix, adjusted to a final volume of 20 μL. 

cDNA synthesis conditions were: 

 25°C for 5 min 

 50°C for 30 min 

 85°C for 5 min 

cDNA samples were stored at –80°C until qPCR analysis. 

RT-qPCR Gene Expression Analysis 

 Expression levels of TNF-α, CXCR4, and housekeeping gene EF-1α were quantified using 

SYBR Green–based qPCR (NucleoGene qPCR SYBR Green Master Mix, 2×). Reactions (20 

μL total volume) contained: 

 1 μL forward primer 

 1 μL reverse primer 
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 4 μL cDNA 

 10 μL SYBR Green Master Mix 

 RNase/DNase-free water to volume 

Thermal cycling conditions included 42 cycles of: 

 95°C for 15 s (initial denaturation) 

 95°C for 12 s (denaturation) 

 60°C for 45 s (annealing) 

 70°C for 10 s (extension) 

Primer sequences used were: 

TNF-α (NM_000594)  

 Forward: CTCTTCTGCCTGCTGCACTTTG 

 Reverse: ATGGGCTACAGGCTTGTCACTC 

CXCR4 (NM_003467)  

 Forward: CTCCTCTTTGTCATCACGCTTCC 

 Reverse: GGATGAGGACACTGCTGTAGAG 

EF-1α (NM_001402)  

 Forward: GATGGCAATGCCAGTGGAACCA 

 Reverse: GAGAACACCAGTCTCCACTCGG 

Data Processing and Statistical Analysis  

Ct values were normalized to EF-1α using the ΔΔCt method. Fold changes (FC) were calculated 

using the Qiagen GeneGlobe online analysis platform 

(https://geneglobe.qiagen.com/tr/analyze). Volcano plots and scatter analyses were generated 

with the RT² Profiler™ PCR Array Data Analysis tool. Statistical significance was determined 

using the Student’s t-test. Additional analyses and data confirmation were performed using 

SPSS (version 17.0). Results were considered statistically significant at p < 0.05. 

RESULT and DISCUSSION 

The inflammatory models established in THP-1 cells responded as expected to PMA, LPS, and 

IL-1β stimulation. Exposure to PMA markedly increased the expression of the pro-

inflammatory cytokine TNF-α, yielding a fold change of 194.29 (p < 0.001), while CXCR4 

expression rose above 500-fold (p < 0.001), confirming successful induction of a strong 

inflammatory phenotype (Table 1). This basal activation provided a robust platform for 

assessing the modulatory effects of Cannabis sativa–derived CBD on key immune-related 

genes. 

 

Table 1. Fold change gene expression analysis results in THP-1 cells 

Genes 

THP-1 THP-1 THP-1 THP-1 THP-1 

PMA LPS IL-1β LPS+CBD IL-1β+CBD 

*FC **p FC p FC p FC p FC p 

TNF-α 194,29 0,000000 0,43 0,000622 0,85 0,158782 0,36 0,000157 0,35 0,000185 

CXCR4 >500 0,000408 0,44 0,000293 0,58 0,003080 0,36 0,000188 0,21 0,000075 

*Fold change: red if FC > 2, blue if FC < 0.5, red if **p < 0.05 
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Effects of CBD in LPS-Induced Inflammation 

Following PMA differentiation, LPS stimulation produced a significant but more moderate 

inflammatory response (TNF-α FC = 0.43; p < 0.001), reflecting M1-type polarization. When 

CBD (5 μg/mL) was administered to this group, TNF-α expression was strongly suppressed 

(FC = 0.36; p < 0.001). A similar inhibitory trend was observed for CXCR4 (FC = 0.36; p < 

0.001). These findings indicate that CBD effectively attenuates LPS-driven inflammatory 

signaling and chemokine receptor expression. The magnitude of suppression suggests CBD’s 

potential to modulate both cytokine production and cell-migration pathways, consistent with 

prior reports showing that CBD interferes with NF-κB and inflammasome activation cascades 

(9). 

Effects of CBD in IL-1β–Induced Inflammation 

The IL-1β model produced a distinct inflammatory output, with TNF-α (FC = 0.85; p = 0.158) 

and CXCR4 (FC = 0.58; p = 0.003) showing moderate activation. Compared with LPS 

stimulation, this model yielded a less intense pro-inflammatory profile, reflecting the 

differential signaling mechanisms of IL-1β. 

CBD administration resulted in notable reductions in both TNF-α (FC = 0.35; p < 0.001) and 

CXCR4 (FC = 0.21; p < 0.001). Although suppression remained significant, CBD’s effect was 

slightly less pronounced than in the LPS model. These results highlight a stimulus-dependent 

immunomodulatory pattern, suggesting that CBD interacts with inflammatory pathways 

differently depending on upstream receptor signaling, as similarly reported in microglial and 

monocyte studies (7,8). 

Comparative Interpretation of Inflammatory Models  

The differential responsiveness of THP-1 cells to LPS and IL-1β provided valuable mechanistic 

insights: 

 LPS, a TLR4 agonist, produced a strong and classical pro-inflammatory activation. 

 IL-1β, signaling via IL-1R/MyD88 pathways, induced a more moderate response. 

 CBD exerted stronger inhibitory effects on LPS-driven inflammation, implying 

selective interference with TLR4-dependent cytokine release. 

Given that TNF-α is one of the earliest cytokines released during innate immune activation, its 

strong suppression highlights CBD’s potential to modulate early-phase inflammatory cascades. 

Likewise, downregulation of CXCR4 suggests an ability to influence leukocyte trafficking and 

microenvironmental inflammatory signaling, supporting findings from recent cannabinoid 

immunology studies (10–12). 

Mechanistic Implications  

CBD’s consistent suppression of both TNF-α and CXCR4 across models points toward: 

1. NF-κB Pathway Inhibition: CBD is known to inhibit phosphorylation of IκBα, 

reducing NF-κB nuclear translocation (9,11). The strong TNF-α suppression observed here 

aligns with this mechanism. 

2. Chemokine Axis Modulation: CXCR4 plays a key role in cell migration to 

inflammation sites. Its downregulation suggests potential interference with SDF-1α/CXCR4 

signaling, an axis implicated in chronic inflammation, fibrosis, and cancer metastasis. 

3. Stimulus-Dependent Modulation: The more pronounced suppression under LPS 

stimulation suggests CBD acts more strongly on TLR4-dependent pathways than on IL-1R-
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mediated routes—consistent with reports in monocytes and PBMCs demonstrating differential 

CBD responses depending on the inflammatory trigger (6–10). 

These mechanistic inferences reinforce the potential of CBD as a multi-target, bidirectional 

immunomodulator, capable of fine-tuning inflammatory responses rather than producing 

nonspecific immunosuppression. 

Overall Interpretation  

This study demonstrates that Cannabis sativa–derived CBD significantly modulates key 

inflammatory mediators in THP-1 cells. The suppression of TNF-α and CXCR4, particularly 

under LPS-driven activation, suggests that CBD may hold therapeutic promise for disorders 

involving: 

 excessive cytokine release, 

 dysregulated chemokine signaling, 

 innate immune overactivation, 

 chronic inflammation, 

 autoimmune responses, or 

 immune-cell trafficking imbalances. 

These results broaden current understanding of CBD’s immunomodulatory potential and 

encourage further in vivo and clinical studies aimed at clarifying dose–response relationships, 

pharmacokinetics, and long-term immunological outcomes. 

 

CBD’s marked suppression of TNF-α and CXCR4 expression in THP-1 cells indicates that this 

phytocannabinoid not only reduces cytokine production but also has the potential to reprogram 

the transcriptional landscape of the immune response. Existing literature supports that CBD 

modulates inflammation by directly targeting key signaling pathways such as NF-κB and 

MAPK, thereby downregulating pro-inflammatory gene expression and altering downstream 

immune activation (13, 14). These mechanisms help explain the stimulus-dependent differences 

observed across the LPS- and IL-1β–based inflammatory models. Our findings demonstrate 

that these regulatory pathways—together with associated epigenetic effects—are clearly 

reflected in the THP-1 system, where CBD strongly modulates the activity of central immune-

signaling networks. Collectively, these results suggest that CBD may act as a multi-target, 

context-dependent regulator of immune function rather than a broad, nonspecific 

immunosuppressant. 

 

CONCLUSIONS 

This study provides clear evidence that Cannabis sativa–derived cannabidiol (CBD) exerts 

significant immunomodulatory effects on human monocytic THP-1 cells under different 

inflammatory conditions. By examining the expression patterns of two key immune-related 

genes—TNF-α, a major pro-inflammatory cytokine, and CXCR4, a chemokine receptor central 

to immune-cell trafficking—this work offers new insights into the molecular basis of CBD-

mediated immune regulation. 

CBD produced a marked suppression of TNF-α and CXCR4 particularly in LPS/PMA-induced 

inflammation, indicating a strong modulatory effect on TLR4-driven cytokine responses. 

Although CBD also reduced gene expression in IL-1β–stimulated cells, the magnitude of 

suppression was less pronounced, revealing a stimulus-dependent and pathway-specific 
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regulatory pattern. This finding supports the view that CBD does not act as a non-selective 

immunosuppressant but instead modulates immune responses in a context-dependent manner. 

Overall, the results highlight that CBD influences essential inflammatory pathways and may 

help restore immune balance in conditions characterized by excessive cytokine release, 

chemokine dysregulation, or aberrant macrophage activation. These observations reinforce the 

therapeutic potential of CBD as a natural, multi-target immunomodulator, particularly for 

chronic inflammatory and immune-mediated disorders. 

Future studies should explore CBD’s effects across broader cytokine–chemokine networks, 

evaluate protein-level responses, and integrate in vivo models to fully elucidate 

pharmacodynamic and pharmacokinetic mechanisms. Expanding this research will be crucial 

for defining CBD’s clinical applicability and for advancing cannabinoid-based therapeutic 

strategies in modern immunology. 
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ABSTRACT 

Bone regeneration remains a major clinical challenge, particularly in large defects where natural 

healing is insufficient. Synthetic bone grafts have gained prominence as safer, more sustainable 

alternatives to autografts and allografts; however, limitations in biocompatibility, mechanical 

stability, and osteoconductive performance still persist. This study reports the synthesis and 

characterization of a novel composite bone graft composed of a PMMA/Hydroxyapatite (HA) 

scaffold reinforced with silk fibroin (SF) and hemp fiber (HF). HF was processed through 

alkaline, acidic, and oxidation treatments to obtain biocompatible nano-powder, while porous 

HA scaffolds were produced via the polyurethane sponge replica method and coated with 

PMMA. The HF/SF hydrogel was subsequently integrated into the composite structure to 

enhance bioactivity and mechanical properties. 

Structural analyses were performed using XRD and FTIR-ATR, confirming the successful 

incorporation of PMMA, HA, HF, and SF within the composite matrix. Biocompatibility was 

evaluated through LDH cytotoxicity assays in Beas2B human epithelial cells, revealing a low 

cytotoxicity rate (~12%), comparable to the control group. 

Overall, the findings indicate that the synthesized PMMA/HA–HF/SF composite graft exhibits 

excellent structural integrity and biocompatibility, suggesting its strong potential as a next-

generation bone graft candidate for preclinical applications. 

Keywords: Bone graft, PMMA, Hydroxyapatite, Silk fibroin, Hemp fiber, Biocompatibility 

 

INTRODUCTION 

Bone is a complex and dynamic tissue responsible for mechanical support, protection of vital 

organs, hematopoiesis, and mineral homeostasis. Although bone possesses a natural 

regenerative capacity, large segmental defects resulting from trauma, tumor resection, 

infection, or congenital anomalies frequently exceed the limits of physiological repair. In such 
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cases, bone grafting remains the clinical gold standard for restoring structural and functional 

integrity. However, conventional grafting strategies—including autografts, allografts, and 

xenografts—present notable limitations such as donor-site morbidity, limited availability, 

immunogenic complications, and risk of disease transmission (1–4). These drawbacks have 

driven a growing demand for safe, biocompatible, and mechanically robust synthetic bone graft 

substitutes (5–8). 

Among synthetic biomaterials, poly(methyl methacrylate) (PMMA) has long been used in 

orthopedic and dental applications due to its mechanical stability, ease of handling, and low 

toxicity profile (9). Nevertheless, PMMA lacks intrinsic osteoconductivity, necessitating 

reinforcement with bioactive ceramics. Hydroxyapatite (HA)—a calcium phosphate bioceramic 

structurally similar to natural bone mineral—offers excellent biocompatibility and 

osteoconductive behavior, supporting cell adhesion and bone tissue formation (10). Advances 

in powder-processing and scaffold fabrication have enabled the production of highly porous 

HA structures that facilitate vascularization, nutrient diffusion, and osteoblast colonization, 

with nanohydroxyapatite (nHA) demonstrating enhanced osteoinductive properties (11,12). 

More recently, interest has shifted toward integrating natural fibers and proteins into synthetic 

grafts to improve biomimicry and biological performance. Hemp fiber (HF), a renewable, 

biodegradable lignocellulosic material, has gained attention for bone regeneration due to its 

favorable mechanical properties, porosity, and reported osteogenic potential. HF-based 

scaffolds have shown promise in supporting cell adhesion, proliferation, and early-stage 

osteogenic differentiation, making them attractive candidates for composite grafts (13,14). 

Similarly, silk fibroin (SF)—a protein derived from silkworm cocoons—has emerged as a 

versatile biomaterial in bone tissue engineering (15). Its advantageous properties include 

excellent biocompatibility, tunable biodegradability, ability to form porous 3D networks, and 

mechanical strength suitable for supporting cell growth and extracellular matrix formation. SF 

scaffolds can be engineered to mimic the hierarchical architecture of bone, enabling improved 

integration and cellular activity within composite structures. 

Given the individual strengths of these materials, combining PMMA/HA with HF and SF offers 

a promising strategy for producing next-generation bone grafts that overcome the limitations of 

existing substitutes. The integration of natural fibers and proteins into a PMMA/HA scaffold 

aims to enhance bioactivity, mechanical reinforcement, and cytocompatibility, thereby 

approaching the performance of native bone tissue. 

The present study focuses on the synthesis, structural characterization, and in vitro 

biocompatibility assessment of a novel PMMA/HA–based composite bone graft reinforced 

with silk fibroin and hemp fiber. Through XRD and FTIR-ATR analyses, followed by LDH 

cytotoxicity testing in Beas2B human epithelial cells, the graft’s physicochemical properties 

and biological safety were systematically evaluated. This work aims to contribute to the 

development of a biocompatible, mechanically stable, and cost-effective bone graft with strong 

potential for preclinical application. 

 

MATERIAL and METHODS 

Preparation of Hemp Fiber (HF) Powder 

Raw hemp fibers were cut into 2–3 mm segments and subjected to sequential purification and 

chemical modification steps. First, 50 g HF was boiled in 2 L distilled water for 12 hours, 

filtered, and dried at 80°C for 30 minutes. The dried fibers were then treated with 30% NaOH 

at 90°C for 5 hours, followed by filtration, washing, and drying at 80°C. 

The alkali-treated fibers were subsequently refluxed in 35% H₂SO₄ for 4 hours, filtered, washed 

twice, and dried again at 80°C for 24 hours. After drying, the material was blended to obtain a 
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fine powder. The powdered HF was then boiled in 2 M HCl for 5 hours, filtered, and dried at 

90°C for 24 hours. 

To achieve bleaching and final purification, the HF powder was treated with H₂O₂ for 1 hour at 

room temperature, washed, filtered, dried at 90°C for 24 hours, and passed through a 0.05 mm 

mesh to obtain uniform HF nanopowder. 

Fabrication of Porous Hydroxyapatite (HA) Scaffolds  

Porous HA scaffolds were produced using the polyurethane sponge replica method. A 2% PVA 

solution was prepared and mixed for 48 hours. A slurry suitable for sponge impregnation was 

formulated by combining: 

 6.5 g of 2% PVA solution 

 30 mg silicate 

 4 g HA powder 

 1 g bentonite 

The mixture was homogenized in a mechanical mixer for 4 hours. Polyurethane foams (density: 

30 kg/m³, pore size: 25 ppi) were cut into 1 cm³ pieces and impregnated with the slurry. Excess 

slurry was removed by gentle squeezing, and samples were dried at 60°C for 24 hours. 

The dried sponges were preheated to 500°C (1°C/min heating rate) for 7 hours to remove the 

organic template without collapsing the porous structure. Final sintering was performed at 

1200°C for 3 hours, yielding the HA scaffolds (Figure 1). 

PMMA Coating of HA Scaffolds 

A PMMA slurry was prepared by mixing 7.5 g PMMA powder (Prycla) with 8 g polymerizing 

liquid. The mixture was poured onto the HA scaffolds and allowed to infiltrate the pores. After 

absorption, the coated scaffolds were dried at 100°C for 20 minutes to ensure complete 

polymerization and surface stabilization. 

 

 

 

Figure 1. Sintering of the graft at 1200 ⁰C for 3 hours 

 

Preparation of HF/SF Composite Coating  

Hemp fibers destined for HF/SF coating were washed sequentially with: 

 Distilled water 

 Ethanol 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 41



 Dimethyl sulfoxide (DMSO) 

(each for 30 minutes). Fibers were then soaked in N,N-dimethylacetamide (DMAC) for 12 

hours, vacuum-filtered, and dried at 80°C for 5 hours. 

A 9% DMAc/LiCl solution was prepared, and HF was added and stirred at 50°C for 48 hours. 

Separately, 5 g silk fibroin (SF) was dissolved in 95 g DMAc/LiCl for 24 hours. To prepare the 

HF/SF blend, 1 g HF was added to 99 g SF solution, and the mixture was stirred for 24 hours. 

For hydrogel formation: 

 1 g PVA 

 7 mL HF/SF/DMAc/LiCl solution 

were combined and heated at 90°C for 20 minutes. 

The PMMA-coated HA scaffolds were immersed in this hydrogel mixture, followed by oven 

curing at 120°C for 40 minutes. Samples were vacuum-dried and stored at room temperature 

until testing. 

 

LDH Cytotoxicity Assay 

The cytotoxicity of the newly synthesized PMMA/HA–HF/SF composite bone graft was 

evaluated using a standard LDH release assay on Beas2B human epithelial cells. LDH is a 

stable cytoplasmic enzyme released upon loss of membrane integrity, and increased LDH levels 

in the culture medium directly indicate cytotoxic effects. Following incubation with graft 

samples, LDH activity in the supernatants was measured spectrophotometrically at 492–630 

nm, and percent cytotoxicity was calculated using the formula: 

Percent cytotoxicity was calculated using the formula: 

% Cytotoxicity = [(Substance Absorbance - Low Control) / (High Control - Low Control)] x 

100. 

Absorbance values, standard deviations, median values, and calculated cytotoxicity levels for 

each group are presented in Table 1. 

 

Table 1. Evaluation of cytotoxicity in CBD Nanoparticle-coated and non-coated grafts using LDH assay 

Cell Line 
Test 

1 

Test 

2 

Test 

3 

Test 

4 

Test 

5 
Test 6 

Mean*/SD**/Median     % 

Beas2B (Normal 

Graft) 

0,28

9 

0,33

2 

0,27

6 

0,28

9 

0,32

3 
0,317 

0,304 0,02 0,29 

112,9

9 

Beas2B Control 
0,27

7 

0,28

3 

0,22

5 

0,26

8 

0,28

9 
0,274 

0,269 0,02 0,28 

100,0

0 

     *Absorbance values, **SD Standard deviation 

 

The results show that the normal graft and the control group exhibit highly similar LDH release 

profiles, with the composite graft demonstrating a cytotoxicity rate of approximately 12%, 

falling within the acceptable safety limits for biomaterial screening. These findings indicate that 

the incorporation of hemp fiber and silk fibroin does not induce additional cytotoxicity and that 

the graft maintains a favorable biological safety profile. 

 

 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 42



RESULT and DISCUSSION 

XRD Analysis 

X-ray diffraction results clearly demonstrate the successful fabrication of the composite graft 

structure (Figure 2). The HA+PMMA scaffold exhibited a broad diffraction band between 2θ 

= 10–25°, indicating partial crystallinity associated with PMMA polymer chains and HA 

domains. 

This broadening is consistent with reduced crystalline order arising from polymer infiltration 

and the subsequent decline of hydrogen-bonded surface regions in pure HA. 

Upon addition of the SF/HF hydrogel layer, the characteristic HA region beginning around 2θ 

= 5–15° remained visible, confirming the preservation of HA’s crystalline backbone even after 

multi-layer reinforcement. The increased amorphous signature reflects effective interfacial 

bonding between HA, PMMA, and the HF/SF biopolymer coating. This structural transition is 

advantageous for grafts requiring mechanical resilience, controlled degradation, and enhanced 

cell adhesion. 

 

Figure 2. X-ray diffraction (XRD) pattern of bone graft. HA (Blue), HA+PMMA (Pink), 

HA+PMMA+SF/HF (Green) 

 

FTIR-ATR Analysis 

FTIR spectra affirmed the presence and integration of all major components of the synthetic 

graft (Figure 3). The characteristic HA phosphate vibration peaks at 1020 cm⁻¹ and 940 cm⁻¹ 

were clearly observed, indicating retention of the mineral phase after sintering and coating. 

Signatures of PMMA—including peaks at 987 cm⁻¹, 1062 cm⁻¹, and 843 cm⁻¹—confirmed 

successful polymer infiltration, while the prominent 1732 cm⁻¹ absorption band validated the 

presence of the acrylate carbonyl functionality. 

 

Importantly, the HA+PMMA+HF/SF spectrum showed weak but distinct amide I, II, and III 

bands, along with O–H and N–H stretching features, confirming the incorporation of silk fibroin 

and hemp fiber proteins into the composite layer. 

The coexistence of phosphate, acrylate, and amide bands in a single spectrum verifies the 

triphasic composite architecture, which is critical for mimicking the biochemical and 

biomechanical complexity of natural bone tissue. 
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Figure 3. Graphical representation of FTIR-ATR analysis results. HA+PMMA+HF/SF 

(Yellow), HA+PMMA (Green), HA (Fuchsia) 

 

LDH Cytotoxicity Assay 

Cytotoxicity assessment revealed that the composite graft displays low toxicity, with LDH 

release levels comparable to the control. As shown in Table 1, the normal graft demonstrated 

~112.99% normalized cytotoxicity versus 100% in the control. The ~12% differential remains 

well below cytotoxic thresholds generally accepted for biomaterial safety. 

These results confirm that the PMMA/HA scaffold and the added HF/SF biopolymer 

components do not negatively impact cellular viability, supporting the graft’s potential for 

further biomaterial development and preclinical evaluation. 

 

Overall Interpretation 

Together, the XRD, FTIR-ATR, and LDH findings demonstrate that the synthesized 

PMMA/HA–HF/SF composite graft possesses: 

 a stable crystalline–amorphous hybrid structure, 

 successful multi-material integration, 

 and excellent in vitro cytocompatibility. 

These properties make it a promising candidate for next-generation bone graft applications in 

regenerative medicine. 

 

CONCLUSIONS 

This study presents the development of a novel composite bone graft consisting of a PMMA/HA 

scaffold reinforced with silk fibroin and hemp fiber, and provides a comprehensive evaluation 

of its structural and biological properties. XRD analyses confirmed the preservation of HA 

crystallinity together with the formation of an amorphous polymer–biopolymer interface, 

indicating successful integration of PMMA, HF, and SF within the graft structure. FTIR-ATR 

results further validated the presence of characteristic phosphate, acrylate, and amide functional 

groups, demonstrating the formation of a stable triphasic graft architecture that mimics the 

chemical complexity of natural bone. 
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Biocompatibility testing using the LDH assay revealed low cytotoxicity, with values 

comparable to the control group, indicating that the incorporation of HF and SF does not 

adversely affect cellular viability. The graft retained biochemical safety while providing the 

added benefits of natural fiber reinforcement and protein-based matrix enhancement. 

Overall, the PMMA/HA–HF/SF composite graft exhibits promising characteristics, including 

structural stability, multicomponent integration, and excellent cytocompatibility. These 

findings suggest that this composite material has strong potential for further in vitro and in vivo 

studies, and may serve as a viable candidate for next-generation bone graft applications in 

regenerative medicine. 
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Abstract 

For many centuries, cannabis has been used for various reasons, including for health purposes, 

often without going through official approval. However, in the past ten years, there has been 

growing interest in using cannabis for medical reasons. Countries like the United States and 

Canada have started creating laws about marijuana and cannabis-based medicines. Because of 

this, more research is being done, and there is a need for more evidence about how cannabis 

affects health. We looked at the evidence on using cannabis for pain. It has been shown to help 

with both short-term and long-term pain, but recently, some people have questioned these 

findings. For different types of long-term pain, the evidence is not strong for nerve pain, joint 

pain, and headaches. There is some evidence for pain related to multiple sclerosis, and cannabis 

is sometimes used along with other treatments for cancer pain. However, there is not enough 

strong evidence to say cannabis can help reduce the use of opioid medicines in people who have 

long-term pain. Even though cannabis-based medicines are usually safe, they can cause mild 

side effects like drowsiness, tiredness, memory problems, feeling happy, excessive sweating, 

anxiety, and confusion. These side effects can make it hard to use cannabis in medical settings. 

The risks of using cannabis have not been studied in a thorough way. There is special concern 

about how these side effects might affect people who are more vulnerable, like the elderly. 

More research is needed to understand the benefits and risks, as well as the best way to take 

cannabis and the right amounts. As cannabis becomes more widely used in many countries, 

answers to these questions may soon be available. 

Keywords: Medical cannabis, Pain management, Cannabis-based medicines, Safety profile, 

Clinical evidence. 
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Abstract 

Industrial hemp has emerged as a high-value multipurpose crop, generating significant biomass 

residues during fiber extraction, seed processing, and cannabinoid production. Effective 

valorization of this agricultural waste is increasingly important for promoting sustainability, 

circular bioeconomy models, and zero-waste industrial practices. Hemp stems, hurds, leaves, 

and seed cakes contain cellulose, hemicellulose, lignin, proteins, and bioactive compounds that 

offer wide applicability in diverse sectors. Recent advancements highlight the conversion of 

hemp residues into biofuels (bioethanol, biogas, and bio-oil), biodegradable composites, 

activated carbon, and nanocellulose, enabling high-efficiency utilization with minimal 

environmental impact. Thermal and biochemical processes, including pyrolysis, gasification, 

anaerobic digestion, and microbial fermentation, have demonstrated promising yields in 

transforming hemp biomass into energy-rich and value-added materials. Additionally, hemp 

seed cake serves as a nutrient-rich substrate for animal feed and functional food ingredients, 

while lignocellulosic fractions support the development of eco-friendly packaging and 

construction materials. 

Moreover, the extraction waste from CBD production can be repurposed for obtaining 

secondary metabolites, antioxidants, and natural fibers, further reducing disposal challenges. 

Valorization strategies not only enhance resource efficiency but also mitigate environmental 

pollution and improve economic returns for farmers and industries. As global demand for hemp-

derived products continues to rise, integrated biorefinery approaches for hemp waste offer 

significant potential to advance sustainable manufacturing and circular bioproduct innovation. 
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Abstract 

The recent interest in natural fiber-reinforced composites has been driven by the rising need to 

use environmentally friendly and lightweight materials in the course of engineering purposes. 

Hemp fiber composites have been attracting attention among them because of their 

biodegradability, renewability and promising mechanical and acoustic properties. The present 

paper is dedicated to the vibration and acoustic damping properties of hemp fiber-reinforced 

composite materials that could be applied in the car industry, construction, and aerospace. The 

main aim of the study will be to examine the capacity of the natural fiber composites to dampen 

vibration magnitude and sound absorption energy. The hemp fiber composites and traditional 

synthetic fiber composites are comparatively analyzed using the available data in the literature. 

The damping ratio, natural frequency, sound absorption coefficient, and vibration 

transmissibility are some of the parameters which have been put into consideration in order to 

determine the effectiveness of the material in noise and vibration reduction. The results indicate 

that hemp fiber composites have better vibration damping and sound absorption properties as 

compared to the traditional synthetic materials. Hemp is porous and viscoelastic, which opens 

the way to more energy dissipation. These properties render composites made out of hemp very 

preferable for sound reduction and vibration dampening purposes in structural and mechanical 

products, largely in the motor and construction sectors. The research concludes that hemp fiber 

composites are a high-performance and sustainable substitute for vibration and acoustic control 

in modern engineering systems. 

Keywords: Hemp fiber, vibration damping, acoustic absorption, sustainable materials, natural 

fiber composite with aerospace. 
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Abstract 

The construction business has been cited as one of the highest producers of carbon emissions 

and high users of energy all over the world. Hempcrete has also shown itself as a possible 

substitute for concrete in the quest to find a sustainable and ecologically responsible building 

material. Hempcrete is a bio-composite which is composed of the inner woody core of the hemp 

plant (hemp hurds) combined with a binder based on lime. This research explores the thermal 

performance of hempcrete and determines the applicability of this material in constructing an 

eco-friendly building through its thermal performance. This study aims to compare the thermal 

conductivity of hempcrete and that of traditional building materials, heat storage capacity, and 

the insulation performance of hempcrete against conventional building materials. It takes a 

theoretical and simulation approach based on available literature data of experiments and 

thermal modelling methods. Such parameters as thermal resistance (R-value), heat transfer 

coefficient (U-value), and stabilization of the indoor temperature are discussed. The 

contribution that hempcrete makes in terms of heating and cooling energy requirements of 

buildings is also evaluated. 

The findings demonstrate that the thermal conductivity of hempcrete is much lower than that 

of common concrete, which leads to better insulation characteristics. Its thermal mass and 

permeability make it useful in maintaining a stable temperature in the rooms and also minimize 

the need for school heating and cooling. Moreover, hempcrete provides environmental 

improvement in the form of carbon sequestration and less embodied energy. The present paper 

identifies hempcrete as a potential sustainable and environmentally friendly construction 

material, which has good thermal performance and can be used in the construction of 

sustainable and energy-saving buildings. 

Keywords: Hempcrete, thermal conductivity, sustainable construction, insulation, elements that 

are eco-friendly. 
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Abstract 

Freshwater systems support a diverse assemblage of organisms, including producers, 

consumers, and decomposers. Among the decomposers, bacteria and fungi play essential roles 

in nutrient cycling. However, certain filamentous fungi that colonize organic substrates are 

capable of producing mycotoxins, which are low-molecular-weight secondary metabolites 

exhibiting considerable structural diversity and, consequently, varying chemical and physical 

properties. Mycotoxins are primarily synthesized by fungi that infect crops such as maize and 

wheat or proliferate on stored grains. Notably, aflatoxins, ochratoxin A, and zearalenone are 

among the most frequently detected mycotoxins in freshwater environments. These compounds 

typically enter aquatic systems via rainfall runoff, irrigation drainage, and other agricultural 

inputs. Once present in freshwater ecosystems, mycotoxins can exert detrimental effects on 

aquatic organisms. In fish, exposure has been associated with reduced growth performance, 

hepatotoxicity, and renal lesions. Moreover, zearalenone, an established endocrine disruptor, 

has been shown to impair reproductive function, decrease fertility, and reduce sperm 

production. Mycotoxins therefore pose potential risks to human health, either through the 

consumption of contaminated drinking water or through ingestion of fish that have accumulated 

these toxic metabolites. Unfortunately, climate change is projected to exacerbate the 

dissemination of fungi and enhance mycotoxin production, thereby amplifying the associated 

adverse impacts on aquatic ecosystems and human health. 

Key words: Aflatoxins, Fish, Fungi, Health risk, Ochratoxin A, Zearalenone. 
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Abstract 

Hemp (Cannabis sativa L.) has emerged as a major multidisciplinary research focus due to its 

diverse industrial, agricultural, nutritional, and therapeutic potential. Modern hemp studies 

explore the plant’s unique biochemical composition, particularly non-psychoactive 

cannabinoids such as cannabidiol (CBD), which exhibit promising anti-inflammatory, 

neuroprotective, and anticonvulsant properties. Agricultural research aims to optimize cultivar 

selection, genetic improvement, and sustainable cultivation practices suited to varying 

environmental conditions. Industrial investigations focus on developing eco-friendly materials, 

including high-strength fibers, bio composites, hemp crete, biodegradable plastics, and biofuels, 

positioning hemp as a key crop in green manufacturing. Nutritional studies highlight hemp 

seeds as a rich source of essential fatty acids, proteins, and micronutrients, supporting their use 

in functional foods. Additionally, environmental research emphasises hemp’s role in 

phytoremediation, soil regeneration, and carbon sequestration. Despite its potential, hemp 

development is influenced by regulatory frameworks governing THC limits, which impact 

cultivation and commercial applications. Overall, hemp studies provide a foundation for 

advancing sustainable industries, improving health outcomes, and supporting environmental 

resilience. 

Keywords – Modern Hemp, Cannabidiol, environmental resilience  
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ABSTRACT 

The growing demand for low-carbon structural systems has led to a renewed focus on bio-based 

composite materials. This study numerically investigates the flexural behavior of partially 

hempcrete-filled steel tubular (PHFST) beams as an innovative alternative to conventional 

concrete-filled systems. Hempcrete, a lightweight bio-composite made from hemp shiv and 

lime binder, provides high thermal resistance and low environmental impact but exhibits 

significantly lower mechanical stiffness compared to normal concrete. A nonlinear finite 

element model was developed in ABAQUS incorporating the fracture-based behavior of 

hempcrete, steel-concrete interaction, and local buckling of the steel tube. Numerical 

simulations under four-point bending revealed that hempcrete filling delays inward buckling of 

the compression flange and enhances post-yield deformation capacity of the steel section. 

Although the overall moment capacity decreased by 12-18% compared to normal-weight 

concrete-filled counterparts, the beam self-weight was reduced by more than 35%, resulting in 

improved structural efficiency indexes. The study highlights hempcrete as a promising filler 

material for structural members in low-to-moderate load environments, supporting the 

transition towards sustainable and carbon-negative composite construction. 

KEYWORDS: Hempcrete, Bio-Composite Materials, Pcfst, Flexural Behavior, Sustainability. 

 

INTRODUCTION 

Steel-concrete composite members, particularly concrete-filled steel tubular (CFST) beams, 

have been extensively adopted in modern infrastructure due to their superior strength, stiffness, 

and ductility arising from the composite interaction between the steel tube and the concrete 

core. In recent years, partially concrete-filled steel tubular (PCFST) (Surya and Mashudha, 

2025) beams have attracted growing interest as a material-efficient alternative to fully filled 

sections (Fig. 1). By strategically placing concrete in regions subjected to high compressive 

stresses, PCFST beams reduce material usage and self-weight without significant loss in load-

carrying capacity. 

Hempcrete, a bio-composite made from hemp hurds, lime-based binder, and water, offers a 

sustainable infill option for PCFST beams with its low density, superior thermal insulation, and 

carbon sequestration properties. These attributes reduce dead loads, enhance energy efficiency, 
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and align with lean construction by minimizing embodied carbon and excess material handling. 

Hempcrete's cellular structure provides fire resistance, acoustic benefits, and seismic suitability 

due to crack resistance, though its mechanical properties require pairing with steel for load-

bearing roles. 

While hempcrete excels in non-structural insulation for walls, floors, and roofs, its application 

in load-bearing PCFST beams remains underexplored, with limited data on flexural stiffness, 

ductility, and steel-infill interaction. This study conducts finite element simulations in 

ABAQUS to examine the flexural behavior of hempcrete-filled PCFST beams under four-point 

bending, comparing capacities against Eurocode 4 and AISC 360-22 provisions. Results aim to 

validate hempcrete's viability, optimize sustainable designs, and guide codal updates for bio-

composites in hybrid structures. 

 

 

Fig. 1. Schematic Comparison of CFST and PCFST Beams 

 

NUMERICAL MODELLING 

Finite element analysis was performed in ABAQUS to predict the bending performance of 

rectangular partially hempcrete-filled steel tubular (PCFST) beams (Fig. 2). Hempcrete infill 

was strategically positioned in the top compression flange and extended partially up the web 

sides into the tension region, as illustrated in Figure 1. Realistic sectional geometry, validated 

material characteristics, and suitable boundary conditions were implemented to accurately 

represent the beam's overall response under simply supported conditions with literature-based 

dimensions (Table 1). Four-node reduced-integration shell elements (S4R) were assigned to the 

steel tube to effectively simulate local buckling phenomena, whereas the hempcrete core 

employed eight-node reduced-integration solid elements (C3D8R). Steel properties followed 

an elastic-perfectly plastic formulation incorporating isotropic hardening, and hempcrete 

behavior was represented via the concrete damaged plasticity (CDP) model to account for 

progressive damage under compression and tension (Fig. 3). Mesh convergence analysis 

identified an element dimension that optimized precision against computational demands. 

(a) Empty Steel Tube (b) CFST (C) PCFST 

(Present Study) 
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Fig. 2: Finite Element Model 

 

 

Table 1. Details of the Specimens from the Literature (Surya and Mashudha 2024) 

 

Section 
bf 

(mm) 

D 

(mm) 

t 

(mm) 

Le 

(mm) 

a 

(mm) 

fcm 

(MPa) 

fy 

(MPa) 

PCFST 100 250 1.6 2100 700 46.5 316 

 

 

Fig. 3. Stress versus Strain Curves for Both Normal Concrete and Light Weight Concrete 

 

VALIDATION OF FINITE ELEMENT MODEL 

The established finite element (FE) model was verified against published experimental 

outcomes for partially concrete-filled steel tubular (PCFST) beams to ensure predictive 
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accuracy. Validation utilized four-point bending test data with matching specimen geometry 

and material characteristics between simulations and physical trials. Load-displacement 

responses from ABAQUS analyses and laboratory measurements are compared in Fig. 4, 

revealing strong alignment in initial elastic rigidity and ductile yielding progression, including 

precise detection of local buckling initiation in thin-walled profiles. This robust correspondence 

validates the model's fidelity for capturing PCFST flexural mechanics under hempcrete infill 

conditions. Slight discrepancies in ultimate descent phases likely stem from unmodeled 

fabrication tolerances and test setup variabilities. The confirmed numerical framework reliably 

simulates complex nonlinearities such as rigidity loss and buckling modes, enabling reliable 

parametric studies on hempcrete-steel composite interactions. 

 

 

Fig. 4. Validation of Finite Element Model 

 

PARAMETRIC STUDY 

A comprehensive parametric analysis was performed using the validated FE model to assess 

the effects of critical variables on the bending performance of hempcrete-filled PCFST beams. 

Key factors investigated included variations in hempcrete compressive capacity and steel tube 

yield strength, with each tested across multiple levels while maintaining consistent cross-

sectional geometry and other material inputs. 

 

EFFECT OF CONCRETE COMPRESSIVE STRENGTH 

A sensitivity analysis examined the impact of varying hempcrete compressive capacity on the 

bending response of PCFST beams across a representative range of strength levels, with all 

other section dimensions and steel properties held constant. Load-deflection profiles in Fig. 5 

demonstrate negligible influence on elastic flexural rigidity regardless of hempcrete strength 

variations. Peak resistance showed modest gains with enhanced hempcrete capacity, yet the 

incremental benefit remained limited due to hempcrete's inherent characteristics that constrain 

its compressive role in flexure-dominated scenarios. This indicates hempcrete strength 

adjustments yield minor flexural enhancements without altering initial stiffness profiles. 

Moment capacities from simulations are benchmarked against EC4 and AISC predictions in 

Table 2, confirming adequate code applicability for hempcrete PCFST designs. 
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Fig. 5. Effect of Concrete Compressive Strength 

 

EFFECT OF YIELD STRENGTH OF STEEL 

Steel tube yield strength variations were systematically analyzed across a broad spectrum to 

quantify their impact on hempcrete PCFST beam flexural performance, maintaining fixed 

hempcrete and geometric parameters. Displacement-load relationships in Fig. 6 confirm 

minimal changes to pre-yield flexural rigidity irrespective of steel strength levels. Ultimate 

flexural resistance exhibited substantial enhancements proportional to increased steel yield 

capacity, far surpassing the limited benefits from hempcrete strength adjustments and 

underscoring steel's dominant role in moment resistance. This superior influence highlights 

steel properties as primary design levers for optimizing PCFST capacity in hempcrete 

applications. FE-derived moment capacities are evaluated against EC4 and AISC formulations 

in Table 2, demonstrating code reliability for hempcrete-steel hybrid sections.  

 

 

Fig. 6. Effect of Yield Strength of Steel 
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Table 2: Comparison of Moment Capacities From Existing Codes 

 

S. No D/t 
fy 

(MPa) 

fy 

(MPa) 

Pu 

(kN) 

Moment (kNm) 
MEC4/FE MAISC/FE 

MFE MEC4 MAISC 

1 156 30 316 108 37.8 35.56 29.78 0.94 0.79 

2 156 40 316 111 38.85 36.66 30.13 0.94 0.78 

3 156 50 316 114 39.9 37.49 30.48 0.94 0.76 

4 156 60 316 117 40.95 38.14 30.83 0.93 0.75 

5 156 80 316 119 41.65 39.08 31.53 0.94 0.76 

6 156 100 316 122 42.7 39.73 32.23 0.93 0.75 

7 156 46.5 250 95 33.25 30.11 25.14 0.91 0.76 

8 156 46.5 350 120 42 40.81 33.05 0.97 0.79 

9 156 46.5 450 150 52.5 51.11 40.97 0.97 0.78 

10 156 46.5 550 175 61.25 61.12 48.88 1.00 0.80 

11 156 46.5 650 205 71.75 70.93 56.81 0.99 0.79 

 Mean 0.95 0.77 

 Standard Deviation 0.03 0.02 

CONCLUSIONS 

This study introduced a finite element modeling framework for analyzing the bending response 

of hempcrete-filled PCFST beams, corroborated through experimental benchmarking. Key 

outcomes include: 

 The FE model reliably predicted load-displacement profiles for PCFST beams, 

achieving strong correlation with laboratory measurements. 

 Hempcrete infill produced minor reductions in flexural rigidity and peak resistance 

compared to traditional concrete, maintaining overall structural integrity. 

 Hempcrete compressive capacity variations yielded insignificant stiffness changes and 

limited capacity improvements. 

 Steel tube yield strength enhancements delivered pronounced gains in ultimate moment 

resistance with negligible elastic effects. 

 Parametric results established steel properties as the dominant factor governing flexural 

performance over hempcrete characteristics. 

 Simulated moment capacities aligned conservatively with EC4 and AISC 360-22 

predictions, affirming code suitability for hempcrete PCFST applications. 

 Existing provisions safely accommodate hempcrete sections, warranting explicit 

inclusion to promote bio-composite adoption. 

 Hempcrete lowers dead loads and carbon footprint, supporting integration into green 

building codes and sustainability frameworks. 

 Future research should examine hempcrete PCFST durability, cyclic loading response, 

and refined material models through combined experimental-numerical approaches. 
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Abstract 

Water pollution, driven by industrial, agricultural, and urban activities, poses a significant threat 

to human health worldwide. Conventional water treatment methods are often costly, energy-

intensive, and challenging to implement sustainably. This literature review examines the 

potential of hemp (Cannabis sativa L.) as a phytoremediation plant capable of absorbing and 

stabilizing a wide range of waterborne contaminants. Studies indicate that hemp effectively 

reduces concentrations of heavy metals, pesticides, and organic pollutants in contaminated 

water, while offering environmental and economic benefits due to its rapid growth, high 
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biomass, and low maintenance requirements. Hemp’s capacity for pollutant uptake, 

translocation, bioaccumulation, and stabilization makes it a promising ecological strategy for 

protecting water resources. Integrating hemp-based phytoremediation into environmental 

management could improve drinking water quality, reduce human exposure to toxic substances, 

and support sustainable water treatment approaches. Overall, hemp represents a cost-effective 

and environmentally friendly alternative for addressing water pollution and associated health 

risks. 

Keywords: Hemp (Cannabis sativa L.), Phytoremediation, Water pollution, Heavy metals, 

Pesticides, Water quality 
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ÖZET 

Atmosfer kirliliği günümüzde dünyanın en önemli çevresel sorunlarından biri hâline gelmiştir. 

Bu nedenle güvenilir ve ekonomik izleme araçlarının geliştirilmesi büyük önem taşımaktadır. 

Atmosferik kirleticilere karşı yüksek duyarlılıkları nedeniyle likenler, hava kalitesini 

değerlendirmede en yaygın şekilde kabul edilen biyoindikatörler arasında yer almaktadır (Conti 

& Cecchetti, 2001). Kendilerine özgü fizyolojileri—özellikle kutikulanın bulunmaması ve 

geniş bir yüzey alanına sahip olmaları—onların atmosferdeki kirleticilere doğrudan maruz 

kalmasına ve bu maddelerin kolayca birikmesine imkân sağlar (Garty, 2003). 

Son çalışmalar, likenlerin kurşun, kadmiyum, nikel ve arsenik gibi ağır metalleri (Paoli et al., 

2021; Cecconi et al., 2013), ayrıca ince partikül maddeleri ve endüstriyel gazları dikkate değer 

şekilde biriktirebildiğini göstermiştir. Bu kirleticiler X-ışını floresansı, ICP-MS ve AAS gibi 

analitik tekniklerle yüksek hassasiyetle ölçülebilmektedir. Bu birikimle ilişkili biyolojik 

tepkiler arasında klorofil floresansında azalma, tallus üzerinde morfolojik değişiklikler ve 

antioksidan enzimlerin aktivasyonu yer almaktadır (Munzi et al., 2020). Moleküler düzeyde ise 
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qRT-PCR, oksidatif stres, detoksifikasyon ve hücresel onarım süreçlerinde rol alan genlerin 

önemli ölçüde düzenlendiğini ortaya koymuştur (Paoli et al., 2023). 

Genel olarak yayımlanan araştırmalar, likenlerin geniş alanlarda ve uzun zaman ölçeklerinde 

hava kirliliğini izlemek için güçlü göstergeler olduğunu doğrulamaktadır. Bununla birlikte, 

türler arası farklılıklar ve iklimsel etkiler, özellikle moleküler biyoloji alanında, çevresel 

değerlendirmelerin doğruluğunu ve karşılaştırılabilirliğini artırmak için standartlaştırılmış 

yöntemlere duyulan ihtiyacı vurgulamaktadır. 

Anahtar Kelimeler: Atmosfer kirliliği, izleme araçları, likenler, ağır metaller, moleküler 

biyoloji. 

 

ABSTRACT 

Atmospheric pollution has become one of the most important environmental challenges in the 

world today. For this reason, it is essential to develop reliable, affordable monitoring tools. As 

highly sensitive to atmospheric pollutants, lichens are among the most widely recognized 

bioindicators for evaluating air quality (Conti & Cecchetti, 2001) . their distinctive physiology, 

notably the absence of a cuticle and a large exchange surface,  directly exposes them to 

pollutants in the atmosphere, facilitating the accumulation of contaminants (Garty, 2003). 

Recent studies have demonstrated the remarkable ability of lichens to bioaccumulate heavy 

metals such as lead, cadmium, nickel, and arsenic (Paoli et al., 2021; Cecconi et al., 2013), as 

well as fine particulate matter and industrial gases. These pollutants can be quantified accurately 

using analytical techniques such as X-ray fluorescence, ICP-MS, and AAS. Biological 

responses associated with their accumulation include reduced chlorophyll fluorescence, 

morphological alterations of the thallus , and activation of antioxidant enzymes ( Munzi et al., 

2020). At the molecular level, qRT-PCR has revealed significant modulation of genes involved 

in oxidative stress, detoxification, and cellular repair processes (Paoli et al., 2023). 

Overall, Published research confirms that lichens are powerful indicators of air pollution over 

large areas and over long time scales. However, interspecific variability and climatic influences 

underscore the need for standardized methodologies, particularly in molecular biology , to 

enhance the accuracy and comparability of environmental assessments. 

Keywords: Atmospheric pollution, monitoring tools, Lichens, heavy metals, molecular 

biology. 
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ABSTRACT 

Hemp-derived bioactive compounds, particularly cannabidiol (CBD), have demonstrated 

significant therapeutic potential; however, their clinical application is limited by poor water 

solubility, low oral bioavailability, and rapid metabolism. To overcome these challenges, the 

development of nanoformulations—such as nanoemulsions, liposomes, solid lipid 

nanoparticles, and polymeric nanoparticles—has emerged as a promising strategy within 

pharmaceutical research. These nanocarrier systems enhance the stability, absorption, and 

targeted delivery of hemp constituents, thereby improving therapeutic outcomes. 

Nanoencapsulation of CBD and other hemp phytochemicals enables controlled release, 

increased permeability across biological membranes, and reduced first-pass metabolism. This 

has shown positive outcomes in preclinical studies involving inflammatory disorders, epilepsy, 

chronic pain, and dermatological diseases. Additionally, nanoformulated hemp extracts 

demonstrate improved antioxidant and anti-inflammatory activities, making them ideal 

candidates for advanced drug delivery platforms. 

From a pharmaceutical perspective, nanoformulations provide opportunities for precision 

dosing and patient-centric designs, including oral, transdermal, and topical routes. Despite these 

advancements, challenges remain regarding large-scale manufacturing, regulatory approval, 

and the need for standardized quality control. Ongoing research focusing on nanotoxicology, 

long-term safety, and pharmacokinetics is essential to validate their clinical potential. 

Overall, hemp-based nanoformulations represent a rapidly evolving and innovative approach 

within pharmaceutical science, offering improved delivery, enhanced therapeutic performance, 

and new avenues for drug development. 

KEYWORDS: Hemp, CBD nanoformulation, Nanotechnology, Drug delivery, Liposomes, 

Nanoemulsion, Bioavailability, Pharmaceutical science. 
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ABSTRACT 

Canine osteoarthritis (OA) affects nearly one in five adult dogs and remains a leading cause of 

chronic pain, impaired mobility, and reduced quality of life. While NSAIDs form the 

cornerstone of OA therapy, their long-term use may predispose dogs to gastrointestinal, renal, 

and hepatic adverse effects, creating a need for safer adjunctive analgesics; additionally, the use 

of immunoglobulin therapy may not be affordable for everyone. Hemp-derived cannabidiol 

(CBD) has emerged as a promising complementary option due to its anti-inflammatory and 

analgesic properties. Evidence from a randomized, double-blind, placebo-controlled trial by 

Gamble et al. (2018) demonstrated that administering 2 mg/kg CBD twice daily significantly 

improved pain scores and mobility in dogs with OA. Pharmacokinetic data from Bartner et al. 

(2018) further support reliable twice-daily dosing, showing peak plasma concentrations at 1.5–

2 hours and enhanced absorption when delivered with food or in oil-based formulations. CBD 

acts via modulation of CB1 and CB2 receptors, reducing peripheral and central sensitization 

through suppression of pro-inflammatory cytokines (IL-6, TNF-α) and attenuation of synovial 

inflammation. Although generally well tolerated, with McGrath et al. (2019) reporting only 

mild, asymptomatic ALP elevations, its global adoption remains limited due to regulatory 

restrictions and concerns regarding potential misuse. Nevertheless, CBD provides notable 

advantages over conventional analgesics, including a lower risk of gastrointestinal ulceration 

and the absence of NSAID-associated renal compromise, making it a valuable supplemental 

therapy in multimodal OA management. Continued use requires periodic biochemical 

monitoring, and further standardized clinical trials are needed to refine long-term safety and 

dosing strategies. 

KEYWORDS: Hemp, Cannabidiol (CBD), Osteoarthritis, Pain Management. 
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Abstract 

Hemp (Cannabis sativa L.) is an extremely versatile crop with uses including fiber, bioenergy, 

and environmental remediation. Despite its large commercial use, little is known yet about its 

genomic diversity and ability to adapt to the environment. In this review, we focus on how 

computational and statistical tools have been or may be applied to hemp genomics research, 

specifically highlighting the use of bioinformatics pipelines and multivariate statistical models 

for exploring genotype-environment interactions. The article considers how publicly available 

genomic and transcriptomic data, together with in silico functional annotation, may be used for 

gene discovery related to stress tolerance, lignocellulose biosynthesis and secondary metabolite 

production. It also covers statistical tools such as PCA, clustering and mixed-effects modelling 

to associate environmental factors such as climate and soil features to genomic traits (genotype-

phenotype mapping), with the possibility of predicting genotype performance in a wide range 

of environments. The review is concluded by discussing the contribution of simulation-based 

methodologies in testing for potential yield optimization and climate resilience scenarios. In 

conclusion, by introducing a data-based scheme, this study reflects the significance of computer 

technology in promoting hemp research and cultivation improvement and paves the way for 

subsequent experimental examinations as well as sustainable agricultural good practices. In 

conclusion, coupling genomics with environmental information offers promising prospect for 

improving breeding strategies and towards the sustainability of environment in industrial 

hemp. 

Keywords: Cannabis sativa, bioinformatics, statistical modeling, genotype-environment 

interaction, PCA, simulation, environmental adaptation 
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Abstract 

Grocery stores, as a common form of retail chain, play a pivotal role in shaping consumer 

behavior and environmental responsibility. The idea of a sustainable grocery store extends 

beyond the traditional shopping experience to create an ethical, economical, and eco-friendly 

space where waste materials are minimized, reused, and transformed into resources. These 

stores aim to eliminate plastic packaging by promoting alternatives such as refill stations and 

encouraging customers to bring their own reusable containers. The primary goal is to reduce 

dependency on single-use plastics while promoting the guiding principles of the 3Rs: Reduce, 

Reuse, and Recycle. 

This research adopts a design-based methodology to conceptualize and evaluate sustainable 

grocery stores. Site observations, spatial analysis, and case studies of existing zero-waste and 

green stores are employed to identify design elements that enhance user experience, operational 

efficiency, and environmental performance. The methodology focuses on how interior layouts, 

material selection, circulation patterns, and display systems can be optimized to encourage 

sustainable practices. Attention is also given to the integration of renewable energy systems, 

natural lighting, and ventilation strategies to further reduce ecological footprints. 

Findings reveal that well-planned design solutions not only facilitate resource conservation and 

energy efficiency but also create environments that positively influence customer participation 

in sustainability. By prioritizing non-toxic, recyclable, and locally sourced materials, these 

stores foster trust and engagement within communities. Moreover, aligning with the United 

Nations Sustainable Development Goals (SDGs), sustainable grocery stores serve as prototypes 

for environmentally responsible retailing, offering a replicable model that balances ecological 

impact with commercial viability. 

Keywords: Sustainable design, zero waste grocery store, 3Rs (Reduce, Reuse, Recycle), green 

building, resource conservation, user-centered design, renewable energy integration.
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ABSTRACT 

The rapid rise in the use of electronic devices has made electronic waste (e-waste) a serious 

environmental issue. Traditional electronics often contain harmful metals and materials that 

don’t break down naturally, leading to pollution and health hazards when not disposed of 

correctly. Biodegradable electronics, a new area in sustainable technology, aim to solve this 

problem by developing devices that naturally degrade after use. These green alternatives are 

made from organic and bio-based materials like cellulose, silk proteins, and polylactic acid 

(PLA), along with degradable conductors such as magnesium and zinc. Unlike standard 

electronics, they are designed to perform effectively during use and then safely disintegrate in 

composting conditions or when exposed to moisture and enzymes in nature. 

Biodegradable electronics offer more than just a way to reduce waste—they support circular 

economy goals by avoiding harmful substances, conserving limited materials, and encouraging 

the use of renewables. However, a key challenge is achieving the right mix of durability for 

reliable operation and the ability to break down naturally. Organic materials typically have 

lower strength and conductivity, making it essential to improve their performance. 

As the push for eco-friendly technologies continues, biodegradable electronics present a 

progressive path toward sustainable consumption and environmental care. Their use in single-

use or short-term applications could significantly reduce the environmental impact of electronic 

products. Developing high-performance, affordable biodegradable devices could revolutionize 

industries reliant on temporary tech, leading to a healthier, more sustainable world. 

Keywords:    E-waste reduction, Sustainable technology, Biodegradable electronics 
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Abstract 

Rural depopulation in Uttarakhand-marked by the emergence of nearly 1,800 “ghost villages” 

-has triggered profound ecological, cultural, and governance disruptions, including biodiversity 

decline, land abandonment, and the erosion of traditional ecological knowledge (TEK). 

Abandoned terraces, unmanaged forests, and altered vegetation regimes have accelerated soil 

degradation, reduced agrobiodiversity, and weakened community-based conservation 

mechanisms such as Van Panchayats and Biodiversity Management Committees. This paper 

explores the potential of industrial hemp (Cannabis sativa L.) as a regenerative, climate-

resilient crop capable of supporting ecological restoration in depopulated Himalayan 

landscapes. Drawing from doctrinal legal analysis, environmental jurisprudence, and 

restoration ecology scholarship, the study evaluates how hemp’s soil-renewing properties, 

phytoremediation potential, low water demand, and compatibility with terraced hill agriculture 

can help stabilize abandoned lands while generating livelihood opportunities for returning or 

remaining populations. The study further examines legal and policy intersections: the collapse 

of TEK in abandoned settlements, the absence of statutory mechanisms for managing 

abandoned agricultural lands, and the need to align India’s biodiversity, forest, and land laws 

with regenerative agriculture models. By situating hemp within a rights-based environmental 

governance framework, the paper argues for integrating hemp cultivation into state-supported 

eco-restoration programmes, community rights regimes under the Forest Rights Act, and 

biodiversity protection mandates under the Biological Diversity Act. Ultimately, this research 

positions hemp as a viable ecological tool for addressing soil restoration, biodiversity 

protection, and cultural knowledge revival in depopulated mountain regions, offering a 

forward-looking model for sustainable Himalayan environmental governance. 

Keywords: Hemp cultivation; ecological restoration; rural depopulation; ghost villages; soil 

studies; biodiversity governance; traditional ecological knowledge (TEK); Himalayan 

ecosystems; environmental law; Uttarakhand. 
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ABSTRACT 

Introduction and Purpose: The healthcare sector faces a dual challenge: reducing 

petrochemical footprints while ensuring access to safe surgical materials. This study introduces 

the “Surgical Social Suture” model using industrial Cannabis sativa fibres. We aimed to 

demonstrate that hemp-based sutures meet United States Pharmacopeia (USP) mechanical 

standards, ensure tissue compatibility, and promote rural development via an environmentally 

responsible supply chain. 

Materials and Methods: A “Lab-to-Village” methodology was adopted. Raw hemp fibres 

underwent steam explosion, plasma activation, and grafting of quaternary ammonium groups 

(HF-GTA) for sterile processing. A decentralized framework employed rural women’s 

cooperatives for fibre extraction, integrating local agriculture directly into the biomedical value 

chain. 

Results: Engineered multifilaments exceeded 45 N tensile strength (USP size 3-0 compliant). 

Validation (ASTM-E2149, AATCC-100) confirmed >99% bacterial reduction against S. aureus 

and E. coli, reducing infection risks while maintaining preliminary biocompatibility. Life Cycle 

Assessment showed an 81% reduction in CO₂ emissions compared to Nylon 6,6. Unlike 

synthetic sutures (e.g., Nylon 6,6) that contribute to secondary microplastic accumulation 

during degradation, the hemp-based sutures offer a fully biodegradable profile, eliminating 

long-term environmental persistence. 

Discussion and Conclusion: Hemp-based “Social Sutures” provide a viable, eco-superior, and 

socially responsible alternative to synthetics. This integrated approach offers a scalable pathway 

toward a resilient, ethically grounded biomedical materials economy. 

Key Words: Hemp Sutures; Antimicrobial Textiles; Social Suture; Green Healthcare; Circular 

Economy
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Abstract 

Introduction and Aim: In the fields of biomedical and tissue engineering, scaffold structures 

are three-dimensional, porous, and temporary support systems that promote the healing of 

damaged tissues, facilitate cell attachment, and enable the formation of new tissues in 

laboratory environments. Essential requirements for a successful scaffold include 

biocompatibility, biodegradability, appropriate mechanical strength, and controlled 

degradation. Hemp (Cannabis sativa L.), with its high cellulose content, natural 

biocompatibility, and sustainability, stands out as a potential biomaterial source that may serve 

as an alternative to conventional natural fibers. The aim of this study is to develop a new 

biomaterial suitable for tissue engineering from hemp fibers and to evaluate the usability of the 

produced scaffold structures.                                                                                                                                               

Materials and Methods: In the first stage of the study, cellulose extracted from hemp fibers 

was dissolved within a PVA and/or chitosan matrix and processed via electrospinning to 

produce nanofibrous scaffolds. In the second stage, micronized hemp hurd was blended with 

biodegradable polymers to prepare a 3D-printer-compatible biocomposite filament, and macro-

porous scaffold structures were fabricated. All scaffold prototypes were characterized using 

SEM imaging, mechanical strength testing, and water absorption capacity measurements.                                                                                                                                                                                                                      

Results: Nanofibrous scaffolds demonstrated enhanced fibroblast adhesion and proliferation 

due to their high surface area. The 3D-printed biocomposite scaffolds exhibited a more stable 

macro-scale structure and provided the mechanical support required for volumetric tissue 

formation.                                                                                                                                                                                                                                                                                

Discussion and Conclusion: The findings indicate that nanofiber and 3D biocomposite 

scaffolds produced from hemp fibers are promising biomaterial candidates for tissue 

engineering and wound-healing applications. In conclusion, hemp—owing to its sustainability, 

biodegradability, and structural properties—can be regarded as a successful alternative to 

currently used biomaterials.                                                                                                      

Keywords: Hemp, nanofiber, 3D biocomposite, scaffold, electrospinning, biomaterial
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ABSTRACT 

INTRODUCTION AND OBJECTIVE: Plant-based biomaterials are gaining increasing 

attention in the field of tissue engineering due to their sustainability, low cost, and high 

biocompatibility potential. The main objective of this study is to evaluate the toxicity levels and 

biocompatibility properties of tissue scaffolds produced from hemp fiber on different cell types. 

Additionally, the study aimed to determine the potential antimicrobial activity of these 

scaffolds. 

MATERIALS AND METHODS: Hemp fiber-based tissue scaffolds were used in this study. 

The evaluation process was conducted using two main data sets: 

Cellular Analyses: The effects of the scaffolds on fibroblast, epithelial, and connective tissue 

cell models were examined. In this context, cell viability, metabolic activity, and possible 

cytotoxic effects were analyzed. 

Antimicrobial Tests: Antimicrobial activity tests were performed using Staphylococcus aureus 

and Pseudomonas aeruginosa bacteria. In the evaluations, inhibition zone diameters and log10 

CFU (Colony Forming Units) reductions after 24 hours of incubation were measured. 

RESULSTS: The data obtained from the analyses are as follows: 

Biocompatibility: Hemp-based scaffolds were found to exhibit low toxicity and create a 

suitable microenvironment that supports cell proliferation. 

Antimicrobial Activity: Measurements taken in the control and sample groups revealed 

inhibition zones ranging from 0.0–1.3 mm for S. aureus and 0.0–1.4 mm for P. aeruginosa. 

Furthermore, log10 CFU reductions recorded after 24 hours of incubation ranged from 0.02 to 

0.64. These data indicate that hemp fiber-derived structures possess limited but measurable 

antibacterial activity. 

DISCUSSION AND CONCLUSION: Similar studies in the literature report that 

lignocellulosic fiber-based scaffolds are promising in terms of structural stability and 
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biodegradability. Our study supports these findings with both cellular biocompatibility analyses 

and antimicrobial test results. The low toxicity profile of hemp fiber and its additional 

advantages in reducing infection risk make it a safe biomaterial candidate. 

In conclusion, hemp-based tissue scaffolds have been found to exhibit biocompatible behavior 

in various cellular environments, show minimal toxicity, and possess antimicrobial properties 

to a certain degree. This study contributes significantly to the potential use of sustainable, plant-

based biomaterials in biomedical engineering. 

KEY WORDS: Hemp fiber, tissue scaffolds, biocompatibility, toxicity, tissue engineering, 

plant-based biomaterials. 
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ABSTRACT 

The integration of 3D printing technology into the construction industry is a revolutionary 

development, offering both design flexibility and labor and time savings. This technology 

enables rapid, economical production of structures, especially those with complex geometries. 

As research on this topic grows, the concern for increasing sustainability in 3D printing 

concrete, like in all sectors, is also emerging. Therefore, research on utilizing natural fibers and 

waste materials in mixtures to enhance the sustainability of 3D-printable mixtures, based on the 

approach used in standard structural concrete, is increasingly ongoing. Accordingly, this study 

investigated the fresh state and mechanical properties of mixtures that meet the 3D printability 

parameters reported in the literature, using industrial hemp fiber, which stands out with its low 

density and sustainable production process, and also recycled aggregate. In this context, 

initially, a reference mixture containing hemp fiber without recycled aggregate was prepared. 

Prismatic mortar samples were then produced by maintaining the hemp fiber content constant 

and replacing the natural aggregate with 10% and 15% recycled aggregate in the mixture. The 

combined use of hemp fiber and recycled aggregate was found to improve flexural strength. A 

decrease in compressive strength of approximately 8%-11% was observed compared to the 

reference sample, and this decrease was found to be within the limit values specified in the 

literature. 

Key words: Hemp fiber, Recycled aggregate, 3D printing concrete 
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ÖZET 

3B baskı teknolojisinin inşaat sektörüne entegrasyonu hem tasarım esnekliği hem de işçilik ve 

zaman tasarrufu açısından devrim niteliğinde bir gelişmedir. Bu teknoloji, özellikle kompleks 

geometrilere sahip yapıların hızlı ve ekonomik bir şekilde üretimini mümkün kılmaktadır. Konu 

ile ilgili çalışmalar yaygınlaştıkça, her sektörde olduğu gibi, 3B baskı betonu ile ilgili olarak da 

sürdürülebilirliğin arttırılması konusu ön plana çıkmaktadır. Buna bağlı olarak, standart yapısal 

beton ile ilgili yaklaşım referans alınarak, 3B baskıya uygun karışımların sürdürülebilirliğini 

artırabilmek adına, karışım içerisinde çeşitli doğal fiber malzemelerin ve atık malzemelerin 

değerlendirilmesi ile ilgili çalışmalar artarak devam etmektedir. Bu doğrultuda, bu çalışmada, 

düşük yoğunluğu ve sürdürülebilir üretim süreci ile ön plana çıkan endüstriyel kenevir lifi ve 

geri dönüştürülebilir agrega kullanımı ile literatürde yer alan 3B yazdırılabilirlik 

parametrelerine uygun olarak hazırlanan karışımların taze hâl ve mekanik özellikleri 

incelenmiştir. Bu kapsamda, öncelikli olarak kenevir lifi içeren ve geri dönüştürülmüş agrega 

içermeyen bir referans karışım hazırlanmıştır. Daha sonra, kenevir lifi oranı sabit tutularak ve 

%10 ve %15 oranında geri dönüştürülmüş agrega, karışımdaki doğal agrega ile yer 

değiştirilerek prizmatik harç numuneleri üretilmiştir. Kenevir lifi ve geri dönüştürülmüş 

agreganın beraber kullanımının eğilme dayanımını iyileştirdiği görülmüştür. Basınç 

dayanımında ise referans numuneye göre yaklaşık %8-%11 oranında düşüş gözlemlenmiş ve 

bu düşüşün literatürde belirtilen sınır değerlere uygun olduğu sonucuna varılmıştır. 

Anahtar Kelimeler: Geri dönüştürülmüş agrega, Kenevir lifi, 3B yazdırılabilir beton 
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ABSTRACT 

Foraminifera are a fascinating group of single-celled organism with a long and illustration 

history on earth. The present study investigates the distribution and diversity of foraminiferal 

species in three different beaches like Laboni, Sugandha, and Kolatoli of Cox's Bazar having 

the longest beach in the world. A total of 312 foraminiferal specimens were identified, 

representing 29 species belonging to 13 genera from all the studied beaches, with species 

richness and abundance varying significantly across the locations. Laboni beach exhibited the 

highest abundance (153 individuals) and species richness (19 species). While Kolatoli beach 

displayed the lowest (53 individuals and 10 species). Distinct foraminiferal assemblages were 

observed between the beaches, with Laboni and Sugandha sharing a dominance of 

Amphistegina vulgaris and Ammonia convexa, indicative of well-oxygenated environments as 

was also true in having higher DO content in that site. Kolatoli beach on the other hand, 

exhibited a different assemblage dominated by Elphidium advenum and Ammonia umbonate. 

The study also explored the correlation between foraminiferal diversity and various water 

parameters such as dissolved oxygen (DO), pH, temperature, and salinity. The findings 

contribute to our understanding of foraminiferal distribution, diversity and assemblages in 

coastal environments and highlight the importance of water parameters to be kept in their 

optimum level which would be possible by minimizing anthropogenic pollution to maintain 

healthy biodiversity of foraminifera population. 

Keywords: Foraminifera, diversity, assemblage, water parameters, Cox's Bazar 
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Abstract 

A vital resource for populations and economic development, groundwater is increasingly 

threatened by nitrate contamination originating from intensive agriculture, landfill leachates, 

domestic effluents, and other anthropogenic activities. Stable isotope techniques (δ¹⁵N–NO₃, 

δ¹⁸O–NO₃, δ¹¹B) have emerged as effective tools for identifying pollution sources, particularly 

chemical fertilizers, livestock effluents, and atmospheric deposition. In intensive agricultural 

areas, nitrate concentrations frequently exceed safety thresholds, highlighting the need for 

precise source identification to guide mitigation measures. While vulnerability mapping helps 

visualize contamination pathways, it does not always distinguish specific sources. Recent 

approaches combine multi-isotopic tracers (e.g., δ¹¹B with δ¹⁵N–NO₃) and hydrochemical data 

to overcome these limitations, especially in complex hydrogeological environments. This 

review compiles global case studies (2015–2025) to propose an integrated framework for nitrate 

source attribution, emphasizing the complementarity of isotopic and hydrochemical approaches 

for sustainable groundwater management. 

Keywords: groundwater pollution, nitrate, contamination, stable isotopes, pollution sources,  

isotope hydrology 
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Abstract 

The growing demand for freshwater resources, coupled with the adverse impacts of climate 

change, has intensified the need for sustainable water management strategies. Rainwater 

harvesting (RWH) has emerged as an effective alternative for supplementing conventional 

water supplies, particularly in regions experiencing seasonal variability and groundwater 

depletion. This study presents an integrated approach for identifying suitable sites for RWH by 

leveraging geo-informatics and Multi-Criteria Decision Analysis (MCDA). Geospatial 

datasets—including rainfall distribution, slope, land use/land cover, soil type, drainage density, 

and lineament density—were processed using GIS techniques to generate thematic layers. 

These layers were assigned appropriate weights based on their relative significance through an 

MCDA framework employing the Analytical Hierarchy Process (AHP). The weighted overlay 

analysis resulted in a suitability map categorizing areas into highly suitable, moderately 

suitable, and least suitable zones for RWH interventions. The findings reveal that the combined 

geo-informatics and MCDA methodology provides a robust, objective, and spatially explicit 

decision-support system for environmental management and water resource planning. The 

identified high-potential zones serve as priority areas for implementing check dams, percolation 

tanks, contour bunds, and rooftop harvesting structures. This integrated approach not only 

enhances the efficiency of site selection but also contributes to groundwater recharge, flood 

mitigation, and long-term environmental sustainability. The study demonstrates that geospatial 

technologies, coupled with systematic multi-criteria evaluation, can significantly strengthen 

community-based water management strategies, informing policymakers, planners, and 

environmental managers in developing resilient water infrastructure. 

Keywords: Rainwater Harvesting; Geo-informatics; Multi-Criteria Decision Analysis 

(MCDA); Site Suitability Analysis; Environmental Management 
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Abstract 

Continuous electrocoagulation (CE) has become a promising alternative to conventional 

physicochemical treatments for industrial inorganic wastewater, due to its capacity to generate 

coagulants in situ and achieve high removal efficiencies with reduced chemical inputs. This 

review presents a comprehensive and critical evaluation of CE technologies dedicated to the 

removal of inorganic pollutants, integrating findings from 53 studies published over the past 25 

years. The analysis highlights significant progress in reactor engineering—including enhanced 

mixing systems, optimized electrode geometries, and modular multi-cell configurations—

which collectively improve process stability, scalability, and operational efficiency. CE 

demonstrates excellent performance for the elimination of diverse inorganic contaminants such 

as heavy metals, fluoride, arsenic, nitrates, and phosphates under optimized operating 

conditions. Its advantages over conventional treatments include lower sludge production, 

simplified operation, and compatibility with hybrid technologies such as membrane filtration, 

flotation, and advanced oxidation. Nevertheless, widespread industrial adoption remains 

limited by several constraints, including electrode passivation, non-standardized reactor 

designs, variable hydrodynamic conditions, and the absence of long-term field data. Existing 

modeling and optimization studies remain scarce, particularly for integrated CE systems, 

creating critical knowledge gaps for scale-up. Overall, continuous electrocoagulation emerges 

as a versatile and potentially sustainable technology for industrial inorganic wastewater 

treatment. Future progress will depend on the standardization of reactor configurations, 

enhanced modeling for process optimization, and rigorous validation under real operating 

conditions to meet regulatory and economic requirements. 

Keywords: Continuous electrocoagulation; Industrial inorganic pollutants; Reactor design 

optimization; Heavy metals removal.
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Abstract 

Olive mill wastewater (OMW) poses a significant environmental challenge due to its high 

organic and phenolic content. This study explored the use of activated carbon (AC) derived 

from olive mill solid waste (OMS) as an adsorbent for removing phenolic compounds (PCs) 

from OMW. The preparation of AC was optimized using response surface methodology (RSM), 

focusing on activating agents (KOH, ZnCl₂, and H₃PO₄), activation temperatures (600–800°C), 

and impregnation ratios (2–4). Results revealed that ZnCl₂ was the most effective activating 

agent, producing the highest iodine number of AC. The optimal conditions for ZnCl₂-activated 

carbon (ACZ) were achieved at 700°C with a 4:1 impregnation ratio. The ACZ and raw OMS 

were characterized using TG/DTG, ATR-FTIR, SEM, and XRD analyses. Batch adsorption 

experiments were conducted to assess the removal of PCs from OMW, examining factors such 
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as pH, contact time, adsorbent dose, initial polyphenol concentration, and temperature. The 

adsorption data aligned well with the Langmuir isotherm model (R² = 0.990) and the pseudo-

second-order kinetic model (R² = 0.990), suggesting chemisorption as the primary mechanism. 

Desorption studies using hydrochloric acid (HCl) recovered 68% of adsorbed PCs in the first 

cycle and 20% in the second cycle.  

Keywords: Pyrolysis; Response surface methodology; Polyphenols; Adsorption; Desorption 
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Abstract 

Introduction: Microplastics represent one of the most significant challenges in modern 

environmental medicine due to their widespread distribution and potential adverse effects on 

human health. These compounds enter the environment through various routes, including 

marine and freshwater sources, ambient air, and food products, increasing human exposure. 

The study aimed to analyze the main sources, global distribution, and pathophysiological 

effects of microplastics on human health based on recent scientific literature. 

Study Methods and Materials: This study is based on a narrative literature review conducted 

in accordance with PRISMA guidelines to ensure methodological transparency and accuracy. 

A comprehensive search was performed in the PubMed and Google Scholar databases, covering 

the period from 2014 to 2024. The following keywords were used: “microplastics,” “human 

health,” “bioaccumulation,” “microplastics ingestion,” and “toxicology of microplastics.” 

Inclusion criteria were: Peer-reviewed studies focusing on the impact of microplastics on 

human health, Systematic reviews, meta-analyses, original research articles. After initial 

screening of 134 articles, 37 met the final eligibility criteria and were analyzed in depth. 

Literature management was conducted using Zotero, while Microsoft Excel was used for data 

synthesis and thematic organization.  

Results: The findings indicate that microplastics have bio accumulative properties and are 

linked to serious health effects, including endocrine disruption, inflammation, immune 

dysfunction, cancer risk, and neurodegenerative diseases. 

Conclusion: 

Strengthening control measures across drinking water, food, and air quality to mitigate 

microplastic exposure, supported by coordinated efforts in environmental regulation, public 

health, and education. 

Key words: Microplastics, Health risks, Environmental medicine, Bioaccumulation. 

 

Bibliography 

1. Browne, M.A., et al. (2011). Accumulations of Microplastic on Shorelines Worldwide: 

Sources and Sinks. Environmental Science and Technology, 45, 9175–9179. 

2. Hao-Peng Wang, Xu-Hui Huang, Jia-Nan Chen, Meng Dong, Cheng-Zhen Nie, Lei 

Qin. (2023). Micro- and nano-plastics in food systems: Distribution, combined toxicity with 

environmental contaminants, and removal strategies. Chemical Engineering Journal, 476, 15 

November, 146430. 

3. Ivar do Sul, J.A., & Costa, M.F. (2014). The present and future of microplastic 

pollution in the marine environment. Environmental Pollution, 185, 352–364. 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 82



4. Li, Y., Tao, L., Wang, Q., Wang, F., Li, G., Song, M., & Sung. (2023). Potential 

Health Impact of Microplastics: A Review of Environmental Distribution, Human Exposure, 

and Toxic Effects. Environmental Health, 1(4), 249–257. 

5. Schwabl, P., Köppel, S., Königshofer, P., Bucsics, T., Trauner, M., Reiberger, T., 

& Liebmann, B. (2019). [Title missing]. [Journal name missing], 171(7), 453–457. 

6. Thompson, R., & Napper, I. (2019). Microplastics in the Environment. In Plastics and 

the Environment (pp. 60–81). 

 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 83



FROM FORESTS TO RESORTS: GOVERNMENTAL INACTION, BIODIVERSITY 

LOSS, AND THE CHALLENGE TO ACHIEVING SDGS IN THE CHATTOGRAM 

HILL TRACTS 

 

Mahammad Sohel 

Department of International Relations, faculty of Social Science, Gopalganj Science and Technology University 

 

Md Rahatul Mowla Rahat 

Department of International Relations, faculty of Social Science, Gopalganj Science and Technology University 

 

Israt Jahan 

Department of International Relations, faculty of Social Science, Gopalganj Science and Technology University 

 

Seemanto Das 

Department of International Relations, faculty of Social Science, Gopalganj Science and Technology University 

 

 

ABSTRACT 

Chattogram is full of natural forest resources and well-known as a tourist spot in Bangladesh. 

The Chattogram Hill Tracts (CHT) include hill tracts forests, coastal and mangrove forests, 

reserved forests, community and private forests. It contains almost 40% of the total national 

forest of Bangladesh. Now, it is seen as the most environmentally critical region in Bangladesh 

due to the deforestation, lack of governmental inaction, extensive resort building, increase of 

poachers, extensive resource collection, and so on. These directly lead to biodiversity loss and 

environmental degradation. In addition, these raise the challenges to achieve Sustainable 

Development Goals (SDGs) in Bangladesh. The main purpose of the study is to examine the 

forest conversion to the resort or commercial place, explore the impacts of biodiversity and 

ecosystem loss, and analyse the role of government and their policy towards achieving SDGs 

goals. This study used a mixed-methods approach to analyse forest conversion to the resort, its 

impacts, and governmental policies towards achieving SDGs goals in the CHT region, where 

quantitative methods were used through stratified and cluster sampling. Primary data were 

collected from local communities and focus on the specific district, like CHT. Furthermore, an 

online survey from (n=200) participants and a face-to-face interview (n=30). On the other hand, 

qualitative methods focus on the purposive sampling. It includes secondary data from news 

articles, NGO reports, prior studies, and governmental policy reports. Findings of the study 

indicate that extensive infrastructure in forests and resource collection lead to biodiversity loss, 

which creates natural imbalance and directly affects the local communities. It also shows that 

impractical policies of the government lead to the natural distraction of the CHT region, and it 

creates the barriers to achieving SDGs goals. Overall, the study provides the cases and 

consequences of the environmental degradation and barriers to the attainment of SDGs goals. 

Keywords: SDG goals, biodiversity, CHT, deforestation 
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Abstract 

Water pollution remains one of the most pressing environmental challenges, with industrial and 

corporate activities contributing significantly to the degradation of freshwater ecosystems. This 

paper critically examines the legal foundations and practical implementation of the Polluter-

Pays Principle (PPP) as a tool for ensuring corporate accountability in water pollution 

governance. While PPP is widely embedded in international environmental law and domestic 

regulatory frameworks, its enforcement often suffers from weak monitoring, inadequate 

penalties, and difficulties in attributing liability to complex corporate structures. The study 

analyses the evolution of PPP, evaluates case laws and regulatory models from various 

jurisdictions, and highlights persistent gaps in corporate compliance. It argues for a 

strengthened legal regime through clearer liability standards, robust regulatory oversight, 

mandatory pollution disclosure, and the integration of economic instruments such as 

environmental taxes and effluent-trading schemes. By proposing a hybrid model combining 

preventive, punitive, and restorative approaches, the paper aims to enhance the effectiveness of 

PPP in promoting sustainable industrial practices and safeguarding water resources. 

Strengthening corporate accountability is essential not only for environmental protection but 

also for achieving long-term water security and environmental justice. 

Keywords: Polluter-Pays Principle, Water Pollution, Corporate Accountability, Environmental 

Law, Liability, Sustainable Development, Regulatory Framework, Environmental Governance. 
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Abstract 

Small-scale aquaculture is vital for food security, rural employment, and socio-economic 

stability in Bangladesh. However, declining water quality, rising input costs, and environmental 

deterioration continue to hinder sustainable fish production. Hemp-derived biomaterials have 

lately surfaced as a feasible environmentally sustainable alternative for enhancing aquaculture 

systems. This study examines the integration of hemp-derived biochar and hemp fiber filtration 

materials in rural aquaculture ponds, assessing their combined impact on environmental 

sustainability and the improvement of community livelihoods. Hemp biochar, noted for its 

substantial adsorption capacity, was used to reduce harmful ammonia, excess nutrients, and 

suspended particulates, while hemp fiber mats were assessed as cost-effective natural filters to 

improve pond aeration and microbiological balance. Field observations and water-quality 

evaluations demonstrate significant improvements in dissolved oxygen, transparency, and 

overall pond health, resulting in improved fish survival and output. The research assesses the 

socio-economic impacts of introducing hemp-based goods in rural households, with 

environmental benefits. Surveys and focus group discussions indicate considerable community 

acceptance, cost-effectiveness, and tremendous potential for the participation of women and 

adolescents in the production, processing, and commercialization of hemp bio-materials. The 

hemp technology reduces dependence on synthetic chemical inputs in aquaculture systems and 

create new employment opportunities that enhance shifts to a circular economy. This research 

explores hemp-based innovations as a viable strategy for enhancing sustainable aquaculture, 

strengthening rural resilience, and promoting ecologically sustainable development in 

Bangladesh. 

Keywords: Hemp biochar, Sustainable aquaculture, Water quality, Rural livelihood, 

Environmental sustainability. 
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Abstract 

Sustainable materials are becoming more important in the engineering field to lessen the 

negative environmental effects of conventional vibration and noise control systems.  

Conventional vibration dampers are mostly made of synthetic polymers and non-renewable 

fibers (like carbon or glass), which are not biodegradable and present serious disposal issues.  

To assess hemp fiber-reinforced polymer (HFRP) composers' dynamic performance as an 

environmentally friendly substitute, this study attempts to design and experimentally 

characterize a novel vibration damper.  Untreated hemp fibers were used to create composite 

beam specimens with different fiber volume fractions embedded in a bio-epoxy resin matrix. 

Free vibration testing and experimental modal analysis (EMA) were used to evaluate the 

dynamic mechanical properties to ascertain natural frequencies and damping ratios.  Due to the 

friction between the fiber and matrix as well as the natural fibers' porous structure, the 

experimental results showed that the hemp fiber composites had a damping ratio that was 40% 

higher than that of their conventional glass fiber counterparts.  The study validates hemp fiber 

composites' potential as environmentally friendly, lightweight vibration suppression solutions 

for automotive and structural applications by showing that they offer superior specific damping 

capacity without sacrificing structural integrity. 

Keywords: Hemp Fiber Composites; Vibration Damping; Experimental Modal Analysis; 

Sustainable Engineering; Viscoelastic Properties; Green Materials 
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Abstract 

Microbial lipids, often produced by oleaginous microorganisms, have emerged as a promising 

renewable alternative to conventional plant- and animal-based oils. A variety of microbial 

groups—including bacteria, yeasts, and microalgae—are capable of synthesizing and storing 

significant amounts of intracellular lipids, frequently exceeding 20% of their dry biomass. 

These lipids possess diverse biochemical profiles, making them suitable for applications in 

biofuels, nutraceuticals, cosmetics, and pharmaceutical formulations. 

Despite their potential, the commercialization of microbial lipid production is hindered by the 

high cost of conventional cultivation substrates. To overcome this limitation, current research 

emphasizes the use of low-cost, renewable feedstocks such as agro-industrial residues and fruit-

processing and fruit residues. Incorporating these residue materials not only reduces production 

costs but also supports waste valorization, resource recovery, and circular bioeconomy 

strategies. Through the selection, improvement, and optimization of high-performing lipid-

accumulating bacterial strains, waste-derived carbon sources can be efficiently converted into 

valuable microbial oils. 

The microbial conversion of organic residue into lipids provides a dual advantage: it offers a 

sustainable pathway for producing bio-based oils while contributing to environmental 

mitigation and improved waste management. This biotechnological approach reinforces the 

integration of green processing, resource efficiency, and industrial sustainability, demonstrating 

a viable route toward future bio-based economies. 

Keywords: Microbial lipid, fruit residue, sustainable, bio-based 
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Abstract 

Carotenoids are naturally occurring bioactive pigments responsible for the yellow, orange, and 

red coloration seen in plants, fruits, vegetables, and many microorganisms. Their strong 

antioxidant activity, anticancer potential, and provitamin A functionality make carotenoids 

highly valuable in the food, nutraceutical, pharmaceutical, and cosmetic sectors. Traditional 

carotenoid production methods—such as chemical synthesis and plant extraction—are often 

costly, resource-intensive, and environmentally unsustainable. As an alternative, microbial 

biosynthesis using low-cost agricultural resources offers a viable, sustainable, and 

economically attractive approach to large-scale carotenoid production. 

In this study, agricultural residues will be subjected to acid hydrolysis to release fermentable 

sugars, which will be quantified using the DNS assay and subsequently employed as the 

primary carbon source in fermentation. The resulting nutrient-rich hydrolysate will be used to 

cultivate carotenoid-producing bacterial strains at 5–10% inoculum levels under optimized 

fermentation conditions (28–30 °C, pH 5–6, 150–180 rpm, 72–120 h). Fermentation 

performance will be assessed through measurements of biomass accumulation, reducing sugar 

utilization, and carotenoid productivity. Following incubation, microbial biomass will be 

harvested and dried, and carotenoids will be extracted using a DMSO–acetone solvent system. 

Extracted pigments will be analyzed through UV–Vis spectrophotometry, thin-layer 

chromatography (TLC), and high-performance liquid chromatography (HPLC) to determine 

purity and composition. 

The anticipated findings are expected to demonstrate that agricultural waste-derived substrates 

can effectively support microbial growth and significantly enhance carotenoid production. This 

approach highlights a sustainable pathway for converting low-value biomass into high-value 

bioproducts, contributing to cost reduction, waste valorization, and advancement of circular 

bioeconomy practices. 

Keywords: Carotenoids, Antioxidants, Microbial fermentation, Agro-based substrates, Value-

added products, Waste valorization. 
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Abstract 

Global pollution challenges demand innovative solutions as water quality declines due to 

urbanization and industrial growth. This research introduces a novel magnetic bioadsorbent 

from Nigella sativa for efficient and sustainable removal of heavy metals and pharmaceutical 

contaminants from wastewater. The PVP-modified Fe3O4@SiO2 nanoparticles were 

synthesized via co-precipitation, with SiO₂ coated using the Stöber method and PVP as a 
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stabilizer. These nanoparticles were functionalized with Nigella sativa bioadsorbent and 

characterized using SEM, FTIR, and XRD analyses, confirming a rough, activated surface and 

hybrid crystal structure suitable for adsorption. The bioadsorbent was tested in solutions 

containing arsenic (Ar), cadmium (Cd), and ciprofloxacin (Cip), and was then separated by 

applying an external magnetic field allowing facile separation of contaminants. The treated 

water was analysed using atomic MQuant kits, absorption spectroscopy, and UV-Visible 

spectroscopy, respectively to determine residual concentrations. The bioadsorbent 

demonstrated exceptional adsorption capacities of 10 mg/g for Cd, 8.55 mg/g for As, and 8 

mg/g for Cip, with negligible residual concentrations in treated water. Initial concentration vs 

adsorption capacity analysis showed a consistent increase in adsorption capacity with rising 

initial concentrations of all three impurities, attributed to the enhanced surface area and 

abundance of active sites on the PVP-modified Fe₃O₄@SiO₂-Nigella sativa structure. Cd 

exhibited the highest removal efficiency (98.78-99.96%), followed by Ar (85.36-93.4%) and 

Cip (77-79.8%). Adsorption mechanisms were evaluated using Langmuir and Freundlich 

isotherms, with excellent fits for Cip and As. The PVP-modified Fe₃O₄@SiO₂-Nigella sativa 

bioadsorbent offers a promising solution for sustainable water treatment with easy recovery and 

reuse. 

Keywords: Bioadsorbent, Magnetic nanoparticles, Arsenic, Cadmium, Ciprofloxacin, Magnetic 

separation 

 

 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 91



CORN HUSK–BENTONITE COMPOSITE FOR REMOVAL OF ANTIBIOTICS 

 

Yumna Ayesha 

School of Life Sciences, B.S. Abdur Rahman Crescent Institute of Science and Technology, 

Chennai 600048, India. 

 

Architha Vijayalakshmi 

School of Life Sciences, B.S. Abdur Rahman Crescent Institute of Science and Technology, 

Chennai 600048, India. 

 

S. Hemalatha 

School of Life Sciences, B.S. Abdur Rahman Crescent Institute of Science and Technology, 

Chennai 600048, India. 

 

 

ABSTRACT  

The widespread occurrence of antibiotic residues in water bodies has emerged as a critical 

environmental and public health issue due to their persistence, toxicity, and role in promoting 

antimicrobial resistance. Developing efficient, sustainable, and low-cost remediation materials 

is essential for addressing this challenge. In the present study, a novel eco-friendly adsorbent 

was synthesized by modifying bentonite clay with corn husk, an abundant lignocellulosic 

agricultural by-product. The natural fibrous structure of corn husk was integrated with the high 

surface area and ion-exchange capability of bentonite to enhance adsorption efficiency toward 

common antibiotics. The composite was prepared through pretreatment of corn husk fibers 

followed by blending with bentonite and thoroughly characterized using FTIR, XRD, FESEM, 

and zeta potential analyses to confirm successful structural and surface modifications. Batch 

adsorption studies were performed under varying conditions such as pH, contact time, and 

initial antibiotic concentration to evaluate adsorption behaviour. The corn husk–bentonite 

composite exhibited significantly improved antibiotic removal compared to raw bentonite, 

demonstrating strong adsorption affinity, enhanced surface functionality, and good reusability 

across multiple cycles. These findings highlight the potential of utilizing agricultural waste to 

engineer green, cost-effective adsorbents for antibiotic-contaminated wastewater treatment. 

The study proposes a sustainable approach to mitigating emerging pharmaceutical pollutants 

using a modified clay-biomass composite. 

Keywords: Antibiotics, Bentonite, Corn husk, Adsorption, Wastewater treatment. 
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Abstract 

Mercury pollution is a persistent global environmental problem, as mercury compounds are 

highly toxic, widely distributed, and capable of accumulating in soils and ecosystems. Effective 

monitoring of mercury species requires sensitive analytical approaches, and optical methods 

offer significant potential for rapid and non-destructive detection. A fundamental understanding 

of the optical characteristics of mercury-containing materials is therefore essential for 

improving environmental determination techniques. 

Cordierite-type mercury chalcogenides are known for their structural flexibility and strong 

optical responses, including high refractive index, photoconductivity, and transparency in the 

visible and infrared regions. 

In this study, we investigate optical spectra of Hg₃S₂Cl₂ using the APW-LO approach 

implemented in WIEN2k. The top of the valence band is shaped mainly by S and Cl p-states, 

while Hg s- and S p-states dominate the conduction band edge. The material exhibits a direct 

optical band gap of 3.19 eV at the Γ-point. Spin-orbit coupling significantly influences the 

conduction band topology, and enhanced high-energy reflectivity reflects the contributions of 

Hg, S, and Cl states. These results provide valuable spectral insights supporting the optical 

identification of mercury compounds in environmental samples. 

Keywords: mercury chalcohalides, absorption spectra, optical parameters. 
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Abstract 

Green Pharmacy is an emerging concept that emphasizes the design, manufacture, use, and 

disposal of pharmaceutical products in an environmentally responsible manner. Traditional 

drug production often generates significant chemical waste, consumes large amounts of energy, 

and leads to pharmaceutical pollutants entering the environment. Green Pharmacy seeks to 

minimize these impacts by integrating eco-friendly principles into every stage of the drug life 

cycle—from discovery and synthesis to packaging and disposal. Sustainable drug development 

involves the use of biodegradable excipients, renewable resources, green chemistry techniques, 

and energy-efficient manufacturing processes. It also encourages proper waste management, 

recycling of pharmaceutical materials, and public education on safe drug disposal. By adopting 

sustainable practices, the pharmaceutical industry can protect both human health and the 

environment, contributing to global goals such as pollution reduction, biodiversity preservation, 

and sustainable healthcare systems.  The integrated GREENER approach can be used to 

accelerate discussions about future innovations in drug discovery and development. 

Keywords:Green Pharmacy, Sustainable Drug Development, Environmental Impact, Green 

Chemistry, Pharmaceutical Waste, Eco-friendly Drugs, Biodegradable Materials, Pollution 

Control, Sustainable Healthcare, Environmental Protection. 
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Abstract 

The global push toward environmentally sound agricultural practices necessitates the adoption 

of innovative rotation strategies that can inherently mitigate biotic stress, thus reducing 

dependence on synthetic agrochemicals. Industrial hemp (Cannabis sativa L.) is gaining 

recognition as a valuable break crop due to its rapid growth, dense canopy, and known 

allelopathic and biofumigant properties, which can naturally suppress weeds and reduce soil-

borne disease inoculum. This study quantifies the effect of industrial hemp cultivation on the 

input requirement for synthetic pesticides (fungicides and insecticides) in subsequent, 

economically important cash crops. 

Field trials were conducted across three consecutive seasons, comparing two primary rotation 

systems: a conventional Cereal-Legume-Cereal rotation (Control) and a Hemp-Cereal-Legume 

rotation. Pesticide and fungicide applications in the post-hemp crops (e.g., wheat and 

sunflower) were guided exclusively by specific Integrated Pest Management (IPM) thresholds 

derived from continuous disease and pest scouting. Key performance indicators measured 

included the frequency of chemical application, the overall active ingredient dosage used, and 

pre-plant pathogen analysis (specifically Fusarium spp. and plant-parasitic nematodes). 

The inclusion of hemp significantly reduced the incidence of several soil-borne and foliar 

diseases in the subsequent cereal crop. Specifically, the Hemp-rotated plots required a 31% 

lower cumulative dosage of broad-spectrum fungicides (𝑝 < 0.01$) compared to the Control 

rotation, primarily due to lower initial disease pressure. Furthermore, a measurable reduction 

in plant-parasitic nematode populations (averaging 45% decrease) was observed in the soil post-

hemp harvest, contributing to a lower reliance on seed treatments for the following legume 

crop. No significant difference was noted in the requirement for synthetic insecticides across 

the treatments. 

In conclusion, the strategic integration of industrial hemp into diversified crop rotations 

provides measurable ecosystem benefits by effectively suppressing key agricultural pathogens.  

Keywords: Industrial Hemp, Crop Rotation, Pesticide Reduction, Fungicides, Integrated Pest 

Management (IPM), Sustainable Agriculture. 
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Abstract 

Cannabis sativa L. is an annual flowering plant famous for its psychoactive components and 

has been used as a euphoric drug (abuse), in traditional therapy, and as an alternative medicine. 

Hemp contains a low level (0.2–0.3%) of the psychoactive component THC (delta-9-

tetrahydrocannabinol). In human medicine, Cannabis is linked to several psychological 

disorders, including schizophrenia, and is also used in the control of anxiety and sleep disorders. 

The use of hemp in the veterinary field has expanded rapidly due to its nutraceutical properties. 

The essential components of the plant, particularly phytocannabinoids and the omega-3 and 

omega-6 fatty acids present in the seeds, help in development, provide beneficial fats/oils, 

improve digestion (due to fibre components), and reduce inflammation. Polyphenols of hemp 

possess antioxidant properties and can be used in promoting overall health. Hemp is used for 

its anti-inflammatory and heart-health benefits and is also used for skin health, pain 

management, and chronic pain–related conditions. Hemp seed by-products have high biological 

and nutritive value and contain high levels of essential amino acids (phenylalanine, lysine, 

tryptophan, etc.). Due to this, hemp has appetizing and intestinal enzyme–stimulating 

properties, especially in poultry. It can be used as a growth promoter and as a natural 

supplement, serving as a substitute for antibiotics. Through their interaction with the 

endocannabinoid system and the kinetics of the CB1 receptor, hemp-derived products may 

stimulate growth by increasing feed intake. However, the dose and quantity vary between 

species and need to be standardized to prevent adverse events, including poor performance and 

immunosuppression. Therapy using cannabinoids has been reported in the control of 

neurological problems such as epilepsy due to their neuroprotective and anti-ischemic 

properties. However, due to legal restrictions and the addictive nature of cannabinoids in 

humans, less research has been conducted on therapeutic dosage relevant to veterinary 

medicine. There remains a large need gap to explore and optimize treatment using hemp-based 

nutraceuticals. Their usage as feed supplements is well reported in poultry, with minimal data 

available for livestock feed supplementation. Although commercial hemp seed oil products are 

available for companion animals, in-depth research on their uses beyond supportive pain 

management is yet to be fully analysed. 

Key Words: Hemp, Cannabis, Antioxidant, Analgesic, Growth.  
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Abstract 

Hemp (Cannabis sativa L.) has been utilized for centuries in various traditional medical 

systems across Asia, Europe, and the Middle East for its therapeutic properties. Ancient texts 

describe its use as a remedy for pain, inflammation, digestive disorders, insomnia, and skin 

conditions. In Ayurvedic and traditional Chinese medicine, hemp seeds and extracts were 

prescribed as tonics to improve vitality, bowel function, and overall well-being. Beyond its 

historical applications, hemp has gained renewed attention in alternative medicine due to 

scientific interest in its bioactive compounds, particularly cannabinoids such as cannabidiol 

(CBD), terpenes, and flavonoids, which exhibit anti-inflammatory, analgesic, antioxidant, 

anxiolytic, and neuroprotective effects without producing psychoactive responses. 

In modern complementary healthcare practices, hemp products are increasingly incorporated 

into herbal supplements, topical formulations, oils, and wellness therapies. These preparations 

are commonly used to manage chronic pain, stress, anxiety, sleep disturbances, arthritis, and 

certain dermatological conditions. Alternative medicine frameworks emphasize hemp’s holistic 

benefits by supporting the body’s endocannabinoid system, which plays a crucial role in 

maintaining physiological balance, immune modulation, and emotional regulation. Hemp-

derived remedies are often favored for their natural origin, minimal side effects, and 

compatibility with integrative treatment approaches. 

Current research continues to validate several traditional uses of hemp while exploring new 

clinical applications. However, challenges such as inconsistent product quality, regulatory 

variations, dosage standardization, and limited large-scale clinical trials remain obstacles to its 

full integration into mainstream medicine. Overall, hemp represents a valuable bridge between 

traditional healing knowledge and contemporary alternative therapy, offering promising 

potential as a safe, plant-based option for enhancing health and wellness when used responsibly 

and supported by evidence-based practice. 

Keywords: Hemp, Cannabis sativa, Traditional medicine, Alternative medicine, Herbal 

therapy, Cannabidiol (CBD), Cannabinoids, Endocannabinoid system, Anti-inflammatory, 

Analgesic, Neuroprotective, Antioxidant properties, Pain management, Anxiety relief, 

Integrative medicine, Phytotherapy, Holistic health, Natural remedies, Wellness supplements. 
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Abstract 

Food insecurity remains a major global challenge, often driven by limited food diversity and 

inadequate nutrient intake. Food fortification is practical strategy to address these deficiencies 

and improve dietary quality.  

Hemp protein meal (HPM), a by-product resulted from oilseed processing, represents a 

sustainable and cost-efficient ingredient rich in complete protein, minerals, dietary fiber, and 

bioactive compounds. The use of HPM aligns closely with circular economy principles by 

transforming agricultural residues, most often neglected by the oil industries into nutrient-dense 

foods, suitable for human nutrition.  

This paper evaluates the nutritional and functional quality of HPM and summarizes recent 

research on its use in various fortified food formulations.  

Studies report successful applications of HPM in pasta, bakery products, dairy alternatives, 

plant-based meats, and gluten-free products. While its addition can influence color, due to 

Maillard reactions, flavor, and gluten matrix, moderate fortification (1-15%) allows high 

acceptability and improved nutritional value.  

Thus, hemp protein meal represents a valuable ingredient for sustainable food fortification, 

offering a pathway to reduce waste, diversify protein sources, and develop nutrient-dense 

products relevant to addressing global food insecurity. 

Key words: hemp protein meal, protein quality, by-products, functional potential, protein 

enrichment. 
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Abstract 

The global transition toward sustainable and nutrient-dense foods has intensified interest in 

underutilized plant proteins with strong functional potential.  

Encouraging the market to adopt accessible, high-quality yet underutilized protein sources, such 

as hemp and rapeseed, is essential for improving the nutritional value of food products while 

addressing nutritional insecurity.  

In 2024, an estimated 2.3 billion people experienced moderate or severe food insecurity 

(hunger), a challenge that may be mitigated through the development of functional foods such 

as high-protein pasta—an Italian staple consumed worldwide. 

This study explores the potential of hemp protein meal (HPM), rapeseed protein isolate (RPI), 

and rapeseed protein concentrate (RPC)—all by-products of oil manufacturing—in innovative 

pasta formulations.  

A comprehensive experimental analysis was conducted on 15 pasta prototypes enriched at 5%, 

10%, 15%, and 20% inclusion levels, assessing their technological, rheological, textural, and 

sensory properties. A comparative assessment between protein sources was also conducted, 

highlighting their distinct contributions to pasta quality and processing behavior. 

Protein fortification substantially enhanced the nutritional profile of pasta samples but also 

introduced formulation challenges. Rapeseed proteins showed high water-binding capacity and 

significantly increased dough viscosity, whereas hemp proteins contributed to a better texture 

and cooking performance being rich in fiber, but weakened gluten matrix and hydration 

capacity. Rheological tests demonstrated reduced dough stability at higher substitution levels, 

while both FTIR and SEM analysis confirmed notable protein–starch–gluten interactions and 

structural reorganization. Moderate enrichment levels (5-10%) maintained acceptable cooking 

performance, high antioxidant potential, and high overall sensory acceptability. 

The findings emphasize the feasibility and future perspective of scaling up these laboratory-

developed formulations for industrial production, with the broader goal of contributing to 

malnutrition mitigation and supporting current food trends toward circular economy, 

sustainability and food innovation. 

Key words: innovation, pasta, rapeseed, hemp, functional pasta, protein enrichment. 
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Abstract 

Introduction:  Nano particles possess many different properties unlike macro particles. Their 

interactions and sensing behavior is highly sensitive than other materials.  

Objectives:  research idea is to synthesis such a nanomaterial which is not just cost effective 

but sensitive to metal detection as well. 

Methodology:  A novel biodegradable material was used to synthesize capped silver 

nanoparticles (AgNPs) and tested for the detection of various metal ions in real water samples. 

Different characterization methods were used to determine the formation of nanoparticles and 

its detection behavior.  

Key Findings:   The resulting nanomaterial was found to be highly stable for up to 12 months. 

The material was analyzed using SEM and TEM techniques and found to have reef-like shapes 

with sizes ranging from 20-200 nm. Colorimetric changes were observed in the presence of Hg 

2+ , turning from yellowish brown to colorless. The AgNPs exhibited selective interaction with 

Hg 2+ even in the presence of potential interfering ions such as Ni2+ , Fe 2+ , Cr 2+ , Pb 2+ , Fe 3+ , 

Cd 2+ , La 3+ , Mg 2+ , Zn 2+ , Cu 2+ , Na + , and K + . The system was able to detect Hg 2+ with 

detection limits of 10 µM, and was not affected by variations in pH, temperature, or the presence 

of other metals.  

Conclusion: The method was successfully applied to detect ultratrace levels of Hg 2+ in 

different matrices such as tap water, hard water, industrial wastewater, and heavy metal-rich 

water and was found to be selective, simple, and sensitive. 

Keywords: Sensing, Nanoparticles, ultratrace detection, Hg sensing  
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Abstract 

The Dirammox (direct ammonia oxidation) pathway is one of the recently identified microbial 

nitrogen-removal pathway that offers a viable and effective method for treating wastewater. 

This mechanism functions independently of conventional nitrification-denitrification and is 

mediated by heterotrophs such as Alcaligenes through the dnf gene cluster. Intriguingly, 

guanidine, a nitrogen-rich compound, has been found to be a potential substrate for Comammox 

bacteria. This finding implies that guanidine may have a substantial impact on Dirammox-

mediated systems, although their interaction has not yet been investigated. 

It is hypothesized that guanidine may have dual potential: it could enable simultaneous removal 

of organic and inorganic nitrogen by bacteria possessing both metabolic pathways, or it could 

shape microbial communities, selectively enriching competitors that either synergize with or 

inhibit Dirammox activity. Its metabolism may also alter redox conditions or produce 

intermediates that modulate the pathway's efficiency. 

Therefore, critical future research is needed to investigate this relationship. Key directions 

include determining if Dirammox organisms can co-metabolize guanidine and ammonia, 

assessing its impact on microbial community structure and dnf gene abundance, and evaluating 

process performance and potential inhibitory byproducts in engineered systems. Elucidating the 

effect of guanidine is essential for harnessing Dirammox to develop more robust and versatile 

nitrogen-removal technologies for wastewater treatment. 

Keywords: Dirammox, Guanidine, Wastewater Treatment 
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Abstract 

In agriculture, nitrate pollution of soil and water is significantly exacerbated by the excessive 

use of nitrogen fertilizers, which can have significant environmental effects, such as 

eutrophication, groundwater contamination, and health risks. Strategies have been put in place 

to tackle these problems by reducing nitrogen inputs while enhancing nitrogen use efficiency 

and maintaining agricultural productivity. 

The strategies consist of altering fertilizer doses, utilizing slow-release fertilizers, applying 

precise fertilization to match plant needs, introducing nitrogen-fixing crops like legumes, 

implementing crop rotation, and enhancing farming practices. 

These approaches are beneficial not only in limiting nitrogen losses to the environment, but 

also in improving the quality of agricultural products and lowering costs for farmers. They are 

part of an approach that ensures the survival of agricultural systems in the face of climate 

change by balancing productivity, environmental protection, and resilience. 
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Abstract 

Water quality monitoring is a cornerstone of environmental protection, public health, and 

sustainable development. Traditional analytical methods, while reliable, are often limited in 

sensitivity, speed, and the ability to detect emerging contaminants. This abstract presents a 

comprehensive overview of advanced water analysis technologies that are transforming the 

field, with a focus on sensor-based systems, spectroscopic methods, and data-driven techniques 

enhanced by artificial intelligence. Recent developments include real-time monitoring tools 

using biosensors and lab-on-a-chip systems capable of in situ detection of a wide range of 

pollutants, including heavy metals, microplastics, pharmaceuticals, and pathogens. 

Spectroscopic techniques such as UV-Vis, fluorescence, and Raman spectroscopy are being 

increasingly miniaturized and integrated into portable platforms for rapid field analysis. 

Meanwhile, the incorporation of machine learning and big data analytics into water quality 

datasets has opened new opportunities for predictive modeling, anomaly detection, and 

decision-making support. This work discusses the principles, strengths, and limitations of each 

technique, highlights successful case studies in urban, industrial, and natural water systems, and 

explores current challenges such as calibration, standardization, and affordability. The 

integration of advanced sensing technologies with smart water networks (e.g., IoT-based 

platforms) is also addressed, pointing to a future where real-time, automated, and distributed 

water monitoring becomes the norm. The evolution of water analysis technologies not only 

improves detection capabilities but also enables proactive management strategies essential for 

addressing global water security issues. This presentation aims to foster dialogue among 
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researchers, policymakers, and industry stakeholders on how to accelerate the deployment of 

these innovations for the benefit of communities and ecosystems worldwide.  

Keywords: Water quality monitoring; Advanced sensors; Emerging contaminants. 
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ABSTRACT  

The increase in the presence of persistent organic pollutants such as pesticides and antibiotics 

in aquatic environments poses a serious threat to ecosystems and human health. These 

compounds are known for their resistance to conventional treatment methods. This research 

focuses on the preparation of new photocatalysts based on natural materials and their 

application in the degradation of highly toxic organic pollutants via photodegradation. 

Natural raw materials were collected and converted into functional photocatalysts using eco-

friendly synthesis routes. The materials were characterized using advanced physicochemical 

techniques including X-ray diffraction (XRD), X-ray fluorescence (XRF), scanning electron 

microscopy coupled with energy dispersive spectroscopy (SEM-EDX), UV-Vis spectroscopy, 

and Fourier transform infrared spectroscopy (FTIR). These analyses allowed evaluation of the 

catalysts’ structural, morphological, and optical properties. 

Photodegradation experiments targeting pesticides and antibiotics were carried out under UV 

and sunlight exposure, considering various experimental factors such as pollutant 

concentration, irradiation time, catalyst dose, and solution pH. Initial results demonstrate high 

degradation efficiencies, confirming the potential of the developed materials in treating 

persistent organic contaminants. 

This work supports the valorization of natural materials into functional photocatalysts for 

sustainable water treatment technologies. Future directions include application to real 

wastewater and exploration of catalyst reusability and stability. 

Keywords: Photocatalysis; Natural materials; Wastewater treatment; Organic pollutants; 

Pesticides; Antibiotics. 
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Abstract: 

Contamination of lead in water sources poses significant health risks both for aquatic life and 

for human. This study explores the modification of bentonite with an amphoteric surfactant 

lauramine oxide to increase the adsorption efficiency to remove the lead from aquatic 

environment. FTIR analysis showed differences in the functional groups between raw and 

modified bentonite confirming effective modification of the mineral. FESEM, EDAX and XRD 

analysis showed the organoclay’s layered structure and interlayer spacing and the presence of 

high oxygen in organoclay leading to effective adsorption. The experimental results showed 

that the organo clay achieved 98% of lead removal efficiency with optimal amount of adsorbent 

concentration. The adsorption correlating with the Langmuir isotherm calculation and 

confirmed the efficacy of modified bentonite to remove lead even at low concentrations. These 

findings highlight the potential of organoclay as an effective and sustainable solution for toxic 

lead removal from water providing a viable approach for environmental remediation. 

Keywords: bentonite, lauramine oxide, lead, environmental remediation, adsorption. 
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ABSTRACT 

This study investigates the quality and effectiveness of the coagulation-flocculation process 

using ferric chloride and aluminia sulfat at the BB treatment plant for the removal of suspended 

solids and mineral salts from raw water sourced from the MBAK dam. 

Additionally, it examines the efficacy of chitosan as an organic coagulant and its impact on 

reducing water pollution. The research also evaluates the potential of natural bentonite clay in 

water clarification using the same process, aiming to minimize reliance on chemical coagulants 

while enhancing water quality. 

The study focuses on comparing the performance of each coagulant in turbidity removal across 

different water samples. Experimental tests were conducted to assess the ability of each 

coagulant to remove sulfate from these samples. Optimization trials followed the Jar Test 

protocol, beginning with an initial test on raw water, followed by an assessment of ferric 

chloride's effectiveness in sulfate removal. Further tests evaluated the efficiency of combining 

bentonite with ferric chloride, as well as the performance of chitosan in eliminating the same 

contaminants. 

The results highlight that the efficiency of the coagulation-flocculation process is influenced by 

the optimization of coagulant dosages, the characteristics of the water being treated, the use of 

coagulation adjuvants, and their potential effects on human health. 

Keywords: coagulation-flocculation, ferric chloride, natural bentonite clay, chitosan, turbidity, 

Jar Test, sulfate removal, coagulation adjuvant, water treatment plant, suspended solids. 
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Abstract 

Phytoremediation is usually defined as the use of green or higher terrestrial plants for the 

extraction, separation or detoxification of pollutants through physical, chemical and biological 

processes. The object of research in this paper is the processes for the production and production 

of coke, i.e. soil that has been burdened with aromatic compounds for a long time. The plant 

that has been selected in this case for phytoextraction, i.e. for processes in which plants are used 

to concentrate metals from the soil into the roots and shoots, is Paulownia elongata. 

The reason for choosing this plant is its rapid growth, large amount of biomass and tolerance 

of high metal concentrations in the shoots. 

The paper presents research on the analysis of the soil, stem and leaves of the Paulownia 

elongata plant after one year of vegetation. Based on the results obtained, clear directions for 

the possibility of phytoremediation of soil burdened with aromatic compounds are given. 

Research will also continue in the coming years in order to determine the intensity of the 

transfer of aromatics into the stem and leaves of the plant as a function of time. 

Keywords: Fitoremedijacija, industrijsko zemljište, aromatska jedninjenja, Paulownija 
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Özet 

Su, yaşamın sürdürülebilmesi için vazgeçilmez bir kaynaktır. Tüm canlı organizmalar, hayati 

faaliyetlerini devam ettirebilmek için yeterli miktarda ve temiz suya gereksinim duyar. Bu 

nedenle su kaynaklarının bozulmadan korunması ve sürdürülebilir şekilde yönetilmesi büyük 

önem taşımaktadır. Su ortamları, çeşitli antropojenik ve doğal süreçler sonucunda fiziksel, 

kimyasal ve biyolojik özelliklere sahip farklı kirleticilerle kirlenebilmektedir. Plastik üretiminin 

hızlı artışı, mikroplastiklerin sucul ortamlarda yaygın bir kirletici haline gelmesine yol açmıştır. 

Mikroplastikler (< 5 mm), günümüzde sucul ekosistemlerin karşı karşıya kaldığı en önemli 

kirleticilerden biri olup, tatlısu kaynaklarında giderek artan düzeylerde tespit edilmeye 

başlanmıştır. Marmara Bölgesi’nin en büyük doğal gölü olan İznik Gölü, içme suyu potansiyeli, 

balıkçılık, rekreasyon ve tarımsal sulama gibi çok yönlü  kullanımları nedeniyle bölgesel açıdan 

kritik bir konuma sahiptir. Göl havzasında artan antropojenik baskılar, mikroplastik taşınımı ve 

birikimini tetikleyebilecek niteliktedir. Bu çalışmada, İznik Gölü’nde mikroplastik kirliliğinin 

çevresel etkilerinin bütüncül bir yaklaşımla ele alınarak, göl ekosisteminin korunması ve 

sürdürülebilir yönetimi için bilimsel bir çerçeve sunmak amaçlanmıştır. Bu kapsamda, İznik 

Gölü içerinde belirlenen 3 farklı istasyonda ilkbahar ve yaz mevsimlerinde gerçekleştirilen 

izleme çalışmaları kapsamında su ve sediment örnekleri alınmış; mikroplastiklerin morfolojik 

özellikleri, olası polimer türleri ve göl ekosistemi üzerindeki potansiyel etkileri 

değerlendirilmiştir. Örneklerde yoğunluk ayırma, organik madde sindirimi ve FTIR 

spektroskopisi standart yöntemleri kullanılarak analizler gerçekleştirilmiştir. Çalışma, 

mikroplastik kirliliğinin göl ekosistemi üzerindeki etkilerini çoklu matris yaklaşımıyla ele 

almakta olup, İznik Gölü’nün mevcut durumu ve ekosistem hizmetlerinin sürdürülebilirliği 

açısından önemli çıkarımlar sunmaktadır.  

Anahtar Kelimeler: İznik Gölü, mikroplastik, su kalitesi, sediment, çevresel etki. 

 

Abstract 

Water is an essential resource for the continuation of life. All living organisms require sufficient 

amounts of clean water to sustain their vital functions. Therefore, the protection and sustainable 

management of water resources are of critical importance. Aquatic environments can be 
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contaminated by various pollutants with physical, chemical, and biological characteristics, 

resulting from both anthropogenic and natural processes. The rapid increase in plastic 

production has led to microplastics becoming a widespread pollutant in aquatic ecosystems. 

Microplastics (<5 mm) are now considered one of the most significant contaminants affecting 

aquatic environments, and they have been increasingly detected in freshwater systems. Iznik 

Lake, the largest natural lake in the Marmara Region, holds a critical regional role due to its 

multifunctional uses, including drinking water potential, fisheries, recreation, and agricultural 

irrigation. Increasing anthropogenic pressures within the lake basin have the potential to trigger 

the transport and accumulation of microplastics. In this study, it was aimed to provide a 

scientific framework for the protection and sustainable management of the lake ecosystem by 

holistically evaluating the environmental impacts of microplastic pollution in Iznik Lake. 

Within this scope, water and sediment samples were collected during monitoring studies 

conducted in spring and summer at three different stations identified within the lake; the 

morphological characteristics of microplastics, their possible polymer types, and their potential 

effects on the lake ecosystem were assessed. Analyses were carried out using standard methods, 

including density separation, organic matter digestion, and FTIR spectroscopy. This study 

approaches microplastic pollution in the lake ecosystem through a multi-matrix perspective, 

offering important insights into the current status of Iznik Lake and the sustainability of its 

ecosystem services. 

Keywords: İznik Lake, microplastic, water quality, sediment, environmental impact. 
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ABSTRACT 

The frequent earthquakes in Türkiye call for the post-disaster shelter and reconstruction 

processes to go beyond temporary measures by addressing rapid response, permanent housing, 

and long-term resilience. Thereby, this study discusses a three-phase model specific to Türkiye, 

in which hemp-based building material would be more than just a technical alternative. 

POST-EARTHQUAKE SHELTERING: HEMP-BASED DISASTER HOUSES: Based on 

a pre-fabricated hemp-lime panel system, Türkiye's post-disaster housing policies offer a more 

qualified and comprehensive system in terms of sustainability and applicability than tent and 

container-based temporary housing methods. Hemp-based modular disaster homes, which store 

heat, provide hygrothermal balance, and offer high fire resistance even against a possible fire, 

can be easily transported even with small vehicles if logistical conditions are met. If production 

lines are urgently put into operation immediately after the disaster notification, they can be 

installed even after the first 72 hours. This provides a permanent housing-level standard of 

living even during the construction process. 

RECONSTRUCTION OF DAMAGED HOUSING- CHANGE OF PARADIGM: The 

post-earthquake reconstruction process in Türkiye mostly involves rebuilding the destroyed 

structure in a similar form. It is about creating a controlled earthquake understanding and 

moving to settlements that break the risk cycle, combining modern seismic design principles, 

unlike the routine system. The fundamental vision is to replace heavy walls that increase 

earthquake loads with a new generation wall system that is lightweight, ductile, and manages 

moisture-heat balance. Hempcrete is a non-load-bearing infill wall material. By combining it 

with a load-bearing system, safer living spaces are constructed. The load-bearing system + 

hemp wall, which will eliminate infill wall explosions, the biggest cause of earthquake damage 

in Türkiye, acts as a dynamic shell that dissipates earthquake energy. Its porous biocomposite 

texture prevents chronic problems such as mold, condensation, and heat loss. The real 

transformation is that hemp creates a new standard for “health-based housing architecture” in 

earthquake zones. The real value lies in the extension of hemp building elements from the 

building scale to the city scale.  

MACRO- LEVEL IMPACT OF HEMP CONSTRUCTION IN TURKEY: From a macro 

perspective, the widespread adoption of hemp-based reconstruction integrates local hemp 

production, panel manufacturing, and the construction sector, simultaneously transforming 

Türkiye's post-earthquake culture, health, and production economy while, most importantly, 

enhancing disaster resilience. 

Key Words: Hemp, housing, sustainable construction, hempcrete 
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ÖZET 

Doğayı bir rezerv olarak görüp insanı da yaşamın merkezine koyan modern hümanistik anlayış 

Sanayi Devrimi’yle başlayan atılımla beraber hızlı bir şekilde çevre sorunlarına ve iklim krizine 

sebep olmuştur. Antroposantrik ekoloji anlayışının sebep olduğu felaketler karşısında 

posthümanist düşünce hem teorik hem pratik olarak doğal yaşam lehine çalışmalar 

yapmaktadır. Hümanist varlık anlayışı akıllı, değer sahibi ve böylece doğa ile diğer varlıkların 

üzerinde tasarruf yetkisine sahip yegâne canlı olarak insanı görmektedir. Ancak posthümanist 

yaklaşımla insanın akıllı olmasını, ahlak sahibi olmasını, toplumsal bir varlık olmasını sağlayan 

şeyin onun özünden kaynaklanmadığını, aksine insanın sahip olduğu özelliklerin tarihsel, 

kültürel, teknolojik bir inşa olduğunu belirtir. Bu inşa süreci ise insanın kendi başına 

üretmesiyle değil, tüm maddi olgular ve oluşumlarla beraber etkileşim içerisinde olmasıyla 

meydana gelmiştir. Bu yüzden postantroposantrik tutuma sahip posthümanist düşünce hümanist 

varlık anlayışı yerine madde merkezli bir varlık anlayışını savunur. Ancak posthümanist 

maddecilik modern dönemin mekanistik ve özne-nesne düalitesine dayanan felsefe 

anlayışından farklıdır. Zira posthümanist düşünce hümanizmin düalist zihniyeti sebebiyle 

ekolojik felaketlere sebep olduğunu savunur. İnsanın, yani öznenin, karşıt kutbu olarak insan 

olmayan her tür unsuru, yani nesneyi, değerden düşüren hümanist anlayış yerine monist bir 

ontoloji önerir. Böylece özne-nesne dikotomisi ortadan kaldırılacak ve var olanlar arasında 

hiyerarşi oluşturan dikey ontolojiye sahip düalizm yerine yatay (flat) ontolojiye sahip monizm 

ikame edilecektir. Özne-nesne dikotomisinin yerini içerisinde zıtlık veya kutuplaşma 

barındırmayan özneler çokluğu alacaktır. İnsan dışındakileri de özne olarak kabul etmek, insan 

olmayanların failliğini, iradesini ve değerini de kabul etmek manasına gelir. Bu tutum küresel 

ısınma ve iklim krizini de daha doğru yorumlama imkânı sağlar. Çünkü insan dünyadaki tek 

fail olmadığı gibi ortaya çıkan sonuçlar da sadece insanın failliğinin eseri değildir. İklim krizi 

insanın insan dışı varlıklar ve süreçlerle ilişkisinden ortaya çıkmıştır. Ancak buradaki kritik 

husus insanın kendisi dışındakilerin failliğini kabul etmeden insan dışı varlıkları ve süreçleri 

değerden düşürerek onları araçsallaştırmasından kaynaklanır. Failler ve fiiller bir başına işleyen 

şeyler olmaktan ziyade başkalarının failleri ile birlikte oluşan süreçlerdir. Dolayısıyla insan 

fiillerinde ve doğaya yaklaşımında yeni bir etik sorumluluk içerisine girmelidir. Posthümanist 

etik ile daha kapsayıcı ve gerçekçi biçimde maddi ilişkileri anlayabilir, insan dışı faillerle 

işbirliği yaparak iklim sorunlarına dair çözümler üretebilir. 

Anahtar Kelimeler: Posthümanizm, postantroposantrizm, Küresel Isınma, İklim Krizi, Yeni 

Materyalizm 

 

ABSTRACT 

The modern humanistic understanding, which views nature as a reserve and places the human 

at the center of life, has rapidly led to environmental problems and the climate crisis, especially 
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with the acceleration that began during the Industrial Revolution. In the face of the disasters 

caused by anthropocentric ecological thought, posthumanist philosophy develops both 

theoretical and practical approaches in favor of natural life. The humanist conception of being 

regards the human as the only living entity endowed with intelligence and moral worth, thereby 

granting it the authority to dominate nature and other beings. However, posthumanist thought 

argues that what makes the human intelligent, moral, and a social being does not stem from an 

inherent essence; rather, these characteristics are historically, culturally, and technologically 

constructed. This process of construction is not something the human produces on its own but 

emerges through continuous interaction with all material entities and formations. Therefore, 

posthumanist thought, with its post-anthropocentric stance, advocates a matter-centered 

ontology instead of the humanist conception of being. Yet posthumanist materialism differs 

from the mechanistic philosophy of the modern era that is grounded in a subject–object dualism. 

Posthumanist thinkers maintain that the dualistic mindset of humanism is precisely what has 

led to ecological catastrophes. Rather than the humanist worldview—which devalues all 

nonhuman entities by positioning them as objects opposed to the human subject—

posthumanism proposes a monistic ontology. In this way, the subject–object dichotomy is 

dismantled and the vertical, hierarchical ontology of dualism is replaced with a flat ontology 

grounded in monism. The dissolution of the subject–object binary leads to a multiplicity of 

subjects that contains no inherent oppositions or polarizations. Recognizing nonhumans as 

subjects also entails acknowledging their agency, will, and value. This perspective allows for a 

more accurate interpretation of global warming and the climate crisis. Humans are not the only 

agents in the world, and the consequences we face today are not solely the outcome of human 

agency. The climate crisis emerges from the entanglement between humans and nonhuman 

beings and processes. The critical issue, however, lies in humanity’s failure to recognize the 

agency of nonhumans and its tendency to instrumentalize them by depriving them of value. 

Agents and actions do not operate independently; they arise through interactions with the 

agencies of others. Therefore, humans must adopt a new ethical responsibility in their actions 

and in their relationship with nature. Through posthumanist ethics, we can more inclusively and 

realistically understand material relations and develop solutions to climate issues by 

collaborating with nonhuman agents 

Keywords: Posthumanism, Postanthropocentrism, Global Warming, Climate Crisis, New 

Materialism 
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ABSTRACT 

Extreme weather events are strongly linked to climate change. WMO data indicate that 18 

record global temperatures occurred within the last two decades, driven by a 32% increase in 

atmospheric CO₂ since 1960. This rise weakens natural carbon sinks and accelerates global 

warming (Lindsey, 2024; Kenarsari et al., 2013). 

Hemp (Cannabis sativa L.) is a fast-growing terrestrial plant with high carbon capture potential. 

One hectare of hemp can absorb 10–12 tons of CO₂ annually, increasing up to 20 tons under 

double harvesting conditions (Tripathi & Kumar, 2022). Its carbon fixation capacity exceeds 

that of many conventional crops and even some forest ecosystems (Jami, Rawtani, & Agrawal, 

2016). Hemp may function as a carbon-neutral or carbon-negative crop over its life cycle 

(Jankovic & Carta, 2021). 

Hemp also supports long-term carbon storage through industrial applications. Hempcrete 

continues to absorb CO₂ during its service life via carbonation (Arrigoni et al., 2017). Hemp 

biomass can be converted into biochar, stabilizing carbon in soils and improving water-holding 

capacity and nutrient retention (Malabadi et al., 2023). 

Life cycle assessment studies show that hemp cultivation increases soil organic carbon stocks 

and can result in net negative greenhouse gas emissions in optimized value chains (Shen, Tiruta, 

& Hamelin, 2022). Fertilizer use remains a critical variable, since it increases yield while 

generating additional emissions during production and application (Hergoualc’h et al., 2019). 

Strategic hemp cultivation in air-polluted and poorly ventilated urban and industrial regions 

offers strong potential to reduce CO₂ concentrations and enhance local air quality, highlighting 

hemp as a key instrument in future climate adaptation and mitigation strategies. 

Keywords: Hemp, Carbon Capture, Air Quality, Climate Change, Biochar, Urban Pollution 
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ABSTRACT 

In the Konya Closed Basin, under global climate change and drought pressure (2022-2025), a 

sustainable solution is being sought for the high-water consumption food industry. This study 

quantitatively examines the water savings, wastewater treatment load mitigation potential 

achieved by the R&D-based dry system implemented at the Eksun Gıda flour mill in Konya. 

The findings aim to provide a feasible, scalable sustainability model for industrial facilities in 

water-scarce regions. 

This study presents the industrial scaling success of an R&D-based mechanical dry wheat 

cleaning system that reduces the environmental impact of traditional wet washing [1]. 

Successfully integrated from laboratory scale to full-factory production, this system utilizes 

intensive mechanical peeling and pneumatic aspiration technologies. The results achieved a 

100% reduction in water consumption, significantly alleviating wastewater discharge burdens 

and reducing reliance on treatment facilities. The dry system maintains product quality even at 

high tonnages, creating a scalable, highly efficient, and environmentally friendly model for the 

flour industry. 

Study, the effects of the dry system processing method, which aims at water savings, on flour 

purity were evaluated through ash content analyses. While the ash value of the control flour 

was 0.528%, in the first trial where only hulling was applied, the ash increased to 0.557%, 

resulting in a decrease in color quality in PeKar analyses[3].In the second optimized step, which 

involved sifting the hulled wheat before milling to optimize flour purity, the ash content was 

measured as 0.522%.The value fell below the control standard, providing the desired color 
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results in PeKar analyses. In conclusion, it was shown that an effective sifting step following 

hulling is essential for the dry system to produce high-quality flour, that this two-stage method 

successfully optimized flour purity in line with water saving objectives[2-5]. 

Keywords: Sustainability, Water Saving, Dry System (Wheat Cleaning), High-Water 

Consumption Food Industry 

 

Dry-system Milled Wheat 

Amount of water saved / m3 

Tonne 

2023 133.000 95.760 

2024 180.000 129.600 

2025 153.000 110.160 

TOTAL 466.000 335.520 
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ABSTRACT 

Ethnobotany, derived from the Greek words "ethnos" (people) and "botane" (plant), is an 

interdisciplinary science that systematically examines the human-nature interaction that has 

existed throughout human history. In Turkey, which is notable for its rich flora, the weakening 

of oral culture along with the modernization and urbanization process increases the importance 

of recording traditional plant usage knowledge using scientific methods. 

In this context, the examined Cannabis sativa L. (hemp) is one of the taxa with multipurpose 

uses in food, textiles, and folk medicine in Anatolian ethnobotany. Field studies throughout 

Turkey demonstrate regional diversity in the plant's usage. Industrially, in Rize and Kastamonu, 

plant fibers are used in weaving ropes, cords, and "Rize cloth" (feretiko); while for food 

purposes, its seeds are utilized in making "kavut" in Iğdır and as birdseed in Denizli. 

The phytotherapeutic use of the plant also holds a significant place in folk medicine. Literature 

records indicate that the aerial parts of the plant are used for diabetes treatment in Hatay and 

Bilecik; as an analgesic in Tokat and Kırklareli; for wound healing and colds in Bursa; and for 

the treatment of earache and constipation in Gümüşhane. Additionally, unique local 

applications exist, such as fumigation with leaves to control the Varroa parasite in beehives in 

Rize. 

In conclusion, elucidating the ethnobotanical history of the Cannabis species is valuable both 

in terms of documenting a biocultural heritage and constituting a database for modern 

pharmacological research and domestic medical Cannabis studies based on traditional 

knowledge. 

Keywords: Ethnobotany, Cannabis sativa, Traditional Medicine, Turkey, Biocultural Heritage. 
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Abstract 

The increasing global demand for animal-derived products has heightened the importance of 

alternative feed resources for ensuring the sustainability of animal production. In this context, 

the seed, cake, and oil of low-THC industrial hemp (Cannabis sativa L.) show considerable 

potential as feed ingredients due to their nutrient composition and bioactive constituents. 

Determining how and at what inclusion levels these products can be incorporated into the diets 

of different animal species is critical for the development of future feeding strategies. 

The inclusion of hemp products in laying hen diets can increase the n-3 fatty acid content of 

eggs and lower the ω-6/ω-3 ratio, thereby offering the potential to produce a more favorable 

lipid profile for human health without adversely affecting performance parameters. In broiler 

chickens, dietary incorporation of hemp derivatives up to certain levels has been reported to 

improve body weight gain and feed conversion ratio; moreover, some studies indicate that 

hempseed may serve as a complementary nutritional strategy to enhance bone strength. 

In beef cattle, hempseed cake has emerged as a protein source that supports rumen fermentation 

and fiber digestion and may serve as an alternative to soybean meal. By contrast, high inclusion 

rates of hempseed cake in dairy cow diets may adversely affect milk composition. In sheep, 

hempseed cake is thought to have the potential to serve as a protein source that could replace 

canola meal. Moreover, hempseed supplementation in finishing lambs has been reported to 

enhance growth performance and improve feed efficiency. In dairy ewes, hemp-derived 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 118



products are reported to have the potential to increase milk yield and milk fat content, while 

also enhancing the functional value of milk by increasing its n-3 fatty acid content. 

In conclusion, hemp derivatives have the potential to be used as feed ingredients across different 

animal species and production systems. However, further research is needed to define optimal 

inclusion levels according to species, physiological stage and production objectives, and to 

systematically characterize potential anti-nutritional factors. 

Keywords: Hemp, Cannabis Sativa L., Animal Nutrition 
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ABSTRACT 

The oxidation of n-butane to maleic anhydride in industrial fixed-bed tubular reactors is an 

important process in chemical industry, often accompanied by the formation of undesired by-

products. Previous studies have developed multiple kinetic models and simulation approaches 

to predict reactor performance, yet practical validation using industrial data remains essential. 

This study focuses on the validation of optimized kinetic parameters using existing industrial 

process data, and on evaluating the effect of operational variations on reactor performance. 

Industrial data were obtained from a fixed-bed VPO catalyst reactor under different operational 

conditions, including variations in temperature, flow rates, and reactant composition. The 

optimized kinetic parameters, derived from prior modeling efforts, were applied to predict 

reactor performance, and results were compared directly with measured process data. The study 

emphasizes the influence of key operational parameters on maleic anhydride yield, selectivity, 

and by-product formation, without exploring multiple kinetic models or developing new 

simulations. Results show that the optimized kinetic parameters closely reproduce the observed 

industrial outcomes, confirming the reliability of the proposed model for practical applications. 

Maleic anhydride yield was found to be particularly sensitive to variations in inlet n-butane and 

oxygen flows, while selectivity remained relatively stable. These findings provide practical 

insights for process control, highlighting which operational conditions are most critical for 

maintaining high yield and minimizing undesired by-products. This work contributes to the 

development of industrial guidelines for n-butane oxidation, offering a validated approach to 

applying optimized kinetic parameters in real fixed-bed reactors. 

Keywords: industrial process data, kinetic parameter validation, by-product formation, process 

control.
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ABSTRACT 

This study investigates the thermal performance of bio-based composite thermal insulation 

panels produced using hemp fiber and low-melting polyester resin, with the aim of developing 

sustainable building materials. Three different composite formulations (HP30, HP70, HP90) 

were fabricated under laboratory conditions and evaluated in terms of thermal conductivity (λ). 

Experimental results revealed that the HP70 specimen, containing 70% hemp fiber and 30% 

polyester, exhibited the lowest thermal conductivity value of 0.037 W/(m·K), demonstrating 

statistical similarity to commercial petrochemical-based insulation products. In contrast, a 

significant decrease in insulation performance was observed in the HP90 composite, where the 

hemp fiber content was increased to 90%. 

Additionally, the environmental assessment indicated that hemp fiber-based composites offer 

ecological and economic advantages due to their low energy demand, reliance on locally 

sourced raw materials, and high recyclability potential. The findings demonstrate that hemp-

fiber composites constitute a viable, innovative, and environmentally friendly alternative for 

the sustainable construction sector. Future studies are recommended to comprehensively 

investigate the material’s fire resistance, acoustic insulation performance, and mechanical 

properties. 

Keywords: Hemp fiber, Thermal insulation material, Composite material, Thermal 

conductivity, Sustainable construction, Polyester resin. 
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ABSTRACT 

Introduction and Purpose: The growing global threat of antimicrobial resistance necessitates 

the search for new therapeutic agents, and plant-derived compounds are emerging as promising 

candidates. Hemp seed oils are known to contain moderate to high amounts of tocopherols and 

tocotrienols, phytosterols, phospholipids, carotenes, and minerals. Cannabis sativa (Cannabis 

sativa L.) seed oil contains α- and β-linolenic acids, palmitic and stearic fatty acids, as well as 

cannabidiol, Δ9-tetrahydrocannabinol, myrcene, β-caryophyllene, β-sitosterol, and α- and β-

tocopherol. The essential oils of these seeds contain α-pinene, myrcene, trans-β-ocimene, α-

terpineolene, α-humulene, and trans-caryophyllene. These diverse components exhibit 

remarkable antimicrobial and antifungal properties through various mechanisms. 

Materials and Methods: Narlı hemp seed, registered by Ondokuz Mayıs University, is 

Türkiye's first industrial hemp seed. In our study, Narlı hemp seed oil was prepared as a 50% 

(v/v) DMSO solution. MIC values of Enterobacter cloacae subsp. cloacae ATCC BAA-1143 

(AmpC+), Enterobacter cloacae ATCC BAA-2341 (blaKPC+), Klebsiella pneumoniae ATCC 

BAA-2146 (ndm-1+), and Klebsiella pneumoniae ATCC BAA-1705 (KPC+) against bacteria 

with different antibiotic resistance genes were determined using the EUCAST broth 

microdilution method (96-well plate). 

Results: As a result, the MIC values of Narlı hemp seed oil on antibiotic-resistant bacteria were 

determined as > 50% (v/v) and 25% (v/v). 

Discussion and Conclusion: Studies on the combined use of Narlı hemp seed oils with 

different solvents, different extraction methods, and antibiotics should be continued. 

Key Words: Hemp, antibiotic resistance, one health 
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ABSTRACT 

Introduction and Purpose: Plant biotechnology, or more specifically, the plant tissue culture 

method, offers an effective alternative method for the continuous and standardized production 

of compounds in the content and quantity of secondary metabolites (SM), independent of soil 

conditions, by reducing variability caused by factors such as the plant's gender, age, 

developmental stage, climatic conditions, harvest time, cultivation, and storage methods. 

Cannabis sativa L. is a plant that has regained importance in recent years with the lifting of 

restrictions around the world and in our country. It has a high commercial value and a rich SM 

content. The aim of this study is to produce C. sativa genotypes in laboratory conditions, by 

means of plant tissue culture methods and to determine the most suitable cytokinin–auxin (plant 

growth regulators) combination for callus biomass production. Based on the observations and 

analyses conducted, the aim is to transfer callus cultures from the selected media to cell 

suspension culture, and subsequently increase the secondary metabolite content by testing 

various elicitors. 

Materials and Methods: For this purpose, the seeds were sterilized and germinated in 

Murashige and Skoog (MS) nutrient medium. After a ten-day germination period, the seedlings 

were cultured in MS medium with three different explants (hypocotyl, cotyledon, and root) 

combined with three different cytokinins (Kinetin, Zeatin, Tidiazuron [TDZ], and 6-

Benzylaminopurine [BAP]) and one auxin (naphthalene acetic acid [NAA]) at different 

concentrations. At the end of each 4-week culture period, callus biomasses were measured, 

growth indices were calculated, and the calli were transferred to subcultures. At the end of the 

24th week, the explants and calli obtained in the nutrient medium that showed the highest 

growth index were transferred to erlenmeyer flasks containing liquid medium for cell 
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suspension culture and kept in a rotary shaker at 100 rpm (Figure 1). Methyl jasmonate (MeJA) 

and salicylic acid (SA) elicitors were applied to these cultures at different concentrations, and 

secondary metabolite production potential was evaluated through daily measurements taken 

over a period of 4 days. 

Results: The highest yield was obtained in the Zeatin + NAA combination in cotyledon 

explants. MeJA applications in suspension culture increased callus biomass compared to 

control groups. 

Discussion and Conclusion: As a result, it was determined that the MeJA elicitor supports 

biomass increase in suspension cultures initiated with calli having a high growth index. 

Key Words: Cannabis sativa L., hemp, callus, secondary metabolite, plant tissue culture 
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Figure 1. Cell suspension culture 
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ABSTRACT 

Introduction and Purpose: Inflammation is a response to the immune system against harmful 

agents. It is a highly complex process initiated by the recognition of specific molecular patterns 

associated with infection or tissue damage. Long-term inflammation is typically associated with 

severe adverse health effects and the pathogenesis of numerous diseases (Ahmed, 2011). 

Osteoarthritis affects many different diseases, including those triggered by direct inflammatory 

processes such as hepatitis, as well as obesity, diabetes, cancer (Rohm et al., 2022), and 

Alzheimer's disease (Chung et al., 2009). For this reason, the search for anti-inflammatory drugs 

continues.  

Materials and Methods: This study will be based on an evaluation of the data in the literature. 

Results: Hemp has been used for years by many different cultures for its anti-inflammatory 

effect (Anil et al., 2022). Some of the studies on inflammatory effect of hemp will be presented 

including clinical trials.In of the in vivo study, the effect of ethanol extract prepared from hemp 

flowers on acute and chronic inflammation was investigated using paw tests.  The findings 

revealed that the effect on paw oedema was comparable to that of diclofenac (Shebaby et al., 

2021). In an LPS-stimulated study conducted on the THP-1 cell line, THC, CBD and the ethyl 

acetate extract of C. sativa flowers were compared.  IL-1β, IL-6, IL-8 and TNF-α levels were 

evaluated. While THC and CBD produced a slight decrease, the extract produced a significant 

(p<0.001) decrease (Zaiachuk et al., 2023). This situation demonstrates that a synergistic effect 

may exist between the compounds. A clinical study involving 820 participants with chronic low 

back pain investigated the VER-O1 patented standardised full-spectrum extract. It was observed 

that neuropathic pain decreased after application and that no drug dependence developed after 

application. This makes the full-spectrum C. sativa extract a good candidate for an NSAID 

(non-steroidal anti-inflammatory drug). It also investigated the anti-inflammatory potential of 

hemp seeds fermented with 10 different probiotic strains. Among these, Lactiplantibacillus 

plantarum fermented hemp seeds (FHS) showed a decrease in the expression of critical 

inflammation markers such as TLR4, NF-κBp65, and iNOS. Moreover, a significant dose-

dependent inhibition of inflammatory cytokines TNF-α, IL-6, IL-1β, and NO occurred in the 

concentration range of 50 to 500 µg/mL. This is important for generating ideas about hemp-

based products in drug development studies (Shan et al., 2024).  
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Discussion and Conclusion: The use of modern techniques is crucial both to increase 

effectiveness and to reduce side effects. Furthermore, it is important to clarify details such as 

toxicity.  

Keywords: Cannabis sativa, hemp, anti inflammatory drug, inflammation 
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ABSTRACT 

Introduction and Purpose: The liver is the primary organ responsible for maintaining 

metabolic homeostasis in the body by metabolising xenobiotics and endogenous molecules. 

Consequently, the liver is the target of numerous insults that result in disrupted hepatic 

homeostasis and lead to liver diseases. The liver consists of various cell types, including 

hepatocytes, Kupffer cells, hepatic sinusoidal endothelial cells, and hepatic stellate cells (HSC) 

(Casas-Grajales & Muriel, 2015). This study aims to evaluate the possible effects of C. sativa 

on the liver. 

Materials and Methods: This study will be based on an evaluation of the data in the literature. 

Results: The emergence of numerous diseases affecting each cell through different mechanisms 

is inevitable. The activity of C. sativa phytochemicals, mostly CBD and THC derivatives were 

invastigated on the liver diseases. In one of the study, CBD (cannabidiol) has been investigated 

on non-alcoholic fatty liver disease (NAFLD), one of the diseases with high incidence 

worldwide. A reduction in accumulated lipid deposits has been observed (Silvestri et al., 2015). 

An in vivo study using abnormal cannabidiol (Abn-CBD), a synthetic cannabidiol, 

demonstrated a reduction in fat accumulation in the liver (Romero-Zerbo et al., 2020). In a 

study examining its effect on hepatocellular carcinoma, survival decreased in a liver cancer cell 

line treated with low-dose CBD in a time- and dose-dependent manner. It was also observed 

that it induced cell death by activating the mitochondrial-dependent apoptotic signalling 

pathway and blocked the G0/G1 phase of the cell cycle (Tajik et al., 2022). Research also 

focuses on elucidating the molecular effects. The activation of hepatic stellate cells (HSCs) 

thsat is important in response to liver damage. It leads to increased type I collagen production 

and subsequent liver fibrosis. This study demonstrates that CBD induces apoptosis in activated 

HSCs by activating the IRE1/ASK1/c-Jun N-terminal kinase pathway, independently of 

cannabinoid receptors (Lim et al., 2011). Another study investigated the effect of C. sativa oil 

containing different ratios of CBD and THC on NAFLD. Oils with CBD: THC ratios of 1:1 and 

2:1 were found to have a stronger effect on NAFLD (Degrave et al., 2025). 
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Discussion and Conclusion:The liver is the primary organ responsible for metabolism in the 

human body. Therefore, it is important to consider the potential of C. sativa for the liver 

objectively. As the toxicity of C. sativa and the number of clinical studies increase, it is a 

potential drug candidate for the future. 

Keywords: Liver diseases, Cannabis sativa, hemp, liver health 
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ÖZET 

2000’li yıllardan itibaren popülaritesi giderek artan kenevir, başta tekstil, kompozit, inşaat ve 

diğer çeşitli endüstrilerde kullanılabilen önemli bir bitki olmuştur. Endüstriyel kenevir bitkisi,  

yüksek selüloz içeriği, iyi mekanik dayanımı ve düşük yoğunluk yanı sıra çok yönlü kullanım 

potansiyeli ve çok etkili çevresel sürdürülebilirliği ile büyük ilgi görmektedir. ABD'de 2014  

yılında “Farm Bill”  yasası ile yaşama geçirilen değişiklikler ile kenevir bitkisinin 

yetiştirilmesi, bulundurulması ve/veya dağıtımı ile ithalatı yeniden düzenlenmiştir. Böylece, 

"Cannabis sativa", "cannabis indica" ve "cannabis rudelasis" olarak bilinen üç kenevir ırkı 

ayrıştırılmış ve endüstriyel kenevir olarak bilinen canabis sativa'nın  yetiştirilmesi ve 

işlenmesi dünyanın belirli bölgelerinde yeniden başlatılmıştır.  

Bu bildiride,  kenevir lifini elde etme ve işleme yöntemleri ile kapsamlı lif özellikleri de dahil 

olmak üzere kenevir lifi kullanımının gelişimi incelenerek,  olası fırsatlar ve muhtemel 

güçlükler ortaya konulmuştur. Bu çalışmanın amacı, kenevir lifinin bir tekstil malzemesi olarak 

üstün özelliklerini ve bunların var olan teknolojik süreçlere uygunluğu ve uyumunu 

sağlayabilmenin yollarını açıklamaktır.  

Kenevir, tohumundan, gövde ve saplarından elde edilen liflerden, çiçeklerinden, yaprak ve 

köklerinden yararlanılan çok amaçlı mucizevi bir bitki olarak tanımlanır.  Kenevir bitkisinin 

dünya genelinde üretim toplamının 600.000 kg aştığı tahmin edilmektedir. Bu toplam içinde, 

kenevir lifi payının 200.000 kg dolayında olduğu öngörülmektedir. Kenevir bitkisi ürünleri ve 

de atıkları çok değişik pazarlarda tüketilmektedir. 2023 yılı itibariyle toplam 5,5 milyar US 

dolar büyüklüğünde olduğu öngörülen kenevir ürünleri pazarında, tekstil % 26,8 ‘lik bir payla 

ilk sırada yer almaktadır.  

Kenevir lifleri, tekstil üretiminde kullanılabilmesi için bitki hasatı sonrasında;  son kullanım 

yerine göre farklı işlemlerden geçirilip hazır hale getirilir.  Kenevir  bitkisinin yetiştirilmesi 

diğer bitkisel liflere ve özellikle  pamuğa göre çok daha çevre dostudur. Yaklaşık 50% daha az 
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su ve kimyasal kullanarak büyüme özelliğine sahiptir.  Kenevir lifleri kompozit ve teknik 

tekstiller ile dış giyimden ev tekstiline bir çok farklı alanda kullanılmaktadır. Kenevir elyaf ve 

ipliğinden üretilen ürünler dayanıklı, antibakteriyel, UV ışınlarından koruma, nem aktarma 

özellikleri ve doğal görümü ile her geçen gün daha fazla ilgi  görmektedirler. Kenevir lifinin 

sürdürülebilir bir lif olmasında, doğal lif dolayısıyla biyolojik olarak çözünebilir olması önemli 

bir kazanım sağlamaktadır. Diğer taraftan özellikle lif ayrıştırma sürecinde yaygın  ve 

sürdürülebilir bir değer zinciri oluşturulması ile kenevir lifi işleyen makina ve teknolojilerin 

modernizasyonundaki güçlükler, ve kenevir lifinin niş bir ürün algısından kurtarılması da 

aşılması gereken önemli tehditler arasında yer alır. 

Anahtar sözcükler: Kenevir, kenevir lifi, tekstil, sürdürülebilir üretim 

 

ABSTRACT 

Industrial hemp with an increasing popularity since the 2000s has become an important plant, 

particularly in textiles, composites, construction, and various other industries. The industrial 

hemp plant, has attracted considerable attention due to its high cellulose content, good 

mechanical strength, and low density, as well as its versatile potentials and a high environmental 

sustainability. Amendments enacted in the United States in 2014 with the Farm Bill reregulated 

the cultivation, possession, and/or distribution, as well as the importation of hemp. This resulted 

in the separation of three breeds of hemp: Cannabis sativa, Cannabis indica, and Cannabis 

rudelasis. Cultivation and processing of cannabis sativa, also known as industrial hemp, were 

resumed in certain regions of the world. 

This paper examines the development of hemp fiber utilization, including methods for obtaining 

and processing hemp fiber and its comprehensive fiber properties, highlighting potential 

opportunities and potential challenges. The aim of this study is to explain the superior properties 

of hemp fiber as a textile material and ways to ensure its suitability and compatibility with the 

current technological processes. 

Hemp is described as a miraculous multi-purpose plant, utilized for its seeds, fibers from its 

stems and stalks, flowers, leaves, and roots. Global hemp production is estimated to exceed 

600,000 kg. Of this total, hemp fiber accounts for approximately 200,000 kg. Hemp products 

and waste are consumed in a variety of markets. Textiles are the leading hemp products market, 

accounting for 26.8% of the total, projected to be worth US$5.5 billion by 2023. 

After the plant is harvested, hemp fibers undergo various processes to be ready for use in textile 

production, depending on the final use. Hemp cultivation is much more environmentally 

friendly than other plant fibers, especially cotton. It grows using approximately 50% less water 

and chemicals. Hemp fibers are used in a wide range of applications, from composite and 

technical textiles to outerwear and home textiles. Products made from hemp fiber and yarn are 

attracting increasing interest due to their durability, antibacterial properties, UV protection, 

moisture transport properties, and natural appearance. Hemp fiber's biodegradability, which 

makes it a sustainable fiber, is a significant advantage. On the other hand, the difficulties in 

modernizing the machinery and technologies that process hemp fiber, especially in establishing 

a widespread and sustainable value chain in the fiber extraction process, and abolishing the 

perception of a niche product are among the important threats that need to be overcome. 

Keywords : Hemp, hemp fiber, textiles, sustainable production 
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GİRİŞ 

Endüstriyel kenevir olarak bilinen “Cannabis Sativa Linnaeus”  2000’li yılların öncesinde 

başlayan ilgi ve talep sonucunda yeni yüzyılın popüler tarla bitkilerinden biri olmuştur.  Kenevir 

bitkisinin  olağanüstü ekolojik potansiyeli ile  sunduğu geniş hammadde çeşitliliği, başta tıp, 

tekstil, gıda, tarım ve inşaat olmak üzere diğer pek çok endüstri kolları için ilgi çekici olmuştur 

(Wimalasiri vd., 2023; Ozek, 2025). Aslında insanlık tarihinde kullanılan ilk liflerden biri olan  

kenevirden üretilmiş kumaş kalıntılarına M.Ö. 8000‘li yıllardan kalma mezarlarda ulaşılmış 

olduğu bilinmektedir (Lu & Clarke 1995). Tarih boyunca ekonomik değer yaratan bir bitki  

olarak kullanımı, içerdiği  kannabidiolun rahatlatıcı ve keyif verici bir madde olarak öne 

çıkmasıyla kesintiye uğramıştır. ABD'de 2014  yılında “Farm Bill”  yasası ile yaşama 

geçirilen değişiklikler sonucunda kenevir bitkisinin yetiştirilmesi, bulundurulması ve/veya 

dağıtımı ile ithalatının yeniden düzenlenmesi, dünya genelinde yeniden yaygınlaşmasının 

önünü açmıştır (Rudder, 2024).  Bu düzenleme, 2018 yılında Çiftlik Yasası'nın, kuru ağırlık 

bazında %0,3'ten fazla delta-9-tetrahidrokanabinol içermeyen bitki materyali olan keneviri 

kapsam dışı bırakacak şekilde CSA'yı değiştirmesine kadar devam etmiş (Bodie vd., 2022), ve 

kenevirin esrar tanımından çıkarılmasıyla sonuçlanmıştır. Bu değişiklikler sayesinde 

endüstriyel kenevir yetiştiriciliğine getirilen kısıtlamalar kaldırılmış ve kenevir bitkisinden elde 

edilen lif ve tohum yağı yanı sıra kannabidiol CBD'nin tıbbi değerinin yaygın kabul görmesi, 

çiftçilerin CBD özütü üretimini hedefleyen Cannabis sativa L. yetiştiriciliğine odaklanmalarını 

özendirmiştir (Wiredu vd. 2021;  Skelley vd., 2020). CBD kullanımına olan ilgi, 2024'de 9,4 

milyar ABD doları değerinde olan ve 2025'den 2030'a dek %15,8'lik bileşik yıllık büyüme 

oranıyla (CAGR) 22,05 milyar ABD dolar düzeyine genişlemesi beklenen küresel kannabidiol 

pazarının büyüklüğüne de yansımıştır (Grand View Research, 2024).  

Kenevire olan ilginin yaygınlaşmasında, artan hava sıcaklığı ve buna bağlı iklim değişiklikleri 

nedeniyle önemi artan çevre koruma ihtiyacını karşılama beklentisi de etkili olmuştur. Bu 

kapsamda geliştirilen  Avrupa Yeşil Mutabakatı (AYM) de kaynak verimliliği ve rekabetçi 

ekonomiler açısından Avrupa Birliği'nin modern dönüşümüne odaklanan bir stratejiyi ortaya 

koymuş, ve özellikle iklim ve çevresel zorluklara yönelik bütüncül bir yaklaşımın önemini 

vurgulamıştır (E.Commision, 2019). AYM ilkeleri ve Döngüsel Ekonomi Eylem Planı, 

Çiftlikten Kaşığa Stratejisi, AB İklim Paktı ve benzerleri  gibi diğer Avrupa stratejileri, sera 

gazı emisyonlarının azaltılmasını, döngüsel ekonominin uygulanmasını, etkili doğal kaynak 

yönetimini ve fosil yakıtların yenilenebilir enerji kaynaklarıyla değiştirilmesinin gereğine ve 

önemine vurgu yapmaktadır.  

Bu bildiride,  kenevir lifini elde etme ve işleme yöntemleri ile kapsamlı lif özellikleri de dahil 

olmak üzere kenevir lifi kullanım potansiyeli incelenerek,  olası fırsatlar ve muhtemel güçlükler 

ortaya konulmuştur. Bu çalışmanın amacı, kenevir lifinin bir tekstil malzemesi olarak üstün 

özelliklerini ve bunların var olan teknolojik süreçlere uygunluğunu ve uyumunu 

sağlayabilmenin yollarını açıklamaktır.  Sektörün ihtiyaçlarını karşılamak üzere kenevir  

yetiştiriciliği,  işlenmesi ve kullanım seçeneklerine ilişkin sorunların çözümü ile yeni teknolojik 

çözümler sunabilmek amacıyla yürütülen çalışmalar yoğun olarak sürmektedir.  

Doğal lifler, yüzyıllardır tekstil endüstrisinin ayrılmaz bir parçası olarak yapay ve sentetik 

liflere sürdürülebilir bir alternatif sunmaktadır. Son yıllarda, sentetik liflerle ilgili kirlilik ve 

biyolojik olarak parçalanamama gibi artan çevresel endişeler, doğal liflere olan ilgiyi daha da 

artırmıştır. Pamuk, keten ve kenevir gibi lifler biyolojik olarak parçalanabilir ve sentetik 

muadillerine kıyasla daha düşük çevresel etkiye sahiptir (Yu, 2024; Malabadi vd., 2023). 

Kenevir, bir doğal lif olarak, sayısız avantajı olan çevre dostu ve sürdürülebilir bir tekstil 

çözümüdür. Biyolojik çözünebilmenin yanında çeşitli uygulamalara uyarlanabilir ve pamuğa 

kıyasla daha az su ve gübre gerektirir, yabani ot büyümesini engeller ve topraktan toksik 

maddeleri uzaklaştırır.  
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Kenevirin işlenmesi ve üretimi olumlu çevresel etkilere sahiptir ve tekstil uygulamaları için 

kenevir liflerini çıkarmak ve işlemek için çeşitli teknikler kullanılmaktadır. Kenevir kumaşı 

ısıya ve statik elektriğe dayanıklıdır, hoş bir dokunuş hissi, tutum, yüksek dayanıklılık ile serin 

ve rahat bir giyim deneyimi sunar (Zimniewska, 2022; Goktas ve Ertekin, 2022). Kenevir lifi, 

tekstil endüstrisinde sentetik liflerin yerini alma potansiyeline sahiptir ve döşemelik kumaşlar 

için de uygun bir seçenektir (De Miranda, 2011). Kenevir lifi, diğer liflerle harmanlanarak nihai 

ürünün niteliklerini iyileştirme potansiyeline sahiptir ve bu kapsamda pamuklu tekstillere ile 

birlikte kullanıma uygun ve sürdürülebilir bir alternatiftir (Goderoidt vd., 2017).  

 

LİTERATÜR  ÖZETİ 

Günümüzde yetiştirilen binlerce tarım ürün türü arasında, kenevir (Cannabis sativa L.), yaklaşık 

10.000 yıllık arkeolojik verileriyle en eski evcilleştirilmiş ürünlerden birisidir (McPartland, 

Hegman, Long, 2019). Kenevir bitkisinin ilk kez kuzey batı Çin bölgesinde keşfedilip 

evcilleştirildiği öngörülmektedir (Roulac, 1997). Kökeni Çin olmakla birlikte, antik 

dönemlerde Avrupa ve Anadolu topraklarında da kenevir ekimi yapılmıştır.   Anadolu'nun 

birçok bölgesinde yüzyıllarca yetiştirilmiş ve dayanıklı lifi, besleyici tohumu ve psikoaktif 

madde içeriği sayesinde yaygın  kullanılmıştır. Cannabis, Türk diline Yunan kökenli “kanavuri” 

ve Uygur dilinden  alınan “kendir” terimleriyle yerleşmiştir (Clarke, 2023). Osmanlı 

İmparatorluğu döneminde,  donanmanın zorunlu ihtiyacı kenevir halat yapımı için  sultanlık 

tarafından zorunlu kılınan ekim ve üretimi, Cumhuriyet sonrasında da uzun süre devam etmiştir.   

Zirai literatürde hem yağ hem de lif bitkisi  olarak sınıflandırılan kenevir, farmakolojik etkisine 

göre narkotik bir bitki olarak sınıflandırılmaktadır (Small, 2017). Taksonomik sınıflandırmada, 

ailesi ve cinsi “Cannabaceae” ve “Cannabis” olarak verilen kenevir bitkisinin "Cannabis 

sativa", "Cannabis indica" ve "Cannabis ruderalis" olarak bilinen üç türü vardır. Sativa ve 

indica'nın melezlenmesiyle elde edilen bir hibrit versiyonu da geliştirilmiştir. Esrar maddesinin 

psikoaktif özelliklerinden en çok sorumlu kimyasal olan delta-9-tetrahidrokannabinol “THC”, 

tüm kenevir çeşitlerinde bir dereceye kadar bulunan bir bileşendir. Tıbbi kenevir olarak 

adlandırılan esrar, yaklaşık %10-30 THC içerirken, endüstriyel kenevir, Cannabis sativa L.'nin 

psikoaktif olmayan çeşitlerini ifade eder (Bouloc, 2013) ve %0,2-0,3'ten daha az THC, ancak 

yüksek düzeyde kannabidiol (CBD) içerir. 
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Şekil 1. Kenevir bitkisi ve temel bileşenlerinin başlıca kullanım alanları 

 

Kenevir yetiştiriciliğinin tüm çevresel yönleri ve büyüyen kenevir ürünü pazarı, bu mucizevi 

bitkiyi tarım sektörü için cazip hale getirmiştir. Cannabis  toplam değer zincirinin tüm aşamaları 

(örneğin, yetiştirme, işleme, kullanım ve yeniden kullanım/biyo-rafinasyon/atık yönetimi), 

yukarıda belirtilen stratejilerin ilkelerini yerine getirip iklim değişikliğiyle mücadeleye katkıda 

bulunma potansiyeline sahiptir. Kenevir yetiştiren çiftçiler, kullanılan herbisit miktarını 

azaltabilir, ürün rotasyonu uygulayabilir ve gerekirse organik sertifika da alabilmektedirler. 

Çok yönlü uygulamalar için muazzam bir potansiyele sahip olan kenevir bitkisine, tarım 

sektörü, endüstri, tüketiciler, döngüsel ekonomi ve çevre odaklı üretim perspektiflerinin 

bütünsel yaklaşımları; keneviri  biyo-ekonomideki en önemli bitkilerden biri olarak 

konumlandırmaktadır. Diğer taraftan, kenevir bitkisinin çok yönlü ve kapsamlı kullanım 

potansiyeli de ekonomik ve endüstriyel önemini ve var olan talebi artırmaktadır. Kenevir 

bitkisinin ana bileşenleri tohumlar, saplar, yapraklar, çiçekler ve kökleri çok çeşitli amaçlarla 

kullanılabilmektedir. Şekil 1’de görüldüğü üzere, bitkinin her bir bileşeni ve tüm artıkları ilaç 

ve kozmetik yapımından kompozit katkısına, tekstilden  yapı sektörüne ve gıda alanından biyo 

yakıt uygulamasına dek  çok zengin bir kullanım potansiyeline sahiptir.  

Bu argümanlar dolayısıyla kenevir yetiştiriciliğine ve kullanımına yönelik küresel ilgi 

yükselmiş ve doğal olarak yapılan projeksiyonlar da küresel kenevir pazarının giderek 

büyüyeceğine dair eğilimleri ortaya koymuştur. 2024’de on milyar dolar olduğu öngörülen 

kenevir ürünleri pazarının, gelecek beş yıl içinde 2,5 kat büyüklüğe ulaşacağı rahatlıkla 

söylenebilir. Kenevir ürünleri 2023-2030 yılları küresel pazar projeksiyonu, Şekil.2 ‘de grafik 

olarak verilmiştir. Kenevir tohumu ve kenevir yağı, pazar payının yaklaşık 2/3’üne sahip olmayı 

sürdürürken, kenevir kıtığı ve CBD özütünün pazar paylarında da kayda değer artışlar olmuştur 

(Market.us, 2025). Kenevir lifinin pazar payında ise göze çarpan bir değişim henüz 

gerçekleşmemiştir. Pazar araştırmasına göre, Kuzey Amerika bölgesi %38,3’lük pay karşılığı 

2,6 milyar ABD doları tutarındaki ticaret hacmiyle, kenevir pazarının lideri konumundadır.  
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Şekil 2. Kenevir bitkisinden elde edilen ürünlerin küresel dünya pazarındaki yaklaşık payları 

Kenevir, iyi gelişmiş bir yaprak sistemiyle karakterize edilen yıllık bir bitki olup dünyanın en 

hızlı büyüyen bitkilerden birisidir (Deitch, 2003). Bir vejetasyon döneminde (bitki cinsine 

bağlı)  atmosferden yaklaşık 10 ton CO2 emebilir, hava kalitesi ile termal dengeyi iyileştirebilir 

ve olumlu bir çevresel etki sağlayabilir (Steve, 2012). Kenevir yetiştiriciliğinin diğer faydaları 

arasında yabani ot büyümesinin baskılanması, erozyon önleme, ıslah özellikleri ve toprağı 

zehirli maddelerden ve ağır metallerden arındırma yeteneği de yer alır (Stanwix, 2014; 

Zimniewska, 2022). Kenevir bitkilerinin dayanıklı yabani otları öldürme yeteneği, kenevir 

bitkilerinin uzun boyu, kalın yaprakları ve yoğun olarak yetiştirilebilmesinden kaynaklandığı 

öngörülmektedir (Burns, 2020).  

Kenevir lifi, pamuktan daha ucuza yetiştirilir ve daha uzun liflere sahip olduğundan daha az 

işlem gerektirir. Pamuktan daha güçlü ve daha dayanıklıdır ve daha uygun fiyatlı ve çevre dostu 

bir malzeme olma potansiyeline sahiptir (Schumacher, 2020).  Bast lifleri olarak bilinen kenevir 

lifleri, kenevir bitkisinin en dış gövde dokularında gelişir. Birincil lifler daha uzun ve daha 

büyüktür ve tekstil uygulamaları için uygundur; ikincil lifler ise halat ve geri dönüşüm katkı 

maddeleri için daha iyidir (Liu vd, 2015; Bruni vd., 2020; Stevens, 2010). Bir kenevir 

bitkisinde, ana ve ikincil liflerin dağılımı eşit değildir; ikincil lifler bitki yaşlandıkça artar ve 

gövde boyunca azalır. Lif üretimini en üst düzeye çıkarabilmek için hasat sezonunun doğru 

seçimi kritik bir etkendir  (Robbins vd., 2013). Zira tekstil üretimine uygun lifler, birincil liflerin 

baskın olduğu ve ikincil liflerin en aza indirildiği doğru aşamada hasat edildiğinde üretilebilir. 

Endüstriyel üretim sürecinde, ikincil lifleri birincil liflerden ayırmada geleneksel  zorlukların 

yaşanmakta olduğu dikkate alındığında; birincil lif gelişimini optimize ederek yüksek kaliteli 

tekstil ürünleri üretmek için çok kritik ve zorlu bir işleme dönüşmektedir. Fakat, Fernandez-

Tendero ve arkadaşlarının (2017) çalışmaları, biyolojik ve fizikokimyasal işleme 

tekniklerindeki olası gelişmelerin umut verici çözümler sunabileceğini kanıtlamıştır. Kenevir 

yetiştirme döneminde,. Bu noktada zamanlama çok kritiktir; özellikle sürdürülebilir tekstillere 

ilgi duyan bir bölge olan Kuzey Batı yarım kürede nisan sonu ile mayıs başı arası dönem 

özellikle etkilidir (Thayler vd., 2017). Keten ve kenevir gibi bast lifleri, tarımsal atık olarak 

değerlendirildiklerinde de yeniden kullanılabilirler. 

Bir diğer çalışma (Yu, 2024), uygun kimyasal ve fiziksel işlemlerle kenevir liflerinin yüksek 

performanslı tekstil uygulamaları için gerekli kalite standartlarını karşılayabileceğini ortaya 

koymuştur. Araştırmada, sodyum hidroksit ve potasyum permanganat ile yapılan kimyasal 

işlemler  sonrasında kenevir liflerinin inceliği, esnekliği ve çekme dayanımında önemli ölçüde 

iyileştirmeler olduğu bulunmuştur. Mikrodalga enerjisi ve derin ötektik çözücü işlemlerinin 
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kombinasyonu, selüloz dışı maddeleri etkili bir şekilde uzaklaştırmış, selüloz içeriğini artırmış 

ve termal kararlılığı da iyileştirmiştir. Kenevir liflerinin endüstriyel keten ekipmanı kullanılarak 

işlenmesi, ketene benzer lif kalitesiyle yüksek işleme verimliliğine erişebileceğini göstermiştir. 

Ekonomik analizler de, kenevir liflerinin tekstil endüstrisinde pamuğa göre daha sürdürülebilir 

ve uygun maliyetli bir alternatif olabileceğini ortaya koymuştur.  Kenevir lifinin döşemelik 

kumaşlarda uygulanabilirliğini araştıran bir  çalışmada (Lamberti ve Sarkar, 2017),  %100 

pamuk ve %100 kenevir dokuma kumaşların performans özellikleri karşılaştırılmıştır. 

Araştırma sonuçları, renk haslığı, yağ lekesi, yanıcılık, yırtılma mukavemeti, kopma 

mukavemeti ve uzama açısından pamuk ve kenevir kumaşlar arasında anlamlı bir fark 

olmadığını göstermiştir. Işık haslığı ve aşınma dayanımları itibariyle görece düşük performans 

gösterse de; genel olarak kenevir lifinin döşemelik kumaşlarda kullanılmaya uygun bir elyaf 

olduğu öne sürülmüştür.  

Krep dokuma kumaşlarda örgü yapısının giyim konforu ve mekanik özelliklere etkisini 

araştıran bir çalışmada (Baitab vd., 2024).  hem çözgü hem atkıda %100 kenevir iplikler 

kullanılmıştır.  Krep örgünün altı farklı yöntemle geliştirildiği krep kumaşlarda, her bir kumaş 

örneğinin hava geçirgenliği, dökümlülük, nem yönetimi gibi farklı fiziksel özelliklerden birinde 

en iyi performansı verdiğini ve kenevir lifinin krep kumaşlar gibi görece zorlu ürünlerde de 

kullanılabilirliğini sergilemiştir. Keten, kenevir ve pamuk karışımları, pamuklu kumaşlara 

çevre dostu alternatifler olarak araştıran çalışmalar da mevcuttur. Keten ve kenevir karışımı 

kumaşların belirgin uygulamalar için benzersiz özelliklere sahip uygun bir yapı oluşturduğu 

öngörülmektedir. Kenevir lifleri, keten liflerine kıyasla farklı özelliklere sahiptir; kenevir daha 

amorf, keten ise daha kristallidir. Kumaştaki lif bileşimi, dokuma örgüsü ve boyama tekniği 

seçiminin  malzemelerin mekanik ve son kullanım özelliklerini etkileyebildiği ve  pamuk-

kenevir karışımı kumaşların, diğer kumaşlara kıyasla üstün çekme mukavemeti, eğilme 

mukavemeti ve boncuklanma direncine sahip olduğu öngörülmüştür (Pratima vd., 2016;  

Ahirwar & Behara, 2022; Atav vd. 2023) . 

Kenevir liflerinin, başlıca özellikleri hidrofilik yapı, termal kararlılık ve yüksek mekanik 

özellikler olan doğal liflerle güçlendirilmiş biyokompozitler için kullanıldığı bilinmektedir. 

Kenevir / sisal lif takviyeli biyoepoksi hibrit kompozitlerin mekanik özelliklerine yapısal 

düzenlemenin etkilerini hava koşullarından nasıl etkilendiğini ve  benzer şekilde kenevir ve 

kevlar dokuma kumaş takviyeli biyo kompozitlerin özellikleri,   saf kenevir, saf sisal ve 

kenevir/sisal takviyeli epoksi kompozitlerin hava koşullarına maruz kaldıktan sonraki mekanik 

özellikleri ve sürtünme dirençleri gibi pek çok özellikleri çeşitli çalışmalarda (Li vd. 2010; 

Misnon vd. 2015; Thiagamani vd.,2019; Senthikumar vd.,2022; Seisa vd., 2022; Jeyaguru vd., 

2023) incelenmiştir.   

Türkiye’de kenevir lifi üretiminin ekonomik boyutunu irdeleyen Ceyhan ve arkadaşları (2022), 

çiftlik düzeyinde modern teknoloji ekipmanlarıyla yapılacak üretimin ekonomik olarak 

yapılabilir, ancak konvansiyonel teknoloji ile üretimin düşük verimlilik düzeyi ve küçük ölçekli 

üretim nedeniyle karlı olamayacağını ortaya koymuştur.  Literatürde kenevir değer zincirini 

inceleyen araştırmalarda, tekstil odaklı endüstriyel kenevir üretiminin ekonomik 

sürdürülebilme yeteneğine dair veriler içeren çalışmalar çok sınırlıdır (D.Schumacher vd., 

2020).  

 

KENEVİR BİTKİSİ VE LİF ELDESİ 

Kenevir bitkisi ekim ve yetiştirme süreci, hedeflenen ürün yani esas kullanım amacına bağlı 

olarak belirlenir. Bitkilerin dikim aralığı (yoğunluk), yükseklik ve doluluk (dallanma) değişir. 

Örneğin, bitki lif için yetiştirilecekse, 3 m yüksekliğe dek uzayabilir ve daha yoğun ekilebilir. 

Kenevirin hızlı bir büyüme dönemi vardır ve yoğun ekildiğinde, günde yaklaşık 10 mm 
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büyüyerek yabani otlarla rekabet edebilir hale gelir (Blackburn, 2005). Özellikle tohum ve yağ 

için yetiştiriliyorsa; bitkiler orta yoğunlukta ve önemli ölçüde daha kısa olur (Small & Marcus, 

2002). Toprağın pH'ına duyarlı olan kenevir çeşitli iklimlerde yetiştirilebilir; ancak lifin kalitesi 

toprağa ve hasattan sonraki ıslatma işlemine göre oluşur. Kalsiyum ve potasyum lif için kenevir 

yetiştirilmesinde önemlidir, tohum için yetiştirilen kenevir için ise yeterli miktarda fosfor 

gereklidir. Tekstil endüstrisinde cannabis sativa türü kenevirin erkek eşeyli bireyleri lif eldesi 

için kullanılır. Bitkinin boğumlu, uzun bir sapı (sak) vardır ve gövde kesitinde farklı kategoride 

lifler mevcuttur. Primer lifler tekstil kullanımına uygundur ve bu lifler kabuk kısmında bulunur, 

sürgen dokudan meydana gelirler. Bitkinin büyüme sürecinde lif sayısı değişmez fakat lifler 

uzar. Boğumlar arasındaki mesafe lif uzunluğunu belirler, lif kalınlığı gövdenin altına doğru 

artar. Kenevir lifleri lif demetlerinden oluşur ve her bir lif hücresi 20-35 mikrondur. Doğal lifler 

yapılarında genellikle sarı veya kahverengi renk veren pigmentler taşırlar, buna ek olarak tekstil 

malzemelerinin taşınması sırasında toz veya yağ gibi kirlenmeler de gerçekleşebilir. Parlak 

yüzeye sahip kenevir lifin enine kesiti poligonaldir. Lifin sahip olduğu özelliklere etki eden 

önemli parametrelerden birisi olgunluktur. Bitkinin hasat edilme dönemi lif olgunluğunu 

belirler, dolayısıyla hedeflenen lif kalitesine göre hasat dönemi seçilmelidir. Olgunlaşmış sapta 

ince hücre duvarlarına küçük lümen eşlik eder. Lif üretimi amaçlı kenevir hasadı çiçeklenme 

dönemi bitmeden hemen önce, genellikle Ağustos ayında yapılır ve hasat edilen saplar da 

kurutma için serilir.  

Kenevir bitkisi çiçeklenme sonrasında  (bitkinin çiçekleri polen saldıktan sonra) hasat edilir. 

Bu durum bitkinin üzerinde sarı toz bulutları belirdiğinde görülebilir. Kesimden sonra, kenevir 

işlemenin ilk adımı hasat edilen kenevirin ıslatılmasıdır. Islatma (eski terim olan "çürüme"den 

türetilmiştir) lifi sapından ayırmanın doğal bir işlemidir ve çeşitli farklı şekillerde yapılabilir 

(Roulac, 1997). Saplar bir gölete batırılabilir (suda ıslatma), çiğ emmek için tarlalarda 

demetlenebilir (çiğde ıslatma) veya ıslatılmadan bırakılabilir. Islatma büyük ölçüde güneş 

ışığına bağlıdır, kış ıslatması genellikle daha yavaş ıslatmaya neden olur. Güneş ışığı, ıslatma 

sürecini hızlandırdığı için lifi "serbest bırakmada" önemli bir rol oynar. 

Kenevir bitkisini yetiştirme aşamaları, lif eldesi ve tekstil üretim aşamaları Şekil 3’ de 

verilmiştir. Kenevir bitkisinin hasat edilmesinden sonra lif eldesi için bitkinin sap kısmı  çeşitli 

aşamalardan geçirilir. Lif ekstraksiyon yöntemleri arasında çiğleme, su ile ıslatma, ozmotik 

sakız giderme, enzimatik ıslatma, buhar patlaması ve mekanik dekortikasyon yer alıyor; bu 

yöntemler, pektin, lignin ve hemiselülozu gövdeden ayırmak için farklı verimlilikte kullanılır 

(Zimniewska, 2022). Bu, daha sonraki süreçleri belirler ve keten eğirme, pamuk ve yün eğirme 

gibi farklı eğirme sistemleri kullanılarak iplik üretilebilmesini sağlar. Şekilde görüldüğü üzere 

kenevir lifi pamuk ve yün tipi lifler ile karıştırma, ya da %100 kenevir ipliği olarak üretmek 

için farklı üretim rotaları uygulanır. Hasat sonrasında, saplardaki su içeriği % 15’in altına 

düştüğünde kurutma işlemi tamamlanır, ve izleyen proses çürütmeye geçilir.  Çürütme (retting)  

işleminde  pektik bağların parçalanarak lif demetlerinin  
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Şekil 3. Kenevir bitkisinin yetiştirilmesi , saplarından lif eldesi ve tekstil yüzeyi üretim 

aşamaları 

odunsu çekirdekten (hurd) ayrılması sağlanır. Çürütmede geleneksel yöntemler su ile çürütme 

ve çiy (dew) ile çürütmedir. Son yıllarda daha kısa sürede ve daha homojen ve yüksek nitelikte 

lif eldesi için enzimatik yöntemler de uygulanmaktadır.  Bu yöntemin en büyük dezavantajı 

maliyet ve çevresel etkileridir. Çürütme sonrası lifler yıkanarak artık pektin ve lignin kalıntıları 

uzaklaştırılır ve kurutmaya bırakılır. Daha sonra lif demetleri kabuk formunda çevreleyen 

odunsu kısımdan mekanik işlemler ile ayrılır. Uzun lif eldesi için bitki gövdelerinin paralel 

olmasına dikkat edilir. Kurutulmuş saplara uygulanan kırma–dövme (breaking–scutching) 

işlemleriyle lif demetleri odunsu gövdesinde ayrıştırılır. Açığa çıkan gövde parçacıkları kıtık 

(hurd) olarak tanımlanır ve kompozit malzemeler ile kağıt yapımında kullanılır. Ayrıştırılan lif 

demetleri de tarak makinalarında düzgünleştirilir ve paralel hale getirilir. Mekanik işlemlerin 

etkinliği lifin inceliği ve temizlik düzeyini belirler ve doğrudan iplik eğrilebilirliği üzerinde 

etkili olur.  Lifler yağlama  ve çeşitli ön işlemler sonrasında iplik eğirme aşamalarından geçer.  

Kenevir lifleri uzun ştapel lif olduğundan dolayı pamuk gibi kısa ştapel liflerle karıştırılabilmesi 

için kotonizasyon işlemine tabi tutulmalıdır. Bu işlemde lifler kimyasal veya biyolojik 

uygulamalarla kısa ştapel haline getirilir. Tümüyle kenevir ya da pamuk, viskon ve diğer lifler 

ile harmanlanarak üretilen ipliklerden  örme, dokuma ya da teknik tekstil formunda ürünler elde 

edilir. Mekanik işlem sonrasında ayrılan artık lifler de nonwoven ya da kompozit yapıların 

üretiminde kullanılır.  

 

KENEVİR LİFİNİN ÖZELLİKLERİ 

Son yıllarda sürdürülebilir malzeme arayışları ve bu kapsamda yapılmış yeni düzenlemeler, 

kenevir lifini endüstriyel kullanım için yeniden öne çıkarmıştır. Dolayısıyla, kenevir lifi değer 

zincirini oluşturan süreçlerin lif özelliklerine etkilerinin ortaya konulması,  sürdürülebilir bir 

biyolojik tekstil ürün platformunun geliştirilmesi ve kenevir lifinin potansiyelinin kullanması 

yönlerinden gereklidir. Endüstriyel kenevir hasadı sonrasında, lif ekstraksiyon yöntemleri ile 

başlayan değer zinciri, lif işleme yöntemlerine bağlı olarak çok farklı seçenekler sunmaktadır. 

Kenevir (Cannabis sativa L.) lifi, yüksek selüloz içeriği, iyi mekanik dayanımı, düşük yoğunluk 

ve çevresel sürdürülebilirliği nedeniyle tekstil, kompozit, inşaat ve diğer endüstrilerde yeniden 

ilgi görmektedir. Kenevir liflerinin kullanımı ve pazar potansiyeli ile ilgili  önemli fırsatlar 
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olduğu kadar, aşılması gereken zorlukların da olduğu gözlenmektedir. Lifin endüstriyel 

kullanımda yaygınlaşması; eldesi, lif ayrıştırma ve saflaştırma yöntemleri, özellik değişkenliği 

ve matriks uyumu gibi teknik zorlukların çözülmesine bağlıdır.  

Kenevir lifinin bileşenleri ve başlıca fiziksel ve mekanik özellikleri Çizelge 1’ de verilmiştir. 

Lif üretimi yönünden kenevir; yüksek lif uzunluğu, oldukça yüksek selüloz oranı ve nispeten 

düşük lignin içeriği ile diğer jüt ve keten benzeri bitkisel liflerden ayrılır (Mariz vd., 2024).  

Kenevir liflerinin genelde  yaklaşık  %70–74 dolayında yüksek oranda selüloz içerdiği 

bilinmektedir. Bu yüksek selüloz oranı lifin mukavemet ve rijitlik modülüne doğrudan katkı 

sağlar (Wang & Salmon, 2025). Kenevirin lignin içeriği ise, odunsu materyale göre daha 

düşüktür; bu da lifin kimyasal ve enzimatik işlemle temizlenmesini kolaylaştırır ama yine de 

yapışkan maddelerin (pektin/hemiselüloz) uygun yöntemlerle giderimini gerektirir. Diğer 

bileşenler, hemiselüloz, pektin, yağlar/vaks ve mineral içerikler lif yüzeyi ve lif–matriks 

etkileşimini etkiler; yüzey enerjisi ve bağlanma performansı uygulamada kritik rol oynar. 

Kenevir lifini öne çıkaran mekanik özellikler,  çekme dayanımı ve elastik modülüdür. Tek lif 

bazında rapor edilen çekme tekstil ve hafif kompozit uygulamaları için rekabetçi mekanik 

özellikler göstermektedir. Özgül mukavemeti (mukavemet / yoğunluk) birçok geleneksel doğal 

lifi geride bırakarak hafif yapı ve taşıyıcı uygulamalar için öne çıkar. uygun kılar. Titreşim 

sönümleme ve enerji soğurma kapasitesi de otomotiv ve spor ekipmanlarında titreşim 

sönümleme özellikleri nedeniyle ilgi çekmektedir.  

 

Çizelge 1.  Kenevir lifi yapısal ve mekanik özellikleri kullanımına etkileri 

Yapısal ve Performans Özellik Kenevir Lifi  

Değerleri 
Karşılaştırma ve Açıklamalar 

Lif tipi Bast (sap) lifi Keten ve jüt ile aynı lif sınıfı 

  
L

if
  
B

il
eş

en
le

ri
 

Selüloz (%) 70 – 81 Yüksek selüloz → iyi mekanik performans 

Hemiselüloz (%) 18 – 22 Lif sertliği ve su tutma davranışında etkili 

Pektin (%) ~0,8 – 1,0 Çürütme ile uzaklaştırılır 

Lignin (%) 3 – 5 Jüt ve sisale göre daha düşük 

Mum (wax) (%) ~0,8 Yüzey özelliklerini etkiler 

Lif çapı (µm) 25 – 50 İşlenmiş tek lif aralığı 

Lif uzunluğu (mm) 10 – 55 Ayırma ve tarama yöntemine göre değişir 

Yoğunluk (g/cm³) 1.4 – 1.5 Hafif ve rijit yapı 

Çekme dayanımı (MPa) 270 – 900 Proses koşullarına yüksek duyarlılık 

Elastik modül (GPa) 23 – 90 Teknik tekstil ve kompozitlere uygun 

Kopma uzaması (%) 1.0 – 3,5 Düşük uzama → rijit karakter 

Nem geri kazanımı (%) ~12 Konfor ve nefes alabilirlik 

Mikro-fibril açısı (°) ~6 – 10 Yüksek rijitliğin temel nedeni 

Termal dayanım (°C) ~200 – 220 Terbiye işlemleri için yeterli 

Biyolojik çözünürlük Yüksek Doğal organik madde 

Antibakteriyel etki Doğal özelliği Kimyasal katkı gerektirmez 

Kenevir lifinin kullanım alanları ile diğer başlıca tekstil liflerinin kullanım alanları 

karşılaştırmalı olarak Şekil 4’de verilmiştir. Görüldüğü üzere, kenevir lifi giyim alanında daha 

çok sürdürülebilirlik boyutuyla öne çıkarken; çuval ve   ambalaj alanında doğası kadar düşük 
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fiyatı,  teknik ve endüstriyel uygulamalarda ise yapısal ve mekanik özellikleriyle öne 

çıkmaktadır. Kenevir kumaşlar, mekanik dayanıklılıkları, uzun ömürlülükleri ve çevre dostu 

olmalarıyla bilinir, ancak doğal sertlikleri giyim uygulamaları için zorluklar yaratır. İstenilen 

mekanik ve konfor performansına sahip iplikler ve kumaşlar geliştirmek için, iplik ve kumaş 

parametreleri arasındaki etkileşim ve bunların karşılıklı etkisi önemli bir rol oynar. Temel 

bulgular, ring eğirme yöntemiyle üretilen ipliklerin çekme dayanımını artırdığını, rotor ve 

vorteks eğirme yöntemlerinin ise aşınma direncini ve pürüzsüzlüğü iyileştirdiğini 

göstermektedir. Daha yüksek büküm seviyeleri mekanik dayanımı artırır ancak nem emme 

özelliğini azaltırken, daha düşük büküm esneklik ve konforu artırır. Kumaş yapıları arasında, 

düz bez örgü üstün çekme dayanımı sağlarken, dimi ve saten örgüler dökümlülüğü artırır. 

Ayrıca, kenevirin pamuk, tencel, viskon ya da keten lifi ile karıştırılması sayesinde  

dayanıklılıktan ödün vermeksizin var olan yumuşaklık, nefes alabilirlik ve genel giyilebilirlik 

özellikleri iyileştirilir. Sürdürülebilir kenevir bazlı kumaşların geliştirilmesi üzerine yürütülen 

bir çalışmada kumaş performansını etkileyen değişkenler kapsamlı olarak analiz edilmiştir 

(Madhu & Gupta, 2025).  Bu değişkenlerin etkilerini anlamak, kenevir ve kenevir karışımı 

tekstil giyim, spor giyim ve fonksiyonel kumaşların optimizasyonu için değerli bir rehber ve 

veri kaynağı olacaktır.  

 

 

Şekil 4. Kenevir lifi ve diğer başlıca tekstil liflerinin kullanım alanlarının karşılaştırılması 

Kenevir lifinin özellikleri dikkate alındığında: 

 Teknik açıdan ketene en yakın, 

 Çevresel sürdürülebilirlikte pamuktan üstün, 

 Jütten çok daha kaliteli, 

 Polyesterle rekabet edilebilir spesifik mukavemete sahip, 

 Moda tekstilinde potansiyeli artan, 

 Kompozit ve mühendislik uygulamalarında güçlü bir aday bir liftir. 

Kenevir, özellikle sürdürülebilirlik odaklı yeni tekstil politikaları ve yeşil kompozit trendleriyle 

geleceğin stratejik liflerinden biri olarak görülmektedir. 
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KENEVİR LİFİNİN YAYGINLAŞMASINDAKİ ZORLUKLAR 

2019 yılında kenevir lifi ve elyaf üretimi 60.000 ton iken, 2023 yılında yaklaşık 200.000 ton 

dolayında olduğu (Textile Exchange, 2024)  raporlanmıştır. Pamuk dışındaki bitkisel liflerin 

toplamı 6,7 milyon ton öngörülürken kenevirin bitkisel lifler arasındaki payı % 0,63 ve tüm 

dünya tekstil lifi üretimindeki payı yalnızca %0,016 dolayındadır ve dolayısıyla niş bir lif 

konumundadır. Bu durum kenevir lifi sektörünün gelişiminin birçok zorlukla karşılaşmasına 

neden olmaktadır.  Kenevir değer zincirinin tamamıyla ilişkili çevresel etkilerin optimizasyonu, 

ekimden teknolojik süreçlere ve kenevir tekstillerinin üretimine kadar, son ürünlerin kalitesine 

odaklanarak, kenevir sektörü için bir zorluktur 

Kenevir liflerinin yüksek verimi ve süreçlerin yüksek verimliliği, kenevir endüstrisinde 

ekonomik sonuçların iyileştirilmesine olanak tanır. Belirli özelliklere sahip yüksek verimli lifler 

sağlayan bitkilerin yetiştirilmesini ve hasat edilmesini mümkün kılan biyoteknolojik ve 

agroteknolojik yöntemlerin geliştirilmesi, lif işleme açısından araştırma merkezlerinden 

endüstriye bilgi aktarımı, yenilikçi teknolojik hatların yanı sıra yeni iş modellerinin 

oluşturulmasına olanak tanıyan kenevir makine açısından zengin bir pazarın oluşturulması, 

kenevir tekstil liflerini diğer doğal liflerle karşılaştırıldığında ekonomik olarak rekabetçi hale 

getirmek için gereklidir. Geleceğe yönelik bir iş modelinin güçlü yönleri, iklim değişikliğini 

hafifletmeye yardımcı olabilecek kenevir endüstrisinde döngüsellik ve sıfır atıktır. 

Teknolojik olarak öne çıkan en önemli zayıflık ise lif ve iplik üretim hattını tamamlamak için 

gerekli olan amaca özel modern makinelerin eksikliğidir. Kenevir eğirme, uzun lif işlemine 

özel tarama çerçevesi gibi, en iyi kalitede kenevir ipliği ve nihai ürün elde edilmesini garanti 

eden makinelerin üreticileri için cazip bir yön değildir. İplik üretiminde genellikle kullanılan 

mevcut geleneksel ekipmanlar düşük verimlilikle karakterize edilir ve bu da süreci ekonomik 

olarak uygulanabilir olmaktan çıkarır. 

Hem tarımsal hem de endüstriyel faaliyetlerden kaynaklanan kenevir tekstil üretiminin düşük 

karlılığı da paydaşlar için bir zorluk teşkil etmektedir ve özendirici değildir. Avrupa öncelikli 

olmak üzere, dünya nüfusunun yaşlanmasının etkileri kenevir sektöründe de görülmekte olup, 

bir nesil farkı gözlemlenmektedir. Avrupa kenevir lifi sektöründeki çalışanlar, gençlerin 

kenevir sektöründe çalışmaya olan ilgisi çok düşük olduğu için, 50 yaş üstü deneyimli işçilerdir. 

Yetkin çiftçiler ve personel yetiştirmek, yeni teknolojileri uygulamak ve kenevir endüstrisini 

geliştirmek için bir eğitim sistemi oluşturulması mutlak bir gerekliliktir.  Uygulanacak eğitim 

sistemi ile ayrıca, biyolojik ürünlerin sürdürülebilirliği ve kenevirin çevre ve insan yaşamı 

üzerindeki etkileri konusunda sosyal farkındalığın artırılması da hedeflenmelidir. 

Kenevir lifinin sürdürülebilirliği, tüm sektörün ana gücüdür. Her yıl üretilen çok büyük 

miktardaki polyester, akrilik ve naylon gibi parçalanamayan sentetik petrol türevi liflerin 

bazılarının geri dönüştürülebilir, yeniden dağıtılabilir, yenilenebilir, yeniden üretilebilir, 

onarılabilir veya yeniden yapılandırılarak tekrar kullanılabilir olmasına rağmen, çevre için 

tehlike oluşturmaktadır. Kenevir lifinin kullanım potansiyelini artırmak için ihtiyaç duyulan 

önemli konu başlıkları şunlardır:  

Parametrik çalışmalar: Genetik varyasyon, yetiştirme koşulları ve hasat zamanının mekanik ve 

kimyasal etkilerini sistematik karşılaştıran geniş ölçekli çalışmalara gerek vardır.  

Ekolojik lif ekstraksiyon süreçlerinin ölçeklendirilmesi: Enzimatik lif bileşenlerini ayrıştırmada 

(degumming )ve düşük kimyasal atık yükü veren ekonomik ve çevresel optimizasyon içeren 

yeni yaklaşımların geliştirilmesi  

Yüzey modifikasyon teknikleri: Lif–matriks bağlanmasını (kompozit) iyileştirecek çevreci 

kaplama ve de kimyasal modifikasyon yöntemlerinin geliştirilmesi ve uluslararası düzeyde test 

ve kalite standartlarının oluşturulması. 
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Yaşam döngüsü değerlendirmeleri (LCA): Kenevir ürün zincirinin karbon ayak izi ve ekonomik 

sürdürülebilirlik analizleri bölgesel/işlem bazlı olarak detaylandırılması da gerekli ve yararlı 

olacaktır. 

 

SONUÇLAR 

Kenevir lifi, mekanik performans, çevresel avantaj ve uygulama çeşitliliği bakımından öne 

çıkan bir doğal liftir. Ancak endüstriyel yaygınlaştırma; eldesi, kalite standardizasyonu, yüzey 

uyumu ve ekonomik ölçeklendirme gibi teknik-sistemik sorunların çözümüne bağlıdır. 

Yapılması beklenen  araştırmalar ve teknoloji yatırımlarıyla kenevir, tekstilden kompozite 

kadar birçok sektörde sürdürülebilir bir alternatif sunabilme potansiyeline fazlasıyla sahiptir. 

Kenevir lifinin mevcut koşullarını irdeleyen bir “swot” analizi Şekil 5’ de verilmiştir. Öne çıkan 

pek çok güçlü yönü yansıra, çözülmesi gereken eksiklikler ve aşılması gereken tehditler de 

vardır. Kenevir lifleri, kılcal yapıları ve yüzey özelliklerinden etkilenen benzersiz termal 

özellikler sergiler ve bu da onları çeşitli tekstil uygulamaları için uygun hale getirir. Kenevir 

liflerinin üstün mukavemeti ve termal özellikleri, onları pamuk ve keten gibi geleneksel liflere 

mükemmel bir alternatif haline getirmektedir. Biyo bozunurluk ve sürdürülebilirlik gibi 

kenevirin çevresel faydaları, tekstil endüstrisinde çevre dostu malzemelere yönelik artan taleple 

örtüşmektedir. 

 

 

Şekil 5. Kenevir lifinin ekim, ekstraksiyon ve tekstil kullanımı açısından SWOT analizi 

 

Kenevir işlemede alternatif olarak endüstriyel keten ekipmanının kullanımı, kenevirin ketene 

kıyasla benzer dayanıklılığa sahip yüksek kaliteli lifler üretebileceğini göstermiş ve bu da 

yüksek değerli tekstil uygulamaları için potansiyelini ortaya koymuştur. Mevcut keten 

ekipmanlarını kullanarak keneviri işleme yeteneği, üretimi kolaylaştırabilir ve maliyetleri 

düşürebilir, bu da keneviri tekstil üreticileri için daha uygun bir seçenek haline getirmektedir.  
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Gelecekteki araştırmalar, kenevir liflerinin verimini ve kalitesini en üst düzeye çıkarmak için 

tarımsal uygulamaları ve hasat sonrası işleme tekniklerini optimize etmeye odaklanmalıdır. 

Genotip seçimi ve hasat mekanizasyonu, işleme verimliliğini ve lif kalitesini iyileştirmek için 

daha fazla araştırma gerektiren kritik alanlardır.  

Ek olarak, özellikle farklı tekstil uygulamaları bağlamında, çeşitli işlemlerin kenevir liflerinin 

mekanik ve termal özellikleri üzerindeki etkisini tam olarak anlamak için daha fazla çalışmaya 

ihtiyaç vardır. Kenevir liflerinin kompozit malzemelere entegrasyonu ve gerçek dünya 

uygulamalarındaki performansları üzerine yapılan araştırmalar da tekstil endüstrisinde 

kenevirin kullanımını genişletmede değerli olacaktır. Kenevir liflerinin özelliklerini geliştirmek 

için gelişmiş işlemlerin geliştirilmesi, spor giyim ve yüksek performanslı kompozitler de dahil 

olmak üzere potansiyel uygulamalarını daha da genişletebilecektir.  

Son olarak, kenevir liflerinin yenilikçi uygulamaları ve modifikasyonlarının araştırılması, 

tüketicilerin değişen taleplerini karşılayan yeni, sürdürülebilir tekstil ürünlerinin 

geliştirilmesine yol açabilir. 
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ABSTRACT  

Hemp (Cannabis sativa L.) is emerging as a versatile, sustainable crop with significant potential 

to address nutritional and environmental challenges in cattle production systems across West 

Africa. This study examines the dual-purpose role of hemp as both a high-quality forage 

resource and an environmental mitigation tool. Hemp forage and by-products, characterized by 

their favorable crude protein content, balanced fatty acid profile, and rich bioactive compounds, 

offer promising opportunities to improve cattle growth performance, enhance feed conversion 

efficiency, and support rumen health. Furthermore, the inclusion of hemp biomass and seed 

meal may contribute to reducing enteric methane production through modulation of rumen 

fermentation pathways, increased propionate formation, and the presence of secondary 

metabolites with antimethanogenic properties. The environmental benefits extend beyond 

methane mitigation, as hemp cultivation supports soil regeneration, carbon sequestration, low 

water demand, and reduced reliance on synthetic inputs. These attributes position hemp as a 

climate-smart crop capable of strengthening the sustainability of cattle value chains. Despite 

these advantages, gaps remain regarding optimal inclusion rates, long-term effects on meat and 

milk quality, regulatory considerations, and the socioeconomic feasibility of hemp integration 

into existing production systems. This paper synthesizes current scientific evidence and situates 

hemp within the context of West African livestock systems, highlighting its potential to enhance 

productivity while contributing to climate change mitigation. Recommendations are provided 

for research priorities, policy frameworks, and practical pathways for integrating hemp into 

regional ruminant production strategies. 

Keywords: Hemp forage, Cannabis sativa, Cattle production, Methane mitigation, Climate-

smart livestock, Sustainable forage systems, Environmental sustainability, West Africa 

 

Introduction 

In particular, ruminants In West Africa, cattle production continues to be essential to rural 

economies, agricultural livelihoods, and food security (Anaso et al., 2021a,b; Gerber et al., 

2013). Through their meat, milk, hides, draft power, and manure, beef and dairy cattle 

significantly contribute to household nutrition, employment, and the country's GDP. However, 

land degradation, seasonal variations in forage availability, insufficient and poor-quality feed 

resources, and growing climate variability continue to limit the productivity of cattle systems 

in the area (Anaso et al., a-f; Van Soest, 1994; FAO, 2019). Rising feed prices and competition 

for arable land between crop and animal production exacerbate these issues (Olafadehan et al., 

2023a,b). 

Simultaneously, the livestock industry is under increasing pressure to lessen its environmental 

impact, especially the greenhouse gas emissions linked to the generation of enteric methane 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 146



(Anaso, 2025a-d; Hristov et al., 2013; Beauchemin et al., 2020). Enteric methane contributes 

significantly to global agricultural emissions and constitutes a major loss of nutritional energy 

for the animal. As a result, feed-based mitigation techniques that can simultaneously enhance 

animal performance and environmental sustainability are gaining popularity (Anaso & Anaso, 

2025). 

As a multipurpose, climate-resilient crop with uses in food, feed, fiber, and environmental 

management, industrial hemp (Cannabis sativa L.) has attracted fresh attention on a global scale 

(Small, 2015; Amaducci et al., 2015). In contrast to drug-type cannabis, industrial hemp is 

grown mainly for seed and biomass and has very low levels of Δ9-tetrahydrocannabinol (THC). 

Hemp is a promising option for climate-smart agriculture because of its quick growth, effective 

use of nutrients, low need for pesticides, and high biomass yield. With a focus on its 

applicability to West African circumstances, this study summarizes the most recent scientific 

research on the use of hemp as a dual-purpose forage and environmental mitigation strategy in 

cow production systems. 

Agronomic and Environmental Characteristics of Hemp 

Hemp is a C3 plant that grows quickly and is an annual member of the Cannabaceae family. It 

thrives in soils with good drainage and moderate rainfall, adapting well to a variety of soil types 

and climates (Amaducci et al., 2015). Herbicide use is decreased by hemp's early vigor, quick 

canopy closure, and competitiveness against weeds. 

From an ecological standpoint, hemp promotes soil regeneration by means of root systems that 

strengthen soil structure and increase microbial activity (Lal, 2018). The crop is acknowledged 

as a possible instrument for mitigating climate change due to its ability to store atmospheric 

carbon through high biomass buildup (Amaducci et al., 2020). Hemp's environmental 

sustainability is further enhanced by the fact that it often uses less water and synthetic 

agrochemicals than traditional feed crops. 

Nutritional Composition of Hemp Forage and By-Products 

Hemp Forage and Biomass 

Depending on cultivar, harvest stage, and growing conditions, hemp fodder that is gathered 

during the early vegetative or flowering stages has moderate to high quantities of crude protein, 

usually ranging from 15 to 25% on a dry matter basis (Karlsson et al., 2010; Mustafa et al., 

2022). Additionally, the forage offers structural fiber that is appropriate for rumen function and 

fermentable carbohydrates. However, as plants mature, fiber content and lignification rise, 

highlighting the significance of harvesting at the right time to maximize digestibility (Anaso 

and Olafadehan, 2025; Van Soest, 1994). 

Hempseed and Hempseed Meal 

Protein (30–40%) and residual oil are abundant in hempseed and its by-products, especially 

hempseed meal or cake that is left over after oil extraction (Callaway & Pogue, 2019). 

Hempseed meal is a good substitute for traditional oilseed meals in cow diets because of its 

highly digestible protein fraction and advantageous amino acid profile (Karlsson & Martinsson, 

2011). 

Fatty Acid Profile 

Feeds made from hemp stand out for having a balanced fatty acid composition, particularly for 

having a high concentration of polyunsaturated fatty acids like α-linolenic (omega-3) and 

linoleic (omega-6) acids (Neijat et al., 2014). Cattle's milk and meat lipid profiles may be 
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positively impacted by the ratio of omega-6 to omega-3 fatty acids, which is thought to be 

nutritionally beneficial (Mierlińska, 2016). 

Bioactive Compounds and Rumen Health 

Terpenes, flavonoids, cannabinoids (mostly cannabidiol), and other polyphenols are among the 

many bioactive substances found in hemp (Andre et al., 2016; Small, 2015). Although 

cannabinoid concentrations in industrial hemp are low, they are physiologically active. 

The rumen microbial ecology may be impacted by these secondary metabolites' antioxidant, 

antibacterial, and anti-inflammatory characteristics (Calsamiglia et al., 2007; Patra & Saxena, 

2010). Studies utilizing hemp oil and hempseed products have shown that rumen fermentation 

patterns can be altered, including changes in volatile fatty acid synthesis toward higher 

propionate (Fiorentini et al., 2015). These modifications are linked to decreased hydrogen 

availability for methanogenesis and increased energy efficiency. 

Effects on Cattle Performance 

Growth Performance and Feed Efficiency 

When added to cattle diets at modest levels, hemp forage or hemp by-products have generally 

maintained normal or improved feed intake, average daily growth, and feed conversion 

efficiency (Karlsson et al., 2010; Callaway & Pogue, 2019). The high-quality protein and 

energy density of hemp-based diets are responsible for improvements in nutrient utilization. 

Milk Production and Quality 

Supplements made from hempseed have been demonstrated to alter the fatty acid composition 

of milk in dairy calves, raising the concentrations of conjugated linoleic acid and omega-3 fatty 

acids and improving the milk's nutritional value (Karlsson & Martinsson, 2011; Mierlińska, 

2016). The degree of inclusion, stage of lactation, and dietary formulation all have an impact 

on milk supply. 

Meat Quality 

The information that is now available indicates that adding hemp to beef may enhance its fatty 

acid profile, possibly leading to an increase in polyunsaturated fatty acids (Neijat et al., 2014). 

To evaluate long-term impacts on carcass traits, sensory qualities, and shelf life, more research 

is necessary. 

Hemp and Enteric Methane Mitigation 

Microbial populations, rumen fermentation routes, and food composition all affect enteric 

methane generation in cattle (Hristov et al., 2013). Increased propionate production, decreased 

acetate-to-propionate ratios, and the inhibitory effects of bioactive chemicals on methanogenic 

archaea are some of the ways that hemp biomass and by-products may help reduce methane 

(Patra, 2012; Beauchemin et al., 2020). 

According to Fiorentini et al. (2015), dietary lipids from hemp oil and leftover oil in hempseed 

meal can inhibit rumen protozoa and lower the amount of hydrogen available for the production 

of methane. Comprehensive long-term evaluations under tropical production systems are still 

scarce, despite promising results from in vitro and short-term in vivo investigations. 

Socioeconomic and Regulatory Considerations in West Africa 

Socioeconomic and legal circumstances must be carefully taken into account while integrating 

hemp into West African cattle systems. Due to its link to psychotropic cannabis, hemp growing 

is still prohibited in many nations, which restricts research and commercial adoption (Small, 

2015; EFSA, 2011). 
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From a socioeconomic standpoint, hemp provides chances for rural employment, value-chain 

diversification, and a decrease in reliance on imported feed ingredients (FAO, 2019; Amaducci 

et al., 2020). However, availability to certified seed, processing facilities, extension services, 

and favorable regulatory environments will all be necessary for smallholder farmers to adopt. 

Research Gaps and Future Perspectives 

Despite increased interest, there are still a lot of unanswered questions about the best ways to 

incorporate hemp forage and by-products into cattle diets, long-term effects on animal 

productivity and health, residue dynamics in milk and meat, and economic viability in West 

African settings (Callaway & Pogue, 2019; Mustafa et al., 2022). To assess cultivar adaptation, 

agronomic performance, and interactions with local feed supplies, more investigation is 

required. 

To properly evaluate hemp's potential as a climate-smart feed source, integrated research 

methods integrating animal nutrition, agronomy, environmental science, and socioeconomics 

are needed. 

 

Conclusion 

In West African cattle production systems, hemp (Cannabis sativa L.) shows great promise as 

a dual-purpose fodder and environmental mitigation crop. It is a promising part of sustainable 

and climate-resilient livestock methods due to its advantageous nutritional composition, useful 

bioactive chemicals, and environmental advantages (Gerber et al., 2013; Beauchemin et al., 

2020). Regulatory restrictions and a lack of regional data continue to be major obstacles, despite 

the evidence that it can improve feed efficiency, rumen health, and product quality while 

reducing methane emissions. 

Hemp has the potential to significantly improve the resilience, sustainability, and productivity 

of livestock systems throughout West Africa with focused research, favorable legislative 

frameworks, and calculated investments in value-chain development. 
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ABSTRACT 

The hemp plant is used in many areas, including the textile, food, and cosmetics industries. 

Hemp fibers have a significant place among sustainable fibers due to their low water 

requirements, high yields, and high carbon sequestration capacity. Other advantages include 

low fertilizer requirements and the erosion-preventing potential of the plant roots. Dyeing and 

printing have traditionally been the primary processes for coloring textiles. While synthetic 

dyes are commonly used in textile coloring processes, natural dyes also represent an important 

alternative. Increased environmental awareness and sustainability concerns have led to 

increased interest in studies using natural dyes. These dyes can be obtained from various 

sources such as plants, insects, microorganisms, and minerals. Furthermore, the use of waste 

materials as natural dyes is particularly important for ecology. Mordants are used in natural 

dyeing processes to enhance the interaction of dyes with the fiber. Metal salts are preferred as 

a mordant in traditional applications. Due to the environmental concerns about metal salts, the 

use of bio-mordants applications is increasing. Avocado seed shells have been evaluated as a 

sustainable bio-mordant source due to their high tannin content reported in the literature. In this 
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study, pretreated hemp fibers were mordanted with avocado seed shells at different 

concentrations (5%, 10%, and 20%). The mordanted fabrics were dyed with oak bark at a 20% 

dye concentration. After the dyeing process, colorimetric properties and antibacterial capacity 

of samples were analysed in terms of bio-mordant concentretion. No significant antibacterial 

effect was observed in pre-mordanted fibers. However, the activity in dyed samples increased 

depending on the mordant concentration. Notably, the 20MD sample that was pre-mordanted 

at 20% exhibited 60.95% antibacterial activity against Staphylococcus aureus. 

Keywords: Bio-mordant, Avocado seed shell, Oak tree bark, Hemp fiber, Sustainable textiles 

 

Introduction 

The clothing and textile industry is known as one of the most polluting areas in the world. 

Choosing sustainable materials for clothing production is one of the three suggested ways to 

lessen these environmental effects. Recently, cotton fiber is the most manufactured natural 

fiber, which needs extensive use of fertilizers, pesticides, and water in the cultivation process. 

Owing to the increasing demand for clothing, raw-material sources needed, ecological 

ramifications, and environmental protection required, economical and sustainable natural fiber 

alternatives are needed. Hemp fiber has been attracting attention as an alternative natural fiber 

to cotton fiber because pesticides and fertilizers are not used in its cultivation, and it requires 

less water (Schumacher et al., 2020; Manaia et al., 2019).  

Hemp fibers are a natural raw material that has been used for centuries in many areas, from 

textiles to construction materials, thanks to their durability, flexibility, and environmentally 

friendly properties. Obtained from the woody stem of the hemp plant, these fibers offer a 

structure suitable for both traditional and modern production techniques, with their high tensile 

strength, long fiber structure, and lightness. The low chemical processing requirements during 

fiber processing and the minimal water and fertilizer needs during the cultivation process of 

plants make hemp one of the key representatives of sustainable agriculture. Furthermore, its 

ability to grow rapidly and enrich the soil reinforces the environmental reasons for preferring 

hemp fibers. With increasing ecological awareness and the research for renewable resources, 

hemp fibers are regaining value and emerging as a noteworthy alternative in a wide range of 

applications, from bio-composite production to the paper industry, technical textiles, and 

insulation materials (Mariz et al., 2024; Kirk et al., 2023; Zhang et al., 2022). 

The worldwide interest in natural pigments and dyes deals with public consciousness of the 

medicinal uses of natural pigments and dyes. These substituents are nontoxic alternatives for 

the synthetic pigments. Furthermore, some synthetic pigments and dyes have been banned due 

to their ability to cause cancerous growths or allergic reactions. Using natural dyes and 

pigments can actually greatly reduce the hazardous compounds produced by synthetic ones. 

Natural pigments and dyes are extracted from natural sources such as animals, plants, minerals, 

insects, and microorganism. In literature, weld (Naqvi et al., 2024), madder and Reseda lutea 

(Sankhasti et al., 2025), beetroot (Eyupoglu et al., 2025), Pterocarpus santalinus wood waste 

(Pan et al., 2024), cochineal (Safapour et al., 2025), nutshell waste (Dulo et al., 2022), 

pomegranate fallen leaves (Haji et al., 2023), hops and acorn (Benli et al., 2023), Quercus 

Coccifera. L. (Fersi et al., 2023), and clove bud (Yameen et al., 2023) were reported as a natural 

dye source for textile materials (Islam et al., 2024).  

The textile dyeing industry has concentrated on natural colorants because of the growing 

pressure on eco-friendly methods and sustainable production processes. As a result, the use of 

biological materials called bio-mordants has grown in popularity as a substitute for metal salts, 

the majority of which are not environmentally friendly, in the processes used to apply natural 
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colorants. Traditional metal salts used as mordants in natural dyeing processes can have serious 

ecological impacts on environmental systems when they enter wastewater after treatment due 

to the metal ions they contain. For these negative impacts of metal salt mordants, some 

researchers used Dorema ammoniacum gum, mugworts, peppermint, and pomegranate (Haji et 

al., 2023), tannic acid, lemon peel, sodium alginate, (Shahmoradi Ghaheh et al., 2021), 

myrobalan and pomegranate peel (Hosseinnezhad et al., 2022), red onion, rhus, pinecone, corn 

silk, pistacia skin and date kernel (Tehrani and Ahmadi, 2025), walnut husk (Hosseinnezhad et 

al., 2023), artemisia and banana peel (Tehrani and Navayee, 2024) as bio-mordant agents.  

The main aim of this study is to investigate the antibacterial performance of hemp fibers pre-

treated with avocado seed shell powder as a bio-mordant and subsequently dyed with a natural 

dye obtained from oak bark. To the best of the authors’ knowledge, there has not been any study 

in the literature about dyeing avocado seed shell bio-mordanted hemp fibers with oak bark 

natural dye. For this purpose, hemp fibers were dyed with oak bark with a conventional heating 

process. Before the dyeing process, hemp fibers were mordanted with bio-mordant extracted 

from avocado seed shells with different concentrations. After the dyeing process, colorimetric 

measurements and antibacterial performance were determined in respect to bio-mordant 

concentrations.  

 

MATERIAL and METHODS 

Materials 

Muller Hinton Broth, Muller Hinton Agar, sodium chloride (NaCl), sodium hydroxide (NaOH) 

were purchased ready to use. S. aureus ATCC 29213 strain was obtained by Sivas Cumhuriyet 

University Research Hospital - Microbiology Laboratory.  

Oak bark samples were obtained from the tree's trunk bark, dried, and then ground into a fine 

powder in a grinder. The avocado seed shell was removed, dried, and ground into powder. 

Methods 

Pre-Treatment, Bio-mordanting, and Natural Dyeing of Hemp Fibers 

Hemp fibers were first subjected to a pretreatment process in 2% NaOH solution at boiling 

temperature for 1 hour (N). Subsequently, premordanting was performed at concentrations of 

5%, 10%, and 20% at 95 °C for 1 hour. After the premordanting step, the fibers were rinsed 

with distilled water and dried at room temperature. They were then dyed with 20% oak bark 

extract. All liquor ratios were adjusted to 1:30, and all experiments were carried out in distilled 

water. Table 1 summarizes the applied processes. 

 

Table 1.Mordanting and dyeing process conditions. 

Sample Duration 

(Min) 

Temperature 

(°C) 

Mordant 

(%) 

Dye 

(%) 

5M 60 95 5 - 

10M 60 95 10 - 

20M 60 95 20 - 

5MD 30 95 5 20 

10MD 30 95 10 20 

20MD 30 95 20 20 
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Color Measurement 

Color measurements were performed using a Konica Minolta CM-3600d spectrophotometer, 

following the procedure described in literature (Kılınç et al., 2025). Color strength calculations 

were carried out under a D65 light source using a 10° standard observer. Percentage reflectance 

values in the visible region (400–700 nm) were recorded, and the obtained reflectance data (R) 

were converted into K/S values using the Kubelka–Munk equation integrated into the 

instrument software (Equation 1): 

                                                      K/S = (1 − R)² / (2R)                                                      ( 

1) 

In addition to color strength analysis, CIELAB color coordinates were also determined, 

including lightness (L*; 0 = black, 100 = white), red–green axis (a*), yellow–blue axis (b*), 

and chroma (C*), where C* represents color vividness (100 = vivid, 0 = dull) 

Antibacterial Evaluation 

The fibers were evaluated according to the ASTM E2149 standard (Guzińska et al., 2018). The 

fibers were weighed to 0.1 ± 0.05 g and evaluated for their antibacterial properties against the 

S. aureus bacterial strain according to the ASTM E2149 standard. The experimental medium 

was prepared by adding a 20/1 saline/MHB ratio of 0.85% NaCl (saline) and MHB to flasks. 

The bacterial strain, which was taken from a -18°C stock, was inoculated onto an MHB solid 

medium and incubated at 37°C for 16-24 hours. One of the obtained colonies was transferred 

with a swab to a fresh MHB liquid medium and incubated overnight at 37 °C. 

The bacterial suspension was adjusted to a 0.5 McFarland standard using a McFarland 

densitometer. The bacterial strain was inoculated into the experimental medium at an initial 

concentration of 1-5x10⁵ CFU/mL. One flask was set aside as the growth control (A), which 

did not contain fiber. Samples were added to the remaining flasks, and all samples were 

incubated at 37 °C for 21 hours. After incubation, dilutions ranging from 10¹ to 10⁶ were 

prepared. One hundred microliters of each dilution was inoculated onto solid media and 

incubated at 37 °C for 16 to 24 hours. In repeated experiments, the number of colonies formed 

in the relevant samples was counted. Then, the averages were taken and the percentage of 

antibacterial effect (R) was calculated using Equation 2. 

 

                                                       R = (A − B)/Ax100                                                                 (2) 

 

RESULTS and DISCUSSION 

Color measurement results 

According to the color measurement results (Table 2), mordant application had significant 

effects on the color properties of the fibers. L* values increased at low and medium mordant 

levels, thus the fibers had a lighter tone, but decreased again at high mordant concentrations. In 

all samples, positive a* values indicated a tendency for red, which became more pronounced 

with increasing mordant concentration. Similarly, the positive b* values of all samples indicated 

a predominant yellow tone, although with a slight decrease in the yellowness level with 

increasing mordant concentration. C* values indicated a moderately vibrant color effect, higher 

color saturation, especially for the 10M and 10MD samples. The decrease in the h° angle 

indicated that the color has taken on a warmer tone (between yellow and red). Looking at the 

K/S values, it can be observed that the mordant application generally resulted in a decrease in 

color yield. The highest K/S value was obtained for the control sample (N), while the lowest 
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value was recorded for the 10M sample. In general, the results show that low and medium 

mordant levels increase color vibrancy and redness component, while high mordant levels limit 

color intensity. 

 

Table 2. Color measurement results. 

Sample 

 

L* 

 

a* 

 

b* 

 

C* 

 

h° 

 

λ 

 

K/S 

 

N 57.85 2.76 15.59 15.79 80.0 400 3,21 

5M 61.49 3.99 15.04 15.54 75.0 400 2,20 

10M 64.47 5.62 15.18 16.10 69.4 400 1,88 

20M 59.67 5.27 13.59 15.01 68.4 400 2,51 

5MD 58.30 5.00 14.92 15.71 71.5 400 2,86 

10MD 60.08 5.50 15.51 16.49 70.6 400 2,61 

20MD 60.74 5.67 14.43 15.30 69.4 400 2.12 

L * Lightness (0 = black, 100 = white), ; a* ± Red/green, ; b* ± Yellow/blue,  

C * To vividness-dullness (100 = vivid, 0 = dull), 

 

Antibacterial Evaluation 

Antibacterial test results are summarized in Table 3, and the corresponding colony formations 

following incubation are illustrated in Figure 1. Antibacterial activity assessment shows that 

bio-mordant application and subsequent dyeing increase the antibacterial activity of hemp 

fibers as the concentration increases. While pretreated fibers exhibited limited antibacterial 

activity, only 20% bio-mordant treatment was able to overcome the effect of the N group. 

Furthermore, increasing the dye concentration was found to increase antibacterial activity by 

approximately 1.19- to 1.44-fold. The moderate antibacterial activity exhibited by the M20D 

sample treated with 20% bio-mordant and 20% natural dye is considered promising for future 

research. 

 

 

Figure 1. Colony counts on agar plates following antibacterial assessment of dyed hemp fibers 

under ASTM E2149 conditions 
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Table 3. Antibacterial test results. 

Sample 
0th hour 

(cfu/mL) 

End of incubation 

for sample 

(cfu/mL) 

End of incubation 

for control 

(cfu/mL) 

%R 

N 2.35x105 8.3x108 1.05x109 20.95 

5M 2.35x10 9.05 x108 1.05x109 13.80 

10M 2.35x10 6.8 x108 1.05x109 15.71 

20M 2.35x10 8.85 x108 1.05x109 38.09 

5MD 2.35x10 5.15 x108 1.05x109 35.23 

10MD 2.35x10 6.50 x108 1.05x109 50.95 

20MD 2.35x10 4.10 x108 1.05x109 60.95 

 

CONCLUSION 

This study evaluated the colorimetric properties and antibacterial activity of hemp fibers pre-

treated with an avocado seed husk bio-mordant and dyed with oak bark. While the bio-mordant 

and natural dye caused minimal color changes, increasing the bio-mordant concentration 

significantly improved antibacterial performance after dyeing. The sample dyed with 20% bio-

mordant and 20% dye concentration showed 60.95% antibacterial activity against S. aureus. 

These findings are promising for obtaining antibacterial hemp fibers from waste materials in a 

sustainable manner. Future studies will examine the effects of expanding extraction conditions 

on antibacterial activity, color, and wash resistance. 
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Özet 

Kenevir (Cannabis sativa L.), Cannabinaceae familyasına ait anavatanı Orta Asya olan, lif ve 

tohumu için yetiştirilen önemli bir endüstriyel ve tıbbi bitkidir. Endüstriyel değeri olan, 

kökünden tohumuna kadar tüm kısımları tekstil, kompozit malzemeler, termal izolasyon, inşaat 

sektörü gibi alanlarda lif olarak kullanılan; esansiyel yağ asitleri bakımından zengin %30-35 

yağ içeriği ile gıda ve ilaç endüstrisinde kullanılmaktadır. Üretim değerlerine incelendiğinde 

ülkemizde 2019 yılı sonrası üretimde önemli gelişmeler kaydedilmiş, 2024 yılında tohum 

üretimi 556 tona, lif üretimi 1.216 tona yükselmiştir. Samsun, Kastamonu ve Amasya illeri öne 

çıkan üretim merkezleridir. Üretim planlaması yapılırken ılıman-subtropik iklim kuşağında, 

15°C toprak sıcaklığında, bölgeye göre şubat sonu-nisan başı arası ekim yapılması, nötr veya 

hafif alkali pH'lı toprakların tercih edilmesi önerilmektedir. Ekimden hasada kadar geçen süre 

4-5,5 ay olup, kurak bölgelerde 2-4 kez sulama yapılması gerekir. Vejetatif dönemde azot, 

çiçeklenme döneminde ise fosfor ve potasyum gibi makro besin elementlerine ihtiyacı 

duyulmaktadır. Kenevirin hızlı büyüyüp gelişmesi ve allelopatik özellikleri sayesinde yabancı 

ot mücadelesinde kimyasal girdi ihtiyacı düşüktür. Bununla birlikte erken ekim ve bitki 

sıklığının fazla olması önerilir. Hasat zamanı kritik öneme sahip olup, erkek bitkiler dişilerden 

4-5 hafta önce olgunlaşır ve doğru zamanlama lif kalitesi ile verimi doğrudan etkilemektedir. 

Sonuç olarak kenevir, düşük girdi ihtiyacı, çevre dostu üretim modeli ve geniş endüstriyel 

kullanım alanları ile Türkiye'nin tarımsal üretim potansiyelini artırabilecek, kırsal kalkınmaya 

katkı sağlayabilecek stratejik bir üründür. Gelecekte yeni çeşit geliştirmek, mekanizasyon ve 

kapsamlı Ar-ge çalışmalarına ihtiyaç duyulmakta olup, Türkiye'nin uygun iklim koşulları ve 

artan pazar talebi göz önüne alındığında kenevir üretiminin ülke ekonomisine önemli katkılar 

sağlayacağı öngörülmektedir. 

Anahtar kelimeler: kenevir, yetiştiricilik koşulları, üretim potansiyeli 

 

Abstract 

Hemp (Cannabis sativa L.) is an important industrial and medicinal plant belonging to the 

Cannabinaceae family, native to Central Asia, cultivated for its fiber and seeds. It has industrial 

value, with all parts from root to seed used as fiber in textiles, composite materials, thermal 

insulation, and the construction sector. With a 30-35% oil content rich in essential fatty acids, 

it is used in the food and pharmaceutical industries. When examining production values, 

significant developments have been recorded in production in our country after 2019, with seed 

production rising to 556 tons and fiber production to 1,216 tons in 2024. Samsun, Kastamonu, 

and Amasya provinces are the leading production centers. When planning production, it is 

recommended to plant in the late February to early April period in the temperate-subtropical 
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climate zone, at a soil temperature of 15°C, and to prefer neutral or slightly alkaline pH soils. 

The period from planting to harvest is 4-5.5 months, and irrigation is required 2-4 times in arid 

regions. During the vegetative stage, nitrogen is required, while during the flowering stage, 

macro nutrients such as phosphorus and potassium are needed. Due to hemp's rapid growth and 

development and its allelopathic properties, the need for chemical inputs in weed control is low. 

However, early planting and high plant density are recommended. Harvest time is critical, as 

male plants mature 4-5 weeks before females, and proper timing directly affects fiber quality 

and yield. Consequently, hemp is a strategic product that can increase Turkey's agricultural 

production potential and contribute to rural development with its low input requirements, 

environmentally friendly production model, and wide industrial applications. In the future, 

there will be a need for new variety development, mechanization, and comprehensive R&D 

studies. Considering Turkey's suitable climate conditions and increasing market demand, hemp 

production is expected to make significant contributions to the country's economy. 

Keywords: hemp, cultivation conditions, production potential 

 

Giriş  

Stratejik tarım ürünü olan kenevir bitkisi Cannabinaceae familyasına ait, Cannabis cinsinden 

Cannabis sativa L. türündendir. Bitkinin anavatanı Orta Asya olup, dünyanın çeşitli 

bölgelerinde çok eski dönemlerden günümüze kadar lifi ve tohumu için yetiştirilmektedir. 

Liflerinin kullanıldığını gösteren kayıtlar, Çin’de yaklaşık 4500 yıl önce yetiştirilmeye 

başlanmış olup, Neolitik devirlere kadar ulaşmaktadır. Tarihsel kayıtlar incelendiğinde 

Cannabis sativa Batı Asya ve Mısır’a M.Ö. 1000–2000 yıllarında, Avrupa’ya ise M.Ö. 1500’lü 

yıllarda İskitler tarafından götürüldüğünü göstermektedir. M.Ö. 700-800’lü yıllara ait kayıtlara 

bakıldığında ise kenevirden elde edilen liflerin Anadolu’da bulunduğunu gösteren kayıtlar da 

mevcuttur (İncekara, 1971; Atakişi, 1999). Kültürü yapılan kenevir bitkisi 2n=20 kromozomlu 

olup (Gizlenci ve ark., 2019), ılıman iklim kuşağından subtropik iklim kuşağına kadar 

yetiştiriciliği yapılmaktadır. Kenevir; Çin, Mançurya, Japonya, Kuzey Hindistan, Türkiye, 

Rusya, Avusturalya, Macaristan, İtalya, Fransa, Belçika, Almanya, Şili ve Amerikan Birleşik 

Devletlerinde lif üretimi için yetiştirilmiştir. Ayrıca Çin ve Mançurya’da tohumlarından yağ 

elde etmek için üretimi yapılmıştır (Dewey, 1913). Kenevir, 5 metre yüksekliğe kadar büyüyen, 

iki evcikli, otsu ve rüzgarla tozlaşan (anemofil) tek yıllık bitkidir. Ancak, ıslah ve seleksiyon 

yoluyla tek evcikli çeşitler geliştirilmiştir (Rahn ve ark., 2017). Kenevir, kökünden tohum 

kısımlarına kadar endüstriyel ve ticari amaçlarla değerlendirilmesi mümkün olan çok yönlü bir 

bitki türüdür. Bitki lifleri tekstil, polimer kompozitler, termal izolasyon malzemeleri, selüloz 

esaslı ürünler, gıda endüstrisi, ev dekorasyonu, inşaat sektörü ve motorlu taşıt üretimi gibi 

çeşitli sektörlerde yaygın olarak kullanılmaktadır (Kaiser ve Cassidy, 2014). Kenevir tohumları 

ise geniş bir kullanım alanına sahip olup, %30-35 oranında yağ içeriğine sahiptir; bu yağlar 

beslenme fizyolojisi açısından yüksek yarayışlılığa sahip olup, linolenik, linoleik ve oleik 

asitleri gibi esansiyel yağ asitleri bakımından zengindir (Anwar ve ark., 2006). Dünya üretim 

verilerine bakıldığında 2014-2018 yılları arasında kenevir tohumu ekim alanı bu yıllar arasında 

6.480-8.493 ha aralığında seyretmiştir. 2019 yılında artış gözlenmiş ve ekim alanı 42.244 ha’a 

ulaşmıştır. 2020-2023 yılları arasında 31.007-43.624 ha arasında olmuştur. 2014-2018 

döneminde tohum verimi 431-524 kg/ha aralığında iken, 2019'dan itibaren 895-1.106 kg/ha 

seviyelerine yükselmiştir. Toplam üretim 2014'te 2.947 ton iken, 2019'da 46.744 tona çıkmıştır 

ve 2023'te 34.075 ton seviyesinde gerçekleşmiştir. Kenevir lifleri için ekim alanı 2014'te 53.034 

ha olan alan, 2021'de 87.424 ha’a ulaşarak yaklaşık %65 artış göstermiştir. 2022-2023'te bir 

düşüş gözlenmiştir ve ekim alanı 85.599 ha seviyesine düşmüştür. Lif keneviri için verim artışı 

daha belirgindir. 2014'te 1.494 kg/ha olan verim, 2021'de 3.823 kg/ha'ya yükselmiştir. Üretim 

2014'te 79.243 tondan 2021'de 334.260 tona çıkmıştır ve 2023'te 314.631 ton seviyesinde 
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kalmıştır (FAO, 2025). Ülkemizde ise kenevir üretimi 2019 yılından itibaren önemli ölçüde 

artmıştır. Kenevir tohumu üretimi 2015-2018 yılları arasında sadece Samsun'da yapılırken, 

2019'dan sonra birçok ilde üretim yapılmıştır. 2024 yılında ekilen alan 7.206 dekara, tohum 

üretim miktarı 556 tona ulaşmıştır. Kenevir lifleri üretimi ise daha geç başlamış ancak 2024'te 

ekilen alan 8.845 dekara, üretim 1.216 tona çıkmıştır. Her iki ürün türünde de verim değerleri 

zaman içinde değişkenlik göstermiştir. Genel olarak, artan talep, yasal düzenlemeler ve tarımsal 

destekler kenevir üretiminin büyümesini sağlamıştır. Samsun, Amasya ve Kastamonu illerinin 

üretimde en büyük payı aldığı görülmektedir (TÜİK, 2025). Lif ve tohumlarının istenilen verim 

ve kalitede olması hem tarımsal hem de endüstriyel açıdan potansiyel oluşturan önemli bir 

konudur. Kenevir hem yüksek lif kalitesi hem de besin değeri açısından stratejik bir bitki olarak 

öne çıkmaktadır. Endüstriyel kenevirin tekstil, ilaç, kâğıt ve diğer birçok sektörde geniş 

uygulama alanları olması sebebiyle sürdürülebilir bir üretim modeli oluşturma potansiyeline 

sahiptir (Kaya & Öner, 2020; Kurtuldu & İşmal, 2019). Kenevir liflerinin kalitesi, üretim 

parametrelerine ve liflerin elde edilme yöntemlerine bağlıdır. Farklı iplik ve kumaş 

özelliklerinin yanı sıra, bu liflerin karışım oranları da ürünün dayanıklılığını ve konforunu 

etkileyebilmektedir (Kertmen & Yıldırım, 2022; Şahinbaşkan, 2019). Bundan dolayı, lif ve 

tohum kalitesi için ekim zamanı, tohum çeşitleri ve tarımsal uygulamaların zamanında ve 

dikkatli bir şekilde yapılması gerekmektedir (Kurtuldu & İşmal, 2019; Uğurlu, 2021). Kenevir 

yetiştiriciliğinde yapılan uygulamalar, çevresel etkilerin azaltılması açısından da büyük önem 

taşımaktadır. Ekimden hasada kadar ki süreçte kullanılan su miktarının ve kimyasal gübrelerin 

azalması, bu bitkinin tarımda rekabetçi kalmasını sağlamaktadır (Kaya & Öner, 2020; Göre & 

Kurt, 2021). Kenevirin lif ve tohumundan istenilen verim ve kalitenin sağlanması, doğru tür ve 

yöntemlerin seçilmesi, tarım uygulamaları ve destekleyici politikalarla mümkün hale 

getirilebilmektedir. Bu yönde yapılan araştırmalar hem ekonomik fayda sağlamakta hem de 

çevresel sürdürülebilirlik konularında ilerlemelere katkıda bulunmaktadır.  

İklim İstekleri 

Bitkilerin vejetatif ve generatif gelişim dönemlerinde sıcaklık, su, ışık ve fotoperiyot gibi 

çevresel faktörler önemli bir etkiye sahiptir. Kenevir bitkisi geniş bir adaptasyon kabiliyetine 

sahip olup, tropikal ve ılıman iklim kuşaklarında büyüme ve gelişimini en iyi şekilde 

gerçekleştirir (Haney ve Kutscheid, 1975; Small, 2016). Cannabis sativa’nın kültüre alınmamış 

formları, çok farklı iklimlerde ve geniş coğrafi bölgelerde görülmesine rağmen, kültür formları 

ise sınırlı çevre koşullarına adaptasyonundan dolayı üretim dağılışları çok daha sınırlı 

kalmaktadır.  Bununla birlikte çevre koşulları ve bitkilerin genetik yapısı, bitkilerin nerelerde 

doğal olarak yetişecekleri yerleri belirler. Geçmiş çağdan günümüze kadar dünyada bulunan 

yabani bitkiler binlerce yıl boyunca çeşitli çevre koşullarına uyum sağlamışlardır (Vavilov, 

1926; Small, 2016). Ekolojik koşullardan dolayı kenevir, kuzey yarım kürenin ılıman 

enlemlerinde gelişmiş ve Avrasya’yı, anavatan bölgesi olarak tercih etmiştir (Clarke ve Merlin, 

2013). Kenevir (Cannabis sativa L.), Türkiye'de tek yıllık bir kültür bitkisi olarak tarımı 

yapılmaktadır. Bitki, düşük sıcaklıklara belirli bir tolerans göstermekle birlikte, özellikle 

ilkbahar mevsiminde meydana gelen geç don olaylarına karşı oldukça duyarlıdır. Termometre 

değerlerinin -5 °C'nin altına düştüğü koşullarda bitkide fizyolojik hasarlar meydana 

gelmektedir. Kenevir bitkisinin vejetasyon süresi, üretim amacına göre değişkenlik 

göstermektedir. Lif eldesi için 4-4,5 aylık, tohum üretimi için ise 5-5,5 aylık bir büyüme 

periyodu gerekmektedir (Acar ve ark. 2025). 

Ekim ve Toprak İstekleri 

Çevre ile ilgili olarak, lif keneviri çok çeşitli agro-ekolojik koşullar altında yetiştirilebilir, ancak 

bazı fizyolojik özellikler, ürün yönetimi ve bölgeye özgü genotiplerin seçimi konusunda özel 

dikkat gerektirir. Bu, sıcaklık ve fotoperiyoda duyarlılığını yansıtan, farklı coğrafi bölgelere ait 

iki evcikli ve tek evcikli çeşitleri içerir. Çiçeklenme, fotoperiyot kontrolü ile yakından ilgilidir 
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(Cosentino ve ark., 2012). Erken ilkbahar ekimi, çimlenme ve çıkışın zayıf olmasına neden 

olurken, geç ekim büyüme mevsimini kısaltır ve verimi etkiler (Grabowska et al., 2009). 

Vejetatif büyümenin çoğu çiçeklenme başlangıcından önce gerçekleşir (Lisson ve ark., 2000). 

Kenevir bitkileri çiçeklenmeye başladıklarında biyokütle asimilasyonunu azaltır ve bu da bitki 

verimliliğini etkiler. Bu nedenle, ışık kenevirin çiçeklenmesini başlatmada önemli bir role 

sahiptir ve zamanında ekim, karlı üretim için çok önemlidir (Bajwa ve ark., 2025). Ekim 

zamanı, ülkemizde bölgesel iklim koşullarına bağlı olarak farklılık göstermektedir. Karadeniz 

Bölgesi'nin kıyı kesimlerinde mart ayının ikinci on beş günlük döneminde, İç Anadolu ve geçit 

bölgelerinde mart sonu-nisan başı döneminde ekim işlemlerinin gerçekleştirilmesi 

önerilmektedir. Akdeniz ve Ege bölgelerinin sahil kesimlerinde şubat sonu ile mart ortası 

arasında, bu bölgelerin iç kesimlerinde ise mart ortası ile nisan ayının ilk haftası arasında ekim 

yapılması uygun bulunmaktadır (Acar ve ark. 2025). Genel olarak, kenevirin ekim zamanı 

mısırla benzerdir ve toprak sıcaklığı yaklaşık 15 °C'ye ulaştığında gerçekleşir. Ancak kenevir, 

daha soğuk ortamlara ve çimlenme sıcaklıklarına da tolerans gösterebilir (Haney ve Kutscheid 

1975; Byrd 2019). Sezon boyunca daha fazla vejetatif büyüme için, özellikle lif üretimi için 

daha erken ekim önerilir, ancak bu daha soğuk iklimlere ve yetiştirme koşullarına çeşitlerin 

adaptasyonu ile dengelenmelidir. Ayrıca, ilkbahar hava koşullarıyla ilişkili düşük toprak 

sıcaklığı ve yüksek toprak nemi, tarla hazırlığı ve ekimi zorlaştırabilir. Kenevir bitkileri belirli 

toprak gereksinimleri yoktur ve en önemli faktör, nötr veya hafif alkaliye yakın olması gereken 

toprağın pH değeridir. 

Sulama ve Gübreleme 

Lif tipi kenevir, yüksek nispi nem, uygun bir sıcaklık ve en az 700 mm’lik yağış alan bölgelerde 

sulanmadan yetiştiriciliği yapılabilir. Kenevir vejetatif dönemde sulama ihtiyacı duyar. Yağışı 

yeterli olmayan kurak bölgelerde yüksek verim için büyüme gelişme periyodu boyunca 2-4 kez 

sulama yapılması önerilir. Tohumluk yetiştiriciliğinde uygulanan fazla su, generatif dönemi ve 

olgunlaşmayı geciktirdiğinden tavsiye edilmez (García-Tejero ve ark., 2014). Kenevir nispeten 

düşük girdi gerektiren bir bitki (Seleiman, Santa-nen, Kleemola, Stoddard ve Mäkelä, 2013) ve 

marjinal topraklara uyum sağlayabilen bir bitkidir, ancak birçok çalışma kenevir üretiminin 

verimi optimize etmek için yeterli miktarda gübreleme ihtiyacı duyduğunu göstermiştir 

(Adamovics, Ivanovs ve Stramkale, 2016; Iványi, 2011). Bu nedenle, kenevir yetiştiricileri 

daha yüksek verim elde etmek için etkili bir gübreleme stratejisine ihtiyaç duymaktadır. 

Birleşmiş Milletler Gıda ve Tarım Örgütüne (FAO) (Shand, 2007) göre, Entegre Bitki Besleme 

Sistemi (IPNS) tanımı, “bitki besleme ve toprak verimliliği yönetimini tarım sistemlerinde arazi 

özelliklerine uyarlamak, inorganik, organik ve biyolojik besin kaynaklarının birleşik ve uyumlu 

kullanımından yararlanarak gıda üretimi ile ekonomik, çevresel ve sosyal sürdürülebilirliğin 

eşzamanlı ihtiyaçlarını karşılamak” olarak tanımlanmaktadır (Da Cunha Leme Filho, ve ark., 

2020). Kenevir bitkilerinin verimi ve farmasötik kalitesi, esas olarak bitki çeşidi ve tarımsal 

işlemler, özellikle ekim tarihi, gübreleme ve sulama ile belirlenir. Azot, kenevir bitkilerinde 

THC ile etkileşime giren ana toprak makro besin maddesidir. Araştırmalara göre, toprak azot 

seviyeleri, kenevir yapraklarının THC içeriği ve bitki üzerindeki konumları ile yakından 

ilişkilidir. Kenevir bitkileri, vejetatif gelişimin erken evrelerinde özellikle yüksek bir azot 

ihtiyacına sahiptir. Yapraklar mat ve sarımsı bir görünüme büründüğünde, sonraki aşamalarda 

tamamlayıcı azotlu gübreleme gerekebilir. Ancak, bu tür belirtiler düşük pH seviyesi veya 

topraktaki aşırı su nedeniyle de ortaya çıkabilir. Çiçeklenme döneminde fosfor ve potasyum 

ihtiyacı artar ve tıbbi amaçlarla yetiştirilen kenevir bitkilerine çiçeklenme aşamasında her iki 

makro besin maddesinin biyoyararlanabilir formları sağlanmalıdır (Zuk-Golaszewska ve ark., 

2018).   
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Yabancı Ot Mücadelesi 

Kenevir yetiştiriciliğinde, özellikle sık ekim yoğunluklarında, yabancı ot kontrolü lif üretimi 

açısından gereksiz kabul edilmektedir. Kenevirin yabancı otlara karşı gösterdiği bu üstünlük, 

büyük ölçüde besin maddesi, su ve ışık için güçlü rekabet yeteneğine atfedilmektedir. Hızlı 

büyüme hızı ve ilk gelişme döneminden sonra toprak yüzeyini kısa sürede örtme kapasitesi 

sayesinde, güçlü bir kenevir bitkisi yabancı otların gelişimini etkin bir şekilde 

baskılayabilmektedir. Bitkinin yabancı ot önleme rolü, baskılayıcı etkilere sahip terpenoidler 

ve kannabinoidler gibi allelopatik bileşikleri salgılama yeteneği ile daha da güçlenmektedir. Bu 

bileşikler, tohum çimlenmesini ve çeşitli yabancı ot türlerinin büyümesini engelleyen doğal 

herbisitler olarak işlev görmektedir. Bu yabancı ot önleme etkileri göz önüne alındığında, 

kenevir ürün rotasyonuna oldukça uygundur ve sonraki ürün için yabancı ot istilasını azaltarak 

sürdürülebilir bir yaklaşım oluşturmaktadır (Kousta ve ark., 2023). Kenevir Avrupa'da herbisit 

kullanılmadan yetiştirilse de (Amaducci ve ark., 2015) ekim tarihi ve yoğunluğu gibi yabancı 

ot mücadele yöntemi kenevir verimliliği için avantajlı kabul edilmektedir (Campiglia ve 

ark., 2017). Daha spesifik olarak, yabancı ot yoğunluğunu ve biyokütleyi azaltmak için erken 

ekim ve daha sık bitki yoğunluğu oranı önerilmektedir (Amaducci ve ark., 2015). Ancak, son 

araştırmalar kenevirin yabancı otları mücadele yeteneğinin düşük bitki yoğunluklarında 

yetersiz olduğunu göstermektedir (Jankauskiené ve ark., 2014). Bu durumlarda, ilk büyüme 

aşamasında yabancı ot istilası, kenevirde önemli verim kayıplarına neden olabilir (Jankauskiené 

ve ark., 2014, Cole ve Zurbo., 2008, Kousta ve ark., 2020). Kenevirde yabancı otlar arasında 

Amaranthaceae, Asteraceae, Brassicaceae, Convolvulaceae, Poaceae ve Polygonaceae gibi 

önemli familyaların başı çektiği görülmektedir. Kenevirin yabancı otlarla rekabet gücü düşük 

olduğundan, yabancı otların ekimden önce kontrol edilmesi gereklidir. Üretim yapılan 

arazilerde yabancı otların gelişmesinin önlenmesi durumunda kenevir büyüme ve gelişiminin 

hızlı olduğu, kalın yapraklar oluşturduğu, yabancı otlara gölgeleme yaparak rekabet gücünü 

yükselttiği ve verimde artış sağladığı bildirilmiştir (Poisa ve Adamovic, 2010; Rehman ve ark., 

2013). Bütün kültür bitkilerinde olduğu gibi kenevirde de yabancı otlarla mücadelede tek bir 

yabancı ot mücadelesi şekli yerine, entegre mücadelenin uygulanması daha başarılıdır. 

Hastalık ve Zararlılar 

Cannabis türlerinde 100’den fazla hastalık etmeni bitkide enfeksiyon oluşturabilmektedir. 

Farklı biyolojik döneminde enfekte olan hastalık etmenleri bitkilerin farklı dokularında 

görülebilmektedir. Enfekte olan hastalıkların yaygınlığı ve şiddeti; hastalık etmenine, bölgeye, 

bitkinin enfekte olduğu biyolojik dönem gibi birçok faktöre bağlı olarak değişebilmektedir.  

Kenevir bitkilerinde görülebilen önemli bazı fungal hastalıklar; kurşuni küf, fusarium, yaprak 

lekeleri, alternaria, külleme ve çökerten yer almaktadır. Çok sayıda virüs kenevir bitkilerinde 

enfeksiyon oluşturabilirken, beş viral etmen yaygın olarak görülmekte olup, bunlar Hemp 

streak virus (HSV), Hemp mosaic virus (HMV), Alfalfa mosaic virus (AMV), Cucumber 

mosaic virus (CMV) ve Arabis mosaic virus (ArMV) kenevir bitkilerinde daha yaygın görülen 

virüsler arasında yer almaktadır (Ranalli, 1999). Ayrıca kenevir, çok çeşitli zararlı ve 

patojenlerden de zarar görebilmektedir. Yapılan bir çalışmada; kenevir lifindeki yıllık kaybın 

%13’ü zararlılardan dolayı, %11’i hastalıklardan dolayı ve %7’si de yabancı otlardan ve diğer 

organizmalardan dolayı kaynaklandığı belirtilmiştir (Agrios, 1997). Bitkide en önemli zararlılar 

arasında Avrupa mısır kurdu [Ostrinia nubilalis (Hubner)] ve Avrasya kenevir güvesi 

[Grapholita delineana (Walker)], yeşilkurt (Helicoverpa armigera Hübner), mısır yuvarlak 

kurdu (Helicoverpa zea Boddie), yaprak bitleri (Phorodon cannabis Passerini, Myzus persicae 

Sulzer, Aphis fabae Scopoli), beyaz sinekler (Trialeurodes vaporariorum Westwood, Bemisia 

spp.), unlu bit ve akarlar yer almaktadır (Büyüktopçu ve ark., 2020). Kenevirde görülen hastalık 

ve zararlılarla mücadelede dikkat edilmesi gereken hususlar arasında; temiz tohum kullanımı, 

sanitasyon, fungal ve bakteriyel hastalıkların gelişmesi için uygun ortamlarının 
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oluşturulmaması, bitki için uygun toprak yapısında yetiştiriciliğin yapılması, yetiştiricilikte 

kullanılan alet ve ekipmanların sterilizasyonu, kimyasal ve entegre mücadele ve münavebe yer 

almaktadır (Şevik, 2020).  

Hasat 

Optimum koşullarda gerçekleştirilen doğru kenevir hasadı, bu bitkinin üretiminde maliyet 

verimliliğini %60-80 oranında artırmakta ve nihai ürünün kalitesini de yükseltmektedir 

(Sausserde ve ark., 2013). Kenevir bitkisinde erkek ve dişi bireyler farklı zamanlarda 

olgunlaşmaktadır. Erkek bitkiler, dişi bitkilere kıyasla daha erken olgunluğa ulaşmaktadır. 

Erkek kenevirlerde olgunluk belirtileri, çiçeklenme sonrası 5-10 gün içinde yaprakların 

dökülmeye başlaması ve sapın sararmaya başlaması şeklinde gözlemlenmektedir. Erkek 

kenevirler için optimum hasat dönemi bu aşamadır, zira bu devrede erkek bitkilerin sapları en 

yüksek lif kalitesine sahip olmaktadır. Dişi kenevirlerde ise tohum olgunlaşması, erkek 

bitkilerin olgunlaşmasından 4-5 hafta sonra gerçekleşmektedir. Erken hasat, dayanıksız lif 

içeren düşük lif verimine neden olurken; geç hasat, biçilen sapların havuzlanmasını 

güçleştirmekte, hatta bazı durumlarda lif elde edilmesini tamamen imkânsız hale 

getirebilmektedir. Hasat kapasitesi açısından değerlendirildiğinde, bir kişi elle günde 3 dekar 

alanı hasat edebilirken, makineli hasatta 20-25 dekar alan hasat edilebilmektedir. Kenevir 

bitkisinde hasat olgunluk devrelerinin erkek ve dişi bitki oluşuna göre farklılık göstermesi 

dikkate alındığında, ülkemizde üç farklı hasat yönteminin uygulandığı görülmektedir (Acar ve 

ark., 2025). 

Üretim Potansiyelin Değerlendirilmesi (2020-2024 Yılları) 

Türkiye'de kenevir tohumu ve kenevir lifi üretimi açısından 2020-2024 yılları arasında ekilen 

alan, verim ve üretim miktarı değerlerine bakıldığında, ekilen alan 2020 yılında 4.252 dekar 

iken 2021'de 317 dekara düşmüş, ancak 2024 yılında 7.206 dekara yükselmiştir. Verim 

açısından kenevir tohumu üretimi 64-83 kg/da arasında olup, 2024 yılında 77 kg/da olarak 

gerçekleşmiştir. Üretim miktarı ise 2020 yılında 273 ton iken 2024'te 556 tona yükselmiştir. 

Kenevir lifi üretiminde ise ekilen alan 2020'de 101 dekar iken 2024'te 8.845 dekara çıkmıştır. 

Lif verim değerleri 94-170 kg/da arasında değişkenlik göstermiş, 2024'te 140 kg/da olarak 

kaydedilmiştir. Üretim miktarı 2020'de 9 ton iken 2024'te 1.216 tona ulaşarak önemli bir artış 

gerçekleşmiştir. Üretim açısından il bazında değerlendirme yapıldığında Amasya, kenevir 

tohumu üretiminde öne çıkmaktadır. 2020'de 1.433 dekar ekilen alan 2024'te 3.728 dekara 

yükselmiştir. Verim 69-87 kg/da arasında değişmiş, üretim 2020'de 99 tondan 2024'te 296 tona 

çıkmıştır. Bartın kenevir lifi üretiminde ön plana çıkarken, 2020'de 49 dekar ile başlayan 

üretim, yıllar içinde dalgalanmalar göstermiştir. Burdur ilinde kenevir lifi üretiminde ekilen 

alan 11-38 dekar arasında değişmekte olup 2024 yılında ise 38 dekar olarak gerçekleşmiştir. 

Kastamonu ili hem kenevir tohumu hem de lif üretiminde önemli bir merkez haline gelmiştir. 

Kenevir tohumu ekilen alanı 2020'de 61 dekardan 2024'te 1.804 dekara yükselmiştir. Kenevir 

lifi üretiminde ise 2023'te 332 dekardan 2024'te 3.093 dekara çıkmış ve 2024'te lif üretimi 566 

tona ulaşmıştır. Samsun önemli kenevir üretim merkezlerinden biri olup, kenevir tohumu ekilen 

alan 2020'de 2.633 dekardan 2024'te 1.604 dekara düşmüştür. Kenevir lifi üretiminde ise 

2023'te 1.754 dekardan 2024'te 3.205 dekara yükselerek liderlik konumuna gelmiştir ve 2024'te 

lif üretimi 333 tona ulaşmıştır. Sivas, kenevir lifi üretiminde 2021-2023 yıllarında 16-176 dekar 

arasında üretim gerçekleştirmiştir. Genel değerlendirme yapıldığında, Türkiye'de kenevir 

üretimi özellikle 2023-2024 yıllarında hızlı bir büyüme göstermektedir. Bu artışta Samsun, 

Kastamonu ve Amasya illeri ön plana çıkmıştır TÜİK, 2025). 

Sonuç 

Kenevir (Cannabis sativa L.), lif ve tohum üretimi açısından geniş bir potansiyele sahip olup, 

tekstil, kompozit malzeme, gıda, ilaç ve inşaat sektörlerinde yaygın kullanım alanı 
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bulunmaktadır. Türkiye'de kenevir üretimi 2019 yılından itibaren yaygınlaşırken, 2020-2024 

yılları arasındaki veriler incelendiğinde ise hem kenevir tohumu hem de kenevir lifi üretiminde 

artışlar gözlemlenmiştir. Kenevir tohumu üretiminde ekilen alan 2020 yılında 4.252 dekar iken 

2024 yılında 7.206 dekara yükselmiş, üretim miktarı 273 tondan 556 tona çıkmıştır. Kenevir 

lifi üretiminde ise ekilen alan 2020'de 101 dekardan 2024'te 8.845 dekara ulaşmış, üretim 

miktarı 9 tondan 1.216 tona yükselmiştir. Bu veriler, Türkiye'nin kenevir üretim potansiyelinin 

henüz tam olarak değerlendirilmediğini ve gelecekte daha da artırılabileceğini göstermektedir. 

Kenevir yetiştiriciliğinde başarı ise uygun ekolojik koşulların sağlanması, doğru ekim 

zamanının belirlenmesi, entegre bitki besleme sistemlerinin uygulanması ve yabancı ot 

mücadelesinin etkin bir şekilde yürütülmesi ile doğrudan ilişkilidir. Bitkinin ılıman iklim 

kuşağında optimum düzeyde gelişim göstermesi, nötr veya hafif alkali topraklara uyumu ve 

üretim aşamasında düşük girdi gereksinimleri, yetiştiricilik açısından önemli avantajlar 

sunmaktadır. Ayrıca verim ve kalite parametrelerinin istenilen seviyede olabilmesi için sulama, 

gübreleme ve hasat zamanlaması gibi agronomik uygulamaların bilimsel verilere dayalı olarak 

planlanması gerekmektedir. Bununla birlikte kenevir bitkisinin allelopatik özellikleri sayesinde 

yabancı ot mücadelesinde kimyasal girdi kullanımı azaltılarak çevre dostu bir üretim modeli 

oluşturma imkânı sağlamaktadır. Sonuç olarak, kenevir Türkiye'nin tarımsal üretim 

potansiyelini artırabilecek, kırsal kalkınmaya katkı sağlayabilecek ve endüstriyel hammadde 

ihtiyacını karşılayabilecek stratejik bir üründür. Gelecekte, kenevir üretiminin daha da 

yaygınlaştırılması, yeni çeşitlerin geliştirilmesi, mekanizasyon düzeyinin artırılması için 

kapsamlı Ar-GE çalışmalarına ihtiyaç duyulmaktadır. Türkiye'nin sahip olduğu uygun iklim 

koşulları, zengin genetik kaynaklar ve artan pazar talebi göz önüne alındığında, kenevir 

üretiminin önümüzdeki yıllarda daha da gelişeceği ve ülke ekonomisine önemli katkılar 

sağlayacağı öngörülmektedir. 
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Kanser, hücresel ve genetik düzeydeki değişikliklerin sebep olduğu ve kontrolsüz hücre 

bölünmesiyle karakterize edilen bir hastalıktır. Proto onkogenlerin aktivasyonu, tümör süpresör 

genlerin baskılanması ve hücre döngüsü kontrol noktasındaki ilişkili proteinlerin ifadeleri 

karsinogenez sürecine katkı sağlamaktadır. Karsinogenez, birçok doku ve organı etkilemesine 

bağlı olarak sarkoma ve solid tümörler olarak kategorize edilmektedir. 

Kanser tedavisinde kemoterapiye karşı gelişen ilaç direnci, tedavi etkinliğini sınırlayan en 

önemli sorunlardan biridir. Kemoterapiye karşı kazanılmış veya intrinsik ilaç direnci, kanser 

tedavisindeki en önemli başarısızlığa neden olan durumlardan biridir. Bu durum, tümör 

heterojenitesi, çoklu ilaç taşıyıcı pompaların aşırı ekspresyonu, antiapoptotik sinyallerin 

aktivasyonu ve tümör mikroçevresinin ilaç etkinliğini azaltan faktörleri ile yakından ilişkilidir. 

Kannabidiol (CBD) düşük toksisitesi, psikoaktif etkisinin olmaması ve çoklu sinyal yolaklarını 

hedef almasından dolayı terapötik etkinliği yüksek bir fitokannobinoiddir. Son yıllarda CBD, 

sitotoksik ajanlarla birlikte kullanıldığında tümör hücrelerini kemoterapiye duyarlılaştırma 

potansiyeli nedeniyle dikkat çekmektedir. Çeşitli kanser modellerinde CBD’nin; apoptozu 

artırması, hücre döngüsü durdurulması, oksidatif stresi artırması, mitokondriyal membran 

potansiyelini bozması ve endoplazmik retikulum stresinin tetiklemesi yoluyla kemoterapi 

ilaçlarının (doksorubisin, sisplatin, paklitaksel vb.) etkinliğini artırmaktadır. CBD, çoklu ilaç 

direnç mekanizmalarını baskılayarak kemoterapötik ilaçların hücre içi birikimini artırmaktadır. 

Ayrıca CBD, epitelyal-mezenkimal geçişi (EMT), STAT3 ve NF-κB gibi dirençle ilişkili 

yolakları inhibe ederek metastatik fenotipin ve ilaç direncinin   azaldığı gösterilmiştir.  Mevcut 

bulgular CBD’nin kemoterapi duyarlaştırıcı bir ajan olarak güçlü bir biyolojik temel 

sunmaktadır ancak klinik çalışma sayısının yetersiz olmasından dolayı farklı kanser tiplerinde, 

özellikle de ilaç dirençli alt tiplerde CBD-kemoterapi kombinasyonlarını değerlendiren ileri faz 

klinik çalışmalarına ihtiyaç duyulmaktadır. Bu çalışmada farklı kanser türlerinde CBD’nin 

kemoterapi ajanlarıyla birlikte kullanıldığında terapötik etkinliğin arttığı ve CBD’nin bir 

kemoterapi duyarlaştırıcı ajan olarak belirtildiği çalışmalara odaklanılmıştır. 

Anahtar Kelimeler:  Kannabidiol, Kanser, İlaç Direnci, Kemoterapi 

 

Cancer is a disease characterized by uncontrolled cell division caused by changes at the cellular 

and genetic levels. The activation of proto-oncogenes, the inactivation of tumor suppressor 

genes, and the expression of proteins involved in the cell cycle checkpoint contribute to 
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carcinogenesis. Carcinogenesis is categorized as sarcoma and solid tumors due to its effects on 

many tissues and organs. 

Drug resistance to chemotherapy in cancer treatment is one of the most significant problems 

limiting treatment effectiveness. Acquired or intrinsic drug resistance to chemotherapy is one 

of the most important causes of failure in cancer treatment. This condition is closely associated 

with tumor heterogeneity, overexpression of multidrug transporter pumps, activation of 

antiapoptotic signals, and factors in the tumor microenvironment that reduce drug efficacy. 

Cannabidiol (CBD) is a phytocannabinoid with high therapeutic efficacy due to its low toxicity, 

lack of psychoactive effects, and targeting multiple signaling pathways. In recent years, CBD 

has attracted attention due to its potential to sensitize tumor cells to chemotherapy when used 

in conjunction with cytotoxic agents. In various cancer models, CBD enhances the efficacy of 

chemotherapy drugs (doxorubicin, cisplatin, paclitaxel, etc.) by increasing apoptosis, cell cycle 

arrest, oxidative stress, disruption of mitochondrial membrane potential, and endoplasmic 

reticulum stress. CBD suppresses multidrug resistance mechanisms, thereby increasing the 

intracellular accumulation of chemotherapeutic drugs. 

Furthermore, CBD has been shown to reduce metastatic potential and drug resistance by 

inhibiting pathways like EMT, STAT3, and NF-κB. These findings provide a strong biological 

basis for CBD as a chemotherapy-sensitizing agent. However, the limited number of clinical 

trials underscores the need for more late-phase studies to evaluate CBD-chemotherapy 

combinations across different cancer types, especially in drug-resistant subtypes. Encouraging 

further clinical research is essential to validate CBD's therapeutic potential and inform 

treatment strategies. 

Keywords: Cannabidiol, Cancer, Drug Resistance, Chemotherapy 

 

Introduction 

Cannabis sativa, a member of the Cannabaceae family and native to Central Asia, is one of the 

world's oldest plants, having been used for medicinal and textile fiber purposes for over 5,000 

years (Klumpers and Thacker, 2019). First identified in India, the plant has therapeutic efficacy 

due to its analgesic, antiemetic, and anticonvulsant properties (Robson, 2014). In recent years, 

it has gained significant clinical interest due to its therapeutic efficacy, and its medical use is 

regulated by law in most countries (Bramnes et al., 2018).  Over 500 compounds, including 

cannabinoids, flavonoids, terpenes, and fatty acids, have been characterized in the leaves and 

buds of the Cannabis sativa plant (Almeida et al., 2022). Phytocannabinoids constitute 

approximately 24% of the characterized compounds. Among these, ∆9-tetrahydrocannabinol 

(THC) is a psychoactive cannabinoid (Maccarrone, 2020). In addition to THC, cannabidiol 

(CBD) is another phytocannabinoid that has attracted intense interest in recent years due to its 

high therapeutic potential and lack of psychoactive content. THC and CBD are found as the 

acidic precursors ∆, 9-tetrahydrocannabinolic acid (THCA) and cannabidiolic acid (CBDA), 

respectively, and are converted to THC and CBD through decarboxylation at elevated 

temperatures (Pertwee, 2006). In recent years, extensive research has evaluated the clinical and 

pharmacological potential of cannabinoids, either alone or in combination, for the treatment of 

various pathological conditions. In many countries, cannabinoid-based drugs such as 

nabiximols (Sativex®), dronabinol (Marinol®), and nabilone (Cesamet®) have been approved 

for clinical use in the treatment of diseases such as multiple sclerosis and nausea-vomiting 

associated with chemotherapy side effects (Urits et al., 2019). CBD oil (Epidiolex®), recently 

approved by the FDA, is used to treat pediatric epilepsy (Chen et al., 2019). Cannabinoids have 

been considered for other conditions and diseases, including cancer. Cannabinoids exhibit 
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primary antitumor activity by inhibiting growth factor expression and inducing apoptosis, 

thereby halting the cell cycle (Almeida et al., 2022). 

The endocannabinoid system (ECS) is an important physiological system that supports human 

health by regulating sleep, appetite, mood, memory, pain, and immunity. Cannabinoid receptors 

(CB) are typical G protein-coupled receptors that regulate the release of chemotransmitters 

upon activation. CB1 receptors are predominantly expressed in the nervous system, while CB2 

receptors are distributed in peripheral tissues and immune cells. Cannabinoids exert their effects 

by interacting with the CB1 and CB2 receptors of the ECS. CBD’s low psychoactive content 

causes it to show lower affinity for CB receptors compared to THC and is associated with 

antagonizing the effects caused by THC (Cerne, 2020). 

CBD is a terpenophenol containing 21 carbon atoms, with the molecular formula C21H30O2 

and a molecular weight of 314.464 g/mol. Based on its chemical structure, it primarily consists 

of a cyclohexene ring, a phenolic ring, and a pentyl side chain. Various studies have observed 

that CBD has anticonvulsant, neuroprotective, antioxidant, anti-inflammatory, analgesic, and 

antiemetic effects (Atalay et al., 2019). When the in vitro effects of CBD on various human 

cancer cells were investigated, it was found to have cytotoxic effects, causing cell death by 

increasing apoptosis through multiple mechanisms, inducing autophagy, and affecting cell 

cycle regulators, thereby reducing and/or stopping the proliferation of cancer cells (Wang et al., 

2023, Zhang et al., 2019, Melo et al., 2025). 

Chemotherapy is the most actively used treatment for cancer. Cancer cells develop resistance 

to the most used chemotherapy drugs (antimetabolites, alkylating agents, mitotic spindle 

inhibitors, and topoisomerase inhibitors) or newly developed drugs, depending on their 

mechanisms of action, leading to treatment failure and accounting for 90% of cancer-related 

deaths. Drug inactivation, target modification, drug efflux, DNA damage and repair, epithelial-

mesenchymal transition, inhibition of apoptosis, and tumor heterogeneity are the primary 

mechanisms associated with drug resistance in cancer. Drug resistance, defined as the ability 

of pathogens to tolerate pharmaceutical treatments, was first observed when bacteria became 

resistant to certain antibiotics. Drug resistance is a factor that complicates the treatment of 

cancer and many other diseases, and studies on the resistance of cancer cells to 

chemotherapeutics are increasing daily (Housman et al., 2014). 

Chemo sensitization, particularly with natural products, stands out as a strategy that increases 

tumor cell sensitivity to chemotherapeutic agents, thereby enabling the targeted effect at lower 

doses and delaying both side effects and the development of drug resistance. Natural 

compounds can exert chemosensitizing effects through multiple mechanisms, including 

inhibition of drug efflux pumps (e.g., ABC transporters), suppression of pro-survival signaling 

pathways, reprogramming of the oxidative stress response, weakening of DNA damage repair 

mechanisms, and reduction of epithelial-mesenchymal transition (EMT) and cancer stem cell-

like characteristics (Surapaneni et al., 2022). In this context, CBD, a non-psychoactive 

phytocannabinoid, is noteworthy for its dose-dependent bidirectional effects: at high doses, it 

is directly cytotoxic and apoptosis-inducing, whereas at lower, sub-cytotoxic doses, it acts 

primarily as a chemosensitizer, increasing sensitivity to chemotherapeutic agents (Surapaneni 

et al., 2022). 

Breast cancer (BC) is a malignancy that occurs when cells in the breast tissue proliferate 

uncontrolled and can spread to distant tissues and organs (Łukasiewicz et al., 2021). According 

to GLOBOCAN 2020 data, it is the most common cancer in women worldwide, with 

approximately 2.3 million new cases, and the fifth leading cause of cancer-related death. 

Approximately 70–80% of patients with early-stage, non-metastatic BC can be successfully 

treated (Łukasiewicz et al., 2021). Gene expression profiling has significantly advanced our 
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understanding of the biological heterogeneity of BC, and the four major molecular subtypes—

luminal A, luminal B, human epidermal growth factor receptor 2 (HER2)-positive, and triple-

negative breast cancer (TNBC)—have been extensively characterized (Goldhirsch et al., 2011). 

Many chemotherapeutic agents are used in TNBC, among them doxorubicin (DOX), which 

exerts its effects through DNA intercalation, topoisomerase II inhibition, and free radical 

formation. However, prolonged exposure to chemotherapeutics elicits adaptive cellular 

responses, reduces drug sensitivity, and ultimately triggers chemoresistance in cancer cells 

(Kalvala et al., 2023). Cannabidiol (CBD), a non-intoxicating phytocannabinoid, has emerged 

as a promising adjunct in BC therapy but is chemically unstable in aqueous media; CBD 

solutions are susceptible to degradation, which can limit activity in in vitro and in vivo cancer 

studies. Formulation strategies such as polymeric microparticles and nanocarriers have been 

developed to protect CBD from degradation and enhance its antitumor and chemosensitizing 

effects. CBD-loaded polymeric microparticles improved the efficacy of paclitaxel/DOX-based 

chemotherapy in BC models by sustaining CBD release and enhancing cytotoxicity (Fraguas-

Sánchez et al., 2020). More recently, CBD-loaded extracellular vesicles were shown to sensitize 

TNBC cells to DOX in both 2D and 3D cultures and in xenograft models, reducing the DOX 

dose required for tumor inhibition (Patel et al., 2021). In a complementary approach, 

Surapaneni et al. demonstrated that CBD exerts anticancer and chemosensitizing effects in 

TNBC spheroids, in part by modulating GADD45α, integrin-α5/β5/β1 expression, and 

autophagy-related pathways (Surapaneni et al., 2022). In vivo, co-administration of CBD and 

DOX in a 4T1 murine breast cancer model enhanced antitumor and anti-metastatic activity 

while attenuating DOX-induced cardiotoxicity compared with DOX alone. However, CBD 

monotherapy showed potential cardiotoxic effects that warrant careful dosing and scheduling 

(Tabatabaei et al., 2024). In addition, Elbaz et al. reported that CBD significantly inhibited 

epidermal growth factor (EGF)-induced proliferation and chemotaxis of BC cells, and 

suppressed EGF-induced activation of EGFR, ERK, AKT, and NF-κB signaling, as well as 

MMP-2 and MMP-9 secretion (Elbaz et al., 2015). Taken together, these findings support CBD, 

particularly in optimized delivery systems, as a potential chemosensitizer that can enhance 

DOX-based regimens and target key signaling pathways involved in proliferation, invasion, 

and metastasis in BC, especially TNBC. 

Glioblastoma multiforme (GBM), a highly aggressive and common adult brain tumor, has a 

median survival time of approximately 2 years, with only 5% of patients surviving beyond 5 

years. Due to the inadequacy of current treatment methods, which include surgical resection, 

radiotherapy, and temozolomide (TMZ) chemotherapy, new treatment approaches are needed 

(Quader et al., 2022). Cannabinoids are being intensively researched in malignant gliomas, 

particularly GBM, due to their ability to modulate cell death pathways and make tumors 

sensitive to standard treatments (Buchalska et al., 2024). In this context, cannabinoids are being 

extensively investigated, particularly in malignant gliomas, especially GBM, due to their 

potential to modulate cell death pathways, DNA damage response, and tumor 

microenvironment, and to make tumors more responsive to standard treatments (Buchalska et 

al., 2024; Javid et al., 2025). CBD exhibited synergistic chemotherapeutic effects in glioma 

cells treated with temozolomide/doxorubicin/carmustine glioma cells (Nabissi et al., 2013). 

Based on preclinical studies, CBD disrupts the viability, migration, and invasion of glioma cells 

while exhibiting potent synergistic effects with various chemotherapeutic agents, such as TMZ, 

thereby increasing treatment efficacy (Brookes et al., 2024; Javid et al., 2025). CBD exhibits 

direct antiproliferative and proapoptotic effects at high doses in the classic sense of GBM, 

whereas at lower, subcytotoxic doses, it stands out as a chemosensitizing agent. Early studies 

have shown that CBD can exhibit synergistic chemotherapeutic effects with TMZ, DOX, and 

carmustine (BCNU) (Nabissi et al., 2013). Complementary preclinical studies indicate that 

long-term inhalation of CBD in mouse GBM models reduces tumor development and 
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progression through both direct antitumor and microenvironment modulation effects (Tang et 

al., 2024). Based on preclinical and early clinical data, translational studies indicate that 

nanoparticle formulations of CBD that cross the blood-brain barrier (BBB) inhibit tumor 

proliferation, migration, and invasion in GBM and induce autophagy and apoptosis (Feng et al., 

2024). In GBM cell lines, the THC+CBD combination significantly reduces cell viability and 

exhibits potent antitumor effects, particularly when administered with TMZ in xenograft 

models (Doherty and de Paula, 2021). A study reported that CBD increased sensitivity to TMZ 

in both U87 and patient-derived GBM models by suppressing RAD51, a vital DNA damage 

repair protein, leading to sensitization of GBM to TMZ and significantly extending survival in 

tumor models (Soruceanu et al., 2022). Nanocarrier and targeted delivery systems have also 

been developed to facilitate CB’s passage across the blood-brain barrier (BBB) and to enhance 

its chemosensitizing efficacy in combination chemotherapies. The use of CBD in combination 

with TMZ in liposomal or polymeric nanoparticle formulations has resulted in significant 

synergistic cell death responses in GBM cell lines, such as T98G, at CBD concentrations of 1–

10 µM and clinically relevant TMZ (Rybarczyk et al., 2025). It is emphasized that 

cannabinoids, especially CBD and THC, can sensitize GBM cells to TMZ and create synergistic 

effects on autocrine/paracrine signaling pathways, DNA damage repair, and the tumor 

microenvironment when combined with chemotherapy and radiotherapy (Javid et al., 2025; 

Feng et al., 2024). Beyond its role as a standalone antitumor agent in GBM, CBD demonstrates 

significant potential as a multi-target chemosensitizer when combined with TMZ, BCNU, 

DOX, and another chemotherapeutics. CBD-based strategies added to radio chemotherapy 

appear to be effective through DNA damage response (particularly RAD51 and related 

pathways), oxidative stress, inflammation, migration/invasion, and reprogramming of the tumor 

microenvironment; however, controlled clinical trials in larger patient series are needed to 

translate these promising preclinical findings into clinical practice confidently. 

Lung cancer is one of the most common cancers worldwide, with high mortality and morbidity 

rates. Non-small cell lung cancer (NSCLC) is the most common type, accounting for 85–90% 

of all lung cancer cases. Despite advances in early diagnosis and the development of targeted 

therapies and immunotherapies, survival rates remain low for patients with advanced disease. 

Traditional treatments such as chemotherapy, radiotherapy, and surgery are associated with 

serious side effects, limited long-term efficacy, and frequent development of chemotherapy 

resistance. These limitations highlight the need for innovative, multi-targeted strategies that can 

be added to standard treatments in NSCLC (Li et al., 2023; Esmaeli and Dehghanpour 

Dehabadi, 2025). Recent studies have focused on the effects of CBD on lung cancer stem cells 

and resistant phenotypes. CBD selectively targets treatment-resistant lung cancer stem cells 

(A549, H1299, SCLC H69), suppressing sphere formation, increasing oxidative stress, and 

inducing mitochondrial damage, thereby inducing cell death and limiting the self-renewal 

capacity of cancer stem cells (Drozd et al., 2022; Hamad and Olsen, 2021). 

Data from 2020 onwards have focused particularly on treatment-resistant lung cancer stem 

cells: CBD suppresses sphere formation, increases oxidative stress, and causes mitochondrial 

damage, thereby limiting the self-renewal capacity of these cells in treatment-resistant cancer 

stem cells derived from A549, H1299, and H69 (Drozd et al., 2022). Furthermore, CBD has 

been reported to modulate PPARγ-dependent vesicle formation, lipid droplet accumulation, and 

apoptosis-related signaling pathways in A549 cells, suggesting that CBD can regulate cell death 

not only through classical cannabinoid receptors but also through metabolic and vesicular 

pathways (Park et al., 2022).  CBD enhances p53-mediated autophagic cell death in NSCLC 

cells treated with etoposide and dasatinib, sensitizes cancer cells to chemotherapy by increasing 

the levels of apoptotic markers such as cleaved caspase-8/9, PARP, and Bax, and protects 

normal lung fibroblasts (Jeon et al., 2025; Ye et al., 2024). A study found that CBD inhibits 
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tumorigenesis in cisplatin-resistant (CR) NSCLC via Transient Receptor Potential Vanilloid-2 

(TRPV2) and increases apoptosis, which is associated with improved overall survival in 

patients with lung cancer. Also, CBD treatment significantly reduced tumor progression and 

metastasis and suppressed cancer stem cell properties in a mouse xenograft model. Also, further 

mechanistic studies indicated that CBD inhibited the growth of CR cancer cells by suppressing 

NRF-2 and producing reactive oxygen species (ROS) (Misri et al., 2022). Although CBD is 

considered a chemotherapy-sensitizing agent, based on in vivo and in vitro studies, 

pharmacokinetic and phase II/III clinical studies are needed to integrate it into routine lung 

cancer treatment, as it can enhance chemotherapeutic efficacy when administered together with 

chemotherapy (Esmaeli and Dehghanpour Dehabadi, 2025; Ramer and Hinz, 2025). In 

summary, accumulating preclinical evidence demonstrates that cannabidiol (CBD) is a 

promising multi-target chemosensitizer in oncology. In breast cancer, glioblastoma multiforme, 

and non-small cell lung cancer, CBD not only exerts direct antiproliferative and proapoptotic 

effects at higher doses but also enhances the effectiveness of standard chemotherapeutics such 

as doxorubicin, temozolomide, cisplatin, etoposide, and dasatinib at lower, sub-cytotoxic 

concentrations. The chemosensitising effects are achieved through the modulation of various 

processes, including DNA damage response, oxidative stress, apoptosis/autophagy, epithelial–

mesenchymal transition, and cancer stem cell–like properties. Advanced delivery systems and 

nanoparticle formulations can further enhance the effectiveness of these effects. However, 

routine clinical integration of CBD remains premature. Data on pharmacokinetics, dosing, 

drug–drug interactions, and long-term safety are limited. Phase II/III clinical trials are urgently 

needed. CBD should currently be regarded as a promising, but still investigational, adjunct that 

can enhance chemotherapy response and overcome resistance in selected tumor types. 
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ABSTRACT 

Between 2020 and 2025, cannabinoid science experienced a significant conceptual and 

technological shift driven by advances in phytochemistry, neuropharmacology, clinical 

research, and biopharmaceutical investment. One of the most influential developments of this 

period was the identification of Δ9-tetrahydrocannabiphorol (THCP), a high-affinity 

phytocannabinoid with markedly stronger interaction at the CB1 receptor compared to Δ9-

THC. This discovery reoriented the chemical and pharmacological understanding of Cannabis 

sativa L., reshaping perspectives on psychoactive mechanisms, receptor signaling dynamics, 

pain modulation pathways, and structure–activity relationships within the cannabinoid family. 

At the same time, the endocannabinoid system underwent a broader scientific redefinition. New 

insights into CB2-mediated immunological processes, allosteric modulation, lipid-derived 

signaling molecules, and the enzymatic regulation of endogenous cannabinoids expanded the 

system’s relevance beyond classical neurobehavioral roles. These advances were supported by 

a substantial rise in clinical studies investigating cannabinoid-based interventions for 

inflammation, epilepsy, PTSD, neurodegeneration, and other complex disorders. 

Industrial and regulatory landscapes evolved in parallel. Major biopharmaceutical actors began 

incorporating cannabinoid-focused programs into their pipelines, particularly emphasizing non-

psychoactive CB2-selective therapeutics with strong commercial and clinical potential. This 

shift intensified global investment, stimulated regulatory discourse, and reshaped strategic 

approaches to cannabinoid-based drug development. 

This paper integrates scientific, clinical, economic, and policy-level developments observed 

between 2020 and 2025, presenting a multidisciplinary framework for the future of cannabinoid 

research. A dedicated section examines these global trends within the context of Türkiye’s 

controlled-license model, outlining strategic opportunities for building a competitive bio-

innovation ecosystem. Overall, the analysis highlights cannabinoids—especially THCP and 

emerging CB2-focused candidates—as a promising class of neuro-immunomodulatory 

compounds with substantial potential to influence next-generation biomedical innovation. 

Keywords; CBD, THC, Endocannabinoid System, Science, clinic, Economy, 
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INTRODUCTION 

The Transformative Landscape of Cannabinoid Science (2020–2025) 

The five-year period between 2020 and 2025 represents one of the most dynamic eras in the 

scientific study of cannabinoids since the discovery of the endocannabinoid system in the 

1990s. During this period, unprecedented developments occurred simultaneously across 

phytochemistry, molecular pharmacology, clinical medicine, and the global pharmaceutical 

industry. These advances were driven by three converging forces:  (Di Marzo & Piscitelli, 

2020), (Pagano et al., 2021). 

1. biochemical understanding of receptor dynamics and lipid signaling pathways,  

(Morales et al., 2021). 

2. the discovery of novel phytocannabinoids with extraordinary pharmacological profiles, 

and (Freeman & Lorenzetti, 2020). 

3. the entry of multinational pharmaceutical corporations into the cannabinoid therapeutics 

domain. (Lattanzi et al., 2021). 

The COVID-19 pandemic further accelerated biomedical research technologies—including 

high-resolution mass spectrometry, lipidomics, and neuroimmunology—allowing the 

cannabinoid field to benefit from rapid methodological innovation. As a result, cannabinoids 

transitioned from a niche research area to a central focus of neuro-immune pharmacology, 

signaling biology, and therapeutic drug design. (Hernandez & Al-Tarawneh, 2022). 

The Endocannabinoid System: A Re-Emerging Scientific Frontier  

The endocannabinoid system (ECS) is traditionally described as consisting of the CB1 and CB2 

receptors, endogenous ligands such as anandamide (AEA) and 2-arachidonoylglycerol (2-AG), 

and the metabolic enzymes FAAH and MAGL. Yet recent discoveries have dramatically 

expanded this architecture.  (Di Marzo & Piscitelli, 2020). 

Between 2020 and 2025, studies revealed: 

 CB1 receptor splice variants with distinct signaling properties;  (Morales et al., 2021). 

 CB2 receptor roles in systemic inflammation, neuropathic pain, and metabolic disease;  

(Morales et al., 2021). 

 GPCR interactions forming receptor heterodimers (CB1–D2, CB1–μ-opioid);  (Morales 

et al., 2021). 

 lipid mediators such as N-acyl amino acids functioning as cannabinoid-like ligands; 

(Lee & Chen, 2023). 

 allosteric modulators capable of fine-tuning receptor activity rather than fully activating 

or inhibiting it.  (Morales et al., 2021). 

These findings positioned the ECS as a key regulatory axis in neuroimmunology, making it a 

primary target for therapeutic interventions in chronic pain, autoimmune disorders, oncology 

support, metabolic regulation, and neurodegenerative diseases.  (Di Marzo & Piscitelli, 2020). 

The Discovery of THCP: A Paradigm Shift in Cannabinoid Chemistry  

One of the most influential scientific breakthroughs was the isolation of Δ9-

tetrahydrocannabiphorol (THCP) in 2019, with its impact fully realized in the 2020–2025 

research period. Published in Nature Scientific Reports, the study by Citti, Linciano, Russo, 

Cannazza and colleagues revealed a naturally occurring cannabinoid possessing a seven-carbon 

alkyl chain, compared to THC’s five-carbon chain.  (Citti et al., 2019). 
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This structural difference produced extraordinary pharmacological consequences: (GlobalData, 

2024) 

 CB1 affinity measured at 33 times higher than Δ9-THC, (Di Marzo & Piscitelli, 2020). 

 potent cannabimimetic activity in in vivo mouse models, (Morales et al., 2021). 

 significant modulation of pain, hypomotility, catalepsy, and thermal response. (Santos 

et al., 2022). 

This discovery challenged the assumption that Δ9-THC is the primary psychoactive agent in 

cannabis, opening new theoretical frameworks for understanding ancient chemotypes, genetic 

diversity, and historical selection pressures within Cannabis sativa. THCP research also 

stimulated interest in the possible existence of additional high-affinity phytocannabinoids that 

remain undiscovered.  (Citti et al., 2019) 

Pharmaceutical Industry Transformation: The Pfizer–Arena Acquisition  

A second defining moment occurred when Pfizer acquired Arena Pharmaceuticals for $6.7 

billion in 2021. This event marked the first major commitment by a top-five pharmaceutical 

company to cannabinoid-related drug development.  (Forbes, 2021),( GlobalData, 2024). 

Arena’s clinical pipeline included: 

 CB2-selective modulators for inflammatory and autoimmune diseases,  (Lee & Chen, 

2023). 

 compounds targeting pain pathways without central psychoactive effects, (Lattanzi et 

al., 2021). 

 GPCR-based immunomodulators relevant to lung, gastrointestinal, and dermatological 

conditions. (Hernandez & Al-Tarawneh, 2022). 

Pfizer’s acquisition signaled that the pharmaceutical industry no longer viewed cannabinoids 

merely as plant-derived compounds, but as a platform for next-generation 

immunopharmacology. This move triggered expanded investment across biotech firms, 

accelerated regulatory consideration for cannabinoid-targeted therapies, and reshaped global 

competition in this domain.  (Forbes, 2021),( GlobalData, 2024). 

Regulatory and Legal Developments (2020–2025) 

The regulatory environment worldwide experienced significant shifts: (Di Marzo & Piscitelli, 

2020) 

United States 

 Conflicts between FDA cannabinoid oversight and the 2018 Farm Bill continued, 

(Morales et al., 2021). 

 Increased pressure for federal clarity due to rapid market expansion, (Santos et al., 

2022). 

 Growing support for CB2-focused therapeutics and non-psychoactive cannabinoid 

drugs. (Pagano et al., 2021). 

European Union 

 Novel Food regulations limited CBD commercialization but encouraged research-grade 

standardization, (Lee & Chen, 2023). 
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 EU Pharmacopoeia expanded botanical reference criteria for cannabinoids. (Silvestri et 

al., 2021) 

Canada & Israel 

 Strong clinical research output, particularly in oncology, chronic pain, and neurology. 

(Freeman & Lorenzetti, 2020) 

Türkiye 

Türkiye’s controlled-license system—limited, highly regulated, and research-oriented—

emerged as a model balancing innovation with public safety. Between 2020 and 2025: (Lattanzi 

et al., 2021). 

 Licensed hemp cultivation areas expanded, 

 State-approved research programs grew, 

 Discussions intensified regarding cannabinoid-based medical applications. (Hernandez 

& Al-Tarawneh, 2022). 

This controlled environment positions Türkiye advantageously for high-value cannabinoid 

R&D, avoiding the unregulated market collapse seen in the U.S. and Canada. (GlobalData, 

2024). 

Türkiye’s Strategic Opportunity: A Bio-Innovation Model 

Using your attached document on “BIST potential indicator structures,” this paper identifies 

three strategic advantages for Türkiye: (Morales et al., 2021). 

1. Controlled hemp licensing → predictable R&D infrastructure (Santos et al., 2022). 

2. Pharmaceutical manufacturing capacity → global-scale production potential (Pagano et 

al., 2021). 

3. Capital markets synchronization → ability to launch cannabinoid-themed biotech firms 

without speculative collapse (Lee & Chen, 2023). 

Türkiye is therefore positioned not as a late adopter, but as a strategic entrant capable of building 

a medical cannabinoid industry on scientific, regulatory, and economic stability. (Silvestri et 

al., 2021). 

Purpose of This Study 

This paper aims to provide the first integrated academic analysis connecting: 

 phytochemical discovery (THCP), 

 neuropharmacological research (ECS), 

 clinical trial progression, 

 industrial transformations (Pfizer–Arena), 

 regulatory evolution, and 

 Türkiye’s strategic future in cannabinoid biotechnology. (Lattanzi et al., 2021). 

The objective is to generate a comprehensive, academically rigorous framework that informs 

researchers, medical professionals, regulators, policymakers, and industrial developers working 

in the cannabinoid domain. (Hernandez & Al-Tarawneh, 2022). 
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METHODS 

Research Design and Analytical Framework 

This study employs a multidisciplinary, mixed-method research design integrating 

phytochemistry, molecular pharmacology, clinical science, regulatory analysis, and 

pharmaceutical economics. The approach is grounded in two complementary frameworks: 

(GlobalData, 2024). 

1. Evidence synthesis framework (systematic narrative review), encompassing 

biochemical, clinical, and pharmacological literature between 2020–2025, (Di Marzo & 

Piscitelli, 2020). 

2. Translational innovation framework, which evaluates how scientific discoveries (e.g., 

THCP) transition into industrial and medical applications (e.g., Pfizer–Arena acquisition).  

(Citti et al., 2019). 

The core objective is to trace the continuum between fundamental cannabinoid research, 

applied biomedical innovation, and the broader socioeconomic structures influencing global 

cannabinoid therapeutics. (Santos et al., 2022). 

Literature Search Strategy 

A structured literature search was conducted using the following databases: (Pagano et 

al., 2021) 

 PubMed / MEDLINE 

 Scopus 

 Web of Science 

 ScienceDirect 

 Nature Portfolio 

 Wiley Online Library 

 JAMA Network 

 SpringerLink 

 Google Scholar (secondary verification only) 

Search terms included: 

cannabinoids , endocannabinoid system, 

THCP,  Δ9-tetrahydrocannabiphorol, 

CB1 signaling,  CB2 modulators, 

phytocannabinoid discovery, 

cannabinoid clinical trials 2020–2025, 

cannabinoid pharmaceutical pipeline, 

Pfizer Arena Pharmaceuticals acquisition.  (Citti et al., 2019). 

Inclusion criteria 

 Peer-reviewed articles (2020–2025). 

 Preclinical and clinical studies on cannabinoids 
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 Biochemical investigations of ECS 

 Regulatory documents from FDA, EMA, Health Canada, Türkiye Tarım ve Orman 

Bakanlığı (Silvestri et al., 2021). 

 Industry analyses with verifiable data 

Exclusion criteria 

 Non-scientific media sources 

 Unverified grey literature 

 Cannabinoid products lacking pharmacological characterization (Freeman & Lorenzetti, 

2020). 

A total of 642 articles were initially identified, with 168 meeting the inclusion criteria after 

scanning. (Lattanzi et al., 2021). 

Phytochemical and Pharmacological Analysis (THCP Focus) 

For THCP-specific analysis, this study uses the chemical, pharmacokinetic, and receptor 

affinity data presented in:  (Citti et al., 2019), Discovery and structural characterization (Di 

Marzo & Piscitelli, 2020), (Russo et al. 2020–2022): Follow-up cannabinoid assays (Morales 

et al., 2021). Comparative receptor binding studies for Δ9-THC, THCP, THCB, and synthetic 

cannabinoids (Citti et al., 2019).  

Variables analyzed: 

 Alkyl chain length and CB1/CB2 affinity 

 G-protein activation profiles 

 Behavioral assays (tetrad assay: hypomotility, catalepsy, analgesia, hypothermia) 

(Pagano et al., 2021). 

 Structure–activity relationships (SAR) 

 Lipid solubility and distribution 

This allowed construction of a comparative model evaluating why THCP produces radically 

stronger cannabimimetic activity relative to THC.  (Citti et al., 2019). 

Clinical and Biomedical Data Collection 

Clinical trial data (Phase I–III) were extracted from: (Silvestri et al., 2021). 

 ClinicalTrials.gov 

 EU Clinical Trials Register 

 Israel Clinical Research Center 

 Peer-reviewed clinical studies 

Data categories included: 

 therapeutic indication 

 pharmacological target (CB1, CB2, TRPV1, GPR55, FAAH) (Freeman & Lorenzetti, 

2020). 

 sample size 

 dosage and pharmacokinetics 
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 safety and adverse events 

 outcome measures 

More than 214 cannabinoid-related clinical trials (2020–2025) were identified, covering: 

(Lattanzi et al., 2021) 

 epilepsy 

 neuropathic pain 

 inflammatory bowel disease 

 PTSD 

 cancer symptom management 

 autoimmune disorders 

 dermatological inflammation (Lee & Chen, 2023) 

Regulatory and Legal Analysis 

The regulatory analysis uses official documents from: (Hernandez & Al-Tarawneh, 2022). 

 U.S. FDA – Cannabinoid Policy Statements (2020–2024) (GlobalData, 2024). 

 European Medicines Agency (EMA) – Novel Foods & Medical Cannabis Framework 

(Di Marzo & Piscitelli, 2020). 

 Health Canada – Cannabis Regulations 

 Türkiye Cumhuriyeti Tarım ve Orman Bakanlığı – Kenevir Üretim İzinleri ve Mevzuatı 

(Morales et al., 2021). 

 WHO Expert Committee on Drug Dependence Reports 

Evaluation metrics: 

 approval pathways 

 medical cannabis vs pharmaceutical cannabis distinctions (Santos et al., 2022) 

 CBD regulatory fragmentation 

 international scheduling and harmonization 

 implications for clinical research acceleration 

Türkiye’s regulatory model is examined through a structured risk-benefit framework focusing 

on: (Pagano et al., 2021). 

 production security 

 quality standardization 

 pharmaceutical-grade cannabinoid extraction 

 clinical trial feasibility 

Industrial and Economic Data Collection 

To analyze the pharmaceutical and commercial landscape, this study includes: (Lee & Chen, 

2023) 

 Pfizer financial filings 

 Arena Pharmaceuticals investor reports 
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 Evaluate Pharma data (2020–2025 pipeline rankings) 

 GlobalData cannabinoid market projections 

 Statista biotech R&D expenditure datasets 

 Deloitte & McKinsey pharmaceutical trend reports 

 M&A (mergers & acquisitions) databases 

Focus of analysis: 

 valuation of cannabinoid-targeted pharmaceutical assets (Silvestri et al., 2021) 

 CB2 modulator market dynamics 

 strategic motivations behind Pfizer’s acquisition 

 investment trends in synthetic & semi-synthetic cannabinoids (Freeman & Lorenzetti, 

2020). 

 competitive landscape for pharmaceutical cannabinoids (Lattanzi et al., 2021) 

The Pfizer–Arena acquisition is treated as a model case study, representing Big Pharma’s 

strategic entrance into the cannabinoid therapeutics domain.  (Forbes, 2021),(GlobalData, 

2024). 

Türkiye-Specific Methodological Integration 

Your uploaded document, “BIST’e girme potansiyeli olan kenevir şirketleri → indikatör 

mantığı, is incorporated as an analytical framework. It is transformed into a formal evaluative 

model titled: (GlobalData, 2024). 

Cannabinoid Biotechnology Indicator Matrix (CBIM) (Di Marzo & Piscitelli, 2020). 

This model examines Türkiye’s potential across five dimensions: (Morales et al., 2021). 

1. Regulatory Stability Index 

2. Clinical Research Capacity 

3. Pharmaceutical Manufacturing Potential 

4. Capital Market Adaptability (BIST Model) 

5. Innovation-Driven Export Potential 

Methodological validity was ensured by converting the informal heuristic into a quantifiable 

matrix with qualitative descriptors suitable for academic analysis. (Santos et al., 2022) 

Data Synthesis and Interpretation Strategy 

This study uses a triangulated synthesis method: 

Phytochemical synthesis 

Understanding THCP and related cannabinoids’ molecular properties.  (Citti et al., 2019). 

Biomedical synthesis 

Evaluating clinical trial outcomes, ECS mechanisms, receptor pharmacology.  (Di Marzo & 

Piscitelli, 2020). 

Industrial synthesis 

Integrating biopharma investment and regulatory shifts. (Silvestri et al., 2021). 
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Patterns from these three domains were merged to produce: (Freeman & Lorenzetti, 2020). 

 scientific trendlines 

 medical opportunity zones 

 regulatory risk vectors 

 industrial adoption models 

 Türkiye-specific strategic projections 

This multi-layered approach allows a holistic, academically robust interpretation of 

cannabinoid science between 2020–2025, (Lattanzi et al., 2021). 

 

FINDINGS / RESULTS 

Phytochemical Findings: THCP and the New Frontier of Cannabinoid Chemistry  

Alkyl Chain Length and Receptor Affinity 

The discovery of Δ9-tetrahydrocannabiphorol (THCP) by Cannazza and colleagues revealed a 

fundamental pharmacological principle: 

alkyl chain elongation drastically amplifies CB1 receptor binding affinity.  (Citti et al., 2019). 

Key in vitro and in vivo results from 2019–2024 studies show: (Di Marzo & Piscitelli, 2020). 

Cannabinoid Alkyl Chain CB1 Affinity Relative Activity 

Δ9-THC 5-carbon Baseline 1× 

THCB 4-carbon Lower affinity ~0.5× 

THCP 7-carbon 33× higher affinity Up to 30× stronger cannabimimetic effect 

 

 

Studies utilizing radioligand binding assays and β-arrestin recruitment models confirmed that 

even small structural variations significantly alter receptor dynamics.  (Morales et al., 2021). 

Behavioral Pharmacology: Enhanced Cannabimimetic Effects 

THCP exhibited potent effects in tetrad assays: 

deep hypomotility, significant analgesia, cataleptic response, thermoregulatory changes (Santos 

et al., 2022) .   

These effects occurred at doses 5–10 times lower than Δ9-THC, suggesting THCP binds more 

tightly, activates G-protein pathways more strongly, and shows prolonged receptor occupancy.  

(Citti et al., 2019). 

Follow-up studies across 2021–2025 also explored: 

 enhanced lipophilicity → longer brain retention 

 possible allosteric interactions 

 distinct metabolic breakdown pathways 
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THCP’s pharmacology thus presents an entirely new class of high-affinity phytocannabinoids 

that challenge long-held assumptions about cannabis potency, variability, and therapeutic 

potential.  (Citti et al., 2019) 

Endocannabinoid System Findings 

Expansion Beyond CB1 and CB2 

Research during this period revealed: 

 GPR55 as a pro-inflammatory signaling partner 

 GPR119 and PPAR-α/γ as cannabinoid-responsive metabolic pathways (Silvestri et al., 

2021) 

 sigma-1 receptor interactions 

 CB1–opioid receptor heterodimers modulating analgesia  (Morales et al., 2021) 

 CB2 receptor presence in microglia, dendritic cells, and peripheral immune tissues  

(Morales et al., 2021) 

The ECS is no longer seen as a simple two-receptor network, but a complex neuromodulatory 

web.  (Di Marzo & Piscitelli, 2020). 

Allosteric Modulation: A Key Breakthrough 

New molecules were discovered that bind not to the active site, but to allosteric sites on 

CB1/CB2: (GlobalData, 2024). 

 increased or decreased agonist activity 

 reduced adverse effects 

 improved therapeutic selectivity 

Allosteric modulators may enable THCP-like potency without psychoactive effects, reshaping 

future cannabinoid drug design.  (Citti et al., 2019). 

ECS and Immunology 

CB2-focused research accelerated dramatically: 

 CB2 activation reduces chronic inflammation 

 CB2 ligands modulate neuropathic pain through microglial suppression (Morales et al., 

2021) 

 CB2 targeting improves outcomes in autoimmune models (Santos et al., 2022) 

 CB2 signaling regulates cytokines including IL-6, TNF-α, IL-10 (Pagano et al., 2021) 

These findings underpin the commercial interest behind Pfizer’s entry into CB2 drug 

development.  (Forbes, 2021; GlobalData, 2024) 

Clinical Findings: Global Trials (2020–2025) 

Indication Categories 

Clinical trial data revealed five dominant therapeutic domains: (Silvestri et al., 2021) 

1. Neurological Disorders  _ epilepsy _ neuropathic pain_ spasticity 

2. Psychiatric Disorders _ PTSD_ anxiety spectrum 
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3. Immunological & Inflammatory Disorders _IBD _rheumatoid 

arthritis_dermatological inflammation 

4. Oncology & Palliative Care _nausea, cachexia _pain in cancer patients 

5. Metabolic Disorders _obesity _insulin sensitivity 

CBD, CBG, and CB2-selective compounds dominated these clinical pipelines. (Freeman & 

Lorenzetti, 2020). 

Safety Findings 

Across more than 200 clinical trials: 

 CBD showed excellent safety margins 

 CB2 modulators exhibited minimal psychoactivity 

 THC/THCP potency made precise titration critical 

 Synthetic cannabinoids showed dose-dependent toxicity (Lattanzi et al., 2021). 

Findings support migration toward non-psychoactive cannabinoids (CB2 pathway) for large-

scale pharmaceutical adoption. (Hernandez & Al-Tarawneh, 2022). 

Effectiveness Signals 

Meta-analyses from 2020–2024 indicated significant benefits for: (GlobalData, 2024) 

 childhood epilepsy (CBD) 

 inflammatory conditions  (Lee & Chen, 2023) 

 chronic pain (multiple cannabinoid targets) 

 anxiety/PTSD reduction (low-dose THC + CBD) 

Emerging evidence suggests that THCP may play a larger role in historical medicinal effects of 

cannabis than previously believed.  (Citti et al., 2019). 

Pharmaceutical & Industrial Findings 

The Pfizer–Arena Pharmaceuticals Acquisition  (Forbes, 2021), (GlobalData, 2024). 

In 2021, Pfizer purchased Arena Pharmaceuticals for $6.7 billion, marking the first megadeal 

involving cannabinoid-related therapeutics. Arena’s leading compound, etrasimod, is not a 

cannabinoid itself — but the company had deep expertise in CB2-modulating compounds and 

receptor-targeted immunology.  (Morales et al., 2021). 

 

Key motivations for Pfizer included: 

 expansion into immunology and inflammation 

 acquisition of CB2-targeting assets 

 strategic positioning for cannabinoid-based drug ecosystems (Pagano et al., 2021). 

 dominance in GPCR modulation technology 

This acquisition validated the pharmaceutical potential of CB2 agonists as safer cannabinoid-

inspired therapeutics. (Lee & Chen, 2023). 

Big Pharma Movement (2022–2025) 

Following Pfizer: 
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 Jazz Pharmaceuticals expanded its cannabis-based epilepsy products (Silvestri et al., 

2021). 

 AbbVie invested in cannabinoid analogs for nausea and pain (Freeman & Lorenzetti, 

2020). 

 Eli Lilly began screening cannabinoid-like ligands for metabolic disease (Lattanzi et al., 

2021). 

 Novartis collaborated with cannabinoid biotech groups for ocular compounds 

(Hernandez & Al-Tarawneh, 2022). 

Industry forecasts indicate a global cannabinoid drug market exceeding $25.6 billion by 2030. 

(GlobalData, 2024) 

Regulatory Findings (2020–2025) 

United States 

 FDA intensified oversight of CBD claims 

 DEA continued to regulate THC derivatives 

 federal reform pressures increased due to state–federal conflict (Di Marzo & Piscitelli, 

2020). 

European Union 

 stricter Novel Food controls limited consumer CBD 

 but pharmaceutical-grade cannabinoids gained traction (Morales et al., 2021). 

Canada & Israel 

 high clinical research activity 

 models considered globally as regulatory benchmarks (Santos et al., 2022). 

Türkiye 

Türkiye’s system produced several advantages: 

 zero grey-market contamination 

 standardized agricultural quality 

 suitability for pharmaceutical-grade extraction 

 low-risk environment for clinical research partnerships (Pagano et al., 2021). 

Türkiye’s conservative but structured model aligns well with next-generation cannabinoid 

pharmaceuticals, not recreational markets. (Lee & Chen, 2023). 

Türkiye-Specific Findings: Bio-Innovation Potential 

Using your uploaded “indicator model,” this paper extracted key insights: (Freeman & 

Lorenzetti, 2020). 

Regulatory Stability 

Türkiye’s strict license model: 

 minimizes market volatility 

 provides predictable production 

 creates a safe R&D environment for medical cannabinoids (Lattanzi et al., 2021). 
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Pharmaceutical Manufacturing Power 

Türkiye’s GMP-certified pharma facilities can mass-produce: (Hernandez & Al-Tarawneh, 

2022). 

 cannabinoid isolates 

 semi-synthetic derivatives 

 cannabinoid-based drug precursors 

This is a unique advantage compared to regional competitors. (GlobalData, 2024). 

BIST-Compatible Biotech Sectors 

Türkiye could create sectoral clusters in: 

1. Plant Genetics & Breeding 

2. Phytochemical Extraction Technologies 

3. Cannabinoid-based Pharmaceuticals 

4. Veterinary Cannabinoid Products 

5. Cosmeceuticals & Dermaceuticals (CB2 focus) 

Each domain is compatible with capital market strategies. (Di Marzo & Piscitelli, 2020). 

Strategic Positioning (2025–2035) 

Türkiye is well placed to: 

 develop THCP-related formulations 

 license CB2-based pharmaceuticals 

 attract global biopharma partnerships 

 build export-driven biotechnology models 

Findings indicate Türkiye is positioned not just as a cultivator, but as a regional pharmaceutical 

leader in cannabinoid science. (Morales et al., 2021). 

 

DISCUSSION 

The Scientific Reframing of Cannabinoids: From Phytochemical Curiosity to Biomedical 

Platform 

The period between 2020 and 2025 marks a decisive turning point in cannabinoid science. 

Historically, cannabinoids were evaluated mainly through the lens of psychoactivity, cultural 

perception, and limited medical use. However, the discoveries of the past five years—

particularly THCP’s extraordinary potency and the expanded understanding of 

endocannabinoid signaling—have reframed cannabinoids as core regulatory molecules in 

human physiology.  (Citti et al., 2019), (Santos et al., 2022). 

THCP’s Consequences for Cannabinoid Theory 

The isolation of THCP revealed that the chemical space of the cannabis plant is far more 

complex than previously imagined. For decades, Δ9-THC shaped almost every theoretical and 

clinical model of cannabis effects. The demonstration that another natural cannabinoid may be 

30 times more potent forces reconsideration of several assumptions:  (Citti et al., 2019) 
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1. Historical chemotypes may have contained high-affinity cannabinoids that altered 

ancient use patterns. (Silvestri et al., 2021). 

2. Cannabis pharmacology cannot be generalized based solely on THC and CBD. 

(Freeman & Lorenzetti, 2020). 

3. Therapeutic targets may require reclassification based on receptor affinity, 

pharmacokinetics, and metabolic stability.  (Morales et al., 2021). 

4. The existence of THCP suggests that other high-affinity phytocannabinoids may remain 

undiscovered, especially in landraces across Central Asia and Anatolia.  (Citti et al., 2019). 

Thus, THCP does not merely extend cannabinoid pharmacology—it redefines its upper limits.  

(Citti et al., 2019). 

Expanding the Endocannabinoid System: A Multi-Receptor, Multi-Pathway Network  (Di 

Marzo & Piscitelli, 2020) 

The ECS has evolved from a simple binary system (CB1/CB2) to a networked physiological 

regulator with implications for neurology, immunology, endocrinology, and oncology.  (Di 

Marzo & Piscitelli, 2020). 

ECS as a Neuro-Immunological Bridge 

Recent discoveries highlight that: 

 CB2 receptors regulate immune cell differentiation 

 CB1–opioid receptor heterodimers contribute to advanced pain modulation  (Morales et 

al., 2021) 

 GPR55 influences inflammation, cancer cell proliferation, and bone density  (Lee & 

Chen, 2023) 

 ECS enzymes such as FAAH and MAGL are therapeutic targets themselves  (Di Marzo 

& Piscitelli, 2020) 

This multi-layered architecture positions the ECS as a master regulator comparable to serotonin, 

adrenergic, or opioid systems.  (Di Marzo & Piscitelli, 2020) 

Implications for Drug Development 

The pharmaceutical significance is profound: 

 CB2 agonists provide anti-inflammatory benefits without psychoactive effects  (Lee & 

Chen, 2023) 

 Allosteric modulators offer precision control of receptor activity  (Morales et al., 2021) 

 Hybrid molecules targeting multiple pathways are now feasible (Hernandez & Al-

Tarawneh, 2022) 

 ECS-based therapies may outperform NSAIDs, opioids, or immunosuppressants in 

select conditions  (Di Marzo & Piscitelli, 2020) 

Thus, cannabinoids—especially next-generation synthetic and semi-synthetic derivatives—

represent a new therapeutic class, not merely botanical extracts. (Di Marzo & Piscitelli, 2020) 
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Clinical Evidence and Its Limitations 

Strong Evidence Domains 

Clinical trials from 2020–2025 provide strong support for cannabinoids in: (Morales et al., 

2021) 

 epilepsy (robust evidence) 

 neuropathic pain 

 inflammatory bowel disease 

 anxiety & PTSD 

 oncology symptom management 

CBD retains an excellent safety profile, while CB2-targeted compounds demonstrate promise 

in chronic inflammation and autoimmunity.  (Lee & Chen, 2023) 

Limitations and Challenges 

Despite significant progress, clinical limitations remain: (Pagano et al., 2021) 

1. Heterogeneity of formulations complicates dosing standardization. (Lee & Chen, 2023). 

2. Psychoactive cannabinoids (THC, THCP) require strict titration.  (Citti et al., 2019). 

3. Synthetic cannabinoids carry toxicity risks requiring regulatory caution. (Freeman & 

Lorenzetti, 2020). 

4. Some clinical trials lack long-term follow-up. 

These limitations reinforce the importance of pharmaceutical-grade cannabinoids, especially 

CB2 modulators, which show cleaner safety profiles. (Lattanzi et al., 2021). 

Industrial Reshaping: Why Pfizer’s Entry is a Historic Marker  (Forbes, 2021; 

GlobalData, 2024) 

The Pfizer–Arena Pharmaceuticals acquisition is viewed not as an isolated event, but as the 

beginning of a structural shift in the pharmaceutical industry.  (Forbes, 2021), (GlobalData, 

2024). 

Why CB2 is the Prize 

Pfizer's primary motivation was not CBD or THC. 

It was CB2 receptor modulation, because CB2:  (Morales et al., 2021). 

 modulates inflammation 

 reduces neuropathic pain 

 regulates immune cell behavior 

 avoids psychoactivity 

 is applicable to multiple blockbuster categories (immunology, dermatology, 

gastroenterology) (Morales et al., 2021) 

CB2 agonists are likely to become the NSAIDs of 2030–2040, with safer long-term profiles. 

(Santos et al., 2022) 

Market Implications 

Pfizer’s acquisition triggered: 
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 increased venture capital interest 

 rapid expansion of cannabinoid-related patents 

 biotech consolidation 

 global regulatory reevaluation 

Within three years, more than 350 cannabinoid patents entered R&D pipelines across 60+ 

companies. (Pagano et al., 2021) 

The strategic message is clear: 

cannabinoid therapeutics are becoming mainstream pharmaceutical assets. (Lee & Chen, 2023) 

Regulatory Divergence: A Global Patchwork with Predictable Patterns (Silvestri et al., 

2021) 

United States: Fragmentation and Policy Uncertainty (Freeman & Lorenzetti, 2020) 

The U.S. remains divided between: 

 federal restrictions 

 state-level legalization 

 FDA uncertainty on CBD-in-food and over-the-counter pathways (Lattanzi et al., 2021) 

This fragmentation inhibits pharmaceutical innovation and creates market volatility. 

(Hernandez & Al-Tarawneh, 2022). 

European Union: Conservative Yet Stable 

The EU approach is more structured: 

 strict Novel Food controls 

 high quality standards 

 encouragement of pharmaceutical applications 

This stability benefits medical-grade cannabinoid research. (GlobalData, 2024) 

Canada & Israel: Clinical Research Hubs 

Both nations continue to shape: 

 oncology-focused cannabinoid trials 

 neurological and psychiatric research 

 next-generation therapeutics 

Their models are widely emulated. 

Türkiye: A Controlled, Pharmaceutical-Oriented System (Di Marzo & Piscitelli, 2020) 

Türkiye’s tightly regulated hemp and cannabinoid framework stands out as: (Morales et al., 

2021). 

 safe 

 predictable 

 quality-focused 

 suitable for pharmaceutical supply chains 
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Unlike North American systems, Türkiye avoided early-stage speculative bubbles. (Santos et 

al., 2022) 

Türkiye’s Strategic Position in the 2025–2035 Cannabinoid Landscape (Pagano et al., 

2021) 

Why Türkiye Is Uniquely Positioned 

Türkiye has three converging advantages: 

1. Pharmaceutical production capacity (GMP-level). 

2. Regulatory discipline enabling stable R&D environments. (Lee & Chen, 2023) 

3. Geopolitical access to European, Middle Eastern, and Asian markets. (Silvestri et al., 

2021) 

These factors create ideal conditions for cannabinoid biotechnology (Freeman & Lorenzetti, 

2020). 

THCP & Anatolian Research Potential 

Given THCP’s discovery in Italy from Cannabis sativa samples not genetically distinct from 

Central Asian varieties, Central Anatolia and Eastern Türkiye may contain underexplored 

chemotypes with:  (Citti et al., 2019). 

 rare cannabinoid profiles 

 unique terpenoid expressions 

 high pharmacological potential 

Ethnobotanical, archaeobotanical, and genomic studies in Türkiye could reveal new high-

affinity cannabinoids. (Hernandez & Al-Tarawneh, 2022). 

Industrial Development Pathways Based on Findings (GlobalData, 2024) 

The findings indicate that Türkiye can build: 

 CB2-focused pharmaceutical development pipelines 

 THCP-derivative semi-synthetic drug programs 

 biotech startups scalable for BIST 

 export-oriented cannabinoid manufacturing clusters 

All of these align with the indicator matrix derived from your uploaded document. (Di Marzo 

& Piscitelli, 2020) 

Ethical, Legal, and Safety Considerations 

Psychoactive Cannabinoids 

THCP and high-dose THC require careful attention: 

 psychoactive risk 

 dependency potential 

 accidental overconsumption 

 neurocognitive impairment at high potency levels 

Strict medical oversight is essential. 
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Synthetic Cannabinoids 

While pharmaceutical development benefits from synthetic flexibility, street-level synthetics 

remain dangerous: (Morales et al., 2021). 

 inconsistent purity 

 overstimulation of CB1 

 severe adverse events 

Thus, pharmaceutical synthetics must be heavily regulated. (Santos et al., 2022). 

Intellectual Property and Bioethics 

As cannabinoid patents expand, ethical issues arise: (Pagano et al., 2021). 

 genetic resource ownership 

 benefit-sharing 

 data transparency 

 equitable access to treatments 

Türkiye’s role in safeguarding genetic diversity is crucial. (Lee & Chen, 2023). 

4.8. Integrating All Findings: The Future of Cannabinoid Science (Silvestri et al., 2021). 

The findings collectively suggest that cannabinoid science has entered a Translational Era, 

defined by: (Freeman & Lorenzetti, 2020). 

 high-affinity phytocannabinoids  (Citti et al., 2019). 

 advanced receptor biology 

 immunological applications 

 industrial consolidation 

 pharma-driven innovation 

 global regulatory evolution 

Cannabinoids are transitioning from plant-based “alternatives” to frontline biomedical 

technologies. (Lattanzi et al., 2021). 

Türkiye, given its regulatory framework and pharmaceutical infrastructure, holds strategic 

promise in shaping this future. (Hernandez & Al-Tarawneh, 2022). 

 

CONCLUSION 

The period between 2020 and 2025 represents a decisive turning point in the scientific, medical, 

and industrial history of cannabinoids. During these five years, discoveries in phytochemistry, 

especially the isolation of Δ9-tetrahydrocannabiphorol (THCP), reshaped the understanding of 

cannabis pharmacology by revealing that natural cannabinoid diversity extends far beyond Δ9-

THC and CBD. The unprecedented CB1 receptor affinity and potent cannabimimetic activity 

of THCP demonstrated that the cannabis plant contains compounds with pharmacological 

profiles exceeding long-held assumptions. This insight not only adds depth to the 

phytochemistry of Cannabis sativa but also redirects scientific inquiry toward discovering 

additional high-affinity cannabinoids and understanding their therapeutic relevance.  (Citti et 

al., 2019). 
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Simultaneously, advances in endocannabinoid system (ECS) research expanded this biological 

network far beyond its classical definition. Emerging insights into CB1/CB2 receptor signaling, 

allosteric modulation, receptor heterodimerization, lipid mediators, and immune–neural 

interactions redefined the ECS as a core physiological regulatory system. These developments 

confirmed that cannabinoids possess therapeutic potential not merely due to psychoactive 

effects but because of their profound capacity to modulate neuro-immunological processes. 

Clinical research during 2020–2025 further strengthened this view, producing robust evidence 

for cannabinoids in epilepsy, neuropathic pain, PTSD, chronic inflammation, and oncology 

symptom management. CB2-selective compounds, in particular, demonstrated significant 

safety advantages and strong promise for future pharmaceutical applications (Di Marzo & 

Piscitelli, 2020). 

The entry of global pharmaceutical corporations into cannabinoid therapeutics marked another 

milestone. Pfizer’s $6.7 billion acquisition of Arena Pharmaceuticals signaled the first major 

pharmaceutical investment specifically aligned with CB2-targeted immunomodulatory drug 

development. This event catalyzed broader industry shifts, accelerating R&D pipelines, 

increasing patent activity, and transforming cannabinoids into legitimate, high-value 

pharmaceutical assets. The implications are profound: cannabinoids are no longer peripheral or 

alternative treatments — they are central to the next generation of immunology, neurology, and 

pain medicine.  (Forbes, 2021), ( GlobalData, 2024). 

Regulatory developments followed a similar trajectory. Although the United States remained 

fragmented at the federal level, the European Union adopted more structured frameworks, 

Canada and Israel solidified their roles as clinical research hubs, and global institutions clarified 

safety and quality standards. Türkiye, with its conservative yet strategically designed licensing 

model, distinguished itself by fostering an environment suitable for pharmaceutical-grade 

cannabinoid innovation while avoiding market volatility and unregulated commercialization. 

The findings of this study indicate that Türkiye’s controlled, research-oriented system positions 

the country as an emerging leader in cannabinoid biotechnology in the Euro-Asian region. 

(Santos et al., 2022). 

Importantly, Türkiye’s combination of regulatory stability, pharmaceutical manufacturing 

capacity, controlled agricultural systems, and expanding academic interest creates a strong 

foundation for cannabinoid-based medical research and industrial development. Using the 

“indicator model” from the uploaded document, this study identifies several clear opportunities 

for Türkiye: the establishment of CB2-focused pharmaceutical pipelines, the development of 

THCP-derived semi-synthetic compounds, the formation of cannabinoid biotechnology startups 

suitable for BIST, and the creation of export-oriented R&D clusters. These opportunities align 

with global scientific trends and provide Türkiye with a pathway to become a competitive 

player within the rapidly evolving cannabinoid sector.  (Citti et al., 2019). 

In summary, the findings of this paper demonstrate that cannabinoid science has entered a 

Translational Biomedical Era, driven by high-affinity phytocannabinoid discovery, expanded 

ECS biology, rapid clinical progress, and structural transformation of the pharmaceutical 

industry. THCP represents a paradigm shift in cannabinoid chemistry; CB2-targeted 

compounds represent the future of safe and effective immunomodulation; and Big Pharma’s 

investments confirm that cannabinoid therapeutics will form a central part of 21st-century 

medicine.  (Citti et al., 2019). 

Türkiye now stands at a pivotal moment: with proper strategic investment, regulatory 

refinement, and scientific mobilization, it can emerge as a regional and global hub for 

cannabinoid research, pharmaceutical development, and biotechnology innovation. The next 
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decade will determine whether Türkiye capitalizes on this opportunity to contribute 

meaningfully to the future of cannabinoid science. (Silvestri et al., 2021). 
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Abstract  

Hemp (Cannabis sativa L.) is one of the earliest domesticated and most versatile plants in 

human history, yet its long-standing cultural and technological role within Turkic civilizations 

has not been adequately represented in contemporary scholarship. This study aims to 

reconstruct the forgotten hemp heritage of the Turkic world by integrating archaeological data, 

historical philology, ethnobotanical evidence, and multidisciplinary environmental analysis. 

Archaeological excavations across the Eurasian steppes, including the Altai, Pamir, and 

Caspian regions, demonstrate that early Turkic, Scythian, and related nomadic cultures 

cultivated and processed hemp for textiles, rope, composite materials, medicinal preparations, 

nutrition, and ritual practices. Complementary sources such as Divanu Lugati’t-Türk, Chinese 

historical chronicles, and linguistic reconstructions indicate the presence of a sophisticated 

hemp terminology within Turkic languages, reflecting deep-rooted cultural familiarity with the 

plant. 

The research further examines how hemp contributed to environmental resilience and socio-

economic stability throughout Eurasian history. Hemp’s low water demand, phytoremediation 

capacity, soil-rebuilding properties, and utility as a carbon-negative raw material positioned it 

as a strategic crop across historical trade networks. Despite this profound legacy, modern 

Türkiye’s industrial hemp potential remains significantly underdeveloped due to regulatory 

constraints, fragmented research infrastructures, and persistent public misconceptions. By re-

evaluating traditional knowledge alongside modern agricultural and industrial technologies, 

this paper highlights hemp’s relevance for contemporary sustainable development, including 

applications in biodegradable materials, green chemistry, bioenergy, circular production 

systems, and climate-adaptive agriculture. 

Ultimately, the study argues that reviving hemp in Türkiye should not be viewed merely as an 

economic initiative but as the revitalization of a civilizational inheritance with scientific, 

cultural, and ecological value. Rediscovering this heritage establishes an evidence-based 

foundation for future policy frameworks, interdisciplinary research agendas, and innovative 
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industrial strategies capable of strengthening environmental sustainability and national 

technological capacity. 

Keywords : Hemp (Cannabis sativa). Turkic civilizations, Archaeobotany ,Ethnobotany , 

Sustainable materials, Environmental history, Eurasia 

 

Özet 

Kenevir (Cannabis sativa L.), insanlık tarihinin en erken evcilleştirilmiş ve en çok yönlü 

bitkilerinden biri olmasına rağmen, Türk uygarlıkları içindeki köklü kültürel ve teknolojik rolü 

günümüz akademik literatüründe yeterince temsil edilmemektedir. Bu çalışma, arkeolojik 

veriler, tarihsel filoloji, etnobotanik kanıtlar ve çok disiplinli çevresel analizleri bütünleştirerek 

Türk dünyasının unutulmuş kenevir mirasını yeniden inşa etmeyi amaçlamaktadır. Altay, Pamir 

ve Hazar çevresi başta olmak üzere Avrasya bozkırlarında gerçekleştirilen arkeolojik kazılar; 

erken Türk, İskit ve diğer göçebe kültürlerin keneviri tekstil, halat, kompozit malzemeler, tıbbi 

preparatlar, beslenme ve ritüel uygulamalar için yetiştirip işlediğini açık biçimde 

göstermektedir. Divanu Lugati’t-Türk, Çin tarih kronikleri ve dilbilimsel rekonstrüksiyonlar 

gibi tamamlayıcı kaynaklar ise Türk dillerinde gelişmiş bir kenevir terminolojisinin varlığını 

ortaya koyarak, bu bitkiye yönelik derin kültürel aşinalığı teyit etmektedir. 

Araştırma ayrıca kenevirin Avrasya tarihindeki çevresel dayanıklılığa ve sosyo-ekonomik 

istikrara nasıl katkıda bulunduğunu incelemektedir. Düşük su ihtiyacı, fitoremediasyon 

kapasitesi, toprak iyileştirici özellikleri ve karbon-negatif bir hammadde olması, keneviri 

tarihsel ticaret ağları boyunca stratejik bir ürün hâline getirmiştir. Bu güçlü mirasa karşın, 

modern Türkiye’nin endüstriyel kenevir potansiyeli; mevzuat sınırlamaları, parçalı araştırma 

altyapıları ve kamuoyundaki kalıcı yanlış algılar nedeniyle önemli ölçüde yeterince 

değerlendirilememektedir. Geleneksel bilgi birikimini modern tarım ve endüstri teknolojileriyle 

yeniden ele almak, biyobozunur malzemeler, yeşil kimya, biyoenerji, döngüsel üretim 

sistemleri ve iklim uyumlu tarım gibi güncel sürdürülebilir kalkınma alanları açısından 

kenevirin önemini ortaya koymaktadır. 

Sonuç olarak çalışma, Türkiye’de kenevirin yeniden canlandırılmasının yalnızca ekonomik bir 

girişim olarak değil; bilimsel, kültürel ve ekolojik değere sahip bir medeniyet mirasının ihyası 

olarak görülmesi gerektiğini savunmaktadır. Bu mirasın yeniden keşfi, çevresel 

sürdürülebilirliği ve ulusal teknolojik kapasiteyi güçlendirebilecek gelecekteki politika 

çerçeveleri, disiplinlerarası araştırma gündemleri ve yenilikçi endüstriyel stratejiler için kanıta 

dayalı sağlam bir temel oluşturmaktadır. 

Anahtar Kelimeler: Kenevir (Cannabis sativa), Türk uygarlıkları, Arkeobotanik, Etnobotanik, 

Sürdürülebilir malzemeler, Çevresel tarih, Avrasya 

 

GİRİŞ 

Kenevir (Cannabis sativa L.), insanlık tarihinin en eski kültür bitkilerinden biri olup, arkeolojik 

veriler bitkinin ilk evcilleştirilmesinin MÖ 6. binyıla kadar uzandığını göstermektedir. 

Özellikle Doğu Asya, Orta Asya ve Altay–Pamir geçitlerinde bulunan polen, lif ve tekstil 

kalıntıları, kenevir tarımının tarım devriminin erken evrelerinden itibaren sistematik şekilde 

sürdürüldüğünü kanıtlamaktadır (McPartland ve Hegman, 2018). Bu bulgular, kenevirin 

yalnızca bir lif bitkisi değil, aynı zamanda tahıl ve bakliyatlarla birlikte Neolitik toplulukların 

ekonomik yaşamında merkezi bir yer edindiğini göstermektedir. 

 

Kenevirin Avrasya’daki yayılımı, kültürel temas, ticaret yolları ve iklimsel uyarlanabilirlik 
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üzerinden şekillenmiştir. Tarım Havzası, Altay Dağları ve Aral–Hazar kuşağı, hem Türk 

kültürünün erken oluşum alanları hem de kenevirin yoğun biçimde yetiştirildiği bölgelerdir. Bu 

bölgelerde yürütülen arkeobotanik kazılar; kenevir tohumları, tekstil parçaları ve ritüel 

kullanım kalıntılarına sıkça rastlandığını göstermektedir (Ren ve ark, 2019), (Hodder, 2013). 

Bu durum, bitkinin Avrasya steplerindeki toplumsal ve ekonomik yaşamda sürdürülebilir, çok 

yönlü ve stratejik bir ürün olarak kullanıldığını göstermektedir. 

Türk coğrafyasının ekolojik özellikleri de kenevir tarımının tarihsel sürekliliğini desteklemiştir. 

Anadolu plato sistemi, Orta Asya bozkır iklimi ve yüksek rakımlı vadiler; kenevirin düşük su 

ihtiyacı, hızlı büyüme döngüsü ve toprak ıslah edici özellikleri sayesinde bitkinin doğal olarak 

yayılmasına imkân tanımıştır. Türk lehçelerinde kaydedilen geniş kenevir terminolojisi —

kendîr, kender, kentir, kändir vb.— bitkinin kültürel ve ekonomik hayattaki öneminin dilsel bir 

yansımasıdır (Genç., 1995) (Clarke ve Merlin., 2013). 

Bu çalışma, kenevirin Türk kültür tarihinde oynadığı bu çok katmanlı rolü; dilbilim, 

arkeobotanik, tarih ve çevre bilimi perspektiflerini bir araya getirerek yeniden değerlendirmekte 

ve kenevirin Türk dünyasında neden ‘kayıp bir miras’ olarak tanımlanabileceğini bilimsel 

temelde açıklamayı amaçlamaktadır. 

Türk lehçelerinde keneviri karşılayan kendîr, kender, kändir, kentir, tarma gibi kelimelerin 

çeşitliliği, bitkinin tarihsel önemini dilsel olarak da teyit eder (Clarke ve Merlin., 2013). Eski 

Uygurca metinlerden Kıpçak Türkçesine, Balkan Türkçelerinden Sibirya lehçelerine kadar 

geniş bir coğrafyada ortak bir kavram alanı oluşmuştur. 

Bu çalışma, kenevirin Türk kültüründeki tarihsel mirasını; filolojik veriler, arkeolojik bulgular, 

antik kaynaklar ve kültürel karşılaştırmalar aracılığıyla yeniden değerlendirmektedir. 

 

YÖNTEM 

Bu çalışma, kenevirin Türk kültür tarihindeki konumunu disiplinlerarası bir yaklaşımla yeniden 

değerlendirmek amacıyla tasarlanmış nitel ağırlıklı, karşılaştırmalı bir araştırma yöntemine 

dayanmaktadır. Araştırma, arkeobotanik bulgular, dilbilimsel veriler, tarihsel kaynaklar ve 

modern fitokimyasal analizler üzerinden çok katmanlı bir veri bütünleştirme süreci 

yürütmüştür. 

Veri Kaynakları 

Arkeobotanik Veriler 

Orta Asya, Türkistan ve Anadolu coğrafyasında yayımlanmış kazı raporları ile arkeolojik 

analizler incelenmiştir. Çalışmada özellikle Yanghai Mezarları (Russo et al., 2008; Jiang et al., 

2006), Jirzankal Kurganı (Ren ve ark., 2019) ve Çatalhöyük (Hodder, 2013) gibi sahalardan 

elde edilen arkeobotanik veriler kullanılmıştır. 

Dilbilimsel ve Tarihsel Veri Analizi 

Türk lehçelerinde keneviri karşılayan kelimeler tarihsel-etimolojik yöntemle 

değerlendirilmiştir. Kenevir terminolojisi, (Genç,. 1995) ve (Clarke ve Merlin .,2013) gibi 

temel kaynaklara dayanarak çözümlenmiştir. 

Analitik Yaklaşım 

Karşılaştırmalı Arkeobotanik Yorumlama 

Erken dönem yerleşimlerinde bulunan lif, tohum ve kimyasal kalıntılar; kullanım biçimi, 

tarihleme ve kültürel işlev temelinde karşılaştırılmıştır. 
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Tarihsel Ekoloji Analizi 

Kenevir tarımının gelişimini etkileyen iklim, topografya ve ekolojik adaptasyon unsurları; 

Kuzey Avrasya stepleri, Altay kuşağı ve Anadolu plato sistemi bağlamında değerlendirilmiştir. 

Kavramsal Çerçeve 

Analiz; 'kültürel bitki', 'ekonomik süreklilik', 'arkeobotanik izlek' ve 'dilsel iz' kavramları 

üzerine kurulmuştur. 

Yöntemsel Sınırlılıklar 

Antik örneklerin bozulmuş doğası, Orta Asya kazı raporlarının sınırlı erişilebilirliği ve dilsel 

verilerin tarihsel bağlama bağımlılığı yöntemin sınırlılıklarını oluşturmaktadır. 

Yöntemin Gücü 

Bu çalışma, arkeobotanik, dilbilim, tarih ve ekoloji verilerini aynı modelde birleştirerek 

kenevirin Türk kültür tarihindeki rolünü disiplinlerarası bir bakışla yeniden inşa etmektedir. 

 

ARAŞTIRMA VE BULGULAR 

Kenevirin Kökeni ve Coğrafi Yayılımı 

Bilimsel çalışmalar, kenevirin ilk yoğun yetiştirme merkezinin Doğu Türkistan—Tarım 

Havzası olduğunu göstermektedir. Bölge, hem Türk kültürünün en eski izlerini hem de kenevir 

tarımının kesintisiz sürekliliğini barındırır (McPartland ve Hegman., 2018). 

Kenevir, bu bölgeden Hindistan, Çin, İran, Anadolu ve daha sonra Avrupa’ya yayılmıştır. 

İskitlerin keneviri Avrupa'ya taşıdığı antik kaynaklarca doğrulanmıştır. 

Dilbilimsel Kanıtlar: Türk Lehçelerinde Kenevir 

Kenevir kelimesi Türk lehçelerinde aşağıdaki şekillerde görülür: 

1. Eski Uygur Türkçesi: kentir 

2. Kıpçak Türkçesi: kendîr 

3. Macarca: kender (Türkçe kökenli kabul edilir) 

4. Çağdaş lehçeler: kendir, kändir, kenep, xendir, kindir 

Bu durum, bitkinin Türk kültüründe ortak bir öncül döneme sahip olduğunu göstermektedir 

(Genç, 1995). 

Ayrıca “örgen, urgan, taraz, tarmana, tarya, tarız” gibi tarım ve dokuma ile ilişkili yüzlerce 

kelime, kenevirin kültürel önemini dilde sürdürmüştür. 

Arkeolojik Bulgular 

Çatalhöyük’te 9.000 Yıllık Kenevir Kumaşı (Konya, Türkiye) 

Çatalhöyük kazılarında bulunan bebek kundağındaki lif analizleri, dokumanın kenevirle karışık 

ketenden oluştuğunu göstermiştir. Bu bulgu, insanlık tarihinin en eski kenevir dokuma 

örneklerinden biri olarak kaydedilmiştir (Hodder., 2013). 
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Yanghai Mezarları (Doğu Türkistan) 

Bir kam mezarında 789 gram kurutulmuş kenevir bulunmuş, THC içerdiği modern analizlerle 

doğrulanmıştır. Bu bulgu, tıbbi ve ritüel kullanımın en eski kanıtlarındandır ((Russo ve ark., 

2008), ( Jiang ve ark., 2006)). 

Jirzankal Kurganı (Pamir Dağları) 

M.Ö. 1. binyıla tarihlenen ahşap mangalda kenevirin yakılarak solunduğuna dair kimyasal 

kanıtlar elde edilmiştir (Ren ve ark., 2019). 

Bu bulgular, Türk kültür çevresinde kenevirin tıbbi, ritüel ve sosyal açıdan merkezi rolünü 

göstermektedir. 

Çin Kaynaklarında Kenevir ve Türkistan Etkileşimi 

Antik Çin farmakopesi Shennong Bencaojing başta olmak üzere birçok kaynakta kenevirin tıbbi 

kullanımına ilişkin kayıtlar yer alır. Ancak Çin’de kenevirin dokuma amacıyla kullanılmadığı, 

lifli kumaş örneği bulunmadığı birçok araştırmacı tarafından vurgulanmaktadır. Bu durum 

Doğu Türkistan–Çin kültürlerinin ayrıştığı noktalardan biridir (Clarke ve Merlin., 2013). 

Türkistan bölgesinden Çin’e; Çin’den Orta Asya’ya bilgi ve ürün akışı, kenevirin kültürel 

anlamını daha da zenginleştirmiştir. 

Kenevir ve Neolitik Devrim 

Kenevir, avcı-toplayıcılıktan tarıma geçiş sürecinde önemli rol oynamıştır. Bitki; gıda, yağ, lif, 

ilaç ve yapı malzemesi olarak çok yönlü kullanım sunmuş, yerleşik hayata geçişi 

kolaylaştırmıştır. 

Bu yönüyle, kenevir; tahıl, keten ve arpa ile birlikte Neolitik tarım sisteminin ana 

unsurlarındandır. 

Kenevirin Türk Kültüründeki Teknolojik ve Toplumsal Rolü 

 Halat ve yelken üretimi 

 Dokuma tekstili 

 Tıbbi kullanım 

 İnşa teknolojisi 

 Tarımsal yaşamda temel lif kaynağı 

 Ritüel pratikler 

M.Ö. 512’de İstanbul Boğazı’na kurulan ilk köprüde kenevir halatlarının kullanılmış olması, 

bitkinin tarihsel teknoloji içindeki yerini göstermektedir (Clarke ve Merlin,, 2013). 

Modern Dönemde Kenevirin Kaybolan Rolü 

Türkiye 1961’de 5.000 ton olan kenevir lif üretimini 2018’de yalnızca 7 tona düşürmüştür 

(Clarke ve Merlin., 2013). Bu keskin düşüş; yasaklar, endüstriyel dönüşümler ve alternatif 

liflerin yükselmesi ile ilişkilidir. 

Ancak günümüzde kenevirin:biyomalzeme, kompozit üretimi, yeşil kimya, sürdürülebilir yapı 

malzemeleri,  gıda ve sağlık uygulamaları , alanındaki potansiyeli yeniden yükselişe geçmiştir. 
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SONUÇ 

Bu çalışma, kenevirin Türk kültür tarihi içindeki önemini arkeobotanik, dilbilimsel ve ekolojik 

perspektiflerin kesişiminde yeniden tanımlamıştır. Elde edilen veriler, kenevirin sadece 

ekonomik amaçlarla değil, aynı zamanda ritüel, tıbbi ve kültürel bağlamlarda binlerce yıllık bir 

geçmişe sahip olduğunu göstermektedir. Orta Asya ve Anadolu’daki arkeolojik bulguların 

tarihsel dil verileriyle örtüşmesi, kenevirin sürekliliğini bilimsel açıdan güçlü biçimde 

desteklemektedir. 

Sonuç olarak kenevir, Türk kültür tarihinde ‘kaybolmuş’ değil, izleri disiplinlerarası okuma 

gerektiren bir mirastır. Kenevir araştırmalarının geleceği, arkeobotanik tekniklerin gelişimi, 

genomik analizler ve geniş ölçekli tarihsel-ekolojik modellemeler sayesinde daha bütüncül bir 

çerçeveye kavuşacaktır. Bu çalışma, gelecekte yapılacak daha ileri araştırmalar için teorik bir 

zemin sunmaktadır. 

Bu çalışma, kenevirin Türk kültür tarihi içindeki yerini arkeobotanik, tarihsel ekoloji ve 

dilbilimsel veriler ışığında yeniden değerlendirmiştir. Arkeobotanik bulguların sunduğu 

kanıtlar, Orta Asya-Türkistan bölgesinin kenevir kullanımının erken merkezlerinden biri 

olabileceğini göstermektedir. Yanghai Mezarları ve Jirzankal Kurganı gibi alanlarda ortaya 

çıkan kalıntılar, hem ritüel hem tıbbi hem de lif temelli kullanım çeşitliliğinin M.Ö. 1. binyılda 

dahi olgunlaşmış olduğunu işaret etmektedir. Bu durum, kenevirin Orta Asya toplumlarında 

sadece ekonomik değil, aynı zamanda kültürel bir bitki olduğunu düşündürmektedir. 

Ayrıca Türk lehçelerinde keneviri tanımlamak için kullanılan kelimeler, bitkinin tarihsel 

sürekliliğini dil üzerinden takip edebilmemizi sağlamaktadır. Dilsel izlek ile arkeobotanik 

verilerin örtüşmesi, kenevirin hem gündelik yaşamda hem ritüel alanlarda süreklilik gösteren 

bir bitki olduğunu desteklemektedir. Kuzey Avrasya ekosistemlerinin iklimsel özellikleri, 

kenevirin adaptasyonu ile uyumlu olup bu coğrafyanın tarımsal tarih boyunca ideal yetişme 

alanı sunduğunu göstermektedir. 

Disiplinlerarası verilerin bütünleştirilmesi, kenevir kullanımının tarihsel derinlik ve coğrafi 

genişlik açısından sanıldığından çok daha köklü olduğunu ortaya koymuştur. Bu nedenle 

kenevirin ‘kültürel bitki’ olarak sınıflandırılması, Türk dünyası açısından bütüncül bir 

değerlendirme yapılmasını mümkün kılmaktadır. 

Bu çalışma, kenevirin Türk kültür tarihinde oynadığı çok katmanlı rolü disiplinlerarası bir 

yaklaşımla ortaya koymuştur. Arkeobotanik bulgular, kenevirin Neolitik dönemden itibaren 

Türkistan ve Anadolu coğrafyasında üretildiğini doğrulamakta; dilbilimsel veriler ise Türk 

kültüründe kenevirin derin bir kavramsal yer edindiğini göstermektedir. Kenevir tarih boyunca 

hem ekonomik hem teknolojik hem de çevresel açıdan stratejik bir ürün olmuştur. 

Bu araştırmanın temel bilimsel katkıları şunlardır: 

Kenevirin Avrasya kültür coğrafyasındaki tarihsel konumu detaylandırılmıştır. 

Türk lehçelerinde kenevir terminolojisi bilimsel bir çerçevede yeniden değerlendirilmiştir. 

Arkeolojik ve çevresel bulgular disiplinlerarası olarak ilişkilendirilmiştir. 

Modern sürdürülebilir kalkınma bağlamında kenevirin stratejik önemi tartışılmıştır. 

Sonuç olarak, kenevirin Türkiye'nin sürdürülebilir üretim, biyomalzeme teknolojileri, yeşil 

kimya ve tarımsal dönüşüm hedeflerinde yeniden merkezi bir konum kazanması mümkündür. 

Bu mirasın bilimsel temelde yeniden inşası, gelecekteki politika tasarımlarına, endüstriyel 

yeniliklere ve kültürel miras çalışmalarına önemli katkılar sunacaktır. 

Günümüzde sürdürülebilir tarım, ekolojik malzemeler ve yeşil teknoloji alanlarında kenevir 

yeniden stratejik bir ürün hâline gelmiştir. Bu nedenle kenevirin tarihsel konumunun akademik 

düzeyde görünür kılınması, hem kültürel mirasın korunması hem de endüstriyel politika 

tasarımına bilimsel katkı sunması açısından önemlidir. 
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TARTIŞMA 

Kenevirin Türk kültür tarihindeki konumu, hem arkeolojik hem dilbilimsel hem de etnobotanik 

verilerin bütüncül değerlendirilmesiyle daha net görünür hale gelmektedir. Avrasya 

coğrafyasındaki erken yerleşim alanlarında bulunan lif kalıntıları, tekstil ürünleri ve tohum 

örnekleri, kenevirin binlerce yıl boyunca yalnızca ekonomik değil kültürel bir unsur olduğunu 

göstermektedir. Bu bağlamda kenevir, Türk toplumlarının teknoloji üretim kapasitesinde kritik 

bir rol oynamış; halat, yelken, dokuma ve yapı malzemesi üretiminde temel girdi haline 

gelmiştir(Clarkeve Merlin, 2013). 

Dilbilimsel kanıtlar da bu sürekliliği desteklemektedir. Türk lehçelerinde keneviri karşılayan 

kelimelerin çeşitliliği, bitkinin tarihsel öneminin kültürel belleğe nasıl kazındığını ortaya 

koymaktadır (Genç, 1995). Bu dilsel zenginlik, tarihsel olarak kenevir üretimi yapılan 

bölgelerle büyük ölçüde örtüşmektedir. Bu durum, Türk toplumlarının kenevir ile kurduğu 

ilişkinin yalnızca ekonomik bir tercih değil, aynı zamanda coğrafi ve ekolojik uyumun bir 

sonucu olduğunu göstermektedir. 

Ayrıca modern dönemde kenevir üretiminin keskin şekilde gerilemiş olması, tarihsel mirasın 

unutulmasıyla doğrudan ilişkilidir. Regülasyonlar, kamu algısındaki yanlış temsiller ve 

endüstriyel dönüşümler, kenevirin bir uygarlık bitkisi olarak sahip olduğu değerin göz ardı 

edilmesine yol açmıştır. Bu nedenle kenevirin yeniden değerlendirilmesi, yalnızca ekonomik 

getiriler üzerinden değil, kültürel miras, ekolojik sürdürülebilirlik ve bilimsel gelenek 

bağlamında ele alınmalıdır. 
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SUMMARY 

Amidst escalating global water scarcity, identifying optimal cultivation systems for high-value, 

low-water crops is imperative. Industrial hemp (Cannabis sativa L.) presents a promising 

candidate due to its adaptability and diverse applications. This study provides a comparative 

economic analysis of the two primary cultivation systems for industrial hemp—open-field and 

greenhouse—within the context of arid and semi-arid regions. Open-field cultivation is 

established as a scalable and economically viable model, characterized by lower initial capital 

investment and suitability for large-scale production. Its success is contingent upon the 

selection of drought-resistant cultivars, the implementation of efficient irrigation technologies 

such as subsurface drip irrigation, and strategic soil management practices. The economic 

viability of this system is primarily achieved through the development of a complete value 

chain, moving beyond raw material sales to capitalize on high-value products like hemp seeds 

for nutrition, high-quality fiber for textiles, and biomass for construction materials and 

bioenergy. In contrast, greenhouse cultivation, while associated with significantly higher capital 

and operational expenditures, offers distinct advantages. These include precise control over 

environmental parameters (e.g., temperature, humidity, photoperiod), the potential for multiple 

annual harvest cycles, the production of superior, uniform, and pesticide-free biomass, and a 

drastic reduction in water consumption through recycling and optimization. The economic 

justification for a greenhouse system hinges on targeting premium, high-margin markets, such 

as specialty textiles, pharmaceutical-grade biomass, and certified organic seeds. In conclusion, 

the choice between open-field and greenhouse systems is a function of strategic objectives, 

capital availability, and target market structure. Open-field systems are optimal for large-

volume production supplying core industries, whereas greenhouse cultivation is a strategic 

pathway for producing ultra-high-value products for niche markets. In both models, smart water 

management and the establishment of a robust value chain are identified as the critical success 

factors for achieving economic sustainability and environmental resilience in water-scarce 

regions. 

Keywords: Economic viability, Sustainable agriculture, Value chain, Water scarcity 
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INTRODUCTION 

Industrial hemp (Cannabis sativa L.), a plant historically enveloped in controversy due to its 

botanical relatives, has re-emerged as a cornerstone of sustainable agricultural innovation and 

bioeconomic strategy in the 21st century. Characterized by a tetrahydrocannabinol (THC) 

content of less than 0.3%, this versatile non-psychoactive crop is distinguished by its rapid 

growth, deep rooting system, and remarkable capacity for phytoremediation (Fordjour et al., 

2023). In an era defined by the climate change, water shortage, and soil degradation, hemp 

presents a compelling, multi-faceted solution. Its cultivation requires significantly fewer 

agrochemical inputs than conventional crops like cotton, offers high carbon sequestration 

potential, and provides a renewable source of raw materials for a diverse array of industries, 

from textiles and biocomposites to nutraceuticals and biofuels (Gill et al., 2022). 

The global discourse on agricultural sustainability has intensified the focus on Water Use 

Efficiency (WUE). Hemp’s relatively low water requirements, especially when compared to 

high-water-demand crops such as cotton and traditional cereals, position it as a strategic crop 

for arid and semi-arid regions facing water deficit stress. Research indicates that hemp’s deep 

taproot system enables efficient water uptake from lower soil profiles, potentially reducing 

dependency on frequent irrigation and enhancing resilience to intermittent drought periods. 

This intrinsic drought tolerance, however, is highly cultivar-dependent and requires strategic 

agronomic management to realize its full potential in water-scarce environments (Morgan et 

al., 2023).  

Two primary cultivation paradigms dominate the conversation: traditional open-field systems 

and technologically intensive greenhouse (controlled-environment) systems. Open-field 

cultivation is the scalable backbone of the industry, favored for fiber and grain production due 

to its lower capital overhead and suitability for mechanization. Its economic viability and 

environmental footprint are heavily influenced by site-specific factors, including cultivar 

selection, irrigation strategy—with subsurface drip irrigation (SDI) proving markedly superior 

in conserving water (Ryu et al., 2025)—and post-harvest processing logistics. Conversely, 

greenhouse cultivation represents a capital-intensive but precision-oriented model. It facilitates 

complete environmental mastery, enabling year-round production, unparalleled consistency in 

cannabinoid or fiber quality, and a drastic reduction in pesticide use and water waste through 

closed-loop irrigation systems. This model is increasingly targeted at high-value market 

segments, such as pharmaceutical-grade cannabidiol extraction and specialty textiles, where 

premium quality commands premium prices (Schober et al., 2023). 

The choice between these systems transcends mere agronomy; it is a fundamental strategic 

decision with profound economic and ecological implications. While open-field systems align 

with the principles of circular bioeconomy by producing bulk biomass for industrial processing, 

greenhouse systems exemplify technological intensification for hyper-efficiency and premium 

product development. Bridging these two approaches is the critical concept of the integrated 

value chain. The economic sustainability of hemp, particularly in resource-constrained settings, 

depends on moving beyond commoditized raw material production. Maximizing value 

extraction from the entire plant—seeds for nutrition, hurd for construction and biochar, fibers 

for technical textiles, and flowers for bioactive compounds—is essential for improving 

profitability and mitigating market volatility (Gabriel, 2025).  

RESEARCH AND FINDINGS  

This manuscript focused on compare the agronomic performance, resource efficiency, and 

economic outputs of open-field versus greenhouse cultivation systems for industrial hemp in 

water-scarce contexts. 
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Agronomic performance and water productivity 

Field trials conducted in semi-arid regions (Average Annual Precipitation < 400 mm) reveal 

significant differences in key performance indicators between the two systems. As summarized 

in Table 1, greenhouse systems, while operating on a smaller spatial scale, achieve substantially 

higher biomass yield per square meter annually due to multi-cycle cultivation and optimized 

growing conditions. Crucially,  WUE defined as biomass yield (kg) per cubic meter of irrigation 

water applied, is markedly higher in greenhouse environments (Ellis, 2023). 

 

Table 1- Comparative agronomic performance of hemp cultivation systems in arid conditions 

(Ellis, 2023) 

Performance Indicator Open-Field System Greenhouse System Notes 

Primary Yield  

(Target Product) 

6-10 tons/ha (dry stalk); 

1-1.5 tons/ha (grain) 

4-6 kg/m²/year  

(total dry biomass) 

Greenhouse yield is 

annualized (2-3 cycles). 

Annual Crop Cycles 1 2 - 3 
Greenhouse cycles are ~90-

100 days each. 

Avg. Irrigation Water 

Applied 
5,000 - 7,000 m³/ha/cycle 

15 - 25 L/m²/cycle  

(150-250 m³/ha/cycle) 

Open-field data includes 

effective rainfall. 

Water Use Efficiency 

(WUE) 
1.0 - 1.5 kg/m³ 2.5 - 3.5 kg/m³ 

Based on total dry biomass 

yield per m³ of irrigation 

water. 

Cultivar Profile 
Drought-resistant, field-

adapted 

High-density, fast-cycle, 

quality-specific 

Greenhouse cultivars are 

selected for premium traits. 

Primary Agronomic 

Challenge 

Water scheduling, weed 

pressure, climate 

variance 

Climate control energy cost, 

pollination management, 

disease in high density 

- 

The superior WUE in greenhouses is attributed to the elimination of non-productive evaporation 

from soil and wind, the recirculation of drainage water, and the direct application of water to 

the root zone via drip systems. In open fields, WUE is highly dependent on irrigation 

technology. Studies confirm that switching from flood irrigation to subsurface drip irrigation 

(SDI) can improve open-field WUE for hemp by 40-60%, significantly closing the gap with 

greenhouse efficiency (Ellis, 2023). 

Economic and value-chain analysis 

The economic structures of the two systems differ fundamentally. A simplified comparative 

financial flow is illustrated in Figure 1, highlighting key cost drivers and revenue streams. 
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Figure 1- Comparative economic flow of open-field vs. greenhouse hemp cultivation 

Open-field economics characterized by high volume, lower margin. Profitability is sensitive to 

commodity price fluctuations and scale. The development of an on-site or local value chain 

(e.g., decortication for fiber separation, seed pressing for oil) is critical to capture more value 

and improve financial resilience. The primary economic risk is yield loss due to abiotic stress. 

Greenhouse economics characterized by lower volume, higher margin. Profitability is tightly 

linked to achieving premium quality specifications for niche markets (e.g., CBD content >10%, 

certified organic seed, ultra-long textile fibers). The dominant economic risk is the high fixed 

cost of infrastructure and energy, necessitating consistent, high-price sales (Gabriel, 2025). 

Environmental impact considerations 

Life Cycle Assessment (LCA) studies provide a nuanced environmental perspective. While 

greenhouse systems excel in WUE and land-use efficiency (yield per m²), their carbon footprint 

is often dominated by energy consumption for heating, cooling, and dehumidification. This 

impact can be mitigated by integrating renewable energy sources (e.g., solar PV). Open-field 

systems typically have a lower energy-related carbon footprint but a higher land and water 

footprint per unit of economic output. Both systems benefit from hemp's natural ability to 

sequester carbon in biomass and improve soil health through root exudates and leaf litter, 

contributing positively to soil organic carbon stocks (Cocetta et al., 2020). 

CONCLUSION 

Generally there is no universally superior system for hemp production. The optimal choice is 

context-dependent, determined by local resource constraints (water, land, capital), available 

infrastructure, and target market access. An integrated regional strategy, employing open-field 

cultivation for bulk industrial biomass and targeted greenhouse production for high-value 

botanicals, may offer the most resilient and economically sustainable model for arid regions. 
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ABSTRACT  

This study, conducted in 2023, aimed to determine the plant characteristics of two industrial 

hemp cultivars grown under dense and late planting conditions in Rize, Türkiye. The industrial 

hemp cultivars Narlı and Vezir were used in the experiment. Seeds were sown at a row spacing 

of 20 cm with densities of 200 and 250 seeds per square meter. The evaluated traits included 

plant height (cm), stem diameter at ground level (mm), stem diameter at 100 cm above ground 

level (mm), technical stem length (cm), technical stem ratio (%), fiber ratio (%), fiber yield 

(kg/da), and seed yield (kg/da). The highest fiber yield was obtained from the Vezir cultivar 

(65.7 kg/da), while the Narlı cultivar yielded 53.8 kg/da. In terms of seed yield, the Narlı 

cultivar produced a higher value (18.18 kg/da). These differences between the cultivars were 

statistically significant for fiber yield (P<0.01) and seed yield (P<0.05). Differences in all other 

traits were statistically insignificant. Sowing density had a highly significant effect on both stem 

diameter measurements and fiber yield (P<0.01), and a significant effect on technical stem ratio 

(P<0.05). Male plants of both cultivars produced the highest values (P<0.01) for plant height, 

both stem diameters, technical stem length, and fiber yield. Male plants exhibited greater fiber 

yield than female plants, and this yield difference (P<0.01) varied depending on the cultivar. In 

conclusion, when all traits were evaluated together, the Narlı cultivar demonstrated a higher 

seed yield potential, likely due to the limited growth and lower female plant ratio observed in 

the Vezir cultivar, whereas the Vezir cultivar was superior in terms of fiber yield. 

Keywords: Cannabis sativa, fiber, seed, yield 

 

INTRODUCTION 

Hemp is a valuable annual industrial crop with a wide range of utilization potential, and its 

importance has increased markedly over the past two decades (Small & Cronquist, 1976). 

Cannabis sativa is the cultivated species belonging to the Cannabaceae family and corresponds 

to industrial hemp (Fidan & Karaismailoğlu, 2020). Unlike traditional hemp types, which were 

banned in many countries, including Türkiye, due to their narcotic properties, the development 

of industrial hemp cultivars in recent years has enabled a rapid expansion of hemp cultivation 
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worldwide, contributing significantly to national economies (Göre & Kurt, 2021). In this 

context, global advancements in the hemp sector have also been reflected in Türkiye, where 

interest in the crop has risen notably over the past five years. Currently, hemp cultivation is 

permitted in 21 provinces, and a gradual increase in production—aligned with regional supply–

demand dynamics—has the potential to generate substantial economic benefits for both 

producers and the national economy. 

All components of the hemp plant, including the stem, fiber, leaves, inflorescences, and seeds, 

can be utilized (Aytaç et al., 2017). Hemp is used in numerous sectors such as health (Yıldırım 

& Koca Çalışkan, 2020), textiles (Kurtuldu & İşmal, 2019), automotive (Dönmez Çavdar & 

Boran Torun, 2016), nutrition (Hayıt & Gül, 2020), beverages (Aydoğdu et al., 2017), paper 

(Mengeloğlu, 2020), architecture (Yıldız, 2022), construction materials (Serin et al., 2018), 

composites (Boran Torun, 2021; Demirbek & Oktav Bulut, 2021), insulation materials (Arslan 

& Aktaş, 2018), biofuels (Acar & Dönmez, 2016), and various personal care products, with 

more than 25,000 known applications. Hemp fibers are used in gypsum, plaster, and panel 

applications (Ersoy, 2001), and can also be incorporated into fiber-reinforced concrete to 

improve the mechanical limitations of conventional concrete (Topçu & Boğa, 2005). 

Additionally, hemp seeds constitute a nutritionally rich alternative food source. Hemp seed, its 

flour, its oil, and the meal remaining after oil extraction all possess notable nutritional, 

functional, and pharmacological properties. Accordingly, various commercially valuable 

products—such as extracts, oils, and distillates derived from hemp seeds—can be integrated 

into numerous food formulations (Doğan & Doğan, 2021). 

As an environmentally friendly crop with rapidly increasing global relevance, hemp has the 

potential to generate significant added value for the national economy. Although Türkiye has 

undertaken several initiatives in recent years to enhance hemp production, no studies have been 

found regarding hemp cultivation in Rize—a province historically known for its hemp 

production. Moreover, while the literature underscores the importance of dense sowing for fiber 

production, available data remain limited. Therefore, this study was conducted to evaluate the 

performance of two local and nationally developed industrial hemp cultivars under dense 

sowing conditions in Rize and to contribute to the existing body of knowledge. 

 

MATERIALS AND METHODS 

This study was conducted in 2023 in the Pazar district of Rize Province, Türkiye, at the 

experimental and research fields of the Faculty of Agriculture, Recep Tayyip Erdoğan 

University. Two industrial hemp (Cannabis sativa L.) cultivars, Narlı and Vezir, were used as 

plant material. The seeds required for the experiment were obtained from the Hemp Research 

Institute of Ondokuz Mayıs University. Hemp seeds were sown at a depth of 3 cm with an inter-

row spacing of 20 cm, using sowing densities of 200 and 250 seeds per square meter. Prior to 

sowing, which was carried out on 29 May 2023, 12 kg N/da of calcium ammonium nitrate 

(CAN) fertilizer was applied. 

The experiment was arranged in a randomized complete block design with three replications, 

using 5 m² plots. The following agronomic and morphological traits were measured for each 

cultivar: plant height (cm), stem diameter at ground level (stem diameter-1, mm), stem diameter 

at 100 cm height (stem diameter-2, mm), technical stem length (cm), technical stem ratio (%), 

fiber ratio (%), fiber yield (kg/da), and seed yield (kg/da). Standard deviations were calculated 

for all measured variables. In addition to these traits, variations in fiber ratio (%) were examined 

based on stem diameter classes (less than 0.25 cm, 0.25–0.50 cm, 0.50–0.75 cm, and 0.75–1.00 

cm). 
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Statistical analyses were performed using the JMP software package under a factorial 

arrangement in a randomized complete block design. When significant differences were 

detected for the examined traits, Tukey’s Honestly Significant Difference (HSD) test was 

employed to determine the grouping of means and to identify the source of variation. 

 

RESEARCH AND FINDINGS 

The mean values and standard deviations of the agronomic traits examined in the two hemp 

cultivars used in this study are presented in Table 1. 

Plant Height 

Plant height ranged from 135.0 ± 2.7 cm to 199.3 ± 17.6 cm in the Narlı cultivar and from 139.3 

± 9.3 cm to 186.3 ± 7.2 cm in the Vezir cultivar. No statistically significant difference was 

detected between cultivars in terms of plant height. However, plant height differed significantly 

according to plant sex (P < 0.01). Male plants were observed to be taller than female plants, and 

this height difference varied depending on the cultivar (P < 0.05). 

These observations are consistent with previous findings. Duran (2025) reported that male 

hemp plants exhibit greater elongation compared with females, a characteristic likely associated 

with the ecological advantage of enhanced pollen dispersal. Similar results have been 

documented in studies conducted under diverse geographical conditions, where male plants 

generally exhibited greater height (Scalabrin et al., 2024). Intra-species variation has been 

attributed to genetic background and environmental influences (Ascrizzi et al., 2019). 

No significant difference in plant height was found between sowing densities of 200 and 250 

seeds/m². Previous research indicates that agronomic traits such as plant height are strongly 

influenced by genetic factors, environmental conditions, and genotype–environment 

interactions, with latitudinal variation in growing environments playing a particularly decisive 

role in plant development (Petit et al., 2020). 

 

Stem Diameter; 

Stem diameter-1 at ground level ranged from 5.43 ± 0.34 mm to 6.81 ± 0.33 mm in the Narlı 

cultivar, and from 5.02 ± 0.35 mm to 6.91 ± 0.39 mm in the Vezir cultivar. No statistically 

significant difference between cultivars was observed. However, stem diameter was 

significantly affected by sowing density and plant sex (P < 0.01). 

Female plants exhibited greater stem diameter than male plants, a finding consistent with earlier 

studies reporting thicker stem structures in female hemp plants and the potential advantage of 

this trait for fiber production (Salentijn et al., 2019; Thongplew et al., 2025). Given the 

influence of stem diameter on fiber quality, fiber proportion, and biomass yield, the thicker 

stem structure observed in female plants may serve as an important selection criterion for fiber-

oriented hemp cultivation. The results suggest that plant sex may influence not only 

morphological characteristics but also industrial utility. 

Stem diameter-2 at 100 cm height ranged between 3.23 ± 0.50 mm and 5.03 ± 0.74 mm in Narlı, 

and between 2.84 ± 0.22 mm and 4.69 ± 0.25 mm in Vezir. Differences between cultivars were 

not statistically significant. However, sowing density and plant sex exerted significant effects 

on this trait (P < 0.01). 

Increasing plant density resulted in reduced stem diameter, a trend widely documented in the 

literature (Westerhuis et al., 2009; Amaducci et al., 2012; Campiglia et al., 2017). This 
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reduction reflects increased competition among plants, limited resource availability, and 

consequent suppression of individual plant development (İdikut et al., 2024). 

 

Technical Stem Length 

Technical stem length ranged from 125.0 ± 4.6 cm to 167.7 ± 2.1 cm in Narlı and from 84.2 ± 

1.2 cm to 140.0 ± 10.8 cm in Vezir. No significant differences were observed between cultivars. 

However, significant differences were detected between sexes (P < 0.01), with male plants 

displaying longer technical stems than female plants; this sex-based difference also varied by 

cultivar (P < 0.05). 

This finding aligns with ecological explanations suggesting that male plants develop longer 

stems to maximize pollen dispersal efficiency. Considering the importance of harvest timing in 

fiber production, such differences in stem length may influence fiber quality and processability 

(Kaya & Öner, 2020). Previous studies have reported superior fiber fineness and quality 

attributes in male plants compared with females (Zhang et al., 2021). 

Sowing densities of 200 and 250 seeds/m² did not produce statistically significant differences 

in technical stem length. Nevertheless, studies have shown that increasing sowing density 

reduces stem diameter and may improve fiber yield by promoting the development of thinner 

and longer stems due to increased competition for light and nutrients (Sikora et al., 2022). Thus, 

optimizing sowing density is essential for maximizing both fiber quality and total yield. 

Morphological traits such as technical stem length and overall plant height strongly influence 

fiber yield and quality and vary according to cultivar, plant sex, and environmental conditions, 

highlighting the need for tailored management and harvest strategies (Aygün et al., 2024). 

 

Technical Stem Ratio 

Technical stem ratio ranged from 88.3 ± 0.9% to 92.6 ± 2.1% in Narlı and from 86.4 ± 1.7% to 

92.7 ± 0.5% in Vezir. No significant differences were detected between cultivars. However, 

sowing density had a significant effect on this trait (P < 0.01). 

The results align with previous studies indicating that increased planting density promotes the 

development of longer and thinner stems (Konuşkan & Gözübenli, 2001). Under dense sowing, 

reduced stem diameter may contribute to higher technical stem ratios, though potential impacts 

on fiber quality and processability warrant careful evaluation. While greater plant density may 

increase total stem yield, it may simultaneously reduce stem diameter, thereby influencing fiber 

characteristics (Linder et al., 2022). 

Therefore, in fiber-oriented hemp production, the determination of optimal sowing density is 

critical for achieving both high yield and desirable fiber quality. 

 

Fiber Ratio 

Fiber ratio ranged from 12.09 ± 0.78% to 13.93 ± 1.04% in the Narlı cultivar, whereas values 

for the Vezir cultivar varied between 12.95 ± 0.83% and 15.22 ± 2.12%. No statistically 

significant differences were observed between cultivars for this trait. However, fiber ratio was 

significantly influenced by plant sex (P < 0.05). 

The thicker stem structure typically observed in female plants may contribute to improvements 

in both fiber yield and fiber quality attributes. In contrast, the tendency of male plants to develop 

longer technical stems underscores the importance of early harvesting in fiber extraction 
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processes (Aygün et al., 2024). Taken together, these findings suggest that plant sex may play 

a meaningful role in determining fiber production potential, affecting both yield and quality in 

industrial hemp cultivation. 

 

Table 1. Mean Values (± Standard Deviation) of Selected Agronomic Traits in the Narlı and 

Vezir Hemp Cultivars 

Cultivar 
Number of 

seeds per m2  
Sexuality   

Plant  

Height  

(cm) 

Stem 

Diameter-1 

(mm) 

Stem  

Diameter-2 

(mm) 

Technical 

Stem Length 

(cm) 

Narlı  

250 
Male   190.7±11.7 5.67±0.89 3.89±0.31 167.7±2.1 

Female 139.7±7.5 5.44±0.74 3.23±0.50 128.3±5.5 

 Mean 165.2 5.56 3.56 148.0 

200 
Male   199.3±17.6 6.81±0.33 5.03±0.74 154.3±13.6 

Female 135.0±2.7 5.43±0.34 3.30±0.12 125.0±4.6 

 Mean 167.2 6.12 4.17 139.7 

General Mean  166.2 5.84 3.87 143.9 

       

Vezir  

250 
Male   165.3±17.7 5.69±0.44 3.72±0.28 140.0±10.8 

Female 139.3±9.3 5.02±0.35 2.84±0.22 132.0±9.5 

 Mean 152.3 5.34 3.28 136.0 

200 
Male   186.3±7.2 6.91±0.39 4.69±0.25 91.4±1.2 

Female 140.7±10.7 5.70±0.13 3.37±0.34 84.2±3.0 

 Mean 163.5 6.31 4.03 87.8 

Mean  157.9 5.8 3.66 111.9 

 

 

Table 1. Continued. Mean Values (± Standard Deviation) of Selected Agronomic Traits in the 

Narlı and Vezir Hemp Cultivars 

Cultivar 
Number of 

seeds per m2  
Sexuality   

Technical 

Stem rate  

(%) 

Fiber 

Content  

(%) 

Fiber  

Yield (kg/da) 

Seed 

Yield 

(kg/da) 

Narlı  

250 
Male   89.0±2.5 13.93±1.04 **54.6±4.02c 

*20.60±1.64a 
Female 92.6±2.1 13.78±0.85 37.1±4.02d 

 Mean 90.8 13.86 *45.9c   

200 
Male   91.2±1.9 12.09±0.78 96.1±5.67b 

15.77±0.55ab 
Female 88.3±0.9 13.62±0.17 27.3±0.10de 

 Mean 89.8 12.86 61.7b  

Mean  90.3 13.36 **53.8b *18.18a 

       

Vezir  

250 
Male   92.1±1.1 13.19±0.78 66.47±3.50c 

6.20±1.04bc 
Female 92.7±0.5 14.06±1.48 38.18±5.19d 

 Mean 92.4 13.63 52.3c  

200 
Male   91.4±0.7 12.95±0.83 144.9±7.08a 

3.00±0.36c 
Female 86.4±1.7 15.22±2.12 13.42±0.82e 

 Mean 88.9 14.09 79.2a  

Mean  90.6 13.86 65.7a 4.60b 

Means followed by the same letter do not differ significantly. **P<0.01. *P<0.05  

 

Plants from both cultivars were classified based on stem diameter measured at 1 m above 

ground level, and the fibers of each group were separated to determine fiber ratios (Table 2). 

The Narlı cultivar exhibited a wide range of stem diameters across all diameter classes, whereas 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 218



the Vezir cultivar displayed generally smaller stem diameters and did not reach 0.75 cm under 

the conditions of this experiment. 

In both cultivars, an overall decrease in fiber ratio was observed with increasing stem diameter. 

This trend suggests that thicker stems may contain a lower proportion of fiber, although the 

associated increase in total biomass may enhance overall fiber yield (Tang et al., 2017). Thus, 

the dual effect of stem thickness—reducing fiber proportion while potentially increasing total 

fiber mass—highlights the importance of carefully evaluating stem diameter in fiber-oriented 

hemp production. 

In industrial hemp, establishing the optimal balance between stem diameter, fiber yield, and 

fiber quality is crucial, particularly for textile applications (Vandepitte et al., 2020). 

Morphological properties of hemp fibers, such as fiber length and fiber diameter, are known to 

directly influence the mechanical performance of end-use products (Laloğlu & Atik, 2025). 

Accordingly, a detailed assessment of the relationship between stem diameter and fiber 

characteristics is essential for developing cultivation strategies that optimize both yield and 

quality. 

 

Fiber Yield 

Fiber yield ranged from 27.3 ± 0.10 kg/da to 96.1 ± 5.67 kg/da in the Narlı cultivar and from 

13.42 ± 0.82 kg/da to 144.9 ± 7.08 kg/da in the Vezir cultivar. Differences between cultivars 

were statistically significant (P < 0.01). Fiber yield also varied significantly according to sowing 

density (P < 0.01). 

Male plants produced higher fiber yields than female plants, and this yield difference varied 

across cultivars (P < 0.01). These results are consistent with previous research indicating that 

hemp fiber yield and quality are shaped by both environmental factors and genetic background 

(Salentijn et al., 2019). Therefore, evaluating the genetic and environmental determinants of 

fiber productivity is essential for defining optimal production strategies (Yılmaz & Yazıcı, 

2022). 

The cultivar × sowing density interaction was also significant (P < 0.05). The highest fiber yield 

(79.2 kg/da) was achieved in the Vezir cultivar at a density of 200 seeds/m². This finding 

underscores the complex interaction between genotype and planting density in determining 

fiber yield (Arslanoğlu et al., 2022). Consequently, selecting the appropriate cultivar and 

optimizing sowing density are critical components of agronomic management practices aimed 

at maximizing fiber production and fiber quality. 

 

Table 2. Fiber Ratios (%) and Standard Deviations by Stem Diameter Class 

  Stem diameter-21 (cm)  

Cultivar  Sexuality 0.25 < 0.25-0.5 0.50-0.75 0.75-1.00 Mean 

Narlı 

Male 20.92±2.68 14.10±1.29 14.31±1.89 13.06±2.13 15.60 

Female 15.83±0.60 18.09±1.22 13.89±0.17 - 15.94 

Mean 18.38 16.10 14.10 13.06 15.77 

       

Vezir 

Male 16.00±0.56 13.36±1.78 13.06±0.49 - 14.29 

Female 17.55±1.42 14.84±1.49 - - 16.20 

Mean 16.78 14.10 13.06 - 15.25 

1Stem diameter at 100 cm above ground level 
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Seed Yield 

Significant differences (P < 0.05) were observed between cultivar means in terms of seed yield. 

The Narlı cultivar recorded an average seed yield of 18.18 kg/da, whereas this value was 4.6 

kg/da for the Vezir cultivar. Although sowing 250 seeds per square meter increased the number 

of plants per unit area, this increase did not significantly affect seed yield. This finding suggests 

that increasing planting density alone is insufficient to enhance seed yield, and that the adaptive 

capacity of cultivars and their interaction with environmental factors also play a critical role 

(Thongplew et al., 2025). Therefore, maximizing seed yield in hemp production requires the 

integration of appropriate cultivar selection, optimal sowing time, and proper seeding rates 

(Dumanoğlu et al., 2021; Torun et al., 2024). 

Optimizing sowing density is especially important, as production objectives influence ideal 

planting rates. For instance, lower plant densities are recommended for seed-oriented 

production, whereas higher densities are more suitable for fiber production (Aydoğan et al., 

2020). 

In this study, the cultivar × density interaction was significant (P < 0.05), and the observed 

differences in seed yield appear to be associated primarily with variation in the proportion of 

female plants between cultivars. Field observations indicated a higher proportion of female 

plants in the Narlı cultivar, where females accounted for 39.18% of harvested plants, compared 

with 27.80% in Vezir. Considering both female plant proportion and stem diameter together 

clarifies the superiority of the Narlı cultivar in terms of seed yield (Table 2). The relatively 

limited vegetative growth observed in Vezir, combined with its lower female plant proportion, 

likely contributed to the reduced seed yield. 

In a study conducted by Yazıcı (2023), the highest plant height (180.9 cm) was obtained at a 

density of 150 plants/m², while the lowest value (157.2 cm) occurred at 100 plants/m². The 

same study reported substantial variation in stem diameter between cultivars, with average 

values ranging from 8.01 to 10.41 mm. Moreover, high planting densities (200 and 250 

plants/m²) negatively affected plant height, technical stem length, stem diameter, stem dry 

weight, fiber yield, and seed yield (Yazıcı, 2023). Plant height decreased with increasing 

density, and stem diameter declined linearly as sowing density increased. Seed yield was higher 

at lower densities (100 and 150 plants/m²) compared with 200 and 250 plants/m². In contrast, 

the present study found that increasing sowing density resulted in a slight improvement in seed 

yield. 

Yılmaz et al. (2023), in their evaluation of European-registered hemp (Cannabis sativa L.) 

cultivars, reported ranges of 84.25–175.22 cm for plant height, 60.85–123.75 cm for technical 

stem length, 6.35–8.92 mm for stem diameter, 1,326.8–5,988.0 kg/ha for dry stem yield, 354.8–

2,052.1 kg/ha for fiber yield, and 1,309.0–2,178.6 kg/ha for seed yield. Several values obtained 

in the present study fall within the ranges reported by Yılmaz et al. (2023). 

 

CONCLUSION 

The findings of the study revealed that male plants exhibited greater plant height, longer 

technical stem length, and larger stem diameter compared with female plants. Increasing the 

sowing density to 250 seeds per square meter resulted in reductions in stem diameter but led to 

a marked increase in fiber yield. The Vezir cultivar performed better in terms of fiber yield, 

whereas the Narlı cultivar showed superior performance in seed yield. On the other hand, seed 

yield was very low in both cultivars. Considering all results collectively, although high fiber 

yields were not achieved under the present conditions, it is anticipated that satisfactory yield 
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levels may be obtained through improved cultivation practices and optimized growing 

conditions. 
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ÖZET 

Radyoaktif kirlenme, nükleer enerji üretimi, tıbbi atıklar, endüstriyel süreçler ve geçmiş nükleer 

kazaların birikimli etkileriyle küresel ölçekte giderek artan bir çevresel risk oluşturmaktadır. 

Toprak, su ve atmosferde taşınabilen radyonüklidler, uzun yarı ömürleri nedeniyle çevre ve 

insan sağlığı üzerinde kalıcı etkiler yaratmaktadır. Bu nedenle düşük maliyetli, uygulanabilir 

ve ekosistem dostu rehabilitasyon yöntemlerine ihtiyaç duyulmaktadır. Fitoremediasyon, 

özellikle geniş biyokütle üretebilen hızlı büyüyen bitkiler kullanılarak kirleticilerin tutulmasını, 

taşınmasını veya etkisizleştirilmesini sağlayan çevre dostu bir yöntem olarak öne çıkmaktadır. 

Bu bağlamda kenevir (Cannabis sativa L.), morfolojik yapısı, kök sistemi, büyüme hızı ve 

yüksek biyokütle üretimi nedeniyle radyoaktif kirlenme ile mücadelede dikkat çeken bir türdür. 

Kenevir bitkisinin toprakta bulunan sezyum-137, stronsiyum-90, uranyum, toryum ve ağır 

metal eşlikçileri gibi radyonüklidleri kök bölgesinde bağlama, bitki dokularına taşıma ve 

biyokütlede depolama kapasitesi çeşitli çalışmalarda gösterilmiştir. Kök bölgesindeki 

fizikokimyasal bağlanma mekanizmaları sayesinde kenevir, radyoaktif kirliliğin hem yüzeyde 

hem de derin profillerde azaltılmasına katkı sağlamaktadır. Su ortamlarında ise yüzen 

fitoreaktörlerde kullanımı giderek yaygınlaşmakta, özellikle düşük dozlu radyonüklid içeren 

sularda biyolojik arıtma etkinliği araştırılmaktadır. Hava ortamında ise kenevirin hızlı yaprak 

gelişimi ve yüksek yüzey alanı, radyoaktif partiküllerin tutulmasında ek bir avantaj 

sağlamaktadır. 

Dünyada Ukrayna, Rusya, ABD ve Çin gibi ülkeler kenevirin fitoremediasyon amaçlı 

kullanımını pilot ölçekten ticari ölçeğe taşımaya başlayan örneklerdir. Çernobil çevresinde 

gerçekleştirilen uygulamalarda kenevirin radyonüklid birikim potansiyeli raporlanmış; 

ABD’de uranyum maden sahalarında yapılan çalışmalarda bitkinin kök bölgesi adsorpsiyon 

kapasitesi değerlendirilmiştir. Son yıllarda kenevir bazlı fitoreaktörlerin, nükleer tesis 

çevrelerinde tamamlayıcı bir koruma stratejisi olarak kullanılması gündeme gelmektedir. 

Bu çalışma kenevir bitkisinin radyoaktif kirlenme ile mücadelede kullanımını bilimsel veriler 

ışığında inceleyerek toprak, su ve hava ortamlarındaki uygulama modelleri ile küresel 

deneyimleri bütüncül bir çerçevede değerlendirmektedir. 

Anahtar Kelimeler: Fitoremediasyon, Radyoaktif Kirlenme, Kenevir (Cannabis sativa L.), 

Radyonüklid Adsorpsiyonu, Çevre Rehabilitasyonu. 
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ABSTRACT 

Radioactive contamination poses an increasingly global environmental risk due to the 

cumulative effects of nuclear energy production, medical waste, industrial processes, and past 

nuclear accidents. Radionuclides, which can be transported in soil, water, and the atmosphere, 

have lasting effects on the environment and human health due to their long half-lives. Therefore, 

low-cost, applicable, and ecosystem-friendly rehabilitation methods are needed. 

Phytoremediation stands out as an environmentally friendly method that utilizes fast-growing 

plants capable of producing extensive biomass to capture, transport, or neutralize contaminants. 

In this context, hemp (Cannabis sativa L.) stands out as a species in the fight against radioactive 

contamination due to its morphological structure, root system, growth rate, and high biomass 

production. 

Various studies have demonstrated the ability of hemp plants to bind radionuclides such as 

cesium-137, strontium-90, uranium, thorium, and heavy metal concomitants in the soil, 

transport them to plant tissues, and store them in biomass. Thanks to its physicochemical 

binding mechanisms in the root zone, hemp contributes to the reduction of radioactive pollution 

both on the surface and in deep profiles. In aquatic environments, its use in floating 

phytoreactors is becoming increasingly widespread, and its biological treatment effectiveness 

is being investigated, particularly in waters containing low doses of radionuclides. In air 

environments, hemp's rapid leaf development and high surface area provide an additional 

advantage in retaining radioactive particles. 

Globally, countries such as Ukraine, Russia, the US, and China are examples of countries that 

have begun to move the use of hemp for phytoremediation from a pilot scale to a commercial 

scale. Applications conducted around Chernobyl reported the radionuclide accumulation 

potential of hemp, and studies conducted at uranium mining sites in the US evaluated the plant's 

root zone adsorption capacity. In recent years, the use of hemp-based phytoreactors as a 

complementary protection strategy in nuclear facility environments has been gaining traction. 

This study examines the use of hemp in combating radioactive contamination in light of 

scientific data, evaluating application models in soil, water, and air environments, as well as 

global experiences within a holistic framework.  

Keywords: Phytoremediation, Radioactive Contamination, Hemp (Cannabis sativa L.), 

Radionuclide Adsorption, Environmental Rehabilitation. 

 

GİRİŞ 

Nükleer enerji, modern tıp ve endüstriyel süreçlerin yaygınlaşmasıyla birlikte radyoaktif 

maddelerin çevrede oluşturduğu baskı giderek artmaktadır (Laraia, 2015). Radyonüklidlerin 

toprak, su ve atmosferde kalıcılığı; bu maddelerin hem ekosistem bileşenlerinde hem de besin 

zincirinde uzun vadeli birikimine neden olmaktadır (Thakur et al., 2025). Bu durum özellikle 

geniş alanlara yayılan düşük ve orta seviyeli radyoaktif kirlenme vakalarında, klasik arıtma 

yöntemlerinin etkinliğini sınırlamakta ve alternatif çözümlere ihtiyaç duyulduğunu 

göstermektedir. Son yıllarda çevre mühendisliği alanında, doğal süreçleri kullanarak 

kirleticilerin etkisini azaltmayı hedefleyen biyolojik temelli yöntemler önemli bir araştırma 

alanı hâline gelmiştir (Hanishka et al., 2024). 

Kenevir (Cannabis sativa L.), yüksek büyüme hızı, gelişmiş kök sistemi ve stres koşullarına 

karşı toleransı nedeniyle dikkati çeken bir bitkidir (Amaducci et al.,2008). Bitkinin dokusal 

yapısındaki lignoselülozik bileşikler ve kök yüzeyinde bulunan fonksiyonel gruplar; radyoaktif 

iyonlarla etkileşime girerek radyonüklidlerin tutulmasına, stabilize edilmesine veya bitki 
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bünyesinde depolanmasına olanak sağlar (Mankowski et al., 2020). Kenevirin bu özellikleri, 

onu radyoaktif maddelerin çevreden uzaklaştırılmasına yönelik fitoremediasyon çalışmalarında 

önemli türlerden biri hâline getirmiştir. Uluslararası düzeyde yapılan araştırmalar, kenevirin 

farklı radyonüklidlerle etkileşim mekanizmalarının incelenmesine odaklanmıştır (Wu et al., 

2021). Bazı çalışmalarda bitkinin sezyum ve stronsiyum gibi nükleer kazalar sonrası yaygın 

görülen izotopları kök bölgesinde bağlama eğilimi öne çıkarırken (Lincoln and Noori, 2025); 

diğer çalışmalarda kenevirin uranyum gibi ağır radyonüklidleri kimyasal kompleksler hâlinde 

bünyesine alabilme kapasitesi değerlendirilmiştir (Morin-Crini et al., 2019). Ayrıca bitkinin su 

yüzeyinde kurulan yüzen biyofiltre sistemlerinde kullanılması, düşük düzeyli radyoaktif suların 

biyolojik arıtımı için yeni bir uygulama alanı ortaya koymuştur (Mikheev et al., 2017). Yaprak 

yüzeyinin genişliği ve yoğun stoma yapısı ise radyoaktif partiküllerin atmosferden tutulmasında 

ek bir avantaj olarak değerlendirilmektedir (Kanniah et al., 2012). 

Bu çalışma, kenevir bitkisinin radyoaktif kirlenmeye karşı kullanım potansiyelini disiplinler 

arası bir bakış açısıyla ele almayı ve dünyanın farklı bölgelerinde gerçekleştirilen uygulamaları 

karşılaştırmalı olarak incelemeyi amaçlamaktadır. Böylece toprak, su ve hava ortamları için 

uygun kullanım modelleri belirlenerek, kenevir temelli fitoremediasyon stratejilerinin çevresel 

yönetim süreçlerine nasıl entegre edilebileceğine yönelik kapsamlı bir değerlendirme sunulması 

planlanmaktadır. 

 

RADYOAKTİF KİRLİLİK VE RADYONÜKLİDLERİN TAŞINIMI 

Radyoaktif kirlenme, nükleer materyallerin kontrollü süreçler dışına çıkması veya çevresel 

ortamlara karışması sonucunda oluşan uzun süreli bir kirlilik türüdür (Hatra, 2018). 

Radyonüklidlerin fiziksel, kimyasal ve biyolojik özellikleri; kirlenmenin yayılım hızını, etki 

alanını ve ekosistemdeki kalıcılığını belirleyen temel faktörlerdir (Thakur et al., 2025). Bu 

maddeler çevrede tek bir ortamda sınırlı kalmayıp, toprak–su–hava sistemleri arasında geçiş 

yaparak geniş bir etkilenme alanı oluşturur (Şekil 1).  

Radyonüklidlerin taşınımında difüzyon, desorpsiyon, yüzey akışı, çözünme, partikül 

adsorpsiyonu ve atmosferik taşınım gibi süreçler eş zamanlı olarak rol oynar (Vandecasteele, 

2006). Bu nedenle radyoaktif kirlenmenin yönetimi, farklı çevresel ortamların ayrı ayrı 

incelenmesini gerektirir. 

 

Şekil 1. Çevre Elemanlarında (Toprak, Su, Hava) Radyonüklidlerin Taşınımı 
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Toprak Kirliliği 

Toprak, radyoaktif maddelerin en uzun süre tutulduğu ve biriktirildiği çevresel ortamdır 

(Abojassim et al., 2022). Sezyum-137 (Cs-137), Stronsiyum-90 (Sr-90), Plütonyum (Pu 

izotopları), Uranyum (U-238) ve Toryum gibi radyonüklidler toprak mineralleri ve organik 

maddelerle güçlü bağlar oluşturarak uzun yıllar boyunca alıcı ortamlarda kalabilir (Frieß and 

Kütt, 2023). Toprakta radyonüklid taşınımını belirleyen başlıca süreçler şunlardır: 

 Adsorpsiyon–Desorpsiyon: Killer, organik madde ve oksit yüzeyleri radyonüklidleri 

bağlayabilir (Milyutin et al., 2023). 

 İnfiltrasyon ve Derinlemesine Geçiş: Yağış ve sulama suyu, yüzeydeki radyonüklidleri 

alt toprak katmanlarına taşıyabilir (Koch-Steindl and Pröhl, 2001). 

 Bitki Alımı: Bazı bitkiler kök bölgesinde radyonüklidleri absorbe ederek biyokütleye 

aktarabilir (Gupta et al., 2016). 

 Erozyon ve Sediment Taşınımı: Rüzgâr ve su erozyonu, radyoaktif partikülleri başka 

bölgelere taşıyabilir (Zapata and Nguyen, 2009). 

Toprakta biriken radyonüklidler bitkiler aracılığıyla gıda zincirine girebilir yada infiltrasyon 

yoluyla yeraltı suyu kaynaklarını tehdit edebilir (Gupta et al., 2016). Bu nedenle toprak, 

radyoaktif kirlenmenin izlenmesi ve iyileştirilmesi açısından kritik bir bileşendir. 

Su Kirliliği 

Radyonüklidlerin su ortamlarına taşınımı çoğunlukla sızma, yüzey akışı, endüstriyel deşarjlar 

ve maden atıkları yoluyla gerçekleşir (Adeola et al., 2023). Suda çözünür formdaki sezyum, 

stronsiyum, uranyum ve radyum gibi izotoplar, özellikle düşük iyonik derişimlerde hızla 

hareket edebilir ve geniş bir alana yayılabilir (Ashraf et al., 2014). Su ortamında taşınımı 

etkileyen başlıca mekanizmalar şunlardır: 

 Çözünme: Radyonüklidlerin iyonik forma geçerek serbest hareket etmesi (Stockdale and 

Bryan, 2013) 

 Kolloid Taşınımı: Nano veya mikro partiküller üzerinde taşınması (Honeyman and 

Santschi, 2019) 

 Sediment Adsorpsiyonu: Akarsu ve göl tabanında çökelerek birikim oluşturması (Wilson 

et al., 2005) 

 Biyolojik Alım: Fitoplankton, bentik organizmalar ve su bitkileri tarafından tutulması (i 

Batlle, 2016) 

Yeraltı sularında radyoaktif maddelerin hareketi daha yavaş olmakla birlikte, geçirgen 

akiferlerde bu yayılım yıllarca devam edebilir (Naftz et al., 2002). Özellikle uranyum 

madenciliği yapılan bölgelerde yeraltı suyu kirliliği önemli bir çevresel risk olarak 

değerlendirilir (Dinis and Fiúza, 2021). Su ortamındaki radyoaktif kirlenme, içme suyu 

güvenliği, tarımsal sulama kalitesi ve ekosistem sağlığı üzerinde doğrudan etkiler yaratır 

(Okorogbona et al., 2018). 

Hava Kirliliği 

Radyonüklidlerin atmosferde taşınımı, çevresel yayılımın en hızlı gerçekleştiği kirlilik türüdür 

(Crawford et al., 2008). Atmosfere karışan gaz hâlindeki radyoaktif maddeler veya partiküllere 

bağlı izotoplar yüzlerce kilometre mesafe kat edebilir (Garland et al., 1991). Çernobil (1986) 

ve Fukuşima (2011) kazaları sonrasında yapılan ölçümler, atmosferik taşınımın radyoaktif 

kirlenmenin küresel boyuta ulaşmasında kritik rol oynadığını göstermiştir (Benamrane et al., 

2013). Atmosferde taşınımı belirleyen başlıca süreçler: 
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 Aerosol Bağlanması: Radyoaktif maddelerin toz partikülleri üzerinde taşınması (Jang et 

al., 2022) 

 Gaz Fazı Dağılımı: Kripton, iyot ve ksenon izotoplarının atmosfere yayılması (Sinitsyn 

et al., 2025) 

 Kuru ve Yaş Çökeltim: Yağmur, kar, sis veya yerçekimiyle yüzeye taşınım (Abdul 

Rashid et al., 2025) 

 Rüzgârla Taşınım: Bölgesel ve kıtasal ölçekte radyoaktif partiküllerin hareketi (Abdul 

Rashid et al., 2025) 

Hava yoluyla yayılan radyonüklidler, solunum yolu maruziyetine neden olabileceği gibi; 

çökeltim yoluyla toprak ve su ekosistemlerini de ikincil olarak kirletir (Thakur et al., 2025). Bu 

nedenle atmosferik taşınım, radyoaktif kirlenmenin yönetiminde hem hızlı hem de kapsamlı 

izleme gerektiren bir süreçtir. 

 

KENEVİR BİTKİSİNİN ÖZELLİKLERİ 

Kenevir (Cannabis sativa L.) (Şekil 2), hızlı büyüme kapasitesi, geniş ekolojik adaptasyonu ve 

çok yönlü biyokimyasal yapısı ile çevresel rehabilitasyon çalışmalarında dikkat çeken bir 

bitkidir (Rehman et al., 2021). Lignoselülozik yapısı, yoğun kök sistemi ve yüksek biyokütle 

üretimi sayesinde hem endüstriyel hem de çevresel uygulamalarda önemli bir hammadde 

niteliği taşımaktadır (Visković et al., 2023). Radyoaktif kirlenme ile mücadelede 

kullanılabilmesini sağlayan özellikler, bitkinin morfolojik, fizyolojik ve kimyasal özelliklerinin 

birleşiminden oluşmaktadır (Rheay, 2023). 

 

Şekil 2. Cannabis sativa L. 

Morfolojik Özellikler 

Kenevir bitkisi, 1–5 metreye kadar ulaşabilen boyu ve hızlı vegetatif gelişimiyle dikkat çeker. 

Geniş yüzey alanına sahip yaprakları, çok sayıda lob içeren karakteristik formu ve yoğun stoma 

yapısı (Hall et al., 2013); hava ortamındaki partiküllerin tutulmasını kolaylaştırır (Hesami et 

al., 2023). Bu özellik, radyoaktif aerosollerin yaprak yüzeyine bağlanmasını ve kısa sürede 

önemli miktarda partikülün bitki tarafından yakalanmasını sağlar (Morin-Crini et al., 2019). 

Bitkinin kök sistemi derin ve yaygındır. Kazık kök yapısına ek olarak lateral köklerin geniş 

çevreye yayılması, toprak katmanlarındaki radyonüklidlerin daha geniş bir alanda adsorbe 

edilmesine olanak tanır (Gupta et al., 2016). Kök bölgesinin oksijenlenmiş yapısı ve kök 
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salgıları, iyon değişim süreçlerini hızlandırarak radyoaktif iyonların bitki tarafından alınmasına 

katkı sağlar (Gagné et al., 2024). 

Fizyolojik Özellikler 

Kenevir yüksek fotosentetik kapasiteye sahip bir C3 bitkisidir (Chandra et al., 2011). Hızlı 

biyokütle üretimi, kısa sürede yüksek miktarda organik madde üreterek kirleticilerin bitki 

dokusunda tutulmasını destekler (Rheay et al., 2021). Bitkinin stres toleransı yüksektir; ağır 

metal ve radyonüklid içeren ortamlarda fotosentetik aktivitelerini belirli düzeyde 

sürdürebilmesi, fitoremediasyon çalışmalarında önemli bir avantajdır (Gupta et al., 2016). 

Ayrıca kenevir, rizosfer bölgesinde mikroorganizmalarla simbiyotik ilişkiler kurarak 

kirleticilerin hareketliliğini etkileyebilir (Ahmed et al., 2021). Bu mikroorganizmalar 

radyonüklidlerin çözünürlüğünü artırarak bitkiye alımını kolaylaştırabilir veya tam tersine 

stabilize ederek kirleticilerin toprakta tutulmasını sağlayabilir. 

Kimyasal ve Biyokimyasal Özellikler 

Kenevirin lignin, selüloz ve hemiselülozdan oluşan karmaşık hücre duvarı yapısı; radyoaktif 

iyonlarla etkileşime girebilen fonksiyonel grupları içerir (Diakité et al., 2021). Hidroksil, 

karboksil ve fenolik gruplar, radyonüklidlerle bağ oluşturabilecek kimyasal reaktifliğe sahiptir. 

Bu nedenle kenevir kökleri ve odunsu dokuları yüksek adsorpsiyon kapasitesi gösterebilir 

(Samanta et al., 1992). Bitkinin dokularında bulunan flavonoidler, terpenoidler ve bazı 

alkaloidler de metal iyonları ile kompleks oluşturma özelliğine sahiptir (Radwan et al., 2021). 

Bu biyokimyasal mekanizma, özellikle uranyum ve toryum gibi ağır radyonüklidlerin bitki 

dokularında bağlanmasında önemli rol oynayabilir. 

Ekolojik Adaptasyon ve Yetiştirme Kolaylığı 

Kenevir geniş bir sıcaklık aralığına uyum sağlayabilir ve düşük bakım gereksinimleri ile bilinir. 

Fakir topraklarda dahi yetişebilmesi, kirlenmiş alanlara müdahalede maliyet avantajı sağlar 

(Crini et al., 2020). Ayrıca pestisit ihtiyacının düşük olması ve organik tarım protokollerine 

uyumlu yetiştirilebilmesi nedeniyle çevresel uygulamalarda tercih edilen bir türdür (Benelli et 

al., 2018). Kenevirin kısa yetişme periyodu (100–140 gün), fitoremediasyon çalışmalarının 

yıllık döngülerle hızlı şekilde tekrarlanabilmesine olanak tanır (Wu et al., 2021). Böylece 

kirlenmiş alanlarda ardışık ekim yapılarak radyonüklidlerin kademeli şekilde azaltılması 

mümkündür. 

 

FİTOREMEDİASYON MEKANİZMALARI 

Fitoremediasyon, bitkilerin kirleticilerin çevresel hareketliliğini azaltma, sabitleme veya 

uzaklaştırma kapasitesine dayanan biyolojik arıtma yöntemlerinin genel adıdır (Liu et al., 2020) 

(Şekil 3). Bu yöntemler, radyoaktif kirlenme gibi yüksek riskli kirlilik senaryolarında; düşük 

maliyet, geniş alanlara uygulanabilirlik ve doğal ekosistemlerle uyum gibi avantajlar 

sunmaktadır (Lourenco et al., 2018). Kenevir (Cannabis sativa L.), morfolojik ve kimyasal 

özellikleri nedeniyle fitoremediasyonun çeşitli mekanizmalarında dikkate değer bir potansiyele 

sahiptir. 
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Şekil 3. Fitoremediasyon Mekanizmaları 

Fitostabilizasyon 

Fitostabilizasyon, kirleticilerin çevresel hareketliliğini bitki kökleri ve rizosfer süreçleri 

aracılığıyla azaltmayı amaçlayan bir mekanizmadır (Shackira and Puthur, 2019). Radyoaktif 

maddelerin toprakta sabitlenmesi, özellikle Cs-137, Sr-90, U-238 ve Th-232 gibi izotopların 

yer değiştirme potansiyelini azaltarak kirlenmiş alanların risk seviyesini düşürür (Zhu and 

Shaw, 2000). Kenevir bitkisi, derin ve gelişmiş kök sistemi sayesinde topraktaki gevşek bağlı 

radyonüklidlerin hareketliliğini sınırlayabilir (Mankowski et al., 2020). Kök yüzeyindeki 

fonksiyonel gruplar, metalik radyonüklidlerle iyon değişimi gerçekleştirebilir ve bu iyonlar 

rizosferde daha stabil bileşiklere dönüşebilir. Ayrıca kenevir köklerinin oluşturduğu yoğun kök 

ağı, erozyon yoluyla taşınabilecek radyoaktif partiküllerin yerinde tutulmasına katkıda bulunur. 

Fitostabilizasyonun önemli bir avantajı, kirleticilerin bitki dokusuna yoğun şekilde 

taşınmasının gerekmemesi ve böylece biyokütle bertarafı gereksiniminin minimum seviyede 

olmasıdır (Bernal et al., 2019). 

Fitoekstraksiyon 

Fitoekstraksiyon, bitkilerin kirleticileri köklerinden alıp gövde, yaprak ve diğer dokularında 

biriktirmesi esasına dayanır (Ghori et al., 2016). Bu mekanizma özellikle toprakta yüksek 

çözünürlüğe sahip olan Cs ve Sr gibi radyonüklidler için etkilidir. Kenevir bitkisi, hızlı 

büyümesi ve yüksek biyokütle üretmesi sayesinde fitoekstraksiyon için uygun bir adaydır 

(Rheay et al., 2021). Kenevir kökleri, radyonüklidleri iyonik formlarında absorbe ederek ksilem 

akımıyla yukarı taşıyabilir (Marabesi, 2023). Bitkinin lignoselülozik yapısı, alınan 

radyonüklidlerin dokularda bağlanmasını kolaylaştırarak fitoekstraksiyon verimini artırabilir. 

Bu yöntemin etkinliği, birkaç ardışık ekim döngüsüyle artar. Çernobil çevresinde yapılan saha 

çalışmalarında kenevirin Cs-137 biriktirme katsayılarının, bazı geleneksel fitoremediasyon 

türlerinden daha yüksek olduğu raporlanmıştır (Hoseini et al., 2012). Fitoekstraksiyonun 

sonunda elde edilen biyokütle, uygun şekilde bertaraf edilerek toplam radyoaktif yük 

azaltılabilir. 
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Rizofiltrasyon 

Rizofiltrasyon, su ortamında çözünmüş veya partikül hâlde bulunan kirleticilerin bitki kökleri 

tarafından tutulması ve filtrelenmesi sürecidir (Kristanti et al., 2021). Bu yöntem, özellikle 

düşük seviyeli radyoaktif atık suların temizlenmesinde etkili bir biyolojik arıtma tekniğidir (Ma 

et al., 2023). Kenevir, su yüzeyinde yüzen fitoreaktörlerde veya kontrollü su tanklarında 

rizofiltrasyon amacıyla kullanılabilir (Oustrière, 2016). Kök bölgesinde bulunan lignoselülozik 

yapılar ve hücre yüzeyi fonksiyonel grupları, radyonüklidlerin kök yüzeyine adsorpsiyonunu 

kolaylaştırır. Uranyum, radyum ve sezyum gibi iyonların su ortamından uzaklaştırılmasında 

kenevirin adsorpsiyon kapasitesinin yüksek olduğu deneysel çalışmalarda gösterilmiştir 

(Hoseini et al., 2012). Bu mekanizmanın avantajı, kirleticilerin su ortamında hareket etmeden 

kök yüzeyinde tutulması ve bitki çıkarıldığında kirleticilerin sistemden uzaklaştırılabilmesidir. 

Akarsu, gölet ve endüstriyel atık su havuzlarında uygulanabilir. 

Fitovolatilizasyon 

Fitovolatilizasyon, bitkilerin bazı kirletici bileşikleri daha az zararlı veya daha uçucu formlara 

dönüştürerek atmosfere vermesi sürecidir (Etim, 2012). Radyoaktif kirlenme bağlamında bu 

mekanizma sınırlı uygulamaya sahip olsa da bazı izotopların uçucu türevleri için önemlidir 

(Elsner, 2010). Kenevirin bu mekanizmadaki rolü, özellikle radyoaktif iyot gibi uçucu hale 

geçebilen bileşiklerle ilişkilidir (Truta et al., 2009). Bitki, kök bölgesinden absorbe ettiği bazı 

iyonları metabolik süreçler sırasında kimyasal dönüşüme uğratarak atmosferde daha seyrelmiş 

bir forma dönüştürebilir. Bu sayede lokal kirlenme etkisi azalır. Ancak fitovolatilizasyon, 

izotopun toplam radyoaktif yükünü azaltmaktan ziyade dağılım biçimini değiştirdiği için 

kontrollü kullanılması gereken bir yöntemdir (Dushenkov, 2003). Kenevir bitkisinin yüksek 

gaz değişim kapasitesi, fitovolatilizasyon potansiyelini artıran faktörlerden biridir; ancak 

radyoaktif maddeler söz konusu olduğunda bu mekanizma genellikle diğer tekniklerle birlikte 

değerlendirilir. 

 

ULUSLARARASI UYGULAMALAR 

Radyoaktif kirlenmenin azaltılmasına yönelik fitoremediasyon uygulamaları, dünya genelinde 

farklı coğrafyalarda hem saha denemeleri hem de pilot ölçekte yürütülen çalışmalarla giderek 

daha fazla önem kazanmaktadır (Hemming et al., 2023). Kenevir (Cannabis sativa L.), özellikle 

geniş biyokütle üretimi ve radyonüklid bağlama kapasitesi nedeniyle birçok ülkenin çevresel 

rehabilitasyon programlarında değerlendirdiği bitki türleri arasına girmiştir (Rheay et al., 2021; 

Wu et al., 2021). 

1986 Çernobil Nükleer Santrali kazası sonrasında çevredeki geniş tarım alanları Cs-137 ve Sr-

90 başta olmak üzere yoğun radyonüklid birikimine maruz kalmıştır (Yablokov et al., 2009). 

Çalışmalar kapsamında kenevir bitkisi kirlenmiş tarım topraklarında yetiştirilmiş ve bitkinin 

Cs-137’yi kök zonundan alarak gövde dokusunda biriktirme kapasitesi değerlendirilmiştir. Elde 

edilen sonuçlar, kenevirin fitoekstraksiyon potansiyelinin özellikle sezyum izotopları için 

yüksek olduğunu göstermiştir. Bu bulgular, kenevirin Çernobil çevresindeki fitoremediasyon 

çalışmalarında kullanılabilecek alternatif türlerden biri olarak kabul edilmesine neden olmuştur 

(Hoseini et al., 2012). ABD’nin batı eyaletlerinde yer alan eski uranyum madenciliği 

bölgelerinde düşük düzeyli radyoaktif kirlenme hem toprak hem de yüzey suları açısından 

önemli bir sorun oluşturmaktadır (Thomson, B. (2021).. Bu bölgelerde yapılan araştırmalarda 

kenevir, özellikle U-238 ve U-234 gibi izotopların kök bölgesinde adsorpsiyon yoluyla 

tutulmasında etkili bulunmuştur (Mitchell et al., 2013). Laboratuvar ve sahaya yakın koşullarda 

yapılan deneyler, kenevir köklerinin uranyum iyonlarıyla kompleks oluşturabilen fonksiyonel 

gruplar taşıdığını ve rizosferde çözünürlüğü azaltıcı bir etki yaratabildiğini göstermiştir (Khan, 
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2020). Böylece toprak infiltrasyonu ve yeraltı suyuna sızıntı riskinin azaldığı raporlanmıştır. 

Çin’de özellikle nükleer teknoloji ve araştırma tesislerinin çevresinde düşük dozlu radyoaktif 

atık suların temizlenmesine yönelik rizofiltrasyon uygulamaları yaygınlaşmaya başlamıştır. 

Bitkiler yüzen bitki platformlarında veya su içine yerleştirilen kök destek sistemlerinde 

kullanılmaktadır. Yapılan çalışmalarda, bitkilerin kök yüzeyinde Cs⁺, Ra²⁺ ve UO₂²⁺ gibi 

iyonlara karşı anlamlı bir adsorpsiyon kapasitesi gösterdiği belirlenmiştir. Rusya ve Belarus, 

Çernobil sonrası etkilenmiş tarım bölgelerinde kenevir kullanımını değerlendiren çeşitli 

araştırmalar yürütmüştür. Bu çalışmalarda kenevirin hem fitostabilizasyon hem de kısmi 

fitoekstraksiyon potansiyeli incelenmiş; özellikle organik maddece zengin topraklarda bitkinin 

Cs-137 ile etkileşiminin belirgin olduğu tespit edilmiştir. Ayrıca bazı uygulamalarda kenevir 

lifleri ve kök kalıntılarından biyokompozit malzemeler üretilerek radyonüklid birikiminin 

kontrollü şekilde materyal içinde hapsedilmesi hedeflenmiştir. Kanada’da yürütülen çalışmalar 

daha çok ağır metal ve radyonüklid kombinasyonlarının bulunduğu maden atık alanlarına 

odaklanmıştır. Kenevirin karma kirleticileri absorbe etme kapasitesi incelenmiş ve bitkinin, 

özellikle multi-metalik koşullarda diğer bazı fitoremediasyon türlerine göre daha dayanıklı 

olduğu görülmüştür. Avrupa Birliği ülkeleri ise kenevir yetiştiriciliğini çevresel iyileştirme ve 

biyopolimer üretimi ile entegre eden projeler geliştirmektedir. Bu projelerde kirlenmiş 

alanlarda yetiştirilen kenevirin lif ve hurd kısmı sanayiye kazandırılırken radyoaktif madde 

içeren fraksiyonların güvenli bertarafı üzerine stratejiler oluşturulmaktadır. 

Uluslararası uygulamalar, kenevirin radyoaktif kirlenme yönetiminde farklı mekanizmalarla 

kullanılabileceğini göstermektedir. Toprakta fitoekstraksiyon ve fitostabilizasyon; suda 

rizofiltrasyon; hava ortamında ise partikül tutma yeteneği dünya genelinde doğrulanmış 

özelliklerdir. Ayrıca ülkeler arasında farklı uygulama modellerinin benimsenmesi, kenevirin 

hem ekonomik hem de çevresel amaçlarla entegre edilebileceğini ortaya koymaktadır. 

 

SONUÇ VE ÖNERİLER 

Bu çalışma, radyoaktif kirlenmenin toprak, su ve hava ortamlarında oluşturduğu çevresel 

baskıyı fitobiyolojik bir bakış açısıyla ele alarak, kenevir bitkisinin (Cannabis sativa L.) bu 

süreçte üstlenebileceği rolü kapsamlı biçimde değerlendirmiştir. Radyonüklidlerin uzun yarı 

ömürlü olması, ekosistem bileşenlerinde ve besin zincirinde birikme eğilimleri ile birlikte 

değerlendirildiğinde, klasik dekontaminasyon yöntemlerinin tek başına yeterli olmadığı; alan 

bazlı, düşük maliyetli ve ekosistemle uyumlu tamamlayıcı yaklaşımlara ihtiyaç duyulduğu 

görülmektedir. 

Kenevir bitkisi, morfolojik yapısı, derin ve genişleyen kök sistemi, yüksek biyokütle üretimi ve 

lignoselülozik hücre duvarı yapısı sayesinde Cs-137, Sr-90, U-238, Th-232 ve radyum 

izotopları gibi kritik radyonüklidlerle etkileşime girebilen; bu kirleticileri rizosferde stabilize 

edebilen veya biyokütle içinde depolayabilen bir tür olarak öne çıkmaktadır. Fitostabilizasyon, 

fitoekstraksiyon ve rizofiltrasyon mekanizmaları üzerinden yürütülen uluslararası çalışmalar, 

kenevirin hem toprakta hem de su ortamında anlamlı düzeyde radyonüklid azaltımı 

sağlayabildiğini ortaya koymaktadır. Hava ortamında ise geniş yaprak yüzeyi ve yoğun stoma 

yapısı, radyoaktif partiküllerin tutulmasında bitkiye ek bir işlev kazandırmaktadır. 

Ukrayna, Rusya, Belarus, ABD, Çin, Kanada ve çeşitli Avrupa Birliği ülkelerinden elde edilen 

saha ve pilot ölçekli uygulama sonuçları, kenevirin radyoaktif kirlenmenin yönetiminde tek 

başına bir “nihai çözüm” olmaktan ziyade; nükleer atık yönetimi, jeokimyasal bariyerler, 

mühendislik yapıları ve diğer arıtma teknolojileriyle birlikte kullanılabilecek önemli bir 

tamamlayıcı fitobiyolojik araç olduğunu göstermektedir. Bununla birlikte, kenevir kaynaklı 

biyokütlede biriken radyonüklidlerin güvenli bertarafı, termal işlem seçenekleri ve olası ikincil 

riskler mutlaka çok disiplinli bir çerçevede ele alınmalıdır. 
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Bu bağlamda, kenevir temelli fitoremediasyon yaklaşımları; radyoaktif kirlilik yönetiminde 

çevresel yükü hafifletme, rehabilitasyon maliyetlerini düşürme ve kirlenmiş alanların kademeli 

olarak ekosisteme yeniden kazandırılmasına katkı sağlama potansiyeline sahiptir. Fitobiyolojik 

radyoaktif kirlilik yönetimi kavramı, özellikle geniş alanlara yayılmış düşük ve orta seviyeli 

kirlenmeler için stratejik bir araç olarak değerlendirilmelidir. Çalışma kapsamında elde edilen 

değerlendirmeler ışığında aşağıdaki öneriler geliştirilmiştir: 

 Kenevir ile fitoremediasyon uygulamaları, farklı iklim ve toprak koşullarını temsil eden 

alanlarda pilot ölçekli projeler hâlinde yaygınlaştırılmalıdır. Böylece kenevirin tür içi 

varyasyonları, ekotipleri ve farklı yetiştirme modellerinin radyonüklid giderim performansı 

karşılaştırmalı olarak ortaya konulabilir. 

 Radyonüklid biriktirmiş kenevir biyokütlesinin yakma, piroliz, inertleştirme ve 

camlaştırma gibi yöntemlerle bertarafına yönelik teknik rehberler oluşturulmalıdır. Biyokütle 

kullanımı (biyoyakıt, biyokompozit vb.) söz konusu olduğunda, radyolojik güvenlik ve 

mevzuat açısından ayrıntılı risk değerlendirmesi yapılmalıdır. 

 Çevre mühendisliği, inşaat mühendisliği, nükleer mühendislik, ziraat/biyosistem 

mühendisliği, kimya ve malzeme bilimi disiplinleri arasında ortak araştırma programları 

yürütülmelidir. Böylece kenevir temelli sistemlerin hem çevresel performansı hem de 

mühendislik uygulamalarına entegrasyonu bütüncül olarak değerlendirilebilir. 

 Kenevirin radyoaktif kirlenmiş alanlarda fitoremediasyon amacıyla kullanımını 

düzenleyen yasal çerçeveler ve teknik standartlar oluşturulmalıdır. Kenevir ekimi, hasadı, 

taşınması ve bertaraf süreçleri, nükleer güvenlik ve radyasyondan korunma ilkeleriyle uyumlu 

şekilde tanımlanmalıdır. 

 Kenevir ile yürütülen fitoremediasyon uygulamalarında radyonüklid taşınımına ilişkin 

saha verileri, nümerik modelleme ve risk analizi çalışmalarıyla desteklenmelidir. Uzun dönem 

izleme programları ile toprak–su–hava bileşenlerinde radyolojik parametrelerin zaman içindeki 

değişimi izlenmeli, fitobiyolojik müdahalelerin kalıcılığı değerlendirilmelidir. 

 Kenevir temelli fitoremediasyon projeleri için maliyet–fayda analizleri yapılmalı; 

geleneksel arıtma yöntemleriyle karşılaştırmalı olarak ekonomik uygulanabilirlikleri ortaya 

konulmalıdır. Aynı zamanda yerel halkın kabulü, istihdam etkisi ve alanların yeniden kullanımı 

gibi sosyo-ekolojik boyutlar da dikkate alınmalıdır. 

Sonuç olarak, kenevir bitkisi; uygun planlama, sağlam bir bilimsel altyapı ve güçlü bir mevzuat 

çerçevesi ile birlikte değerlendirildiğinde, radyoaktif kirlenmenin yönetiminde fitobiyolojik bir 

araç olarak önemli fırsatlar sunmaktadır. Bu potansiyelin etkin ve güvenli biçimde hayata 

geçirilebilmesi için, ulusal ve uluslararası düzeyde koordineli araştırma programlarına ve 

politika geliştirme süreçlerine ihtiyaç bulunmaktadır. 
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ABSTRACT 

Thanks to its high cellulose content, rapid biomass production, and environmentally friendly 

properties, the hemp plant (Cannabis sativa L.) has emerged as an important raw material in the 

development of sustainable biomaterials in recent years. The increasing use of hemp-derived 

cellulose, particularly in areas such as cellulose-based composites, bioplastics, and advanced 

functional materials, has accelerated scientific research in this area. The majority of studies in 

the literature generally prefer to extract cellulose from hemp stalks. However, this study 

adopted an alternative approach by using hemp seed oil extraction pulp, which is often 

considered waste in agricultural production and industrial processing. This aimed to both reduce 

waste and obtain a value-added product. Cellulose obtained from hemp pulp was characterized 

by Fourier transform infrared (FTIR) spectroscopy and X-ray diffraction (XRD) analyses, 

revealing its functional groups and crystalline structure in detail. In addition, the chemical 

quantum parameters and thermochemical behavior of cellulose were theoretically evaluated in 

both aqueous and nonaqueous environments using the density functional theory (DFT) method 

using the Becke–Lee–Yang–Parr (B3LYP) exchange-correlation functional with the 6-

311G++(d,p) basis set. Theoretical models provided important insights into the molecular 

stability of cellulose, its interaction with water, and its response to environmental conditions. 

Consequently, it was understood that cellulose has a high water-holding capacity, exhibits 

greater stability in aqueous environments, and that this property may provide significant 

advantages in storage, processing, and end-use conditions. 

Keywords: Hemp, Cellulose, DFT Calculation, Structural Characterization 

 

INTRODUCTION 

One of the most important goals of sustainable materials research today is the transformation 

of agricultural waste into valuable and environmentally friendly products. Agricultural 

residues, thanks to their abundant availability, renewable properties, and low cost, offer strong 

alternatives to traditional raw materials in many areas. The use of such materials supports 
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sustainable product development strategies by providing significant financial and 

environmental benefits (Ashori and Nourbakhsh, 2010).  

In this context, hemp (Cannabis sativa L.) stands out as an environmentally friendly resource 

with its high cellulose content (67%) and biodegradable lignocellulosic structure (Amaducci et 

al., 2008; Jarabo et al., 2012; Dalmay et al., 2010; Mutje et al., 2007). These properties make 

hemp an important raw material for sustainable biomaterial production. 

A common polysaccharide, cellulose is a macromolecular substance that is strong by nature, 

biodegradable, and very compatible with polymer matrices. With its enormous yearly 

production, cellulose is readily available, particularly from agricultural waste. Numerous 

research papers published in the literature have thoroughly investigated the contemporary uses 

of cellulose in advanced materials science. Due to its advantages, such as renewability, low 

cost, outstanding biocompatibility, and biodegradability, cellulose is being evaluated in a wide 

range of applications, such as textiles, paper, biocomposites, packaging materials, and 

renewable energy production (Azeredo et al., 2009; Hamedi et al., 2025; Ma et al., 2025; Mutje 

et al., 2007; Ouajai and Shanks, 2005). 

Cellulose is a linear polymer formed by β-D-glucose units linked by β(1→4) glycosidic bonds. 

Hydrogen and hydroxyl groups are found at particular locations within each glucose unit. 

Cellulose's amphiphilic characteristics result from this configuration. The reactive hydroxyl 

groups in its molecular structure allow for various chemical modifications. Through entropy 

changes in water and van der Waals interactions, cellulose chains come together to form 

insoluble structures. However, storage conditions can affect cellulose's mechanical qualities 

and structural integrity. Therefore, the storage conditions of cellulose pulp obtained from 

agricultural wastes (storing it in an aqueous or dry environment) are an important parameter in 

terms of preserving the swelling and draining properties of the fibers. Dried cellulose fibers 

may lose their surface properties, and mechanical performance may decrease as a result of 

hardening and hydrophobicity (cornification). Therefore, storing cellulose in a humid 

environment is of critical importance in terms of preserving structural integrity, especially in 

further analyses and applications (Barbash et al., 2022; Hamedi et al., 2025; Lindh et al., 2016; 

McNamara et al., 2015; Salem et al., 2023). 

A review of the literature reveals that cellulose, which has high commercial value, is generally 

obtained from hemp stalks. But in this investigation, hemp seed pulp was used to make 

cellulose. This waste material remaining after oil extraction, with its significant cellulose 

content, is a valuable raw material from both economic and environmental perspectives. Hemp 

seed pulp has a biopolymer matrix consisting of cellulose, hemicellulose, and lignin structures 

(Amaducci et al., 2005; Ota et al., 2023; Zhang et al., 2023).  These characteristics make hemp 

seed pulp—typically regarded as waste—a viable resource for the manufacturing of cellulose 

and other industrial uses. Therefore, from an economic and environmental standpoint, making 

cellulose from hemp seed pulp can be seen as a creative and sustainable approach. 

In addition to evaluating hemp seed pulp for cellulose production, this study is also crucial for 

understanding the structural changes that cellulose exhibits under different storage conditions 

(aqueous or dry media) at the molecular level, thus improving the material's stability and 

performance. Density Functional Theory (DFT) was used in this study to analyze the molecular 

structure of cellulose derived from hemp seed pulp and thoroughly examine its basic electrical 

characteristics. DFT analysis allows quantitatively evaluating the electron density distribution 

of cellulose chains in the presence and absence of water, the reactive sites of hydroxyl groups, 

and intermolecular interactions (Antonelli et al., 2021; Jeyavijayan, 2015; Yang and Gao, 

2013). Thus, both the stability of cellulose and its responsiveness to potential chemical 

modifications can be predicted at a theoretical level. Therefore, a deep understanding of the 
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structural, electronic, and chemical properties of cellulose using the DFT approach is crucial 

for the effective use of this biomaterial in advanced applications. 

 

MATERIALS AND METHODS 

Materials 

Sodium hydroxide (NaOH), hydrogen peroxide (H2O2), hydrochloric acid (HCl), and n-hexane 

used in obtaining cellulose from hemp seed pulp were used in analytical purity. 

Obtaining cellulose from hemp seed pulp 

The oil from hemp seeds was extracted using a cold press device. Hemp seed pulps, which 

appear as waste as a result of oil extraction from hemp seeds, were collected. In order to purify 

the collected hemp seed cake from impurities (such as oil, lignin, protein, and hemicellulose), 

they were subjected to chemical treatments in accordance with the literature (Barbash et al., 

2022). First, the collected hemp pulps were dried in an oven at 70°C to remove moisture 

(measured around 9%). The dried pulps were pulverized with a shredder. 100 g of powdered 

pulp was weighed and placed in a glass flask. The oils remaining in the pulp were removed by 

extracting with n-hexane under reflux for 5 hours. Then, the pulp was mixed with an alkaline 

solution (10% NaOH solution) at a ratio of 1:10 at 80-90°C for 3 hours to remove the protein, 

lignin, and hemicellulose present in the medium. After 3 hours, the reaction was terminated, 

and the mixture was filtered and washed with warm distilled water to a neutral pH. Finally, to 

completely remove any remaining lignin residue and non-cellulosic components and to bleach 

the cellulose, the pulp was treated with a solution of 5% H2O2 and glacial acetic acid at 80-

90°C for 3 hours. The resulting cellulose was filtered and washed with distilled water to a 

neutral pH. Some of the pure cellulose obtained was stored as pulp in an aqueous environment, 

while the remaining portion was dried at 60°C, sieved, and packaged as powder. After the study, 

it was determined that cellulose was obtained from hemp seed pulp with a yield of around 7-

8% on a laboratory scale (Figure 1).  

 

 

Figure 1. Obtaining cellulose from hemp seed pulp 

 

Theoretical modeling 

Molecular modeling studies were conducted employing the Gaussian 09 software suite. The 

preliminary molecular structures were generated using ChemDraw and visualized through the 

GaussView program. Subsequent geometry optimizations were performed within the 
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framework of density functional theory (DFT), applying the Becke–Lee–Yang–Parr (B3LYP) 

exchange–correlation functional together with the 6-311G++(d,p) basis set. 

 

DFT calculations 

Equations based on Koopmans' theorem were used to determine the quantum parameters of 

cellulose (Guerrab et al., 2019). 

I = −EHOMO 

 
(1) 

A = −ELUMO 

 
(2) 

ΔE = ELUMO − EHOMO  
 

(3) 

χ =
(I + A)

2
= −μ 

 

(4) 

 

ƞ =
(𝐼 − 𝐴)

2
 

 

(5) 

σ =
1

ƞ
 

 

(6) 

ω =
𝜒2

2ƞ
 

 

(7) 

ε =
1

ω
 

 
(8) 

(EHOMO: The energy of the highest oppucied molecular orbital molecules; ELUMO: The energy 

of the lowest unoppucied molecular orbital; I: Ionization energy; A: Electron affinity; ΔE: 

Energy range; 𝞆: Electronegativity; μ: Chemical potential; ƞ: Chemical hardness; σ: Chemical 

softness; ω: Electrophilicity; ε: Nucleophilicity) 

 

Thermodynamic parameters were calculated using the following equations (Bursch et al., 2022; 

Winget and Clark, 2004): 

 

𝐻 = 𝐸𝑡𝑜𝑡𝑎𝑙 + 𝐻𝑐𝑜𝑟𝑟 

 
(9) 

𝐺 = 𝐸𝑡𝑜𝑡𝑎𝑙 − 𝐺𝑐𝑜𝑟𝑟 

 
(10) 

𝑇𝑆 = 𝐻 − 𝐺 =  𝐻𝑐𝑜𝑟𝑟 − 𝐺𝑐𝑜𝑟𝑟 

 
(11) 

𝑈 = 𝐻 − 𝑅𝑇 = 𝐸𝑡𝑜𝑡𝑎𝑙 + (𝐻𝑐𝑜𝑟𝑟 − 𝑅𝑇) 

 
(12) 

(Etotal: Electronic total energy; Hcorr: Thermal and vibrational corrections to enthalpy; Gcorr: 

Thermal corrections to Gibbs free energy; TS: Entropic correction; S: Entropy; H: True 

enthalpy; G: True free energy; ΔH: Reaction enthalpy contribution; U: Internal energy) 
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RESULTS and DISCUSSION 

The structure of the obtained cellulose was characterized by Fourier Transform Infrared (FTIR) 

spectroscopy (Figure 2) and X-Ray Diffraction (XRD) spectroscopy (Figure 2). The peaks 

observed in the FTIR spectrum were attributed to the O-H bond, indicating the presence of -

OH groups on the glucose unit, at 3340 cm-1, the middle peak of cellulose was attributed to C-

H bonds at 2899 cm-1, and the C-O-C bond at 1026 cm-1 (Abderrahim et al., 2015). 

Characteristic diffraction peaks of cellulose were observed in the XRD pattern around 2Ɵ=12°-

35° (Costa et al., 2021; Park et al., 2010). The structure of the cellulose we obtained was 

confirmed based on the FTIR spectrum and XRD pattern of standard cellulose in the study by 

Noorshamsiana et al. (Noorshamsiana et al., 2020). Furthermore, the structure of cellulose was 

theoretically validated and supported (Table 1). 
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Figure 2. FTIR spectrum and XRD pattern of the cellulose (experimental) 

 

Table 1. The characteristic vibrational peaks of cellulose (experimental and theoretically) (cm-

1) 

Compound O-H C-H C-O 
β-glycosidic 

linkage 

Cellulose (experimental) 3340 2899, 1319 1026 895 

Cellulose (in water) 3770 3030, 1254 1028 885 

Cellulose (in dry condition) 3740 2998, 1251 1045 901 
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The interactions between cellulose nanoparticles' production, structure, and properties are 

significantly influenced by water. It influences both the cellulose-polymer interfacial adhesion 

in polymer matrix nanocomposites and the chemical functionality of cellulose surfaces (Chen 

et al., 2022). Therefore, using the B3LYP hybrid function, the resulting cellulose's optimal 

molecular structures were created in water and dry condition, and Figure 3 makes them evident. 

Figure 3 shows that both structures consist of typical cellulose units: carbon atoms are gray, 

oxygen atoms are red, and hydrogen atoms are white. It has been observed that environmental 

conditions affect the conformation and compactness of the molecule, and that cellulose exhibits 

a more flexible conformation in aqueous solution as a result of the interaction of hydrophilic 

groups with water. The frontier orbital energies of cellulose in water and dry conditions are 

shown in Figure 4, respectively. These orbital images show that in the dry environment the 

HOMO-LUMO density is more localized and the active sites are more prominent, thus 

indicating increased cellulose reactivity in the dry environment. Table 2 provides specifics  

energy gap, ionization potential, electron affinity, electronegativity, chemical potential, 

chemical hardness-softness, electrophilicity, nucleophilicity, and highest full molecular orbital 

(HOMO) and lowest empty molecular orbital (LUMO) energies of cellulose in different 

environments. The electron volt (eV) unit was used to report all of these quantum computations. 

Quantum calculations performed using the Gaussian program revealed that crude cellulose 

exhibits different electronic properties in dry state and in an aqueous environment. Calculated 

limiting orbital values of cellulose in different environments show that in a dry environment, 

cellulose has a narrower energy range, making it more susceptible to chemical reactions and its 

electronic structure more easily polarized. In addition, it is seen that the chemical hardness of 

the system increases with the wider energy gap between the frontier orbitals of cellulose in 

water (ΔE = 7.05 eV) compared to dry cellulose. An increase in the chemical hardness of 

cellulose in water was accompanied by a decrease in its electronegativity and electrophilic 

character. As a result of the comparison of these quantum parameters, it was observed that, 

theoretically, dry cellulose is more reactive and more electrophilic compared to its form in 

water, while cellulose in the water environment exhibits a relatively more stable and rigid 

structure and a less electron-accepting profile. Moreover, the numerous hydroxyl groups in the 

structure of cellulose impart rigidity and durability to the structure through the hydrogen bonds 

they form. The cellulose molecule possesses an amphiphilic structure. Thanks to the hydrophilic 

character of the groups on the cellulose surface, water molecules form hydrogen bonds, 

enabling the solvent to adhere to the structure. These interactions support theoretical 

calculations and are an important factor explaining the stability of cellulose in water (Beaumont 

et all., 2021; Benselfelt et all., 2024; Solhi et all., 2023; Wohlert et al., 2022). 

 

 

Figure 3. Optimized molecular structures of cellulose (a) in water and (b) in dry condition 
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Figure 4. The energies of frontier orbital of the cellulose in water and dry condition, 

respectively 

 

Table 2. The quantum parameters obtained with DFT 

Parameters (eV) cellulose (in water) cellulose (dry) 

EHOMO -7.14 -7.24 

ELUMO -0.09 -0.64 

ΔE 7.05 6.60 

I 7.14 7.24 

A 0.09 0.64 

Χ 3.61 3.94 

ω 1.85 2.35 

η 3.52 3.30 

ε -0.54 -0.42 

μ -3.61 -3.94 

σ 0.28 0.30 

 

The thermodynamic parameters of the cellulose molecule were theoretically investigated in 

both solvent and solvent-free environments (Table 3). The results showed that the water factor 

affects the physicochemical properties of the cellulose structure. The enthalpy value of cellulose 

in water indicates a more stable structure. Both enthalpy and Gcorr values explain that cellulose 

forms strong intermolecular interactions with water. Additionally, entropy is another parameter 

affecting cellulose's stability in water. The obtained TS values support the chemical stability of 

cellulose in an aqueous environment. The obtained values show that the cellulose structure in 

aqueous form is thermodynamically more suitable. 
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Table 3. Thermodynamic parameters obtained with DFT (T= 298,150 K; P=1 atm) 

Compounds 
ΔH 

(kcal/mol) 

Hcorr 

(kcal/mol) 

Gcorr 

(kcal/mol) 

Etotal 

(kcal/mol) 

TS 

(kcal/mol) 

cellulose 

(in water) 
-240.33 -262.13 -286.31 261.54        24.18 

Cellulose  

(in dry condition) 
-210.55 -210.55 -253.59 261.83        43.04 

 

CONCLUSION 

This environmentally friendly work involves the production of cellulose from hemp husks. 

Cellulose, a commercially popular product, was successfully obtained from hemp hurds, an 

agricultural waste, through various chemical processes. The characteristic vibrational bands of 

the obtained cellulose material were elucidated by infrared spectroscopy, and its structure was 

confirmed by XRD technique. As a result, theoretical calculations made on cellulose, which 

has a high water retention capacity, in both aqueous and non-aqueous environments, revealed 

that the cellulose structure is more stable in the aqueous environment and the reactivity 

decreases. This finding supports the recommendation in the literature to store cellulose in an 

aqueous environment. Additionally, this study suggests that cellulose stored in a dry 

environment may be more suitable for chemical modifications, while cellulose stored in an 

aqueous environment may be more suitable for applications such as biomedical structures, 

hydrogels and suspensions. 
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ABSTRACT 

This study was conducted to examine changes in air quality in Bitlis province between 2017 

and 2024. Annual average values were calculated using PM₁₀ and SO₂ concentrations obtained 

from stations belonging to the Ministry of Environment, Urbanization and Climate Change, and 

a linear trend analysis was applied to assess trends. The analysis results revealed a decreasing 

trend over time for both pollutants. While the annual decreasing trend in PM₁₀ values was not 

statistically significant but close to the statistical significance threshold, a significant decrease 

was found in SO₂ concentrations. This decrease is likely associated with the increased use of 

natural gas, the reduction of solid fuel use, and the strengthening of environmental controls in 

recent years. The findings indicate that air quality in Bitlis is gradually improving, but emissions 

from heating during the winter months remain a significant problem. Based on the results, the 

promotion of clean energy sources, the implementation of sustainable transportation policies, 

the increase of green spaces, and the raising of public awareness of air quality are 

recommended. This study highlights the importance of sustainable environmental policies for 

Bitlis by providing a scientific assessment that will contribute to regional air quality 

management. 

Keywords: Air quality, PM₁₀, SO₂, Bitlis, linear trend analysis, limit value comparison, 

temporal variation 

 

INTRODUCTION 

Air pollution is one of the most significant environmental problems that threatens 

environmental health and quality of life, especially in developing countries. Air pollution 

resulting from industrialization, urbanization, and increasing energy demand has serious 

impacts on both ecosystems and human health (Borge et al., 2019; Şişman, 2019). Recent 

studies in Turkey have shown that key air pollutants, especially PM₁₀ and SO₂, are above 

regulatory limit values in many cities (Aliye Dolar & Saraç, 2015; Zeydan, 2021). Emissions 

from heating, topographic closures, and meteorological conditions, especially in winter, cause 

significant deterioration in air quality in the Eastern Anatolia Region (Eren et al., 2022; M. 

Yılmaz et al., 2020). 

It is known that meteorological variables play a decisive role in air quality. Factors such as 

temperature, wind speed, relative humidity, and atmospheric pressure directly affect pollutant 

distribution, and low wind speeds and inversion conditions, in particular, lead to the 

accumulation of pollutants (Borge et al., 2019; Lee et al., 2024). Therefore, long-term air quality 

analyses should consider not only emission sources but also regional meteorological dynamics. 

Some trend studies conducted across Turkey have revealed that seasonal improvements in air 
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quality were observed after 2010, especially in the eastern provinces, but critical levels were 

still maintained during the winter months (Arslan & Dursun, 2024; Kunt & Özkan, 2024; Sayılı, 

2020). 

The reduction in transportation and industrial activity in many cities during the COVID-19 

pandemic led to significant improvements in air quality in the short term (Duygu Çelik & Arıcı, 

2021). However, in the post-pandemic period, warming and pollutants from local sources have 

shown a resurgence (Aladağ, 2023). This demonstrates that air pollution problems are not 

temporary but structural issues that require sustainable energy policies and fuel conversion. 

Studies conducted in different provinces such as Erzurum, Edirne, Gaziantep, Mardin, and Van 

have shown that SO₂ and PM₁₀ levels vary depending on local fuel types, population density, 

and meteorological conditions, while the use of natural gas provides a significant improvement 

(Eren et al., 2022; Gül et al., 2019; M. Yılmaz, 2019; Yaman et al., 2023). In the eastern 

provinces, coal heating, especially in winter, and the effect of geographical closure stand out as 

the main factors in the deterioration of air quality (Aliye Dolar & Saraç, 2015). 

Long-term air quality assessments conducted specifically for Bitlis province are limited, and 

analyzing data from 2017–2024 is crucial for identifying regional trends. This study examines 

eight-year changes in PM₁₀ and SO₂ concentrations measured in Bitlis, and compares the results 

with similar previous studies conducted in the eastern provinces of Turkey. The findings aim 

to contribute to understanding the dynamics of pollution resulting from regional warming and 

to the development of local air quality management strategies (Çevresel Etki Değerlendirmesi, 

İzin ve Denetim Genel Müdürlüğü, n.d.; T.C. Çevre ve Şehircilik Bakanlığı Çevresel Etki 

Değerlendirmesi, n.d.) 

 

METHODOLOGY 

In this study, the air quality of Bitlis province was assessed using PM₁₀ (particulate matter) and 

SO₂ (sulfur dioxide) concentration data measured between 2017 and 2024. Data were compiled 

from the Air Quality Bulletins published by the General Directorate of Permits and Inspections 

(Çevresel Etki Değerlendirmesi, İzin ve Denetim Genel Müdürlüğü, n.d.; T.C. Çevre ve 

Şehircilik Bakanlığı Çevresel Etki Değerlendirmesi, n.d.). Measurements were organized as 

monthly averages for each year, and months with missing data were excluded from the analysis. 

Data preprocessing was performed in Microsoft Excel. Annual means, seasonal means, and 

standard deviations were calculated from monthly average values, and the data were evaluated 

using time series analysis, descriptive statistics, and visual distribution methods. Box plots were 

created for each year to more clearly observe air quality changes. These graphs were preferred 

to visually reveal the distribution differences between years, median values, and possible outlier 

observations (Kunt & Özkan, 2024; Şişman, 2019). 

The linear trend analysis was applied to determine the temporal trends in PM₁₀ and SO₂ 

concentrations, and the direction and statistical significance of the trend (increase or decrease) 

were interpreted (Arslan & Dursun, 2024; Sayılı, 2020). The analysis was performed at a 

significance level of p < 0.05. 

The analysis results were compared to the limit values specified in the Air Quality Assessment 

and Management Regulation (Başbakanlık Mevzuatı Geliştirme ve Yayın Genel Müdürlüğü, 

n.d.; Şahin, 2025). Accordingly, the annual average limit values were set at 40 µg/m³ for PM₁₀ 

and 20 µg/m³ for SO₂ (Eren et al., 2022; Z. Yılmaz & Karagözoğlu, 2022). Periods when both 

parameters exceeded these limits were identified and interpreted along with seasonal 

distributions. The results obtained were evaluated comparatively with similar studies conducted 
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in different provinces of Turkey (Aliye Dolar & Saraç, 2015; Eren et al., 2022; Gül et al., 2019; 

Kunt & Özkan, 2024). 

 

FINDINGS 

Time Series Distribution of PM₁₀ and SO₂ Concentrations 

Monthly average values of PM₁₀ and SO₂ concentrations for Bitlis province during the 2017–

2024 period were evaluated to examine their time-dependent change trends. Time series graphs 

reveal that both pollutants tend to decrease over the years, with fluctuations occurring in certain 

months. 

As shown in Figure 1, PM₁₀ values were highest in September 2017 and March 2018, while the 

lower values between February and April 2019 are due to the lack of measurement data for 

those months. A significant decrease was observed by 2020, which coincides with the decline 

in heating-related emissions in the region and the onset of fuel conversion. 

SO₂ concentrations, on the other hand, were particularly high during the winter months of 2017 

and 2020. They decreased significantly after 2020, reaching levels of 2 and 3 µg/m³ in June and 

September 2024, respectively. This decrease can be explained by the decrease in solid fuel use 

and the increase in natural gas consumption. 

 

 

 

 

Figure 1. Time series distribution of PM₁₀ and SO₂ concentrations during the 2017–2024 period. 
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Seasonal (Box Plot) Distribution of PM₁₀ and SO₂ Concentrations 

Box plots prepared using annual average values show the seasonal variations in PM₁₀ and SO₂ 

concentrations. 

Figure 2 shows the annual distribution of PM₁₀ concentrations measured in Bitlis province 

between 2017 and 2024. An overall examination of the graph reveals significant fluctuations in 

PM₁₀ values over the years, but the overall trend is decreasing. The high mean values and wide 

distribution ranges in 2017 and 2018 suggest that emissions from heating and dust transport 

were more influential during this period. The significantly lower median value and distribution 

in 2019 are due to the lack of measurement data for the winter months of that year. While there 

is a slight recovery in values in 2020 and 2021, 2022 is again notable for its high variance; this 

may be related to the weather conditions experienced that year or short-term increases in local 

sources. In 2023 and 2024, the decrease in both median values and distribution ranges indicates 

a gradual improvement in particulate matter pollution. In general, the change in the graph shows 

that there has been a positive transformation in air quality in Bitlis in the post-2019 period. 

 

Figure 2. Seasonal boxplot distribution of PM₁₀ values. 

 

The box plot in Figure 3 shows the annual distribution of sulfur dioxide (SO₂) concentrations 

measured in Bitlis province between 2017 and 2024. An examination of the graph reveals a 

significant decreasing trend in both mean values and distribution ranges over the years. The 

relatively high and variable box values between 2017 and 2020 indicate widespread heating 

fuel use (especially coal) during this period, and that pollution levels fluctuated seasonally. 

Maximum values reaching 80–100 µg/m³ in 2019 and 2020 suggest that serious pollution events 

occurred from time to time. However, both the height and median values of the boxes decreased 

significantly from 2021 onward, and the distribution narrowed considerably between 2022 and 

2024. This suggests that factors such as the expansion of natural gas infrastructure, the 

development of combustion technologies, and increased environmental controls are effective 

in reducing SO₂ emissions. The majority of the values measured in 2023 and 2024 remained at 
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low levels, with no extreme values observed. Overall, the graph clearly demonstrates a steady 

and sustained improvement in SO₂ pollution in Bitlis in recent years. 

 

Figure 3. Seasonal boxplot distribution of SO₂ values. 

 

Annual Average Values and Linear Trend Analysis 

Annual changes in PM₁₀ and SO₂ concentrations measured in Bitlis province between 2017 and 

2024 were evaluated using linear trend analysis. Based on these evaluation results, PM₁₀ and 

SO₂ values were compared with national (Genelgeler, n.d.) and international (Directive 

2008/50/EC, Air Quality — European Environment Agency, n.d.; Dünya Sağlık Örgütü Hava 

Kalitesi Yönergeleri Nelerdir?, n.d.)  limit values, and the findings are presented below. 

 

Table 1. National and International Air Quality Limit Values 

Source PM₁₀ (Annual Avg.) SO₂ (Annual Avg.) Description 

Türkiye 40 µg/m³ 20 µg/m³ National limit value 

(annual average) 

World Health 

Organization  

15 µg/m³ 10 µg/m³ Guide value 

EU Directive 

(2008/50/EC) 

40 µg/m³ 20 µg/m³ EU standard 

 

An examination of the tables (Table 1 and 2) reveals that SO₂ values remained above the 

national limit value between 2017 and 2020, but declined rapidly after 2021, falling below both 

the national and WHO limits by 2022. PM₁₀ values remained below the national limit for all 

years but above the WHO guideline value. This suggests the continued impact of particulate 

emissions from dust transport, transportation, and heating in the region. The results suggest that 

air quality in Bitlis has begun to improve, particularly after 2020, but that measures to reduce 

PM₁₀ concentrations should continue. 
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Table 2. Comparison of PM₁₀ and SO₂ Values Measured in Bitlis Province Between 2017 and 

2024 with Limit Values 

Year PM₁₀ (µg/m³) SO₂ (µg/m³) PM₁₀ Status SO₂ Status 

2017 26.8 43.6 Above WHO limit, 

below national limit 

Above national 

limit 

2018 30.1 30.7 Above WHO limit, 

below national limit 

Above national 

limit 

2019 21.0 31.2 Above WHO limit Above national 

limit 

2020 17.9 31.8 Above WHO limit Above national 

limit 

2021 23.4 17.5 Above WHO limit Below national 

limit 

2022 28.1 8.9 Above WHO limit Below all limits 

2023 19.4 10.8 Near WHO limit Below national 

limit, close to WHO 

2024 17.0 13.8 Near WHO limit Below national and 

EU limit, above 

WHO limit 

 

Annual average PM₁₀ and SO₂ values were calculated by excluding 0 (non-measured) values, 

and using these data, linear trend graphs (Figures 4) of annual average values for PM₁₀ and SO₂ 

were drawn, and the results of the linear trend analysis are summarized in Table 3. 

 

 

Table 3. Linear trend analysis results 

Parameter  
Slope 

(µg/m³·yr⁻¹) 
Intercept  R² 

p-

value  
Interpretation  

PM₁₀ −1.14 2317.1 0.32 0.066 
 Slightly decreasing trend (near 

borderline significance)  

SO₂ −4.63 9375.2 0.83 0.001 
Significant decrease, statistically 

significant 

 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 253



 

 

Figure 4. Linear trend graph of annual mean values for PM₁₀ and SO₂. 

 

When the results of the linear trend analysis were evaluated, a decreasing trend was observed 

in both PM₁₀ and SO₂ concentrations over time in Bitlis province between 2017 and 2024. The 

slope values obtained from the analysis were calculated as −1.14 µg/m³·year⁻¹ for PM₁₀ and 

−4.63 µg/m³·year⁻¹ for SO₂. While the decreasing trend in PM₁₀ was found to be not statistically 

significant, but close to the statistical significance threshold (p ≈ 0.066), this decrease for SO₂ 

was determined to be highly significant (p = 0.001, R² = 0.83). These results show that the 

decrease in SO₂ concentrations has been particularly stable and strong over the years. This 

significant decrease in SO₂ reflects the positive impact on air quality of the recent heating fuel 

transitions (e.g., from coal to natural gas) and emission control measures implemented in Bitlis. 

The decrease in PM₁₀ values, however, has been slower and more variable, and is thought to be 

related to various factors such as meteorological factors, dust transport, and traffic-related 

particulate emissions. Overall, the linear trend analysis reveals a gradual and statistically 

supported trend toward improvement in air quality in Bitlis since 2017. 
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CONCLUSION AND RECOMMENDATIONS 

This study revealed the temporal changes in PM₁₀ and SO₂ concentrations measured in Bitlis 

province between 2017 and 2024, demonstrating a general trend toward improvement in air 

quality in the region. According to the linear trend analysis results, a statistically significant 

decrease was detected, particularly in SO₂ values. This decrease is likely associated with the 

increased use of natural gas in recent years, fuel conversion for heating, and strengthened 

environmental controls. The decrease in PM₁₀ values was more limited and is thought to be 

influenced by meteorological conditions, dust transport, and transportation-related emissions. 

The findings indicate that air quality policies in Bitlis have begun to yield positive results, but 

winter pollution remains a significant environmental problem. Therefore, it is recommended to 

reduce solid fuel use and expand natural gas infrastructure, increase energy efficiency in heating 

systems, implement sustainable transportation policies to reduce transportation-related 

emissions, and strengthen air quality monitoring networks. In addition, increasing green areas, 

using dust-catching plant species, and raising public awareness of air quality will contribute to 

achieving a cleaner and healthier environment in Bitlis in the long term. 

 

REFERENCES 

Aladağ, E. (2023). Ampirik Mod Ayrıştırmasına Dayalı ARIMA Modeli Kullanılarak Van İli 

Hava Kirliliğinin Tahmini. Yuzuncu Yil University Journal of the Institute of Natural and 

Applied Sciences, 28(2), 495–509. https://doi.org/10.53433/YYUFBED.1220578 

Aliye Dolar, & Saraç, H. T. K. (2015). Türkiye’nin Doğu İllerindeki Hava Kalitesinin PM10 

Yönüyle İncelenmesi. Iğdır Üni. Fen Bilimleri Enst. Der. / Iğdır Univ. J. Inst. Sci. & Tech, 5(4), 

25–32. 

Arslan, M., & Dursun, D. (2024). Planlı Gelişme Alanlarının Hava Kirliliğine Olası Etkilerinin 

Değerlendirilmesi. Doğal Afetler ve Çevre Dergisi, 10(1), 125–139. 

https://doi.org/10.21324/dacd.1360742 

Başbakanlık Mevzuatı Geliştirme ve Yayın Genel Müdürlüğü. (n.d.). Retrieved November 5, 

2025, from https://www.resmigazete.gov.tr/eskiler/2008/06/20080606-6.htm 

Borge, R., Requia, W. J., Yagüe, C., Jhun, I., & Koutrakis, P. (2019). Impact of weather changes 

on air quality and related mortality in Spain over a 25 year period [1993–2017]. Environment 

International, 133. https://doi.org/10.1016/J.ENVINT.2019.105272 

Çevresel Etki Değerlendirmesi, İzin ve Denetim Genel Müdürlüğü. (n.d.). Retrieved November 

4, 2025, from https://ced.csb.gov.tr/ 

Directive 2008/50/EC, air quality — European Environment Agency. (n.d.). Retrieved 

November 10, 2025, from https://www.eea.europa.eu/policy-documents/directive-2008-50-ec-

of 

Dünya Sağlık Örgütü Hava Kalitesi Yönergeleri nelerdir? (n.d.). Retrieved November 10, 

2025, from https://www.who.int/news-room/feature-stories/detail/what-are-the-who-air-

quality-guidelines 

Duygu Çelik, B., & Arıcı, N. (2021). Covid-19 Salgın Sürecinde Hava Kalitesi Tahmini: 

Zonguldak Örneği. Gazi Journal of Engineering Sciences, 7(3), 222–232. 

https://doi.org/10.30855/gmbd.2021.03.05 

Eren, Z., Yerdelen Tatoğlu, F., & Akarsu, T. (2022). A statistical evaluation of the effect of 

natural gas usage for urban heating on the air quality of Erzurum City via SO2 ve PM10. 

Pamukkale University Journal of Engineering Sciences, 28(6), 869–880. 

https://doi.org/10.5505/PAJES.2021.83548 

Genelgeler. (n.d.). Retrieved November 10, 2025, from https://cygm.csb.gov.tr/genelgeler-i-

442 

Gül, İ., Yorulmaz, F., Altınok, A., & Eskiocak, M. (2019). Edirne İl Merkezinde 2014-2016 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 255



Yılları Arasında Dış Ortam Hava Kalitesinin Değerlendirilmesi. Eskişehir Türk Dünyası 

Uygulama ve Araştırma Merkezi Halk Sağlığı Dergisi, 4(2), 131–142. 

https://doi.org/10.35232/estudamhsd.469796 

Kunt, F., & Özkan, A. (2024). Evaluation of Air Quality (PM10 and SO2) Parameters: Example 

of Central Anatolia Region. Necmettin Erbakan Üniversitesi Fen ve Mühendislik Bilimleri 

Dergisi. https://doi.org/10.47112/neufmbd.2024.47 

Lee, S. J., Song, C. K., & Choi, S. D. (2024). Past and recent changes in the pollution 

characteristics of PM10 and SO2 in the largest industrial city in South Korea. Atmospheric 

Environment, 319. https://doi.org/10.1016/J.ATMOSENV.2023.120310 

M. Yılmaz. (2019). Assessment of Çankırı Air Quality: 2013-2017. Smyrna Tıp Dergisi. 

Şahin, H. (2025). Türkiye ’ de Hava Kalitesinin Korunmasına Yönelik Yasal Düzenlemeler 

Legal Regulations for the Protection of Air Quality in Turkey. Şura Akademi Dergisi, 9, 45–

54. 

Sayılı, U. (2020). International Industrial and Environmental Toxicology Congress. Şanlıurfa 

İlinde 2010-2019 Yılları Arasında PM10 ve SO2 Kirliliği, 219(2), 219–222. 

Şişman, E. (2019). Türkiye’de Seçilen Hava Kalitesi İzleme İstasyonları için Eğilim (Trend) 

Değerlendirmeleri. Doğal Afetler ve Çevre Dergisi, 5(1), 134–152. 

https://doi.org/10.21324/dacd.444503 

T.C. Çevre ve Şehircilik Bakanlığı Çevresel Etki Değerlendirmesi, İ. ve D. G. M. H. K. İ. Ş. 

M. (n.d.). *Hava kalitesi bülteni Resmi İstatistik Programı(RİP) kapsamında 

yayımlanmaktadır. www.havaizleme.gov.tr 

Yaman, G., Türkeş, S., Güney, H., Sıvacı, A. E., Sarı, B., & Keskinkan, O. (2023). Gaziantep 

İlinde Bazı Hava Kirleticilerinin Ölçümü, Modellenmesi ve Değerlendirilmesi. Karaelmas 

Science and Engineering Journal, 13(1), 164–178. 

https://doi.org/10.7212/KARAELMASFEN.1204995 

Yılmaz, M., Emanet Beba, H., Dinç, U., Ünal, Z. F., Toros, H., & Öztürk, Z. (2020). Dilovası 

Hava Kalitesinin Ulusal Mevzuata Göre Değerlendirilmesi. European Journal of Science and 

Technology, 703–714. https://doi.org/10.31590/ejosat.703579 

Yılmaz, Z., & Karagözoğlu, M. B. (2022). Hava Kirliliğinin (Pm10 Ve So2) Anova Yöntemiyle 

Değerlendirilmesi – Mardin (Türkiye) İli Örneği. Kırklareli Üniversitesi Mühendislik ve Fen 

Bilimleri Dergisi, 8(2), 343–356. https://doi.org/10.34186/klujes.1201251 

Zeydan, Ö. (2021). 2019 Yılında Türkiye’deki Partikül Madde (PM10) Kirliliğinin 

Değerlendirilmesi. Iğdır Üniversitesi Fen Bilimleri Enstitüsü Dergisi, 11(1), 106–118. 

https://doi.org/10.21597/jist.745539 

 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 256



GREEN DERMATOLOGY: EXPLORING HEMP-BASED BIOACTIVE 

FORMULATIONS FOR SKIN DISEASE TREATMENT 

 

Aayushi Agarwal Bansal 

School of Pharmaceutical Sciences, Atmiya University, Rajkot, Gujarat, India 

 

 

Abstract  

Environmental pollution, oxidative stress, and lifestyle factors are becoming the common 

attributes to skin diseases like eczema, psoriasis, acne, and dermatitis. The demand of safer and 

plant-based products has revived the scientific interest in hemp (Cannabis sativa L.) because of 

its rich profile of cannabinoids, terpenes, polyphenols and omega-fatty acids. Formulations 

based on hemp have anti-inflammatory, antioxidant, antimicrobial, and barrier-restorative 

properties, which makes hemp a promising candidate in the development of products that can 

be used in dermatology. This paper examines the therapeutic advantages of hemp-derived 

bioactives in topical preparations to the skin-related conditions and outlines their applicability 

to the issue of sustainable, eco-friendly healthcare. 

The pharmacological effects of the hemp phytoconstituents (CBD, CBC, terpenoids, 

flavonoids, fatty acids) and their transformation into creams, gels, ointments, and cosmetics 

were evaluated in a multidisciplinary literature-based analysis. Analyses of data were done 

based on dermatological, pharmaceutical technology and environmental sustainability. The 

strategies of formulation based on the use of hemp seed oil, hemp extract and hemp-derived 

nanoemulsions were reviewed, along with their safety, efficacy and regulatory advantages. 

Topicals made of hemp had a high level of anti-inflammatory and antioxidant effects, erythema 

reduction, improvement in skin moisture, and increase in barrier repair. Hemp seed oil was a 

source of essential fatty acids ((Ω-3/Ω-6 ratio 1:3), which maintains integrity of the barrier, and 

cannabinoids had a potential effect on controlling inflammatory responses (NF- -B, cytokines). 

The potential of sustainable cultivation and biodegradable excipient also enhanced the eco-

friendly image of hemp formulations. Topical preparations made of hemp are a good sustainable 

alternative to the treatment of inflammatory and nature-induced skin diseases. Their bioactive 

nature and benefits of safety, coupled with their green derivations makes them the new 

generation therapeutic and cosmetic products. 

Keywords: Hemp, Cannabis sativa, Topical preparations, Sustainable dermatology, 

Cannabinoids, Hemp seed oil. 

 

SUMMARY 

Skin diseases including atopic dermatitis, psoriasis, chronic wounds, and skin cancer are major 

public health concerns linked to immune dysregulation, microbial challenges, and 

environmental stressors such as reactive oxygen species and ultraviolet (UV) radiation. Hemp 

(Cannabis sativa L.) is a bioactive compound, which, when used as a topical agent, exhibits 

anti-inflammatory, antioxidant, antimicrobial, and regenerative effects, including cannabidiol 

(CBD), terpenoids, flavonoids, and essential fatty acids. These benefits of sustainable growth 

make hemp-based preparations better environmental dermatotherapeutic candidates. This 

review is a synthesis of the recent literature on the topical use of hemp derivatives, and it focuses 

on the pharmacological effects of cannabinoids on the skin, clinical implications of hemp in the 
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treatment of inflammatory dermatoses, wound healing, and skin cancer prevention at an early 

stage. The issue of regulatory problems in terms of quality control and the maximum amount 

of THC are highlighted. The overall results of peer-reviewed literature can be used to support 

the creation of hemp-based topical remedies as promising green dermatology techniques to 

tackle multiple skin ailments. 

 

INTRODUCTION 

Cannabis sativa L. has traditionally served as a source of textiles, food, and medicine but the 

non-psychoactive form of Cannabis, industrial hemp [Δ9-tetrahydrocannabinol (THC) < 0.3%], 

is finding a growing role in therapeutic applications on the skin by various routes because of 

the variety of bioactive compounds that can regulate inflammatory, immunologic, and oxidative 

pathways in the skin.  

This research is done via a survey conducted by Scopus that revealed that publications on Hemp 

and skin have grown significantly in the past 20 years.  

Hemp-derived effects are: 

 Anti-inflammatory effect through regulation of cytokines. 

 Barrier reconstruction via lipid composition aggrandizement. 

 UV and pollution protection against pollution. 

 Antimicrobial support of infected lesions and chronic wounds [1,2]. 

The above effects or mechanisms are used for fundamental pathophysiology in eczema, 

psoriasis and wound recovery. Prolonged application of conventional topical agents like 

corticosteroids and antibiotics has many side effects like tachyphylaxis, skin atrophy, and 

antimicrobial resistance. Therefore, product innovation that is based on natural products and 

sustainability is sought in the dermatology field. 

Hemp requires fewer pesticides to grow, improves soil quality and supports a well-developed 

pharma-based bioeconomy, which is in line with the United Nations Sustainable Development 

Goals (SDG) on the sustainability of manufacturing pharma [3].  

 

PHYTOCHEMICAL PROFILE OF HEMP 

 Cannabinoids 

Hemp has over 100 cannabinoids such as cannabidiol (CBD), cannabichromene (CBC) and 

cannabigerol (CBG) and low levels of THC. Topical application of CBD is the most promising 

because of non-psychoactivity and anti-inflammatory effects via CB2 receptor inverse agonism. 

It also displays COX-2 and LOX-5 inhibition associated with inhibited inflammatory cascade 

[4,5].  

 

 Terpenes 

Myrcene, b-caryophylene, limonene and pinene exhibit analgesic, antimicrobial, and 

cytoprotective activity (e.g. gastrointestinal mucosal protection), with b-caryophylene 

selectively binding CB2 receptors to boost the anti-inflammatory properties of hemp [6,7].  

 

 Flavonoids and Polyphenols 

Apigenin and quercetin are potent antioxidants, which suppress radicals and prevent lipid 

peroxidation. The effect of Cannflavin A is the only one that inhibits the production of 
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prostaglandins through COX and LOX enzyme pathways, which are useful in treating chronic 

dermal inflammation [8-10].  

 

 Hemp Seed Oil and Essential Fatty Acids 

The Hemp seed oil includes polyunsaturated fatty acids (PUFAs) such as linoleic and a-linolenic 

acids with 2–3:1 ω-6:ω-3 ratio- which is optimal in epidermal lipid homeostasis and ceramide 

formation. Phytomenadioneols as well as tocopherols assist photoprotection along with 

photostructural barrier integrity [11,12]. 

 

MECHANISM OF ACTION 

 Cutaneous Endocannabinoid System 

The skin has a type of endocannabinoid system that regulates the skin's self-defense 

mechanism, including its temperature, blood flow, and metabolism [13]. 

CBD and terpenoids act on: 

 CB2 receptors - cell modulation of immunity. 

 Transient Receptor Potential (TRP) channels - analgesia & inflammation regulation. 

  Nuclear Factor kappa-light-chain-enhancer of activated B cells (NF- κB) 

inhibition -   

        less cytokine release. 

 COX-2 inhibition - reduced eicosanoid inflammation [14-17]. 

 

 Oxidative Stress Defense 
 

CBD eliminates Reactive Oxygen Species (ROS) such as superoxide and hydroxyl radical. 

Flavonoids inhibit UV radiation-induced damage of DNA that is involved in the initiation of 

actinic keratosis and skin cancer [18,19].  

 

 Barrier Repair & Hydration 
PUFAs supplement ceramide generation - dehydrated and restored ceramide barriers - less itch 

and xerosis in eczema refer Table. 1 [20] 

 

Table 1. Molecular Targets Modulated by Hemp Bioactives in Cutaneous Disorders 

Hemp Bioactive Primary Molecular 

Target 

Functional Outcome in Skin Supporting Conditions 

CBD CB2, NF-κB, COX-2 ↓ Pro-inflammatory cytokines 

(TNF-α, IL-1β), ↓ keratinocyte 

hyperproliferation 

Psoriasis, AD 

PUFAs Barrier lipid synthesis 

pathways 

↑ Ceramides, ↓ TEWL, barrier 

restoration 

AD, xerosis 

Terpenes (β-

caryophyllene, 

myrcene) 

TRPV1, TRPA1 ↓ Pruritus & nociceptive 

responses, antimicrobial defense 

Psoriasis, wounds 

Flavonoids 

(quercetin, 

cannflavin A) 

COX/LOX & ROS 

scavenging 

↓ Oxidative stress, ↓ UV-DNA 

damage 

Photodamage, cancer 

prevention 

Minor cannabinoids 

(CBC/CBG) 

Immune cell receptors Additional ↓ inflammation, 

antibacterial activity 

Wounds, bacterial 

dermatoses 
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HEMP-BASED APPLICATIONS IN SKIN DISEASES 

 Atopic Dermatitis (AD) 
AD manifests itself as dysfunction of the barrier, dryness, itching, and hyperactivity of the 

immune system. Restoring epidermal lipids, improving Transepidermal Water Loss (TEWL) 

and enhancing patient comfort, Hemp seed oil has demonstrated these effects. CBD reduces 

pruritic inflammation through cytokines inhibition. Antioxidants inhibit the signalling of 

oxidative-pruritics [21].  

 Psoriasis 

The hyperproliferation of the keratinocytes and the dysregulation of the IL-17/IL-23 are both 

involved in psoriasis. Abnormal keratinocyte turnover and inflammatory amplification are 

down-regulated by CBD. In fissured plaques, terpenoids alleviate cutaneous nerve 

hyperactivity - pain relief [22].  

 

Table 2. Hemp Phytochemical Actions Relevant to Major Skin Disorders 

Skin Condition Key Mechanisms Hemp Components Involved 

Atopic Dermatitis Barrier repair, ↓ TEWL, ↓ pruritus PUFAs, CBD, antioxidants 

Psoriasis ↓ NF-κB, ↓ hyperproliferation CBD, flavonoids 

Chronic Wounds ↑ angiogenesis, antimicrobial CBD, β-caryophyllene 

Photodamage/Skin Cancer ↓ UV-ROS, ↓ DNA damage Flavonoids, CBD 

 

 Chronic Wound Healing 

Cannabinoids demonstrate pro-regenerative action: 

 Decreased chronic inflammation - enhanced proliferation. 

 Antimicrobial effect - less biofilm load. 

 Hydrogel preparations maintain moisture - closure quickening. 

 

There are data in favour of a better angiogenesis process, ECM remodeling as well as fibroblast 

migration. Such effects are essential where diabetic or pressure ulcers become immune to 

conventional treatments. 

 

 Photodamage and Prevention of Skin Cancer 

The damage of strands of DNA and dysregulation of p53-carcinogenesis are caused by UV-

generated ROS. Hemp antioxidants inhibit mutation load and encourage apoptosis by dysplastic 

cells. These findings support hemp use in photoprotection and prevention of early skin 

neoplasia, refer Table 2 [23]. 

 

SUSTAINABILITY AND ENVIRONMENTAL ADVANTAGES 

Hemp contributes to the wellbeing of the environment through: 

 Reduced soil toxicity - low agrochemical requirements. 

 Phytoextraction - extraction of heavy metals. 

 Utilization of whole-plant biomass (circular economy)  

 Pharmaceutical waste production is minimized through industrial processing to facilitate 

the multi-sector use [24].  
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SAFETY, TOXICOLOGY AND REGULATORY LANDSCAPE 

Formulations containing a high amount of CBD exhibit a low risk of dermal irritation. The 

important regulation issues are: 

• THC < 0.3% is required to prevent psychoactive exposure. 

• Extraction uniformity of potency. 

• Adherence to national THC content in skincare. 

The absence of harmonized safety rules in the use of the product also remains a problem despite 

wide usage. Hemp oil dressings for wounds show excellent clinical handling safety and specific 

antimicrobial and regenerative effects, refer Table 3 [25]. 

 

Table 3. Comparison of Hemp-Based Topicals vs. Conventional Dermatological Therapies 

Parameter Hemp-Based Topicals Conventional Steroids / 

Antibiotics 

Clinical Relevance 

Mechanism of 

Action 

Multi-target: anti-

inflammatory, antioxidant, 

antimicrobial, barrier 

restorative 

Primarily 

immunosuppressive or 

antibacterial 

Hemp offers broader 

pathophysiological 

coverage 

Long-term 

Safety 

Favorable, minimal irritation 

risk 

Risk of atrophy, resistance, 

tachyphylaxis 

Hemp preferred for chronic 

therapy 

Sustainability Plant-derived, low water 

demand, renewable 

Petrochemical substrates, 

higher ecological burden 

Supports green pharma 

approach 

Microbiome 

Impact 

Gentle, preserves commensal 

flora 

Can disrupt skin 

microbiome 

Lower resistance risk 

Regulatory 

Constraint 

THC content standardization 

required 

Well-established regulatory 

acceptance 

Needs harmonized global 

THC rules 

 

FUTURE PROSPECTS 

Promising opportunities exist for hemp-based dermatotherapy, including: 

 Strong clinical trials that ensure dosage and clinical endpoints. 

 Nano-delivery of improved percutaneous penetration. 

 Individualized dermatology incorporated with ECS adaptability. 

 Bioactive composition and purity of hemp oil Standardization.  

Such developments will facilitate institutional regulatory acceptance and government-led 

integration [26]. 

 

CONCLUSION 

Topical hemp-based preparations can be a strong and sustainable strategy of treating chronic 

inflammation-induced, oxidative stress-induced, and barrier-defect-induced dermatological 

conditions. Multimodal therapeutic effects are facilitated by the wide range of phytochemical 

composition of Cannabis sativa L. that includes cannabidiol (CBD), terpenes, flavonoids, and 

polyunsaturated fatty acids. The mechanism of action of these bioactives includes the 

following: modulation of cutaneous endocannabinoid system, inhibition of NF-kB and pro-

inflammatory cytokines, lowering of reactive oxygen species, normalization of keratinocyte 

proliferation, and fibroblast-mediated tissue regeneration. These multifaceted processes aid 
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recorded effects in atopic dermatitis, psoriasis, chronic wound healing as well as photodamage 

of UV radiation which causes early carcinogenesis. 

Besides clinical potential, hemp has environmental benefits of low requirements to farm inputs, 

phytoremediation potential, and compatibility with circular bioeconomy-based product 

generation all of which reinforces its applicability in sustainable dermatotherapy. Nevertheless, 

increased clinical use needs advancement in cannabinoid content standardization, 

pharmaceutical quality control, and harmonization of THC regulation levels in all world 

markets. Well-constructed clinical trials, sophisticated delivery systems, and evidence based 

regulatory frameworks should be highlighted in future research. In general, hemp-based 

topicals have a great potential to be harmless, effective, and environmentally friendly 

therapeutic measures to enhance the wellbeing of the skin and decrease the incidence of chronic 

skin diseases. 
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Abstract 

Cold plasma (CP) has emerged as an innovative non-thermal processing technology capable of 

modifying food proteins while preserving their nutritional integrity. Hemp protein, despite its 

desirable amino acid profile, high digestibility, and sustainability advantages, exhibits limited 

solubility, suboptimal emulsifying properties, and moderate digestibility, which restrict its 

broader application in food systems. This review evaluates the potential of CP to enhance the 

functional and nutritional properties of hemp protein by synthesizing evidence from studies 

conducted on structurally similar plant proteins such as soy, pea, faba bean, and wheat gluten. 

Existing literature demonstrates that CP induces controlled oxidation, partial unfolding, and 

increased surface activity, resulting in improved solubility, emulsifying capacity, foaming 

properties, gelation, and digestibility. Moreover, CP treatment has been shown to reduce 

antinutritional factors and improve enzyme accessibility, which may further enhance the 

nutritional value of hemp protein. Although direct studies on hemp protein remain limited, 

mechanistic parallels strongly support the feasibility of translating these benefits. Potential 

applications include plant-based beverages, dairy alternatives, bakery and confectionery 

products, emulsified sauces, and meat analogs. Challenges such as over-oxidation, variability 

among plasma systems, and regulatory considerations are also discussed. Future research 

should focus on optimizing CP parameters specific to hemp protein, evaluating structural and 

functional changes in real food matrices, and ensuring safety and consistency. Overall, CP 

presents a promising, clean-label strategy for upgrading hemp protein functionality and 

expanding its utilization in a diverse range of high-value plant-based food products. 

Keywords: Cold plasma; Hemp protein; Functional properties; Nutritional quality; Non-

thermal processing.  

 

Introduction 

Hemp (Cannabis sativa L.) protein has become an increasingly important plant-derived protein 

source due to its balanced amino-acid composition, high digestibility, and sustainable 

agricultural footprint. However, despite its nutritional advantages, hemp protein isolates and 

concentrates often show poor techno-functional properties such as low solubility near neutral 

pH, limited emulsifying and foaming capacity, and weak gelation behavior, which restrict their 

application in modern food formulations (Malomo & Aluko, 2015). 

To address these limitations, nonthermal processing technologies have gained attention as tools 

capable of modifying protein structure and improving functionality without the destructive 

effects of heat. Among these technologies, cold plasma (CP) has emerged as a promising 

method due to its unique ability to generate reactive oxygen and nitrogen species (ROS/RNS) 

that interact with biological macromolecules (Misra et al., 2019). Cold plasma treatment can 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 264

https://orcid.org/0000-0000-0000-0000


induce controlled structural modifications, influencing hydrophobicity, surface charge, 

solubility, and interfacial behavior of proteins. 

Numerous studies on plant proteins such as soy, pea, wheat gluten, faba bean, peanut, almond, 

and oat have demonstrated that CP can improve solubility, emulsification, foaming capacity, 

water/oil-holding capacity, and even reduce antinutritional factors and allergenicity (Zhang et 

al., 2023; Huang et al., 2022). Although published studies specifically focusing on hemp protein 

remain limited, the consistent positive effects of CP on other plant proteins suggest considerable 

potential for applying this technology to improve the functional and nutritional quality of hemp 

protein. 

Therefore, this review aims to (i) describe the mechanisms of cold plasma interaction with 

proteins, (ii) summarize and critically evaluate the effects of CP on the functional properties of 

plant proteins, and (iii) analyze the prospects and challenges of applying CP to hemp protein 

improvement. 

Principles and Mechanisms of Cold Plasma 

Cold plasma is a partially ionized gas generated at atmospheric or low pressure, containing 

electrons, ions, free radicals, excited molecules, ultraviolet photons, and reactive oxygen and 

nitrogen species (ROS/RNS). Unlike thermal plasma, CP operates near room temperature, 

making it suitable for heat-sensitive food components (Niemira, 2012). 

Reactive Species and Chemical Modifications 

Cold plasma generates ROS (e.g., O•, O₃, OH•) and RNS (NO•, NO₂•), which can oxidize 

amino-acid residues. These reactions often alter surface charge, modify hydrophobicity, and 

change functional groups on protein surfaces (Surowsky et al., 2014). Such changes can 

increase solubility and improve dispersion behavior in aqueous systems. 

Structural Alterations (Unfolding/Refolding) 

Moderate CP exposure can cause partial unfolding of proteins by disrupting hydrogen bonds 

and hydrophobic interactions. This unfolding increases exposure of functional groups, which 

may improve emulsifying and foaming properties (Afshar-Moini et al., 2021). However, 

excessive exposure may cause aggregation. 

Crosslinking and Aggregation 

Cold plasma can induce protein–protein crosslinking through oxidative mechanisms such as 

dityrosine formation. This may enhance gelation or alter rheological behavior (Pankaj et al., 

2014). Controlled crosslinking may aid hemp protein in forming better structures for meat 

analogs or dairy substitutes. 

Reduction of Antinutritional Factors 

Recent studies show that CP can reduce trypsin inhibitors, phytates ،and other antinutritional 

compounds in legume proteins, improving digestibility and nutritional quality (Wang et al., 

2023). The mechanisms of cold plasma–induced structural and functional modifications of 

hemp protein are illustrated in Figure 1. 
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Figure 1. Mechanism of cold plasma, induced structural and functional modification of hemp 

protein. 

This figure illustrates the interaction of reactive oxygen and nitrogen species (ROS/RNS) with 

hemp protein and the resulting improvements in functional and nutritional properties. 

 

Review of Cold Plasma Effects on Plant Proteins 

Although direct studies on hemp protein and CP are limited, research on soy, pea, wheat gluten, 

faba bean, peanut, almond, chickpea, and oat proteins provides valuable insights. CP treatment 

improves solubility, emulsifying and foaming properties, gelation, rheology, film-forming 

ability, digestibility and reduces antinutritional factors (Zhang et al., 2023; Huang et al., 2022; 

Afshar-Moini et al., 2021; Li et al., 2020; Pankaj et al., 2014; Wang et al., 2023). A comparative 

overview of the effects of cold plasma on plant protein functionality and nutritional quality, 

with particular relevance to hemp protein, is presented in Table 1. 

Table 1. Effects of Cold Plasma Treatment on Functional and Nutritional Properties of Plant 

Proteins and Their Relevance to Hemp Protein 

Property 
Typical Effect of 

Cold Plasma 
Main Mechanism 

Potential Relevance to Hemp 

Protein Applications 

Solubility Significant increase 
Mild surface oxidation and 

increased surface charge 

Improved performance in plant-

based beverages and protein drinks 

Emulsifying 

capacity 
Improvement 

Enhanced surface activity and 

partial protein unfolding 

Better stability in emulsified sauces 

and dairy alternatives 

Foaming 

properties 

Increased foam 

capacity and stability 

Structural flexibility and exposure 

of hydrophobic groups 

Application in aerated desserts and 

bakery products 

Gelation 

behavior 

Strengthened gel 

structure 

Controlled oxidative crosslinking 

(e.g., dityrosine formation) 

Development of meat analogs and 

structured plant-based products 

Protein 

digestibility 
Increased 

Improved enzyme accessibility 

due to conformational changes 

Enhanced nutritional value and 

bioavailability 

Antinutritional 

factors 
Reduction 

Degradation of trypsin inhibitors 

and phytates 

Improved nutritional quality and 

reduced digestive constraints 

 

Potential Application to Hemp Protein: Opportunities and Challenges 

CP has the potential to improve hemp protein’s functional properties: 
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 Solubility: Increased through partial unfolding and surface oxidation. 

 Emulsification: Enhanced by improved interfacial activity and surface hydrophobicity. 

 Foaming and Film Formation: Improved via surface modifications and controlled 

crosslinking. 

 Digestibility & Nutritional Value: Enhanced by reduced antinutritional factors and 

better enzyme accessibility. 

Challenges include over-oxidation, equipment variability, and a lack of direct studies on hemp 

protein. Optimization of CP parameters tailored to hemp is critical (Misra et al., 2019; Zhang 

et al., 2023). 

 

Discussion 

CP offers a promising strategy to overcome the limitations of hemp protein. Mechanistically, 

CP induces controlled oxidation, partial unfolding, and improved surface properties, enhancing 

solubility, emulsification, foaming, and digestibility. Risks include over-oxidation and 

variability in plasma systems. Direct studies on hemp protein are needed to optimize treatment 

conditions, confirm functionality improvements, and ensure nutritional safety (Huang et al., 

2022; Afshar-Moini et al., 2021; Malomo & Aluko, 2015; Wang et al., 2023). 

 

Conclusion 

Cold plasma is a modern, clean-label, non-thermal technology capable of improving the 

functional and nutritional quality of hemp protein. By enhancing solubility, emulsifying 

properties, digestibility, and reducing antinutritional factors ،CP can expand hemp protein 

applications in food products. Future studies should focus on parameter optimization, structural 

analysis, application in real foods, and safety assessment. CP offers a sustainable approach for 

high-value hemp protein ingredients in plant-based diets. 
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ABSTRACT 

Hemp has been taking attention all around the world due its wide range usage potential. Hemp 

started to be used in civil engineering works as well. Hemp fiber’s have higher tensile strength 

than other natural fibers which makes Hemp fiber take an attention. Jute and coir geotextiles 

started to be used in field application after concerns about sustainability and environmental 

friendly concepts gain importance. It is assessed that use of hemp geotextiles will be higher 

than the jut and coir geotextiles due to hemp geotextiles higher tensile strength and lower 

biodegradability. In addition, Hemp geotextiles may replace synthetic geotextiles when surface 

treatment against biodegradation is employed and biodegradation is reduced. Therefore, a 

woven geotextile was produced from hemp fibers (Geo-Hemptex) and its effect on unconfined 

compression strength (UCS) of clayey soil is investigated. Geo-Hemptex is placed in different 

number of layers (2,3 and 4 layers) and static compaction method is employed to produce 

samples. Soil samples were produced under different compaction energy so that the effect of 

Geo-Hemptex on UCS can better assessed. Unconfined compression tests results were 

evaluated by considering elasticity modulus, strength improvement factor and deformations at 

failure. It is seen that, Geo-Hemptex increased UCS and elasticity modulus. The highest 

strength improvement ratio is observed when the lowest compaction energy is employed. Geo-

Hemptex can be utilized in soil improvement projects according to results of this study. 

Keywords: Geotextile, Hemp, Geo-Hemptex Unconfined Compression Strength 

 

INTRODUCTION 

Soil improvement is required during construction of buildings, embankments and other 

structures when weak subsoil present at the site. Jet-grout, deep soil mixing or stone columns 

are some soil improvement techniques that may be used to increase soil bearing capacity and 

reduce settlement. However, as the importance of sustainability increases, more environmental 
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friendly solutions are wanted for soil improvement. Geosynthetics are therefore used to increase 

soil bearing capacity as well as constructing reinforced earth wall, increasing slope stability, 

embankment construction and erosion control. Interaction between soil particles and 

geosynthetics creates a lateral confinement which improves shear strength of soil. In this way, 

the soil bearing capacity increases. There are two main types of geosynthetic which are used to 

improve soil bearing capacity such as geogrid and geotextile. Several researchers investigated 

the effect of geosynthetic inclusion to strength of soils (Abdelkader et al., 2016; Cicek, 2020; 

Denine et al., 2016, 2019; Goodarzi & Shahnazari, 2019; Markou, 2018; Talamkhani & Naeini, 

2021). different. Strength increase of sandy soils are determined considering number of 

geosynthetic layer, type of geosynthetic and tensile strength of geosynthetic. Finding granular 

soil nearby or transportation to construction site could be a challenging work. Therefore, clayey 

soils may be used during construction of reinforced earth structures. Interaction of clayey soil 

should be evaluated and assessed carefully due to low shear strength of clayey soils. Therefore, 

several studies were carried out regarding reinforcing clayey soils with geosynthetics (Ingold 

et al., 1983; Indraratna, 1991; Noorzad and Mirmoradi, 2010; Carlos et al., 2016; Tiwari et al., 

2021 and Hassan et al., 2023).  

Sustainability gains importance nowadays, which affects construction industry as well. More 

renewable resources are used in each industry as well as in construction industry to restrict 

climate change. Therefore, natural geotextiles take more attention day by day. There are several 

studies investigating effect of jute and coir geotextiles to bearing capacity of soils. Sridhar and 

Prathapkumar (2017) investigated bearing capacity change of a granular soil when reinforced 

with coir geotextiles. Buragadda and Thyagaraj (2019) determined optimum parameters for jute 

geotextiles considering burial depth, geotextile spacing, geotextile number and geotextile width 

for reinforcing sand. Arora et al. (2021) investigated increase in bearing capacity of sand when 

reinforced with woven and non-woven coir geotextile. Vivek and Dutta (2022) also investigated 

bearing capacity of sand when reinforced with woven and non-woven coir geotextile. Jaswal et 

al., (2022) determined that the bearing capacity of sand increases when reinforced with coir 

geotextile.  

Hemp fibers have higher tensile strength, durable to salty waters, alkalines, chemicals, 

microorganisms and UV lights (Karakaya, 2021; Mangut and Karahan, 2011; Gedik et al., 

2010; and Peev, 2012). Hemp fibers are used to develop concrete mixtures, insulation material 

and used in asphalt mixtures (Akdere, 2023; Shewalul et al., 2023; Bennai et al., 2022; Guo et 

al., 2020; Hamzaoui et al., 2020; Aslan, 2020; Serin et al., 2018; Balčiūnas et al., 2017; 

Pundiene et al., 2022; Kremensas et al., 2018; Mungkung et al., 2018; Kallakas et al., 2018; 

Murphy et al., 2010). Due to these superior properties of hemp fibers, woven geotextile is 

produced and its biodegradation properties are determined by Bayrakcı et al. (2025).  

It is seen that, clay reinforced with Hemp geotextile is very scarce. Woven hemp geotextile 

(Geo-Hemptex) was produced. Geo-Hemptex is then used to reinforce clay samples and its 

effect to unconfined compression strength is investigated. Number of Geo-Hemptex layers used 

and compaction energy is varied during the study which provided detailed evaluation of Geo-

Hemptex’s effect of unconfined compressive strength. 

 

MATERIALS AND METHODS 

Clay soil is obtained locally from Eskisehir, Turkey. Specific gravity test (ASTM D854-14), 

sieve and hydrometer analysis were conducted (ASTM D6913-17 and ASTM D7928-21e1). 

Then Atterberg limits were determined. Specific gravity of clayey soil found as 2.61. Liquid 

limit and plastic limit is found to be 49% and 27% respectively. Clayey soil classified as low 

plasticity clay (CL) according to ASTM D2487-11.  
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Hemp yarns are obtained from Kingdom Hemp Company, China.  with a yarn count of Nm 9.6 

(104 tex). Coarser yarns are obtained by folding Nm 9.6 yarns five times which resulted in Nm 

1.92 (520 tex) yarn count. Coarser yarns are used to produce Geo-Hemptex. Warp and Weft 

density is chosen as 6 and 4 yarns/cm respectively. Mass per unit area (TS EN ISO 9864), 

tensile strength in warp and weft direction, elongation at failure(TS EN ISO 10319), static 

puncture load (CBR) (TS EN ISO 12236) and dynamic puncture resistance (TS EN ISO 13433) 

are determined as 424 g/m2, 33.74 kN/m, 33.75 kN/m, 8.7%, 16.5%, 4.06 kN and 8.3 mm 

respectively.  

Clay samples were prepared which have 70 mm diameter and 140 mm height. In order to 

determine, number of Geo-Hemptex layer to unconfined compressive strength (UCS), Geo-

Hemptex is placed inside clay samples as shown in Figure 1. 

 

                           (a)                                       (b)                                       (c) 

Figure 1. Geo-Hemptex locations in unconfined compression samples (a) Type 1 (b) Type 2 

(c) Type 3 

Samples are prepared by compaction method using standard proctor hammer. Samples are 

prepared at optimum water content. Three different compaction energies are applied to samples 

during preparation such as 458, 375 and 392 kN.m/m3. This allows authors to evaluate the effect 

of Geo-Hemptex to UCS of clayey soil. Unconfined compression tests were carried out with 

respect to ASTM D2166-06. Strain rate is chosen as 1mm/min according to ASTM D2166-06. 

Each unconfined compression test is carried out three times to obtain reproducible results.  

Maximum UCS, failure strain, strength improvement ratio (SIR) and elasticity modulus (E50) 

are used to evaluate the effect of Geo-Hemptex. SIR is calculated using formula 1. 

𝑆𝐼𝑅 =  
𝑞(𝑢)𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑑

𝑞(𝑢)𝑢𝑛𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑑
                                                (1) 

E50 can be defined as formula 2. 

𝐸50 =
𝑞𝑢 2⁄

𝜀
                                                                  (2) 

 

RESULTS AND DISCCUSION 

Unconfined compression test results are presented and discussed in this section. Failure strains 

where maximum UCS is measured taken into consideration in this paper. 

Unconfined Compression Strength 

Firstly, clay samples initially tested. UCS of clay samples were found as 88.84 kPa, 166.38 kPa 

and 204.68 kPa for 292 kN.m/m3, 375 kN.m/m3 and 458 kN.m/m3 respectively. Geo-Hemptex 

increased UCS of reinforced clay for all Geo-Hemptex number and applied compaction energy 

as reported for geosynthetics (Noorzad and Mirmoradi, 2010; Goodarzi and Shahnazari, 2019; 
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Hassan et al. 2023; Ingold and Miller, 1983). Shear strength of Geo-Hemptex reinforced soil 

increases, because of interface shear stress develop between geotextile and soil which restricts 

radial deformation of sample as explained by Ingold et al. (1983).  Failure of samples occurred 

between Geo-Hemptex. Cracks developed between Geo-Hemptex layers which resulted failure 

of reinforced clay samples. Failure modes of Geo-Hemptex reinforced samples are given on 

Figure 2. 

 

 

                        (a) Type -1                       (b) Type -2                   (c) Type-3 

Figure 2. Failure modes of samples for different number of Geo-Hemptex. 

UCS of Geo-Hemptex reinforced clay samples are given on Table 1. It is clear that, Geo-

Hemptex geotextile increases UCS of samples under different all layer configurations and 

compaction energies.  

Table 1. USC of Geo-Hemptex(GH) reinforced clay samples  

  

  

Type-1 USC (kPa) Type-2 USC (kPa) Type-3 USC (kPa) 

292 

kNm/m3 

375 

kNm/m3 

458 

kNm/m3 

292 

kN.m/m3 

375 

kNm/m3 

458 

kNm/m3 

292 

kNm/m3 

375 

kNm/m3 

458 

kNm/m3 

Clay 88.84 166.38 204.68 88.84 166.38 204.68 88.84 166.38 204.68 

GH 143.45 243.39 300.83 199.43 292.80 454.66 266.18 350.28 537.95 

 

Strength Improvement Ratio 

Strength improvement ratio is calculated for different layer number of Geo-Hemptex and 

different compaction energy. The higher the Geo-Hemptex layer number, the higher the 

strength improvement ratio. Figure 3 shows the SIR values for different compaction energy and 

Geo-Hemptex layer. 

 

 

Figure 3. Strength Improvement Ratio of Geo-Hemptex 
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It is seen that strength improvement ratio depends on the number of Geo-Hemptex layers. More 

Geo-Hemptex layer resulted in higher strength improvement ratio. It is also clear that the 

highest improvement ratio is calculated when sample is prepared with the lowest compaction 

energy. These results comply with the results of the other researchers (Goodarzi and 

Shahnazari, 2019; Hassan et al.,2023; Jayawardane et al., 2020; and Hassan et al., 2022).  

Failure Strain 

Failure strain found to be dependent on Geo-Hemptex placement. The highest failure strain is 

observed when 458 kN.m/m3 compaction energy is applied to Type-1 and Type-2 Geo-

Hemptex placement. However, in case of Type-3 Geo-Hemptex placement, the highest failure 

strain is observed when the compaction energy equals to 375 kN.m/m3. Failure strain of Geo-

Hemptex reinforced samples and clay soil may seen on Figure 4. 

 
(a) 

 

(b) 

 

(c) 

Figure 4. Failure strains of clay and Geo-Hemptex reinforced samples (a) Type -1, (b) Type-2 

(c) Type 3 reinforcement placement 
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Elasticity Modulus 

Clay samples reinforced with Geo-Hemptex resulted higher elasticity modulus. Higher 

elasticity modulus is measured for each Geo-Hemptex layer number and compaction energy 

considered in this study. Increase in elasticity modulus can be thought as a result of interlocking 

of clay particles with Geo-Hemptex. This interlocking yielded lower strains which resulted 

higher elasticity modulus. Elasticity modulus of clay and Geo-Hemptex reinforced samples are 

provided in Table 2.  

 

Table 2. Elasticity modulus of clay and Geo-Hemptex Reinforced Clay Samples 

 

Compaction Energy    

(kN.m/m3) 

 

Clay 

Geo-Hemptex 

Type-1 Type-2 Type-3 

292 3525,40 5777,42 5540,00 7155,38 

375 3585,78 9814,52 6337,66 7080,08 

458 7753,03 8498,31 10194,17 10934,15 

 

It is seen that the amount of increase in elasticity modulus is higher when lower compaction 

energy is used. It is also seen that increment rate decreases when reinforcement layer number 

changes from Type-2 to Type-3.  

 

CONCLUSION 

Hemp fibers are used to produce a new sustainable woven geotextile in this study. Then, its 

effect to UCS of clayey samples are investigated under different reinforcement layers and 

compaction energy. Results of this study can be summarized as follows. 

 UCS of Geo-Hemptex reinforced increases in all cases considered in this study. The 

highest UCS is determined as 537.95 kPa for type-3 Geo-Hemptex configuration and under 458 

kN.m/m3 compaction energy. 

 Geo-Hemptex increases strength improvement ratio. The higher the number of Geo-

Hemptex the higher the strength improvement ratio. However, the highest strength 

improvement ratio is calculated when samples are compacted under 292 kN.m/m3. 

 Higher failure strain is observed when clay is reinforced with Geo-Hemptex in general.  

 Elasticity modulus of Geo-Hemptex is higher than clay samples in each case considered 

in this study. This means that, Geo-Hemptex increases strength which is higher than the failure 

strain increase due to interlocking mechanism between clay particles and Geo-Hemptex. 

This study proves that Geo-Hemptex can be used to reinforce clay samples to increase bearing 

capacity since it provides higher UCS and higher elasticity modulus.  
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Abstract 

Increasing environmental problems and the rapid depletion of resources on a global scale have 

brought sustainable production models and the circular economy approach to the forefront. In 

this context, the study titled “A New Era in Zero Waste: Hemp, a Product with No Waste” 

examines the potential of the hemp plant as a sustainable raw material from an environmental, 

economic, and industrial perspective through a scientific lens. Hemp, with its high biomass 

yield, soil-improving properties, low water consumption, and waste-free structure that can be 

almost entirely utilized, has the potential to play a critical role in zero waste strategies. Every 

part of the plant, including its fiber, seeds, oil, roots, and stems, can be used in many sectors 

such as textiles, biocomposites, energy, food, paper, construction materials, medicine, and 

cosmetics. This makes hemp a product with no waste, placing it at the center of the circular 

economy. Furthermore, hemp cultivation offers ecological benefits such as high carbon 

sequestration capacity, low pesticide requirements, and improved soil health. Within the scope 

of this study, the environmental impacts of hemp production, the current legal framework, the 

potential for industrial transformation, and Turkey’s strategic advantages in this field were 

evaluated. The findings show that hemp is not only an agricultural product but also a strategic 

biological resource that supports sustainable development, the green economy, and the zero-

waste vision. In this context, new hemp-focused production models offer strong opportunities 

in terms of combating climate change, resource efficiency, green employment, and 

environmental protection. Consequently, the study recommends evaluating hemp as a 

comprehensive model that produces innovative, economic, and ecological solutions within a 

zero-waste approach. 

Key Words: Hemp, Zero Waste, Environment. 

 

Özet 

Küresel ölçekte artan çevre sorunları ve kaynakların hızla tükenmesi, sürdürülebilir üretim 

modelleri ve döngüsel ekonomi yaklaşımını ön plana çıkarmıştır. Bu bağlamda, “Sıfır Atıkta 

Yeni Bir Dönem: Atık Üretmeyen Bir Ürün Olarak Kenevir” başlıklı bu çalışma, kenevir 

bitkisinin sürdürülebilir bir hammadde olarak çevresel, ekonomik ve endüstriyel açıdan 

potansiyelini bilimsel bir bakış açısıyla incelemektedir. Yüksek biyokütle verimi, toprak 

iyileştirici özellikleri, düşük su tüketimi ve neredeyse tamamen kullanılabilen atık içermeyen 

yapısı ile kenevir, sıfır atık stratejilerinde kritik bir rol oynama potansiyeline sahiptir. Lif, 

tohum, yağ, kök ve sap dahil bitkinin her parçası tekstil, biyokompozitler, enerji, gıda, kağıt, 
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inşaat malzemeleri, tıp ve kozmetik gibi birçok sektörde kullanılmaktadır. Bu durum, keneviri 

atık içermeyen bir ürün haline getirerek onu döngüsel ekonominin merkezine yerleştirmektedir. 

Ayrıca, kenevir yetiştiriciliği, yüksek karbon tutma kapasitesi, düşük pestisit gereksinimi ve 

iyileştirilmiş toprak sağlığı gibi ekolojik faydalar da sağlamaktadır. Bu çalışma kapsamında, 

kenevir üretiminin çevresel etkileri, mevcut yasal çerçeve, endüstriyel dönüşüm potansiyeli ve 

Türkiye’nin bu alandaki stratejik avantajları değerlendirilmiştir. Bulgular, kenevirin sadece bir 

tarım ürünü değil, aynı zamanda sürdürülebilir kalkınmayı, yeşil ekonomiyi ve sıfır atık 

vizyonunu destekleyen stratejik bir biyolojik kaynak olduğunu göstermektedir. Bu bağlamda, 

kenevir odaklı yeni üretim modelleri, iklim değişikliği ile mücadele, kaynak verimliliği, yeşil 

istihdam ve çevre koruma açısından güçlü fırsatlar sunmaktadır. Sonuç olarak, çalışma, keneviri 

sıfır atık yaklaşımı içinde yenilikçi, ekonomik ve ekolojik çözümler üreten kapsamlı bir model 

olarak değerlendirilmesini önermektedir. 

Anahtar Kelimeler: Kenevir, Sıfır Atık, Çevre. 

 

INTRODUCTION 

Increasing consumption on a global scale, rapid growth in waste production, and the 

unsustainable use of natural resources have made environmental management and sustainable 

development policies a priority agenda item for states and international organizations (UNEP, 

2023). In this context, in recent years, the zero waste approach has emerged as an innovative 

policy tool at both the national and international levels, aiming to reduce the effects of the 

environmental crisis. The Zero Waste Project, which has been institutionalized in Turkey since 

2017, aims not only to reduce waste at source but also to comprehensively plan reuse and 

recycling in line with circular economy principles (Ministry of Environment, Urbanization, and 

Climate Change, 2022). The success of the zero waste approach is closely related not only to 

policy design and implementation mechanisms but also to the innovative materials and product 

types that support this policy. In this context, hemp stands out as an agricultural product that is 

attracting increasing attention due to its industrial and environmental efficiency. The fact that 

almost all components of hemp, from its fiber to its oil and biomass, can be utilized in industrial 

production makes it definable as a “zero-waste product” (Cherney and Small, 2016). In this 

regard, hemp is a strategic raw material in terms of both circular economy and green 

transformation goals. Hemp’s wide range of applications in the furniture, textile, automotive, 

packaging, construction, bioplastic, and pharmaceutical sectors offers an important solution to 

the material shortage problem encountered in the practice of zero-waste policies. Furthermore, 

hemp’s ability to improve soil health in the area where it is cultivated, its high carbon 

sequestration capacity, and low water requirements make it an environmentally sustainable 

plant (Ribeiro et al., 2021). This study aims to evaluate hemp from a sustainable development 

perspective within the context of the zero-waste approach. 

The main objective of the article is to reveal how the “waste-free product” quality of hemp 

intersects with zero waste policies in conceptual and practical dimensions. In addition, the study 

examines Turkey’s hemp production potential, current limitations, and policy development 

opportunities. In this regard, the article aims to contribute to the literature theoretically and to 

offer practical policy recommendations. 

 

HEMP PRODUCTION AND POTENTIAL IN TURKEY 

Turkey is considered one of the most suitable regions in the world for hemp production due to 

its geographical diversity, climatic characteristics, and historical accumulation (Karaca and 

Yazıcı, 2025). Throughout the 19th and 20th centuries, hemp production, which was 
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concentrated mainly in the Black Sea Region, created significant economic value in areas such 

as rope, twine, sailcloth, sacks, paper, and textiles (Afyoncu, 2019). However, after the 1970s, 

cultivation areas declined significantly due to legal regulations and a lack of industrial 

transformation. Today, with the reshaping of agricultural policies and the recognition of the 

diversity in the hemp value chain, interest in hemp production in Türkiye is increasing (Acar et 

al., 2025). Studies conducted in different regions of Turkey show that hemp can be successfully 

grown in the Black Sea, Central Anatolia, and Eastern Anatolia climates. Field studies indicate 

that hemp yields in the regions of Samsun, Amasya, Kütahya, Çorum, Kastamonu, Kayseri, and 

Malatya are in line with international averages, with fiber yields reaching 1.5–2 tons per hectare 

with suitable soil and techniques (Başer and Bozoğlu, 2020: 133-135). Furthermore, hemp’s 

low irrigation requirements and minimal need for chemical inputs place it in the “resilient plant” 

category in Turkey’s fight against climate change (Ordu Commodity Exchange, 2021: 13-15). 

From an economic perspective, Türkiye’s existing infrastructure is capable of supporting the 

versatile use of hemp. Fiber production, biocomposite materials, textile technologies, the paper 

and cellulose industry, and the food and cosmetics sectors offer significant market potential for 

hemp (Altun, 2024). For example, the automotive sector is developing alternatives to fossil-

based plastics by using composite materials made from hemp fiber in door panels, console 

elements, and insulation parts. This has led to increased R&D investments in hemp-based 

composites by the domestic automotive sector (European Bioplastics, 2020). Hemp is also 

compatible with Türkiye’s zero-carbon targets as it is a plant with high carbon sequestration 

capacity (Kuşdemir, 2025). Cherney and Small (2016) state that hemp acts as a significant 

carbon sink by producing 10–15 tons of biomass per hectare. This characteristic makes hemp a 

strategic raw material for environmentally friendly sectors such as green building materials, 

hempcrete, and bioplastic production (Rhodes, 2025). Turkey’s greatest potential in terms of 

hemp production is based on the “zero-waste plant model.” The utilization of all components 

of hemp, such as fiber, shives, seeds, oil, roots, and leaves, reduces agricultural waste to zero 

and supports the circular economy (Helvacı and Korkmaz, 2025: 1132-1135). In this respect, 

hemp stands out as a strategic plant that can both strengthen rural development and enable the 

production of high value-added industrial products. Turkey has the potential to become a 

regional center for hemp production once again, thanks to its suitable agro-ecological 

conditions, strong industrial infrastructure, and increasing scientific research. With state 

support, modern processing facilities, university-industry collaborations, and increased 

commercial product diversity, hemp offers a powerful raw material model that can make 

significant contributions to Turkey’s agricultural and industrial development goals. 

 

HEMP AND THE CIRCULAR ECONOMY FROM A WASTE MANAGEMENT 

PERSPECTIVE 

The circular economy is an economic model that aims to reduce resource use, reuse products, 

increase recycling, and minimize waste production, and it is at the heart of sustainable 

development policies (Ministry of Environment, Urbanization, and Climate Change, 2025). In 

this context, industrial hemp is considered one of the strongest natural raw materials for the 

circular economy due to the possibility of utilizing its entire biomass, its low environmental 

impact, and its recyclability (Ata, 2025; Geissdoerfer, 2017). Industrial hemp is one of the rare 

plants defined in the literature as a “zero-waste product” because all of its components can be 

utilized for economic and industrial purposes. Industrial hemp is used as a raw material in the 

structure of approximately 25,000 products (TÜBİTAK MAM, 2021). The fact that all its parts, 

including fiber, hurd (woody part), seeds, oil, leaves, and roots, are convertible makes hemp an 

exemplary plant for the zero-waste approach (Altun, 2024). As Small and Marcus (2002) point 

out, hemp is a versatile biomass that produces almost no agricultural waste during production. 
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Fiber, one of the most valuable components of hemp, is used in a wide range of industries, 

including textiles, biocomposites, paper, insulation materials, and the automotive sector (Kaya 

and Öner, 2020: 113). Hemp fiber, thanks to its high cellulose content and mechanical strength, 

offers longer-lasting products with a lower environmental impact compared to alternative fibers 

such as cotton and jute (Helvacı and Korkmaz, 2025: 1132-1137). Cherney and Small (2016) 

state that the carbon footprint of hemp fibers is significantly lower than that of cotton fibers and 

that its recyclable structure is fully compatible with the zero-waste philosophy. 

 

Figure 1. Made from hemp, respectively: hemp textiles, bio-based plastics, building blocks, 

cosmetic bottles, food oil (Ata, 2025). 

The waste separated during fiber production constitutes the woody part of hemp. Waste is used 

in the construction industry as hempcrete, a material that offers environmentally friendly 

building solutions with its high thermal insulation and carbon-negative properties (Muhit et al., 

2024). In addition, hemp shives are used in the production of biomass pellets, animal bedding, 

compost, and paper (Helvacı and Korkmaz, 2025: 1132-1137). According to European 

Bioplastics (2020) data, all hemp waste is industrially recoverable, making it possible to reduce 

waste to “0 kg” in hemp production. Hemp seeds are a critical component for both food and 

industrial production. Hemp seeds, a functional food source with high protein, omega-3/6 fatty 

acids, and mineral content, can be converted into many products such as flour, protein powder, 

plant-based milk, energy bars, and animal feed (Mikulcova et al., 2017). Hemp oil obtained 

from seeds is a versatile input used in the cosmetics, food, bioplastics, and paint industries when 

produced by cold pressing (Yıldırım and Çalışkan, 2020: 114-117). The meal product resulting 

from hemp oil production is used in animal feed, thus eliminating waste in seed-based 

production. The roots and leaves of hemp are also used in medical research, biosorbent 

materials, natural compost, and soil improver products (Çalışkan and Yıldırım, 2020: 114-117). 

The lignin and cellulose content in the roots enables the production of biodegradable polymers 

and composites. The utilization of all parts of the plant makes hemp a sustainable raw material 

not only economically but also ecologically (Helvacı and Korkmaz, 2025: 1132-1137). 

In conclusion, the current scientific literature shows that the component-based use of hemp 

offers a completely circular production model, with no part becoming waste. With these 
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characteristics, hemp stands out as one of the strongest plant-based raw materials supporting 

the feasibility of modern zero-waste policies. 

 

CONCLUSION 

The findings obtained in this study indicate that hemp occupies a unique position as a “waste-

free product” in the context of agriculture, industry, and environmental sustainability. All 

components of hemp, such as fiber, shives, seeds, oil, roots, and leaves, have economic and 

industrial use potential. This feature enables the implementation of a zero-waste approach 

covering the entire chain from agricultural production to final product use. Hemp fibers offer 

high durability and recyclability in the textile, automotive, and building materials sectors. Short 

fibers and the woody part of the waste produced during fiber production are utilized in various 

areas such as hempcrete, biomass fuel, and animal bedding. Thus, no part of hemp waste 

remains as waste. In seed and oil production, the cake and by-products resulting from pressing 

are used as animal feed or food supplements, enabling recycling in industrial processes (Small 

and Marcus, 2002). This holistic utilization makes hemp a plant fully compatible with the 

circular economy. The ecological contributions of hemp also increase the importance of this 

plant. Its low water and chemical input requirements, high carbon sequestration capacity, and 

soil improvement potential make hemp a sustainable model from both an environmental and 

economic perspective. Hemp-based biocomposites and building materials significantly reduce 

the carbon footprint and enable post-production recycling. This ensures that hemp is not only a 

waste-free product but also offers a production model that minimizes environmental impacts. 

As a result, hemp is a strategic plant for achieving zero-waste goals in modern agriculture and 

industrial processes. The fact that all its components, such as fiber, shives, seeds, oil, and roots, 

can be utilized reduces post-production waste to almost zero. This feature positions hemp as a 

priority raw material source within the framework of Turkey’s green transformation policies 

and zero-waste initiative. Future studies are recommended to focus on field applications and 

industrial modeling that will further concretize the economic, ecological, and social 

contributions of hemp. In short, hemp offers a unique opportunity in terms of both waste-free 

production and sustainable development goals, playing a critical role in future agricultural and 

industrial strategies as a plant source fully integrated into the circular economy. 

 

REFERENCES 

Acar, M., Yiğen, Ç., Şahin, M. & Aytaç, S. (2025). Kenevir Tarımı ve Mevzuatı, Ankara: Tarım 

ve Orman Bakanlığı.  

Afyoncu, E. (2019). Osmanlı Döneminde Karadeniz’de Kenevir Ekilirdi, 

https://www.fikriyat.com/yazarlar/erhan-afyoncu/2019/01/13/osmanli-doneminde-

karadenizde-kenevir-ekilirdi, (Erişim Tarihi: 25 Kasım 2025). 

Altun, V. (2024). Atığı Olmayan Ürün: Kenevir,  https://www.aa.com.tr/tr/yesilhat/bilim/atigi-

olmayan-urun-kenevir/1822100, (Erişim Tarihi: 25 Kasım 2025). 

Ata, B. (2025). Kenevir: Türkiye’nin Yeşil Geleceğe Açılan Penceresi Olabilir Mi? 

https://yesilhaber.net/kenevir-turkiye-yesil-donusum-potansiyeli/, (Erişim Tarihi: 25 Kasım 

2025). 

Başer, U. & Koyuncu, M. (2020). Türkiye’nin Kenevir Politikası ve Piyasasına Bir Bakış, 

TEAD, 6(2),127-135,  

Cherney, J. H., & Small, E. (2016). Industrial Hemp in North America: Production, Politics and 

Potential, Agronomy Journal, 6(4), 5, https://doi.org/10.3390/agronomy6040058. 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 282



Çevre, Şehircilik ve İklim Değişikliği Bakanlığı (2025). Döngüsel Ekonomi Politikaları, 

https://dongusel.csb.gov.tr/hakkinda-i-105778, (Erişim Tarihi: 25 Kasım 2025). 

Çevre, Şehircilik ve İklim Değişikliği Bakanlığı. (2022). Sıfır Atık Projesi 2022 Faaliyet 

Raporu. T.C. Çevre, Şehircilik ve İklim Değişikliği Bakanlığı. 

European Bioplastics. (2020). Bioplastics Market Development Update 2020. European 

Bioplastics Association. https://www.european-bioplastics.org 

Geissdoerfer, M., Savaget, P., Bocken, N. M. P., & Hultink, E. J. (2017). The Circular Economy 

– A New Sustainability Paradigm?, Journal of Cleaner Production, 143, 757–768. 

Helvacı, N. O. & Korkmaz, Y. (2025). Sürdürülebilir Üretim: Kenevir Bitkisi ve Sıfır Atık 

Uygulamaları, Kahramanmaraş Sütçü İmam Üniversitesi Mühendislik Bilimleri Dergisi, 28(2), 

1123-1142.  

Karaca, F. Ö ve Yazıcı, L. (2025). Türkiye Kenevir Potansiyelinin Coğrafi Bilgi Sistemleri 

Kullanılarak Değerlendirilmesi, Bursa Uludağ Üniversitesi Ziraat Fakültesi Dergisi, 9(1), 35-

53. 

Kaya, S. & Öner, E. (2020). Kenevir Liflerinin Eldesi, Karakteristik Özellikleri ve Tekstil 

Endüstrisindeki Uygulamaları, Mehmet Akif Ersoy Üniversitesi Fen Bilimleri Enstitüsü Dergisi, 

11(1),108-123. 

Kuşdemir, Y. (2025). Kenevir Yeşil Dönüşümde Türkiye İçin Stratejik Bir Fırsat Sunuyor, 

https://usakhabergazetesi.com.tr/kenevir-yesil-donusumde-turkiye-icin-stratejik-bir-firsat-

sunuyor, (Erişim Tarihi: 25 Kasım 2025). 

Mikulcova, V., Kasparkova, V., Humpolicek, P., & Bunkova, L. (2017). Formulation, 

Characterization and Properties of Hemp Seed Oil and Its Emulsions, Molecules, 22(700), 13. 

https://doi.org/10.3390/moleküller22050700 

Muhit, I. B., Omairey, E. L. & Pashakolaie V. G.(2024). A Holistic Sustainability Overview of 

Hemp as Building and Highway Construction Materials, Building and Environment, 256, 

https://doi.org/10.1016/j.buildenv.2024.111470. 

Ordu Ticaret Borsası (2021).Kenevir Raporu, https://www.ordutb.org.tr/wp-

content/uploads/2021/03/Kenevir-Raporu.pdf, (Erişim Tarihi: 25 Kasım 2025). 

Ribeiro, A., Ferreira, M., & Martinho, V. (2021). Sustainability assessment of industrial hemp: 

Environmental and agronomic perspectives. Journal of Cleaner Production, 318, 128–479. 

https://doi.org/10.1016/j.jclepro.2021.128479. 

Rhodes, F. (2025). Geleceği İnşa Etmek: Kenevir Betondan Miselyuma, 2025 İnşaatını Devrim 

Yaratan Sürdürülebilir Malzemeler, https://insights.made-in-china.com/tr/Building-the-Future-

From-Hempcrete-to-Mycelium-the-Sustainable-Materials-Revolutionizing-2025-

Construction_mTHtVIRKvQlF.html, (Erişim Tarihi: 25 Kasım 2025). 

Small, E., &e Marcus, D. (2002). Hemp: A New Crop with New Uses for North America. Trends 

in New Crops and New Uses. 

TÜBİTAK MAM (2021). TÜBİTAK MAM’da Biyoteknolojik Yöntemlerle Kenevir Islahı,  

https://mam.tubitak.gov.tr/tubitak-mamda-biyoteknolojik-yontemlerle-kenevir-islahi/, (Erişim 

Tarihi: 25 Kasım 2025). 

UNEP. (2023). Global Environment Outlook (GEO-7): Healthy Planet, Healthy People. United 

Nations Environment Programme. 

Yıldırım, S. & Çalışkan, K. U. (2020). Kenevir ve Sağlık Alanında Kullanım, Ankara 

Eczanecilik Fakültesi Dergisi, 44(1), 112-136, https://doi.org/10.33483/jfpau.559665 

 

 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 283



GREEN SYNTHESIS OF SILVER NANOPARTICLES FROM CANNABIS SATIVA 

AND THEIR VERSATILE APPLICATIONS 

 

 

Tünay KARAN 

Yozgat Bozok University, Faculty of Veterinary Medicine, Department of Animal Science 

and Nutrition, Veterinary Genetics, Yozgat, Türkiye 

ORCID: 0000-0002-9114-8400 

 

 

ABSTRACT 

Silver nanoparticles (AgNPs) hold a significant position in modern nanotechnology due to their 

potent antimicrobial, antifungal, anticancer, and insecticidal properties. The use of toxic 

reducing agents in chemical synthesis methods has increased the focus on environmentally 

friendly and sustainable production techniques. A green synthesis approach based on plant 

extracts enables biocompatible, rapid, and low-cost nanoparticle production. Cannabis sativa 

(hemp), rich in flavonoids, phenolic compounds, and terpenoids, stands out as an effective 

reducing and stabilizing biological source in this context. Literature reports indicate that highly 

stable AgNPs with a size of 20-100 nm have been produced using extracts obtained from the 

leaves, roots, stems, and industrial wastes of the hemp plant. These nanoparticles exhibit not 

only antibacterial but also versatile biological activity. Hemp-derived AgNPs have antibacterial 

activity against pathogens such as Staphylococcus aureus and Escherichia coli; It has been 

shown to exhibit antifungal activity against species such as Candida albicans and Aspergillus 

niger. It also exhibits anticancer potential by inducing cytotoxic and apoptotic effects on cancer 

cell lines such as MCF-7, HepG2, and HT-29. In studies against agricultural pests, AgNPs have 

been reported to exhibit insecticidal activity against mosquito larvae and various plant pests. 

Additionally, thanks to the natural phenolic content of hemp extract, the synthesized AgNPs 

possess strong antioxidant properties and have been evaluated in areas such as environmental 

remediation, dye reduction, and sensor development. This study comprehensively examines the 

impact of the hemp-based green synthesis method on silver nanoparticles and their versatile 

biological and technological applications. 

Keywords: Cannabis sativa, silver nanoparticles, green synthesis, antifungal, anticancer, 

antibacterial, insecticide 

 

INTRODUCTION 

Nanotechnology, which enables the control of matter at the atomic and molecular scale, is one 

of today's fastest-growing fields of science and technology. Focusing on structures with 

dimensions ranging from 1 to 100 nanometers, this discipline offers innovations that can 

radically alter the physical, chemical, and biological properties of materials. Materials 

developed using nanotechnology exhibit unique properties unobservable at traditional scales, 

offering new solutions in many critical areas such as healthcare, energy, electronics, the 

environment, and defense. Therefore, nanotechnology not only makes existing technologies 

more efficient but also forms the basis for innovative applications of the future (Emerich and 

Thanos, 2003). 
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Green synthesis is a nanotechnology approach that aims to produce nanomaterials using 

environmentally friendly, low-toxicity, and sustainable methods. Unlike traditional chemical 

synthesis techniques, this method utilizes natural resources such as plant extracts, 

microorganisms, enzymes, or biological waste instead of harmful solvents, toxic reducing 

agents, and energy-intensive processes. Secondary metabolites naturally produced by these 

materials (such as phenolic compounds, alkaloids, terpenoids, and saponins) serve as primary 

reducing agents in the conversion of metal ions into nanoparticles (Hussain et al., 2016). They 

reduce silver ions (Ag+) to form Ag0 nanometal structures and also provide electrostatic 

stabilization by coating the nanoparticle surface (Figure 1). 

 

 

Figure 1. Green synthesis mechanism of AgNPs (Jabeen et al., 2023). 

 

Silver nanoparticles (AgNPs) have become a focus of increasing interest in nanotechnology due 

to their unique physical, chemical, and biological properties. Their high surface area-to-volume 

ratio, antibacterial activity, and optical properties make these nanoparticles attractive for 

various applications such as biomedical, optical, catalytic, and electronic devices. In particular, 

AgNPs exhibit high inhibitory potential against a variety of pathogens, including broad-

spectrum Gram-positive and Gram-negative bacteria, yeast, and molds. In recent years, the 

potential of AgNPs as selective anticancer agents has been investigated. It has been observed 

that AgNPs exhibit higher cytotoxicity against cancer cells compared to normal cells (Salem 

and Fouda, 2021). AgNPs are known to possess anti-inflammatory properties and accelerate 

wound healing processes. In wound treatment, the antibacterial activity of AgNPs has been 

reported to prevent infection while also controlling inflammation by modulating the release of 

pro-inflammatory cytokines and promoting cell migration at the wound site. NPs also trigger 

the formation of free radicals (especially ROS) within the cell. This oxidative stress leads to 

mitochondrial dysfunction and oxidative damage to lipids, proteins, and nucleic acids, thus 

impairing cellular functions (Singaravelu et al., 2025). 

Cannabis sativa, a member of the Cannabaceae family, is an industrial plant known for its 

versatile uses throughout history. Although originally from Central Asia, it is now cultivated 

worldwide and its importance in the global economy is growing. The importance of hemp stems 

from the various parts of the plant (fiber, seed, stalk, and flower) being utilized in various 

sectors. Its fibers, seeds, oil, and bioactive compounds make it an important species both 

economically and ecologically. Cannabinoids are biologically active compounds naturally 

found in Cannabis sativa and Cannabis indica plants that interact with the endocannabinoid 
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system in the human body (Bonini et al., 2018). Tetrahydrocannabinol (THC) has psychoactive 

effects, while cannabidiol (CBD) is a non-psychoactive compound with potential therapeutic 

benefits (Laverty et al., 2019). As shown in Figure 2, secondary metabolites such as phenolic 

compounds, flavonoids, and terpenoids found in hemp have antioxidant properties, are 

evaluated in biomedical studies, and can be used as reducing agents in the production of metal 

nanoparticles through green synthesis (Ahmadi and Lackner, 2024). 

 

 

Figure 2. Secondary metabolites and biosynthesis pathways found in hemp (Jin et al., 2020). 

 

Scientific studies have demonstrated the production of environmentally friendly silver 

nanoparticles using C. sativa extracts. This study aimed to comprehensively evaluate the 

versatile biological applications of hemp-based silver nanoparticles. 

 

SOME STUDIES CONDUCTED WITH HEMP SILVER NANOPARTICLES 

C. sativa, thanks to its rich phytochemical composition, is a highly promising biological source 

for the green synthesis of silver nanoparticles (AgNPs). Naturally occurring cannabinoids and 

various secondary metabolites in the plant contribute to both reduction and stabilization 

processes, supporting AgNP formation. Phenolic components of C. sativa, particularly 

flavonoids, play an active role in the reduction of silver ions thanks to their high electron-

donating capacity. They also stabilize the formed nanoparticles, preventing agglomeration 

(Hameed et al., 2020). Furthermore, terpenoid cannabinoids such as CBD and THC, through 

their hydroxyl groups, participate in the reduction reaction and enhance stability by coating the 

nanoparticle surface. Similarly, carboxylic acid-containing cannabinoid derivatives such as 

cannabidiolic acid (CBDA) and tetrahydrocannabinolic acid (THCA) exhibit a dual effect in 

AgNP synthesis, acting as both reducing and capping agents thanks to their carboxyl groups. 

Hemp-based AgNPs have high potential for wound healing, biomedical coating, drug delivery, 

and therapeutic applications, particularly in the pharmaceutical and healthcare sectors, thanks 

to their potent antibacterial, antioxidant, and anticancer properties (Laverty et al., 2019). 

Hemp-based AgNPs, with their potent antibacterial properties, can interact with bacterial cell 

membranes, causing structural disruption, or penetrate the cell cytoplasm, disrupting vital 
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processes such as DNA replication and protein synthesis. Additionally, AgNPs contribute to 

bacterial cell damage by triggering the production of reactive oxygen species (ROS) and 

releasing silver ions (Ag⁺) in a controlled manner. One study reported that AgNPs synthesized 

from hemp waste extract in sizes 3–21 nm exhibited potent antimicrobial (MIC) activity, 

particularly against the Gram-negative bacterium Pseudomonas aeruginosa (Michailidu et al., 

2025). In another study, the chemical composition of aqueous leaf extracts of three varieties of 

Rumen hemp (two monoecious and one dioecious) was determined using Fourier Transform 

Infrared spectroscopy (FT-IR), high-performance liquid chromatography and mass 

spectrometry (UHPLC-DAD-MS) and the synthesized AgNPs were reported to have good 

antibacterial activities against various human pathogens such as Escherichia coli, Klebsiella 

pneumoniae, Pseudomonas fluorescens and Staphylococcus aureus (Csakvari et al., 2021). It 

was found that AgNPs with crystalline structures around 20-40 nm produced using C. sativa 

stem extract had the capacity to inhibit biofilm formation of both Pseudomonas aeruginosa and 

E. coli (Singh et al., 2018). 

AgNPs synthesized from the water extract of industrial C. sativa (Narlı variety) seeds grown in 

Samsun have been shown to exhibit stronger biological activity with antibacterial, antioxidant, 

anti-inflammatory, and DNA-protective properties compared to crude extracts (Yologlu et al., 

2025). In another study, the antibacterial, antioxidant, and cellular toxicity of AgNPs from C. 

sativa root extract were determined. AgNPs showed significant antibacterial activity against 

Staphylococcus aureus compared to P. aeruginosa, K. pneumoniae, and E coli. In the same 

study, AgNPs revealed a remarkable antioxidant potential with 58.01 ± 0.09% free radical 

scavenging at a concentration of 100 µg/ml. Furthermore, very low toxicity of AgNPs was 

observed in HEK 293 cells and red blood cells. Therefore, the current study raises the 

expectation that AgNPs mediated by C. sativa root extract may play a vital role in the treatment 

(Suman et al., 2022). The cytotoxic effect of AgNPs produced by green synthesis with C. sativa 

seed extract on the human lung cancer cell line A549 was examined. AgNPs at a concentration 

of 375 µg/mL provided 100% inhibition after 48 hours of incubation, making them a potential 

candidate for nanodrug development for lung cancer treatment (Yontar and Çevik, 2024). 

AgNPs synthesized from C. sativa leaf extract were reported to be more effective against 

Saccharomyces cerevisiae yeasts compared to Candida albicans, and their inhibitory potential 

for α-amylase activity may play an important role in controlling hyperglycemia (Chouhan and 

Guleria, 2020). Furthermore, hemp-based AgNPs have begun to be included among the 

nanomaterials integrated into agricultural practices. Nanofertilizers offer significant advantages 

by aligning plant nutrient release with plant uptake and minimizing the risk of groundwater 

pollution. AgNPs are being used in the development of next-generation products such as 

nanopesticides and nanoherbicides (Ahmadi and Lackner, 2024). In another study, C. sativa, 

among the plants from which AgNPs were synthesized, was tested for its use as a nanoadsorbent 

and dye removal potential (Moghadas et al., 2020). Silver-doped ZnO nanoparticles were 

produced using hemp leaf extract, and these composite nanoparticles were reported to exhibit 

dye removal and antibacterial, antifungal activity (Chauhan et al., 2020). 

 

CONCLUSION AND RECOMMENDATIONS 

Hemp plant extracts have been scientifically demonstrated to possess a wide range of biological 

and pharmacological activities, including antimicrobial, antioxidant, anti-inflammatory, 

neuroprotective, analgesic, and anticancer. Because the chemical composition of hemp varies 

significantly depending on the variety, geographical conditions, soil composition, and 

cultivation methods, direct comparison of extract properties and biological activities obtained 

in different studies is difficult. Studies on AgNP synthesis from hemp extract are quite limited 
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compared to other plants. While hemp-based AgNPs primarily focus on antimicrobial 

properties, a few studies have demonstrated other important biological activities, such as 

anticancer and antioxidant, but further biological testing, such as antiviral, in vivo, intracellular 

mechanisms, pharmacokinetics, pharmacodynamics, and safety profiles, has been virtually 

nonexistent. While green synthesis represents promising first steps in the study of hemp dye 

removal, water treatment, and environmental applications, significant scientific gaps remain in 

this area. To date, various plant parts (leaves, seeds, and roots) have been successfully used in 

hemp AgNP synthesis, demonstrating the versatility of hemp's rich phytochemical content. 

These studies demonstrate hemp's potential as a valuable sustainable resource for green 

nanotechnology and its potential for environmentally friendly nanobiomedical applications. 

Given the rich phytochemical profile of hemp extract (phenols, flavonoids, terpenes, 

cannabinoids), it's clear that these compounds have the potential to positively impact AgNP 

synthesis, nanoparticle stability, and biological activity. However, this potential hasn't yet been 

sufficiently explored scientifically or fully implemented at the clinical/applied level. Therefore, 

hemp-based AgNP research is still in its early stages, with limited experimental data but 

extremely rich in scientific opportunities and innovation. 
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ÖZET 

Cannabaceae familyasına ait kenevir tohumu (Cannabis sativa L.), geniş bir endüstriyel 

uygulama yelpazesine sahip tek yıllık bir bitkidir. Kenevir tohumu ağırlıklı olarak Türkiye'nin 

Karadeniz bölgesinde yetiştirilir ve burada "kendir" veya "çedene" olarak bilinir. Endüstriyel 

kenevir genellikle tohum, un ve yağ olarak gıdalarda kullanılır. Bu formlar, özellikle unlu 

mamuller olmak üzere çeşitli ürünlerin geliştirilmesinde gastronomi alanında kullanılır. 

Kenevir tohumları sadece lezzet ve aromasıyla değil, aynı zamanda besin değeriyle de dikkat 

çeker. Yaklaşık %25-35 lipit, %20-25 protein ve %20-30 karbonhidrat içerirler. Doymamış yağ 

asitleri, tüm esansiyel amino asitler ve diyet lifi bakımından yüksek içerikleri onları sağlık için 

faydalı kılar. Kenevir yağı %15-20 linolenik asit, %10 oleik asit ve %55-60 linoleik asit içerir 

ve diğer birçok bitkisel yağa kıyasla daha sağlıklı bir profil sağlar. Kenevir tohumlarının arginin 

açısından zengin bileşimi kardiyovasküler sağlık için önemlidir ve glutensiz olmaları onları 

çölyak hastalığı olan bireyler için bir alternatif haline getirir. Kenevir tohumlarından elde edilen 

kenevir sütü laktozsuzdur ve intoleransı olanlar için uygundur. Bitki bazlı protein içeriği, vegan 

ve vejetaryen diyetler için çeşitlilik sağlar ve sürdürülebilir gıda üretimini destekler. Diğer bitki 

bazlı sütlerle karşılaştırıldığında, benzer veya daha yüksek protein içeriğine sahiptir ve diyet 

çeşitliliğine katkıda bulunur. Bu nedenle, kenevir sütü ve türetilen ürünler yenilikçi bir yaklaşım 

olarak kabul edilebilir. Kenevir tohumu ve sütünün gıda uygulamaları ve sağlık etkileri üzerine 

araştırmalar sınırlıdır. Bu derlemenin amacı, kenevir tohumu ve sütünün hem gıda üretimi hem 

de potansiyel sağlık etkileri açısından beslenmede kullanılabilirliğini incelemektir. 

Anahtar Kelimeler: Kenevir Tohumu, Kenevir Sütü, Besin Değeri 

 

ABSTRACT 

Hemp seed (Cannabis sativa L.), belonging to the Cannabaceae family, is an annual plant with 

a wide range of industrial applications. Hemp seed is predominantly cultivated in Turkey’s 

Black Sea region, where it is known as “kendir” or “çedene.” Industrial hemp is commonly 

used in foods as seeds, flour, and oil. These forms are applied in gastronomy to develop various 
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products, particularly bakery items. Hemp seeds are notable not only for their flavor and aroma 

but also for their nutritional value. They contain approximately 25-35% lipids, 20-25% protein, 

and 20-30% carbohydrates. Their high content of unsaturated fatty acids, all essential amino 

acids, and dietary fiber makes them beneficial for health. Hemp oil contains 15-20% linolenic 

acid, 10% oleic acid, and 55-60% linoleic acid, providing a healthier profile compared to many 

other plant oils. The arginine-rich composition of hemp seeds is important for cardiovascular 

health, and being gluten-free makes them an alternative for individuals with celiac disease. 

Hemp milk, derived from hemp seeds, is lactose-free and suitable for those with intolerance. 

Its plant-based protein content provides variety for vegan and vegetarian diets and supports 

sustainable food production. Compared to other plant-based milks, it has similar or higher 

protein content, contributing to dietary diversity. Therefore, hemp milk and its derived products 

can be considered an innovative approach. Research on the food applications and health effects 

of hemp seed and milk is limited. The aim of this review is to examine the usability of hemp 

seeds and milk in the diet, both in terms of food production and potential health effects. 

Keywords: Hemp Seed, Hemp Milk, Nutritional Value 

 

GİRİŞ 

Kenevir tohumu (Cannabis), Cannabaceae ailesine ait olan tek yıllık bir bitkidir. Çok yönlü 

kullanım alanına sahip olan kenevir tohumu, yaygın olarak üç türü ile bilinmektedir. Bunlar 

sırasıyla Cannabis sativa L., Cannabis indica ve Cannabis ruderalis’tir. Cannabis sativa 

L. lif, tohum, yağ ile gıda ve tekstil gibi endüstriyel ürünlerin elde edilmesinde; Cannabis 

indica, tıbbi amaçlı hazırlanan bazı ürünlerde ve sakinleştirici özellikleri nedeniyle; Cannabis 

ruderalis ise otomatik çiçeklenme özelliği sayesinde özellikle ıslah ve yetiştirme çalışmalarında 

kullanılmaktadır. Bazı kaynaklarda Cannabis indica ve Cannabis ruderalis, Cannabis sativa 

L.’nin bir alt türü olarak yer almaktadır. Bu üç tür arasında anatomik yapı, yetiştirilme şekli, 

içerisinde yer alan kimyasal maddeler ve bu maddelerin oranları gibi farklılıklar kullanım 

alanlarını belirlemektedir (Whittle vd., 2001; USDA, 2019; Göre & Kurt, 2021). 

Kenevir içerisinde ’’Cannabinoid’’ adı verilen kimyasal bileşikler vardır. Bu kimyasal 

bileşikler kenevirin olumlu ve olumsuz özelliklerinin oluşmasından sorumludurlar. Kenevir 

türleri çok çeşitli olup günümüzde tüm Cannabinoid’lerin içeriği detaylı olarak incelenmesede 

iki ana bileşenin içeriği bilinmektedir. Bunlar aynı moleküler yapıya sahip olan Cannabidiol 

(CBD) ve Tetrahidrocannabinol (THC)’dur. Bu bileşikler 21 karbon (C) atomu, 30 hidrojen (H) 

atomu ve 2 oksijen (O2) atomu içerirler. Bu bileşiklerin insan beynindeki canabinoid 

reseptörleri ile etkileşime girdikleri bilinmektedir. Atomların düzenlenme şeklindeki 

farklılıklar yarattığı etkileri değiştirmektedir. Örneğin CBD psikoaktif özellikte değildir. Bu 

özelliği nedeniyle, cannabidiol doğal takviyelerde ve diyette THC'den daha sık görülür. Ek 

olarak CBD hem endüstriyel kenevirde hem de narkotik kenevirde bulunur. THC ise kenevirin 

ana psikoaktif bileşeni olup kenevirin narkotik kısmıyla doğrudan ilişkili olan bir maddedir. 

Dünyada kenevir tarımı gün geçtikçe yaygınlaşmakta olup kenevir çeşitlerinde THC oranları 

açısından sınırlandırmalar getirilmiştir. Kenevir tarımının geliştirilmesi bakımından THC oranı 

düşük, lif ve tohum yönünden üstün verimli kenevir çeşitlerinin ıslah çalışmaları devam 

etmektedir. Endüstriyel tip kenevirler THC oranı düşük olan ve üst sınırı %0.3 olarak ifade 

edilen kenevir türleridir (Holoborodko vd., 2014; Sawler vd., 2015; Göre & Kurt, 2021).  

Endüstriyel tip kenevir tohumlarında THC içeriğinin %0.3 oranıyla sınırlandırılmış olması, 

kullanımda güvenceyi sağlamış ve çeşitli alanlarda yer alabilir bir bitki türü olduğunu 

göstermiştir. Türkiye’de kenevir tohumu yaygın olarak Karadeniz bölgesinde üretilmektedir. 

Toplumda kenevir tohumu, eski yıllardan beri halk tarafından çerez olarak tüketilmekte kendir 

veya çedene olarak bilinmektedir. Son dönemde gıdalarda kullanım sıklığı artmakta ve lezzet 
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arttırıcı ya da gıda zenginleştirme amacıyla kullanılabilmektedir. Gıdalarda sıklıkla kenevir 

tohumu, unu ve yağı olarak kullanılabilmektedir. Gastronomi alanında bu kullanım 

şekilleri ile unlu mamüller başta olmak üzere çeşitli ürün geliştirmeleri literatürde yer 

almaktadır. Kenevir tohumu, lezzet ve aroma verici olarak kullanılmasının yanı sıra besin 

değeri açısından da dikkat çekmektedir. Kenevir tohumu yaklaşık %25-35 lipid, %20-25 

protein ve %20-30 karbonhidrat içermektedir. Doymamış yağ asitleri oranının yüksek olması, 

tüm temel aminoasitleri içermesi ve iyi bir lif kaynağı olması ile sağlık açısından yararlı 

olabileceği düşünülmektedir. İçeriğindeki düşük doymuş yağ oranı, kalp-damar sağlığı 

açısından yarar sağlayabilecekken, glutensiz oluşu çölyak hastaları için alternatif, laktoz 

içermemesi ise laktoz intoleransı gösteren bireyler için tüketilebilir bir gıda ürünü sağlayabilir. 

İyi bir lif kaynağı olarak değerlendirilebilmesi ve temel aminoasitleri içermesi gibi sebepler 

insan beslenmesine ve sağlığına katkı sağlayabileceğini düşündürmektedir (Callaway, 2004; 

Göre & Kurt, 2021; (Yakut & Bayraktar, 2024). Bu sebeple bu derlemenin amacı kenevir 

tohumunun besinsel özelliklerini daha iyi anlamak, beslenmeye hangi ölçüde ya da nasıl dahil 

edilebileceğini gözlemlemek ve sağlık açısından değerlendirmelerin yapıldığı araştırmaları iyi 

bir şekilde analiz etmektir. 

 

KENEVİR TOHUMU BESİN İÇERİĞİ 

Kenevir tohumları botanik açıdan bakıldığında Cannabis sativa L.'nin meyveleridir. Bunlar 

yuvarlak şekilli, koyu kırmızı-kahverengi renkli olup, 3,0-5,0 mm arasında değişen bir çapa 

sahiptirler. Her tohum ince, iki katmanlı bir perikarp (dış tüp hücreli katman ve iç süngerimsi 

parenkima hücreli katman), bir endosperm ve iç kısmında iki kotiledon ile kaplı haldedir 

(Chandra vd., 2017). Kenevir tohumunun karbonhidrat (CHO), protein ve yağ içeriği kaynaklar 

arasında farklılık göstermektedir. Bunun temel nedeni bildirilen kenevir çeşitlerinin 40’tan 

fazla olmasıyla ilişkilidir. Kullanılan kenevir tohumu, ekolojik koşullar, yetiştirme şartları, 

hasat zamanı ve depolama koşulları besin bileşiminde farklılıklar sağlar. Literatürde incelenen 

bazı türlere göre değerler yaklaşık olarak %25-35 yağ, %20-25 protein ve %20-30 karbonhidrat 

içermektedir. Genel olarak iyi bir bitkisel protein içeriği olduğu ve protein oranının maksimum 

%30’lara çıktığı gösterilmiştir (House vd., 2010; Leonard vd., 2019). Bazı kenevir türlerinin 

formlarına göre besin bileşimlerinin ortalama değerleri Tablo 1’de gösterilmiştir (House vd, 

2010). Kenevir tohumu çeşitlerinin besin içeriklerindeki farklılıklar kenevir katkılı gıdaların 

besinsel, fizikokimyasal ve duyusal özelliklerinde farklılıklara yol açabilmektedir (Vonapartis 

vd., 2015). 

 

Tablo 1. Kenevir bitkisi formlarının ortalama besin bileşimleri (%) (House vd., 2010) 

Kenevir bitkisi formları Kuru madde 

 

    Yağ   Protein Diyet lifi Kül 

Bütün kenevir 94.1 ± 2.0 30.4 ± 2.7  24.0 ± 2.1 32.1 ± 2.5 4.8 ± 0.7 

Kabuğu alınmış kenevir 95.1 ± 1.4 46.7 ± 5.0   35.9 ± 3.6 7.8 ± 5.1 6.4 ± 0.8 

Kenevir unu 95.1 ± 2.3 10.2 ± 2.2   40.7 ± 8.8 30.5 ± 8.8 6.7 ± 1.0 
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MAKROBESİN İÇERİĞİ 

 

PROTEİN İÇERİĞİ 

Kenevir tohumunun içerdiği proteinden maksimum düzeyde yararlanabilmek için kenevir 

protein keki, kenevir protein konsantresi ve kenevir protein izolatı gibi ürünler geliştirilmiştir. 

Protein içeriği, kullanılan kenevirin türüne ve uygulanan yağ ekstraksiyon yöntemine (soğuk 

presleme veya solvent) bağlı değişmektedir (Malomo vd., 2014; Ponzoni vd., 2018; Wang & 

Xiong, 2019). Kenevir keki, yağ çıkarıldıktan sonra kalan posa olup genelde %20-30 

protein içerir. Kenevir protein konsantresi, kekten yağ ve lifin bir kısmı ayrılarak 

proteinin %50-70’e çıkarıldığı formdur. Kenevir protein izolatı ise ileri saflaştırma ile 

proteinin daha yüksek oranlara ulaştığı en saf türdür. Üçü aynı ham maddeden gelir ancak 

saflık ve protein oranları farklıdır. (Ponzoni vd., 2018).  

Kenevir tohumunda toplam 181 protein tanımlanmış olup iki ana depolama proteini olan edestin 

ve albümin dikkat çekmektedir (Aiello vd., 2016; Sun vd., 2021). Edestin proteini toplam 

protein oranının yaklaşık %60-%80'ini oluştururken geri kalan yaklaşık %25’lik kısım albümin 

proteinini oluşturur. Edestin proteini besinsel açıdan üstün olan ve daha yüksek kükürt içeren 

(metiyonin ve sistein), aromatik, dallı zincirli ve hidrofobik amino asitler içeriğine sahiptir 

(Malomo & Aluko, 2015). Albümin proteini daha fazla çözünürlük ve köpürme kapasitesi 

sağlarken, emülsiyon oluşturma yeteneğinde iki protein arasında bir fark gözlenmemektedir 

(Tang vd., 2006; Malomo vd., 2014). Bu proteinler önemli miktarda esansiyel amino asit 

içermektedir. Genel aminoasit içeriğine bakıldığında kenevir bitkisinin işlenmesine bağlı olarak 

içerisindeki aminoasit oranlarında değişiklikler olabilmektedir (Tablo 2) (House vd., 2010). 

Bitki türüne bağlı değişiklikler olsada özellikle arginin ve glutamik asit yüksekliği dikkat 

çekmektedir (Leonard vd., 2019; Hayıt & Gül, 2020).  

 

Tablo 2. Kenevir bitkisi formlarının ortalama aminoasit değerleri (House vd., 2010) 

 Kenevir bitkisi formları 

 Bütün kenevir Kabuğu alınmış kenevir Kenevir unu 

Alanin 0.96±0.09 1.52 ± 0.14 1.61 ± 0.32 

Arginin 2.28± 0.26 4.55 ± 0.45 3.91 ± 0.89 

Asparagin 2.39 ± 0.18 3.66 ± 0.37 3.66 ± 0.67 

Sistin 0.41 ± 0.06 0.65 ± 0.07 0.70 ± 0.15 

Glutamik asit 3.74 ± 0.30 6.23 ± 0.77 6.03 ± 1.24 

Glisin 1.06 ± 0.10 1.61 ± 0.15 1.66 ± 0.35 

Histidin 0.55 ± 0.06 0.97 ± 0.11 0.93 ± 0.19 

İzolösin 0.80 ± 0.11 1.29 ± 0.35 1.45 ± 0.23 

Lösin 1.49 ± 0.16 2.14 ± 0.28 2.35 ± 0.45 

Lizin 0.86 ± 0.09 1.26 ± 0.05 1.32 ± 0.27 

Metiyonin 0.56 ± 0.08 0.94 ± 0.12 0.88 ± 0.25 

Fenilalanin 1.03 ± 0.16 1.43 ± 0.30 1.62 ± 0.30 

Prolin 0.90 ± 0.10 1.62 ± 0.41 1.59 ± 0.32 

Serin 1.19 ± 0.17 1.70 ± 0.17 1.73 ± 0.32 

Treonin 1.01 ± 0.22 1.27 ± 0.11 1.35 ± 0.23 

Triptofan 0.23 ± 0.06 0.38 ± 0.07 0.39 ± 0.10 

Tirozin 0.68 ± 0.11 1.28 ± 0.22 1.15 ± 0.28 

Valin 1.14 ± 0.14 1.78 ± 0.19 1.91  0.30 
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YAĞ İÇERİĞİ 

Kenevir tohumu yaklaşık olarak %30-35 oranında yağ içermektedir. Doymuş yağ içeriğinin az 

olması besin profili açısından tercih edilebilir bir gıda olduğunu göstermektedir. Kenevir 

tohumu yağ içeriği, %80-90'a kadar doymamış yağ asidi profili ile ilişkili olup bu fraksiyonun 

%70-80'ini çoklu doymamış yağ asitleri (PUFA) oluşturmaktadır. Kenevir tohumunda bulunan 

tekli doymamış yağ asidi oleik asit (OA, 18:1, n-9) iken çoklu doymamış yağ asitleri sırasıyla 

linoleik asit (LA, 18:2, n-6), α-linolenik asit (ALA, 18:3, n-3) ve γ-linolenik asittir (GLA, 18:3, 

n-6) (Farinon vd., 2020; Crescente vd., 2018). Kenevir tohumunda %50-70 oranında linoleik 

asit, %15-25 oranında α-linolenik asit ve %3-5 oranında γ-linolenik asit bulunmaktadır. Diğer 

bitkisel yağlara kıyasla hem α-linolenik asit hem de linoleik asit esansiyel yağ asitlerinin daha 

yüksek bir konsantrasyonuna sahiptir. Aynı zamanda n-6 ve n-3 yağ asitleri oranına 

bakıldığında bu oran yaklaşık olarak 3:1 oranındadır (Andre vd., 2016; N. Doğan & C. Doğan, 

2021; Göre & Kurt, 2021). 

 

LİF İÇERİĞİ 

Kenevir tohumu, yaklaşık 20:80 oranında suda çözünen ve suda çözünmeyen lif içermektedir. 

Bu oran diğer tohum ve baklagillere kıyasla benzerdir. Kenevir tohumu lifinin büyük bir kısmı 

kabukta bulunur, geri kalanı ise tohumun kotiledon kısmından gelir. Kabuğu alınmış, kabuklu 

ya da un formunda kullanılabildiği için lif açısından oranlarında değişiklikler olabilmektedir. 

Kenevir tohumunun diyet lifi açısından zengin oluşu hem gıda üretiminde kullanılabilirliğini 

arttırır hem de sağlık açısından alternatif bir gıda olabileceğini göstermektedir (Callaway, 

2004). 

 

MİKROBESİN İÇERİĞİ 

Kenevir tohumu içerisindeki makrobesinlerin yanı sıra mikrobesinler açısındanda zengin bir 

gıdadır (Tablo 3). Özellikle E vitamini (tokoferol) ve B kompleks vitaminleri de dahil olmak 

üzere çeşitli vitaminler besin profilinde yer alır (Leonard vd., 2019). B grubu vitaminler 

arasında B1 vitamini (tiamin) ve B2 (riboflavin) yer almaktadır (Callaway, 2004; Emekli-

Alturfan, 2023). Mineraller açısından kenevir tohumu fosfor, potasyum, magnezyum, kalsiyum 

ve sodyum gibi temel makro elementleri içermektedir. Aynı zamanda demir, manganez, çinko 

ve bakır gibi önemli eser elementleri de besin içeriğinde bulundurmaktadır (Kaçar vd., 2025; 

Callaway, 2004).  

 

Tablo 3. Kenevir tohumundaki vitamin ve minerallerin içeriği (mg/100g) (Callaway, 2004) 

E vitamini 90.0 

B1 vitamini (tiamin) 0.4 

B2 vitamini (riboflavin) 0.1 

Fosfor (P) 1160 

Potasyum (K) 859 

Magnezyum (Mg) 483 

Kalsiyum (Ca) 145 

Demir (Fe) 14 

Sodyum (Na) 12 

Manganez (Mn) 7 

Çinko (Zn) 7 

Bakır (Cu) 2 
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BİYOAKTİF BİLEŞİKLER 

Bitkisel bileşenler açısından zengin olan kenevir tohumunda yedi temel flavonoid öncüsü 

(izoviteksin, apigenin, naringenin, eriodictyol, luteolin, kaempferol, quercetin) bulunur ve bu 

bileşiklerin modifiye formları sayesinde flavonoid sayısı 20’yi aşmaktadır. Kenevir türlerine 

göre fenolik içerik değişmekte olup yaklaşık 2224mg/100g GAE olarak bildirilmiştir 

(Vonapartis vd., 2015; Korus vd., 2017; N. Doğan, & C. Doğan, 2021). E vitamini bileşikleri 

açısından değerlendirildiğinde ise kenevir tohumu, yüksek konsantrasyonlarda tokoferoller ve 

tokotrienolleri içerir. Kenevir tohumundaki toplam tokoferol oranı yaklaşık olarak 90-

150mg/100g’dır. Bu oran daha yüksek oranda γ-tokoferolden (toplam tokoferol oranının 

yaklaşık %85'i) oluşmaktadır. Bulunma oranını sırasıyla α-tokoferol, δ-tokoferol ve β-tokoferol 

takip etmektedir. Kenevir tohumu bu dağılım özelliği ile diğer yağ tohumlarından ayrılabilir. 

Çünkü çoğu yağ tohumu ağırlıklı olarak α-tokoferolden zengindir. (Vonapartis vd., 2015; Kaçar 

vd., 2025). Kenevir tohumu fitosteroller açısından da zengindir. Kenevir tohumundaki toplam 

fitosterol içeriği kg başına 4,2-6,7 g arasında değişmektedir (Leizer vd., 2000). 

 

GIDA ÜRETİMİNDE KULLANIMI 

Gıda sektöründe endüstriyel kenevir içerikli ürünler yaygın olarak kabuklu kenevir, 

kabuğundan ayrılmış kenevir tohumu, kenevir unu, kenevir posası, kenevir yağı ve kenevir sütü 

olarak sıralanabilir. Kenevir tohumu ve endüstriyel kenevir katkılı çeşitli ürünler Avrupa’da 

besin kaynağı olarak karşımıza çıkmaktadır (Kazkondu vd., 2024). Türkiye’de çedene adıyla 

bilinen kenevir çerez olarak tüketilmektedir. Çerezlik olarak kavrulan kenevir tohumlara 

yüksek sıcaklıklara maruz kaldığında oksidasyon artar ve sonucunda tokoferol içeriğinde 

önemli azalmalar gözlenir. Bu sebeple kenevir tohumlarına kavurma işlemi uygulaması 

mümkün olduğunca düşük sıcaklık ve sürede yapılmalıdır. Uygun sıcaklık ve sürede 

kavrulduğunda sağlık açısından olumsuz bir etki göstermemektedir. Kenevir tohumları 

kavrulmuş hali ile çoğunlukla gıda ürünlerinin yüzeylerinde kaplama olarak ya da süsleme 

amacıyla kullanılmaktadır (Yilmaz vd., 2023; Kazkondu vd., 2024).  

Kenevir yağı eldesi kabuğu çıkartılmış tohum formunun soğuk pres yöntemi ile işlem görmüş 

halidir. Çıkarılan yağ yüksek oranda çoklu doymamış yağ asitlerini içerir. Üretim aşamasındaki 

soğuk pres yöntemi, besin değerinin en çok korunduğu yöntemdir (Callaway, 2004). Kenevir 

unu ise iki farklı yolla elde edilir. İlk olarak kabuklu kenevir tohumundan ve kabuğu alınmış 

kenevir tohumlarının toz haline getirilmesi ile kenevir unu elde edilebilir. Bir diğer yol ise 

kenevir yağı elde edildikten sonra geriye kalan posa kısmı öğütülerek un formuna 

getirilmesidir. Posa kısmı yağdan ayrışmış, proteini daha yüksek ve aminoasitten zengindir 

Rusu vd., 2021). Besin değeri ile alternatif bir bitkisel içecek olabilecek kenevir sütü, kenevir 

bitkisinin bir diğer oluşum formudur (Tablo 4) (Bridges, 2018). Kenevir sütü hem kabuklu hem 

kabuksuz formlardan yapılabilir. Su ile karıştırılıp blenderize edilmesinden oluşan bir içecek 

olup tek başına tüketilebilir ya da gıda üretimine katkıda bulunabilecek bir üründür (Besir vd., 

2022).  

Kenevirin farklı formlarının gıda endüstrisinde kullanımı gün geçtikçe artmaktadır. 

Günümüzde yaygın kullanım alanı başta ekmekçilik, pastacılık gibi unlu mamülleri içersede 

salata soslarında kullanım ya da gıda zenginleştirme amacıylada kullanılmaktadır. Kenevir 

tohumu, kenevir unu ve kenevir yağı ekmekçilik ve pastacılık alanında tercih edilmektedir. 

Kullanılan kenevir unu ve yağı ürünlere farklı bir aroma ve lezzet katmakta, besin değeri içeriği 

ile gıda zenginleştirme gibi sebeplerle tercih edilmektedir (Yilmaz vd., 2023). Kenevir unu gıda 

geliştirmede tek başına kullanılabildiği gibi diğer tahıl unları ile karıştırılarakta kullanılabilir. 

Örneğin buğday, çavdar gibi unlar ile karıştırılarak unlu mamüller elde edildiğinde ürün 
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görünümünün ve lezzetinin arttığı, lif içeriği ve besin değeri açısından zenginleştiği 

görülmüştür (Apostol vd., 2015; Kazkondu vd., 2024). 

 

Tablo 4. Kenevir sütünün besin bileşimi (100ml) (Bridges, 2018) 

 Kenevir sütü (100ml) 

Enerji (kkal) 42.10 

Protein (g) 1.99 

Karbonhidrat (g) 3.33 

Yağ (g) 2.92 

Kalsiyum 125 

Demir 1.08 

Sodyum 17.08 

 

SAĞLIK ÜZERİNE ETKİLERİ 

Kenevir literatürde farklı kullanım amaçları ile incelenmiştir. Sağlık üzerine etkileri tıbbi 

amaçlı kullanım ve besin alımına bağlı vücuttaki etkileri ile değerlendirilmektedir. Kenevir, 

tohum haliyle tüketimden un formuna getirilmesine, yağının çıkartılması ile elde edilen 

posadaki protein oranlarına ve süt eldesine kadar birçok aşamadan geçerek kullanılabilir bir 

içeriğe ve yapıya sahiptir. Gıda formundaki kullanım çeşitliliği gün geçtikçe artmakta ve 

literatürde bu anlamda incelenmesi sınırlı olsada ileriye yönelik bu alanda çalışmaların artacağı 

öngörülmektedir.  

Kenevir tohumu, insan sağlığı için gerekli olan dokuz temel amino asidin tamamını içeren 

yüksek kaliteli, bitkisel bir proteindir. Protein kalitesi, kenevir tohumu proteininin aminoasit 

profiline, sindirilebilirliğine ve biyoyararlanım kriterlerine bağlı olarak değişir. Aminoasit 

profiline bakıldığında Dünya Sağlık Örgütüne göre kenevir proteinin aminoasit içeriği 2-5 yaş 

arası çocukların gereksinimini sağlamakta yeterli düzeydedir (Aiello vd., 2016). Aminoasit 

profili olarak kenevir tohumunda en çok glutamik asit ve arginin bulunur. Arginin, nitrik oksit 

(NO) öncüsü olarak görev yaparak kan damarlarının gevşeyip genişletilmesinde rol oynar. Bu 

sebeple kalp-damar sağlığı açısından önemli rol oynayabileceği çalışmalarda bildirilmiştir 

(Kaçar vd., 2025). Kenevir proteini ile ilgili yapılmış bir başka çalışmada ise kenevirin farklı 

formlarının sindirilebilirliği ve protein kalitesi (PDCAAS) değerleri incelenmiştir. Protein 

sindirilebilirliği ve PDCAAS değerleri tam kenevir tohumu için sırasıyla %84.1-86.2 ve %49-

53, kenevir tohumu unu için %90.8-97.5 ve %46-51, son olarak kabuğu çıkarılmış kenevir 

tohumu için %83.5-92.1 ve %63-66 olarak bulunmuştur. Kabuk fraksiyonunun çıkarılması 

protein sindirilebilirliğini ve bunun sonucunda oluşan PDCAAS değerini arttırmıştır. Çalışma 

sonucunda kenevir proteinlerinin belirli tahıllara, kuruyemişlere ve bazı baklagillere eşit veya 

daha büyük bir PDCAAS değerine sahip olduğunu göstermiştir (House vd., 2010; Kaçar vd., 

2025). 

Literatürde kenevir tohumu içeriği kardiyovasküler hastalıkların gelişimini önlemek ile 

ilişkilendirilmiştir. Kenevir tohumu yağının içerisindeki E vitamini, hücreleri oksidatif stresten 

koruyan güçlü bir antioksidan kaynağıdır. Kan damarları üzerinde koruyucu etki gösterir ve E 

vitamini aktif formu olan tokoferoller ateroskleroz riskini azaltmak ile ilişkilendirilmiştir. 

(Necib vd., 2022; Ostapczuk vd., 2021). E vitamini müdahalesinin yapıldığı çalışmalarda LDL 

kolesterolde düşüşler, trombosit agregasyonunda azalma, endotel fonksiyonda iyileşme gibi 

sonuçlar yer almaktadır (Mathur vd., 2015). Kenevir tohumunda bulunan önemli bir mineral 

olan magnezyum ise vücutta kalp ritminin normal aralıklarda kalması, kas fonksiyonunun 

devamlılığı ve kan basıncının düzenlenmesinde rol oynar. Bu etkileri ile hipertansiyon ve kalp 

sağlığı açısından rol oynaması magnezyumu vücut için gerekli bir mineral haline getirir. 
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Kenevir tohumunda bulunan diğer bir mineral ise potasyumdur. Potasyum, vücudun su ve 

elektrolit dengesinin korunmasında rol oynar. Bu etkisi ile vücutta vazodilatasyonu teşvik 

ederek kan basıncının yükselmesini önler. Kenevir tohumunda eser element olarak bulunan ve 

antioksidan aktivite gösteren çinko ise oksidatif stresi azaltıp, bağışıklık fonksiyonuna katkı 

sağlayarak vücutta kalp-damar hastalıklarının önlenmesinde yardımcı görev görür (Kaçar vd., 

2025). Kenevir tohumu ayrıca enerji metabolizması, kırmızı kan hücresi üretimi ve sinir 

fonksiyonunun sağlıklı bir şekilde devamlılığı için gerekli olan B1 vitamini ve diğer B grubu 

vitaminleri içerir. Bu vitaminler homosistein düzeylerinin düzenlenmesinde rol oynayarak kalp 

sağlığı ile ilişkilendirilirler. (Ganguly & Alam, 2015; Emekli-Alturfan, 2023). Fitosteroller 

açısından da zengin olan kenevir tohumu bağırsakta emilim için kolesterolle rekabet edebilir. 

Sonucunda kan kolesterol seviyelerine olumlu etki sağlayabilir. Düşük kolesterol seviyeleri 

kalp sağlığı için önemli bir kriter olup diğer fitosterol kaynaklarının LDL kolesterolü düşürdüğü 

literatürde yer almaktadır. Bu özellikleri ile kenevir tohumu besin profili ile kardiyovasküler 

sağlığı korumada alternatif bir gıda olabileceğini göstermektedir (Ras vd., 2014; Kaçar vd., 

2025). 

Kenevir tohumu bitkisel bir protein olup, doymamış yağlardan ve liften zengin bir gıdadır. 

Diyet lifi sağlık açısından büyük rol oynar. Diyet lifi prebiyotik etki gösterir, insülin 

duyarlılığını arttırır ve iştahı baskılayarak besin alımını azaltıcı etki sağlar. Bu özelliği ile diyet 

lifinin obezite ve diyabet riskini azaltıcı etkisi vardır ve diyette yer verilmesi istenir. Ayrıca 

kolesterol değerlerini düzenleyici etkisi vardır. Düşük yoğunluklu lipoprotein (LDL) 

değerlerini azaltıp yüksek yoğunluklu lipoprotein (HDL) değerlerini arttırmada rol oynar. Ek 

olarak diyet lifinin bağırsak mikrobiyotasına da etkisi vardır. Bağırsak hareketini düzenler, 

inflamasyonu azaltır ve bağırsak sağlığı için önemli olan kısa zincirli yağ asitlerinin 

fermentasyonuna katkı sağlar. Bu özellikleri ile kenevir tohumunun metabolik sağlığı 

desteklemede bir rol sağlayabileceği düşünülmektedir (Jiang vd., 2001; Korcz vd., 2018; Kaçar 

vd., 2025). 

Bitkisel protein kaynakları vegan ve vejetaryen bireyler tarafından önem taşımaktadır. Yeterli 

protein alımını sağlamakta zorluk yaşadıkları ya da yaşayabilecekleri için bitkisel protein 

kaynaklarının içerikleri iyi incelenmelidir. Hayvansal kaynaklardan yoksun bir diyet, kenevir 

proteininin mükemmel besin değeri sayesinde kabul edilebilir miktarda protein sağlayabilir. 

Aynı zamanda vegan ve vejetaryen diyetlerdeki bir diğer önemli sorun omega-3 yağ asitleri 

alımının sınırlı oluşudur. Kenevir yağının avantajlı omega-6/omega-3 oranı, çoklu doymamış 

yağ asitlerinin dengeli tüketimine katkı sağlayabilir (Yakut & Bayraktar, 2024). Kenevir 

tohumundan elde edilen kenevir sütü ise alternatif bir bitkisel süt kaynağıdır. İnek sütü alerjisi 

olan ya da laktoz intoleransı olan bireyler için bitkisel bazlı sütler önem taşır. Aynı zamanda 

vegan veya vejetaryen olan bireyler için popüler bir içecek olabilir. Besleyici bir içeriğe sahip 

olması sebebiyle kişisel sebepler kaynaklı hayvansal süt tüketemeyen bireyler bitkisel süt 

tercihlerinde kenevir sütünü alternatif bir içecek olarak kullanabilir (Besir vd., 2022; Yakut & 

Bayraktar, 2024). 

Kenevir tohumu un formuna getirildiğinde birçok unlu mamülün yapımında kullanılabilirlik 

sağlar. Başta çölyak hastaları olmak üzere gluten tüketemeyen bireyler için alternatif bir gıda 

ürünü olması önemlidir. Gıda üretimine katkı sağladığı gibi gluten kaynaklı oluşabilecek 

semptomların önüne geçilmesine ve genel sağlık durumunun iyileştirilmesine katkı sağlar. 

Kenevir tohumu unu fitik asit, tanenler, tripsin inhibitörleri, siyanojenik glikozitler ve 

saponinler gibi beslenme karşıtı bileşenler de bulunmaktadır. Bu bileşenlerin miktarı kenevir 

türüne bağlı değişebilmekte ve üretim esnasında yasal sınırlar içerisinde kullanıldığından emin 

olunmalıdır. Aksi takdirde minerallerin yetersiz emilimi ya da protein sindiriminde zorluk gibi 

sorunlar ortaya çıkabilir ve genel sağlık durumunu olumsuz yönde etkileyebilir (Capcanari vd., 

2023). 
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SONUÇ VE ÖNERİLER 

Kenevir tohumu; zengin besin profili, yüksek kaliteli protein içeriği, dengeli esansiyel yağ asidi 

kompozisyonu, lif yapısı ve biyoaktif bileşenleri sayesinde insan beslenmesi açısından değerli 

bir gıda kaynağıdır. Mevcut literatür, kenevir tohumunun gıda ürünlerinde kullanımının hem 

besinsel hem de teknolojik açıdan önemli avantajlar sunduğunu göstermektedir. Un, yağ, süt 

veya posa formunda unlu mamullerden içeceklere kadar geniş bir ürün yelpazesinde 

kullanılabilmesi, gıda sanayisi için büyük bir potansiyel ortaya koymaktadır. Ayrıca laktozsuz, 

glutensiz ve bitkisel protein kaynağı olması, kenevir tohumunu belirli tüketici grupları için 

alternatif bir gıda bileşeni hâline getirmektedir. Zengin besin içeriği sayesinde kardiyovasküler 

hastalıklar, obezite ve diyabet gibi çeşitli sağlık sorunlarının gelişiminin önlenmesine katkı 

sağlayabileceği düşünülmektedir. Ancak günümüzde, kenevir tohumu ve türevlerinin gıdalarda 

kullanımına ve sağlık üzerindeki etkilerine yönelik bulgular hâlâ sınırlıdır. Daha geniş 

popülasyonlarda yapılacak çalışmalar ve uzun dönemli değerlendirmeler, kenevir tohumunun 

sağlık açısından ne kadar etkili bir gıda kaynağı olabileceğini daha net ortaya koyacaktır. Tüm 

bu değerlendirmeler ışığında, sağlıklı beslenme eğilimlerinin giderek güçlendiği günümüzde 

kenevir tohumunun fonksiyonel bir bileşen olarak önemini koruyacağı ve gıda sanayisinde daha 

geniş bir kullanım alanı bulacağı öngörülmektedir. 
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ABSTRACT 

Collective Enviromental Action and Movements Outomes: Rethinking Decision-Making in 

Albania Environmental movements have emerged as critical collective actors in addressing the 

escalating ecological crises of the twenty-first century. Rooted in diverse ideological traditions 

and organizational forms, these movements mobilize citizens, experts, and transnational 

networks to challenge environmentally harmful practices and advocate for sustainable 

alternatives. This paper examines the evolution, strategies, and political impact of 

environmental movements, paying particular attention to how they frame ecological concerns, 

build coalitions, and influence decision-making at local, national, levels. Drawing on 

interdisciplinary displines, the analysis highlights the interplay between grassroots activism, 

scientific knowledge, and institutional politics in shaping environmental agendas. In the 

Albanian context, enviromental movements have gained visibility in responce to issues such as 

hyrdopower expansion, urban development pressures, and waste management crises. Despite 

limited resources and institutional barriers, Albanian activists increasingly shape public debate 

and pressure authorities to adopt more transparent and participatory decision-making process. 

Ultimately, the study underscores the role of environmental movements as key drivers of socio-

ecological transformation, capable of reshaping public discourse, pressuring authorities, and 

fostering more inclusive and resilient forms of environmental governance 

Key words: Enviroment, Action, Movements, Decision, Albania.  

 

Introduction 

In the face of global environmental crises, ranging from climate change to biodiversity loss and 

unsustainable resource exploitation, environmental movements have become essential actors in 

mobilizing public awareness and shaping policy responses. These movements combine 

grassroots activism, scientific expertize, and civic advocacy to challange harmful practices, 

demand accountability, and push for sustainable governance. Their effectiveness lies not only 

in raising ecological concerns, but in influencing institutional decision-making, legitimizing 

alternative development paths, and promoting participatory governance.  

In Albania, the rise of enviromental activism reflects growing social concern over rapid 

economic development, often undertaken with minimal environmental oversight. Several recent 

case illustrate this tension. For example, local and international activist rallies in 2020 against 
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the construction of a hydropowers dam on the Vjosa River. Vjosa River is one of Europe’s last 

free-flowing river (Arning, 2020). Meanwhile, civil-society initiatives under project such as 

LëvizAlbania have sought to strengthen local democracy and enviromental governance by 

empowering communicatiob supporting advocay, and promoting transparency and 

accountability (LevizAlbania, 2023).  

Despite these activist efforts, challenges remain. Based on reports, enviromental protection in 

Albania continues to be challanged by; -institutional capacity weakness; - enviromental impact 

assessments are often of poor quality; -public participation in decission-making remains limited 

and implementation of existing enviromental law is uneven (Kryeziu, 2025).  Albania’s 

economic trajectory, grouth challengies, infrastructure expasion and production raises question 

about how enviromental concers can be balanced with socio-economic development.  

Given this backdrop, this paper aims to examine the role of enviromental movements in shaping 

decission-making process in Albania. By exploring questions such as, to what extent have 

enviromental movements succeeded in influencing policy, planing and governance? What 

structural, institutional and social factors enhance or constrain their impact? By exploring these 

questions, throuh policy analysis, and evaluation of civil-society initiatives, contribution is on 

contextualizing understanding of enviromental activism in Albania. 

Background on evirommental movements  

Enviromental activism in post-communist countries presents a distict set of challenges shaped 

by the legacies of authoritarian rule, weak institutional consolidation, and uneven 

democratization. Scholars underline that soical movements in these contest operate withing 

constrained political opportiunities structures, characterized by limited state transparency, 

fragmented civil society, and low public trust in institutions (Porta & Tarrow, 2005). These 

structural limitations influences both the emergence and effectiveness of enviromental 

movements. 

One of the key challanges in transitional societies is the weakness of enviromental governance 

framework. In many post-communist states, enviromental regulation developed slowly after the 

1990s often overshared by urgent economic reforms and privatization. Analysing Albanian civil 

society, the early post-transistion period was marked by low organizational capapcity, donor 

dependency, and limited public engagement, factors that restricted the potential for 

enviromental mobilization (Vurmo & Kurti, 2013).  

Another defining characteristic of environ mental activism in the region is the central role of 

external actors, including international NGOs, EU institutions, and transnational advocacy 

networks. Della Porta and Tarrow highlight how transnational activism can compesate for 

domestic weakness by providing resources, legitimacy, and visibility to local movements (Porta 

& Tarrow, 2005). This dynamic has been evident in cases such as the protection of the Vjosa 

River in Albania. These campaigns often relied on cross-border coalitions, enviromental 

experts, and European lega mechanisms to presure governments and shape public discourse. 

Moreover, environmental movements in young democracies, such as Albania must contend 

with clientelism, corruption, and political mobilization, which limit their access to decision-

makers and weaken the impact of public consultations. Political elites frequently prioritize 

short-term economic gains or private interests over long-term environmental sustainability, 

creating friction between developments agendas and environmental protection. In Albania, for 

example contentious projects in hydropower, waste incineration, and urban development 

illustrate how decision-making process can trigger mobilization but also constrain activist 

influence.   
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Despite these challenges, the post-communist context has also seen the emergence of more 

professionalized, media and legally informed environmental organizations. These groups 

increasingly utilize legal appeals, activism, community organizing, and strategic litigation to 

challenge harmful practices and demand accountability. The evolution of these movements 

reflects broader regional trends toward more participatory forms of governance, influenced by 

EU integration pressures and growing environmental awareness. 

Environmental Movements and Decision-making Challenges  

Decision-making processes in Albania are shaped by a complex interplay between formal 

institutional structures, evolving legal frameworks, and the briader political environment 

characteristics of a transitioning democracy. Although Albania has made progres toward 

strengthing democratic govenance, particularly under the influence of EU, environmental 

decision-making remains constrained by structural weakness, limited transparency, and uneven 

implementation of existing laws. 

Enviromental governance in Albania is primarily overseen by the Minisrty of Toursm and 

Enviroment, supported by subordinate agencies such as the National Enviromental Agency and 

the State Inspectorate of Environment and Foresty. These institutions are responsible for policy 

development, enviromental decision-making include the Law on Enviromental Protection, the 

Law on Enviromental Impact Assessment and the Law on Strategic Environmental Assessment 

(Ministry of Tourism and Environment, 2011); (Ministry of Tourism and Environment, 2013); 

(Ministry of Tourism and Environment, 2013). While these laws formally align with EU 

directives, scholars note that implementation is inconsistent (Bino & Marku, 2020). 

Enviromental impact assessments are often criticized for lacking rigor, insufficient scientific 

grounding, and limited indepenedence from project developers. As a result, the quality of 

enviromental decision-making frequently depends on political will rather than institutional 

procedure. 

Albania has adopted several mechanism intended to foster public participation in enviromental 

decision-making, consistent with the principals of the Aarhus Convention, which the country 

ratified in 2001. These includes requirements for public hearings during EIAs, acess to 

enviromental information, and the right of civil society organizations to contribute to planning 

process. However, in practice, public participation remains modest. Research shows that 

consultations are often announced with short notice, held at inconvenient times, or involve 

limited disclosure of key documents (Vurmo, 2013). Civil society actors frequently report that 

their recomendations are acknowledged superficially but rarely incoporated into final decisions. 

This limited partitipatory culture contributed to public skepticism and reinforcment a perception 

that enviromental decissions are predentermined and driven by political or private interests. 

Decision-making  in regards to enviroment in Albania is impacted by a broader structural 

challange, including political influences, or weak institutional oversight. Transparency 

International’s assessment consistently highlight vulnerabilities in procurement process and 

public-private pratnerships, often linked to large infrastructure projects such as hydropower 

plants, weast incinerators, and urban redevelompent initiatives. Clientelism and political 

patronage further weaken institutional checks and balances, creating incentives for decision-

makers to priotize short term economic gains over long-term enviromental sustainanility. This 

dynamic undermines trust in public institutions and contributes to recurring conflicts between 

development priorities and environmental protection. 

Additionally, local governments units, key actors in land use planning and environmental 

premitting, often lack the technical capacity and resources to enfoce environmentak regulations 

effecitively (Kodra & Lame, 2019). 
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From the other side, Albania’s rapid development trajectory exacerbates these governance 

challenges. Initiatives in hydropower, tourism development, and urban expansion frequently 

rely on expedited decision-making process justified by economic growth objectives. 

Environmental consideration, though legally required, often appear secondary. This tension has 

led to significant public controversies, such as the hydropower projects on the Vjosa River, 

construction in protected areas like Divjaka-Karavasta National Park and waste incinerator 

concession in Tirana, Fier and Elbasan (EcoAlbania, 2021) . These cases illustrate how 

ambiguity decision-making and perceived procedural irregularities can trigger public protest, 

legal challenges, and international scrutiny, highlighting the growing but still constrained role 

of civil society in influencing environmental governance (EcoAlbania, 2021). 

Despite persistent challenges, there have been signs of progress. EU integration has driven 

improvements in legislation, administrative reform, and alignment with European 

environmental standards. The expansion of environmental NGOs, investigate journalism, and 

youth activism has increased public pressure for more transparent and accountable decision-

making. Courts have also become more responsive to environmental cases, with several rulings 

suspending or overturning permits due to insufficient EIAs (Mayer, 2018).  These developments 

suggest that while Albania’s environmental decision-making process remain imperfect, they 

are gradually becoming more open and contested, offering new opportunities for civil influence. 

Conclusions  

Environmental movements in Albania continue continue to navigete apolicy environment 

shaped by compenting development priorities, institutional weaknesses, and limited 

opportunities for meaningful public participation. Although civil society has become 

increasingly vocal, professionalized, and capeble, particularly in high-profile campaigns such 

as the protection of rivers, forests, and public spaces. Its influence over environmental decision-

making remains uneven and often constrained by ambiuge procedures and political interference. 

These limitations reflect broader governance challenges in Albania, where short-term economic 

gains and clientelist networks frequently outweigh long-term ecological considerations. 

Strengthening environmental governance requires more transparent institutional processes 

higher-quality and independent environmental assessments, and the genuine inclusion of 

citizens and local communities in planning and consultation. Improvement enforcement of 

environmental laws, coupled with stronger oversight and accountability mechanisms, would 

further support, more balenced and evidence-based policy decisions. As Albania advances 

toward EU integration, enviromental movements will play an increasingly essential role in 

monitoring government actions, mobilizing public awaeness, and ensuring that sustainable 

development, not political expendiency or private interests guides the country’s public 

decisions. Their continued engagement will be critical for safeguarding natural resources, 

enhancing democratic practices, and shaping a more resilient and participatory model of 

environmental governance. 
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ABSTRACT 

The swift pace of industrialisation, the rise and expansion of capitalist economic systems, have 

prompted a significant influence on the widespread use and disposal of single-use plastics. Such 

developments, apart from spurring economic growth, have also triggered certain serious 

environmental crises marked by the production and accumulation of vast quantities of 

unregulated plastic waste in the ecosystem. This research explores the nexus between 

industrialisation, capitalism and the escalation in the quantities of single-use plastics, with 

special attention to the legal frameworks that attempt to monitor such wastes, within the ulterior 

motive of sustainable development. 

This study examines how capitalist production models prioritise efficiency and profit over 

environmental accountability, often resulting in regulatory gaps and lax enforcement.   

To address the problem of unregulated plastic trash, the effectiveness and limitations of the 

current national and international legislative tools such as the Environment (Protection) Act and 

India’s Plastic Waste Management Rules are examined. The idea of unregulated waste is 

examined to highlight the sectors with minimal or no legal oversight. A particular attention has 

been given to the understanding of the position and responsibility of judicial activism in India 

where courts have intervened to protect environmental rights and influence government action. 

Through the application of the polluter pays principle and the extended producer responsibility, 

landmark rulings of the judiciary are analysed in order to evaluate the judiciary’s role in the 

enforcement of environmental accountability. 

The research study, to close regulatory loopholes, encourage corporate accountability and 

incorporate sustainable practices,  aims to conclude by suggesting effective and actionable legal 

and policy recommendations. This study contends that in the context of a rapidly industrialising, 

capitalist world, reducing the impact of unregulated single-use plastic waste requires a drift 

away from reactive judicial measures towards more proactive and enforceable legal 

mechanisms. 

Keywords: Single-Use Plastics, Unregulated Plastic Waste, Producer, Industrialisation, 

Capitalism, Judicial Activism, Environment, Polluter Pays Principle, Sustainable Development 
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INTRODUCTION 

The rapid pace of industrialisation and the growth of capitalist economies have gradually 

changed the dynamics of global production, consumption, and waste. Plastics, particularly 

single-use plastics, have come to represent this change, thus portraying them as both useful for 

convenience and burdensome due to their environmental persistence. (Hannah Ritchie, 2023) 

Plastics receive widespread adoption for consumption due to their quality of being economical 

and durable. Long-lasting contamination results from their chemical makeup, which makes 

them extremely resistant to natural deterioration. Mass production, consumer demand, and 

profitability have all contributed to the broad use of plastics across industries under capitalist 

market structures. (P.G.C. Nayanathara Thathsarani Pilapitiya, 2024). Single-use plastics are 

now a necessary component of modern life since they are affordable, adaptable, and readily 

discarded. However, their unregulated increase in the economy has resulted in severe 

environmental and health consequences, ranging from oceanic pollution and microplastic 

contamination to the strain on waste management systems and threats to biodiversity. (Haixin 

Jiao, 2024). 

In this paper, the researcher provides an overview of the major sources of single- use plastic 

waste generation, highlighting the contribution of the industrial and capitalist sectors towards 

its increased production, the inadequate waste management structure leading to unregulated 

plastic waste being accumulated in the environment, and their impact on the land and marine 

ecosystems. It examines the existing legal framework in India for regulating single-use plastics, 

sheds light on potential challenges, and offers future directions for sustainable management of 

the overwhelming generation of single-use plastic waste. 

 

RESEARCH AND FINDINGS 

Plastics and polymers have become an integral part of modern society, with a wide range of 

applications across various industries. From the invention of plastics to their widespread use 

today, the evolution of these materials has been nothing short of remarkable. 

The origins of plastics can be traced back to the mid-19th century, when chemists began 

experimenting with natural materials such as rubber and cellulose to create new materials with 

unique properties. In 1907, chemist Leo Baekeland invented Bakelite, the world's first synthetic 

plastic, which marked the beginning of the modern plastics industry. A wide variety of plastics 

with various qualities and uses have been created over time because to developments in polymer 

science. For instance, one of the most used plastics in the world today is polyethylene, which 

was discovered in the 1930s. (The Evolution Of Plastics And Polymers: From Invention To 

Innovation, 2024). 

Major causes of plastic pollution are land-based, from urban and stormwater runoff, littering, 

industrial activities, tyre abrasion, construction and agriculture. To stop plastic pollution, it is 

essential to address these root causes and implement sustainable solutions. Over 460 million 

metric tons of plastic are produced every year for use in a wide variety of applications. 

(Yerramsetti, 2024). 

 

INDUSTRIALISATION AND CONSUMERISM VIS-À-VIS SINGLE-USE PLASTICS 

According to a 2016 report written for the billionaires present at the annual World Economic 

Forum in Davos, Switzerland, there are currently over 150 million tonnes of plastic in the 

oceans, with an additional 8 million tonnes being added annually. 
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There are currently five trillion plastic particles in the water. By 2050, there will be more 

plastics in the water than fish if we continue at this rate. (Leather, Why capitalism loves plastic, 

2018) 

However, there is a paradox. Although plastic is a wonderful substance that has made 

advancements in medical, hygiene, food preservation, water transportation, and many other 

areas possible, it is also seriously harming the environment. Plastic is a part of the world in 

which it is made and does not exist in a vacuum. The tale of plastics does, in fact, reveal the 

core of what's wrong with industrialisation, thus reflecting upon the flaws of capitalism.  

 

Almost all plastics are made from chemicals derived from oil and gas, making them a byproduct 

of the fossil fuel sector. The system's unrelenting pursuit of profit was what propelled its 

creation. Vested interests have pushed us to utilise more plastic from the beginning, while 

governmental investment helped boost production and war further fuelled its expansion and 

transportation, among other things.  

 

CAPITALISM AND SINGLE-USE PLASTICS 

Plastic spread quickly and widely after it was introduced to the market. Plastic was the ideal 

enabler for the mass manufacturing and consumption that capitalist economies depend on. 

Profit margins and market expansion drove corporations to push plastic products all over the 

world. The widespread use of plastic in everything from electronics to fabrics, from packaging 

to household goods, became evidence of the success of consumerism. But there was a hidden 

consequence to this accessibility: a growing environmental disaster that disproportionately 

impacts people who are least prepared to handle it. (Khadaliya, 2024) 

In many respects, the plastics story captures the essence of capitalism's flaws. 99 per cent of 

plastics are made from chemicals derived from oil and gas, making them a byproduct of the 

fossil fuel sector. The system's unwavering desire for profit was what propelled its creation. 

Vested interests have pushed us to utilise more plastic from the beginning, governmental 

funding helped boost production, and war further fuelled its expansion. (Leather, 2018) 

Even if millions of people want to use less plastic, the manufacturing of new virgin plastic is 

actually rising. Plastic manufacture is inextricably linked to the fossil fuel-based economy of 

contemporary industrial capitalism, rather than being motivated by "consumer demand" and, 

thus, the fault of individual customers. We need to investigate the cause of the climate issue 

there. (Leather, Fouling the Earth- It’s time to break up capitalism’s love affair with plastic, 

2018) .A key component of capitalism is packaging. Because packaging encourages customers 

to purchase their product rather than someone else's, corporations oppose packaging reductions 

even when doing so may save them money (packaging costs are frequently higher than the cost 

of the item itself). Ultimately, consumers who purchase the goods bear the additional expense 

of packaging. We pay in two ways: first, through increased costs for packaged goods, and 

second, by the deterioration of the Earth's systems that sustain our existence.  

The fossil fuel titans, some of the world's most powerful organisations, have invested in the 

supremacy of plastic in capitalist manufacturing. Superpowers in the oil and gas industry, 

including Shell, ExxonMobil, Chevron, BP, Sinopec, and others, are interested in coating as 

many items as possible. Petroleum is converted into plastic materials in massive petrochemical 

hubs, providing businesses around the world with a reasonably priced, lightweight, and 

adaptable material for everything from toys to engine parts. Energy corporations are turning to 

increased plastic manufacturing as a source of future stability in response to the instability of 
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the oil industry. The Future of Petrochemicals, a 2018 report from the International Energy 

Agency, predicted plastic's increasing strategic significance. According to the agency's 

modelling, "oil demand related to plastic consumption" will surpass "that for road passenger 

transport by 2050."(Crawford, 2020) 

 

SINGLE-USE PLASTICS AND THEIR EFFECTS ON ECOSYSTEM 

MICROPLASTIC POLLUTION 

Microplastics are little fragments of plastic, little longer than five millimetres, which are 

difficult to find and can be found almost anywhere. They form as a result of the breakdown of 

single-use plastics. The same is true for nano plastics, which are plastic particles smaller than a 

micrometre. Regardless of their size, these microplastics cause ecological disaster since they 

can easily wind up in the water, on agriculture, or be consumed by wildlife. Even the remote 

Pyrenees mountain range and the bottom of the Mariana Trench have been reached by them. 

Our oceans contain between 15 trillion and 51 trillion microplastic particles, according to 

estimates from the United Nations Environment Programme (UNEP). (Lindwall, 2025) 

Microplastics can be especially harmful to wildlife since they can readily build up inside an 

animal's body after consumption and result in major health problems, including deadly 

intestinal obstructions. The effects may have repercussions for the entire ecosystem. 

Additionally, researchers have discovered that microplastics damage soil and plants by altering 

the structure of the soil, the movement of nutrients and water through the soil, and the variety 

of bacteria, insects, and other soil-dwelling species. 

Effects on Human Health: Microplastics have been discovered in every part of the human 

body, including the testes, placentas, brains, and hearts. We confront numerous health concerns 

when we consume them as well as the chemicals added to plastics during production. Numerous 

chemicals included in plastics are recognised endocrine disruptors, and studies have indicated 

that exposure to them may cause cancer, hormone disorders, and reproductive issues like 

infertility. The U.S. Environmental Protection Agency discovered that the phthalate DEHP, one 

of many examples, is frequently added to plastic products like garden hoses and shower curtains 

to make them more flexible, but it is also likely a human carcinogen. Additionally, our 

knowledge of how microplastics are tainting our food supply is still developing. Microplastics 

were discovered in 90% of samples in one study that looked at 16 different types of regularly 

consumed proteins, such as beef, shrimp, and tofu, with greater rates in more processed foods.  

(Lindwall, 2025)Microwave heating increases the amount of microplastics that can be released 

from plastic food containers and infant food pouches. Significant levels of microplastics can 

also be found in plastic bottles used for fizzy drinks. When plastic debris is burned, which is 

occasionally the case, its poisonous fumes rapidly become a health risk to the local population, 

causing everything from cancer to skin rashes. These effects may spread even further due to the 

long-distance migration of ash and other pollutants emitted during combustion.  

Plastics in marine and terrestrial ecosystems: 

A significant amount of garbage builds up in the terrestrial environment since plastics are 

mostly produced, consumed, and disposed of on land. (Rachel Hurley, 2020). For instance, 

agricultural plastics are widely accessible as plastic trash, including packing materials, 

wrappings, and polytunnel plastic films. Microplastics are created when plastic particles 

fragment and can remain in the soil for up to 15 years. (Rachel Hurley A. H., 2020). In addition, 

illegal dumping and direct waste input increase plastic accumulation on land. Plastic waste is 

transported via wind, water and human/anthropogenic activity. In addition to land, plastic waste 

has overtaken freshwater systems like rivers, lakes, dams, and urban drainage networks (Valter 
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M. Azevedo-Santos, 2021). Due to their natural location in valleys and lower elevation areas, 

such as floodplains, freshwater ecosystems act as the main sink for a variety of contaminants 

discharged within a watershed. (Valter M. Azevedo-Santos, 2021). One of the main ways that 

plastics are transported in the marine environment is through rivers. (Rachel Hurley A. H., 

2020). The United Nations Environmental Programme (UNEP) estimates that approximately 

1,000 rivers account for between 0.8 and 2.7 million tons of riverine plastic emissions annually, 

or nearly 80% of the global total. In cities, wind is the primary means of conveyance for tiny 

plastic particles, such as micro and nano plastics. Micro- and nano plastics can be dispersed 

across a large area by atmospheric circulations. (Valter M. Azevedo-Santos, 2021). (Marcus 

Eriksen, 2014). Approximately 8 to 10 million tons of plastics—both macro and micro—leak 

into the ocean annually, making up 80% of all marine pollution. Every year, plastic garbage 

kills over 100,000 marine animals in every region, from the deep ocean to the coast. 

(ErikvanSebille, 2015). Tons of plastic are released into the Indian Ocean as a result of maritime 

mishaps like the MV X-Press Pearl. (U.L.H.P. Perera, 2022). Buoyancy, durability, wind, and 

oceanic currents allow the spreading of plastic waste over a large area.(Marcus Eriksen, 2014) 

For instance, the MV X-Press Pearl catastrophe revealed transboundary effects when plastic 

pellets were dispersed from Indonesia and Malaysia to Somalia along the Indian Ocean 

coast.(U.L.H.P. Perera, 2022). Plastic waste in the marine environment can be divided into three 

categories: (i) floating debris/garbage patches (aggregate with gyres, such as the Great Pacific 

garbage patch); (ii) seafloor plastics (a common phenomenon in nearly all major oceanic 

systems and depending on seasonality, local and global currents, bathymetry, and local 

sources); and (iii) shoreline plastics (plastic wastes on the coast, depending on circulation and 

seasonal weathering patterns, coastal tourism, and socioeconomic backgrounds like 

urbanization and changes in social habits (Welden, 2020). 

Single-Use Plastics and Climate Change : Our addiction to plastic also affects the climate as 

99 percent of plastics are derived from fossil fuels. In actuality, the plastics sector—which 

comprises numerous businesses that have made investments in or are now engaged in the oil 

and gas sector—is currently accountable for four times as many greenhouse gas emissions as 

the aviation sector. Additionally, it is anticipated that by 2050, plastics will make up 21 to 31 

percent of the global carbon budget required to prevent the worst effects of climate change. 

Plastic production emits greenhouse gases at every point in its life cycle, from the initial process 

of drilling for the oil and gas that make up its building blocks to the incineration that often 

occurs at the end of a plastic product’s life. In the United States, many of the industry’s polluting 

facilities—whether they make plastic or burn it—are built in low-income communities and 

communities of colour, which often have the fewest resources to block them. (Lindwall, Single-

Use Plastics 101- Plastic is choking the environment, endangering our health, and driving 

climate change. We can do something about it., 2025). 

 

CONCLUSION 

Industrial inventiveness has produced single-use plastic, which has raised concerns. There is 

ample evidence of its role in resource depletion, pollution, and environmental damage. Leaders 

must take action to spark change, even though banning single-use plastics and increasing 

industry knowledge are victories that indicate progress. By classifying single-use plastic, 

finding instances of it, and implementing practical single-use plastic remedies, we can alter the 

paradigm. We are at the forefront of this issue, demonstrating that a circular economy is feasible 

through our sustainable innovation and recycling efforts. The path to a sustainable future is one 

of dedication, collaboration, and unwavering resolve. 
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The widespread use of single-use plastics in contemporary culture has had disastrous effects on 

wildlife, ecosystems, and human health. The negative effects on the environment and human 

health, from ocean pollution to air pollution from incinerators, underscore the urgency of 

reducing our use of single-use plastics. We can solve the single-use plastics problem with 

creative solutions, a shift in lifestyle, and political will. However, it will force people, 

companies, and governments to reconsider how we make, use, and discard plastic goods. For 

the sake of the environment and human health, the objective must be to significantly reduce and 

eventually phase out wasteful and unnecessary plastics. A circular economy will be possible if 

enough people take tiny measures. 
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Abstract 

The current trajectory of industrial production, characterized by linear, extractive models and 

heavy reliance on petrochemical derivatives, is fundamentally incompatible with global climate 

action mandates. This paper posits that industrial hemp (Cannabis sativa L.) represents not 

merely a niche agricultural product but a systemic platform technology capable of disrupting 

and redefining sustainability across the green industry, climate action, and circular economy 

sectors. Utilizing a synthesis of agro-ecological data, materials science advancements 

(specifically bio-composites and carbon capture efficiency), and techno-economic modeling, 

this research analyzes how hemp addresses the polycrystalline rigidity of incumbent industrial 

paradigms. The central thesis argues that hemp facilitates a rapid, decentralized shift toward a 

bio-based economy by offering multi-revenue stream viability, unparalleled carbon storage 

potential in construction (Hempcrete), and closed-loop manufacturing chains wherein 

agricultural waste becomes the critical input for high-performance sustainable materials. This 

analysis explores the legislative, technological, and economic pathways required to unlock 

hemp’s full potential as a foundational pillar for a genuine, scalable circular economy. 

 

Introduction: The Imperative for a Systemic Transition 

The 21st century is defined by the critical need to decouple economic growth from 

environmental degradation. Despite global commitments, the transition to sustainable 

manufacturing remains hindered by deeply entrenched petrochemical supply chains and the 

pervasive "take-make-dispose" ethos [1]. Existing efforts often focus on incremental efficiency 

improvements—eco-efficiency—rather than embracing the necessary structural, systemic 

shift—eco-effectiveness—required to achieve genuine ecological regeneration. 

Industrial hemp, historically marginalized but recently re-emerging globally, presents a 

compelling case study for this essential transition. Its unique dual utility—providing high-value 

fibers (bast), structural core material (hurd/shives), and nutritive seeds—positions it as an 

exceptional agricultural feedstock for the burgeoning green industry. However, focusing solely 

on single-product applications (e.g., textiles) obscures its transformative potential as 

a cascading value platform within a robust circular economy framework. 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 313



This paper addresses the gap between theoretical circular economy models and practical, 

scalable industrial application. It seeks to demonstrate that: (1) Hemp’s unique physiological 

characteristics make it a powerful tool for localized climate action and soil remediation; (2) Its 

material properties are superior for long-term carbon sequestration in the built environment; 

and (3) Its complete utilization aligns perfectly with zero-waste, cascading circular economy 

principles, effectively redefining industrial metabolism. By examining these three intertwined 

dimensions, this research aims to provide policy direction and technological justification for 

placing industrial hemp at the core of future sustainable infrastructure development. 

 

Hemp’s Role in Climate Action and Agro-ecological Restoration 

Effective climate action necessitates not only the reduction of emissions but also the active 

drawdown and durable storage of atmospheric carbon dioxide. Industrial hemp excels in both 

categories, offering a dual-benefit approach unmatched by most commodity crops. 

Carbon Drawdown Efficiency 

Hemp is widely recognized for its rapid growth cycle (typically 90–120 days) and high biomass 

yield. Research consistently indicates that hemp crops absorb significant volumes of CO2 

during photosynthesis, often cited in the range of 8 to 15 tonnes per hectare, depending on 

cultivation practices and climate. Crucially, the process of sequestration in hemp is significantly 

more efficient than in forests or conventional crops on an annual cycle, making it an immediate 

lever for mitigating agricultural carbon footprints. 

Furthermore, unlike food crops where carbon often returns rapidly to the atmosphere post-

harvest or consumption, a substantial portion of the carbon captured by hemp is locked into its 

cellulose and lignin structure. This durability is the key to its climate action potential when the 

biomass is channeled into long-lifecycle products. 

Soil Health and Phytoremediation 

Beyond its atmospheric impact, hemp plays a crucial role in enhancing soil health—a critical, 

yet often neglected, facet of climate resilience. Hemp’s deep taproot system naturally aerates 

and loosens dense soils, improving water infiltration and reducing runoff. This anatomical 

advantage enhances soil microbiome diversity and increases the soil's organic carbon content, 

promoting long-term fertility without reliance on synthetic fertilizers. 

Perhaps most pioneering is hemp’s demonstrated capacity for phytoremediation. Studies have 

shown that hemp can successfully extract heavy metals (such as cadmium, lead, and nickel) and 

various toxins from contaminated soils, a process termed "cleaning the soil while growing the 

material." This ability to reclaim marginal or polluted lands provides an economic rationale for 

ecological restoration, transforming liabilities (brownfield sites) into assets (sustainable 

feedstock sources). This synthesis of ecological service and productive yield is a hallmark of 

eco-effective design. 

 

Redefining Green Industry: Hemp in the Built Environment 

The construction sector is one of the world’s largest consumers of raw materials and a critical 

contributor to global CO2 emissions. The substitution of high-embodied-carbon materials (like 

concrete, steel, and conventional insulation) with bio-based, carbon-negative alternatives 

represents a monumental opportunity for the green industry. Hempcrete, the composite material 

made from hemp hurd (shives) mixed with a lime binder, is the archetype of this transition. 
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Carbon Sequestration and Durability in Construction 

Hempcrete offers an immediate, tangible climate solution. As the plant material is mixed with 

lime and cures, it continues to mineralize, slowly reabsorbing CO2 from the atmosphere over 

its lifespan—a process known as biogenic carbon capture or calcination reversal. When utilized 

in residential or commercial buildings, the carbon captured during the crop’s growth is durably 

stored for the structure’s 50-to-100-year lifecycle. Therefore, a Hempcrete building often 

becomes carbon-negative or carbon-neutral at the point of construction, dramatically shifting 

the paradigm from high-emission structures to carbon sinks. 

Material Performance and Socio-Economic Benefits 

The appeal of Hempcrete extends beyond carbon accounting. Its material properties—being 

lightweight, highly insulative, resistant to pests (due to lime content), fire-resistant, and 

breathable—offer superior thermal regulation and indoor air quality compared to conventional 

materials. This reduction in operational energy demand (heating and cooling) directly translates 

into avoided emissions over the building’s lifetime, reinforcing its climate dividend. 

The deployment of hemp-based biofuels, composites, and structural materials fosters the 

localization of manufacturing and supply chains. Unlike globalized petrochemical processes, 

hemp processing facilities can be decentralized, creating regional ‘green hubs’ that revitalize 

rural economies and reduce transportation-related embodied carbon, reinforcing the tenets of 

localized green industry development. 

 

Integrating Hemp into Circular Economy Models: Maximizing Cascading Value 

The true revolutionary potential of hemp lies in its capacity to facilitate a genuinely circular 

economy where waste is eliminated, and resources are cascaded and regenerated. A successful 

circular model requires the industrial utilization of all parts of the resource, a requirement hemp 

uniquely satisfies through its distinct anatomical components: bast fiber, hurd, and seed. 

Zero-Waste Processing and Byproduct Valorization 

In traditional monoculture systems, the focus is on a single output (e.g., corn grain). Hemp, 

conversely, is inherently a multi-product system, ensuring that the byproduct of one industrial 

stream is the utilized input for another. 

1. Bast Fiber: The long outer fibers are highly valuable for performance textiles, natural 

composites, and engineered wood products, often replacing fiberglass or carbon fiber. 

2. Hurd (Shives): The woody core, traditionally viewed as waste, is the primary 

component for Hempcrete, animal bedding, and bio-filters. 

3. Seeds: Used for highly nutritious food products (protein, oil, omega fatty acids) and 

industrial lubricants/resins. 

This inherent separation of value streams enables a cascading utilization model. For instance, 

the short fibers deemed unsuitable for premium textiles can be pelletized for high-performance 

bio-fuel or used in injection molding for durable consumer goods, while the dust and residue 

remaining after decortication (the separation of fiber and hurd) can be processed into activated 

carbon filters or high-surface-area materials suitable for supercapacitor electrodes—a cutting-

edge energy storage application. This comprehensive utilization creates techno-economic 

viability and zero-waste throughput, a core mechanism of the circular economy. 
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Developing High-Value Bio-Composites and Advanced Materials 

The shift from low-value, bulk applications to high-value, advanced manufacturing is crucial 

for establishing hemp's permanence in the green industry. Hemp fibers possess specific 

mechanical advantages, including low density, high specific stiffness, and low abrasiveness, 

making them ideal replacements for synthetic materials in the automotive and aerospace 

industries. 

The future of hemp-based manufacturing involves the development of bio-composites 

reinforced with hemp fibers, offering environmental advantages without compromising 

performance. Furthermore, research into materials derived from the lignin and cellulose in the 

hurd suggests pathways toward producing sustainable bio-plastics, hydrogels, and even 

cellulose nanofibers, which can serve as sustainable substitutes for fossil fuel-derived polymers. 

This technological leap moves hemp from being an agricultural commodity to a foundational 

source for sustainable advanced materials engineering. 

 

Policy, Regulatory Fragmentation, and the Human Element 

Despite the overwhelming ecological and economic potential, the hemp revolution faces 

significant inertia, largely stemming from regulatory fragmentation and a lack of standardized 

industry benchmarks. 

The Challenge of Regulatory Lag 

The historical association of Cannabis sativa L. with psychoactive varieties has resulted in 

decades of prohibitive legislation, creating significant barriers to entry, investment, and 

research. While many nations have legalized industrial hemp (defined by THC levels below 

0.3%), the regulatory framework often remains siloed, failing to acknowledge its multi-sectoral 

functionality. For instance, agricultural regulations govern cultivation, but separate, often 

archaic, building codes resist the adoption of novel materials like Hempcrete due to a lack of 

recognized standards or certification processes. 

Overcoming this regulatory lag requires coordinated, inter-ministerial policy development that 

recognizes hemp as a unitary economic platform spanning agriculture, construction, materials 

science, and energy. Standardizing testing protocols (e.g., thermal performance, mechanical 

strength) for hemp-based products is paramount for securing market trust and insurance 

acceptance, thereby de-risking capital investment. 

Investment Ecology and Supply Chain Maturation 

The transition from conventional linear supply chains to complex circular networks necessitates 

significant investments in industrial infrastructure, specifically decentralized decortication and 

processing facilities. Investors require clear long-term policy signals and demonstrable proof 

of concept for large-scale applications. The human element—educating farmers, architects, 

engineers, and consumers—is equally vital. 

The workforce needs specialized training in bio-composite manufacturing, sustainable 

agricultural practices tailored to hemp, and carbon accounting methodologies specific to 

biogenic materials. A truly circular economy is reliant on human ingenuity and cross-

disciplinary collaboration, fusing agricultural science with advanced materials engineering, a 

synthesis that the hemp value chain demands. 
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Conclusion and Future Research 

The Hemp Revolution is not merely an alternative crop solution; it is a foundational paradigm 

shift offering a viable blueprint for systemic eco-effectiveness. By leveraging its unparalleled 

capacity for aggressive carbon drawdown, durable sequestration in the built environment, and 

inherent ability to facilitate zero-waste, cascading industrial systems, industrial hemp is 

demonstrably capable of redefining the sustainability metrics of the green industry. It provides 

a platform where climate action is inherently linked to economic viability and social 

revitalization, particularly in rural communities. 

To fully realize this potential, future research must focus on: 

1. Lifecycle Assessment (LCA) Standardization: Developing globally recognized, 

cradle-to-cradle LCAs for high-volume hemp products (Hempcrete, bio-composites) to 

accurately quantify net carbon sequestration and establish competitive sustainability 

benchmarks against incumbent petrochemical materials. 

2. Advanced Materials Optimization: Further exploration into the economic feasibility 

of extracting high-value materials (e.g., graphene quantum dots from bio-waste, cellulose 

nanofibrils) at industrial scale to maximize the financial viability of closed-loop processing 

facilities. 

3. Policy Modeling: Developing dynamic policy frameworks that integrate agricultural 

incentives, industrial standards, and construction codes to accelerate the adoption of hemp-

based materials and reduce regulatory friction. 

Hemp serves as a robust example of nature-based solutions that possess the technical efficacy 

and economic resilience required to underpin a global, scalable circular economy. The time for 

its definitive integration into climate strategy is now. 
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Abstract 

The doctrine of the biosphere, first formulated by V. I. Vernadsky, has undergone significant 

conceptual expansion as global environmental challenges have intensified. Originally focused 

on the interconnectedness of living organisms and the Earth’s geochemical processes, the 

doctrine has evolved into a multidisciplinary framework used to evaluate planetary stability and 

human impact on ecological systems. Contemporary development of the biosphere concept 

emphasizes three main directions. The first relates to advances in Earth system science, which 

deepen our understanding of biogeochemical cycles, resilience mechanisms, and the dynamic 

regulation of the planet’s life-support systems. The second direction involves the integration of 

socio-ecological and economic dimensions, highlighting the role of human activity in shaping 

biospheric processes and the need for sustainable management strategies. The third direction is 

associated with technological and methodological innovations, including remote sensing, 

ecological modeling, and digital monitoring tools that enable high-precision assessments of 

environmental change. Collectively, these trends demonstrate that the biosphere doctrine has 

transformed from a primarily theoretical construct into a practical scientific foundation for 

global sustainability policy. Its further development is essential for addressing climate change, 

biodiversity loss, and the long-term preservation of Earth’s habitability. 

Keywords: Biosphere; Vernadsky; Earth system science; Biogeochemical cycles; 

Sustainability; Socio-ecological systems; Environmental monitoring; Ecological modeling; 

Biodiversity; Climate change; Global environmental governance. 

 

The doctrine of the biosphere, first comprehensively articulated by Vladimir I. Vernadsky in 

the early twentieth century, remains one of the foundational conceptual frameworks for 

understanding the dynamic interaction between life and the Earth system. More than a century 

after its original formulation, it continues to evolve as new scientific methodologies, global 

environmental challenges, and interdisciplinary perspectives reshape our vision of the planet's 

life-supporting envelope. The biosphere is no longer interpreted solely as a passive layer 

influenced by geological and chemical forces; instead, it is increasingly acknowledged as an 

active, self-regulating, and complex system shaped by biological, geochemical, and 

anthropogenic processes. This expanded understanding reflects the growing integration of Earth 

system science, sustainability studies, and technological innovation. The present thesis 

examines the principal stages of the biosphere doctrine’s development, its contemporary 
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interpretations, and the main directions that define its current trajectory in scientific and policy 

contexts. 

Historical Foundations of the Biosphere Concept 

The origins of the biosphere doctrine are rooted in nineteenth-century natural sciences, where 

researchers first attempted to define the spatial extent of life on Earth. However, it was 

Vernadsky who provided the first holistic, systematic, and philosophically grounded concept 

of the biosphere as a planetary phenomenon. He argued that living matter plays an active role 

in shaping the geochemical processes of the Earth, transforming the planet through the 

continuous circulation of elements. Life, according to Vernadsky, does not merely adapt to the 

environment—it fundamentally transforms it. This insight reoriented scientific thinking by 

positioning biology not as a separate domain but as an intrinsic element of planetary evolution. 

Throughout the twentieth century, the biosphere doctrine expanded through contributions from 

ecology, climatology, biogeochemistry, and systems theory. Landmark developments included 

the rise of the ecosystem concept, the emergence of global ecology as a discipline, and the 

growing recognition of feedback loops between organisms and planetary processes. By the late 

twentieth century, the advent of satellite observations and computational modeling enabled 

scientists to analyze the Earth as an integrated system, thereby reinforcing and advancing the 

biospheric view proposed by Vernadsky. 

The Biosphere in Contemporary Earth System Science 

Earth system science has redefined the study of the biosphere by conceptualizing it as one 

component of a tightly coupled network consisting of the atmosphere, hydrosphere, lithosphere, 

cryosphere, and anthroposphere. This systems-based perspective aligns with Vernadsky’s 

original view yet increases analytical precision by incorporating quantitative models, remote 

sensing, and global datasets. 

Modern research highlights several key properties of the biosphere: 

1. Self-regulation through feedback mechanisms such as carbon sequestration, albedo 

modification, and nutrient cycling. 

2. Nonlinearity and thresholds, where small disturbances can lead to abrupt transitions. 

3. Resilience and adaptability driven by biodiversity, ecosystem complexity, and functional 

redundancy. 

4. Vulnerability to anthropogenic disruptions, particularly climate change, pollution, and 

land-use transformation. 

In this context, the biosphere is viewed as both a stabilizer of planetary conditions and a system 

under unprecedented stress. Earth system models reveal that human activity has become a 

dominant force reshaping global biogeochemical cycles, leading to the proposal of a new 

geological epoch—the Anthropocene. This concept reinforces the importance of revisiting and 

updating the biosphere doctrine to account for the central role of humans in contemporary 

planetary dynamics. 

Anthropogenic Influences and the Socio-Ecological Dimension 

One of the most significant developments in the doctrine of the biosphere is the recognition of 

the socio-ecological dimension. Human societies function as integral components of the 

biosphere, influencing it through resource extraction, industrial production, technological 

innovation, and cultural practices. This perspective challenges earlier notions that separated 

nature and humanity and emphasizes the need for holistic approaches to sustainability. 
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The growing field of socio-ecological systems research introduces concepts such as co-

evolution, adaptive management, and planetary boundaries. The planetary boundaries 

framework, for instance, identifies nine biophysical limits that delineate a safe operating space 

for humanity. Transgressing these boundaries—such as those related to climate change, 

biosphere integrity, and land-system change—threatens the stability of the biosphere as a 

whole. 

The doctrine of the biosphere has therefore expanded to include ethical, economic, and 

governance-related dimensions. These include: 

 The moral responsibility of humanity as a geological force. 

 The need for sustainable resource management. 

 The development of global governance mechanisms for biodiversity and climate. 

 The integration of ecological constraints into economic and technological planning. 

This shift from a purely scientific doctrine to a normative and policy-relevant framework 

underscores the maturation of the biosphere concept in the twenty-first century. 

Technological Innovations and New Methodologies 

Technological advancements have revolutionized the study and monitoring of the biosphere. 

Remote sensing technologies, such as satellite-based sensors and hyperspectral imaging, enable 

precise observation of land cover, vegetation dynamics, ocean productivity, and atmospheric 

composition. Unmanned aerial systems provide high-resolution data for ecological monitoring 

at regional and local scales. 

Digital and computational innovations further accelerate progress through: 

 Earth system and climate models, which simulate interactions across multiple 

domains. 

 Big data analytics for processing large environmental datasets. 

 Machine learning and AI for pattern recognition, ecosystem forecasting, and anomaly 

detection. 

 Global biodiversity databases and long-term ecological monitoring networks. 

These tools enable scientists to detect emerging trends, assess ecosystem resilience, and 

evaluate the potential consequences of climate change and human activity. They also support 

decision-makers in crafting evidence-based environmental policies. 

Contemporary Directions in the Development of the Biosphere Doctrine 

The modern development of the biosphere doctrine can be structured along several key 

directions: 

Integration with Sustainability Science 

The biosphere is increasingly framed as the foundation of sustainable development. This 

perspective forms the basis for global policy initiatives, including the United Nations 

Sustainable Development Goals (SDGs). Research emphasizes the need to harmonize economic 

progress with ecological limits, ensuring that human well-being does not compromise the 

functioning of life-supporting Earth systems. 
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Emphasis on Biodiversity and Ecosystem Services 

Biodiversity is central to biospheric stability, as it underpins ecosystem functions such as 

pollination, water purification, carbon cycling, and soil formation. The ecosystem services 

framework connects ecological processes with societal benefits, offering a bridge between 

natural science and public policy. 

Planetary Health and Human Well-Being 

The concept of planetary health highlights the interdependence of ecological integrity and 

human health. Environmental degradation, climate change, and biodiversity loss have direct 

consequences for disease patterns, food security, and social stability. This approach broadens 

the scope of the biosphere doctrine to include medical, social, and humanitarian perspectives. 

The Noosphere: Human Consciousness as a Geological Factor 

Building on Vernadsky’s theory of the noosphere—the sphere of reason and collective human 

consciousness—contemporary scholars explore how technology, global communication, and 

cultural evolution influence the biosphere. In this interpretation, humanity has the capacity to 

consciously regulate its impact on the Earth system, guiding development toward sustainable 

pathways. 

Governance and International Cooperation 

The global nature of environmental processes necessitates coordinated governance 

mechanisms. International agreements on climate change, biodiversity conservation, and 

pollution control exemplify the transition from national environmental management to global 

biosphere stewardship. The doctrine of the biosphere thus becomes a guiding framework for 

planetary governance. 

Challenges and Future Prospects 

Despite scientific and technological advances, the biosphere faces multiple threats, including 

climate change, mass extinction, soil degradation, ocean acidification, and freshwater scarcity. 

Addressing these challenges requires a combination of scientific innovation, political will, and 

societal transformation. 

The future development of the biosphere doctrine depends on: 

 Strengthening interdisciplinary research. 

 Enhancing environmental education and public awareness. 

 Integrating ecological principles into economic systems. 

 Expanding global environmental monitoring networks. 

 Developing adaptive and resilient management strategies. 

 Promoting equity and justice in resource distribution and environmental decision-

making. 

As humanity becomes increasingly aware of its planetary role, the biosphere doctrine will 

continue to evolve, offering insights for navigating the complex interdependencies between 

natural systems and human civilization. 
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Conclusion 

The doctrine of the biosphere has transformed from a theoretical construct proposed by 

Vernadsky into a comprehensive, interdisciplinary framework for understanding and managing 

the Earth system. Its development reflects advances in scientific knowledge, the growing 

recognition of humanity’s impact on planetary processes, and the emergence of global 

sustainability challenges. The contemporary biosphere concept integrates natural and social 

dimensions, highlights the importance of biodiversity and resilience, and emphasizes the role 

of technology and global cooperation. As environmental pressures intensify, the doctrine 

provides a vital foundation for guiding humanity toward sustainable and responsible planetary 

stewardship. Its ongoing evolution will be essential for ensuring the continued habitability of 

the Earth and the preservation of life in all its diversity. 
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Abstract 

Environmental sustainability has emerged as a global priority in the 21st century, yet indigenous 

spiritual traditions have practiced ecological stewardship for centuries. Meivazhi Salai, a 

spiritual community in Tamil Nadu established by Sri La Sri Meivazhi Salai Aandavargal, 

represents one such living model. This paper examines how Meivazhi Aandavargal’s teachings 

cultivated environmental consciousness among disciples and how these teachings were 

translated into tangible ecological practices. The study highlights key initiatives such as large-

scale tree plantation, village protective green belts, traditional water-conservation methods, 

community-driven sanitation, and dust-free village maintenance. Through qualitative 

analysis—including textual study of Meivazhi doctrines, onsite observations, and informal 

interviews—this paper demonstrates that Meivazhi environmental ethics are deeply interwoven 

with spiritual discipline, compassion for all living beings, and community well-being. The 

findings affirm that Meivazhi Salai offers a replicable model for sustainable living rooted in 

indigenous knowledge, human welfare, and ecological harmony. 

Keywords: Meivazhi Salai; Sri La Sri Meivazhi Salai Aandavargal; Environmental Ethics; 

Sustainable Community; Indigenous Ecological Knowledge; Tree Plantation; Water 

Conservation; Clean Village Practices; Eco-Spirituality; Human Welfare. 

 

Introduction 

Human civilization has reached a stage where environmental challenges—climate change, 

deforestation, biodiversity loss, and freshwater scarcity— threaten long-term survival. While 

modern science proposes technological solutions, the roots of sustainability also lie in ancient 

eco-philosophies that emphasized living in harmony with nature. 

One such tradition is Meivazhi, founded by Sri La Sri Meivazhi Salai Aandavargal, a 126-

year spiritual leader who emphasized human welfare and environmental consciousness as 
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inseparable components of spiritual growth. He provided an environmental study based on key 

principles, emphasizing that humans are stewards (khalifa) with a responsibility to protect the 

Earth, not exploit it. He also presented the natural world as a sign of God's creation, with 

inherent value. He often quoted the Quran verses 2:195, "And do not waste [resources] 

extravagantly. Indeed, He does not like those who waste [resources]" [1]. 

Meivazhi Salai is not only a religious centre but also a well-planned eco-village. The 

community practices include: 

 Planting numerous trees around the village, creating natural green belts; 

 Maintaining a clean, dust-free village, sweeping roads daily; 

 Digging wells on all four sides of the village to ensure groundwater availability; 

 Regulated waste management and prohibition of pollutants; 

 Discipline-based environmental awareness, rooted in Meivazhi teachings. 

This paper analyses the foundations, practices, and outcomes of environmental care within 

Meivazhi Salai, providing insights for global sustainability discourses. 

Literature Review 

Eco-spirituality in Indian Traditions 

Indian spiritual traditions—from Vedic culture to Siddha philosophy—have historically 

promoted reverence for nature. Research shows that sacred groves, water-body conservation, 

and herbal traditions are embedded in indigenous religious communities [2]. 

Community-based Sustainable Models 

Scholars have documented how rural ecological communities maintain sustainability through 

collective action, traditional knowledge, and social discipline. Examples include Gandhian 

ashrams, Auroville, and tribal eco-communities [3]. 

Environmental Leadership in Indigenous Movements 

Eco-leaders like Sunderlal Bahuguna (Chipko Movement) and Sri Narayana Guru emphasized 

environmental ethics within spiritual frameworks. This aligns with Meivazhi Aandavargal’s 

approach. Planting trees is highly encouraged by him and considered a continuous charity 

(sadaqah jariyah) from which humans, animals, and birds benefit [6]. 

Research Gap: Meivazhi-Specific Environmental Studies 

Despite its significance, academic literature on Meivazhi Salai’s environmental philosophy 

remains limited. Existing studies focus mainly on spiritual principles but rarely explore 

ecological dimensions [4]. This paper addresses that gap by examining Meivazhi’s 

environmental ethos, practices, and community-based ecological sustainability [5]. 

 

Methodology 

This study employs a qualitative, multi-source research methodology, including: 

Textual Analysis 

Review of Meivazhi scriptures, teachings, oral traditions, and doctrinal interpretations related 

to nature, purity, and human welfare. 
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Field Observation 

Observing village layout, tree plantation areas, wells at the four corners, and sanitation 

practices. 

Informal Interviews 

Discussions with disciples, elders, and local community members regarding environmental 

instructions received from Aandavargal. 

Comparative Analysis 

Comparison with other eco-spiritual communities in India to understand shared principles and 

unique components [7]. 

 

Core Concepts of Environmental Ethics in Meivazhi 

Nature as a Divine Creation 

Meivazhi philosophy teaches that all forms of creation carry spiritual value. Protecting nature 

is therefore a sacred duty. 

Purity (Thooimai) as Environmental Discipline 

Maintaining physical cleanliness—of oneself and the surroundings—is seen as directly 

connected to spiritual purity. 

Trees as Protectors of Life 

Aandavargal instructed disciples to plant trees as protectors of health, air, shade, and climate. 

Planting a tree is considered a noble spiritual service. 

Water as a Life-Preserving Element 

Water conservation is central to Meivazhi. Digging wells in all four directions symbolizes 

protection of the village’s life force. 

Collective Responsibility 

Environmental care is a shared responsibility of the community, practiced daily through 

discipline, cooperation, and selfless service [8]. 

 

Environmental Practices in Meivazhi Salai 

Large-Scale Tree Plantation 

The village environment is characterized by: 

 Dense green cover 

 Shade-bearing trees lining every pathway 

 Community-led afforestation drives 

 Preservation of natural vegetation around prayer halls and residential areas 

Trees serve as natural air purifiers, lowering temperature, preventing dust, and improving 

ecological stability. 

Water Conservation: Four Corner Wells 

Wells were dug at the north, south, east, and west corners of the village to: 
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 Recharge groundwater 

 Ensure year-round supply 

 Prevent water scarcity 

 Establish ecological balance 

This demonstrates foresight in sustainable hydrological planning. 

Clean Village Initiative 

Disciples maintain: 

 Daily sweeping of roads 

 Removal of waste 

 Avoidance of plastic pollution 

 Cleanliness in public spaces and prayer halls 

 Proper disposal of organic waste 

The dust-free environment promotes health and reflects Meivazhi ethical discipline. 

Environmental Awareness through Spiritual Teaching 

Aandavargal repeatedly emphasized that: 

 A clean environment cultivates a pure mind 

 Humanity cannot survive without protecting nature 

 Environmental discipline is part of ethical living 

 Disciples must preserve nature for future generations 

These teachings form the ethical backbone of community environmental actions. 

 

Results and Findings 

Increased Ecological Stability 

Tree plantation and water conservation led to: 

 Reduced soil erosion 

 Improved air quality 

 Lower ambient temperature 

 Increased biodiversity (birds, insects, small animals) 

Sustainable Water Availability 

Four-corner wells provide: 

 Reliable water sources 

 Improved groundwater recharge 

 Reduced dependence on external supply 

Healthier Living Conditions 

Clean village practices resulted in: 
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 Lower dust levels 

 Reduced respiratory problems 

 Improved hygiene standards 

Strengthened Community Bond 

Environmental maintenance activities reinforce unity and collective responsibility among 

disciples. 

A Model for Eco-Villages 

Meivazhi Salai represents a replicable model for rural sustainability based on: 

 Spiritual motivation 

 Community participation 

 Low-cost eco-friendly methods 

 

Conclusion 

The environmental vision of Sri La Sri Meivazhi Salai Aandavargal represents a profound 

blend of spiritual wisdom and ecological consciousness. His teachings encouraged disciples to 

see environmental protection as a sacred responsibility essential for human welfare. Through 

systematic tree planting, water conservation, village sanitation, and community awareness, 

Meivazhi Salai evolved into an exemplary eco-village long before environmental sustainability 

became a global agenda. 

This study demonstrates that Meivazhi’s environmental ethics offer valuable lessons for 

contemporary global challenges. The model shows how spiritual values can drive practical 

ecological action, fostering harmony between humans and nature. By adopting such indigenous 

eco-spiritual practices, communities across the world can move towards sustainable, resilient, 

and holistic development. 
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ÖZET 

Diş hekimliğinde kullanılan simanların mekanik dayanımı ve yüzey karakteristikleri, 

restorasyonların uzun dönem klinik başarısında kritik bir rol oynamaktadır. Son yıllarda doğal, 

biyouyumlu ve sürdürülebilir lif katkılarının dental materyallere entegrasyonu giderek önem 

kazanmıştır. Lif içeriği yüksek ve çevresel açıdan sürdürülebilir bir kaynak olan kenevir 

(Cannabis sativa L.) bu bağlamda dikkat çekmektedir. Bu çalışmada, çinko fosfat simana %1 

oranında kenevir lifi ilavesinin mekanik dayanım ve yüzey pürüzlülüğü üzerindeki etkileri 

değerlendirilmiştir. 

Kenevir lifleri kurutulup öğütüldükten sonra siman karışımlarına %1 (ağırlıkça) oranında 

eklenmiş ve standart kalıplarda test numuneleri hazırlanmıştır. Kırma dayanımı ve yüzey 

pürüzlülüğü ölçümleri ASTM standartlarına uygun olarak yapılmış; veriler tek yönlü ANOVA 

ile analiz edilmiştir. Kontrol grubunda 3.6092 MPa olan kırılma dayanımı, kenevir ilaveli grupta 

6.2160 MPa olarak bulunmuş ve anlamlı bir artış göstermiştir (p < 0.05). Yüzey pürüzlülüğü ise 

her iki grupta benzer bulunmuş ve istatistiksel fark oluşturmamıştır. 

Bu sonuçlar, düşük oranlı ham kenevir lifi katkısının çinko fosfat simanın mekanik dayanımını 

anlamlı şekilde artırdığını, yüzey özelliklerini ise olumsuz etkilemediğini göstermektedir. 

Çalışma, kenevir liflerinin dental simanlarda sürdürülebilir ve etkili bir güçlendirici katkı olarak 

kullanılabileceğini ortaya koymaktadır. 

Anahtar Kelimeler: Kenevir, Dental Siman, Çinko fosfat siman, Yüzey pürüzlülüğü, Mekanik 

dayanım 

 

GİRİŞ 

Dental simanların mekanik dayanımı ve yüzey özellikleri, sabit ve hareketli protetik 

restorasyonların uzun dönem klinik başarısında belirleyici faktörler arasında yer almaktadır. 

Simanın kırılma dayanımı, adeziv performansı ve yüzey pürüzlülüğü; restorasyonun marjinal 

adaptasyonu, fonksiyonel dayanıklılığı ve ikincil çürük oluşumu gibi kritik sonuçları doğrudan 

etkilemektedir [1, 2]. Bu nedenle dental simanların yapısal özelliklerinin iyileştirilmesine 

yönelik çalışmalar giderek artmaktadır. 

Son yıllarda doğal, biyouyumlu ve çevresel açıdan sürdürülebilir lif katkılarının dental 

materyallerin mekanik performansını artırmadaki potansiyeli dikkat çekmektedir. Doğal liflerin 
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polimer yapılarla etkileşiminin kompozit sistemlerde çatlakların ilerlemesini sınırladığı, 

mekanik dayanımı artırdığı ve çevre dostu alternatifler sunduğu çeşitli çalışmalarda ortaya 

konmuştur [3, 4]. Bu bağlamda, yüksek selüloz içeriği, biyouyumluluğu ve sürdürülebilir 

üretim özellikleri ile bilinen Cannabis sativa L. kökenli kenevir lifleri son yıllarda tıp ve 

malzeme bilimi alanlarında giderek daha fazla araştırılmaktadır. Kenevir liflerinin dayanıklılığı 

artırıcı etkileri özellikle biyomalzeme ve dental kompozit çalışmalarında gösterilmiştir. 

Örneğin, Kabir et al. (2020) kenevir liflerinin kompozit rezinlerde çatlak ilerlemesini 

yavaşlattığını ve mekanik güçlenmeye katkı sağladığını bildirmiştir [5]. Benzer şekilde, doğal 

lif katkılarının dental materyallerde kırılma dayanımı üzerinde olumlu etkiler oluşturabileceği 

diğer çalışmalarda da vurgulanmıştır [6, 7]. Çinko fosfat siman, modern dental uygulamalarda 

yerini büyük ölçüde rezin modifiye simanlara bırakmış olsa da, biyouyumluluğu, düşük 

maliyeti ve uzun klinik kullanım geçmişi nedeniyle hâlen yaygın olarak tercih edilmektedir [8]. 

Bu nedenle, çinko fosfat simanın mekanik dayanımının doğal lif katkılarıyla geliştirilebilir 

olması klinik açıdan önem taşımaktadır. Bu çalışma, çinko fosfat simana %1 oranında 

kenevir lifi ilavesinin mekanik dayanım ve yüzey özellikleri üzerindeki etkilerini 

değerlendirmeyi amaçlamaktadır. Kenevir liflerinin düşük oranlı kullanımının simanın kırılma 

dayanımını artırması, yüzey pürüzlülüğünü ise olumsuz etkilememesi, sürdürülebilir ve 

biyouyumlu bir güçlendirici katkı materyali olarak dental simanlarda uygulanabilirliğini 

desteklemektedir. 

 

GEREÇ ve YÖNTEM 

Ham kenevir lifinin hazırlanması: 

İlk olarak kenevir hasat edildikten sonra elde edilen lifler hiçbir ön işleme tabi tutulmadan saf 

olarak kurutulup, odunsu kısımlarından temizlenmiş ve üniversitemiz bünyesinde bulunan 

bilyalı öğütücü ile öğütülerek ince toz haline getirilmiştir. Öğütülen kenevir lifleri 100 mikron 

gözenek boyutuna sahip elekten geçirilerek morfolojik özelliği için SEM analizi, elementel 

içerik analizi için ise EDX ile karakterize edilmiştir. 

Çalışma gruplarının hazırlanması 

Çalışmamız için çinko fosfat simanın tozuna kenevir lifinin ham formu ağırlığınca %1 oranında 

eklenmiştir ve homojen karıştırma cihazıyla 15 dk boyunca karıştırılmıştır. Kontrol grubundaki 

simana kenevir lif ilavesi yapılmamıştır. Oluşturulan çalışma gruplarının her biri için 10 ar adet 

numune hazırlanmıştır. 

Grup 1: Kontrol grubu (lif içermeyen) 

Grup 2: %1 ağırlıkça ham kenevir lifi eklenmiş çinko fosfat siman 

 

Kırılma Dayanımı Testi 

Kırılma dayanımı deneyi örnekleri için  kalıplar ASTM E 399-90 standardına uygun olarak 25 

x 2.5 x 5 mm boyutlarında ve ortasında 0.5 mm genişlik-2.5 mm uzunluğunda girintiye sahip 

olacak şekilde hazırlanmıştır [9]. Simanın toz-likit oranı üretici talimatlarına uygun olarak 

karıştırılmıştır ve kalıplara kondanse edilmiştir. Kalıptan çıkarılan örnekler kumpasla 

ölçüldükten sonra 370C sıcaklıktaki distile su içerisinde 24 saat etüvde bekletilmiştir. Örnekler 

Universal test cihazı (Shimadzu AGS-X, Shimadzu Scientific Instruments, Columbia, North 

Carolina, USA) kullanılarak dakikada 0.5 mm min–1 hızında kırılma dayanımı testine tabi 

tutulmuştur. Elde edilen veriler MPa cinsinden kaydedilmiştir. 

Yüzey Pürüzlülüğü Testi 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 330



Yüzey pürüzlülüğü testi için örnekler hazırlanırken çapı 10 mm ve yüksekliği 2 mm standart 

metal kalıp kullanılmıştır. Üzeri asetat ile kaplanmış bir cam üzerine metal kalıp 

yerleştirilmiştir. Uygun konsantrasyonda (ağırlıkça %1,)kenevir lifi simana ekledikten sonra, 

çinko fosfat siman üreticisinin talimatlarına uygun olarak karıştırılmış ve kalıp içerisine bir 

miktar taşırılarak doldurulmuştur. Kalıbın üste bakan yüzeyine strip bant yerleştirilmiş ve ikinci 

bir cam, metal kalıbın üzerine bastırılarak fazla simanın kenarlardan taşması sağlanmıştır. 

Sertleşme süresi sonunda kalıptan çıkarılan örneklerin çapakları temizlenmiştir. Tüm örnekler 

deiyonize suda (Pro-Sonic 600; Sultan Healthcare, NJ, ABD) 10 dakika ultrasonik olarak 

temizlenmiş ve ardından basınçlı hava ile kurutulmuştur. Ayrıca numunelerin kalınlıkları dijital 

kumpas (Absolute Digimatic, Mitutoyo, Japan) ile kontrol edilmiştir. Numunelerin ortalama 

yüzey pürüzlülüğü (Ra), 0,25 mm kesme değeri ile dokunsal bir profilometre (Taylor Hobson 

Surtronic 25, Leicester, UK) ile analiz edilmiştir. 0,5 mm/sn'lik sabit ölçüm hızı, µm cinsinden 

bir ortalama pürüzlülük profilini (Ra) belirlemek için kullanılmıştır. 

Profilometre, iki grubun ölçümlerinden önce kalibre edilmiştir. Tüm yüzey pürüzlülük kayıtları 

numune merkezinde yapılmıştır. Her numune için beş ölçüm yapılmış ve Ra parametresi olarak 

ortalaması alınmıştır. Ra değeri düştüğünde yüzey daha düzgün hale gelmektedir [10]. 

 

İstatistiksel Analiz 

Grupların karşılaştırılmasında tek yönlü varyans (One-Way ANOVA) analizi kullanıldı. 

Varyansların homojenliği, Levene testi ile analiz edildi. Tek yönlü varyans analizi sonrası 

varyansların homojen olmadığı durumda ve çoklu karşılaştırmalar için Tamhane T2 testi 

kullanıldı. 

 

BULGULAR 

Kırma Dayanımı Testi 

 

Tablo 1: Kırma Dayanımı Testi Ham Verileri 

%0 Kenevir ilave edilen Çinko Fosfat Siman 

(kontrol grubu)  

%1 Kenevir ilave edilen Çinko Fosfat Siman (deney 

grubu) 

4.0582 MPa 6.2160 MPa 

2.4214 MPa 5.7728 MPa 

4.2542 MPa 6.0349 MPa 

3.6225 MPa 4.3757 MPa 

1.9863 MPa 5.5880 MPa 

3.6394 MPa 5.1605 MPa 

3.4578 MPa 5.1023 MPa 

3.4197 MPa 4.9733 MPa 

3.8126 MPa 5.4978 MPa 

3.4197 MPa 5.6794 Mpa 
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Tablo 2: Kırma Dayanımı Testi Veri Özeti ve One- Way ANOVA 

Veri özeti, Flexural Strength Tests 

 %0 Grubu %1 Grubu Total 

N 10 10 20 

∑X 91.4512 54.4007 145.8519 

Mean 9.1451 5.4401 7.2926 

∑X2 909.9673 298.6355 1208.6028 

Std.Dev. 2.8604 0.5469 3.0280 

One-Way ANOVA 

Source SS df MS  

Between-

treatments 

46.3772 1 46.3072 

F = 16.1864 Within-

treatments 

51.4984 18 2.8610 

Total 97.8056 19  

F oranı değeri 16,1864'tür. p değeri < 0,001'dir. Sonuç, p < 0,05'te anlamlıdır. 

 

Kırma dayanımının Grup-1 (%0 lif ilavesiz- kontrol grubu) nda maksimum değer 4.2542 MPa 

iken minimum değer ise 1.9863 MPa bulunmuştur. Analiz sonuçlarına göre grup 1 in ortalama 

değeri ise 3.6092 MPa bulunmuştur. Kırma dayanımının grup-2 (%1 ham kenevir lifi ilave 

edilmiş- deney grubu) nda maksimum değer 6.2160 MPa iken minimum değeri ise 4.3757 MPa 

bulunmuştur. Analiz sonuçlarına göre grup 2 nin ortalama değeri ise 5.4401 MPa bulunmuştur. 

Sonuç olarak %1 lif ilavesi kırma dayanımı değerlerini arttırmıştır ve bu artış istatiksel olarak 

anlamlıdır (p < 0.05).  

 

Yüzey Pürüzlülüğü Testi 

Tablo 3: Yüzey Pürüzlülüğü Testi Ham Verileri 

%0 Kenevir ilave edilen Çinko Fosfat Siman 

(kontrol grubu) 

%1 Kenevir ilave edilen Çinko Fosfat Siman (deney 

grubu) 

1.08 μm 1.00 μm 

1.03 μm 1.08 μm 

0.98 μm 0.94 μm 

1.01 μm 1.03 μm 

1.10 μm 1.05 μm 

0.97 μm 0.98 μm 

1.05 μm 1.09 μm 

1.00 μm 0.95 μm 

1.04 μm 1.04 μm 

0.96 μm 1.01 μm 
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Tablo 4: Yüzey Pürüzlülüğü Testi Veri Özeti ve One- Way ANOVA 

Veri özeti, Yüzey Pürüzlülüğü Testi 

 %0 Grubu %1 Grubu Total 

N 10 10 20 

∑X 10.22 10.17 20.39 

Mean 1.022  1.017 1.0195 

∑X2 10.481 10.371 20.852 

Std.Dev. 0.0466 0.0508 0.0487 

One-Way ANOVA 

Source SS df MS 

F = 0.104 

Between-

treatments 

0.00025 1 0.00025 

Within-

treatments 

0.04328 18 0.00240 

Total 0.04353 19  

F-oranı değeri 0.104’tür. p-değeri ise 0.7508’dir. p > 0.05 olduğundan istatistiksel olarak 

anlamlı bir fark bulunmamıştır. 

 

Yüzey pürüzlülüğü testinde Grup-1 (%0 lif ilavesiz- kontrol grubu) de maksimum değer 1.10 

μm iken minimum değer ise 0.96 μm bulunmuştur. Analiz sonuçlarına göre Grup-1’in ortalama 

değeri ise 1.022 μm bulunmuştur. Yüzey pürüzlülüğü testinde Grup-2 (%1 ham kenevir lifi 

ilave edilmiş- deney grubu) de maksimum değer 1.09 μm iken minimum değeri ise 0.94 μm 

bulunmuştur. Analiz sonuçlarına göre Grup-2’ nin ortalama değeri ise 1.017 μm bulunmuştur. 

%1 kenevir lifi ilavesi yüzey pürüzlülüğü değerlerini azaltmamış, yalnızca çok küçük bir fark 

oluşturmuştur. ANOVA sonuçlarına göre bu fark istatistiksel olarak anlamlı değildir (p > 0.05). 

Sonuç olarak %1 oranının çinko fosfat simanın yüzey pürüzlülüğü üzerinde anlamlı bir etkisi 

bulunamamıştır. 

 

SONUÇ 

Bu çalışmanın bulguları, çinko fosfat simana %1 oranında kenevir lifi ilavesinin, yüzey 

özelliklerini olumsuz etkilemeden mekanik performansı anlamlı derecede artırdığını 

göstermektedir. Lif takviyeli grupta kırılma dayanımı değerleri belirgin şekilde yükselmiş; 

kontrol grubunda 3.6092 MPa olan ortalama değer, deney grubunda 5.4401 MPa’ya çıkmıştır. 

Bu artış istatistiksel olarak anlamlı bulunmuştur (F = 16.1864, p < 0.001) ve ham kenevir lifinin 

düşük konsantrasyonlarda dahi çinko fosfat simanın yapısal bütünlüğünü güçlendirebildiğini 

ortaya koymaktadır. Buna karşın, kenevir lifi ilavesi yüzey pürüzlülüğünde anlamlı bir 

değişikliğe yol açmamıştır. Her iki grupta da yüzey pürüzlülüğü değerleri benzer bulunmuş 

(kontrol: 1.022 μm, deney: 1.017 μm) ve ANOVA sonuçları istatistiksel açıdan anlamlı bir fark 

olmadığını doğrulamıştır (F = 0.104, p = 0.7508). Bu durum, kenevir lifi takviyesinin simanın 

mekanik dayanımını artırırken mevcut yüzey dokusunu koruduğunu göstermektedir. Genel 

olarak, %1 kenevir lifi ilavesinin çinko fosfat siman için sürdürülebilir ve biyouyumlu bir 

güçlendirici materyal olarak kullanılabileceği; kırılma dayanımını artırırken yüzey kalitesini 

olumsuz yönde etkilemediği sonucuna varılmıştır. Bu bulgular, doğal lif katkılarının çevre 

dostu ve mekanik olarak geliştirilmiş dental simanların üretiminde önemli bir potansiyel 

taşıdığını ortaya koymaktadır. 
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ÖZET 

Geleneksel koruyucu giysilerde, ağırlıklı olarak kurşun geçirmez yeleklerde kullanımı tercih 

edilen kevlar gibi performansı yüksek sentetik liflerin çevresel sürdürülebilirlik ve ergonomi 

açısından yarattığı zorluk ve problemler, bir alternatif arayışını tetiklemiştir. Bu çalışma, 

öneminin artmasıyla birlikte sürdürülebilir üretime olanak sağlayan endüstriyel kenevirin 

(Cannabis Sativa) yüksek performans gösteren liflere alternatif olarak koruyucu tekstil 

yapılarında ilk kez değerlendirilmesini amaçlamaktadır. Çalışmanın temel hedefi, kenevir lifi ile 

desteklenen epoksi reçine esaslı yeni kompozit yapılar geliştirerek, polietilen ve kevlar gibi 

polimer liflerin kullanımını minimuma indirgeyebilmek ve daha hafif balistik yelekler 

tasarlayabilmektir. 

Çalışma kapsamında, ülkemizde ıslah edilmiş olan yerli tohumlardan (Narlı ve Vezir) elde edilen 

kenevir lifleri kullanılarak, ve alkali modifikasyon uygulanarak epoksi reçine ile uyumu 

artırılmıştır. Farklı kombinasyonlarda (%100 kenevir elyaf / kumaş, %50 / %50 kenevir / kevlar 

kumaş) epoksi reçine esaslı yeni kompozit numuneler tasarlanmış ve üretilmiştir. Üretimde 

vakum torbalama ve vakum infüzyon / presleme yöntemleri kullanılmıştır. Numunelere, NIJ-

STD-0101.06 IIA standardına uygun olacak şekilde balistik testler uygulanmıştır. 

Elde edilen sonuçlara bakıldığında, saf kenevir içeren kompozitler beklenen balistik performansı 

gösterememiştir. Ancak %50 kenevir / %50 Kevlar kumaş karışımı ile elde edilmiş olan hibrit 

kompozitin, 9 x 19 mm mühimmatı geçirmediği ve NIJ 0101.06 LEVEL IIA koruma seviyesinde 

kısmi delinme göstererek testi başarıyla geçtiği gözlenmiştir. Bu bulgular, kenevirin düşük 

balistik seviyelerde sentetik lif oranını düşürerek potansiyel koruma sağlaması açısından umut 

verici bir görüntü çizmektedir. Bu çalışma; sürdürülebilir, hafif ve uygun maliyetli koruyucu 

giysi teknolojilerinin geliştirilmesi için önemli bir zemin hazırlamaktadır. 

Anahtar Kelimeler: Endüstriyel kenevir (Cannabis Sativa), Epoksi reçine, Balistik yelek, 

Kompozitler, Koruyucu giysi 
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ABSTRACT 

The environmental sustainability and ergonomic limitations associated with high-performance 

synthetic fibers, particularly kevlar, which is widely used in traditional protective garments such 

as bullet-resistant vests, have prompted the search for alternative materials. This study aims to 

evaluate industrial hemp (Cannabis sativa), a rapidly emerging and sustainably producible 

natural fiber, as a potential alternative to conventional high-performance fibers in protective 

textile structures for the first time. The primary objective is to develop novel epoxy-based 

composite structures reinforced with hemp fibers, thereby minimizing the use of polymeric fibers 

such as polyethylene and kevlar while enabling the design of lighter ballistic vests. 

In this study, hemp fibers obtained from locally improved Turkish seed varieties (Narlı and 

Vezir) were used and alkali modification was applied to enhance their compatibility with epoxy 

resin. Epoxy-based composite samples were designed and produced in various configurations 

(100% hemp fiber / fabric and 50 / 50 hemp / kevlar hybrid fabrics). Vacuum bagging and 

vacuum infusion/pressing techniques were employed during the production processes. The 

samples were subjected to ballistic testing in accordance with the NIJ-STD-0101.06 IIA 

standard. 

The results showed that composites containing only hemp fibers did not exhibit the expected 

ballistic performance. However, the hybrid composite (Composite E) produced from a 50% 

hemp / 50% kevlar fabric blend successfully prevented the penetration of 9 × 19 mm ammunition 

and passed the test by demonstrating partial perforation at the NIJ 0101.06 Level IIA protection 

level. These findings indicate that hemp presents promising potential for providing protective 

capability at lower ballistic levels while reducing the proportion of synthetic fibers. This study 

lays a significant foundation for the development of sustainable, lightweight, and cost-effective 

protective clothing technologies. 

Keywords: Industrial hemp (Cannabis sativa), Epoxy resin, Ballistic vest, Composites, 

Protective clothing 

 

INTRODUCTION 

Personal body armor has undergone substantial evolution from historically rigid metal and 

leather constructions to contemporary flexible and lightweight protection systems tailored for 

ballistic threats. The primary role of modern armor is to mitigate critical internal injuries by 

dissipating and absorbing the kinetic energy of high-velocity projectiles and sharp objects, while 

simultaneously maintaining wearer comfort and mobility. This dual requirement has driven the 

transition from heavy metallic armor to advanced polymeric and textile-based solutions that 

capitalize on high strength-to-weight ratios and sophisticated energy-absorbing mechanisms [1]. 

Today’s ballistic vests are typically composed of multilayered assemblies of high-performance 

fibers such as aramids and ultra-high molecular weight polyethylene (UHMWPE), which 

function by redistributing impact energy across the fabric architecture, thereby preventing 

penetration and reducing blunt trauma. Aramid-based materials like Kevlar remain widely used 

due to their well-characterized tensile strength and established performance in soft armor 

applications. However, ongoing research reveals significant interest in alternative and hybrid 

systems that integrate next-generation fibers and nanomaterials to expand protective 

performance and decrease bulk [2].  
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Figure.1: Representation of protective gear: (a) Traditional metal armor; (b) Modern protective clothing. 

 

In the search for sustainable alternatives, industrial hemp (Cannabis Sativa L.) has gained 

prominence as a high-performance reinforcement for protective composites. Hemp fibers are 

recognized as one of the strongest natural fibers available, offering a "nature-designed" 

alternative to synthetic materials due to their significant tensile properties and structural 

durability. A major advantage of hemp in ballistic applications is its low density, which allows 

for a high power-to-weight ratio; this enables the design of protective structures that are 

substantially lighter than traditional systems without compromising fundamental 

protection. Furthermore, integrating hemp into technical textiles directly addresses the defense 

industry’s growing demand for sustainability. As a carbon-negative and renewable resource that 

requires significantly less water and chemical input than cotton, hemp supports the global 

transition toward eco-friendly defense technologies. 

 

Industrial Hemp (Cannabis Sativa L.)  

Industrial hemp (Cannabis sativa L.) is an annual bast fiber plant belonging to the Cannabaceae 

family and has been cultivated for centuries for fiber, seed, and industrial raw material production 

[3, 4]. The fibers are primarily extracted from the phloem (bast) region of the stem and consist 

of multicellular bundles formed by elementary fibers bonded through pectin-rich middle lamellae 

[5, 6]. Hemp fibers are characterized by a relatively low density, typically reported in the range 

of 1.4–1.5 g/cm³, and a rough surface morphology with longitudinal grooves, which influence 

their physical behavior and surface interactions [7]. From a chemical standpoint, hemp fibers are 

predominantly composed of cellulose, generally accounting for approximately 55–75 %, which 

is primarily responsible for their tensile strength and stiffness [4, 5]. Hemicellulose content 

usually ranges between 10–20 % and contributes to fiber flexibility and moisture sensitivity, 

while lignin content, typically between 3–10 %, affects rigidity and thermal stability [3, 8]. Minor 

constituents such as pectins, waxes, and water-soluble substances are also present and influence 

fiber aggregation and surface characteristics [6]. The abundance of hydroxyl groups associated 

with cellulose and hemicellulose renders hemp fibers inherently hydrophilic, which has a direct 

impact on moisture absorption and physicochemical interactions with surrounding materials [5, 

7]. Variations in both physical and chemical properties are commonly attributed to differences 
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in plant variety, cultivation conditions, retting processes, and fiber extraction methods, resulting 

in the natural variability typical of lignocellulosic fibers [3, 4]. 

 

 

Figure. 2: Comparison of Cannabis Sativa L. and Cannabis Indıca  

 

Composite Materials 

Composite materials are advanced engineering systems formed by combining two or more 

chemically and physically distinct phases in order to obtain mechanical and functional properties 

that cannot be achieved by conventional monolithic materials alone. The basic structure of a 

composite consists of a continuous matrix phase and a dispersed reinforcement phase, where 

each constituent retains its individual characteristics while contributing synergistically to the 

overall performance of the material. The matrix phase is responsible for binding the 

reinforcement, transferring applied loads, and protecting the structure from environmental 

effects, whereas the reinforcement phase primarily governs stiffness, strength, and energy 

absorption behavior [9]. Composite materials are commonly classified according to the type of 

matrix material, including polymer, metal, and ceramic matrix composites. Among these classes, 

polymer matrix composites have been most extensively investigated due to their low density, 

ease of processing, and high design flexibility [10]. In polymer-based systems, the choice 

between thermoset and thermoplastic matrices has a direct influence on manufacturing routes, 

damage tolerance, and recyclability characteristics [11]. In addition to matrix type, composites 

are further categorized based on reinforcement morphology, such as particulate, short-fiber, or 

continuous-fiber reinforcements, which significantly affect mechanical efficiency and 

anisotropic behavior. The orientation, length, and spatial distribution of the reinforcement within 

the matrix play a critical role in stress transfer mechanisms and damage evolution in composite 

structures [12]. Fiber-reinforced composites with aligned or multidirectional architectures 

typically exhibit superior mechanical performance along preferred loading directions, while 

randomly oriented systems tend to show more isotropic behavior at the expense of reduced 
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stiffness and strength [13]. Owing to this structural diversity, composite materials can be 

systematically tailored for a wide range of engineering applications by controlling constituent 

selection, reinforcement geometry, and processing conditions [10, 11]. 

 

Figure 3. Composite Material 

 

Protective Textiles and Ballistic Performance 

Protective textiles are a specialized class of technical textiles designed to mitigate the effects of 

high-energy threats such as ballistic projectiles, fragments, and impact loads. In personal body 

armor systems, protection is primarily achieved through the dissipation and redistribution of 

kinetic energy generated upon projectile impact, rather than through rigid penetration resistance 

alone [14, 15]. Textile-based armor structures typically rely on high-strength, high-modulus 

fibers arranged in multilayered or composite configurations, allowing the material to absorb 

energy through fiber stretching, yarn pull-out, frictional interactions, and progressive damage 

mechanisms [16]. Ballistic performance in protective textiles is governed by a complex 

interaction between fiber properties, fabric architecture, and structural configuration. Parameters 

such as tensile strength, elastic modulus, strain-to-failure, and fiber density play a critical role in 

determining the ability of a textile system to resist projectile penetration [17]. In woven and 

nonwoven armor systems, yarn crimp, fabric tightness, and inter-yarn friction significantly 

influence stress wave propagation and energy dissipation during impact events [18]. 

Additionally, the number of layers and stacking sequence affect both ballistic resistance and areal 

density, creating an inherent trade-off between protection level and wearer comfort [19]. To 

address limitations associated with conventional multilayer textile armor, hybrid and composite-

based protective structures have gained increasing attention. The incorporation of textile 

reinforcements into polymer matrices enables improved load distribution and enhanced 

resistance to localized deformation under ballistic loading [20]. Such textile-reinforced 

composite systems combine the flexibility and energy-absorbing capacity of fabrics with the 

structural support provided by the matrix material, offering opportunities for weight reduction 

and improved ergonomic performance. As a result, protective textiles are increasingly being 

integrated into composite armor concepts, where material selection and structural design are 

tailored to achieve optimized ballistic efficiency under specific threat conditions [21]. 
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RESEARCH AND FINDINGS 

Materials  

The images of the fibers used are presented to provide a better understanding of the highstrength 

characteristics of hemp fiber. Distinct light refraction patterns are observed within the crystalline 

and amorphous regions. These color variations serve as indicators of fiber behavior during the 

growth stages. 

 

 
Figure 4. Narlı and Vezir seeds 

 

 

 

Table 1. Fabric properties  

 

Material 

Type 

Weave 

Type 

Fabric 

Weight 

(g/m²) 

Thread 

Density 

(ends/cm) 

Tensile 

Strength (N) 

(TS EN 

13937-4) 

Tear Strength 

(N) (TS 

13934-1) 

Abrasion Resistance 

(cycles) (Martindale 

method) 

Hemp 

Fabric 

Plain 

Weave 

(1/1) 

250 10 ends/cm Weft: 1207 N 

/ Warp: 1214 

N 

Weft: 120 N / 

Warp: 126 N 

18,000 cycles (failure 

occurred) 

Kevlar 

Fabric 

Plain 

Weave 

(1/1) 

210 8 ends/cm - - 14,000 cycles (failure 

occurred) 

 

 

 

 
Figure 5.  Stress-strain curves of hemp and Kevlar yarns 
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Figure 6. Microscopic views of hemp fibers 

 

Ballistic Limit and V50 Test 

One of the challenges encountered in V50 ballistic testing is the determination of the maximum 

projectile velocity that a material can withstand without sustaining critical damage. This velocity 

is defined as the ballistic impact velocity or ballistic limit. In this test, a total of four shots are 

fired at the ballistic material. The lowest velocity at which complete penetration occurs and the 

highest velocity at which only partial penetration occurs are identified, and the difference 

between these two velocities must not exceed 18.29 m/s. The ballistic limit velocity of the 

material is then calculated as the arithmetic mean of these impact velocities. 

 

 
Figure 7. Example of a V50 ballistic test  

 

NIJ 0101.06 Standarts 

The ballistic resistance of the manufactured hybrid composite panels was evaluated in 

accordance with the NIJ Standard-0101.06 (Ballistic Resistance of Body Armor). The tests were 

conducted using 9x19 mm Parabellum (Full Metal Jacket - FMJ) ammunition to determine the 

structural integrity and energy dissipation capacity of the E-panel variants. To measure the Back 

Face Signature (BFS), the panels were mounted on a standardized clay block (Roma Plastilina 

No. 1), which mimics the human torso's density. The impact velocity was monitored using high-

precision optical chronographs placed 2.5 meters from the muzzle. Following the impact, the 

depth of indentation on the clay backing was measured using a digital vernier caliper to ensure 

compliance with the 44 mm maximum BFS limit mandated by the NIJ 0101.06 protocol. Each 

panel was subjected to multiple shots at a 0° angle of incidence to evaluate the multi-hit 

performance and the synergy between the hemp and Kevlar fiber layers.  
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Table 2. NIJ 0101.06 standard levels and ammunition used 

 

Level Ammunition & Protection Capability 

IIA Effective against 9 mm and .40 S&W ammunition. 

II Effective against 9 mm and .357 Magnum ammunition 

IIIA Effective against .357 SIG and .44 Magnum handgun ammunition. 

III Effective against 7.62x51 mm ammunition with metal core (rifle). 

IV Effective against .30 caliber steel core armor-piercing (AP) 

ammunition. 

The ballistic performance of the panels was assessed according to the NIJ 0101.06 Type IIA 

standard. Testing was performed at a firing range of 5 meters using 12-gram Full Metal Jacket 

(FMJ) projectiles. To ensure statistical and technical accuracy, the projectile velocity was strictly 

controlled at 373 ± 9.1 m/s throughout the experimental procedure. 

 

 

Figure 8. Ammunition used in NIJ standards 

Method 

In this study, five distinct composite samples were fabricated using various manufacturing 

techniques. Initially, an alkali modification process was applied to the raw hemp fibers and 

fabrics to enhance interfacial bonding. The treatment was conducted at 95°C using a 1:10 

concentration of Sodium Hydroxide (NaOH) solution. This chemical pretreatment aimed to 

remove non-cellulosic components such as oils, pectins, and waxes, thereby facilitating a more 

uniform and complete penetration of the epoxy resin into the fiber structure during the subsequent 

impregnation phase. 
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Figure 9. Vacuum infusion process setup 

 

Following the alkali treatment, a manual combing (carding) process was employed to ensure the 

longitudinal alignment of the fibers and to achieve a more homogeneous panel structure. Manual 

combing was specifically preferred over mechanical carding machines to prevent the "pilling" of 

the fibers, which could negatively impact the final tensile strength and ballistic performance of 

the composite. 

 

 

Figure 9.1. Mechanical Carding 

 

 While the processed fibers were shaped using wooden molds, the fabric-based samples were 

prepared by cutting 50 layers of hemp fabric into 30x30 cm dimensions and arranging them 

within the molds. 
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Figure 9.2. Molded fiber and fabric layers 

 

Two primary methods were utilized for the application of the epoxy resin to the molded fibers: 

vacuum bagging and vacuum infusion combined with pressing. For the fabric-based panels, only 

the vacuum infusion and pressing method was employed. In the vacuum bagging process, the 

pre-molded product was placed in a vacuum bag, and an amount of epoxy resin—prepared with 

a 3:1 hardener ratio and approximately equal to the dry weight of the fibers—was applied to the 

surface using a brush. 

 

 

Figure 9.3. Brush application of epoxy resin 

 In the vacuum infusion method, resin and vacuum lines were meticulously arranged around the 

mold circumference and sealed with vacuum sealant tape to ensure an airtight environment. For 

a total product weight of 1200 grams, a mixture of 900 grams of epoxy and 300 grams of hardener 

was infused into the fibers or fabrics under vacuum. Epoxy resin was impregnated into fabrics 

and fibers in molds prepared in 30x30 cm dimensions, using the same weight and a 3:1 hardener 

ratio. In the final stage of production, the samples prepared via vacuum infusion were 

immediately transferred to a 50-ton hydraulic press without being removed from their molds. 

This consolidation process ensured optimal fiber volume fraction and structural integrity. As a 

result of these procedures, five distinct panels (designated as A, B, C, D, and E) were successfully 

produced for further testing and evaluation. 

 

Ballistic Tests 

The tests applied to the products were conducted in accordance with the National Institute of 

Justice standard (NIJ-STD-0101.06 Level IIA). Prior to laboratory testing, Products A, B, C, D, 
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and E were subjected to conditioning and kept for 24 hours under controlled environmental 

conditions (65 ± 4% relative humidity and 20 ± 2 °C). After the impact point on the product was 

determined using a laser marking system, ballistic shots were carried out for Products A, B, C, 

D, and E. 

Table 3. Comparison of Composite Panel Manufacturing Values 

Product Method Dimensions 

(cm) 

Pre-

Process 

Weight 

(g) 

Resin 

Amount 

Provided 

(g) 

Final 

Product 

Weight 

(g) 

Absorbed 

Epoxy 

Resin (g) 

Epoxy-

Reinforcement 

Ratio 

Panel (A): 100% 

Fiber 

Vacuum Bagging 30x30 1800 1800 3500 1700 48% - 52% 

Panel (B): 100% 

Fiber 

Vacuum Infusion 

+ Pressing 

30x30 1150 1150 1800 650 36% - 64% 

Panel (C): 100% 

Fabric 

Vacuum Infusion 

+ Pressing 

30x30 930 930 1960 960 50% - 50% 

Panel (D): 100% 

Hemp Fabric & 

Fiber Mix 

Vacuum Infusion 

+ Pressing 

30x30 1450 1450 2240 790 35% - 65% 

Panel (E): 50%-50% 

Hemp-Kevlar Fabric 

Vacuum Infusion 

+ Pressing 

30x30 960 (400 

g kevlar) 

960 1850 890 31% - 21% - 48% 

 

 

CONCLUSION  

According to the test results, panels coded A, B, C, and D, consisting of 100% hemp fiber or 

fabric, failed due to complete perforation. In contrast, panel E—a hybrid configuration containing 

50% Kevlar and 50% hemp—successfully passed the test with only partial penetration. In this 

study, a supporting Kevlar fabric was integrated into the intermediate layers of the E-panel using 

the same epoxy matrix and manufacturing methodology. This panel successfully defeated the 

9x19 mm ammunition, maintaining the back face signature (BFS) within the standardized limits. 

This enhanced performance is attributed to the higher tensile strength and energy absorption 

capacity of Kevlar fibers compared to hemp fibers, as evidenced by the fiber and yarn 

characterization tests. These findings provide promising evidence regarding the performance 

potential of natural fiber-reinforced composites in ballistic protection. With future advancements 

in manufacturing techniques and sustainable resin technologies, it is envisioned that these bio-

composites will play a pivotal role as substitutes for petro-chemical products, contributing to the 

development of cost-effective and environmentally friendly solutions.Based on the empirical 

data obtained from the ballistic trials, a significant performance disparity was observed between 

the various laminate configurations. Panels designated as A, B, C, and D, which were fabricated 

using 100% hemp fiber reinforcements in either fiber or textile form, reached their ultimate 

failure point through complete perforation. These results indicate that, despite their sustainable 

nature, pure hemp-based composites lack the necessary energy dissipation mechanisms required 

to neutralize high-velocity impacts. Conversely, Panel E, which utilized a hybridized architecture 

consisting of a 50% Kevlar and 50% hemp ratio, successfully demonstrated superior ballistic 

resistance by achieving only partial penetration. In this specific configuration, high-modulus 

Kevlar fabrics were strategically integrated into the intermediate layers (mid-plane) of the 
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laminate, utilizing the same epoxy matrix and vacuum-assisted manufacturing methodology as 

the previous samples. The experimental results confirmed that Panel E successfully defeated the 

9x19 mm ammunition, ensuring that the resulting Back Face Signature (BFS) remained strictly 

within the permissible safety limits defined by international ballistic standards. 

This substantial enhancement in structural integrity is directly attributed to the synergistic effect 

created by the hybridization. The Kevlar fibers possess significantly higher tensile strength and 

energy absorption capacities than natural hemp fibers, a fact corroborated by the initial fiber and 

yarn characterization tests. While the hemp layers contribute to the bulk and stiffness of the 

composite, the Kevlar layers act as primary energy absorbers by distributing the kinetic energy 

of the projectile across a wider surface area through micro-fibrillar deformation. These findings 

provide robust and promising evidence regarding the potential of natural fiber-reinforced 

polymer (NFRP) composites to be utilized in advanced ballistic protection systems. As 

manufacturing techniques continue to evolve and sustainable resin technologies become more 

prevalent, it is envisioned that these bio-composites will serve as critical substitutes for 

traditional, carbon-intensive petrochemical products. Ultimately, this research contributes to a 

broader framework of developing cost-effective, lightweight, and environmentally responsible 

armor solutions that do not compromise on safety or performance. 
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 ÖZET 

Sürdürülebilirlik, küresel olarak en çok kirleten ikinci sektör olarak kabul edilen tekstil endüstrisi 

için kritik bir gerekliliktir. Kaynakların tükenmesi ve yasal denetim, sentetik lifler yerine doğal 

lifleri önceliklendiren, verimli malzeme kullanımına yönelik bir değişimi zorunlu kılmaktadır. 

Kenevir ve jüt, lifli bitkiler olarak, minimum pestisit ve su kullanımı nedeniyle pamuğa üstün 

ekolojik alternatifler sunmaktadır. Çok yönlü bir bitki olan Kenevirin, biyokütlesinin tonu başına 

yaklaşık 1.5 metrik ton CO2 absorbe ettiği tahmin edilmektedir. "Altın Lif" olarak bilinen Jüt, 

ağırlıklı olarak selüloz (%58–63), hemiselüloz (%20–24) ve ligninden (%12–15) oluşmaktadır. 

Pamuk üzerine kapsamlı araştırmalar mevcutken, kenevir ve jüt liflerinin kimyasal tepkileri 

üzerine yapılan çalışmalar sınırlıdır, bu da bu araştırmanın gerekliliğini artırmaktadır. Bu 

çalışma, jüt ve kenevir lifleri üzerindeki ağartma ve katyonik boyamaişlemlerinin etkilerini ve 

karakterizasyonunu incelemektedir. Araştırma, boyama öncesi ve sonrası etkilerin kapsamlı bir 

şekilde anlaşılmasına katkıda bulunarak, boyama süreçlerinin optimize edilmesine ve bu doğal 

liflerin tekstil ve moda sektörlerinde kullanımının teşvik edilmesine yardımcı olmayı 

amaçlamaktadır. Araştırma parametreleri dahilinde, kenevir ve jüt malzemeleri bazik boyalar 

kullanılarak boyanacaktır. Yapısal ve performans farklılıkları, çekme mukavemeti, Taramalı 

Elektron Mikroskopisi (SEM) ve Fourier Dönüşümlü Kızılötesi Spektroskopisi (FTIR) analizleri 

dahil olmak üzere çeşitli testler kullanılarak incelenecektir. Ek olarak, boyaların solmaya ve 

yıkamaya karşı dayanıklılığını değerlendirmek için renk haslığı, renk akması ve renk bulaşması 

testleri yapılacaktır. 

Anahtar Kelimeler: Jüt, Endüstriyel Kenevir, Lif Karakterizasyonu, Ağartma, Bitim İşlemi, 

Sürdürülebilirlik 
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ABSTRACT 

Sustainability is a critical requirement in the textile industry, which is globally recognized as the 

second-largest polluter. Resource depletion and regulatory scrutiny necessitate a shift towards 

efficient material utilization, prioritizing natural fibers over synthetics. Hemp and jute, as bast 

fibers, offer superior ecological alternatives to cotton due to minimal pesticide and water use. 

Hemp, a versatile plant, is estimated to absorb approximately 1.5 metric tons of CO2  per ton of 

biomass. Jute, the "Golden Fiber," consists primarily of cellulose (%58–63), hemicellulose 

(%20–24), and lignin (%12–15). While extensive research exists on cotton, studies on the 

chemical response of hemp and jute are limited, driving the need for this research. This study 

examines the effects and characterization of bleaching and cationic dyeing processes on jute and 

hemp fibers. The research aims to contribute to a comprehensive understanding of pre- and post-

dyeing effects, thereby helping to optimize dyeing processes and promote the use of these natural 

fibers in the textile and fashion sectors. Within the research parameters, hemp and jute materials 

will be dyed using basic dyes. Structural and performance differences before and after treatment 

will be examined using various tests, including tensile strength, Scanning Electron Microscopy 

(SEM), and Fourier-Transform Infrared Spectroscopy (FTIR) analyses. Additionally, color 

fastness, color bleeding, and color staining tests will be performed to evaluate the durability of 

the dyes against fading and washing. 

Keywords: Jute, Industrial Hemp, Fiber Characterization, Bleaching, Finishing Process, 

Sustainability 

 

Sustainability and Environmental Impact of the Textile Industry 

Sustainability, consisting of three fundamental components: environmental, social, and 

economic, can be defined as the ability to meet present requirements without compromising the 

needs of future generations. However, the textile industry, being one of the most established 

sectors in the world, threatens the ecological balance through the waste it creates, intense water 

consumption, and chemical pollution, despite its economic magnitude. Approximately 8,000 

different chemicals are used in the sector, and dyeing and finishing processes, in particular, are 

responsible for 20% of clean water pollution. Even for the production of a single cotton t-shirt, 

2,700 liters of water (equivalent to a person's drinking water needs for 2.5 years) are consumed. 

The textile industry, which is the third-largest source of land use and water degradation, causes 

millions of tons of heavy metals and toxic waste to be released into nature every year. 
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Figure 1. Simplified flow chart of the textile supply chain 

 

Figure 2. Simplified flow chart of businesses in the textile and clothing supply chain 

 

 

Analysis of the Textile Supply Chain 

This framework reveals the complex and linear production structure of the textile industry, 

spanning from raw material procurement to waste generation. This process represents not only a 

physical production line but also intensive resource consumption. The dyes, additives, water, and 

energy elements located at the top of the scheme are positioned as fundamental inputs feeding 

almost every stage of production; this situation clearly demonstrates the sector's dependence on 

external resources and the need for a continuous flow of energy and materials throughout the 

production process. The production flow commences with the raw material and fiber production 

stages, initiated by the entry of natural or synthetic resources into the system. The yarn, filament, 

and fabric production steps, where the physical form of the obtained fibers is altered, are 

followed by wet processing, which is the most chemically intensive phase of the supply chain. 

In particular, the wet processing stage is a critical point where the water and dye inputs shown 

in the scheme are used most intensively, thereby increasing the environmental load. Following 

the sewing stage, where the fabric attains its final form, the product enters the consumption cycle. 

One of the most striking aspects of the diagram is the emissions block pointed to by arrows 

descending from each production stage; this structure emphasizes that every step from fiber 

production to final consumption creates a cumulative pollution and carbon footprint. The waste 

box at the end of the process symbolizes the system's linear economic model. The absence of 

recycling or reuse cycles in the scheme summarizes the reality that once raw materials are 

processed, they lose their economic value and turn into waste, becoming a permanent burden on 

nature. 

 

Jute 

Jute, often referred to as the "Golden Fiber," is a versatile and sustainable natural fiber obtained 

from the stems of the jute plant. Belonging to the Corchorus genus, this plant is predominantly 

cultivated in tropical regions such as Bangladesh, India, China, and Thailand. Known for its eco-

friendly attributes, jute has been a traditional material for centuries and has been valued for its 

strength, biodegradability, and diverse applications. From textiles to packaging and construction, 
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jute's adaptability makes it a significant player in various industries, contributing not only to 

economic prosperity but also to environmentally conscious practices. 

 

Figure 3. Jute fiber extraction 

Jute belongs to the genus Corchorus. There are more than 30 species of this genus, and among 

them, C. capsularis (called white jute) and C. olitorius (called tossa jute) are used for fiber 

production . Unlike cotton, jute fiber is a multicellular fiber. In the jute plant, the fiber is formed 

as a cylindrical sheath consisting of single fibers (ultimate cells) grouped together to form a 

three-dimensional network from the top to the bottom of the stem. It is considered a long fiber. 

Commercial fibers in the form of fiber bundles 1.5-3 m long are called reeds; they are held 

together as a unit by the porous or mesh structure of the fiber elements and represent only a very 

small proportion (4%-6%) of the whole plant . Each fiber element of these networks of raw jute 

reed is essentially a group of ultimate cells cemented together laterally and longitudinally by 

means of intercellular materials of non-cellulosic composition. A single jute fiber, therefore, 

contains a bundle of ultimate cells. Thus, jute fiber is multicellular. The ultimate cells are spindle-

shaped and variable in size in length and width, averaging 2.5 mm in length and 0.02 mm in 

width in the middle. The cells are approximately 200 times longer than their width. The cross-

sections of the ultimate cells have been found to be polygonal with rounded corners. The natural 

gum layer found between the ultimate cells is known as the middle lamella. Each ultimate cell 

has a thick cell wall and a lumen, a central canal with a more or less oval cross-section. 

 

Figure 4. Jute stem is converted into jute reed and stick after retting 
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Physical Properties of Jute Fiber 

Dry jute offers electrical resistance, but it significantly loses its electrical resistance property 

when moist. The dielectric constant of jute is 2.8 kHz when dry, 2.4 kHz at 65% RH (relative 

humidity), and 3.6 kHz at 100% RH. The coefficient of friction of jute fiber is generally 0.54 for 

white jute. Possessing a high specific heat value, such as 103 J/kg/K for the Tossa variety, jute 

fiber demonstrates good thermal insulation. The ignition temperature of jute is approximately 

193°C, which is not high, and this may be one of the reasons for jute's susceptibility to ignition. 

Like all cellulosic fibers, jute loses its strength when exposed to sunlight for a long time. Jute 

loses its strength at a rate more than twice that of cotton. The dielectric constant of jute at a 

frequency of 2 kHz is 1.8 in the dry state, 2.4 at 65% relative humidity (RH), and 3.6 at 100% 

RH. Jute fiber exhibits increased friction with an increase in moisture regain. Removal of oil and 

wax from the fiber surface also increases friction. However, batching oil helps reduce friction 

between jute fibers and metal pins during the carding and drawing stages performed for jute yarn 

spinning . Jute fiber contains both amorphous and crystalline regions in its molecular structure. 

Such a structure provides jute with a balance of flexibility and durability. In the crystalline 

region, cellulose fibers are highly ordered and aligned in a parallel pattern to each other, thus 

forming a dense structure. On the other hand, cellulose molecules are disordered and not parallel 

in an amorphous structure. The crystalline region of the jute fiber contributes to high tensile 

strength and durability through regular hydrogen bonding. Since jute fiber contains 65-70% 

cellulose, it is mostly crystalline by nature. Approximately 30-35% of jute fiber is amorphous 

and consists mainly of lignin, hemicellulose, and other non-cellulosic components by nature. The 

amorphous region facilitates water absorption and makes jute naturally hydrophilic. 

 

Chemical Properties of Jute Fiber 

Jute fiber is primarily a lignocellulosic compound. It is a complex of organic molecules that, 

upon combustion, leaves a small amount of ash consisting of calcium, magnesium, aluminum, 

iron, etc. These mineral constituents exist either in a free state or bound to the functional groups 

of the cellulosic chain. The number of ultimate cells in a bundle forming a single fiber varies 

from a minimum of 8-9 to a maximum of 20-25. Below is the comparative chemical composition 

of the two main jute species, Corchorus capsularis (White Jute) and Corchorus olitorius (Tossa 

Jute). 

Chemically, jute fiber is primarily composed of polysaccharides and lignin. The fiber also 

contains minor amounts of chemical compounds such as fats and waxes, pectin, nitrogenous 

matter, coloring matter, and inorganic substances. Polysaccharides are also referred to as 

carbohydrates (or holocellulose) and are divided into two groups: alpha-cellulose and 

hemicellulose. Alpha-cellulose is the main component of jute. It forms the skeletal structure of 

the jute fiber and belongs to the family of carbohydrate compounds. It contains 44.4% carbon, 

6.2% hydrogen, and 49.4% oxygen. Its molecular formula is expressed as C6H10O5. 

Hemicellulose in jute is a complex mixture of polysaccharides and polyuronides. It consists of 

relatively low molecular weight polysaccharides of various sugar units, namely xylan in 

pentosan, galactan in hexosan, araban, rhamnosan, mannose, etc. Polysaccharide hemicellulose 

contains numerous hydroxyl groups as well as carboxyl groups. Hemicelluloses are short-chain 

linear polymers. The molecular weight of hemicellulose is 26,000. 
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Hemp 

Hemp (Cannabis sativa L.), belonging to the Cannabaceae family, originates from Central Asia 

and is one of the oldest known natural bast fibers. Possessing an average length of 17-24 mm 

and a diameter of 10-17 μm, these fibers offer superior strength as well as excellent thermal 

insulation, moisture absorption, and UV protection properties. Rapidly growing to a height of 2-

4 meters, the plant is eco-friendly with low water and pesticide requirements; it significantly 

reduces the carbon footprint by absorbing 22 tons of CO₂ per hectare. Thanks to its 100% 

biodegradable structure, it constitutes a strong and sustainable alternative to synthetic fibers in 

textiles, technical textiles, composite materials, and bioplastics. 

 

Figure 5. Hemp stalks, stripped fibers, and combed fibers 

Physical Properties of Hemp Fiber 

Hemp, generally classified as a "bast fiber" has been the subject of increasing demand in the 

textile industry due to its sustainable nature and superior consumer properties. Its unique 

advantages, such as high strength, modulus, cost-effectiveness, and raw material availability, 

have significantly increased the preference for this fiber. Although the plant height can reach up 

to 2 meters depending on the species and cultivation conditions, the obtained hemp fibers are 

technically evaluated in the "long fiber" category (5–50 mm). In characterization studies, the 

average length of hemp fiber is accepted as 25 mm, the average width as 25 µm (microns), and 

the aspect ratio as approximately. Natural fibers, consisting of a heterogeneous mixture of 

organic components, exhibit sensitivity to thermal treatments. High temperatures can lead to 

chemical and physical changes in parameters such as microfibril angle, color, weight, 

crystallinity, strength, and orientation. Particularly during the heating process of hemp fibers in 

the range of 160°C–260°C, the lignin within its structure softens, allowing the fiber bundles to 

separate and transform into finer fiber strands (opening). 

Hemp fiber possesses a multi-layered cell wall structure, comprising the so-called primary cell 

wall (the initial layer formed during cell development) and the secondary wall (S), which consists 

of three layers (S1–S3). In the middle lamella, the elementary fibers are cemented together by 

lignin (containing 90% lignin). In contrast, the S2 layer exhibits the maximum cellulose 

concentration, which is approximately 50%. The S2 layer is the thickest, and due to its higher 

cellulose concentrations, it governs the characteristics of the fibers. 
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Figure 6. Structure of hemp fiber 

Chemical Properties of Hemp Fiber 

Hemp fiber is a lignocellulosic raw material that exhibits properties similar to other bast fibers due to the 

equivalent chemical composition of this fiber group. This fiber is composed of approximately 70–74% 

cellulose, 15–20% hemicellulose, 3.5–5.7% lignin, 0.8% pectin, and 1.2–6.2% wax. 

 

The Importance of Dyeing in Textiles 

Dyeing is a crucial stage in textile production that imparts color and enhances aesthetic qualities. 

Effective dyeing significantly influences the marketability and applicability of textile products 

by ensuring uniform dye absorption, durability, and desired visual characteristics. In this 

research, basic dyes were primarily utilized to dye jute and hemp fibers due to their cationic 

structures, which provide a strong affinity for lignocellulosic fibers. Basic dyes are organic bases 

possessing amino groups such as –NH₂ and –N(CH₃)₂, which facilitate electrostatic attraction to 

negatively charged fiber substrates. Basic dyes are particularly suitable for dyeing jute and hemp 

fibers for several reasons. Basic dyes, which are frequently preferred in the dyeing of 

lignocellulosic fibers such as jute and hemp, constitute an ideal option for large-scale industrial 

production due to their cost-effectiveness and practical application processes under mildly acidic 

conditions without compromising fixation quality. These dyes enhance dye exhaustion through 

the strong electrostatic attraction (high affinity) exhibited toward the negatively charged surfaces 

of the fibers, thereby imparting superior brightness and intense, vivid color shades to textile 

products. Furthermore, their excellent compatibility with common mordants and auxiliary 

chemicals further improves dye absorption and color fastness performance, combining aesthetic 

appeal with technical efficiency. 

 

Material and Methods 

Jute Bleaching Process 

The aim is to remove the coloring matter and impurities found in the natural structure of 

cellulosic-based jute fibers using hydrogen peroxide and to impart the desired whiteness to the 

fibers. The process begins with the preparation of the bath at room temperature 30 °C At this 

stage, a wetting agent to ensure the solution penetrates the fiber, a sequestering agent to remove 

water hardness, detergent to clean impurities, and sodium carbonate (Na2CO3) and sodium 

hydroxide (NaOH) to raise the pH to a basic level are added to the bath sequentially. In the same 

initial stage, the fabric sample and a stabilizer, which prevents the uncontrolled decomposition 

of peroxide, are also added, and pH control is ensured. After the preparation is complete, the 

bath begins to be heated at a rate of  2 °C per minute. When the temperature reaches 70 °C, 
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hydrogen peroxide, the main chemical of the bleaching process, is dosed into the bath. 

Subsequently, the temperature increase continues, and the bath is brought to the boiling point 

between 95 °C and 100 °C. The jute fibers are boiled at this high temperature for exactly one 

hour to ensure the chemical bleaching reaction takes place. At the end of the one-hour period, 

the temperature is lowered to 50 °C, and the process is terminated by draining the bath; if 

necessary, a neutralization process with glacial acetic acid is applied to remove the remaining 

alkalinity on the fiber. 

 

Figure 7. Bleaching graph of jute fiber 

 

Jute Dyeing Process 

The dyeing process utilized chemicals such as Basic Dyes (Bezacryl Blue Fbs, Bezacryl Red 

Fbs, and Bezacryl Golden Yellow), wetting agents, sequestering agents, acetic acid, Glauber's 

salt, and detergent. The procedure began at room temperature (30°C), where the wetting agent, 

retarding agent, Glauber’s salt, acetic acid, dye, and the sample were introduced to the bath under 

pH control. Subsequently, the temperature was increased at a rate of 1.5 °C/minute until it 

reached 95°C. The bath was maintained at this temperature for 40 minutes, after which it was 

cooled to 50°C and the process was concluded with bulk release. 

 

    Figure 8. Dyeing graph of jute fiber 
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Fiber Characterization 

The comprehensive evaluation of fiber quality necessitates a precise assessment of various 

physical parameters, including short fiber content, percentage distribution, and maximum fiber 

length. These critical metrics are meticulously determined using the Shirley comb analysis 

method, which fractionates fibers to create a detailed fibrogram. While fiber diameter and 

fineness are often considered primary characteristics for raw bast fibers such as jute and hemp, 

the uniformity of the distribution is equally paramount. Specifically, in the context of the 

cottonization process—where bast fibers are modified to mimic the spinning properties of 

cotton—the consistency of mean length values serves as the definitive indicator of process 

efficiency and success. Recent analytical data has revealed a notable degradation in fiber 

integrity post-process. The mean length of both dyed jute and hemp fibers demonstrated a 

statistically significant decrease when compared to their raw, pre-dyeing states. This reduction 

is largely attributed to the chemical environment of the dyeing bath. Standard basic dyeing 

processes necessitate a strongly alkaline pH to facilitate dye uptake; however, prolonged 

exposure to such caustic conditions inevitably attacks the cellulosic and hemi-cellulosic structure 

of the fibers. This chemical stress leads to the hydrolytic degradation of the polymer chains 

within the jute and hemp, resulting in the transverse breakage of long fibers and the subsequent 

formation of shorter fiber fragments. This alteration in fiber length profile emerges as a critical 

manufacturing challenge, particularly affecting downstream operations such as yarn spinning 

and fabric weaving. The phenomenon of fiber shrinkage and breakage induced by wet processing 

is not merely a dimensional change but a structural failure that must be anticipated. 

Consequently, spinning parameters—such as roller settings, draft ratios, and twist multipliers—

must be recalibrated to accommodate the altered fiber length distribution to maintain yarn 

strength and regularity. Furthermore, the thermodynamic aspects of the dyeing process play a 

contributory role in this degradation. The high temperatures required for dye fixation can 

compromise the amorphous regions of the fiber structure, which are less crystalline and therefore 

more susceptible to thermal and chemical damage. When combined with the mechanical 

agitation inherent in washing, dyeing, and post-dyeing rinsing cycles, these weakened regions 

become stress concentration points, leading to fiber rupture. The data indicates a clear correlation 

between process duration and fiber damage. Notably, the generation of short fibers was found to 

be more sensitive to the duration of the dyeing cycle (time) than to the intensity of the heat 

(temperature). Extending the dyeing time allows for deeper chemical penetration and prolonged 

hydrolysis, thereby increasing the short fiber content disproportionately. The post-dyeing 

analysis showed a marked increase in the dispersion percentage of the samples, suggesting a 

widening gap between the longest and shortest fibers. 

Table 1. Some sample name abbreviations 
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Figure 9. Shorter diagram comb (a) AJL, (b) AJLK, (c) AJLS, (d) AJLM, (e) HJL, (f) HJLK, (g) HJLS, (h) 

HJLM, (i) AKL, (j) AKLK, (k) AKLS, (l) AKLM, (m) HKL, (n) HKLK, (o) HKLS, (p) HKLM 

Table 2.  Shirley fiber length analysis (Length, Short fiber, Max Length) 
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Fiber Strength 

Stelometer testing revealed distinct differences in the mechanical properties of jute and hemp 

fibers in both their untreated and dyed states. The average breaking strength of hemp fibers is 

significantly higher than that of jute fibers . Elongation at break followed a similar trend; hemp 

demonstrated a better elongation percentage compared to jute fibers, indicating intrinsic 

differences in fiber flexibility. Following the dyeing process, both fibers exhibited a reduction in 

tensile strength. While bleached undyed jute fibers showed an average breaking strength of 4.3 

kg, raw undyed jute fibers showed an average of 4.4 kg. The bleaching process was the potential 

cause for the lower breaking strength of the bleached undyed jute fiber. Hemp fibers displayed 

a similar trend. Hemp fibers possess a cellulose content of 60–70%, which is higher than the 50–

60% cellulose content of jute fibers. Additionally, hemp’s longer microfibrillar and crystalline 

structure enhances its load-bearing capacity. On the other hand, jute has a more amorphous 

structure . It is likely that the reduction in strength observed in both fibers post-dyeing is 

attributed to chemical and thermal degradation during the dyeing process. Alkaline dye baths 

can weaken fiber integrity by hydrolyzing cellulose chains. Furthermore, high temperatures 

during dye fixation can further degrade polymer chains. Moreover, hemp fibers are generally 

thicker and more robust than jute fibers, contributing to superior tensile strength and elongation. 

The stiffer and coarser structure of jute fibers limits their ability to stretch under stress. The 

average breaking strength of un-dyed jute fibers was observed to be higher compared to dyed 

jute fibers. This reduction can be attributed to the chemical agents applied during dyeing 

processes and environmental factors, such as high temperatures, weakening the natural structure 

of the fibers. Cellulose-based natural fibers, in particular, can exhibit sensitivity to the alkalis, 

acids, and various wetting agents used in dyeing and finishing processes. Such treatments can 

disrupt the fiber microstructure, leading to the weakening of hydrogen bonds and a decrease in 

the fiber's load-bearing capacity. Consequently, the dyeing process results in a reduction in 

mechanical properties, particularly breaking strength. These results indicate that the processing 

parameters for jute fibers must be carefully optimized. 

 

Table 3. Bundle fiber strength test results – (Sample, Tensile Properties, Breaking, Average Breaking) 
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Microscopic Analysis of Samples 

Microscopic analysis of the samples indicates distinct structural changes following bleaching 

and dyeing. The analysis revealed that significant morphological alterations occurred in the fiber 

structure after these processes. These changes generally manifest as surface roughening, thinning 

of the outer fiber wall, microstructural disruption, and, in some instances, the weakening of inter-

fiber bonds. In particular, oxidizing agents used during bleaching processes (e.g., hydrogen 

peroxide or sodium hypochlorite) can compromise the natural integrity of the fibers by partially 

breaking down the polymer chains within the cellulose structure. Dyeing processes, on the other 

hand, can cause structural rearrangements in the crystalline and amorphous regions of the fiber 

due to the physical and chemical interactions of dye molecules diffusing into the fiber structure. 

Such structural changes lead to adverse effects on the mechanical and thermal properties of the 

fiber, potentially resulting in reductions in strength, flexibility, and moisture absorption capacity. 

These findings indicate that the effects of applied chemical treatments on fiber morphology must 

be carefully evaluated before using natural fibers in textile and composite applications. As a 

result of the analysis, it is observed in Figure that both jute and hemp fibers appear lighter 

following the bleaching process, as the fibers seem to have experienced some weight loss due to 

the bleaching procedure. Furthermore, hemp fibers exhibit a higher number of short fibers 

compared to jute fibers. In their raw states, both fibers possessed a rough surface containing 

visible fibrils and natural impurities. The bleaching process alters fiber morphology by removing 

surface impurities and partially degrading lignin to create a smoother structure, but it 

simultaneously weakens the fibers. 

 

Figure 10. Microscopic view of (a) Raw jute fiber, (b) Bleached jute fiber, (c) Raw hemp fiber, (d) Bleached 

hemp fiber. 

Color Measurements of Dyed Samples 

The CIELAB results confirm that both hemp and jute fibers respond well to bleaching and 

dyeing, yet they exhibit distinct behavioral trends within each fiber type. For hemp, bleaching 

significantly increases lightness (L*), rendering the fibers brighter and cleaner. Following 

dyeing, the L* value decreases as expected, while the a* and b* values shift into higher positive 

or negative ranges, indicating the emergence of red and yellow tones depending on the specific 

shade. High ΔE and K/S values for the dyed hemp samples indicate clear, strong color differences 

compared to un-dyed fibers. Similarly, for jute, bleaching increases the L* value, thereby 

enhancing brightness. Dyeing reduces the L* value while increasing the a* and b* values, 

demonstrating good dye fixation accompanied by clear color shifts toward red tones. High ΔE 

values signify substantial visual differences following dyeing, while the K/S values confirm 

acceptable color strength. The CIE whiteness indices of all samples were determined, and the 

CIELAB (L*, a*, b*, C*, h°) data are listed as follows: 
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Table 4. Whiteness Index Measurement Results of Samples 

 

Table 5. Color measurement test results 

 

 

Results of Color Fastness Tests to Domestic and Commercial Washing 

The washing fastness results demonstrate that dye color has a clear impact on performance for 

both hemp and jute fibers. For raw and bleached hemp, yellow tones consistently show better 

staining fastness (mostly 4-5) and slightly higher color change ratings (1) compared to red and 

blue tones; red and blue tones remain weaker (1-3 for staining, 1-2 for color change). This 

indicates that yellow dyes possess better binding or fixation to the cellulose structure of hemp 

under washing conditions. Similarly, for raw and bleached jute, yellow-dyed samples perform 

better than red and blue; staining fastness is generally 2-3 and color change is 1, while red and 

blue tones exhibit lower ratings, especially for wool and acrylic. Overall, while the results 

confirm that bleaching helps improve base whiteness and slightly enhances fastness in lighter 

shades, they also confirm that the overall washing fastness of dyed hemp and jute remains low 

(mostly grades 1-3) and must be improved via better dye selection, stronger fixation methods, or 

post-dyeing treatments to ensure practical durability for end-use. 
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Table 6. Washing fastness test results – (Sample, Color Dying, Color Changes)  

 

 

CONCLUSION 

In conclusion, this study demonstrated that jute and hemp fibers exhibit distinct structural and 

dyeing behaviors, which directly influence their suitability for different textile applications 

within sustainable production systems. Hemp fiber showed superior mechanical strength, 

thermal stability, and washing fastness, making it more appropriate for technical textiles and 

durable end-use products. In contrast, jute fiber exhibited higher dye affinity and moisture regain, 

favoring its use in home textiles and aesthetic-oriented applications, despite its lower mechanical 

performance and reduced color fastness. 

The dyeing process induced chemical and mechanical changes in both fibers, as confirmed by 

FTIR and physical analyses, emphasizing the importance of optimizing dyeing parameters 

according to fiber-specific properties. While jute fibers benefited from improved color depth, 

issues related to color bleeding can be mitigated through eco-friendly pretreatments and natural 

mordants. Overall, the findings highlight the strong potential of both fibers in sustainable textiles, 

provided that processing methods are carefully tailored to the intended application. Further 

research on environmentally friendly dyeing techniques, functional finishes, and life cycle 

assessment is essential to expand their industrial applicability and support the textile sector’s 

transition toward a circular economy. 
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Abstract 

The escalating presence of pharmaceutical pollutants in the environment has emerged as a 

critical yet often under recognized global challenge, with profound consequences for ecological 

stability, human well-being, and public health infrastructure. As medication consumption 

increases worldwide—driven by expanding populations, chronic disease prevalence, intensive 

livestock production, and inefficient disposal practices—the release of active pharmaceutical 

compounds into soil, water bodies, and atmospheric pathways has intensified. This 

phenomenon has transformed pharmaceutical residues into a pervasive class of environmental 

contaminants that disrupt ecosystem dynamics, influence microbial populations, and contribute 

to the development of antimicrobial resistance. Despite progress in understanding specific 

pollutants, substantial knowledge gaps remain regarding their long-term effects, synergistic 

interactions, degradation kinetics, and the cumulative burden they impose on natural systems. 

This study offers a comprehensive examination of pharmaceutical waste as a multidimensional 

environmental hazard, situating medication residues within the broader context of ecological 

disruption, toxicological uncertainty, and population-level health risks. The analysis explores 

how diverse drug classes—including antibiotics, hormones, analgesics, cytotoxic agents, 

antihypertensive, psychiatric medications, and personal-care pharmaceuticals—interfere with 

physiological processes across trophic levels, alter reproductive cycles, impair growth and 

development in aquatic organisms, and influence biogeochemical functions that underpin 
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ecosystem resilience. Special attention is given to the complex feedback loops that arise when 

pharmaceutical contaminants interact with other anthropogenic stressors such as microplastics, 

heavy metals, agricultural chemicals, and industrial effluents, producing environmentally 

persistent mixtures with unpredictable biological effects. From a public health perspective, the 

abstract highlights the growing recognition that environmental pharmaceutical contamination 

represents not only an ecological issue but also a direct threat to human safety. Drinking water 

contamination, bioaccumulation in agricultural products, and the survival of bioactive 

metabolites in wastewater systems create exposure pathways that undermine disease-

prevention efforts and contribute to the global crisis of antimicrobial resistance. These risks are 

further compounded by social, behavioral, and infrastructural factors such as improper 

household disposal, insufficient pharmaceutical stewardship programs, unregulated production 

sites, and disparities in wastewater treatment capacity between high- and low-resource settings. 

The study introduces a multidimensional risk-assessment approach that incorporates 

toxicokinetic and toxicodynamic insights, environmental transport modeling, mixture toxicity 

evaluation, and population-level exposure simulation. This framework acknowledges that 

pharmaceutical pollutants cannot be evaluated solely as isolated chemicals; instead, their 

ecological and public health impact must be understood through integrated analysis that 

captures cumulative, chronic, and interactive effects. The assessment also underscores how 

endocrine-disrupting pharmaceuticals, low-dose chronic exposures, and persistent metabolites 

challenge traditional environmental-hazard classification systems. Drawing on 

interdisciplinary evidence, the abstract proposes a suite of holistic mitigation strategies aimed 

at reducing the environmental footprint of pharmaceutical residues. These include green-

chemistry principles for sustainable drug design, advanced oxidation and membrane-filtration 

technologies for wastewater treatment, environmentally conscious prescribing practices, take-

back and drug-retrieval programs, and regulatory reforms that mandate environmental-risk 

evaluations throughout the drug-development lifecycle. Additionally, the study emphasizes the 

importance of cross-sector collaboration among healthcare professionals, environmental 

scientists, regulatory agencies, and pharmaceutical manufacturers to address the multifaceted 

nature of pharmaceutical contamination.The abstract underscores the urgent need for 

innovative and predictive toxicological assessment frameworks capable of capturing the real-

world complexities of pharmaceutical pollution. Current models often fail to encompass 

mixture interactions, chronic low-dose exposures, sublethal ecological effects, and 

transgenerational impacts. Therefore, the study advocates for next-generation environmental-

hazard assessment tools that integrate omics-based biomarkers, machine-learning prediction 

systems, environmental monitoring networks, and ecosystem-level modeling. By adopting 

such advanced methodologies, policymakers and scientists can more accurately identify 

emerging risks, prioritize high-concern contaminants, and implement evidence-based strategies 

to safeguard ecosystems and public health. This abstract provides a detailed exploration of 

pharmaceutical pollutants as an escalating environmental and public health challenge. It 

highlights the intricate mechanisms through which medication waste disrupts natural systems, 

outlines the multidimensional risks posed by these contaminants, and offers forward-looking 

solutions that bridge scientific innovation, regulatory reform, and responsible pharmaceutical 

stewardship. 

Keywords: Pharmaceutical pollution, environmental contaminants, ecological disruption, 

public health risks, endocrine disruptors, antimicrobial resistance, sustainable mitigation. 

 

Introduction 
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The environmental burden posed by pharmaceutical pollutants has become an increasingly 

urgent topic within global scientific, regulatory, and public health discourse. Over the past 

several decades, rapid growth in pharmaceutical production, widespread therapeutic 

consumption, and inadequate waste-management infrastructure have collectively intensified 

the release of active pharmaceutical ingredients, metabolites, and formulation by-products into 

natural ecosystems. These contaminants, traditionally considered benign outside their intended 

clinical context, now represent a complex class of emerging pollutants with wide-ranging 

consequences for ecological balance, environmental integrity, and human health. While the 

expansion of modern pharmacotherapy has significantly improved life expectancy and disease 

outcomes, it has inadvertently contributed to persistent chemical contamination of water, soil, 

and biota. The resulting environmental challenge is multifaceted, involving chemical 

persistence, biological activity at extremely low concentrations, and interactions with a broad 

range of ecological processes [1,2]. 

The pervasive presence of pharmaceutical contaminants in the environment presents a growing 

threat to ecosystems and public health. These pollutants disrupt biodiversity, alter ecological 

functions, and contribute to antimicrobial resistance, posing long-term risks that require urgent 

attention. Given their persistence and complex interactions within natural systems, 

conventional mitigation approaches are insufficient. Addressing this challenge necessitates a 

multifaceted strategy that integrates advanced wastewater treatment technologies, stricter 

regulatory measures, sustainable pharmaceutical production, and responsible disposal 

practices. Furthermore, enhancing risk assessment methodologies through improved analytical 

techniques, predictive modeling, and interdisciplinary research is essential for accurately 

evaluating the hazards posed by pharmaceutical residues. Collaborative efforts between 

policymakers, scientists, healthcare professionals, and the public are critical to developing and 

implementing effective solutions. By prioritizing proactive environmental management and 

strengthening global regulatory frameworks, we can mitigate the detrimental effects of 

pharmaceutical pollution and safeguard both ecological integrity and human well-being for 

future generations [3,4]. 

Pharmaceutical pollutants enter the environment through diverse pathways, including 

household excretion, improper disposal of unused medications, effluents from hospitals and 

pharmaceutical manufacturing plants, agricultural runoff from veterinary drugs, and leaching 

from landfills. Wastewater treatment plants, although essential for municipal sanitation, are 

frequently ill-equipped to fully remove pharmaceuticals and their metabolites, allowing many 

compounds to pass through unaltered or partially transformed into equally bioactive 

intermediates. These substances ultimately accumulate in rivers, lakes, groundwater reservoirs, 

coastal zones, and agricultural soils, where they exert biochemical and physiological effects on 

multiple species. Contaminants such as antibiotics, hormones, anticonvulsants, analgesics, 

beta-blockers, psychotropic medications, and cytotoxic agents have been repeatedly detected 

in environmental compartments worldwide, often at concentrations sufficient to induce 

biological responses, even when present at nanogram or microgram levels [5,6]. 

The ecological implications of pharmaceutical contamination extend far beyond the presence 

of chemical residues in natural systems. Pharmaceuticals are designed to elicit specific 

biological actions, frequently at low doses, and many remain biologically active after excretion 

or disposal. Their persistence in the environment disrupts endocrine function, reproductive 

cycles, neurological development, and immune responses across a wide range of organisms. 

Aquatic ecosystems are particularly vulnerable, as water bodies serve as the primary sinks for 

pharmaceutical residues. Fish, amphibians, algae, aquatic invertebrates, and microbial 

communities exhibit measurable physiological changes upon exposure to hormone-mimicking 

agents, antidepressants, nonsteroidal anti-inflammatory drugs, and antimicrobial compounds. 
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Examples include feminization of fish due to estrogenic pharmaceuticals, altered predator–prey 

interactions linked to psychoactive drug exposure, inhibited algal growth, and disruptions of 

nitrogen-cycling bacteria that maintain essential biogeochemical processes. These biological 

disturbances accumulate through trophic levels, potentially altering ecosystem structure, 

species composition, and ecological resilience [7,8]. 

Pharmaceutical contaminants also interact with other environmental stressors, forming 

complex mixtures that challenge traditional toxicological paradigms. In the presence of 

microplastics, heavy metals, pesticides, and industrial chemicals, pharmaceutical residues may 

exhibit synergistic or antagonistic behaviors, generating outcomes that cannot be predicted by 

evaluating single compounds in isolation. These mixed exposures contribute to sublethal 

toxicity, chronic physiological impairment, and long-term ecological instability. Such 

interactions underscore the need for holistic approaches that account for cumulative risk, 

mixture toxicity, and nonlinear ecological responses [9,10]. 

Beyond ecological impacts, pharmaceutical pollution poses significant and growing risks to 

public health. One of the most pressing concerns is the contribution of environmental antibiotic 

residues to the global antimicrobial resistance crisis. Antibiotics present in wastewater, 

agricultural soils, and aquaculture environments enhance selection pressure, enabling bacteria 

to develop resistance traits that can spread through microbial communities, animal populations, 

and ultimately human clinical settings. Additionally, contamination of drinking water sources 

and food products introduces pathways for chronic, low-dose human exposure to active 

pharmaceutical compounds. Although these exposures are typically below therapeutic 

thresholds, the long-term implications remain insufficiently understood, particularly regarding 

endocrine disruptors, neuroactive drugs, and pharmaceutical metabolites that retain bioactivity. 

Vulnerable populations—including children, pregnant women, the elderly, and individuals 

with chronic illnesses—may face heightened risks from sustained exposure [11,12]. 

These environmental and public health challenges are exacerbated by structural limitations in 

existing regulatory frameworks. Traditional environmental assessments for pharmaceuticals 

often focus on single-compound effects and short-term toxicity, neglecting chronic exposures, 

mixture interactions, and sublethal impacts. Moreover, environmental-risk evaluations are 

frequently conducted late in the drug-development process, limiting opportunities for 

adaptation. Many countries lack comprehensive guidelines for disposal, take-back programs, 

or wastewater remediation approaches targeting pharmaceuticals. As a result, regulatory gaps 

persist across the pharmaceutical life cycle—from design and production to consumption and 

waste management [13,14]. 

Addressing pharmaceutical pollution requires interdisciplinary strategies grounded in scientific 

evidence and informed by a holistic understanding of environmental processes. Advances in 

analytical chemistry have made it possible to detect pharmaceuticals at extremely low 

concentrations, revealing the extensive distribution of these pollutants in natural systems. 

However, detection alone is insufficient. There is a critical need for advanced risk-assessment 

methodologies that incorporate ecotoxicological interactions, species-specific sensitivities, 

population-level modeling, and ecosystem-wide evaluations. Omics-based tools, including 

transcriptomics, proteomics, metabolomics, and microbiome profiling, offer valuable insights 

into early biological responses to pharmaceutical exposures, enabling more accurate 

predictions of long-term ecological consequences. Machine-learning algorithms and predictive 

modeling systems can enhance hazard identification and risk prioritization, while 

environmental-monitoring networks facilitate real-time tracking of contaminant distribution 

[15,16]. 
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Mitigation strategies must extend beyond remediation to include preventative measures 

embedded within drug design, healthcare practice, and societal behavior. Green-pharmacy 

principles encourage the development of environmentally degradable pharmaceuticals with 

reduced persistence and lower ecological toxicity. Healthcare providers and pharmacists play 

a key role by promoting rational prescribing, minimizing medication waste, and educating 

patients on responsible disposal methods. Enhanced wastewater treatment technologies—such 

as advanced oxidation processes, activated carbon filtration, membrane bioreactors, and 

photocatalytic degradation—demonstrate potential for significant reductions in pharmaceutical 

residues, though financial, technical, and infrastructural barriers must be addressed. 

Additionally, policy reforms that integrate environmental considerations into pharmaceutical 

regulation, manufacturing standards, and waste-management systems are essential for long-

term sustainability [17,18]. 

Public awareness and stakeholder collaboration are equally important. Reducing 

pharmaceutical pollution requires cooperation among regulatory agencies, environmental 

scientists, pharmaceutical companies, healthcare institutions, and communities. Coordinated 

efforts can foster innovation, strengthen environmental stewardship, and establish effective 

frameworks for monitoring, mitigation, and prevention. 

The pharmaceutical pollutants represent an emerging environmental hazard with complex 

ecological and public health implications. Their widespread distribution, biological activity, 

and capacity for interactive effects necessitate a re-evaluation of current risk-assessment 

paradigms and the implementation of comprehensive, future-oriented mitigation strategies. 

Understanding the mechanisms by which pharmaceutical waste disrupts natural systems and 

contributes to human health risks is essential for developing holistic and sustainable solutions. 

As global pharmaceutical consumption continues to rise, addressing this challenge has become 

not only a scientific and regulatory priority but also an ethical imperative to safeguard 

environmental integrity and public well-being for future generations [19,20]. 

The pervasive presence of pharmaceutical residues in the environment has emerged as a critical 

issue, with far-reaching consequences for ecosystems and human health. This study delves into 

the extensive contamination caused by these residues, examining their detrimental effects on 

ecological balance and biodiversity. It highlights the complex interactions between 

pharmaceutical compounds and environmental matrices, which exacerbate their persistence 

and toxicity. The research underscores the significant health risks posed to both wildlife and 

human populations, particularly through bioaccumulation and the disruption of endocrine 

systems. Furthermore, the study evaluates current methodologies for assessing environmental 

and health risks, emphasizing their limitations and the need for more robust evaluation 

frameworks. To address these challenges, comprehensive mitigation strategies are proposed, 

ranging from improved wastewater treatment technologies to policy interventions aimed at 

reducing pharmaceutical waste at its source. The findings stress the urgent necessity for 

enhanced risk evaluation protocols and global cooperation to mitigate the environmental and 

public health impacts of pharmaceutical contamination. Pharmaceutical contaminants have 

become a critical environmental concern, infiltrating water bodies, soil, and air, leading to 

widespread ecological disruptions and public health risks. These persistent pollutants interfere 

with aquatic and terrestrial ecosystems, affecting biodiversity, altering microbial communities, 

and contributing to antimicrobial resistance. Their complex interactions with environmental 

systems make risk assessment challenging, necessitating a deeper understanding of their long-

term consequences. This study explores the intricate pathways through which pharmaceutical 

residues impact ecosystems and human health, emphasizing the need for comprehensive 

mitigation strategies. Advanced wastewater treatment technologies, stricter regulatory policies, 

and sustainable pharmaceutical disposal practices are essential to minimize contamination. 
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Moreover, enhancing risk evaluation frameworks with improved analytical methods and 

predictive models is crucial for safeguarding environmental and public health. The widespread 

presence of pharmaceutical contaminants in the environment has raised significant concerns 

due to their persistent nature and far-reaching ecological and health implications. These 

pollutants, originating from pharmaceutical production, improper disposal, and wastewater 

discharge, infiltrate aquatic and terrestrial ecosystems, disrupting biodiversity, altering 

biochemical cycles, and fostering antimicrobial resistance. Their accumulation in water bodies 

threatens aquatic organisms, bioaccumulates in the food chain, and poses risks to human health 

through prolonged exposure. The intricate interactions between pharmaceutical residues and 

environmental systems complicate risk assessment, making it essential to develop more 

advanced analytical techniques and predictive models. This study delves into the extensive 

impact of pharmaceutical contamination, analyzing the mechanisms through which these 

compounds affect ecosystems and public health. It highlights the urgent need for holistic 

mitigation strategies, including the enhancement of wastewater treatment technologies, the 

development of green pharmaceuticals, stricter regulatory frameworks, and public awareness 

campaigns. Furthermore, a refined risk evaluation approach integrating multidisciplinary 

research, innovative monitoring tools, and comprehensive toxicity assessments is imperative 

for mitigating contamination risks effectively. Addressing this escalating issue requires a 

collaborative global effort to ensure environmental sustainability and protect human and 

ecological well-being [21,22]. 

Effective mitigation strategies will require a combination of improved waste management 

practices, targeted regulatory policies, and advanced treatment technologies. Understanding 

the full scope of pharmaceutical contamination and its ecological and human health 

implications is essential for developing proactive, sustainable solutions. The uncontrolled 

release drugs into the environment may be wastewater and atmospheric emissions from 

enterprises producing finished drugs and pharmaceutical substances. the environmental safety 

of such production is usually regulated by law. However, accidental releases of drugs into the 

environment or those that violate existing norms and regulations that occur in industry, are 

nevertheless not systematic. Moreover, there is a general trend towards a reduction in the 

environmental load on the part of pharmaceutical production, primarily in developed countries 

of the world, due to a consistent increase in the technological effectiveness and organization of 

the production process, the introduction of increasing quality standards and environmental 

safety, and control by authorized government bodies . It is also necessary to take into account 

that pharmaceutical production is localized geographically, and if an accident occurs at the 

enterprise or there are violations of environmental legislation, then such emissions are 

exclusively local in nature and pose a danger only to specific regions. For all the reasons listed 

above, such sources are not the subject of analysis in this review, although they contribute to 

environmental pollution. Other sources of drugs that are practically uncontrollable and are 

formed mainly by people who use drugs for medical purposes, as well as in animals, pose a 

great danger to the environment [23-25].  

The contamination of the environment by pharmaceutical residues presents a critical challenge 

to both ecosystem health and human well-being. The widespread presence of these substances 

in water, soil, and air underscores the need for a more comprehensive understanding of their 

environmental fate and effects. Current risk assessment approaches, which often examine 

individual compounds in isolation, are inadequate in addressing the complex interactions and 

cumulative risks posed by pharmaceutical pollutants, especially when combined with other 

environmental contaminants. Furthermore, the potential dangers of pharmaceutical 

transformation products, which may exhibit greater toxicity or persistence, remain 

underexplored. To address these concerns, a paradigm shift is required in environmental risk 
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assessment, incorporating multi-substance interactions, long-term ecological impacts, and the 

effects of transformation products. The development of robust mitigation strategies—such as 

advanced waste treatment technologies, improved pharmaceutical disposal practices, and more 

stringent regulatory frameworks—must be prioritized. By adopting a more integrated, 

precautionary approach to pharmaceutical contamination, we can better protect ecosystems and 

human health from the growing threat posed by these persistent pollutants. Future research and 

policy initiatives should focus on improving our understanding of these substances, developing 

innovative solutions to reduce their environmental impact, and ensuring sustainable 

management practices for pharmaceuticals [26, 27]. 

The presence of pharmaceutical residues in the environment has emerged as a significant global 

concern, as these substances increasingly contaminate water, soil, and air systems. The 

widespread use of pharmaceuticals in human and veterinary medicine, along with improper 

disposal practices, has led to the accumulation of pharmaceutical compounds in various 

environmental compartments. These residues, often detected in trace amounts, are not only 

persistent but can also have profound ecological and human health implications. The 

environmental impact of pharmaceuticals extends beyond direct toxicity, as they can disrupt 

ecosystems, alter microbial communities, and interfere with natural processes such as nutrient 

cycling and waste decomposition [28,29]. 

Current environmental risk assessments often focus on single substances, neglecting the 

combined effects of pharmaceuticals in the environment. This approach may overlook the 

potential for greater toxicity when multiple substances interact or the unanticipated 

consequences of transformation products, which can be more persistent or toxic than their 

parent compounds. For example, the breakdown products of some pharmaceuticals may persist 

in the environment for extended periods, increasing the long-term ecological risks. Moreover, 

the potential for these transformation products to migrate through the food chain and impact 

human health remains largely unexamined [30,31]. 

The lack of comprehensive understanding of pharmaceutical pollution in the environment is 

further compounded by inadequate data on the long-term effects of low-level, chronic exposure 

to these compounds. Despite significant advances in detecting pharmaceutical residues in 

environmental matrices, only a small fraction of the thousands of active pharmaceutical 

ingredients used globally have been adequately studied. This gap in knowledge makes it 

difficult to assess the full scope of the risks posed by pharmaceutical contamination [32,33]. 

To address this growing environmental challenge, there is an urgent need for an integrated, 

precautionary approach to risk assessment that considers the complex interactions between 

pharmaceuticals and other pollutants. A more nuanced understanding of how pharmaceuticals 

degrade in the environment, how they interact with other chemicals, and how these compounds 

affect ecological functions and biodiversity is essential. This requires an expansion of 

ecotoxicity testing to incorporate a broader range of subtle biological effects, such as 

behavioral changes, physiological disruptions, and alterations in biochemical processes. 

Advanced technologies, including genomics, proteomics, and high-throughput screening, 

could play a pivotal role in improving the assessment of pharmaceutical pollutants. 

Moreover, effective mitigation strategies must be developed to reduce pharmaceutical releases 

into the environment. These strategies could include improved waste management practices, 

such as source control, better disposal systems for unused pharmaceuticals, and more advanced 

wastewater treatment technologies. Additionally, regulatory frameworks must be strengthened 

to ensure that pharmaceutical contaminants are adequately managed and that new drugs are 

evaluated for their environmental risks before they are widely used. Such efforts would require 

collaboration among scientists, policymakers, and the pharmaceutical industry to develop 
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sustainable solutions that minimize the environmental impact of pharmaceutical residues 

[34,35]. 

The environmental contamination caused by pharmaceutical residues is an increasingly 

complex and critical issue that threatens the health of ecosystems and poses risks to human 

well-being. The widespread use of pharmaceuticals in both human and veterinary medicine, 

combined with inadequate disposal practices, has led to the persistence of these substances in 

various environmental media, including water, soil, and air. While pharmaceuticals are 

essential for human health, their unintended release into the environment raises concerns due 

to their potential ecological impacts. These compounds, often present in trace amounts, can 

accumulate over time and exhibit a range of adverse effects on aquatic and terrestrial 

organisms, including the disruption of microbial communities, alterations in biodiversity, and 

interference with critical ecosystem processes such as nutrient cycling and soil fertility [36,37]. 

Pharmaceutical residues in the environment are particularly concerning because they can have 

multiple modes of action, which can interfere with the natural functioning of ecosystems. Some 

pharmaceutical compounds, such as antibacterial, have been shown to affect soil microbes that 

play an essential role in processes like pesticide degradation and manure decomposition. The 

potential for synergistic or additive effects among pharmaceuticals and other environmental 

pollutants, such as pesticides, biocides, and industrial chemicals, adds further complexity to 

the issue. While individual pharmaceuticals have been studied in isolation, little is known about 

how they interact with other chemicals in the environment, which may lead to underestimated 

risks [38, 39]. 

This paper aims to delve deeper into the environmental contamination caused by 

pharmaceutical residues, exploring their ecological impacts, the complexity of their 

interactions with other pollutants, and the urgent need for more comprehensive and integrated 

risk assessments. Furthermore, it will highlight the critical role of advanced mitigation 

strategies, innovative treatment technologies, and regulatory measures in addressing the 

growing environmental threat posed by pharmaceuticals. By fostering a greater understanding 

of pharmaceutical pollution, we can better protect ecosystems, safeguard human health, and 

mitigate the long-term risks associated with pharmaceutical contamination in the environment 

[40,41]. 

While some studies have identified individual pharmaceuticals in the environment, the 

complexity of interactions between multiple contaminants—such as pharmaceuticals, 

pesticides, and industrial chemicals—remains insufficiently understood. Current risk 

assessment frameworks primarily focus on single-substance exposure, which may fail to 

account for the cumulative or synergistic effects that arise when pharmaceuticals interact with 

other environmental pollutants. Additionally, the potential risks associated with transformation 

products, which may be more persistent or toxic than the parent compounds, have been largely 

overlooked [42,43]. 

Given these concerns, there is a pressing need for a more integrated approach to the study and 

management of pharmaceutical residues in the environment. This includes the development of 

more robust risk assessment models that consider multiple substances, the environmental 

behavior of transformation products, and their potential long-term ecological impacts. 

Furthermore, effective mitigation strategies, including improved waste management, disposal 

practices, and regulatory measures, are essential to address the growing issue of pharmaceutical 

contamination. This paper aims to explore the environmental contamination caused by 

pharmaceutical residues, assess their risks and interactions, and highlight the need for improved 

frameworks to better understand and mitigate their impact on both ecosystems and human 

health [44,45]. 
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Goal 

The primary goal of this study is to conduct an extensive and integrative investigation into the 

environmental burden of pharmaceutical pollutants, elucidating their ecological consequences, 

public health implications, and the broader systemic dynamics that govern their behavior within 

natural environments. This research aims to advance scientific understanding of how active 

pharmaceutical ingredients, metabolites, and formulation by-products migrate through 

environmental pathways, interact with biological systems, and contribute to long-term 

ecological disruption and human health risks. By examining these contaminants through a 

multidisciplinary lens, the study seeks to bridge existing knowledge gaps, challenge 

conventional toxicological assessment models, and provide a refined framework for 

environmental hazard evaluation. 

A major objective is to characterize the complex biological and ecological interactions 

influenced by pharmaceutical pollutants across multiple trophic levels. This includes 

identifying mechanisms through which specific drug classes alter organismal physiology, 

disrupt endocrine and neurological processes, impair microbial community functions, and 

destabilize ecosystem balance. Understanding these mechanistic pathways is essential for 

delineating the subtle, chronic, and cumulative effects of low-dose pharmaceutical exposure, 

which often remain undetected by traditional environmental-monitoring strategies. 

Equally central to the goal of this investigation is the assessment of public health risks arising 

from environmental exposure to pharmaceutical residues. The study aims to analyze 

contamination in water sources, food chains, and atmospheric pathways to determine how the 

persistent presence of pharmaceuticals contributes to antimicrobial resistance, endocrine 

disruption, and potential long-term health effects in human populations. An additional 

emphasis is placed on evaluating exposure in vulnerable demographic groups and identifying 

socioeconomic and infrastructural factors that exacerbate population-level risks. 

A further aim is to critically evaluate the limitations of current environmental-risk assessment 

methods and regulatory frameworks. Existing models often fail to consider mixture toxicity, 

chronic exposure scenarios, interactive effects with other pollutants, and the environmental 

persistence of bioactive metabolites. This study therefore seeks to develop an advanced, 

holistic, and systems-oriented assessment framework that incorporates ecotoxicological data, 

omics-based biomarkers, machine-learning prediction tools, and environmental-transport 

modeling to more accurately reflect real-world exposure patterns and ecological responses. 

The research aims to identify and evaluate sustainable, scalable, and interdisciplinary 

mitigation strategies that can reduce the environmental footprint of pharmaceutical 

contaminants. These strategies range from green-chemistry approaches in drug design to 

advanced wastewater treatment technologies, pharmaceutical stewardship programs, and 

policy reforms that integrate environmental considerations throughout the pharmaceutical life 

cycle. The goal is not only to understand the problem but also to propose actionable, evidence-

based solutions that can guide environmental management, public health policy, and 

pharmaceutical industry practices. 

The study seeks to promote a comprehensive scientific discourse that elevates pharmaceutical 

pollution as a global environmental priority. By integrating ecological, toxicological, 

technological, and regulatory perspectives, the research aims to contribute to the development 

of innovative frameworks that safeguard ecosystem health, protect human populations, and 

support sustainable pharmaceutical use in a rapidly evolving world. 

 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 371



 

Methodology 

The material of the article was the data from scientific publications, which were processed, 

analyzed, overviewed and reviewed by generalization and systematization. Research studies 

are based on a review/overview assessment of the development of critical visibility and 

overlook of the modern scientific literature. Use the following databases: (for extensive 

literature searches to identify the deep environmental impact of medication waste, their effects 

on natural systems: public health threats, intricate relationships, risk analysis, holistic solutions, 

and the need for advanced hazard assessment.). PubMed, Medline, Web of Science, Scopus, 

Web of Knowledge, Clinical Key, Tomson Reuters, Google Scholar, Cochrane library, and 

Elsevier foundations, national and international policies and guidelines were also reviewed and 

as well as grey literature. 

 

Results and Discussion 

The analysis revealed that pharmaceutical pollutants are now detectable across all major 

environmental compartments, with particularly high concentrations observed in surface waters 

downstream from wastewater treatment facilities, hospital discharge points, and regions with 

intensive agricultural and aquaculture activity. Quantitative assessments demonstrated that 

antibiotics, hormones, analgesics, beta-blockers, and psychotropic drugs were among the most 

frequently detected contaminants, with concentrations ranging from nanograms to micrograms 

per liter. These levels, although seemingly low, were sufficient to induce measurable biological 

responses in aquatic and terrestrial organisms, confirming that pharmaceutical residues act as 

potent environmental stressors even at trace concentrations. 

One of the most significant results was the clear evidence of ecological disruption associated 

with exposure to endocrine-active pharmaceuticals, particularly synthetic estrogens and 

hormonal contraceptives. Aquatic organisms exhibited alterations in reproductive morphology, 

hormonal imbalance, reduced fertility, and impaired development. Fish species showed 

feminization of males, skewed sex ratios, and suppression of reproductive behavior, consistent 

with previous observations of endocrine-disrupting chemicals in freshwater ecosystems. These 

findings highlight the long-term ecological consequences of chronic exposure and the 

vulnerability of reproductive pathways to low-dose pharmaceutical interference. Importantly, 

such disruptions were not limited to vertebrates; algae and aquatic invertebrates also 

demonstrated decreased reproduction and abnormal physiological responses, indicating that 

the ecological impact of endocrine-active pharmaceuticals is system-wide[46,47]. 

The results also confirmed the critical role of pharmaceuticals in altering microbial 

communities responsible for essential ecological functions. Antibiotic residues significantly 

influenced the diversity, activity, and resilience of microbial populations in wastewater, soil, 

and aquatic environments. Key nitrogen-cycling bacteria exhibited suppressed metabolic 

activity, leading to reduced nitrification rates and impaired nutrient cycling. This finding is 

particularly relevant for agriculture and wastewater treatment systems, where microbial 

efficiency is central to maintaining ecological stability and preventing eutrophication. In 

addition, the analysis reinforced the connection between environmental antibiotic 

contamination and the global rise of antimicrobial resistance, as exposure to low concentrations 

of antibiotics facilitated the selection of resistant strains and the transfer of resistance genes. 

These results underscore the role of environmental reservoirs as silent drivers of antimicrobial 

resistance, with direct implications for public health [48,49]. 

Another core observation was the presence of complex interactions between pharmaceutical 

pollutants and other environmental contaminants such as microplastics, heavy metals, 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 372



 

pesticides, and industrial chemicals. Mixture experiments revealed synergistic effects, where 

the combined toxicity of pharmaceutical–pollutant mixtures exceeded the sum of their 

individual toxicities. Psychotropic medications, for instance, displayed enhanced behavioral 

effects on aquatic organisms when present alongside microplastics, which served as carriers 

that increased bioavailability and facilitated ingestion. Similarly, heavy metals amplified the 

oxidative stress induced by anti-inflammatory drugs, leading to cellular damage and reduced 

organismal resilience. These synergistic outcomes challenge traditional toxicological 

approaches that evaluate contaminants individually and emphasize the need for holistic, 

mixture-based toxicity assessment frameworks [50,51]. 

Human health risk analysis yielded significant findings regarding exposure routes and 

population vulnerability. Trace concentrations of pharmaceuticals were identified in drinking 

water sources in several regions, particularly where water treatment systems relied on outdated 

infrastructure unable to filter complex organic molecules. Although concentrations generally 

remained below therapeutic thresholds, chronic exposure posed potential health risks, 

especially in relation to endocrine disruptors, neuroactive compounds, and pharmaceutical 

metabolites with uncharacterized toxicity. The study also found evidence of pharmaceutical 

residues in agricultural products irrigated with contaminated water, suggesting a secondary 

exposure pathway through the food chain. Vulnerable populations—including infants, 

pregnant women, and individuals with underlying health conditions—were identified as 

potentially more susceptible to long-term effects due to physiological sensitivity and 

cumulative exposure [52,53]. 

The findings highlights both the biological potency of pharmaceutical pollutants and the 

inadequacy of current environmental monitoring and regulatory frameworks. Traditional 

environmental-risk assessments often rely on acute toxicity tests that fail to capture chronic, 

mixture, and low-dose effects. The results from this study demonstrate that pharmaceuticals 

exert subtle but impactful biological effects even at concentrations far below the thresholds 

used for regulatory evaluation. This discrepancy between environmental occurrence and 

regulatory standards underscores the urgent need for revised methodologies that incorporate 

chronic exposure, sublethal effects, and the dynamics of chemical mixtures [54,55]. 

The persistence and bioactivity of pharmaceutical metabolites emerged as a critical issue. Many 

metabolites, historically considered less harmful, were found to retain significant biological 

activity, sometimes exceeding that of parent compounds. Their presence complicated risk-

assessment models and highlighted the need for advanced analytical tools capable of 

identifying and quantifying degradation products in environmental samples. This finding aligns 

with growing scientific consensus that risk assessments must encompass full life-cycle toxicity, 

including transformation products generated during wastewater treatment and environmental 

degradation [56,57]. 

The results also revealed important insights into the effectiveness of current mitigation 

strategies. Conventional wastewater treatment methods—such as activated-sludge systems—

were found inadequate for removing many pharmaceuticals, particularly persistent organic 

compounds, antibiotics, and hormonal agents. Advanced treatment technologies, including 

activated carbon adsorption, ozonation, membrane filtration, and advanced oxidation 

processes, demonstrated significantly higher removal efficiencies. However, their widespread 

implementation remains limited by financial, infrastructural, and technical constraints. These 

findings suggest that technological solutions alone are insufficient; rather, an integrated 

approach combining advanced treatment, improved disposal practices, rational prescribing, and 

public education is necessary to reduce environmental contamination [58,59]. 
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Another key component of the discussion relates to the growing movement toward green-

pharmacy principles and environmentally degradable drug design. The results underscore the 

potential of such approaches to revolutionize pharmaceutical development by prioritizing 

molecular structures that degrade rapidly into non-toxic by-products. However, practical 

implementation requires coordination between pharmaceutical industries, regulatory agencies, 

and environmental scientists to ensure that ecological considerations are embedded early in the 

drug development process[60,61]. 

The combined results illustrate a complex, multifactorial challenge in which pharmaceutical 

pollutants exert widespread ecological and public health effects through diverse and 

interconnected pathways. The discussion emphasizes that addressing this issue requires 

holistic, systems-level strategies that integrate scientific evidence, regulatory reform, 

technological innovation, and behavioral change. The findings highlight the need for 

interdisciplinary collaboration, long-term environmental monitoring, and the adoption of 

advanced toxicological frameworks capable of capturing the true scale of risk posed by 

pharmaceutical contaminants. In doing so, this study provides a foundational basis for 

developing sustainable, forward-looking solutions that protect both ecosystem integrity and 

human well-being[62,63]. 

The findings highlighted the substantial role of socio-economic factors, healthcare 

infrastructure, and regional disparities in shaping the environmental distribution of 

pharmaceutical pollutants. Regions with limited wastewater treatment capacity, insufficient 

regulation of hospital discharge, and inadequate pharmaceutical disposal systems demonstrated 

markedly higher contamination levels. In many low- and middle-income settings, untreated or 

partially treated effluents from healthcare facilities were directly discharged into surface 

waters, producing localized hotspots of pharmaceutical pollution. These hotspots exhibited 

significantly elevated toxicity markers in resident flora and fauna, suggesting that social and 

infrastructural inequities directly influence ecological vulnerability. Furthermore, regions with 

dense populations and high pharmaceutical consumption—particularly areas undergoing rapid 

urbanization—showed accelerated accumulation of contaminants, revealing that demographic 

patterns must be considered in environmental risk assessment [64,65]. 

The study also revealed critical insights into the mobility and environmental fate of 

pharmaceutical residues, particularly their capacity to undergo long-range transport and 

persistence in remote ecosystems. Traces of antibiotics, analgesics, and hormonal agents were 

detected in groundwater reservoirs and coastal sediments far from their original points of 

discharge. This demonstrates the efficiency of hydrological networks in distributing 

contaminants over large spatial scales. Sediment analysis indicated that pharmaceuticals with 

high partition coefficients adsorbed onto particulate matter, enabling long-term accumulation 

in benthic environments. These sediments served as reservoirs that intermittently released 

contaminants back into the water column during periods of disturbance, such as storms, 

dredging activities, or changes in water chemistry. This re-mobilization complicates mitigation 

strategies because it prolongs exposure windows and introduces cyclical contamination 

patterns [66,67] 

Another important set of results involved the sublethal behavioral effects of psychoactive 

pharmaceuticals on aquatic organisms. Even at extremely low concentrations, antidepressants, 

anxiolytics, and antipsychotic residues altered locomotion, predator–prey interactions, feeding 

patterns, and stress responses in fish and amphibians. These behavioral disruptions, although 

subtle, have large ecological implications because they influence reproductive success, survival 

rates, and trophic dynamics. The study found that organisms exposed to antidepressants 

exhibited reduced avoidance behaviors, rendering them more vulnerable to predation, while 
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amphibians displayed delayed metamorphosis and impaired neurological development. These 

findings support emerging evidence that psychoactive pharmaceuticals can function as 

ecosystem-level behavioral modifiers [68,69]. 

Environmental metabolomics and transcriptomic analyses provided further mechanistic 

understanding of pharmaceutical toxicity. Exposure to nonsteroidal anti-inflammatory drugs 

triggered oxidative stress pathways, mitochondrial dysfunction, and alterations in lipid 

metabolism in aquatic species. Meanwhile, antibiotics induced transcriptional changes 

associated with impaired cellular division, protein synthesis disruption, and metabolic 

inhibition. These molecular signatures were consistent across multiple species, indicating 

conserved toxicological responses that could serve as biomarkers for environmental 

monitoring. Importantly, low-dose chronic exposures elicited distinct metabolic profiles 

compared to acute exposures, demonstrating that subtherapeutic environmental concentrations 

trigger unique and previously overlooked biological pathways [70,71]. 

The study also extends to the identification of pharmaceutical contamination in terrestrial 

ecosystems, an area less studied but equally critical. Soil samples near landfill sites, livestock 

facilities, and agricultural fields irrigated with treated wastewater displayed noteworthy 

concentrations of veterinary pharmaceuticals, antidepressants, and antiepileptic drugs. These 

residues affected soil microbial communities by reducing microbial biomass, altering 

community composition, and inhibiting nutrient-transforming processes such as nitrification 

and carbon mineralization. Plants grown in contaminated soils exhibited reduced growth rates, 

altered root morphology, and accumulation of pharmaceutical residues in edible tissues. These 

findings indicate that terrestrial food webs are increasingly vulnerable to pharmaceutical 

penetration, raising concerns regarding both crop safety and nutrient cycling stability [72,73]. 

The expanded results demonstrate strong support for reformed risk-assessment frameworks 

that incorporate systems ecology, advanced toxicological analytics, and long-term 

environmental surveillance. The evidence clearly shows that conventional assessment models, 

which emphasize acute toxicity and single-compound evaluations, are insufficient for 

capturing real-world environmental conditions. The complexity of pharmaceutical 

contamination—encompassing mixture effects, chronic exposures, interactive stressors, and 

transgenerational impacts—requires a paradigm shift toward integrated, predictive, and 

adaptive environmental management. These findings reinforce the importance of designing 

mitigation strategies that move beyond technological solutions toward comprehensive policies 

that integrate pharmaceutical stewardship, environmental ethics, scientific innovation, and 

international collaboration [74,75]. 

Because very little is known about the effects of pharmaceuticals on environmental health and 

the interactions of various compounds, some workers are taking a precautionary approach and 

developing methods to reduce releases of these substances into the environment . Various 

approaches have been proposed, including source control of pharmaceuticals, source 

separation, waste treatment to remove pharmaceutical compounds, implementation of breeding 

practices, and improvement of drug disposal systems. expired medicines and waste containers. 

Source control includes marking, controlled disposal and separation of urine. Separating 

sources of pharmaceuticals, such as hospital wastewater, which are likely to be heavily 

contaminated with pharmaceuticals and antibiotic-resistant bacteria, should allow treatment 

resources to be focused on the most contaminated waters [76,77]. 

Pharmaceuticals may be removed by treatment with physical processes such as sorption or 

volatilization, biodegradation, or chemical reactions such as ozone treatment. The significance 

of the different options is likely to be very specific to each substance. For example, the 

antibiotic ciprofloxacin is removed by strong sorption to suspended solids in sewage sludge, 
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whereas diclofenac and 17α-ethinyl estradiol undergo significant biodegradation in aged 

activated sludge. A range of measures to reduce emissions is therefore likely to be required. 

Many treatment methods that eliminate pharmaceuticals may also produce transformation 

products that are more persistent and more mobile than the parent compounds, some of which 

may also have similar or increased toxicity. Little work has been done to assess the 

environmental impacts of these transformation products. Clearly, a wealth of data on the levels 

of pharmaceuticals in the environment and their effects on aquatic and terrestrial organisms 

has become available in recent years. However, many issues remain to be resolved before it 

can be determined whether residues in the environment pose a threat to human health and the 

environment. First, there are risks associated with substances that have not yet been studied. 

Due to resource limitations, only a small proportion of pharmaceuticals in use today have been 

studied, and there is an urgent need to understand how other substances affect the environment. 

Second, we can better assess ecotoxicity. Current standard ecotoxicity tests are likely 

inadequate to assess the effects of many pharmaceuticals. The use of more subtle parameters 

such as behavioral changes, physiology, and biochemistry is of particular interest. Further work 

is needed to identify these subtle effects. It is likely that many of the technologies currently 

used by molecular biologists, such as proteomics and genomics techniques or large-scale DNA 

or protein microarrays, can make a significant contribution to this task. Third, ecotoxicity data 

are relevant to the real world. Although many subtle effects have been demonstrated following 

exposure to pharmaceuticals at environmentally realistic concentrations, we need to establish 

the significance of these data in terms of ecological functioning. Fourth, there are risks 

associated with mixtures. Pharmaceuticals are unlikely to occur alone in the environment, so 

the current single-substance risk assessment approach may underestimate environmental 

impacts. This also includes potential indirect effects. Little has been done to determine the 

absorption of pharmaceuticals into organisms and throughout the food chain. Such studies are 

critical to determining the potential indirect impacts of environmental exposure on the ecology 

and human health. A related question is: should we be concerned about transformation 

products? Much of the work to date has focused on the parent compounds; however, we know 

that transformation products are produced in the environment and during processing. It is 

important that we begin to understand the potential impacts of these substances. Future work 

should therefore focus on understanding the biotic and abiotic processes underlying the release, 

fate, and environmental impacts of pharmaceuticals. Finally, certain environmental exposures 

lead to greater resistance to antibacterial drugs. A wide range of antibacterial agents have been 

found in water and soil, many of which persist for some time. It is possible that such exposures 

could lead to the development of resistant microbes that could pose a serious threat to human 

and animal health [78,79]. 

The future work should focus on understanding the biotic and abiotic processes underlying the 

release, environmental fate, and effects of pharmaceuticals. Such an understanding should 

ultimately enable the development of new modeling approaches. A comparative plasma 

concentration model linking mammalian and fish species, which could provide useful 

information on the likely effects of pharmaceuticals on fish. Other modeling approaches, such 

as quantitative structure-activity relationships, could help estimate the environmental impacts 

of pharmaceutical products based on their chemical structure. Read-across approaches, in 

which data from closely related compounds are used to determine the effects of an untested 

compound, can also help improve environmental assessment. Improved tools should provide a 

better understanding of the environmental impacts of pharmaceutical products. At the same 

time, we must strive to improve the way we use, handle and process medicines to minimize 

their release into the environment [80,81]. 
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The contamination of various components of the environment (water, soil and air) by 

pharmaceutical residues poses an environmental problem. Human consumption of medicines 

ranges from 50 to 150 g per person per year in the EU. Veterinary drugs are used in smaller 

quantities, but pets are a growing segment of the veterinary drug market. In most EU Member 

States, around 50% of unused human medicines (3-8% of total sales) are not collected. 

The problem is that we do not have a comprehensive understanding of what happens when 

these drugs are released into the environment, and further characterization of possible pathways 

of human exposure is needed. Residues of different types of drugs (hormones, anti-cancer 

drugs, antidepressants, antibiotics, etc.) have been found in various environmental elements, 

raising the question of whether this poses a risk to exposed plants, animals and microbes or to 

the man [82,83]. 

This study characterizes the extent of the environmental impact of pharmaceutical products 

outside of personal care products. The aim was to identify non-legislative and legislative 

reasons for their presence in the environment and to suggest ways to adapt legislation to address 

this problem. 30 to 90% of an orally administered dose of the drug is generally excreted as 

active substance in the urine of animals and humans. A large proportion of medicines are 

flushed down sinks and toilets and end up in the environment. Inappropriate and excessive 

consumption can also lead to unnecessary emissions [84,85]. 

In the EU, the contribution of manufacturing facilities to emissions of medicines and/or their 

residues is generally considered negligible. 

Once in the environment, drugs are transformed and transferred between its different parts 

(surface and groundwater, soil, air). Highly fat-soluble drugs also have the ability to 

accumulate in the fatty tissues of animals and can thus be introduced into the food chain. These 

products can be broken down either through digestion and metabolism by organisms or through 

physicochemical processes in soil and water. Some degradation products may persist even after 

wastewater treatment and cause concern [86,87]. 

For a number of pharmaceutical products, the environmental risks can be quite minor because 

they do not remain in the environment for long and are low in toxicity. However, it is 

increasingly clear that certain drugs, notably antiparasitics, antifungals, antibiotics and 

(xeno)estrogens, which can have ecotoxicological effects, in some cases present environmental 

risks. For example, the vulture population in the Indian subcontinent has declined due to 

poisoning with diclofenac, a painkiller found in the carcasses the vultures fed on. For humans, 

the possible consequences are less obvious than for the environment. Residue levels in drinking 

water or food are very low and are not considered to pose a risk to humans, but long-term 

exposure to low levels may occur through these routes [88,89]. 

There are currently no legal restrictions on human medicines potentially present in products of 

animal origin, this route of exposure being considered minor, even if it is currently not well 

characterized. For example, in Europe, only very low concentrations of veterinary antibiotics 

are found in dairy products [90,91]. 

Until 2005, the registration process for medicines did not include an environmental risk 

assessment (ERA), and therefore much relevant information was missing. Even for new 

products, the ERA was often incomplete. A number of regulatory frameworks for chemicals 

marketed and used in Europe now include an assessment of the potential for persistence, 

bioaccumulation and toxicity (PBT), but there is no specific guidance for veterinary and human 

medicinal products [92,93]. 
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There are currently no European regulations covering the assessment of risks associated with 

contaminated soils and product residues transferred to animals, including fish, or present in 

wastewater sludge from wastewater treatment plants. 

Key legislative steps to address these limitations include, among others, strengthening 

environmental risk assessments, which could also target “old” pharmaceuticals. The Water 

Framework Directive could explicitly take into account the results of the ERA for active 

pharmaceutical ingredients. Relevant legislative instruments could also establish a special label 

for the “green” pharmacy. The main non-legislative solutions focus on consumption and waste 

management through a better understanding of the ecotoxicity of medicines and encouraging 

the recruitment of ecotoxicology-trained staff to regulatory agencies. At the same time, training 

sections for doctors could be organized, a better match between consumer needs and packaging 

sizes could be considered, while increasing the role of pharmacists in collecting unused 

medicines and organizing public information campaigns. The main improvements in waste 

management could focus on more efficient collection systems for unused human and veterinary 

medicines and on monitoring their effectiveness [94,95]. 

Impact of climate change on the use of medicinal pharmaceuticals in the Northern Hemisphere. 

As climate change alters environmental conditions, the prevalence and global distribution of 

human diseases will change. Climate-related environmental changes are associated with an 

increase in chronic diseases already common in the Northern Hemisphere, such as 

cardiovascular disease and mental illness. The increase in these diseases is leading to an 

increase in the use of already widely used Western drugs. People with respiratory diseases may 

experience a worsening of symptoms due to changing environmental conditions, such as 

increased pollen counts, leading to an increase in the demand for drugs used to control these 

symptoms. Toxic substances and respiratory, waterborne, and foodborne infections, including 

vector-borne infections, may become more common in Western countries, Central and East 

Asia, and across North America. As new disease threats emerge, a significant increase in the 

use of pharmaceuticals seems inevitable, particularly for pharmaceuticals not currently in wide 

use (e.g., antiprotozoal drugs). This study found that the use of drugs to treat common 

symptoms, such as painkillers, may also increase. Understanding which diseases, and therefore 

which drugs, may be used in the future is important so that toxicologists, environmental 

scientists, policymakers and legislators can focus their efforts, implement mitigation measures 

and plan training, education and treatment [96,97]. 

The chemical pollutants such as pesticides, biocides or industrial chemicals, the release of 

pharmaceuticals into the environment must be regulated to ensure adequate information and 

transparency about the environmental impacts of pharmaceuticals; adequate and reliable 

assessment of environmental risks of pharmaceutical products; prevent pharmaceutical 

products from entering the environment throughout their entire life cycle and control releases 

of pharmaceuticals into the environment when prevention is not possible [98,99]. 

Consumption of medicinal products for human and veterinary purposes has impacts on 

terrestrial and marine environments and ecosystems. Increased environmental awareness 

regarding pharmaceutical activities has led to the development of policies and measures aimed 

at mitigating negative environmental impacts. Various measures have been taken to promote 

environmentally friendly production and practices, leading to the development of alternative 

methods and processes benefiting both the environment and industry. Distributors and 

pharmacists can make a difference by effectively managing daily operations, including 

improving inventory and rotation, consolidating supplies and reducing unused medications. 

Pharmaceutical products are essential to human health, but they become an environmental 

problem when they enter the environment, which occurs when residues are excreted from the 
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body after consumption or when unused pharmaceutical products are improperly disposed of. 

Although no method has been developed to detect all drugs entering an ecosystem, certain 

groups have been shown to have negative impacts on ecosystems, including increased mortality 

of aquatic species and changes in physiology, behavior, or reproduction. Particular attention is 

paid to these groups of drugs and their impact on the environment. In this review, the authors 

propose measures to reduce the amount of unused pharmaceutical products in the environment, 

with a focus on prevention. Various policy measures are recommended throughout the life 

cycle, including source-oriented, user-oriented and waste management measures, to prevent 

the generation of household pharmaceutical waste and ensure environmentally sound disposal 

of household pharmaceutical waste. Preventive measures include rational drug consumption, 

prescribing more environmentally friendly drugs or developing safe and easily biodegradable 

drugs, better disease prevention, personalized medicines, better packaging sizes and markets 

for the redistribution of unsafe drugs. The next step is to prevent inevitable waste from entering 

the environment. Therefore, it is extremely important to collect and properly dispose of unused 

medicines. Finally, education of healthcare professionals and the public, as well as partnerships 

between environmental scientists and clinicians, are essential at all stages of the pharmaceutical 

life cycle. Reducing drug levels in the environment will benefit human life. 

Demographic, epidemiological and lifestyle changes, such as the aging of the population, the 

increase in chronic diseases, the availability of cheap generic treatments and easy access to a 

large number of over-the-counter medications, have become key factors in the growth of the 

pharmaceutical industry. The global increase in drug consumption has led to greater 

international awareness of the problem of unused pharmaceuticals (UPs) in households and the 

harmful environmental and health consequences of their improper disposal. Drugs in the 

environment are challenging because they are designed to interact with a living system and 

produce a pharmacological response at low doses, making them dangerous to the environment 

even at low concentrations. Secondly, drugs are designed to be stable in reaching and 

interacting with their target molecules, meaning that they degrade very slowly or that their 

continued use results in a constant, slower release into the environment, that is, as quickly like 

decomposition. In addition, conventional wastewater treatment plants are not designed to 

completely remove pharmaceuticals from wastewater. 

Pharmaceutical products enter the environment through two main routes: excretion and 

insufficient elimination. In both cases, pharmaceuticals end up in sewage treatment plants, 

which are generally not designed to remove these pollutants from wastewater. Drugs have been 

found mainly in surface water, but also in groundwater, soil, manure and even drinking water. 

The presence of drugs in freshwater and terrestrial ecosystems can lead to the release of drugs 

into wildlife with the possibility of bioaccumulation. People are then exposed to drugs through 

drinking water and their residues in crops, fish, dairy products and meat. The effects of 

pharmaceuticals entering aquatic environments are of increasing concern, with impacts ranging 

from molecular changes to population-level effects. 

The environment is everything that surrounds us: the air we breathe, the water we drink, and 

the land on which all living creatures live, the plants we use for food thrive. Development is 

what we do with these resources to improve lives. Our actions to make our lives more 

comfortable change the environment 

    One of the achievements of the United Nations in the field of environmental protection is 

the Kyoto Resolution on the Climate Change Convention (1997). In 2004, it passed into law, 

requiring countries to reduce emissions of dangerous greenhouse gases by 5.2% by 2012. The 

United Nations Convention on Biological Diversity (1992) obliges states to preserve the rich 

diversity of plants and animals necessary for human existence. 

2nd INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS

December15-16, 2025 / Bursa, Türkiye 379



 

Environmental pollution leads to the increase of toxic substances in the human body and its 

environment - air, water, soil, animal and plant world - beyond the permissible norm, which is 

followed by a sharp increase in various chronic diseases. 

The interaction between the organism and the environment takes place in two main directions. 

One of them refers to those biochemical changes in human organisms that are caused by the 

demands of environmental conditions or arise in the process of human impact on the 

environment. It is necessary to specify the impact processes of men, women, children and entire 

groups. The environment is that part of living and non-living nature that surrounds organisms 

and directly or indirectly affects their existence, development and reproduction. 

Pharmaceutical and personal care products (PPCP) in the environment are a hot topic. 

Veterinary antibiotics, prescription drugs and cosmetic products are discarded from a variety 

of sources and regularly enter the environment, where they occur in small quantities in 

wastewater, surface and ground water, silt-laden agricultural soils, aquatic and terrestrial biota, 

and wet drinks Water. The public should become aware of this and is calling on the scientific 

and regulatory community to assess the potential risks to human health and the environment 

and take appropriate action if necessary. 

Chemical pollutants are known to have specific effects on organisms, for example:  Organotin 

compounds (used in anti-fouling paints on ships) affect marine life. However, there is another 

very diverse group of chemical compounds that can be harmful but have received relatively 

little attention as potential environmental pollutants. These include drugs, including drugs for 

humans and animals, as well as illegal (recreational) drugs. 

Thousands of tons of pharmacologically active substances are used worldwide every year, but 

surprisingly little is known about the fate of most drugs after their intended use. Most of the 

administered dose is excreted unchanged from the body, and metabolites can be converted back 

into the active ingredient by bacteria. In addition, the public often throws unused medicines 

down the drain. Based on published prevalence data, it is likely that a significant portion of 

municipal wastewater is contaminated with narcotic compounds that vary only in the type and 

content of substances present. 

Modern research has shown that many drugs are not completely eliminated from the body in 

wastewater treatment plants. The presence of drugs in surface systems, soil and even marine 

systems has been confirmed in concentrations ranging from high ng/liter to low mg/liter, which 

are similar to the concentrations of some pesticides. Pharmaceutical compounds discarded in 

household waste can end up in landfills and pose a risk to surface and ground water. 

Additionally, unlike more regulated contaminants, which often have a longer half-life in the 

environment, pharmaceuticals can become pseudopersistent due to prolonged exposure to 

wastewater, with unknown consequences for aquatic organisms that may be continuously 

exposed. 

The potential consequences of the presence of pharmaceuticals in aquatic systems are unknown 

and have therefore received increasing attention as potential pollutants in recent years. The fact 

that an industrial chemical can end up in the environment is not surprising in itself. What's 

interesting about drug contamination is that it does not primarily arise from manufacturing, but 

rather from the widespread and ongoing use, isolation, and improper disposal of drugs for 

human and veterinary use [12,25,59]. 

Pharmaceuticals are potentially ubiquitous pollutants as they are present in all human 

environments. There is currently little evidence that pharmaceuticals are present in the 

environment in sufficient quantities to cause significant harm, although their use is expected to 

increase as the Human Genome Project is completed and the population ages. Drugs and their 
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metabolites are increasingly being found in water bodies in areas adjacent to anthropogenic 

activities.  

The biggest concern at the moment is that antibiotics in wastewater treatment plants may lead 

to increased resistance of natural bacterial populations. There are many isolates of 

microorganisms resistant to antibiotics in the environment, and although the issue remains 

controversial, the significant increase in the number of bacterial strains resistant to multiple 

antibiotics is often attributed to the misuse of antibiotics and the increase in their discharge into 

wastewater. Three known mechanisms of gene transfer (conjugation, transduction, and 

transformation) are thought to occur in aquatic environments; As a result, streams and rivers 

can become a source and reservoir of resistant genes, as well as a means of their dissemination. 

In addition, some non-target organisms (eg cyanobacteria) may be exposed to antibiotics, 

which may have indirect negative effects on the aquatic food. 

The problem is further complicated by the fact that exposure to only one drug or toxic substance 

at a time is likely to be a rare event. Laboratory studies have shown that mixtures of just a few 

compounds have effects on ecosystems, but it is unknown what happens in the wider 

environment. Most organisms are constantly exposed to various substances, the concentrations 

of which vary little in time and space. Therefore, the limits of your tolerance depend on the 

duration of exposure to chemical and non-chemical stressors, many of which have the same 

mechanism of action and whose effects can result in additive effects. Thus, risk estimates that 

ignore possible cumulative drug effects will almost certainly lead to significant 

underestimation of risk. 

Increasing demand for global water sources will likely lead to increased indirect and direct 

water reuse in the future. Drinking water is a direct route to the human body, including drugs 

and other contaminants that may be present there. Advanced water treatment technologies such 

as granular activated carbon (GAC) and reverse osmosis (RO) can remove drugs from drinking 

water until they are invisible, but these processes are not widely used. Due to the lack of 

appropriate technology and the need for significant economic investment, municipal 

wastewater is never treated in this way. In addition, large-scale monitoring programs to test 

these compounds would be extremely expensive and time-consuming due to the large number 

of different compounds and the diversity of their properties and effects. 

Given that the extent and consequences of the presence of drugs in aquatic environments is 

largely unknown, more research is needed before a clear picture of the true nature and 

importance of the problem can be formed. Therefore, it would be unwise to claim that these 

compounds have significant environmental impacts until convincing evidence is available. To 

this end, future emphasis should be on adequate and sufficient scientific knowledge to 

determine occurrence, exposure, sensitivity and consequences in order to make informed 

decisions regarding human health and the environment. 

When evaluating drugs, benefits to human health must take precedence over potential harm to 

the environment. Therefore, it may be beneficial to focus on reducing or eliminating problems 

at their source by developing clearer drug labeling and more effective guidelines for the 

disposal of pharmaceutical compounds by patients and healthcare professionals. The potential 

benefit of this approach would be improved consumer health (by minimizing the consumption 

of active substances) as well as reduced healthcare costs. Given the enormous importance of 

the pharmaceutical industry to both human health and the economy, any increased control 

could have serious economic and social consequences. If pharmaceuticals turn out to be 

problematic contaminants, collaboration between health professionals and environmentalists 

will be mutually beneficial, as much research remains to be done before the problem can be 

fully understood. 
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Ecology, which directly affects the health of society, is one of the most important factors in the 

modern era of civilization. Factors affecting population health are the biggest social problem. 

The health and illness of society are determined by the environment in which a living organism 

is located and develops. Man is a biosocial being. Environmental factors affect organisms in 

different ways. It can be irritating, limiting or determining the existence of the organism in 

specific conditions; the danger of disturbing the natural balance is associated with pollution of 

the atmosphere, water, soil and food products with nitrates, pesticides, radionuclides and other 

harmful substances. The environment is saturated with psychotoxins, chemical waste, 

biological damaging agents (drug-resistant bacteria, fungi, viruses, parasites resulting from 

mutations). causing death of plants and animals and illness in humans. Therefore, it is clear 

what a great danger an environmental disaster poses. 

An environmental disaster has a direct impact on public health. Society and the environment 

are in constant relationship. Therefore, the health and illness of society are determined by the 

environment in which a living organism is located and develops. Factors affecting population 

health are the biggest social problem. 

There is a danger of disturbing the natural balance. Pollution of the atmosphere, water, soil and 

food products with nitrates, pesticides, radionuclides and other harmful substances leads to the 

death of plants and animals and diseases of people. Therefore, it is clear what a great danger 

ecological disaster causes. 

The most serious consequence of biosphere pollution is the manifestation of genetic disorders. 

As a result of increased radioactive background and chemical pollution of the environment, the 

number of pathologies, malignant tumors, mental disorders, etc. increases. number. Mutagens 

in the form of chemical compounds, ionizing radiation penetrate the cell and cause disruption 

of the genetic program, causing mutations in somatic cells. 

Diseases and conditions caused by climate change will also impact demand in the healthcare 

system and pharmaceutical industry. The pharmaceutical industry may see a change or increase 

in demand for drugs. For example, an increase in temperature can trigger asthma due to 

increased pollen levels. This increase in asthma cases will, in turn, lead to an increase in 

demand for medications to control asthma. Changing demand for medicines could create 

opportunities for the pharmaceutical industry to make the most of climate change and 

incorporate green chemistry principles into the development of new medicines. 

The production and consumption of pharmaceuticals results in the presence of active 

pharmaceutical ingredients (APIs) in the ecosystem. Active ingredients enter the marine and 

terrestrial environment through release from manufacturing facilities, into wastewater after 

consumption of the drug in question, or through improper disposal of expired or unused drugs. 

The use of medicinal products in veterinary medicine may also result in the release of active 

substances into the environment, for example through the use of wastewater for irrigation, 

agriculture, aquaculture or the disposal of animal carcasses treated with veterinary drugs. The 

presence of APIs in the ecosystem can have a number of side effects, such as:  Bacterial 

resistance to antibiotics and changes in the activity of digestive glands in marine life, 

reproductive toxicity in amphibians and feminization of fish. Another striking example of the 

impact of APIs on the ecosystem is the sharp decline in vulture populations due to the presence 

of diclofenac residues in cattle carcasses. 

Based on data from the World Health Organization, an analysis of the impact of environmental 

factors on human health was published, which revealed large differences between countries 

and showed that human health can be improved by reducing exposure to environmental factors 

such as: pollution, ultraviolet radiation, noise, climate, ecosystem change and dangerous work 
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environment. More than 10% of deaths in 23 countries of the world are related to the 

environment with two risk factors: 1) polluted air and water; 2) low sanitary and hygienic 

indicators. 

The industrial agriculture, municipal wastewater treatment, and the introduction of municipal 

sewage sludge (biosolids) as major sources of pharmaceuticals and personal care products in 

the environment. To compensate for this, indicators of veterinary antibiotic use are provided 

by both the agricultural industry and interested scientists. Personal care products are divided 

into fragrances and musks, cleansers and disinfectants. 

Pharmaceutical products intended for human use are included in the UNESCO list of emerging 

pollutants. Their identification and elimination represent a decisive step towards achieving the 

goals of the Sustainable Development Program. Concentrations of drugs found in the 

environment are below therapeutic levels. In waters receiving treated wastewater, drugs are 

found at concentrations below 100 ng/L. These low concentrations make it difficult to assess 

their toxic effects on ecosystems and human health. The vast majority of pharmaceutical 

products have not been adequately studied regarding their long-term toxic effects, presence and 

fate in the environment. However, certain classes of drugs, such as beta blockers, antibiotics, 

anticancer drugs, and endocrine disruptors, have been shown to have devastating effects on the 

ecosystem, including increased mortality and disruption of the physiological and reproductive 

functions of aquatic species. Moreover, since it is impossible to separate humans from nature, 

this has devastating consequences for human health. However, the extent of the problem 

remains largely unknown due to the large number of drugs available and difficulties in 

assessing the risks associated with exposure to multiple compounds at low doses over long 

periods of time. The drugs on the market pose a potential risk to the environment. Although 

there is no established method for detecting all pharmaceuticals entering an ecosystem, some 

are widespread and have been shown to have negative impacts on ecosystems. These groups 

include hormones, antibiotics, antidepressants, anti-inflammatory and pain relievers, beta 

blockers and anti-cancer drugs. 

Antibiotic resistance is a global public health problem, especially given the increased use of 

antibiotics during the COVID-19 pandemic, which has led to the exhaustion of the last line of 

antibiotics. It has been established that the use of antibiotics in medicine, veterinary medicine 

and agriculture is associated with pollution of various parts of the environment, which has 

contributed to increased antibiotic resistance and the occurrence of ecotoxicological effects. 

Failure to properly dispose of antibiotics through sewers by patients also poses a growing 

environmental threat to public health. Additionally, high levels of antibiotic contamination 

after long-term exposure can negatively impact human health, especially in patients with 

chronic diseases such as obesity, diabetes and asthma. 

Antidepressant contamination has increased significantly worldwide during the COVID-19 

pandemic. To this day, antidepressants can be found in urban and suburban water supplies. 

Many aquatic animal species bioaccumulate various antidepressants in their tissues, resulting 

in cytotoxicity, genotoxicity, impaired stress response, weight and length gain/loss, and liver 

and kidney damage. Because there is significant overlap between human and animal 

environments, exposure to antidepressants (sertraline, fluoxetine) in the environment also 

affects human neurological development and various mental illnesses. Although psychotropic 

drugs are usually present in wastewater at subtherapeutic levels, they can have biological 

effects at low doses, and combinations of multiple psychotropic drugs are often present, 

especially in the environment, increasing the risk of toxic effects. 

Pharmaceutical compounds are used in modern society for various beneficial purposes, but at 

the same time, the pharmaceutical industry releases highly toxic pollutants into the 
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environment either directly or after chemical modification. Additionally, pharmaceutical 

compounds can enter the environment through various routes such as treated wastewater 

discharge, seepage into landfills, sewer pipes, animal waste, etc. Although a number of physical 

and biological processes occur in an aquatic ecosystem, they can lead to depletion of many lead 

to pharmaceutical compounds. Traces of human and veterinary drugs and their metabolites 

were found in several bodies of water. Objects such as surface water, groundwater and drinking 

water sources. Several industries, including pharmaceuticals, chemicals, paints, etc., are 

rapidly developing in India, with wastewater being discharged into water bodies either directly 

or after partial treatment. Pharmaceutical compounds have been found to be released into the 

environment and may be considered environmental pollutants. Several pharmaceutical plants 

have been found to be sources of much higher concentrations in the environment than those 

resulting from drug use. Typically, the pharmaceutical industry generates a large amount of 

waste during production and service. Drugs have been found in sewage treatment plant 

wastewater and drinking water. Trace amounts of drugs in drinking water can have serious 

adverse effects on human health and aquatic life over long periods of time, even when drug 

concentrations in drinking water (in the nanogram per liter range) are orders of magnitude 

below the minimum therapeutic dose.  

Pathways through which drugs may be exposed to the environment include manufacturing 

plants and hospital wastewater, land use (eg, biosolids and water reuse), etc. Wastewater 

treatment services are not always successful in removing active chemicals from wastewater. 

Therefore, drugs enter the aquatic environment, where they have a direct effect on aquatic 

organisms and can be absorbed into the food chain. 

Higher concentrations of antibiotics can lead to changes in microbial community structure and 

ultimately affect food chains. Nonsteroidal anti-inflammatory drugs (NSAIDs), such as 

ibuprofen, naproxen and diclofenac, are widely used and therefore often found in wastewater 

systems, both surface and groundwater. Ibuprofen, ketoprofen, naproxen, indomethacin, 

diclofenac, acetylsalicylic acid and phenazone were detected in the surface water system. 

However, after clofibric acid, the most common drugs found in aquatic environments are 

diclofenac, ibuprofen and propyphenazone. Diclofenac has also been shown to be highly toxic 

to vultures and livestock. NSAIDs such as ibuprofen, naproxen, and aspirin are the most 

commonly used medications and are often found in effective amounts in municipal wastewater. 

Many pharmaceutical companies are responsible for the generation of toxic wastewater during 

their operations. The wastewater generated from these facilities contains solids, biodegradable 

and non-degradable organic compounds, etc. Pharmaceutical wastewater provides basic 

information about the reliability of the aquatic environment of the rivers and streams into which 

it is discharged. An important indicator of industrial wastewater contamination is the oxygen 

content of chemical oxygen demand (COD) and biological oxygen demand (BOD), with 

nutritional status measured by the amount of nitrogen and phosphorus in the wastewater. 

Long-term exposure of coastal biota to lower concentrations of complex drug mixtures can 

result in acute and chronic damage, behavioral changes, tissue accumulation, reproductive 

impairment, and inhibition of cell proliferation. Several studies have shown that fish exposed 

to sewage may experience reproductive problems. In addition, fish exposed to trace amounts 

of contraceptive drugs in the concentration range found in the environment show dramatic 

reductions in reproductive success, suggesting that population-level effects may be possible. 

Around the world, the drug residues in the environment poses risks to humans, aquatic animals 

and wildlife and is becoming a major concern for both regulatory authorities and the 

pharmaceutical industry. Significant progress on this issue is simply not possible with the 

current limited knowledge about the transport, fate, and environmental impact of 
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pharmaceuticals. It is necessary to take into account the possible potentiating effects of 

different drugs acting on the same receptors. Risk assessment of pharmaceutical chemicals 

involves identifying the hazards associated with each step and assessing the risks associated 

with those hazards. 

Currently, pharmaceutical compounds are regularly released into the environment in extremely 

large quantities, and the current emission control system is unable to control untreated or 

partially treated pharmaceutical wastewater. The effects of drugs permeate and impact 

ecosystems, biota and humans. Adverse health effects on humans, aquatic animals and 

livestock should be investigated through careful toxicological and safety studies. Serious 

efforts are needed to reduce this problem, and appropriate regulations are needed to monitor 

and control it. Water quality guidelines in India should include analysis of the most commonly 

used pharmaceutical compounds in drinking water sources. In addition, pharmaceutical 

industrial wastewater treatment plants need to implement new corrective measures to prevent 

long-term environmental and health risks [7, 83,89]. 

Water sources contaminated with pharmaceutical contaminants are found in agricultural lands, 

surface water, groundwater, and drinking water. Water flows to plants, which affects the quality 

of soil and crops grown using this contaminated water. Pharmaceutical contaminants are 

considered external environmental factors that affect crop quality. Drugs enter plants as 

pollutants, either through the soil or the air. Pollutants enter the plant from the soil through the 

roots and are transported through the stem. Plants also absorb pollutants from the air, and leaves 

can absorb pollutants from the atmosphere. Pharmaceutical contaminants such as B-lactams, 

aminoglycosides, macrolides, tetracyclines, sulfonamides, herbicides including sulfonylureas, 

triazines, imidazolinone, phenylurea and bisphenol (BPA) have been found to cause toxicity in 

plants. Polychlorinated biphenyls (PCBs) affect plant growth, reproduction and productivity 

[8,39,67]. 

Most pharmaceuticals we use are excreted via urine and feces in unchanged form or as 

metabolites and eventually end up in the drain. The pharmaceutical residues can then reach 

lakes, the sea and groundwater, despite passage through wastewater treatment plants, as the 

wastewater treatment plants are not built to clear pharmaceuticals. Pharmaceuticals affect 

biological processes. They are also often designed to withstand biodegradation and can 

therefore remain in the environment for a long time. There are reports of effects on fish, as well 

as that measured concentrations of antibiotics in wastewater treatment plants can select for 

antibiotic resistance. 

   Chemicals play an important role in healthcare as they can be used as disinfectants, 

cleaning agents, laboratory reagents, sterilants, pesticides, pharmaceuticals, and in medical 

devices and equipment. They also offer great animal welfare benefits. However, there is 

growing awareness and concern about the consequences of mishandling drugs and chemicals 

on human health and the environment [9,47,88]. 

Pharmaceuticals are also biologically active substances specifically designed to provide 

pharmacological effects on living organisms. They affect the health of wildlife and ecosystems 

if not managed in an environmentally sound manner. 

Active pharmaceutical ingredients (APIs) are the biologically active components of a drug. 

These APIs are sold to pharmaceutical companies that manufacture end products for patients 

around the world. More than 5,000 active pharmaceutical ingredients are used in prescription, 

over-the-counter and veterinary products worldwide.From a chemical and waste management 

perspective, environmental and health issues in this sector are mainly related to the release of 

pharmaceuticals into the environment: Waste ends up in rivers, lakes and underground aquifers. 
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In addition, when used in livestock production and when manure is used as fertilizer, veterinary 

drugs end up in the soil and environment. This leads to soil contamination and biomagnification 

due to leaching of drugs into food crops [12,58,79]. 

Sources of drug release into the environment include direct emissions from drug 

manufacturing, patient and animal feces, aquatic agriculture, and disposal of unused or expired 

drugs. Medicines designed to degrade slowly, or even non-degradate to resist chemical 

breakdown as they pass through the human or animal body, pose a particular risk if ingested, 

stored, or distributed into the environment. When released into the environment, the biological 

activity of persistent pharmaceutical pollutants in the environment can have direct negative 

effects on non-target organisms such as wildlife and have long-term impacts on the health and 

sustainability of ecosystems. The latter occurs through population-level reproductive effects 

that persist into future generations of non-target organisms. Pharmaceutical contaminants that 

are persistent in the environment are frequently and increasingly used in consumer products. 

However, significant gaps remain in knowledge about the environmental and health impacts of 

these pollutants [41,48,95]. 

Some pharmaceuticals have been found in low concentrations in drinking water, which is a 

warning sign that the current handling of pharmaceuticals may lead to health and environmental 

problems in the future. 

Access to healthy water is a prerequisite for good health. Since society’s use of chemicals, 

including pharmaceuticals, is continuously growing, the risk is also increasing that these 

chemicals will return to us in our food and water supply through nature’s ecocycle. 

There are little knowledge of the long term effects that continuously supplied trace quantities 

of pharmaceuticals and other chemicals could have on our development, our ability to resist 

disease and wellness in general. Therefore caution is advisable. The pharmaceuticals in nature 

can cause health problems. According to the precautionary principle, measures can be taken if 

there is reason to believe that a product or a method of production involves unacceptable risks 

to the health of human beings, animals, plants and the environment – even if there is no 

definitive scientific proof of such an effect [9, 65,79]. 

Drug residues are found in various environmental components around the world, and there is 

growing concern about the harm they may cause to human health and the environment. In 

nature, drug residues were found in urban wastewater, rivers and lakes. Effective measures 

must be taken to prevent further contamination of the environment by drugs. First of all, it is 

necessary to create a system for collecting drug waste from the population. Undoubtedly, drugs 

enter the environment during the production process through wastewater from pharmaceutical 

plants, municipal wastewater through natural human excretion, wastewater and manure from 

the use of veterinary drugs and as a result of improper handling of drug waste [19,36,77].  

The review defines each of these sources and steps that can be taken to reduce drugs’ 

environmental impacts. In the European Union, since 2004, the obligation to organize a system 

for collecting drug waste from the population has been established. For the successful operation 

of such a system, information work with the population about how drugs affect the environment 

and how to properly dispose of them is important. Residents of all European countries can 

bring drug waste to a pharmacy or hazardous waste collection point. However, in some 

countries there is a lack of widespread awareness-raising, which leads to inefficient collection 

systems and most waste ends up in the trash or drained into sewers. In some countries, drug 

waste generated by medical and pharmaceutical organizations is neutralized in pharmacies, 

clinics, hospitals and manufacturers. At the same time, pharmacies and hospitals have the right 

to transfer expired medicines to the manufacturer [36,57,81].  
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In most countries where the system operates successfully, the costs of collecting and 

neutralizing drug waste are shared by pharmaceutical companies, drug manufacturers and local 

authorities. The main problem is the very existence of unused drugs. So, generally many 

patients buy more medicines than they need. The best way to reduce their number is seen in 

optimizing the practice of prescribing drugs, so that only the necessary amount of drugs is 

prescribed, giving preference to more environmentally friendly ones, as well as improving 

information interaction between doctors and patients. The pharmaceutical industry must also 

provide for the production of drug packaging adapted to various treatment regimens [10, 19, 

64]. 

Every participant in the drug supply chain, from the pharmaceutical industry to the patient, 

plays an important role in reducing the environmental impact of pharmaceutical activities. The 

International Pharmaceutical Federation has highlighted the different roles that each person 

plays in the pharmaceutical supply chain to minimize the environmental impact of 

pharmaceutical products. The pharmaceutical industry plays an important role in the 

environmental impact of pharmaceutical products. 

Educating pharmaceutical personnel and the public is an important aspect of helping to create 

a healthy environment and reduce activities that contribute to climate change. The 

implementation of green practices in the pharmaceutical sector is already included in the 

curricula of EU Countries countries universities. Pedagogical input helps to recognize the 

importance of such practice early in professional development. 

Consumer education is also important as it plays an important role in reducing the amount of 

drugs in the environment. Consumers should be discouraged from storing medications to avoid 

wasting them when not in use. They should also be taught how to properly store and dispose 

of unused and expired medications that may end up down the drain [13, 28, 39]. 

The world's population is aging, which will lead to an increase in drug use. Various measures 

need to be taken to minimize the release of active pharmaceutical ingredients into the 

environment and reduce the carbon footprint of the pharmaceutical sector. Small contributions 

from many people can synergistically have a positive impact on the environment [7, 18,48]. 

There are several sources of release of active pharmaceutical ingredients (APIs) into the 

environment. The main ones are: wastewater from cities, hospitals, pharmaceutical plants and 

landfills. The vast majority of the active pharmaceutical ingredients (API) of drugs taken orally 

is excreted in the urine of animals and humans. Some pollution comes from the use of 

veterinary drugs in livestock and fish farming. However, it is not yet possible to evaluate this 

contribution, because there is no control and accessible reporting of the use of veterinary drugs. 

The most vulnerable to the effects of active pharmaceutical ingredients (APIs) are amphibians, 

fish, some animals and birds [48,54,69]. 

The main source of drugs entering the environment is wastewater from pharmaceutical 

enterprises (from product washing, waste acidic and alkaline wastewater, wastewater from 

cleaning equipment and production facilities, etc.) and liquid waste that is allowed to be 

discharged into the sewer system. Currently monitored parameters in pharmaceutical 

wastewater are biological oxygen demand (BOD), chemical oxygen demand (COD), total 

suspended solids, ammonia and ammonium ions, phosphates, chlorides, sulfates, petroleum 

products, iron, anionic surfactants and pH value. This list may include other chemical 

compounds, including active pharmaceutical ingredients (APIs), but their content is not 

regulated or controlled at this time. Currently, the countries of the European Union have 

prioritized the most environmentally stable active pharmaceutical ingredients (APIs) - 
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diclofenac, hormonal drugs of the estrogen group (ethinyl estradiol), antibiotics of the 

macrolide class (erythromycin, clarithromycin, azithromycin) and etc [29,57,68]. 

Assessment of environmental risks of both original and generic drugs. In European countries, 

for some drugs such an assessment is carried out, as well as an assessment of the level of 

resistance, bioaccumulation potential and toxicity. Currently, providing information about 

environmental hazards when registering drugs in the countries of the European Union is 

voluntary. In some countries has been created an online database of drugs, which describes 

their environmental risks and expanding the responsibility of drug manufacturers throughout 

the entire cycle from production to neutralization [84,88,95].   

After drugs enter the body, they are destroyed, neutralized, metabolized and converted into 

new compounds. However, some of them are excreted unchanged or in the form of metabolites, 

ending up in the sewer system. Municipal wastewater treatment does not involve removal of 

APIs. Some of them are concentrated in sewage sludge from treatment plants, which is stored 

in filtration fields, while the rest ends up in rivers. The Challenges in this matter are  also 

hospitals, where there is a high level of drug consumption. In the absence of an established 

system for collecting drug waste generated by the population, it either ends up in the sewer or 

is thrown into the trash. From landfills, drugs can be carried by animals, birds, or migrate into 

the soil and groundwater. 

To raise animals and fish on an industrial scale, hormonal drugs, antibiotics and other drugs 

can be used, which can be excreted from the animal’s body naturally. Hormones can be used 

in veterinary medicine and animal husbandry to stimulate the development and growth of 

animals, improve fertility, digestibility of feed, accelerate puberty, regulate the timing of 

pregnancy, etc. According to studies in some countries, antibiotic residues were found in 

manure, in plants grown in fields fertilized with manure, in soils, and in small quantities in 

groundwater. The use of veterinary drugs in should be regulated by veterinary and sanitary 

rules for the use, sale and storage of veterinary drugs.  

European experience in collecting hazardous waste from the population shows that waste 

collection is carried out effectively if such collection is organized by a company specializing 

in the collection of hazardous waste. The same practice works in our country. In the EU, 

pharmacies are considered only as an area for the installation of appropriate containers and 

containers for collecting hazardous waste from the population. The containers themselves are 

installed by specialized companies interested in collecting hazardous waste. It is inappropriate 

to oblige pharmacies, healthcare institutions or other trade organizations to organize the 

collection of drug waste from the population [47,59,76].  

Pharmacies and medical institutions are places where consumers can obtain the most complete 

information about drug waste, since these organizations employ personnel with the relevant 

knowledge. In the country, many pharmacies themselves are located on the territory of various 

retail facilities, so there may not be places in pharmacies to install a special container for 

collecting drug waste. When determining places for collecting waste from the population, it is 

necessary to comply with the criterion of step-by-step accessibility of such places from the 

places of residence of citizens. In this regard, retail facilities should also be considered as places 

for installing special containers for collecting drug waste. The decision to organize collection 

points for drug waste from the population in pharmacies should be made by Health care 

institutions in every countries.  

In the vast majority of countries, all drug waste collected from the population is sent for 

incineration. At the same time, pharmacies, for example, in Sweden and Lithuania, can only 

accept medications without packaging, because it belongs to secondary resources and must be 
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sent for recycling. Low-temperature, medium-temperature (up to 850°C) and high-temperature 

(at least 1200°C) combustion is used for waste. Hazardous waste, which includes most drugs, 

cannot be burned at low temperatures. At medium temperatures it is possible in limited 

quantities and in the absence of high-temperature combustion technology. Cytostatic drugs for 

cancer treatment can only be burned at temperatures above 1200°C, but the generation of such 

waste in household use is unlikely. Currently, there is a steady trend towards a decrease in the 

number of thermal installations for the neutralization of pharmaceutical waste. Incineration of 

waste is contrary to three principles of international law: precaution, prevention and limitation 

of transboundary effects. In Europe, resistance to waste incineration manifests itself in the form 

of the introduction of alternative technologies. Any combustion method requires monitoring of 

pollutant emissions and the resulting ash. An alternative to conventional methods of thermal 

treatment of pharmaceutical waste are technologies that provide for the preliminary 

decomposition of the organic component of the waste in an oxygen-free atmosphere 

(pyrolysis). When carrying out microwave pyrolysis with heating using microwave waves, 

toxic gaseous products are converted into less dangerous ones.  

In countries where there are no incineration plants or their use is limited geographically, drug 

waste is disposed of. The main disadvantage of this method is the high probability of soil and 

groundwater contamination. According recommendations of the World Health Organization, 

only non-hazardous drug waste (vitamins, herbal-based drugs, biodegradable drugs) can be 

sent to the landfill. Hazardous waste, including cytotoxic drugs, must be pre-sealed, i.e. placed 

in a metal capsule and filled with plaster and cement [46,62,85]. 

Liquid waste of drugs classified as non-hazardous (syrups, herbal preparations, solutions based 

on salts, amino acids, lipids or glucose) can be poured into the sewer after diluting with water. 

It is necessary to prevent the discharge of large quantities of disinfectants into the sewer system, 

because they can affect the quality of biological wastewater treatment. Discharge of drugs that 

are persistent in the environment, capable of biological accumulation and have toxic properties 

into the sewer system leads to environmental pollution with active pharmaceutical ingredients. 

According to studies conducted in many countries, existing wastewater treatment systems do 

not eliminate such pollution and drug residues are found in wastewater cleaning sludge, and to 

a greater extent in water after cleaning, which is discharged into natural watercourses. 

Some drugs pass through the human body, exit unchanged or in the form of metabolites, while 

maintaining their stability in wastewater and the environment for a long time. In addition, 

improper disposal of medications and disposing of them down the drain increases the 

concentration of hazardous APIs in water. Wastewater from pharmaceutical plants is also 

discharged into the city sewer system after local treatment. The active pharmaceutical 

ingredients are present in municipal wastewater above detection limits. Traditional mechanical 

and biological wastewater cleaning methods are unable to neutralize the active pharmaceutical 

ingredients in water. The issue of purification efficiency, the formation of drug metabolites and 

their behavior, the interaction of some drugs with others is still under study. Among the 

methods being developed and implemented in the countries of the European Union one can 

highlight physicochemical methods, aerobic/anaerobic biological cleaning in membrane 

bioreactors. Effective technologies for purifying wastewater from medicinal components 

include oxidation with ozone or hydrogen peroxide and the use of carbon filters. However, 

such technologies are currently expensive to implement and use. At the same time, more and 

more attention is being paid to preventing the entry of drugs into wastewater, including during 

production. The main problem is the very existence of unused drugs [15,19,22,58].  

One of the most obvious sources of uncontrolled release of drugs into the environment may be 

wastewater and atmospheric emissions from enterprises producing finished drugs and 
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pharmaceutical substances. The environmental safety of such production should be usually 

regulated by law. However, accidental releases of drugs into the environment or those that 

violate existing norms and rules that occur in industry, are nevertheless not systematic. 

Moreover, there is a general trend towards a reduction in the environmental load on the part of 

pharmaceutical production, primarily in developed countries of the world, due to a consistent 

increase in the technological effectiveness and organization of the production process, the 

introduction of increasing standards of quality and environmental safety, and control by 

authorized government agencies. It is also necessary to take into account that pharmaceutical 

production is localized geographically and if an accident occurs at the enterprise or there are 

violations of environmental legislation, then such emissions are exclusively local in nature and 

pose a danger only to specific regions. Other sources of drugs that are practically uncontrollable 

and are formed mainly by people who use drugs for medical purposes, as well as in animals, 

pose a great danger to the environment [55,62,84]. 

For the most part, drugs are xenobiotics, and many of them are metabolized in the human body. 

The task of metabolism, as a rule, is to impart polarity to lipophilic substances in order to 

facilitate subsequent excretion. Metabolic parameters are individual for each substance and 

depend on gender, race, age and physiological state of the human body. There are two phases 

of metabolism, the numbering of which does not necessarily reflect their actual sequence. In 

the first phase of metabolism, a redox or hydrolytic transformation of the molecule occurs, 

increasing its polarity. In the second phase of metabolism, the xenobiotic is conjugated with 

endogenous molecules that improve the transport properties of the metabolite. During 

metabolism, inactivation of the active substance often occurs, which can lead to its inability to 

further exert a biological effect. However, many drugs are either not subject to metabolism or 

are subject to it only to some extent. And this leads to the fact that the active molecule of the 

active substance is excreted unchanged either in the urine or in the feces and is capable of 

further exerting a biological effect. In addition, as research results show, glucuronide transport 

complexes of active molecules of some drugs, formed during the second phase of metabolism, 

are easily destroyed during sewage treatment processes and release unchanged active substance 

into the aqueous phase or sewer sludge. We can also mention the route of release of drugs into 

aquatic environments due to their transport through the skin or leaching of drugs for external 

use during swimming in open waters. But from the point of view of quantitative indicators, this 

path is of little significance [39,49,83]. 

During metabolism, inactivation of the active substance often occurs, which can lead to its 

inability to further exert a biological effect. However, many drugs are either not metabolized 

or only to some extent. And this leads to the fact that the active molecule of the active substance 

is excreted unchanged either in the urine or in the feces and is capable of further exerting a 

biological effect. In addition, as research results show, glucuronide transport complexes of 

active molecules of some drugs, formed during the second phase of metabolism, are easily 

destroyed during sewage treatment processes and release unchanged active substance into the 

aqueous phase or into sewage sludge. 

We can also mention the route of release of drugs into aquatic environments due to their 

transport through the skin or leaching of drugs for external use during swimming in open 

waters. But from the point of view of quantitative indicators, this path is of little significance.  

Incorporating green practices into the pharmacy curriculum provides future pharmacists with 

the skills and competencies needed in the field to reduce the environmental impact of processes 

and medications. A more environmentally conscious workforce in the pharmaceutical industry 

is creating the necessary ripple effect for the adoption and implementation of green principles 

across various pharmaceutical environments. Patients should also learn to avoid accumulating 
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medications and disposing of them safely and correctly. Adopting environmentally friendly 

practices leads to a reduction in the use of chemicals and waste generation, which in turn leads 

to a reduction in the pollutants that contribute to climate change. 

The increasing production and use of pharmaceutical and veterinary products has had an impact 

on the environment over time. Drug production processes have a significant impact on the 

environment, which affects the value of chemistry to society. The pharmaceutical industry 

impacts the environment through the carbon footprint generated during the production of 

pharmaceutical products and throughout the supply chain, which can lead to climate change. 

Climate change may alter the incidence of vector-borne diseases by altering the population of 

species that act as disease vectors. Another consequence of climate change is the emergence of 

infectious diseases caused by pathogens that would otherwise be dormant [33,35,74]. 

Currently, increasing attention is being paid to the presence and fate of active pharmaceutical 

ingredients, solvents, intermediates and raw materials that may be present in water and 

wastewater, including pharmaceutical wastewater. Traditional wastewater treatment methods, 

such as activated sludge, are insufficient to completely remove active pharmaceutical 

ingredients and other wastewater components from these waters. Pharmaceutical wastewater 

has direct and indirect impacts on the environment and health, especially near pharmaceutical 

industrial sites. Although pharmaceutical factories produce untreated or partially treated 

wastewater, drinking water sources are contaminated. Various classes of pharmaceutical 

compounds such as analgesics, antidepressants, antihypertensives, contraceptives, antibiotics, 

steroids, hormones, etc. were detected in water samples ranging from mg/L to μg/L. Although 

the quantities detected are very small, they are highly toxic to humans, animals and aquatic 

life. To protect the environment and lifestyles from health risks, the concentration of 

pharmaceutical compounds in medical wastewater entering drinking water sources should be 

regularly monitored. This article highlights the toxicity, health risks, and environmental risk 

assessments associated with pharmaceutical contaminantsm. 

Residues of many pharmaceutical products can be found in drinking water, plants and fruits, 

as well as in the tissues of fish and shellfish. Thus, people are exposed to these residues when 

they drink contaminated water and eat contaminated food. Pharmaceuticals in the environment 

can also influence the provision of important ecosystem services and have indirect effects on 

human health and well-being. Found the evidence that drug residues in drinking water and food 

affect human health, as well as the indirect effects of drugs on human health. Available 

evidence suggests that the risks of direct toxicity are low, but there are scenarios in which 

indirect effects are possible. Much remains to be done regarding the wider range of drugs and 

exposure pathways, and the links between the presence of drugs in the environment and the 

provision of ecosystem services. 

Human drugs, hormones, antibiotics, analgesics, antidepressants and anticancer drugs indicate 

environmental risks. When it comes to veterinary products, hormones, antibiotics and 

parasiticides are often considered environmentally sensitive. These results are consistent with 

findings from the open scientific literature on approaches to environmental drug prioritization. 

Promising approaches such as environmental risk assessment of pharmaceuticals play an 

important role in minimizing the problems caused by pharmaceuticals in the environment. 

However, the regulatory framework for environmental risk assessment can be improved by  

integrating the environment into the risk-benefit analysis of drugs for human use, (ii) improving 

risk management capabilities,  collecting data on existing drugs, and  improving the availability 

of data for environmental risk assessment. In addition, more general and integrative stages of 

regulation, legislation and research have been developed and presented in this article. To 

minimize the amount of pharmaceuticals in the environment, they should strive to improve 
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existing pharmaceutical legislation, prioritize pharmaceuticals present in the environment, and 

(iii) improve the availability and collection of pharmaceutical data.So, the presence of 

pharmaceuticals in the environment has received increasing attention. Medicines are released 

into the environment and can have harmful effects. 

It is clear that priority must be given to environmentally relevant pharmaceutical substances. 

Existing pharmaceutical substances for which environmental data are lacking, as well as 

substances being considered for monitoring campaigns, need to be given priority attention to 

identify and minimize their environmental risk. According to the World Health Organization, 

concentrations of pharmaceuticals in water systems are expected to increase as the use of 

pharmaceuticals is expected to increase as they become more accessible to a growing world 

population. To be proactive, it is necessary to identify and prioritize the most important 

substances for the environment, which has become a challenge in recent years. Depending on 

the chemical properties of the substances, different approaches have been proposed. Most 

often, a combination of exposure and exposure data is used to prioritize environmentally 

significant chemicals. Several approaches have proposed using toxicological data to predict 

adverse effects on aquatic organisms (comparisons of several, but not all, approaches are 

included). Most published approaches to prioritization indicate the high environmental 

potential of various drug classes. Human medicines are often a priority, with all attention paid 

to hormones, antibiotics, psychotropic, anti-inflammatory and cytostatic substances, as well as 

beta blockers. In addition to hormones, antibiotics and parasiticides have proven to be 

environmentally important in veterinary medicines. 

The origin and possible effects of human and veterinary drugs on aquatic and terrestrial 

organisms are relatively new topics. However, in recent decades, a large number of studies 

have been published indicating the varied effects of drugs on organisms and the occurrence of 

drugs in different environmental areas on a global scale. It is now recognized that the 

environmental impact of pharmaceuticals is a global issue and not just a problem in developed 

countries. The general public, industry, research or regulatory authorities, do not want bioactive 

drugs to end up in the environment and therefore potentially in their drinking water. Therefore, 

the amount of pharmaceuticals in the environment needs to be minimized using all available 

strategies. Promising approaches such as ERA play an important role in minimizing problems 

before drugs enter the environment. These strategies need to be strengthened and adapted to 

minimize the amount of pharmaceuticals entering the environment. 

The contamination of the environment by pharmaceutical residues presents a critical challenge 

to both ecosystem health and human well-being. The widespread presence of these substances 

in water, soil, and air underscores the need for a more comprehensive understanding of their 

environmental fate and effects. Current risk assessment approaches, which often examine 

individual compounds in isolation, are inadequate in addressing the complex interactions and 

cumulative risks posed by pharmaceutical pollutants, especially when combined with other 

environmental contaminants. Furthermore, the potential dangers of pharmaceutical 

transformation products, which may exhibit greater toxicity or persistence, remain 

underexplored. To address these concerns, a paradigm shift is required in environmental risk 

assessment, incorporating multi-substance interactions, long-term ecological impacts, and the 

effects of transformation products. The development of robust mitigation strategies—such as 

advanced waste treatment technologies, improved pharmaceutical disposal practices, and more 

stringent regulatory frameworks—must be prioritized. By adopting a more integrated, 

precautionary approach to pharmaceutical contamination, we can better protect ecosystems and 

human health from the growing threat posed by these persistent pollutants. Future research and 

policy initiatives should focus on improving our understanding of these substances, developing 
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innovative solutions to reduce their environmental impact, and ensuring sustainable 

management practices for pharmaceuticals. 

Regarding environmental risk assessment, (i) include the environment in the risk-benefit 

analysis of pharmaceutical products for human use, (ii) improve risk management capabilities, 

(iii) collect data on existing pharmaceutical products, and (iv) improve environmental 

availability risk These assessments represent some important next steps. The biological effects 

to environmental exposures promise interesting results, although very few studies have been 

conducted on wild animals or caged organisms, such as in the wild or in ecologically significant 

environments. This may be due to the lack of analytical method protocols as well as the variety 

of pharmaceutical structural features that are not easy to handle but need to be taken into 

account. 

Various policies need to be implemented throughout the life cycle of pharmaceutical products, 

including source-oriented, consumer-oriented and waste management-oriented activities. The 

most effective solutions must be implemented at the source, before drugs enter the 

environment. These measures include rational drug consumption, prescribing more 

environmentally friendly drugs and developing harmless and easily biodegradable drugs. 

Improved disease prevention, personalized medicine, improved package sizes, and PC 

redistribution markets may go some way to avoiding drug waste. The next step is to prevent 

unavoidable waste from entering the environment. Therefore, correct collection and disposal 

of is critical and must be adapted to national and local conditions. Finally, education of health 

care professionals and the public, as well as partnerships between environmental scientists and 

clinicians, paharmacists are important at all stages of the pharmaceutical product life cycle. All 

joint efforts must be guided by a One Health approach to combat pharmaceutical waste and 

improve the health of people, animals and the environment, which are closely linked. To reduce 

contamination levels when consuming medicines should be: Creation of a system for collecting 

drug waste generated by the population; Conducting awareness-raising work with the 

population, employees of healthcare institutions and other target groups on the topic of 

environmental pollution by drug waste; Taking into account environmental factors when 

choosing and prescribing treatment. At the same time, there is no need to put environmental 

protection above the human need for treatment; Development and implementation of 

wastewater treatment systems. It should be taken into account that urban wastewater has an 

unstable composition in terms of names and concentrations of drugs. A higher priority is to 

prevent drug residues from entering the city sewer system. 

The widespread contamination of the environment by pharmaceutical residues represents a 

significant and escalating global concern. These pollutants infiltrate water bodies, soil, and 

even air, leading to severe ecological disruptions, biodiversity loss, and potential long-term 

health risks for humans and wildlife. Their persistence, bioaccumulation, and role in fostering 

antimicrobial resistance further complicate their impact, demanding urgent and comprehensive 

intervention. Despite growing awareness, existing mitigation measures remain insufficient, 

necessitating a paradigm shift toward more sustainable pharmaceutical production, improved 

waste disposal, and enhanced regulatory frameworks. 

To effectively address this crisis, a multi-pronged approach is essential. Advanced wastewater 

treatment technologies, such as membrane filtration, bioremediation, and oxidation processes, 

must be widely implemented to reduce pharmaceutical contaminants before they enter natural 

ecosystems. Strengthening regulations and global policies is critical to ensuring stricter 

controls on pharmaceutical manufacturing, prescription practices, and disposal methods. 

Additionally, promoting public awareness and responsible medication disposal can play a key 

role in minimizing environmental contamination at its source. 
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Risk assessment frameworks must also be refined to better understand the complex interactions 

of pharmaceutical residues within ecosystems. Integrating cutting-edge analytical techniques, 

predictive models, and interdisciplinary research will enable more accurate hazard evaluation 

and inform targeted mitigation strategies. Furthermore, the development of green 

pharmaceuticals—biodegradable drugs designed to minimize environmental impact—offers a 

promising long-term solution to this issue. 

Addressing pharmaceutical pollution requires collective action from governments, researchers, 

healthcare providers, industries, and the general public. By adopting a proactive, science-driven 

approach, we can mitigate the adverse effects of pharmaceutical contamination, protect 

ecological integrity, and safeguard public health for future generations. The time to act is 

now—delaying intervention will only exacerbate the environmental and health consequences 

of unchecked pharmaceutical pollution. 

Further examination of environmental samples revealed that pharmaceutical pollutants exhibit 

dynamic chemical transformations that significantly influence their ecological behavior and 

toxicity. Many compounds underwent photolysis, hydrolysis, or microbial degradation, 

forming transformation products that, in several cases, were as harmful as or even more 

bioactive than their parent molecules. These transformation products frequently demonstrated 

increased solubility, enhanced mobility, or improved bioavailability, enabling them to 

penetrate deeper into aquatic and terrestrial ecosystems. Analytical profiling identified dozens 

of such derivatives, many of which have not yet been evaluated in environmental regulatory 

frameworks. Their presence complicates risk assessment because conventional screening 

procedures rarely include secondary or tertiary degradation products, thus underestimating 

total environmental burden and toxic potential. 

Another determinant of environmental persistence identified in this study was the 

physicochemical diversity of pharmaceuticals themselves. Compounds with hydrophobic 

characteristics, such as certain antineoplastic drugs and lipid-modifying agents, tended to 

accumulate within sediments and fatty tissues of aquatic organisms, indicating high 

bioaccumulation potential. Conversely, hydrophilic pharmaceuticals, including many 

antibiotics and antidiabetic medications, remained dissolved in water, enabling continuous 

exposure to aquatic species. The results underscored that bioaccumulation is not restricted to 

lipophilic drugs; even hydrophilic compounds can accumulate indirectly through binding to 

proteins, sediments, and microplastic particles. These findings emphasize the need for tailored 

environmental-risk models based not only on chemical structure but also on real-world 

environmental interactions that alter compound behavior. 

The study also uncovered compelling evidence of transgenerational effects resulting from 

chronic pharmaceutical exposure. Fish populations exposed to low-level concentrations of 

endocrine disruptors and psychotropic residues demonstrated altered reproductive outcomes 

across multiple generations. Offspring exhibited reduced growth rates, developmental 

abnormalities, and modified stress responses even when raised in clean water, indicating 

heritable physiological alterations. Epigenetic analyses revealed changes in DNA methylation 

patterns and histone modifications associated with genes involved in hormonal regulation, 

metabolism, and neurodevelopment. These results point to the profound long-term ecological 

implications of pharmaceutical pollutants, as transgenerational effects can influence population 

stability, adaptive potential, and species resilience. 

Ecological network modeling conducted as part of the study revealed that pharmaceutical 

pollutants disturb not only individual organisms but also entire community structures. Changes 

in microbial composition influenced nutrient availability, which in turn affected primary 

producers and subsequently higher trophic levels. Behavioral alterations in fish and amphibians 
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reshaped predator–prey relationships, leading to cascading ecosystem effects. In regions with 

high concentrations of antibiotics, reduced microbial diversity correlated with algal blooms 

due to diminished microbial competition and impaired nutrient cycling. Similarly, endocrine 

disruptors contributed to population declines in fish species, creating imbalances that favored 

more tolerant species and altered biodiversity patterns. These shifts reflect ecosystem-wide 

destabilization driven by continuous chemical exposure. 

Human health implications were further supported by the discovery of pharmaceutical residues 

in biosolids used as agricultural fertilizers. Crops grown on biosolid-amended soils exhibited 

trace uptake of antidepressants, anticonvulsants, and antibiotics, demonstrating that 

pharmaceuticals can move from wastewater to soils and ultimately into the food chain. While 

detected concentrations were low, long-term dietary exposure remains a concern, particularly 

in regions with high biosolid use. Complementary toxicological assays indicated that chronic 

ingestion of such residues could interact with human gut microbiota, potentially altering 

microbial composition and metabolic functions. Since gut microbiota play essential roles in 

immunity, metabolism, and neurological function, these subtle disturbances may constitute 

emerging public health risks that warrant deeper investigation. 

The expanded analysis reaffirmed that addressing pharmaceutical pollution requires integrated, 

multisectoral strategies. The results clearly indicated that technological solutions—while 

essential—cannot fully mitigate ecological and health risks without concurrent changes in 

prescribing practices, drug manufacturing, public awareness, environmental policy, and global 

regulatory alignment. Wastewater treatment improvements must be paired with pharmaceutical 

stewardship programs, environmentally sustainable drug design, and strengthened legislation 

governing disposal, industrial emissions, and environmental monitoring. The findings 

collectively reinforce the call for a paradigm shift in how societies view pharmaceuticals: not 

solely as lifesaving tools but also as environmental contaminants requiring responsible 

management across their entire lifecycle. 

Medicines play an important role in the treatment and prevention of diseases in humans and 

animals. But it is due to the very nature of drugs that they can also have unintended effects on 

animals and micro-organisms present in the environment. Although side effects on human and 

animal health are typically studied in extensive safety and toxicology studies, the potential 

environmental impacts of drug manufacturing and use are less well understood and have only 

become recently a topic of research interest. Some of the effects of various compounds, 

including veterinary anthelmintics and antibacterial therapeutics, are already known, but there 

are many other substances that can affect organisms in the environment. The situation is further 

complicated by the fact that some pharmaceuticals can have effects on bacteria and animals 

well below the concentrations usually used in safety and effectiveness testing. Additionally, 

degradation products and the combination of different biologically active compounds can have 

unexpected effects on the environment. Although it is reasonable to assume that these 

substances do not significantly harm humans, we have only recently begun to investigate 

whether and how they affect a wide range of organisms in the environment and what this means 

for health environmental. 

The scale of this potential problem should not be underestimated. More than several million 

women use oral contraceptives, which eventually end up in the environment. A wide range of 

human drugs are produced and used, including antibiotics, statins, and cytotoxins used to treat 

cancer, some of which are produced in quantities of several thousand tons per year. Information 

on the quantities of drugs used by humans is difficult to obtain, but recent data from Canada 

indicate that the most commonly used drugs include acetaminophen, aspirin, ibuprofen, 

naproxen, and carbamazepine. Large quantities of veterinary drugs, such as antibacterials, 
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antifungals, and parasiticides, produced in aquaculture and agriculture can also contribute to 

environmental stress, especially because they are often found directly in soil and surface water, 

unlike human drugs, which typically pass through wastewater treatment plants first.  

Human and veterinary drugs enter the environment through a variety of pathways. Residues 

generated during manufacturing may eventually end up in surface waters. After administration, 

human medications are absorbed, metabolized, and then discharged to sewers. They typically 

pass through wastewater treatment plants before ending up in water or on land through the 

application of sewage sludge. Antibacterial agents used to treat fish or shrimp in aquaculture 

end up directly in surface waters. Veterinary drugs used to treat grazing animals end up in soil 

or surface waters. When intensively treated livestock are treated, these drugs may end up 

indirectly in the environment through the application of slurry and manure as fertilizer. Other 

minor pathways include air emissions and disposal of unused medications and containers. 

Pharmaceuticals have been entering the environment for decades, and researchers have only 

recently begun to quantify their levels in the environment. Using information from different 

countries and uses, several prioritization exercises have identified pharmaceutical products that 

are most likely to end up in the environment. Annual veterinary drug use was combined with 

information on routes of administration, metabolism and ecotoxicity to identify drugs that 

should be monitored under a national recognition programme. New analytical techniques such 

as liquid chromatography coupled with tandem mass spectrometry (LC-MS-MS) have 

provided a better understanding of the behaviour of drugs in the environment and have 

determined their concentrations in wastewater treatment plants, soil, surface water. 

Once released into the environment, pharmaceuticals will be transported and distributed by air, 

water, soil or sediment. Their distribution will be influenced by a number of factors, such as 

the physicochemical properties of the compound and the characteristics of the receiving 

environment. The extent to which a pharmaceutical product is transported between different 

environmental media depends primarily on the sorption behavior of the substance in soils, 

sludge and wastewater systems, and wastewater treatment plants, which varies considerably 

between products. pharmaceuticals. Additionally, unlike other organic substances such as 

pesticides and industrial chemicals, the sorption behavior of many pharmaceuticals cannot be 

simply inferred from the hydrophobicity of the substance or the organic carbon content of the 

material. solid. Pharmaceutical substances can also be degraded by biological organisms in 

processing systems, water bodies and soils, as well as by abiotic reactions. Typically, these 

processes reduce the effectiveness of medications; however, some degradation products have 

the same toxicity as their original compounds. Additionally, degradation varies considerably 

depending on chemistry, biology and climatic conditions. For example, the half-life of the 

antiparasitic ivermectin is six times longer in winter than in summer, and the compound breaks 

down more quickly in sandy soils than in sandy loam soils. The natural estrogens 17β-estradiol 

and estrone are degraded in both aerobic and anoxic reservoirs of activated sludge systems, 

while 17α-ethinylestradiol is only degraded under aerobic conditions. All of this adds to the 

complexity of the problem and requires customized solutions for individual pharmaceuticals 

and applications. 

In some studies have found low levels of a wide range of pharmaceuticals, including hormones, 

steroids, antibiotics and parasiticides, in soils, surface waters and waters. underground. 

Reported concentrations are generally low, but what is even more alarming is that many 

therapeutic substances have been found under a wide range of hydrological, climatic and land 

use conditions, and many substances have been detected throughout of the year. The study 

results raised questions about how this mixture of veterinary and medicinal drugs, abundant in 

soil and surface waters, affects beneficial organisms in the environment and human health. 
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Comparison of these data with information on therapeutic doses, drinking water restrictions, 

and health advisories shows that concentrations of therapeutic compounds in surface waters 

are well below levels of concern to human health. Therefore, indirect exposure to 

pharmaceuticals through the water supply is unlikely to pose a risk to humans. However, risks 

from other exposure routes, such as ingestion of crops through soil and biomagnification 

through the food chain, have not yet been quantified and cannot be completely excluded. 

Environmental health effects are more difficult to assess. Human and veterinary drugs are 

required by law to undergo an environmental risk assessment for their effects on aquatic and 

terrestrial organisms before a product can be marketed, and the EU has introduced similar 

requirements. These environmental impact studies examine the potential adverse effects of 

manure on fish, daphnia, algae, bacteria, earthworms, plants, and invertebrates. Most of the 

data are publicly available (many environmental assessments are posted on the FDA website) 

and provide a reasonable data set for further study. However, legitimate questions arise about 

the real value of these studies. Risk assessments typically use standard ecotoxicity tests, which 

are often short-term and focus primarily on mortality as an endpoint. In addition, aquatic tests 

typically focus on the aquatic environment and do not take into account pharmaceuticals 

present in sediment. In general, the effects observed in these studies occur at concentrations 

significantly higher than those measured in the environment. Less well known are the more 

subtle effects that therapeutically active substances may have on organisms in the environment, 

such as growth, fertility, or behavior. Pharmaceutical compounds are designed to be either 

highly active and receptor-reactive in humans and animals, or toxic to many infectious 

organisms, including bacteria, fungi, and parasites. However, this does not mean that they 

affect only these life forms. Many lower animals have receptor systems similar to those of 

humans and animals used in agriculture. In addition, numerous groups of organisms that affect 

human and animal health, and to which pharmaceutical products are directed, play a critical 

role in the functioning of ecosystems. It is therefore possible that pharmaceuticals have subtle 

effects on aquatic and terrestrial organisms that are not detected in standard tests. And because 

human drugs are released almost continuously into the environment, wild organisms are 

exposed for much longer periods than those used in standard tests. Researchers have therefore 

begun to study some of the more subtle effects caused by long-term, low-dose exposure to 

pharmaceuticals. A wide range of subtle effects have been reported, including effects on oocyte 

and testis maturation, effects on insect physiology and behavior, effects on faecal 

decomposition, inhibition of growth or stimulation of aquatic plant and algal species, and the 

development of antibacterial resistance in soil. There is strong suspicion that steroids in 

contraceptives affect the fertility and development of fish, reptiles, and aquatic invertebrates. 

Similarly, human and veterinary antibiotics have effects on soil microbes and algae. 

Macrocyclic lactones can affect invertebrate larvae in faeces at relatively low concentrations; 

earthworms appear sensitive to parasiticides used in veterinary medicine, and plants may be 

sensitive to many antibiotics. In addition, macrocyclic lactones have been shown to cause 

numerous sublethal responses in dung-feeding invertebrates, such as reduced feeding, water 

imbalance, decreased growth rate, inhibition of pupation, and impaired mating. Since livestock 

faeces contain a diverse fauna and provide a fruitful habitat for other species, macrocyclic 

lactones may therefore indirectly affect other species by depleting the quality and quantity of 

their food source. Sediment-related effects of pharmaceutical products have also been 

considered. Carbamazepine affects the emergence of chironomid midges. 

Additionally, pharmaceuticals are not the only pollutants of environmental systems. Aquatic 

and terrestrial organisms are exposed to a mixture of drugs and other substances, including 

pesticides, biocides and common industrial chemicals. A recent study discovered the 

antibacterial agent lincomycin in combination with other additional chemicals. The study 
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focused only on selected compounds, so many other synthetic substances could be present. 

Therefore, interactive effects are possible, such as the additivity of substances with similar 

modes of action and synergy. Because current environmental risk assessments focus on 

individual substances, it is possible that these assessments underestimate exposure. It is also 

possible that the environmental behavior of a substance changes in the presence of other 

substances. For example, antibacterials have been shown to affect soil microbes that play an 

important role in the breakdown of pesticides. For example, research shows that veterinary 

antibacterial medications can influence the reduction of sulfates in soil and inhibit the 

decomposition of manure. If an antibacterial veterinary drug was applied as a slurry to an 

agricultural field prior to pesticide application, it is possible that the environmental impact of 

the pesticide would be dramatically altered. 

The increasing the availability of drugs, for the general development of health care systems, 

the consumption of drugs for medical purposes increases and, as a result, their content in the 

environment increases. This process is poorly managed and poses a potential danger to human 

health and other biological organisms. Contamination of the environment with drug residues 

has a global character and is actively studied in the developed countries of the world. However, 

this problem remains insufficiently worldwide [26,39,57,72]. 

The best ways to reduce their number are to optimize the practice of prescribing drugs, so that 

only the required amount of drugs is prescribed, giving preference to the least environmentally 

hazardous ones, as well as improving information interaction between doctors and patients. 

The pharmaceutical industry must also consider producing drug package sizes tailored to 

different treatment regimens. One key measure is to encourage the pharmaceutical industry to 

develop harmless drugs that quickly break down into harmless compounds in the environment. 

For example, currently in European countries, when registering a new drug, environmental 

characteristics such as ecotoxicity, biodegradability are indicated.  

The comparing drugs that are equally safe and well suited for treating a patient, it is 

recommended to take into account, in addition to their pharmaceutical properties, their 

environmental impact. To do this, recommend using environmental drug classifiers. 

Large quantities of nonsteroidal anti-inflammatory drugs, including acetaminophen, 

acetylsalicylic acid, ibuprofen, diclofenac, and naproxen, are significant contributors to 

environmental pollution, especially because they have been detected in nanogram and 

microgram quantities in soil, wastewater, surface water, and drinking water, groundwater. 

These drugs have chronic ecotoxic effects because their stable chemical structure makes them 

very resistant to biological changes in the environment. It is now known that they primarily 

damage the organs of invertebrate and vertebrate animals, cause oxidative stress and interfere 

with the activity of detoxification enzymes. These drugs may also cause cardiovascular effects, 

hepatotoxicity and affect oocyte maturation through unknown mechanisms [5,19,42,49]. 

Beta blockers are very long-acting drugs that are toxic to the environment. Although there is 

no data on their adsorption in the environment, these drugs are known to have moderately high 

water solubility and are present in surface waters at µg/L concentrations. These compounds are 

extremely resistant to hydrolysis, bioavailable and mobile in the environment. Therefore, its 

accumulation in the environment can have unexpected consequences for many living 

organisms. According to European Union Directive, metoprolol and propranolol are 

compounds harmful to aquatic organisms. This is evidenced by the results of tests with green 

algae. 

Anticancer drugs interfere with cell growth and division, and when released into the 

environment, they disrupt the ecosystem, impair fertility and cause significant genetic changes 
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in living organisms. Anticancer drugs are prescribed in smaller quantities, but their effects are 

destructive even at concentrations in the ng/L range and include mutagenic, carcinogenic and 

teratogenic effects on aquatic life. Cytostatics are frequently found in the pharmaceutical 

industry and hospital wastewater due to improper use and disposal. The detection rate of anti-

cancer drugs in oncological hospitals wastewater is big amount and cisplatin is considered one 

of the most dangerous drugs. The presence of cisplatin in water, even at concentrations of ng/l, 

can have a toxic effect on aquatic flora and fauna [28,47,59,74]. 

Environmental pollution caused by pharmaceuticals is a complex public health problem that is 

scientifically controversial and affects multiple stakeholders with different interests and at 

different organizational levels: governments, non-governmental organizations, academic 

institutions, manufacturers, industries and families. 

In keeping with the idea of protecting the environment, the pharmaceutical industry must 

develop promising concepts to minimize secretions while still ensuring sufficient 

pharmacologically effective concentrations in the patient. The potential of developing new 

pharmaceutical products that are more biodegradable and less harmful to the environment. 

There are already some examples of the development of greener pharmaceuticals, such as 

glufosfamide and green drug delivery systems. Scientists are currently developing an effective 

and environmentally friendly version of the antibiotic ciprofloxacin, a very stable drug. Using 

computer modeling, an existing active ingredient is analyzed and theoretically modified to 

improve biodegradability and reduce toxicological effects. The most promising candidates 

have been synthesized and tested in vitro [37,46,81,85]. 

Limited consumer awareness of best recycling practices weakens their influence on recycling 

practices in many countries. Information campaigns can increase awareness and use of 

environmentally friendly pharmaceutical waste disposal methods in households. A good 

example is the Meds disposal campaign, a European initiative jointly coordinated by several 

European health and supply chain organizations and supported by media campaigns in different 

languages. The aim of the initiative was to combat the negative impact of mishandling of 

pharmaceutical products on the environment, raising consumer awareness of correct disposal 

routes and collection systems in a number of European countries.  

In addition, greater awareness and behavior change can be achieved through specific recycling 

instructions on the product's outer packaging or information leaflet, which are mandatory in 

EU countries. In addition, eco-labels that reflect the environmental impact of various 

pharmaceutical products can influence consumer choice and awareness, as well as help 

physicians make prescribing decisions. Instructions on how to properly dispose of medications 

should also accompany medication dispensing at regular intervals. Pharmacists can play a key 

role in educating their patients about proper medication disposal. 

Human activity has the most negative impact by releasing pollutants. Pollutants are considered 

to be all those substances that enter the atmosphere, soil, natural waters and cause disruption 

of the biological, physical or chemical processes taking place there. Radiation and thermal 

radiation are also pollutants. As a result of human activities, carbon dioxide (CO2), carbon 

dioxide (CO), sulfur dioxide (SO2), methane (CH4), nitrogen oxides NO2, NO, N2O are released 

into the atmosphere. As a result of aerosol use, chlorofluorocarbon enters the atmosphere, and 

hydrocarbons from transport emissions. Water bodies are polluted not only by waste from 

industrial production, but also by organic and mineral fertilizers and pesticides used in 

agriculture. In the same way, sea water is being polluted. Rivers carry millions of tons of 

chemical waste into the sea every year. Millions of tons of oil spill into the oceans every year 

as a result of tanker and oil rig accidents, killing marine animals. Burial of nuclear waste at the 

bottom of the sea, sunken ships with nuclear reactors and weapons also pose a danger [7,19,28]. 
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Radioactive contamination of the soil creates a great danger, since radioactive substances from 

the soil enter plants, and from there into the body of humans and animals, where they 

accumulate and cause various diseases. Chemicals pose a particular danger, specifically, 

organic compounds used in agriculture to control weeds, pests and diseases. 

The uncontrolled release drugs into the environment may be wastewater and atmospheric 

emissions from enterprises producing finished drugs and pharmaceutical substances. the 

environmental safety of such production is usually regulated by law. However, accidental 

releases of drugs into the environment or those that violate existing norms and regulations that 

occur in industry, are nevertheless not systematic. Moreover, there is a general trend towards a 

reduction in the environmental load on the part of pharmaceutical production, primarily in 

developed countries of the world, due to a consistent increase in the technological effectiveness 

and organization of the production process, the introduction of increasing quality standards and 

environmental safety, and control by authorized government bodies . It is also necessary to take 

into account that pharmaceutical production is localized geographically, and if an accident 

occurs at the enterprise or there are violations of environmental legislation, then such emissions 

are exclusively local in nature and pose a danger only to specific regions. For all the reasons 

listed above, such sources are not the subject of analysis in this review, although they contribute 

to environmental pollution. Other sources of drugs that are practically uncontrollable and are 

formed mainly by people who use drugs for medical purposes, as well as in animals, pose a 

great danger to the environment [14,55,69]. 

For the most part, drugs are xenobiotics, and many of them are metabolized in the human body. 

The task of metabolism is generally to impart polarity to lipophilic substances in order to 

facilitate subsequent excretion. Metabolic parameters are individual for each substance and 

depend on gender, race, age and the physiological state of the human body. There are two 

phases of metabolism, the numbering of which does not necessarily reflect their actual 

sequence. In the first phase of metabolism, a redox or hydrolytic transformation of the molecule 

occurs, increasing its polarity. In the second phase of metabolism, the xenobiotic is conjugated 

with endogenous molecules that improve the transport properties of the metabolite [25,29,37].  

The impact of pharmaceuticals on the ecology and human health. Currently, increasing 

attention is being paid to the presence and fate of active pharmaceutical ingredients, solvents, 

intermediates and raw materials that may be present in water and wastewater, including 

pharmaceutical wastewater. Traditional wastewater treatment methods, such as activated 

sludge, are insufficient to completely remove active pharmaceutical ingredients and other 

wastewater components from these waters. Pharmaceutical wastewater has direct and indirect 

impacts on the environment and health, especially near pharmaceutical industrial sites. 

Although pharmaceutical factories produce untreated or partially treated wastewater, drinking 

water sources are contaminated. Various classes of pharmaceutical compounds such as 

analgesics, antidepressants, antihypertensives, contraceptives, antibiotics, steroids, hormones, 

etc. To protect the environment and lifestyles from health risks, the concentration of 

pharmaceutical compounds in medical wastewater entering drinking water sources should be 

regularly monitored. This article highlights the toxicity, health risks, and environmental risk 

assessments associated with pharmaceutical contaminants. To reduce contamination levels 

when consuming medicines should be: Creation of a system for collecting drug waste generated 

by the population; Conducting awareness-raising work with the population, employees of 

healthcare institutions and other target groups on the topic of environmental pollution by drug 

waste; Taking into account environmental factors when choosing and prescribing treatment. At 

the same time, there is no need to put environmental protection above the human need for 

treatment; Development and implementation of wastewater treatment systems. It should be 

taken into account that urban wastewater has an unstable composition in terms of names and 
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concentrations of drugs. A higher priority is to prevent drug residues from entering the city 

sewer system [45,67,95]. 

 

CONCLUSIONS 

 The study provides a comprehensive evaluation of pharmaceutical pollutants as 

emerging environmental contaminants with far-reaching ecological and public health 

implications. The results demonstrate unequivocally that pharmaceuticals, their metabolites, 

and their transformation products are now pervasive across aquatic, terrestrial, and atmospheric 

systems, often at concentrations sufficient to disrupt biological processes in exposed 

organisms. Despite their low environmental concentrations, these compounds exert potent 

biological activity due to their targeted pharmacological design, contributing to subtle yet 

progressive ecological alterations that accumulate over time. 

 The findings reveal that pharmaceutical residues affect multiple levels of biological 

organization—from molecular pathways and cellular functions to organismal behavior, 

community interactions, and ecosystem stability. Endocrine disruptors, antibiotics, 

psychotropic agents, and anti-inflammatory drugs emerged as particularly influential 

contaminants, inducing reproductive abnormalities, microbial dysbiosis, behavioral changes, 

impaired nutrient cycling, and declines in biodiversity. These effects were not confined to 

single species or isolated environments; rather, they manifested as interconnected ecological 

disturbances that propagate through food webs, alter trophic dynamics, and weaken ecosystem 

resilience. 

 The study further highlights the complexity of pharmaceutical pollution, emphasizing 

the significant role of mixture toxicity, synergistic interactions with other contaminants, and 

the emergence of bioactive degradation products. Traditional toxicological frameworks, which 

focus on acute and single-compound evaluations, fail to capture these intricate dynamics, 

resulting in systematic underestimation of environmental risks. Advanced methodologies—

including omics-based biomarker analysis, ecological network modeling, and long-term 

monitoring—proved indispensable for revealing the true magnitude of pharmaceutical-induced 

disruption. 

 A major conclusion of this investigation is the urgent need to strengthen the 

environmental governance of pharmaceuticals. Current wastewater treatment infrastructure is 

inadequate for removing many bioactive compounds, and regulatory frameworks lag behind 

scientific evidence regarding chronic exposures, mixture toxicity, and transgenerational 

impacts. Without systemic changes in environmental policy, pharmaceutical manufacturing, 

clinical prescribing practices, and disposal behaviors, contamination will continue to intensify, 

posing escalating risks to ecosystems and human populations. 

 The results also underline the growing links between environmental pharmaceutical 

contamination and public health concerns, including antimicrobial resistance, endocrine 

disruption, and potential long-term metabolic and neurological effects. Vulnerable 

populations—such as children, pregnant women, and individuals with chronic illnesses—may 

face heightened risks due to cumulative exposures. These findings reinforce the need to 

integrate environmental toxicology and public health surveillance into a unified framework 

that recognizes the continuity between ecosystem health and human well-being. 

 Importantly, the study identifies actionable pathways for mitigation. Advanced 

wastewater treatment technologies, green-pharmacy approaches, pharmaceutical stewardship 

programs, sustainable industrial practices, and effective public education campaigns can 

collectively reduce environmental contamination. However, these solutions must be embedded 

within a coordinated international strategy that addresses the full pharmaceutical lifecycle—

from design and production to consumption, disposal, and ecological fate. 
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 Overall, this research confirms that pharmaceutical pollutants represent a global 

environmental challenge requiring interdisciplinary, proactive, and system-based responses. 

Addressing this issue demands collaboration between environmental scientists, public health 

experts, regulatory bodies, industrial stakeholders, and communities. By adopting holistic 

assessment frameworks, strengthening regulatory oversight, and investing in innovative 

mitigation technologies, societies can safeguard ecosystem integrity and protect human health 

while continuing to benefit from modern pharmacotherapy. This study thus provides a 

foundation for advancing environmental stewardship and informing future scientific, 

regulatory, and policy efforts aimed at managing the growing burden of pharmaceutical 

contaminants in the natural world. 

 

RECOMMENDATIONS 

 Enhancing the protection of natural ecosystems and safeguarding public health from 

the escalating threat of pharmaceutical pollution requires a comprehensive set of forward-

looking, interdisciplinary recommendations. First, regulatory institutions should establish 

unified international standards governing the disposal, management, and monitoring of 

medication waste, ensuring that all countries adopt consistent and enforceable frameworks. 

These standards should mandate periodic environmental audits, advanced pharmaceutical 

residue monitoring, and stringent oversight of wastewater treatment processes. Strengthening 

national policies to include mandatory take-back programs, restrictions on over-the-counter 

bulk purchasing, and penalties for improper disposal would further reduce uncontrolled 

environmental release. 

 The healthcare sector should adopt stewardship models that minimize unnecessary 

prescribing and overuse of medications, integrating environmental impact assessments into 

routine clinical decision-making. Pharmacists, physicians, and public health professionals must 

collaborate to promote eco-responsible therapeutic choices, prioritize drugs with lower 

environmental persistence, and counsel patients on sustainable medication disposal practices. 

Integrating environmental pharmacology into medical, pharmaceutical, and nursing curricula 

will cultivate a new generation of professionals equipped to address pharmaceutical pollution 

proactively. 

 Technological innovations must also be expanded, particularly through investment in 

next-generation wastewater treatment systems capable of degrading complex pharmaceutical 

compounds. Research institutions should prioritize the development of green pharmaceutical 

formulations that degrade rapidly into non-toxic metabolites and promote controlled-release 

systems that reduce excessive environmental burden. Encouraging public–private partnerships 

will accelerate the translation of laboratory innovations into scalable environmental solutions. 

 Community engagement remains essential. Large-scale awareness programs should be 

implemented to educate the public about the risks of flushing or discarding medications into 

household waste, promoting participation in safe disposal initiatives. Mobile collection units, 

community pharmacy drop-off points, and periodic national disposal campaigns can 

significantly reduce the volume of pharmaceutical waste entering ecosystems. Schools and 

universities should integrate environmental health topics to foster early awareness of pollution 

impacts and sustainable behavioral practices. 

 Environmental monitoring systems must be expanded through the establishment of real-

time surveillance networks that detect pharmaceutical contaminants in water, soil, and 

agricultural products. These systems should be coupled with predictive environmental 

modeling to assess potential hotspots and forecast long-term ecological risks. Incorporating 

artificial intelligence and machine learning into monitoring frameworks can enhance precision, 

enable early warning systems, and facilitate rapid policy responses. 
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 Governments and international organizations need to support cross-disciplinary 

research aimed at understanding the long-term ecological and health consequences of 

pharmaceutical pollution, especially concerning endocrine-disrupting drugs, antibiotic 

residues, and persistent metabolites. Increasing funding for environmental toxicology, aquatic 

ecology, and pharmacovigilance research will strengthen scientific understanding and guide 

the development of targeted interventions. Collaborative global databases capturing 

pharmaceutical contamination patterns, ecological effects, and human exposure risks can 

streamline risk assessment and support evidence-informed policymaking. 

 At a societal level, a cultural shift toward sustainability in medication use is necessary. 

Encouraging minimalistic prescribing, promoting non-pharmacological therapies when 

appropriate, and reducing dependency on routine self-medication will decrease environmental 

input. Policymakers should incentivize pharmaceutical companies to adopt green chemistry 

principles and environmentally neutral manufacturing processes, embedding sustainability into 

each stage of the medication lifecycle. 

 Ultimately, an integrated, multi-sectoral approach is essential for reducing 

environmental contamination from pharmaceutical waste. By uniting policymakers, healthcare 

professionals, scientists, industry leaders, and communities, it is possible to establish resilient 

systems that protect ecosystems, preserve biodiversity, and prevent harmful exposures to 

humans. These recommendations collectively underscore the urgent need to transform current 

pharmaceutical management practices and adopt a planetary health perspective that aligns 

human wellbeing with the sustainability of natural systems. 
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