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+ Dinamik ve hareketli yapi

(Cross Laminated Timber) :Caoray at
o VUKSOR 11T KapaSTesine saleo yaps

Glulam (Glued Laminated Timber) : Ansap amellein o
* Egrisel ve akigkan formlar
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kullanian minendisik Groni: ansaper
LVL (Laminated Venoer Lumber) - Paalel keplamaian
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Giineyde; Zagros Daglan ile birlesen Dogu Toroslar
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Doguda; fran'daki Salavan Daglar
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SONUC

En sik daimi dentisyonda
t;ocuklarda nadir gérillmekte Ksenogreft + kollajen membran + es zamanl implant - klinik
olarak savunulat
Ozellikle anlaml oldugu durumlar.
j fildiginde

Lustmann veShear,
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Grandy
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Bagart = bivomateryal degil - bivolojik prensip

Odontojenikkistler iginde en sik T
1038 Kisilik olgu serisinde e ST 3
%58.96's! radikler Kist Deneyimli Klinisyen + dikkadi uygulama — gegerli
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Gergek Ilinik deger — uzun dénem fonksiyonel +
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miktan veya Kalitesi ve disik fiziksel
performans ile fanimianan flerfeyici ve
yaygin bir Iskelet kast hastahgid.
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NEW NAMES MIXED WITH OLD ONE ISARC Academy,

JORDAN RIVER DATES MEDJOUL DATES BACKGROUND CASH DIGITAL
PAYMENTS

vigital transformation has shifted payment systems
from cash-based to digital platforms, suppor
the rapld growth of fintech and
indonesia, although financial inclusion gaps
making @ strong national payment ecosystem
ntial for supporting the digital economy. 4
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RO Anyasi

The performance of the process was monitored with the help e = : e i = . ISARC Academy...
of a double beam UV/Visible Spectrophotometer (PEAK

nalysis and
C-72008)

Calculations

The process efficiency was assessed quantitatively in terms
of removal percentage (R%) using the following

expression:

R(%) = challl Hall-6 Ines Kartika De...

RO Anyasi Sessi
RO Anyasi rahmouni h:

Goenenmen Collage urivrsty, Fisalabar Pokidan

Procedure

Synthesis of Base Soap

Micelar Floceulation: A Biodegradable INTERNATIONAL MESOPOTAMIAN SCIENTIFIC Chelsea Aulla Z
Micthod for Effective Drug Removal from RESEARCH CONGRESS,

Wastewarer
Micellar Floccu M
Method for Effective Drug Removal from
[Wastewater
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Chelsea Aulia Z. Ines Kartika De.
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rtment of Chemistry,
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Pollution Control
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) Mpape, while limited information is
Kknown about the groundwater quality
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0 This study aim to bridge knowledge gap
by accessing the contamination
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Introduction

Gold remains one of the most valuable

balty due to its
economic and industrial i
{Workd Gold Counci, USGS, 2025){Plate
i

+ In Nigeria, much of the gold bearing

are found in the Basement
Complex, yet several regions remain
underexplored. {Abduiraman, 2025);

+ The Koro area, located within Patiei Sheet

E z 204 SE in Kvara

4 complex and hols

g 1:Satelite Image of Nigerla and Location of Pate
Sheet 2065E and the Study Ares (Google Eth Image,
2024)

tof this
sing geological
features for gold mineralization. {Dada,
etal, 2018).

o (Picture
SynerayLad, 2021)
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GEOLOGY AND GEQCHEMICAL EVALUATION OF GOLD POTENTIAL IN
KORO, PART OF PATIGI SHEET 204SE, NIGERIA

BY

MOKORE, DAVID TEMITOPE AND ALABI, ADEKOLA AMCS

Federal University of Tachnology, Schoal of Physical Sclarces,
Cemartment of Geology, Nws, Niger tate, Nigeria
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Veri Toplama Araclan

Dahil edilme
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* bekar olmak

* Tirkce dilinde yetelilk
(konugma, okuma ve yazmal,

* 18 yagin Gzerinde olma,

« bir sosyal medya hesabina
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Scientific Development and Innovative Approach

INTERNATIONAL MESOPOTAMIAN
SCIENTIFIC RESEARCH CONGRESS

"Bridging Disciplines, Advancing Knowledge"
April 4-5, 2026 / Diyarbakir, Tirkiye

Congress Program

Participant Countries: Algeria, India, Indonesia, Indonesia, Jordan, Kosovo, México, Morocco,
Nigeria, Pakistan, Portugal, Republic of Belarus, Romania, South Africa, TRNC, Tlirkiye, Vietnam

IMPORTANT, PLEASE READ CAREFULLY
To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID or Personal Link Name” and
solidify the session. The presentation will have 15 minutes (including questions and answers). 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.
Speakers must be connected to the session 10 minutes before the presentation time. All congress participants can connect live and
listen to all sessions. During the session, your camera should be turned on at least %70 of session period. Moderator is responsible
for the presentation and scientific discussion (question-answer) section of the session.

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 sentto you as pdf at the end of the congress. Moderator is responsible for the presentation and scientific discussion
(question-answer) section of the session. Before you login to Zoom please indicate your name surname and hall number, exp.
Hall-1, Fatih KARIPOGLU

ONEMLI, DIKKATLE OKUYUNUZ LUTFEN

Kongremizde Yazim Kurallarina uygun gonderilmis ve bilim kurulundan gegen bildiriler igin online (video konferans sistemi tizerinden)
sunum imkani saglanmistir. Sunumlar igin 15 dakika (soru ve cevaplar dahil) sure ayrilmistir. Online sunum yapabilmek igin
https://zoom.us/join sitesi Uzerinden giris yaparak “Meeting ID or Personal Link Name” yerine ID numarasini girerek oturuma
katilabilirsiniz. Zoom uygulamasi Ucretsizdir ve hesap olusturmaya gerek yoktur. Zoom uygulamasi kaydolmadan kullanilabilir.
Uygulama tablet, telefon ve PC’lerde galisiyor. Her oturumdaki sunucular, sunum saatinden 10 dk 6ncesinde oturuma baglanmis
olmalari gerekmektedir. Tim kongre katiimcilari canli baglanarak tim oturumlari dinleyebilir. Moderator — oturumdaki sunum ve
bilimsel tartisma (soru-cevap) kismindan sorumludur.

TEKNIK BILGILER
Bilgisayarinizda mikrofon olduguna ve galistigina emin olun. Zoom'da ekran paylasma 6zelligine kullanabilmelisiniz. Katilim belgeleri
kongre sonunda tarafiniza pdf olarak gonderilecektir. Kongre programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir.
Zoom'a giris yaparken 6nce liitfen adinizi, soyadinizi ve SALON numaranizi yaziniz, Ornek: Hall-1, Fatih KARIiPOGLU

ZOOM:
MEETING ID: 865 4219 1288
PASSCODE: 083356
https://us06web.zoom.us/j/86542191288?pwd=5jiY6aPGOfYgabaV5se6aNQT6WHYof.1




INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS
Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/

ISARC Academy

05.04.2026 / Hall-l Session-1

| ISTANBUL LOCAL TIME Q  MEETING ID: 865 4219 1288
B 10w:120 B  PASSCODE: 083356
HEAD OF SESSION Dr. Gul§en Gokdemir
TOPIC TITLE AUTHORS AFFILIATION
WOOD-BASED COMPOSITES IN
SUSTAINABLE ARCHITECTURE: Beyhan Karakus Yet

PERFORMANCE, ENVIRONMENTAL Gulsen Gkdemir Dicle University, Turkiye

IMPACT, AND LIFE CYCLE ASSESSMENT
ANALYSIS OF BAROQUE PERIOD
FURNITURE FROM A BIOMIMICRY
PERSPECTIVE: A RETROSPECTIVE
EVALUATION IN THE CONTEXT OF FORM,
STRUCTURE, AND SYSTEM

AGE, GENDER AND SOCIAL HIERARCHY IN
THE URARTIAN URN BURIAL TRADITION: A Yenal SUrin Van YUzUncU Yil University, Tirkiye
SOCIO-CULTURAL ANALYSIS

TWO INTERPRETATIONS OF MODERN
ARCHITECTURAL THOUGHT: A Sertan Bakar Kafkas University, TUrkiye
COMPARATIIVE ANALYSIS OF LE Mehmet inceoglu Eskisehir Technical University, TUrkiye
CORBUSIER AND TURGUT CANSEVER
A THEORETICAL EVALUATION OF THE
ARCHITECT'S IDENTITY AND ROLE: THE
HISTORICAL AND PHILOSOPHICAL
BACKGROUND OF ARCHITECTURAL
THOUGHT

GuUlsen Gokdemir

Beyhan Karakus Yet Dicle University, TUrkiye

Sertan Bakar Kafkas University, TUrkiye
Mehmet inceoglu Eskisehir Technical University, TUrkiye




INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS
Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/

ISARC Academy

05.04.2026 / Hall-2, Session-1

STANBUL LOCAL TIME -  MEETING ID: 865 4219 1288
B 10w:120 . f  PASSCODE: 083356
HEAD OF SESSION: Assoc. Prof. Dr. Eda Yakit Ak
TOPIC TITLE AUTHORS AFFILIATION

MOTIVATION TO HAVE CHILDREN

AND INFLUENCING FACTORS '
;%EES;E?—!RE?FI’LFI’\IU/EE? E}-;E:E'II'E}—? Cihan Onen Bitlis Eren University, TUrkiye
EARLY INSTABILITY DURING CONSERVATIVE Abdulkadir Kankilig

MANAGEMENT OF A REDUCED TYPE I lorahim Basar Dicle University, TUrkiye
ODONTOID FRACTURE: A CASE Abdurrahim Tas

CLINICAL AND PATHOLOGICAL Abdulkadir Kankilig

CHARACTERISTICS OF SURGICALLY forahim Basar Dicle University, TUrkiye
TREATED MENINGIOMAS Abdurrahim Tas

CENTRAL SEROUS CHORIORETINOPATHY Seviotfin Erdem Dicle University. Torkive
DETECTED FOLLOWING COVID-19 DISEASE yreth : Iversity, Turly




INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS
Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/

ISARC Academy

05.04.2026 / HaII-3 Session-1

ISTANBUL LOCAL TIME Q  MEETING ID: 865 4219 1288
B 10w:120 B PASSCODE: 083356
HEAD OF SESSION: Assoc Prof Dr. Aysun Ekinci
TOPIC TITLE AUTHORS AFFILIATION
HYPERLIPIDEMIA  AS A CAUSE OF
RECURRENT ACUTE PANCREATITIS: A CASE Ercan GUnduz Dicle University, TUrkiye

REPORT

SPORADIC  HYPOKALEMIC  PERIODIC
PARALYSIS: A CASE REPORT

EVALUATION OF THE EFFECTIVENESS OF THE
OCULAR TRAUMA SCORE IN PATIENTS WITH Sedat Ava Dicle University, TUrkiye
OPEN GLOBE INJURIES

THE EFFECTIVENESS OF PUPILLOMETRY IN
DETECTING AUTONOMIC DYSFUNCTION IN Mehmet Emin Dursun Dicle University, TUrkiye
OBESE PEDIATRIC PATIENTS

DISRUPTION OF THE NEUROMUSCULAR

Ercan GUndiz Dicle University, TUrkiye

JUNCTION IN SARCOPENIA: DIAGNOSTIC Aysun Ekinci Dicle University, TUrkiye
POTENTIAL OF SERUM BIOMARKERS

SURGICAL MANAGEMENT AND

ENDODONTIC REHABILITATION OF A Emre Ulubas

RADICULAR CYST IN THE POSTERIOR Damla Maide Davutluoglu Gazi University, TUrkiye
MANDIBLE OF A PEDIATRIC PATIENT: CASE inci Rana Karaca

REPORT AND LITERATURE REVIEW

HORIZONTAL RIDGE =~ AUGMENTATION
USING  XENOGENEIC  GRAFT  AND
COLLAGEN MEMBRANE FOR
SIMULTANEOUS IMPLANT PLACEMENT IN
THE ANTERIOR MAXILLA: CASE REPORT
AND REVIEW OF THE LITERATURE

Emre Ulubas
inci Rana Karaca Gazi University, TUrkiye




INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS
Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/

ISARC Academy

05.04.2026 / HqII-4 Session-2

ISTANBUL LOCAL TIME
@ 10%:12%

Q  MEETING ID: 865 4219 1288
&  PASSCODE: 083356

HEAD OF SESSION: qumond Oriebe Anyasi

TOPIC TITLE
IMPACT OF OIL ON PHYTOREMEDIATION
OF PCB CO-CONTAMINATION IN
TRANSFORMER OIL USING
CHROMOLAENA ODORATA

AUTHORS

Raymond Oriebe Anyasi
Joyce Onyenaturuche Anyasi Raymond

AFFILIATION
Independent Researcher
School of Management and Technology,
Tshwane University of Technology, South
Africa

MICELLAR FLOCCULATION: A
BIODEGRADABLE METHOD FOR EFFECTIVE
DRUG REMOVAL FROM WASTEWATER

Muhammad Usman
Fiza Bukhtawar
Amnah Yusaf

Government College University
Faisalabad, Pakistan

RISK  MANAGEMENT BEHAVIORS AND
PRODUCTION  PERFORMANCE  UNDER
UNCERTAINTY: EVIDENCE FROM INTENSIVE
WHITELEG SHRIMP FARMING IN THE
MEKONG DELTA, VIETINAM

The Nhu Hiep Tran
Le Thong Pham

Cantho University, Vietnam

SYNTHESIS AND CHARACTERIZATION OF
LANTHANUM DOPED NICKEL COBALT
FERRITES FOR ELECTROCATALYSIS

Amina Irshad
Sania Arif
Hafeez Anwar

University of Agriculture, Pakistan

PRODUCTION AND CHARACTERIZATION
OF CARBON NANOTUBES FROM BIOCHAR
UNDER MICROWAVE IRRADIATION

Faisal Nazir

The University Of Agriculture, Pakistan

SYSTEMATIC  LITERATURE REVIEW ON
PHISHING ATTACK: TYPES, CLASSIFICATION
TECHNIQUES, METHODOLOGY USED AND
RESEARCH DIRECTIONS

Abdulrahman Mohammed Saba
Alfa Muhammad

Federal Polytechnic Bida, Nigeria




INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS
Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/

ISARC Academy

05.04.2026 / HaII-5 Session-2

| ISTANBUL LOCAL TIME Q  MEETING ID: 865 4219 1288
B 10%:12% @ PASSCODE: 083356
HEAD OF SESSION Mlhqelq Corina Bucur
TOPIC TITLE AUTHORS AFFILIATION
ENHANCING  DEEP LEARNING  OF Carla Santos Polytechnic Universi’ry of Bejo opd
QUESTIONNAIRE CONSTRUCTION Cristina Dias NOVAMath-SST-New University of Lisbon,
THROUGH THE FLIPPED CLASSROOM Portugal
DUk:.? Morio Ggrénimo Hernandez Universidad Judrez Autébnoma de
AGING AND GERIATRIC HEALTH Viridiana Haizea Cruz Rangel ey
. . ) Tabasco, México
Gloria Auristela Herndndez Perez
THE CROSS STITCH EMBROIDERY  E- Alesja Bajko Baranovichi State University, Republic of
LEARNING COURSE Irina Lyubanets Belarus
YOUNG ENTREPRENEUR, THINK ABOUT Hanane Rahmouni University of Oran 2 Mohamed Ben
EXPERIENCE BEFORE PRACTICE Ahmed, Algeria
BRIDGING THE THEORY-PRACTICE GAP:
THE EFFICACY OF CLINICAL SIMULATION IN Mihaela-Corina Bucur Asanka Sante Medical Clinic, Romania

POST-SECONDARY NURSING EDUCATION
THE DIGITAL  VEIL: A QUALITATIVE
INVESTIGATION INTO THE ETHICAL AND

PROCEDURAL CHALLENGES OF Mihaela-Corina Bucur Asanka Sante Medical Clinic, Romania
ELECTRONIC EVIDENCE IN MODERN
LITIGATION

THE HUMAN FACTOR IN HIGH-STAKES
TRIAGE: A QUALITATIVE EXPLORATION OF
DECISION-MAKING UNDER CRITICAL TIME
CONSTRAINTS

EFFECTS OF THE NUMBERED HEADS
TOGETHER (NHT) INSTRUCTIONAL
STRATEGY ON THE INTEREST AND
ACADEMIC ACHIEVEMENT OF SENIOR
SECONDARY SCHOOL Il (SS Il) STUDENTS IN
GEOGRAPHY IN MANGU, PLATEAU STATE,
NIGERIA

Mihaela-Corina Bucur Asanka Sante Medical Clinic, Romania

Hannah Nathaniel Shamle

NUhU Haggai University of Jos, Nigeria




INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS
Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/

ISARC Academy

05.04.2026 / HaII-6 Session-2

ISTANBUL LOCAL TIME
@ 10%:12%

Q  MEETING ID: 865 4219 1288
&  PASSCODE: 083356

HEAD OF SESSION: Prof Dr Mohqmmed Waheeb

TOPIC TITLE
BORDER MARGINALISATION AND SPATIAL
PLANNING: UNLOCKING WEALTH

POTENTIAL IN YEWA NORTH BORDER
COMMUNITIES, OGUN STATE, NIGERIA

AUTHORS

Samuel Seun Salako

AFFILIATION

Olabisi Onabanjo University, Nigeria

THE STUDY OF THE NATIONAL PAYMENT
ECOSYSTEM IN  INDONESIA:  DIGITAL
TRANSFORMATION AND FINANCIAL
INCLUSION PERSPECTIVE

Ines Kartika Dewi
Chelsea Aulia Zahra
Mercurius Broto Legowo

Perbanas Institute, Indonesia

THE EFFECTS OF THE PERSIAN GULF
CONFLICT ON GLOBAL SUPPLY CHAINS:
THE IMPORTANCE OF FLEXIBILITY AND
ADAPTABILITY

Shpat Krasniqi
Ismail Mehmeti
Sokol Krasnigi

University of Applied Science in Ferizaj,
Kosovo

SMART CITY DEVELOPMENT IN INDONESIA:
OPPORTUNITIES AND CHALLENGES

Adzrani Haura Badzlinaya Novianto
Challi Chalbiyah Sukandar
Mercurius Broto Legowo

Perbanas Institute, Indonesia

FROM NIQLAWI TO MEDJOOL: RE-
ENGINEERING THE HISTORICAL AND
DIGITAL NARRATIVE OF DATES IN JORDAN
AND THE ARAB WORLD

Mohammed Waheeb

The Hashemite University, Jordan

THE SKY REVEALS THE SECRETS OF THE
EARTH IN THE ZARQA BADIA KITES AND
STRUCTURES IN THE SOUTHERN LEVANT
THAT MYSTIFY SCIENTISTS AND ATTRACT
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ENVIRONMENTAL IMPACT, AND LIFE CYCLE ASSESSMENT
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ABSTRACT

Sustainable architecture is an approach that aims to reduce the environmental impacts of buildings and
promote the efficient use of natural resources. In this context, wood-based composite materials are
increasingly preferred in the construction sector due to their reliance on renewable resources, low
carbon footprint, and ability to store carbon.

In this study, wood-based composite materials were evaluated based on the literature in terms of
mechanical performance, moisture and water-related behavior, thermal and acoustic properties, and
biological durability. In addition, the environmental impacts of these materials were examined within
the framework of the Life Cycle Assessment (LCA) approach, considering production processes, carbon
storage potential, and end-of-life options.

The findings indicate that wood-based composites offer significant advantages, including low weight,
a high strength-to-weight ratio, and good dimensional stability. However, sensitivity to moisture, the
risk of biological degradation, and adhesive-related emissions are among the main limitations of these
materials. Therefore, appropriate material selection, proper design decisions, and the adoption of low-
emission production approaches are of great importance.

In conclusion, when evaluated from a life cycle perspective, wood-based composite materials represent
a strong alternative in sustainable building design in terms of both technical and environmental
performance. This study emphasizes the importance of evaluating the performance and environmental
impacts of these materials in an integrated manner.

Keywords: Sustainable architecture, wood-based composite materials, life cycle assessment (LCA),
environmental impact, carbon storage.

SURDURULEBILIR MIMARLIKTA AHSAP ESASLI KOMPOZITLER: PERFORMANS,
CEVRESEL ETKIi VE YASAM DONGUSU DEGERLENDIRMESI

OZET

Stirdiirtilebilir mimarlik, yapilarin gevre {izerindeki etkilerini azaltmay1 ve dogal kaynaklari daha
verimli kullanmay1 amaglayan bir yaklasimdir. Bu dogrultuda, ahsap esasli kompozit malzemeler;
yenilenebilir kaynaklara dayanmalari, diisiik karbon ayak izine sahip olmalar1 ve karbon depolayabilme
Ozellikleri sayesinde yapi1 sektoriinde giderek daha fazla tercih edilmektedir.

Bu ¢alismada, ahsap esasli kompozit malzemeler literatiir verileri dogrultusunda; mekanik performans,
nem ve suya karsi davranis, termal ve akustik Gzellikler ile biyolojik dayaniklilik agisindan ele
almmistir. Bunun yani sira, bu malzemelerin ¢evresel etkileri yasam dongiisii degerlendirmesi (LCA)
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yaklagimi kapsaminda incelenmis; iiretim siirecleri, karbon depolama potansiyeli ve kullanim 6mrii

sonu secenekleri degerlendirilmistir.

Elde edilen bulgular, ahsap esasli kompozitlerin hafif olmalari, yliksek mukavemet/agirlik oranina sahip
olmalar1 ve boyutsal kararlilik gostermeleri gibi énemli avantajlar sundugunu ortaya koymaktadir.
Ancak, neme duyarlilik, biyolojik bozunma riski ve yapistirict kaynakli emisyonlar bu malzemelerin
sinirlayict yonleri arasinda yer almaktadir. Bu nedenle, uygun malzeme se¢imi, dogru tasarim kararlari
ve diisiik emisyonlu liretim yaklagimlarinin benimsenmesi biiyiik 6nem tagimaktadir.

Sonu¢ olarak, ahsap esasli kompozit malzemeler yasam dongilisii perspektifi ile birlikte
degerlendirildiginde, siirdiiriilebilir yap1 tasariminda hem teknik hem de ¢evresel agidan giiclii bir
alternatif sunmaktadir. Bu ¢aligma, s6z konusu malzemelerin performans ve ¢evresel etkilerinin birlikte
ele alinmasinin 6nemini ortaya koymaktadir.

Anahtar Kelimeler: Sirdiiriilebilir mimarlik, ahsap esasli kompozit malzemeler, yasam dongiisii
degerlendirmesi (LCA), ¢evresel etki, karbon depolama
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ABSTRACT

Biomimicry is a contemporary approach based on transferring the forms, processes, and systems found
in nature into the field of design. The concept of inspiration from nature, however, has historically been
utilized in various forms across many disciplines long before the formal definition of biomimicry. In
this context, Baroque period furniture stands out with its fluid forms and nature-based ornamentation,
offering distinctive examples of the aesthetic relationship established with nature. However, during this
period, the concept of biomimicry had not yet been defined, and nature-based design was developed
largely within an intuitive and aesthetic framework. The aim of this study is to retrospectively examine
Baroque period furniture from a biomimicry perspective. The research was conducted using a
gualitative methodology; different furniture examples were evaluated through literature review and
visual analysis techniques. In this study, biomimicry is not treated as a rigid classification system, but
rather as an analytical evaluation framework. Accordingly, the analysis was carried out within three
main dimensions: form, process, and system. In the dimension of form, elements such as curved lines,
cabriole legs, and plant-based ornamentations were evaluated in terms of their similarity to organic
structures found in nature. In the process dimension, the sense of fluidity, continuity, and development
observed in the formation of these forms was associated with natural growth and morphogenetic
processes. In the system dimension, the harmony among furniture components, repetition of motifs, and
the holistic design language were interpreted within the context of order and organizational principles
observed in nature. The findings indicate that nature-inspired design in Barogue furniture is particularly
evident at the formal level; however, analogical similarities can also be established at the levels of
process and system. Furthermore, it is understood that this design approach has the potential to be
reinterpreted within the framework of contemporary biomimicry. This suggests that Baroque furniture
can be considered an early and intuitive expression of nature-based design. In conclusion, this study
demonstrates that historical design practices can be reinterpreted through a biomimicry perspective and
highlights the continuity of nature-based design thinking. It is expected that this approach will provide
a conceptual contribution to contemporary design research.

Keywords: Biomimicry, Baroque Furniture, Form—Process—System, Retrospective Analysis, Nature-
Based Design
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ABSTRACT

A review of architectural history suggests that architects have shaped the discipline not only through
their built works but also through the theoretical positions and intellectual frameworks they have
articulated. In this regard, a comparative examination of architects who represent different orientations
within modern architecture offers an important basis for understanding the diversification of
architectural thought.

This study aims to analyze the architectural thought of two significant figures of modern architecture,
Le Corbusier and Turgut Cansever, from a comparative perspective. Rather than focusing solely on
their architectural projects, the research examines their writings, interviews, and intellectual productions
in order to reveal the theoretical foundations of their architectural approaches. Accordingly, the cultural,
philosophical, and intellectual contexts underlying their architectural thinking are critically evaluated.

The findings indicate that Le Corbusier developed an approach representing the rational, systematic,
and industrial orientation of modern architecture, whereas Cansever articulated a distinctive
architectural perspective that relates architecture to cultural, ethical, and spiritual values. This
comparison demonstrates how architectural thought evolves differently within diverse cultural and
ideological contexts and provides an interdisciplinary perspective for architectural theory.

Within this framework, the study also discusses how the meanings attributed to the concept of
modernity by these two architects are shaped by different social and cultural contexts. While Le
Corbusier’s approach emphasizes universality, standardization, and function-based design principles,
Cansever’s architectural thinking foregrounds locality, tradition, and cultural continuity.

Consequently, the research suggests that modern architecture should not be understood as a singular
and homogeneous discourse; rather, it constitutes a plural field of thought that is reinterpreted through
different worldviews and geographical contexts.

Keywords: Le Corbusier, Turgut Cansever, Architectural thought, Architectural theory, Modern
architecture.
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ABSTRACT

Historically, the discipline of architecture has been understood not merely as a technical and artistic
activity aimed at the production of physical space, but also as a cultural field of production closely
related to the intellectual world of human beings. In this respect, the identity, role, and modes of
production of the architect constitute one of the central debates within architectural theory. Throughout
history, the concept of the architect has acquired different meanings in different periods; the social role,
intellectual position, and design practices of architects have been redefined in accordance with changing
cultural and ideological contexts.

This study aims to examine the historical and philosophical background of the concept of the architect
and to discuss the architect’s position within the process of architectural production. Within this
framework, it is argued that the architect should not be considered solely as a designer possessing
technical knowledge, but also as a cultural and intellectual subject engaged in the production of
meaning. Accordingly, theoretical approaches within architectural history and the development of
architectural thought are analyzed in order to reveal how the identity of the architect has been shaped
within broader social and cultural contexts.

The findings of the research suggest that the architect cannot be confined to the role of a professional
actor engaged merely in the production of buildings. Rather, the architect should be regarded as an
intellectual figure who generates ideas and contributes to shaping the social world of meaning. From
this perspective, architectural production can be interpreted as a process of meaning-making emerging
from the interaction between the architect’s individual intellectual framework and the historical and
cultural conditions in which they operate.

Keywords: Architectural theory, architect identity, architectural thought, architectural history.
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EARLY INSTABILITY DURING CONSERVATIVE MANAGEMENT OF A REDUCED
TYPE I ODONTOID FRACTURE: A CASE

Abdulkadir Kankili¢
Dicle University, Tlrkiye
ibrahim Basar
Dicle University, Tilrkiye
Abdurrahim Tas
Dicle University, Tlrkiye

ABSTRACT

Objective: To demonstrate the risk of early displacement during conservative management of reduced
Type Il odontoid fractures without neurological deficit and to emphasize the importance of close clinical
and radiological follow-up.

Methods: A 51-year-old female patient presented with neck pain and tenderness following a motor
vehicle accident. Neurological examination revealed no deficit. Initial cervical CT demonstrated a
reduced Type Il odontoid fracture with a distinct fracture line on the left side, while cortical continuity
was preserved on the right side. The patient was treated conservatively with a cervical collar. One week
later, the fracture line was reassessed using follow-up cervical CT imaging.

Results: Follow-up CT revealed significant displacement at the odontoid fracture site. In addition,
progression of the fracture and separation were observed on the right side, where cortical continuity had
initially been preserved. No neurological deficit developed during the follow-up period.

Conclusions / Implications: Although conservative treatment may be considered in reduced Type Il
odontoid fractures without neurological deficit, these injuries may demonstrate unstable behavior and
early displacement. Therefore, close clinical and radiological follow-up is mandatory, and surgical
stabilization should not be delayed when indicated.

Keywords: Odontoid fracture, Type Il odontoid fracture, Conservative treatment, Cervical collar,
Fracture displacement
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ABSTRACT

Obijective: The aim of this study was to evaluate the demographic characteristics, tumor localization,
surgical resection grades, and histopathological WHO grades in patients diagnosed with meningioma.
In addition, the distribution of tumor locations and the presence of peritumoral edema in cranial
meningiomas were analyzed.

Methods: A total of 51 patients with meningioma who were treated surgically were included in the
study. The age and sex distribution of the patients, cranial or spinal localization of the tumor, anatomical
locations of cranial meningiomas, Simpson resection grades, WHO tumor grades, and the presence of
peritumoral edema in cranial cases were evaluated retrospectively. The obtained data were analyzed
using percentage distributions and mean values.

Results: Of the 51 cases, 40 were female (78.4%) and 11 were male (21.6%), with a mean age of 51.5
+ 15.9 years. Tumors were cranial in 47 patients (92.2%) and spinal in 4 patients (7.8%). According to
the surgical resection grade, Simpson Grade | resection was achieved in 39.2%, Simpson Grade Il in
56.9%, and Simpson Grade V in 3.9% of the cases. Histopathological evaluation revealed WHO Grade
I in 80.4%, WHO Grade Il in 13.7%, and WHO Grade 111 in 5.9% of the patients. The most common
locations of cranial meningiomas were convexity (38.3%), sphenoid (19.1%), and parasagittal (12.8%)
regions. Peritumoral edema was detected in 42.6% of the cranial cases.

Conclusions: The findings of this study demonstrate that meningiomas occur more frequently in
women, consistent with the literature, and that the majority of cases are cranially located and low grade
(WHO Grade I). Achieving a high rate of Simpson Grade -1l resections suggests that effective tumor
control can be obtained with appropriate surgical technique.

Keywords: Meningioma, Simpson grading system, WHO grade , Surgical resection, Peritumoral
edema
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HYPERLIPIDEMIA AS A CAUSE OF RECURRENT ACUTE PANCREATITIS: A CASE
REPORT

Ercan Gunduz
Dicle University, Tlrkiye

ABSTRACT

Introduction: Acute pancreatitis is a clinical condition characterized by the activation of digestive
enzymes that lead to autodigestion of pancreatic tissue. The disease may progress from a mild
edematous form to hemorrhagic and severe necrotizing forms, resulting in local, regional, and systemic
manifestations and complications. The most common etiological factors are biliary tract stones and
alcohol consumption. Hypertriglyceridemia accounts for approximately 1.3-3.8% of acute pancreatitis
attacks. In this study, we present a case of recurrent acute pancreatitis secondary to hyperlipidemia.

Case: A 40-year-old female patient presented to our emergency department with complaints of
abdominal pain radiating to the back, nausea, and vomiting. The patient had a history of
hypertriglyceridemia and was receiving fenofibrate therapy. She had previously experienced four
episodes of acute pancreatitis. There was no history of alcohol consumption or gallstones. On physical
examination, the patient’s general condition was moderate and she was conscious and cooperative.
There was diffuse tenderness on palpation in the epigastric region. Vital signs were as follows: blood
pressure 100/80 mmHg, pulse 112 beats/min, body temperature 37.2°C, and respiratory rate 20
breaths/min. Laboratory findings were as follows: white blood cell count 13,000/mm3, hemoglobin (Hb)
13.2 g/dL, hematocrit (Hct) 39.4%, platelet count 354,000/mm3, glucose 110 mg/dL, urea 24 mg/dL,
creatinine 1.1 mg/dL, amylase 881 UI/L, lipase 412 U/L, triglyceride 784 mg/dL, and lactate
dehydrogenase (LDH) 245 U/L. Abdominal ultrasonography revealed enlargement of the pancreatic
body and mild-to-moderate peripancreatic fluid collection. Based on the clinical presentation,
laboratory findings, and radiological examination, the patient was diagnosed with acute pancreatitis.
She was admitted to the internal medicine department for follow-up and treatment.

Conclusion: In patients with hyperlipidemia, triglyceride levels above 500 mg/dL increase the risk of
acute pancreatitis. Hyperlipidemia should also be considered in the etiology of patients presenting to
the emergency department with a history of recurrent acute pancreatitis.

Keywords: Recurrent pancreatitis, hyperlipidemia, lipase
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SPORADIC HYPOKALEMIC PERIODIC PARALYSIS: A CASE REPORT

Ercan Gindiz
Dicle University, Tlrkiye

ABSTRACT

Introduction: Hypokalemic periodic paralysis (HPP) is an autosomal dominant inherited disorder
characterized by intermittent attacks of muscle weakness lasting from several hours to several days,
occurring a few times per day or per year. HPP may also present as sporadic cases. During an attack,
potassium shifts into muscle cells, resulting in decreased serum potassium levels; these levels return to
normal after the attack resolves. In this study, we present a case of hypokalemic periodic paralysis that
presented to the emergency department with an attack in the absence of any identifiable triggering
factor.

Case: A 45-year-old female patient presented to our emergency department with complaints of
weakness in the arms and legs that had persisted for the last two days. Over the previous four months,
she had experienced three to four similar episodes occurring at intervals of 45-60 days, each lasting
approximately four to five hours and predominantly affecting the lower extremities. The patient had no
significant past medical history. On physical examination, her blood pressure was 120/80 mmHg, body
temperature was 37.9°C, and pulse rate was 76 beats per minute with a regular rhythm. Muscle strength
was graded as 3—4/5 in both upper extremities, 3/5 in the left lower extremity, and 2/5 in the right lower
extremity. The remainder of the physical examination findings were normal. Laboratory investigations
revealed the following values: hemoglobin (Hb) 14.2 g/L, hematocrit (Hct) 43.5%, platelet count
254,000/mm3, white blood cell count 9,500/mm3, urea 45 mg/dL, creatinine 0.96 mg/dL, sodium (Na)
138 mEq/L, potassium (K) 1.8 mEqg/L, and chloride (CI) 118 mEg/L. Potassium replacement therapy
was initiated in the emergency department. Following treatment, the patient’s potassium level returned
to normal limits, and her neurological symptoms completely resolved compared to baseline. After being
informed about her condition, she was discharged.

Conclusion: In patients presenting to the emergency department with intermittent muscle weakness,
serum potassium levels should be evaluated along with a thorough medical history, and hypokalemic
periodic paralysis should be considered in the differential diagnosis.

Keywords: Hypokalemia, periodic paralysis
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EVALUATION OF THE EFFECTIVENESS OF THE OCULAR TRAUMA SCORE IN
PATIENTS WITH OPEN GLOBE INJURIES

Associate Professor Dr. Sedat Ava
Dicle University, Faculty of Medicine, Ophthalmology Clinic. Diyarbakir-Turkiye,
ORCID: 0000-0001-8856-0528

ABSTRACT

Purpose: This study aimed to evaluate the effectiveness of the Ocular Trauma Score (OTS) in predicting
visual outcomes for patients with open globe injuries

Methods: We retrospectively reviewed the medical records of 157 patients treated at the Dicle
University Faculty of Medicine Ophthalmology Clinic between April 2017 and May 2019. Data on age,
gender, trauma etiology, injury zone, and best corrected visual acuity (BCVA) were analyzed. Initial
OTS points were calculated, and the final visual acuity at 6 months post-injury was compared with the
OTS-predicted outcomes

Results: Of the 157 patients included in the study, 107 (68.1%) were male and 50 (31.9%) were female.
The average age of the patients was 22.7 years. Glass (15.2%) and metal (14.6%) were the primary
causes of injury. Most injuries (52.2%) were localized to Zone 1. Comparing final visual acuity to OTS
predictions revealed significant differences in Category 1 for light perception and hand motion (HM),
and in Category 2 for the 1/200-20/200 and > 20/40 ranges (p < 0.0001, p = 0.031, p = 0.0009,
respectively). No significant differences were observed in other categories (p > 0.05).

Conclusion: The OTS demonstrated high predictive accuracy, particularly in Categories 3, 4, and 5.
However, its predictive value was lower in Categories 1 and 2. For these categories, incorporating
additional factors such as age, surgical timing, and lens status may improve prognostic precision.

Keywords: Ocular trauma, open globe injury, Ocular Trauma Score
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THE EFFECTIVENESS OF PUPILLOMETRY IN DETECTING AUTONOMIC
DYSFUNCTION IN OBESE PEDIATRIC PATIENTS

Mehmet Emin Dursun

Dicle University, Faculty of Medicine, Department of Ophthalmology, Diyarbakir

ABSTRACT

Introduction and Aim: We aimed to evaluate autonomic function in obese children without any systemic
diseases that could cause autonomic dysfunction by comparing static and dynamic pupillary responses
with those of healthy children.

Method: The study included obese pediatric patients without any pathology detected on
ophthalmological examination and without systemic diseases that could cause autonomic dysfunction,
such as diabetes mellitus, as well as healthy children of similar age and gender. Static and dynamic
pupillary responses were measured using an automated pupillometer. Static pupillometry measurements
recorded scotopic, mesopic, low photopic, and high photopic pupil diameters. Dynamic pupillometry
measurements recorded resting pupil diameter, pupil contraction amplitude, pupil contraction latency,
pupil contraction duration, pupil contraction velocity, pupil dilation latency, pupil dilation duration, and
pupil dilation velocity.

Results: The study included 28 obese pediatric patients and 30 healthy controls. The groups were similar
in terms of age and gender. In the obese group, scotopic pupil diameter and mesopic pupil diameter,
which are static pupil responses, were significantly higher compared to the control group (p=0.002 and
p=0.003, respectively). There was no statistically significant difference between the obese and control
groups in pupil diameters in low-photopic and high-photopic environments. While pupil dilation
velocity, one of the dynamic pupillometry measurements, was statistically significantly increased in the
obese group (p=0.037), there was no significant difference in other dynamic pupillometry
measurements.

Discussion and Conclusion: In obese pediatric patients, static pupillary responses, specifically scotopic
pupil diameter and mesopic pupil diameter, were significantly higher compared to the control group,
while dynamic pupillometry measurements showed a statistically significant increase in pupil dilation
rate. These results suggest that obesity can affect the autonomic nervous system from an early age, even
without any accompanying systemic disease.

Keywords: Obesity, pediatric, static pupillometry, dynamic pupillometry
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MICELLAR FLOCCULATION: A BIODEGRADABLE METHOD FOR EFFECTIVE DRUG
REMOVAL FROM WASTEWATER

Muhammad Usman
Department of Chemistry, Government College University Faisalabad, Faisalabad, Pakistan
Fiza Bukhtawar
Department of Chemistry, Government College University Faisalabad, Faisalabad, Pakistan
Amnah Yusaf

Department of Chemistry, University of Agriculture Faisalabad, (Burewala Campus), Pakistan

ABSTRACT

This research work addresses removal of Levefloxacin hemihydrate from synthetic waste water
employing a biodegrabale method. Micellar enhanced flocculation technique has been applied under
optimized conditions for the said purpose. The mixture of anionic surfactants, obtained from a bio-
degradable source (base soap), has been found to have great potential to solubilize drug molecules. The
polyvalent salts are able to flocculate the micelles and help in their subsequent removal. The removal
of drug was analyzed using UV/Visible spectrophotometer. Different factors such as the effect of
change in concentration, pH, temperature, contact time, and electrolyte were studied to evaluate the
adsorption characteristics and removal efficiency of the process. The data obtained was further used to
study the mechanism of adsorption with the help of various models e.g., Langmuir, Freundlich, Temkin,
and Dubinin—Radushkevich (D-R). The kinetic parameters were also calculated by employing pseudo-
1%t and pseudo-2" order kinetic models. Furthermore, thermodynamic calculations were performed to
determine the change in Gibb’s free energy (AG°), enthalpy (AH®), and entropy (AS°). The results make
it evident that the micellar flocculation-based adsorptive removal is an excellent and sustainable
approach for the treatment of wastewater.

Keywords: Surfactants, micellization, flocculation, adsorption, isotherm, Kinetics, thermodynamics
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RISK MANAGEMENT BEHAVIORS AND PRODUCTION PERFORMANCE UNDER
UNCERTAINTY: EVIDENCE FROM INTENSIVE WHITELEG SHRIMP FARMING IN
THE MEKONG DELTA, VIETNAM

PhD. student The Nhu Hiep Tran
Can Tho University, Department of Agricultural Economics, School of Economics, Can Tho, Vietnam
(Responsible Author) ORCID: 0009-0007-5709-0683
Assoc.Prof.Dr. Le Thong Pham
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ABSTRACT

Intensive whiteleg shrimp farming has become one of the most important aquaculture production
systems in Vietnam, particularly in the Mekong Delta. However, this farming system is increasingly
exposed to multiple sources of uncertainty, including disease outbreaks, environmental fluctuations,
rising input costs, and unstable market conditions. Under such circumstances, farmers make production
decisions that can be interpreted as farm-level risk management behaviors.

This study examines the relationship between risk management behaviors and production performance
among intensive whiteleg shrimp farming households in the Mekong Delta, Vietnam. The analysis is
based on a panel dataset of 360 farming households observed over two consecutive production crops,
generating 720 household-crop observations. The dataset contains information on production inputs,
outputs, financial outcomes, and the adoption of key farm-level risk management practices.

Eight risk management practices are considered, including pond lining, pond size management,
production system configuration, stocking density control, adoption of recommended farming
protocols, pond bottom sludge removal, and the use of chemical treatments for environmental
management. The study employs descriptive statistical analysis and group comparison methods to
identify differences in production structure and economic outcomes between households that adopt and
those that do not adopt specific practices.

Preliminary evidence indicates that risk management behaviors are not adopted uniformly across
households, production crops, or localities. Instead, they reflect differences in managerial orientation
and farm-level adaptation strategies. This study contributes by reframing technical measures in shrimp
farming as behavioral manifestations of farm-level risk management under uncertainty.

Keywords: risk management behavior; production performance; intensive whiteleg shrimp farming;
Mekong Delta; Vietnam.
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FERRITES FOR ELECTROCATALYSIS

Amina Irshad
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Department of Physics, University of Agriculture, Faisalabad 38040, Pakistan
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Department of Physics, University of Agriculture, Faisalabad 38040, Pakistan

ABSTRACT

Electrocatalysis has emerged as an essential approach for efficient energy conversion in the transition
toward sustainable energy sources, particularly in processes such as water splitting that generate clean
hydrogen fuel. Owing to their excellent electrical conductivity, magnetic behavior, and chemical
stability, spinel ferrites, especially nickel cobalt ferrite, have gained considerable attention. The
objective of this work is to synthesize lanthanum-doped nickel cobalt ferrite nanoparticles by the co-
precipitation method, an inexpensive and simple way that enables precise control over particle
characteristics to enhance catalytic activity. The synthesized nanoparticles will be characterized using
X-ray diffraction (XRD) to analyze crystal phases and structural modifications, scanning electron
microscopy (SEM) to observe morphology and particle size, Fourier-transform infrared spectroscopy
(FTIR) to identify chemical bonding and functional groups, and UV—visible spectroscopy to study
optical properties. To check the catalytic activity of synthesized material by Cyclic Voltammetry (CV),
Linear Sweep Voltammetry (LSV) and Electrochemical Impedance Spectroscopy (EIS). Together, these
techniques will provide comprehensive insight into how lanthanum doping influences the physical and
electronic structures of nickel cobalt ferrite. The electrocatalytic performance of the synthesized
materials for hydrogen and oxygen evolution reactions, key steps in water splitting, will be investigated.
It is anticipated that lanthanum incorporation will enhance reaction kinetics and long-term stability by
facilitating electron transfer and increasing the density of active catalytic sites. This study aims to
develop a cost-effective and efficient ferrite-based electrocatalyst that can contribute to advancing
renewable hydrogen production and promoting sustainable energy technologies.

Keywords: Water splitting, coprecipitation, electrocatalysis, renewable energy resources
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PRODUCTION AND CHARACTERIZATION OF CARBON NANOTUBES FROM
BIOCHAR UNDER MICROWAVE IRRADIATION.

Faisal Nazir

Department of Physics, Faculty of Sciences, the University of Agriculture, Faisalabad, Pakistan

ABSTRACT

Carbon nanotubes (CNTSs) are widely used in a variety of fields to produce a diversity of products,
including hydrogen storage systems, and field emitters. In the proposed study, CNTs synthesized via
biochar under the microwave irradiation method. In this method, the combination of charcoal and
ferrocene are used to synthesize CNTs from the biochar approach. Biochar samples for CNTs synthesis
are made from pyrolyzed agro-industrial waste such as rapeseed cake, hazelnut hulls, wheat straw, and
oat hulls at different temperatures. The biochar was produced from agro-industrial biomass. During
experiments, 100g of biomass was placed in a microwave reactor. The samples were pyrolyzed at 400
°C to 600°C. SEM analysis was used to confirm the morphology of CNTs. SEM micrographs revealed
the perfect structure of multiwall carbon nanotubes, while interlayers spacing was changed due to
variation of catalysts and measured about 0.34nm. Further, the optical properties were examined by
UV-visible spectroscopy. In the UV, one band is clear at 240 nm region due to resonance of nanotubes
pi(r) electrons of carbon nanotubes. XRD was used to analyze the glassy structure of prepared CNTs
under microwave revealed that the creation and growth of CNTs were mostly influenced by microwave
irradiation and the ferrocene catalyst. The structure of CNTs was developed under microwave heating
and in the presence of ferrocene catalyst. To research how nitrogen impurities adhere to CNTs, FTIR
experiments were conducted in the 400-4000 cm™ range. The sample's FTIR spectra exhibit prominent
peaks that correspond to C-H and C=C, respectively.
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ABSTRACT

Phishing attacks have significantly transformed the cyber security landscape, presenting both new
challenges and opportunities for attackers and defenders alike. This systematic literature review
explores the multifaceted role of phishing attacks, focusing on their methods, exploitation techniques,
detection mechanisms, forensic analysis, threat intelligence, defensive strategies, and future research
directions. Employing the PRISMA-ScR methodology, the study analyzes relevant literature from 2018
to 2025. Findings reveal that phishing techniques are increasingly sophisticated, involving automated
reconnaissance, targeted social engineering, and advanced evasion tactics, while defensive strategies
are evolving through intelligent detection systems capable of rapid identification and mitigation. Key
challenges include ethical considerations, user susceptibility, privacy concerns, and the risks posed by
highly automated and Al-enhanced phishing campaigns. The review underscores the importance of
developing robust phishing detection tools, comprehensive forensic methods, and user-centric
awareness programs to counteract these evolving threats. It concludes by recommending strategic
investments in advanced anti-phishing technologies, improved cyber security policies, and international
cooperation to effectively address the growing risks associated with phishing attacks

Keywords: phishing attacks, phishing classifications, phishing technigues, detection techniques.
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ABSTRACT

In healthcare education, mastering data collection tools like questionnaires is essential for future research
and clinical practice. However, traditional expository methods often result in a superficial understanding
of instrument design. This work describes a flipped-classroom-based pedagogical framework for a
healthcare statistics course aimed at fostering critical thinking, collaborative skills, and a deep
understanding of data collection tools, particularly questionnaires.

The flipped classroom approach is adaptable to different institutional contexts and levels, but its
effectiveness will depend on thoughtful selection of pre-class materials, clear guidance for in-class
activities, and constructive feedback on post-class assignments.

The intervention is structured into three phases. In the pre-class phase, students engage with theoretical
materials (text and videos) via Moodle, followed by a diagnostic quiz to identify learning gaps. The in-
class session prioritizes active learning through collaborative group work: first, a critical analysis of an
existing questionnaire; second, the development of an original survey instrument where students must
justify their choice of questions and response scales. The instructor acts as a facilitator throughout. The
in-class phase activities selection is consistent with evidence that flipped classrooms achieve their
greatest impact when face-to-face time is used for interactive problem-solving rather than repetition of
pre-class content. Finally, in the post-class phase, students individually refine their instruments based on
peer and instructor feedback.

Potential challenges include managing group dynamics, and providing sufficient support for students
who are less familiar with self-directed learning. Nonetheless, the literature suggests that with careful
planning and alignment, flipped classrooms can provide a powerful platform for integrating
methodological rigor and higher-order skills.

By confronting the practical difficulties of questionnaire design in a guided environment, students are
expected to bridge the gap between theory and application. The strategy aims to enhance the students'
ability to create scientifically sound instruments while stimulating the critical judgment necessary for
evidence-based practice.

The flipped classroom approach provides a dynamic framework for teaching Statistics, promoting
autonomous learning and a more sophisticated grasp of data collection procedures.

Keywords: Active Learning, Flipped Classroom, Questionnaire Design, Statistics Education.
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ABSTRACT

An undeniable trend in the modern education is computerization and digitalization, which represents a
universal desire to integrate various electronic tools used in the educational process. One such tool is
the electronic learning course.

An electronic learning course is interactive educational materials in electronic format. It contains
teaching materials aimed at organizing and supporting the educational process through the didactic
capabilities of information and communication technologies.

The goal of an electronic learning course is to improve the quality and effectiveness of educational
activities through the use of didactic tools of information and communication technologies, as well as
to enhance the quality of students' self-education.

The advantages of an electronic learning course are:

- courses are available at convenient time;

- multimedia;

- mobility;

- the ability to create an individual educational trajectory for each student.
The structure of an electronic learning course includes:

1. An information and content block aimed at providing students with structured educational
material.

2. A control and communication block aimed at assessing students' knowledge and promoting
interaction among participants in the educational process.

3. A correction and generalization block aimed at adjusting the educational process, structuring
knowledge, addressing problem areas, and analyzing learning outcomes.

The main functions of the e-learning course are reference, information, training, control, simulation,
modeling, visual demonstration, management, stimulation, optimization, and communication.

The purpose of the original e-learning course "Cross Stitch Embroidery" is to create conditions for
students to master cross-stitch techniques (single cross stitch, double cross stitch, straight cross stitch,
star cross stitch, Bulgarian cross stitch, half cross stitch, and fractional cross stitch).

The objectives of the original e-learning course "Cross Stitch Embroidery" are:

- Educational: to promote students' knowledge of the history of embroidery,
tools and materials for embroidery, workspace organization, the stages of working with
embroidery patterns, and finishing the finished embroidered piece.

- Developmental: to foster the development of memory, imagination, creative
and critical thinking, and motor skills.

- Nurturing: to foster aesthetic taste, accuracy, diligence, patience, and
responsibility.

The original e-learning course "Cross Stitch Embroidery™ includes 9 modules:



https://orcid.org/0000-0002-8104-9003

INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS

Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/ ISARC Academy

. "History of Embroidery. Cross Stitch Basics."
. "Single Cross Stitch."

. "Double-Sided Cross Stitch."”

. "Straight Cross Stitch."

. "Star Cross Stitch."”

. "Bulgarian Cross Stitch."

. "Half Cross Stitch."

. "Cross Stitch Embroidery."
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9. "Using Cross Stitch in a Creative Project."

The use of the original e-learning course "Cross Stitch Embroidery" will increase students’ motivation
to master cross stitch techniques.

Key words: the computerization, digitalization, the electronic course, content-based, Cross Stitch.
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ABSTRACT

Every university student wants to have their own business, wants to create their own business as soon
as they obtain their university degree.

The student's business is shaped by her own research at the university, in the research laboratory, and
by her engagement with various societal issues. While creating a business is certainly a valuable
theoretical concept, gaining practical professional experience is crucial for achieving the business's
objective.

A student or aspiring young entrepreneur should understand that starting a business is not simply the
realization of their idea. While the recent graduate's idea may be found in their thesis or research, the
business idea itself is rooted in the scientific, administrative, and legal environment. A business is purely
an economic and legal entity; it is not merely an idea. The idea resides in the university, but the business
exists within the broader context.

A recent graduate or student should first consider acquiring valuable experience in all areas, because
running a business begins with mastering the professional environment, not just academics.

Understanding the principles and definition of the professional environment is essential for a young
student.

The ultimate goal of starting a business for a young entrepreneur is to achieve their dream of success,
but this success will not materialize without experience and mastery of the business.

Therefore, initially, while still at university, a student must consider how to gain experience to begin
understanding the concept of mastering their idea. Experience in all aspects and mastery are essential
for success.

Ultimately, the goal is to gain experience to practice mastery in order to validate the creation of their
business or the achievement of their objective.

Keywords: young student, young entrepreneur, company, experience, mastery.
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ABSTRACT

In the specialized field of post-secondary nursing education, the transition from classroom theory to
clinical practice represents a significant emotional and professional threshold. While traditional
pedagogical methods focus on the acquisition of technical knowledge, the psychological and cognitive
preparedness of the student at the bedside remains an area requiring deeper investigation. This study
adopts a qualitative research design to explore how clinical simulation influences the perception of
professional competence and clinical readiness among nursing students.

The theoretical framework is grounded in Phenomenology and Reflective Practice, aiming to capture
the "lived experience" of students during high-fidelity simulation encounters. The research
methodology involved a series of semi-structured interviews and focus-group discussions with second-
year students from a post-secondary sanitary program. Participants were encouraged to reflect on their
experiences during simulated scenarios involving critical patient care, such as acute cardiac events and
post-operative complications. The qualitative data were analyzed using Thematic Analysis, allowing
for the emergence of recurring patterns related to clinical anxiety, decision-making confidence, and the
internalization of the nursing role.

The findings highlight three primary thematic pillars: first, the role of simulation in transforming
"abstract fear" into "managed professional awareness"; second, the critical importance of the debriefing
phase as a safe space for the deconstruction of errors and the construction of professional identity; and
third, the shift from mechanical task performance to holistic patient care. Participants consistently
reported that the simulated environment allowed them to "feel like a nurse" before entering the hospital
ward, thereby reducing the reality shock associated with clinical rotations.

The study concludes that qualitative insights into student experiences are vital for refining nursing
curricula. Beyond mere technical proficiency, simulation-based pedagogy serves as a profound
developmental tool that fosters resilience and ethical sensitivity. The research suggests that post-
secondary sanitary institutions should prioritize the integration of reflective, qualitative feedback loops
within their instructional design to better prepare graduates for the human and emotional complexities
of the healthcare profession.

Keywords: Clinical Simulation, Professional Identity, Thematic Analysis, Reflective Practice, Clinical
Judgment
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ABSTRACT

The rapid proliferation of encrypted communication and cloud-based data storage has fundamentally
altered the landscape of modern judicial proceedings. As traditional physical evidence is increasingly
replaced or augmented by digital artifacts, legal practitioners face unprecedented challenges in
maintaining the integrity of the chain of custody while balancing the fundamental right to privacy. This
research adopts a strict qualitative methodology to explore the subjective experiences and professional
dilemmas of legal assistants and forensic investigators operating within the contemporary judicial
framework.

The study is grounded in a Constructivist Grounded Theory approach, aiming to understand how legal
professionals navigate the "gray zones" of digital discovery and electronic surveillance. Data collection
was conducted through in-depth, semi-structured interviews with senior judicial clerks and specialized
legal investigators. The research focused on the cognitive and ethical processes involved when handling
metadata, social media footprints, and encrypted logs as primary evidence in both civil and criminal
litigation.

The findings, derived through Thematic Analysis, reveal three critical professional tensions. First, the
"Authenticity Crisis": participants expressed deep-seated concerns regarding the malleability of digital
data and the increasing difficulty of verifying the "unaltered state™ of evidence in an era of deepfakes
and advanced cyber-manipulation. Second, the "Intrusion Paradox": a recurring theme highlighting the
struggle to define the boundaries of "reasonable expectation of privacy" when dealing with cross-border
data seizures and private digital spheres. Third, the "Translation Gap": the qualitative data underscores
a significant disconnect between the technical complexity of digital forensics and the ability of the court
to interpret these findings without bias or over-simplification.

The research concludes that the legal system is currently undergoing a "paradigm shift" where
procedural law is often outpaced by technological capabilities. The study suggests that the future of
judicial administration depends not just on technical tools, but on the development of a robust, human-
centered ethical framework that can interpret digital footprints through the lens of fundamental human
rights. By documenting these professional anxieties and strategies, this paper provides a nuanced
understanding of the hidden complexities behind the "digital veil" of modern evidence.

Keywords: Cyber-Forensics, Chain of Custody, Electronic Discovery, Privacy Rights, Metadata
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THE HUMAN FACTOR IN HIGH-STAKES TRIAGE: A QUALITATIVE EXPLORATION
OF DECISION-MAKING UNDER CRITICAL TIME CONSTRAINTS
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ABSTRACT

In the hyper-dynamic environment of Emergency Departments, the process of clinical triage constitutes
the most critical juncture for patient outcomes and institutional efficiency. As modern emergency
medicine increasingly integrates algorithmic scoring systems and digital monitoring, the subjective
experience of the practitioner navigating these "golden moments" of decision-making remains a vital
area of study. This research utilizes a qualitative, descriptive design to investigate the cognitive and
emotional processes of emergency medical personnel when faced with complex, multi-victim scenarios
or ambiguous clinical presentations.

The study is framed within the Naturalistic Decision-Making theory, seeking to understand how experts
use situational cues and pattern recognition rather than linear protocols. Data collection was performed
through in-depth, semi-structured interviews and critical incident technique sessions with experienced
paramedics and emergency room specialists. The focus was on the "lived experience" of triage—
specifically the moments where clinical intuition contradicts automated protocols or where resource
scarcity forces profound ethical trade-offs. The narratives were analyzed using Thematic Analysis to
identify the latent structures of professional judgment in high-stress environments.

The findings reveal three significant thematic clusters. First, the "Heuristic Leap": participants
described a reliance on rapid, experience-based mental simulations that often bypass formal digital
checklists in unstable clinical situations. Second, the "Shadow of Accountability": a recurring
gualitative theme regarding the psychological burden of "exclusionary decisions" (deciding who is not
a priority), which persists despite the presence of standardized triage scales. Third, the "Temporal
Distortions™: the data highlights how perceived time pressure alters the practitioner’s ability to process
non-verbal patient cues, potentially leading to a "tunnel vision" effect that favors physiological metrics
over holistic assessment.

The research concludes that the resilience of emergency medical systems is fundamentally tied to the
"adaptive expertise" of the human practitioner. The study suggests that future clinical protocols must
account for these qualitative psychological dimensions, moving toward a model of Cognitive
Ergonomics that supports, rather than dictates, the expert's judgment. By articulating these internal
processes, the paper provides a crucial perspective on maintaining the "human-in-the-loop" during the
digital transformation of emergency care.

Keywords: Emergency Medicine, Clinical Triage, Situational Awareness, Cognitive Ergonomics,
Medical Ethics
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ABSTRACT

This study investigated the effects of the Numbered Heads Together (NHT) instructional strategy on
the interest of Senior Secondary School Il (SS II) students towards Geography in Mangu Local
Government Area of Plateau State, Nigeria. Three objectives were achieved by answering three
corresponding research questions and testing three corresponding hypotheses. A quasi-experimental
pre-test, post-test non-equivalent control group design was adopted for the study. Data were collected
sample of 111 students from the two randomly selected secondary schools were used for the study using
a Geography Interest Questionnaire (G1Q). The instrument was validated by experts, and the reliability
was established using appropriate Cronbach Alpha with a coefficient of 7.91. Data were analyzed using
mean, standard deviation, and Analysis of Covariance (ANCOVA) at 0.05 level of significance. The
findings revealed that students taught Geography using the Numbered Heads Together strategy recorded
significantly higher mean scores in the post-test interest than those taught using the conventional
teaching method. Gender had no significant influence on students’ interest towards Geography. The
interaction effect of treatment and gender on interest was not significant, indicating that the
effectiveness of the Numbered Heads Together strategy is not gender-dependent. The study concluded
that the Numbered Heads Together instructional strategy is an effective, learner-centered approach for
improving students’ interest in Geography. It was therefore recommended that Geography teachers
should adopt the strategy in classroom instruction and that educational stakeholders should organize
training programs to enhance teachers’ competence in cooperative learning strategies.

Key words: Numbered Heads Together (NHT) Strategy, Students’ Interest, Gender Geography




INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS

Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/ ISARC Academy

BORDER MARGINALISATION AND SPATIAL PLANNING: UNLOCKING WEALTH
POTENTIAL IN YEWA NORTH BORDER COMMUNITIES, OGUN STATE, NIGERIA

Samuel Seun SALAKO

Urban & Regional Planning Department, Olabisi Onabanjo University, College of Engineering &
Environmental Studies, Ibogun Campus, Ogun State, 112104 Nigeria.

ORCID ID: 0009-0006-5871-5772

ABSTRACT

Border studies and spatial planning increasingly conceptualise borderlands not as peripheral voids but
as dynamic socio-economic spaces shaped by flows of people, goods, and governance practices.
Nevertheless, in many developing contexts, these regions remain marginalised within formal planning
systems. This paper examines the marginalisation of border communities through the lens of territorial
governance and inclusive planning, focusing on border communities in Yewa North Local Government
Area of Ogun State, Nigeria. Despite their strategic location along the Nigeria—Benin Republic corridor,
these communities experience fragmented infrastructure, weak institutional presence, and a heavy
reliance on informal cross-border trade. Adopting a qualitative, planning-oriented approach, the study
analyses the interaction between informal economic networks, land-use dynamics, and governance gaps
in shaping development outcomes. It demonstrates how the absence of coordinated spatial planning
frameworks constrains the transformative potential of these settlements. The paper argues for the
deliberate integration of border communities into national and regional planning agendas through
strengthened cross-border cooperation, improved service delivery, and context-responsive policy
design. Repositioning these areas as strategic growth nodes can enhance connectivity, stimulate local
economies, and promote more balanced territorial development.

Keywords: Border studies, spatial planning, borderlands, territorial governance, cross-border
development.
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ABSTRACT

The rapid development of information and communication technology has significantly transformed
financial transactions worldwide. Payment systems are evolving from traditional cash-based
mechanisms toward electronic and digital platforms that offer greater efficiency, security, and
accessibility. In Indonesia, the development of the national payment ecosystem has been strongly
supported by regulatory frameworks and technological innovation led by Bank Indonesia. The
implementation of the Quick Response Code Indonesian Standard (QRIS) has facilitated the adoption
of digital payments and promoted financial inclusion, particularly among Micro, Small, and Medium
Enterprises (MSMEs). This study aims to evaluate the structural configuration, stakeholder
involvement, and the developmental dynamics of Indonesia’s national payment ecosystem. A qualitative
descriptive method is employed in this study, relying on a literature review of scholarly publications,
regulatory frameworks, and industry reports. The findings reveal that multiple stakeholders are involved
in the national payment ecosystem, such as regulators, banks, fintech firms, merchants, and consumers.
Digital payment innovations, including e-wallets, mobile banking, and payment gateways, play a
significant role in enhancing transaction efficiency, interoperability, and financial inclusion. The study
concludes that strengthening collaboration among stakeholders, improving digital infrastructure, and
enhancing financial literacy are critical factors in developing a sustainable and inclusive national
payment ecosystem.

Keywords: Digital transformation, Financial inclusion, MSMEs, National payment ecosystem, QRIS
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Abstract

The Persian Gulf region remains a pivotal hub in the global energy market, and conflicts in this area
continue to expose vulnerabilities within international supply chains. This study investigates the effects
of the Persian Gulf conflict on global supply chains, focusing on disruptions in oil and gas supply,
shipping routes, and interconnected industries. Geopolitical tensions can trigger sudden fluctuations in
energy prices, delays in transportation, and interruptions in production, generating widespread ripple
effects across global markets.

While such disruptions present substantial challenges, they also underscore the critical importance of
supply chain resilience. Flexibility and adaptability are essential strategic responses for organizations
navigating uncertain geopolitical landscapes. Approaches such as supplier diversification, alternative
logistics pathways, adaptive inventory management, and real-time risk monitoring enable companies to
anticipate and respond effectively to sudden shocks.

This research integrates both quantitative and qualitative methods, analyzing historical data on energy
price volatility, trade flow disruptions, and shipping delays, alongside case studies of firms that have
successfully maintained operational continuity during regional conflicts. Findings indicate that
organizations emphasizing operational flexibility and adaptive capacity are better positioned to
minimize losses and sustain global operations amid uncertainty.

In conclusion, the Persian Gulf conflict exemplifies the dual nature of geopolitical disruptions: while
posing significant risks to global supply chains, they also drive innovation in supply chain management.
By prioritizing flexibility and adaptability, organizations can not only mitigate the adverse effects of
instability but also enhance competitive advantage in an increasingly volatile global market. These
insights are valuable for policymakers, industry leaders, and researchers seeking to strengthen supply
chain resilience in the context of geopolitical risk.

Keywords: Persian Gulf conflict; Global supply chains; Supply chain resilience; Flexibility;
Adaptability; Geopolitical risk
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ABSTRACT

The Smart City concept has become a global trend aimed at improving citizens’ quality of life and
increasing the efficiency of urban management. A Smart City represents the integration of digital
technologies to optimize the delivery and efficiency of urban services. While many cities in Indonesia
can develop smart cities, they still face various challenges. This study examines the opportunities and
challenges of Smart City development in Indonesia. This study explores the opportunities and
challenges of Smart City development in Indonesia. This research is a descriptive study with a
qualitative approach. Data were collected through a literature review and interviews with experts in the
field of Smart City. The results show that the opportunities for implementing Smart City in Indonesia
include improving urban management efficiency, enhancing the quality of life, and increasing cities'
competitiveness. However, several challenges remain, including limited technological infrastructure, a
shortage of skilled human resources, and weak coordination among government agencies. This study is
expected to contribute to Smart City development in many Indonesian cities by encouraging investment
in technological infrastructure, strengthening human resource capacity, and improving coordination
among government institutions.

Keywords: Challenges, Development, Indonesia, Opportunities, Smart City
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ABSTRACT

This research aims to catalyze a paradigm shift in the Jordanian date sector by reclaiming the lost
historical identity of the "Medjool" date and re-establishing its roots as the "Niglawi Date." The project
is grounded in a historical fact dating back to the 7th century AD, linking this unique variety to the
Baptism Site (Al-Maghtas). It was the sacred sustenance for pilgrims, nourished by the region’s
distinctive fresh water springs.

The authenticity of this research lies in dismantling the traditional narrative of the Medjool as a "modern
arrival" and proving its deep-seated roots in Jordanian heritage. Innovation is manifested in the creation
of an integrated "Digital Storytelling" framework. By linking laboratory-verified quality (derived from
spring water) with its historical saga via Smart Tracking (QR Codes), the fruit is transformed from a
mere agricultural commodity into a "Civilizational Experience."

The project offers unconventional solutions to enhance value-added benefits, potentially increasing
farmers' income by an estimated 30% while integrating the agricultural sector with religious tourism.
To ensure sustainability, the project relies on strategic public-private partnerships, transforming the
"Niglawi" into a Geographically and Historically Protected Brand (GI Status), securing Jordan’s global
leadership in the agricultural knowledge economy.

The essence of this work is its status as the first agro-historical study to re-identify and re-authenticate
the Medjool variety by its ancient name, "Niglawi."” The innovation lies in merging the "Sanctity of
Place" and "Ancient History" with "Modern Digital Marketing Tools" to create a unique visual and
informational identity that cannot be replicated globally. The "Niglawi" project is not merely about palm
cultivation; it is the reclamation of cultural and technical sovereignty, positioning Jordanian dates within
the global "Ultra-Premium Heritage Products" category. We are not just documenting a crop; we are
recovering intellectual and historical property lost through the centuries. By connecting the sanctity of
the Baptism Site, 7th-century heritage, and the purity of Jordanian springs, we are not selling dates—
we are offering the world a "Piece of History" wrapped in digital innovation.

The Proposed Concept: ""The Living Digital Museum"*

As a culmination of this research, the study proposes the establishment of a "Living Digital Museum"
at the Baptism Site on the East Bank of the Jordan River. This will feature a Niglawi/Medjool palm
grove irrigated by the same historical springs. It will serve as a destination where tourists can savor the
"Niglawi Date" while experiencing its story through Augmented Reality (AR) technology.

Keywords: Agriculture, Date, Excavations, Archaeology, South Levant.
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THE SKY REVEALS THE SECRETS OF THE EARTH IN THE ZARQA BADIA KITES

AND STRUCTURES IN THE SOUTHERN LEVANT THAT MYSTIFY SCIENTISTS AND
ATTRACT VISITORS
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ABSTRACT

Desert archaeological sites often suffer from documentation and study challenges due to vast areas, site
isolation, and the difficulty of observing spatial patterns from ground level. Consequently, there is a
pressing need for aerial imaging technologies as modern tools to study these sites and analyze their
relationship with the surrounding environment.

The lenses and aerial photography techniques employed by the scientific research team at the Hashemite
University which documented the architecture of the Jordanian Badia hold within their archives a
magnificent wealth of global cultural heritage. In the eastern Zarga Badia, we were not merely looking
at an empty void, but at an open book of stone, meticulously inscribed by ancient humans. Long lines,
stone circles, precise corridors, and silent installations appeared at first glance as mysterious geometric
shapes; however, they soon revealed one of the greatest collective hunting systems in human history:
the "Stone Kites." These structures, with their superior engineering and designs that evolved over time
from early prototypes to sophisticated and "smart" systems, represent a distinct art of desert architectural
engineering.

Continuous field monitoring in the Zarga Badia ranging from the Hallabat area, which hosts some of
the world’s most significant early kites, to the Qusayr 'Amra region and its surroundings shows that
nearly every square kilometer contains a kite with an architectural style adapted to the geographical
landscape. These kites, numbering over 135 in the Zarga Badia alone and dating back more than 4,000
years, demonstrate the extraordinary intelligence of our ancestors in identifying the gathering points of
animals such as Oryx, Reem gazelles, and various birds. These animals are depicted on desert rocks
through engravings and carvings, serving as physical evidence of the early techniques used by the
ancient inhabitants of Jordan.

Assessments of the current state of these kites confirm that what was observed from the sky is not
merely scattered ruins, but an integrated socio-economic and engineering system spanning hundreds of
kilometers. These kites, along with nearby associated structures such as circular buildings, hunters'
quarters, enclosures, hides, and installations linked to religious, social, and economic functions—reflect
the deep relationship between humans and the natural desert environment. This is in addition to the
"Mysterious Structures™ whose functions and reasons for construction continue to baffle scientists.

These aerial discoveries confirm the grandeur of the Badia's geography, not as a barren space, but as a
landscape of production, knowledge, and intelligent adaptation. Our ancestors understood animal
migration, wind patterns, and topography, transforming them into sustainable hunting tools and
advanced living systems.

Delving into the Zarga Badia is a journey into both mystery and knowledge, inviting visitors and tourists
to penetrate this stony silence and discover endless scientific and human narratives. It is a desert of
adventure and the thrill of discovery. The study highlights significant differences between ground-based
and aerial perspectives; while ground observation struggles with the camouflage of black basalt stones,
aerial photography provides a holistic view that reveals the full geometric patterns and topographical
contexts.

We must recognize that Jordan has entered a new era of utilizing sky and space technologies to
accelerate discovery in the Badia. There is an urgent need for a comprehensive strategy to protect these
treasures and repurpose them as global points of interest through scientific research and
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cultural/exploratory tourism. The Zarga Badia is not a forgotten past, but a promising future a global
destination for discovery and an open laboratory for science.

Keywords: Badia, Archaeology, Kites, Stone Ages, Zarga, Southern Levant.




INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS 1o\ 0
Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/ cademy
RETOS Y AVANCES DE LAS DEFENSORAS DE TERRITORIOS CHALLENGES AND
ADVANCES OF WOMEN DEFENDERS OF TERRITORIES

Florentina Pérez Hernandez
ORCID: 0009-0002-1833-8790
Daniela Alejandro de la Cruz
ORCID:0009-0007-5391-0680
Gloria Auristela Hernandez Pérez

ORCID:0009-0006-3446-4622

RESUMEN

Las practicas juridicas, politicas y comunitarias desplegadas por mujeres defensoras del territorio en
contextos indigenas, problematizan la centralidad del derecho estatal occidental como Uinico marco
legitimo de justicia, se pretende analizar los mecanismos alternos y en muchos casos extra estatales que
estas mujeres activan para la defensa territorial y para su propia proteccion frente a procesos de
criminalizacion, despojo y violencia estructural. Dichos mecanismos incluyen sistemas normativos
comunitarios, asambleas, acuerdos colectivos, practicas de justicia restaurativa, redes de cuidado y
saberes ancestrales que operan como tecnologias juridicas situadas, asi como las tensiones que
atraviesan las defensoras, frente al Estado que recurre a la judicializacion, la vigilancia y la violencia
simbdlica para neutralizar su accion politica como al interior de sus comunidades, donde persisten
jerarquias patriarcales que cuestionan su autoridad y participacion, no obstante, se argumenta que la
respuesta a estas violencias no se produce de manera individual, sino desde procesos colectivos entre
mujeres, mediante la articulacion de redes solidarias comunitarias e intercomunitarias que sostienen la
defensa del territorio y de la vida. Estas redes constituyen espacios de acompafiamiento, formacion
politica y produccion de conocimiento juridico desde abajo, finalmente, el articulo sostiene que las
practicas de las mujeres defensoras abren fisuras en el orden juridico hegemonico, resignificando
nociones como justicia, legalidad y autoridad, al hacerlo, no solo disputan el monopolio estatal del
derecho, sino que habilitan horizontes politicos y juridicos para las nuevas generaciones de mujeres,
desde perspectivas feministas comunitarias y decoloniales orientadas a la reproduccion ampliada de la
vida.

Palabras claves: defensoras, territorios, mecanismos, indigenas.

ABSTRAC

The legal, political, and community practices employed by women land defenders in Indigenous
contexts challenge the centrality of Western state law as the sole legitimate framework for justice. This
study aims to analyze the alternative, and in many cases extra-state, mechanisms these women activate
for territorial defense and their own protection against criminalization, dispossession, and structural
violence. These mechanisms include community normative systems, assemblies, collective agreements,
restorative justice practices, care networks, and ancestral knowledge that operate as situated legal
technologies. It also examines the tensions these defenders face, both from the state, which resorts to
judicialization, surveillance, and symbolic violence to neutralize their political action, and within their
own communities, where patriarchal hierarchies persist, questioning their authority and participation.
However, it is argued that the response to this violence does not occur individually, but rather through
collective processes among women, by articulating community and inter-community solidarity
networks that sustain the defense of territory and life. These networks constitute spaces for
accompaniment, political training, and the production of legal knowledge from below. Finally, the
article argues that the practices of women defenders open fissures in the hegemonic legal order,
redefining notions such as justice, legality, and authority. In doing so, they not only challenge the state
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monopoly of law but also enable political and legal horizons for new generations of women, from

community-based and decolonial feminist perspectives oriented towards the expanded reproduction of
life.

Keywords: women defenders, territories, mechanisms, indigenous peoples
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ABSTRACT

The present study focuses on the boundary-layer flow of an electrically conducting nanofluid induced
by a stretching sheet in the presence of a transverse magnetic field. The mathematical formulation is
based on the continuity and momentum equations, which account for viscous effects, nanoparticle
properties, and magnetic resistance. By introducing appropriate similarity transformations, the
governing partial differential equations are transformed into a nonlinear ordinary differential equation.
The resulting nonlinear problem is solved numerically using the Haar Wavelet Quasi-Linearization
Method (HWQLM), yielding accurate, rapidly convergent solutions. The influence of key physical
parameters, such as nanoparticle volume fraction, magnetic parameter, etc., on the flow characteristics
is examined. Numerical results obtained through HWQLM are utilized to analyse the behaviour of the
velocity profile and the skin friction coefficient. The study reveals that an increase in magnetic and
nanoparticle volume fraction parameters significantly suppressed the fluid velocity due to enhanced
resistive forces, while variations in nanofluid properties play a crucial role in controlling the boundary
layer structure.

Keywords: MHD, Nanofluid, Haar Wavelet Transform, Numerical method.
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ABSTRACT

Missing data in atmospheric and meteorological studies pose significant challenges to the reliability
and accuracy of research outputs derived from such datasets. These missing values often result from
intermittent or prolonged power failures at weather monitoring stations, especially in remote locations.
This study addresses the issue by assessing the electrical load demand of a standalone weather station
and designing a customized solar photovoltaic power system capable of ensuring continuous
operation.The methodology involved a detailed evaluation of the station’s electrical load requirements,
followed by the design of an optimized photovoltaic system comprising appropriately selected solar
modules, battery storage, charge controller, and voltage regulation components. The proposed system
was further analyzed and its performance simulated using PVsyst software to validate its efficiency and
reliability under local environmental conditions. The results demonstrated that the designed photovoltaic
system can sustainably meet the energy demands of the weather station, thereby minimizing data loss
caused by power interruptions. It is therefore concluded that the integration of a properly designed and
simulated solar power system significantly enhances the operational reliability of standalone weather
stations.

Keywords: Missing Meteorological Data, Standalone Weather Station Power System, Solar
Photovoltaic System Design, PV System Simulation (PVsyst)
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ABSTRACT

This study presents the synthesis and characterization of benzene-1,3-diamine-1,3.,4-oxadiazole
derivatives using 'H NMR, C NMR, mass spectrometry and FTIR-ATR infrared spectroscopy. In
addition to the experimental study, detailed theoretical studies were conducted using density functional
theory (DFT) to better understand the electronic structure and reactivity of the synthesized Novel
compounds. Frontal molecular orbital analysis (HOMO-LUMO), global reactivity descriptors, density
of states (DOS), and Parr functions were analyzed to evaluate the electronic properties and local reactive
sites of the molecules. The outcomes revealed that compounds 5b, 5c, and 5f display favorable
electronic characteristics and balanced reactivity. Molecular docking simulations were performed on
the Epidermal Growth Factor Receptor (EGFR) in order to explore their potential anticancer activity.
Results from the docking showed promising binding affinities, particularly for compound 5f, which
displayed stronger interaction with the active site compared to the reference inhibitor, thus suggesting
that these derivatives may represent promising candidates for further biological investigations.

Keywords: 1,3,4-oxadiazole; Synthesis; Characterization; Density Functional Theory; Frontier
molecular orbitals; Parr functions; Molecular docking; EGFR inhibition.
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ABSTRACT

This work presents the synthesis and characterization of the compound 5,5-(1,3-phenylenebis(1,3,4-
oxadiazole-5,2-diyl)) bis (benzene-1,3-diamine) (PhOx-BBD). The structure of the synthesized
molecule was confirmed by a variety of analytical methods, including *H NMR, 3C NMR, FTIR-ATR
spectroscopy, and mass spectrometry. To this end, Density Functional Theory (DFT) calculations were
performed to investigate the electronic structure, frontier molecular orbitals, and global reactivity
descriptors. This approach was taken to elucidate the nucleophilic/electrophilic character of the
oxadiazole derivative. Molecular docking studies revealed strong interactions between PhOx-BBD and
the Fe-solvation cluster, suggesting favorable adsorption behavior on the iron surface. Predictions
derived from the ADMET model indicated the presence of encouraging pharmacokinetic properties and
acceptable safety profiles. The corrosion inhibition performance of PhOx-BBD for mild steel inal1 M
HCI medium was evaluated through experimental electrochemical measurements. The experimental
findings demonstrated a substantial decline in corrosion current density with an increase in inhibitor
concentration, thereby substantiating the efficacy of the inhibitor in safeguarding the metal surface. The
inhibitory effect exhibited a pronounced concentration-dependent protective effect, with its efficacy
increasing from 60.21% to 94.15% across a range of concentrations from 107 to 102 M.
Electrochemical analysis indicated that the inhibitor reduced both anodic metal dissolution and cathodic
hydrogen evolution reactions, suggesting a mixed-type inhibition mechanism. Moreover, Monte Carlo
and molecular dynamics simulations corroborated the experimental findings by demonstrating the
strong adsorption of PhOx-BBD molecules on the Fe surface and the formation of a stable protective
film. The amalgamation of experimental and theoretical findings reveals consistent trends in stability,
reactivity, and adsorption behavior, underscoring the efficacy of PhOx-BBD as a corrosion inhibitor for
steel protection in acidic environments and as a promising candidate for applications in surface
protection and materials chemistry.

Keywords: Synthesis, Characterization, 1,3,4-oxadiazole, DFT, Reactivity, RDG, ELF, Molecular
Docking, Monte Carlo, MD, Inhibitor, Corrosion
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ABSTRACT

The Urartians employed two primary burial practices: Inhumation (unburned or primary interment) and
cremation (by burning). Following cremation, the surviving bone fragments and ashes were deposited
within vessels of varying forms known as urns. A wide array of socio-cultural factors chiefly social
status, age, and gender can be examined through analyses of urn morphology, urn grave typology, and
associated funerary offerings. The age or gender of the deceased can be inferred not only from
anthropological examinations but also, to a certain extent, from the grave goods. In particular, the urn
burials documented at the Urartian necropolis of Cavustepe Fortress, as well as at the Van-Altintepe,
Van-Kalecik, and Dedeli necropolises and the [gdir-Melekli site, have furnished significant data on this
subject. Furthermore, it has been established that infants, children, adolescents, adult females, and adult
males were all interred in urn graves. The principal determinants of social status in urn burials include
grave type, associated artifacts, and the urn vessel itself. Vessels classified as —palace pottery,| along
with metal containers such as those attested at Erzincan-Altintepe when employed as urns, are
consistently associated with the royal family, nobility, and administrative elite. Such high-quality urns
occur only rarely in communal cemeteries, whereas in simpler urn forms status is expressed primarily
through the quantity and quality of grave goods. In female urns, ornaments predominate, including
bracelets, earrings, rings, decorative pins, amulets, spindle whorls, and seals; these assemblages attest
to women’s possession of administrative and social status. Male urns, by contrast, are characterized by
weapons such as daggers, swords, arrowheads, and spearheads. In urns of indeterminate gender, the co-
occurrence of jewelry and weaponry suggests considerable flexibility in gender roles within Urartian
society. Taken as a whole, Urartian urn burials reflect a familyoriented, religiously tolerant, and socially
hierarchical yet flexible social structure.

Keywords: Urartian, cremation, urn, age, gender, status

Introduction

The Urartian Kingdom was established between the 9th and 7th centuries BCE, with its capital at Tuspa
(Van Fortress). Centered in the Lake Van Basin, the kingdom expanded significantly as a result of the
successful military and political policies pursued by the Urartian kings. Its borders extended as far as
the Zagros Mountains to the south, the mountains of northern Armenia to the north, the Salavan
Mountains in Iran to the east, and the Euphrates River to the west (Figure 1) (Salvini, 2006: 7; Salvini,
2011: 74; Cavusoglu, 2012: 80). The growing power of the kingdom and its expanding territory brought
about important developments in Urartian socio-cultural life. The region’s richness in raw material
resources, in particular, made advanced metallurgy one of the most significant features of Urartu. It is
also noted that Urartian society was composed of peoples of different origins, referred to as Uruadri and
Nairi. The expansion of the borders further increased the diversity within the social structure. The
Urartian Kingdom operated under a theocratic system of governance. The Urartians adopted a tolerant
policy by incorporating the gods of the conquered lands into their own pantheon. This moderate
approach and the heterogeneous nature of their society were also reflected in their religious practices.
Urartian religion developed through the interaction of its own indigenous beliefs with the religions of
contemporary states both within and beyond Anatolia. Consequently, influences from the Hittites,
Assyrians, Hurrians, and Babylonians can be observed in Urartian religion (Belli, 1982; Cilingiroglu,
1997; Sevin, 2003; Cavusoglu, 2014). The beliefs shaped by these factors led to various practices
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concerning death and the afterlife among the Urartians. The Urartians believed in life after death, and

this belief is clearly evident in their burial traditions. They interred their dead either by cremation
(burning the body) or inhumation (burying the body unburned) in various types of tomb structures. The
inhumation-type graves include simple pit graves, rock-cut tombs, chamber tombs, cist graves, and jar

(pithos) burials (Cevik, 2000; Konyar, 2004; Konyar, 2011a; Konyar, 2011Db).

Figure 1. Map of the Urartian Kingdom (Cavusoglu, 2019: 165).

Among the Urartians, the cremation tradition was practiced in two main forms. In the first type, after
the body was cremated, the remaining bones and ashes were buried directly in a pit dug into the ground.
This practice was more common in the early periods of Urartu, although it was not widely preferred.
The second type of cremation burial consists of urn burials. An urne refers to a vessel into which the
burnt bones and ashes of the deceased — and sometimes personal belongings — were placed. Urn
vessels were mostly made of terracotta (fired clay), although bronze examples are also known. While a
small number of urns without holes have been found, the majority feature between one and five holes
(Ozgiic, 1969: 27; Ogiin, 1974: 443-444; Ogiin, 1978: 639-678; Derin, 1993: 110). The types of graves
used for urn burials show parallels with those used for inhumation burials. Among the urn burial types
are: burials placed directly into pits dug into the ground, urn burials placed in niches or on the floors of
chamber tombs, urn burials in stone cist graves, and urn burials deposited in rock crevices (Figure 2)
(Ogiin, 1978: 672; Derin, 1993; Siiriin, 2024).
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1. Topraga Yapilan Gomii 2. Kaya Mezarlarina Yapilan Gomii 3. Kaya Yariklarina Yapilan Gomii

4. Tas-Sandik Mezarlara Yapilan Gomii 5. Tastan insa Edilen Oda Mezarlara Yapilan Gomii

Figure 2. Urartian Urn Burial Types.

The urns could contain not only the burnt bone and ash remains but also personal belongings of the
deceased, depending on the individual’s social status. The artifacts recovered from these graves may
have belonged to the deceased or may have been placed as offerings during the funeral ceremony. Urn
vessels provide valuable information regarding the social status of the deceased. In addition, the burnt
bone remains found inside the urns allow for the analysis of the age and gender of the individual. The
artifacts recovered from urn burials also offer preliminary information about the deceased’s age and
gender. Furthermore, they provide insights into the deceased’s position within the social hierarchy.
Beyond these, the type of grave in which the urns were buried also yields important clues about social
status.

Materials and Methods

In this study, urn burials — one of the burial traditions of the Urartian Kingdom — have been examined
in terms of age, gender, and social hierarchy. Only the finds dated to the Urartian Kingdom that have
been published and provide relevant data on the subject were included in the study. The age and gender
determination analyses for the urn burials were obtained from paleoanthropological studies and the
associated finds. The social status of the deceased was determined based on the type of urn grave, the
urn vessel, and the accompanying artifacts. In light of this information, some inferences have been made
regarding Urartian socio-cultural life.

Findings and Discussion

Extensive archaeological excavations in Urartian settlements have revealed a significant number of urn
burials and diverse grave types. Nevertheless, analyses aimed at determining the age and gender of the
deceased are relatively scarce. In this section, the role of urn finds in identifying social status is
presented, drawing upon data from Urartian centers where age and gender determinations have been
performed.
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Age and Gender Analysis of Urn Burials in Light of Paleoanthropological Studies

In determining the age and gender of individuals from Urartian urns, both direct analyses and
information obtained from the associated finds have been utilized. In this context, the centers evaluated
include the Cavustepe Fortress Urartian Necropolis (Cavusoglu et al., 2019a; Cavusoglu et al., 2019b;
Cavusoglu et al., 2022), Van-Kalecik (Cavusoglu & Biber, 2006; Cavusoglu & Biber, 2007; Cavusoglu
& Biber, 2008; Cavusoglu et al., 2009), Van-Altintepe (Yigit et al., 2005), and Dilkaya (Cilingiroglu,
1985; Cilingiroglu, 1986; Cilingiroglu, 1987; Cilingiroglu, 1988; Cilingiroglu, 1990; Cilingiroglu,
1991).

Cavustepe Fortress Urartian Necropolis

At the Cavustepe Fortress Urartian Necropolis, data regarding age and gender were obtained from 25
urns excavated between 2017 and 2020. Among the urns uncovered in 2017, eight contained cremated
bone remains of children, while one belonged to a baby (newborn). Of these child urns, three were
identified as belonging to female children. The age range could be determined for six of the urns,
varying between 5, 6, 10, 11, and 12 years (Cavusoglu et al., 2019a: 287). In the 2018 excavations, eight
urns were identified, four of which were reported to contain cremated bone remains of adult females
(Cavusoglu et al., 2019b: 20). During the 2019 fieldwork, 14 urns were uncovered, and the gender and,
in some cases, the partial age range of six of them could be determined. Five of these urns belonged to
adult females, while the remaining one belonged to an adult male (Cavusoglu et al., 2022: 70-72). In
the 2020 investigations, the age range of one out of five urns was determined, and it was reported to
belong to a baby (newborn?) (Figure 3) (Cavusoglu et al., 2022: 72-75).

CAVUSTEPE KALESI
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Figure 3. Age and Gender Distribution of Individuals from the Cavustepe Fortress Urartian Necropolis.

Melekli Settlement Mound

At the [gdir-Melekli Hoyiik, studies have revealed age and gender information for 11 of the excavated
urns. According to the findings, three urns (Urn 55, 57, and 84) contained the cremated remains of adult
males, one urn (Urn 131) belonged to an adult female, and two urns (Urn 111 and 149) contained the
cremated bone remains of children. For the remaining five urns, no gender determination could be made;
however, they were identified as belonging to adults (Barnett, 1963).

Van-Altintepe Necropolis

A paleoanthropological study was conducted on the inhumation and cremation remains uncovered at
the Van-Altintepe Necropolis. In this study, 152 individuals identified from 38 graves dating to the years

ISARC Academy
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1997-1999 were evaluated. Within this scope, results were obtained from eight urns. According to these
data, one urn contained the remains of a child, one belonged to a female, and three urns contained the
remains of males. The gender of the individuals in the other three urns could not be determined. In
addition, the analysis of cremation burials conducted alongside the inhumation graves provided data on

the stature of the individuals. Accordingly, the average stature was reported as approximately 1.61-1.65
m for males and 1.52—-1.53 m for females (Figure 4) (Yigit et al., 2005: 79 ff.).

131 iskelet kalintisi iizerinde, 1997-1999 yillar1 arasinda Paleantropolojik bir ¢alisma yapilmustir
(Yigit, 2005). 131 iskelet
\
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Figure 4. Age, gender and stature analysis form the Van-Altintepe Necropolis (Based on Yigit et al.,
2005).

Van-Kalecik Nekropolis

Although no intact urns were identified at the Van-Kalecik Necropolis, fragments of urns were
recovered. During the excavations carried out between 2004 and 2007, 25 graves were examined
(Cavusoglu & Biber, 2005: 23-24; Cavusoglu & Biber, 2009: 275; Cavusoglu et al., 2009: 289). A
paleoanthropological study was conducted on the skeletal remains from the necropolis. This study
focused primarily on the inhumation burials. Although no direct data on cremation were available, the
results provide an opportunity to make general inferences about age and gender within the same
community, given that these represent different burial practices in the same society.

In the graves examined, 107 individuals were identified. According to the analysis, adults aged 30—45
constituted 43% of the burials, representing the largest group. This was followed by young adults aged
18-30, accounting for 33.6%. Children (aged 2.5-15 years) comprised 13.1% of the sample, while
individuals over 45 years old represented only 2.8%. The numerical breakdown of the 107 individuals
is as follows: 5 infants, 14 children, 3 adolescents, 36 young adults, 46 adults, and 3 older adults. Among
the 85 adult individuals,

36.4% were female and 45.8% were male (Figure 5) (Yilmaz et al., 2009: 29-31).

In addition to the centers mentioned above, urns have also been identified at ErzincanAltintepe (Ozgiic,
1969), Van Fortress (Sevin, 1980), Kayalidere (Burney, 1966), Dilkaya (Cilingiroglu, 1989), Ayanis
(Cilingiroglu & Kozbe, 1994), Adilcevaz (Bilgi¢ & Ogiin, 1974), Karmir Blur (Piotrovskii, 1952;
Piotrovskii, 1966), Arin Berd (Karapetyan & Yengibaryan, 2010), and the Li¢ Necropolis (Ogiin, 1978).
However, no detailed studies focusing on age and gender determination have yet been conducted on the
cremation remains from these urns. Nevertheless, the published data indicate that the cremation remains
generally belong to adult individuals.
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4. VAN-KALECIK NEKROPOLU

12 Mezarda toplam 107 bireyde (inhumasyon gémii) Paleoantropolojik analizler yaptlmistir
(Yilmaz, Cavusoglu, Baykara ve Gokce, 2009: 29-31).
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Figure 5. Age and gender distribution with percentages from the Van-Kalecik Necropolis (Yilmaz et
al., 2009: 29-31).

Age and Gender Analysis Based on Urn Finds

In urn burials, personal belongings of the deceased or grave goods thought to have been placed beside
the individual during the funeral ceremony are commonly found. The artifacts recovered from Urartian
graves are closely related to the Urartians’ beliefs about life after death. Many of these objects were
burned together with the body during the cremation process. The majority of the artifacts identified in
urn burials are in a burnt condition (Siiriin, 2024: 119, 133). These finds were recovered primarily inside
the urn, in the immediate vicinity of the urn, or beneath the base of the urn. The artifacts include
terracotta pottery such as jars, bowls, cups, plates, oil lamps, spindle whorls, and seals, as well as metal
objects such as jewelry and weapons (Barnett, 1963: 154; Derin, 1993: 130-142; Siiriin, 2024: 22).

The finds from urn burials provide valuable information about the social, cultural, military, and
economic life of the Urartians. In addition, they offer data concerning the age, gender, and social status
of the deceased. Jewelry constitutes the most common category of finds in Urartian urns. Jewelry
appears to have been used for various purposes, including adornment, display, beautification,
demonstrating wealth, bringing luck, and healing. Bronze was the primary material used for jewelry,
along with gold and silver. In the head region, pins, diadems, and earrings were worn. Around the neck
and chest, necklaces made of beads, torcs, amulets, amulet-seals, pendants, medallions, and pectorals
were used (Belli, 1989: 16-41; Kurtis, 1996: 118-136; Belli, 2004; Sevin, 2005: 108-109; Belli, 2010;
Cavusoglu, 2014).

The finds from urn burials show a correlation with the age, gender, and social status of the deceased. In
baby urns, no artifacts other than the cremated bone remains were identified (Cavusoglu et al., 2019a:
285). In child urns, the recovered artifacts mainly consist of necklaces and bracelets made of beads.
Such finds have been reported from the Cavustepe Fortress Necropolis (Cavusoglu et al., 2019a: 285-
286) and Melekli Hoyiik (Barnett, 1963: 263). Among the artifacts found in female urns are earrings,
rings, bracelets, decorative pins, beads, seals, spindle whorls, armbands, tweezers, amulets, and
terracotta vessels (Barnett, 1963: 261-262; Cavusoglu et al., 2019b: 20-21; Cavusoglu et al., 2022: 71-
72). In male urns, daggers, arrowheads, swords, knife tips, spearheads, armbands, pins, and bronze
vessels are known to have been recovered (Barnett, 1963: 257-259; Cavusoglu et al., 2022: 71-73).
From these data, it can be observed that jewelry items predominantly appear in female urns, weapons
in male urns, and bracelets and beads in child urns. However, archaeological evidence indicates that
jewelry was also commonly and willingly used by men in the Urartian Kingdom. Furthermore, the
presence of knife and dagger tips in some female urns suggests that these items had a shared area of
use. At this stage, it appears possible to conduct an analysis of gender and age only on the basis of
numerical values and the relative frequency of these artifact groups (Figure 6).
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Figure 6. Age and gender differentation based on urn finds.

The Relationship Between Urn Burials and Social Hierarchy

In the Urartian Kingdom, it is known that different burial practices and grave types were used depending
on the age, gender, and social status of the deceased. Burial customs were practiced in two main forms:
inhumation and cremation. Although grave types show parallels in both burial practices, they generally
consist of simple pit graves, chamber tombs, stone cist graves, and rock-cut tombs (Barnett, 1963;
Cevik, 2000; Konyar, 2004; Konyar, 2010; Konyar, 2011). In urn burials, certain key elements
emphasize social hierarchy. The type of urn grave, the urn vessel itself, and the grave goods serve as
the primary data sources in this analysis.

Among the metal finds recovered from urn graves, jewelry items such as diadems, earrings, pins, torcs,
bead necklaces, amulets, pendants, amulet-seals, and pectorals provide important insights into the
deceased’s social status and economic level. It has been suggested that pectorals, medallions, pendants,
and amulet-seals, in particular, are status indicators (Belli, 1989: 16-41; Belli, 2004; Sevin, 2005: 108-
109; Belli, 2010; Cavusoglu, 2011: 250-251; Cavusoglu, 2014).

Another important source of information regarding social hierarchy is the urn vessel itself. In the
Urartian Kingdom, there existed a type of pottery known as —palace ware,| characterized by a lustrous
red slip, well-burnished surface, thin walls, and fine clay. This ware is thought to have been used
primarily by the ruling and elite classes (Cilingiroglu, 1990: 273; Sevin et al., 1999: 421-425; Yigit et
al., 2005: 86). The fact that such vessels are rarely or never found in simple pit graves, which are
generally regarded as —commoners’ cemeteries,| suggests that they were specially produced. In
contrast, urn vessels are usually made of brown or brick-red slipped, thick-walled coarse ware.
However, evaluating social status based solely on the urn vessel is insufficient. In some cases, palace-
ware-type urns contained no grave goods, while coarse-ware urns were found with rich assemblages.
Therefore, the urn vessel and the accompanying finds must be evaluated together. Although most urn
vessels were made of terracotta, a small number of bronze examples, considered to be of special
production, are also known. These bronze urns are documented from Erzincan-Altintepe (Barnett &
Gokee,

1953: 124; pgﬁn, 1974: 59). A hieroglyphic inscription has been reported on one bronze urn (Steinherr,
1958: 97; Ozgii¢, 1969: 26). The material of the urn, the presence of an inscription, and the type of
grave in which it was found strongly suggest that bronze urns belonged to the noble or ruling class.
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Another indicator of social hierarchy in urn burials is the type of grave in which the urn was deposited.
A status difference can be observed between urns placed in simple pit graves, rock crevices, or stone
cist graves and those deposited in niches within chamber tombs. Chamber tombs are generally
considered to be royal or elite burials (Cilingiroglu, 1990: 273; Sevin et al., 1999: 421-425; Yigit et al.,
2005: 86). Other grave types appear to have been used by individuals from various social classes. In
these graves, both rich and poor (or even empty) urn burials are known. While it is difficult to draw a
clear distinction, an evaluation based on the grave goods is possible. However, in rock-cut tombs, it can
be argued that the presence of an urn burial is directly related to high status.

In addition to the factors mentioned above, it has also been suggested that the practice of cremation was
a distinguishing feature between the elite/ruling class and the common people. Ozgii¢ stated that —the
noble and ruling class in Urartu were buried without cremation, while commoners were buried after
cremationl (Ozgii, 1969: 27). In contrast, Ogiin argued that —the urn burial tradition was not exclusive
to commoners and that noble individuals may also have been buried in urnsl (Ogiin, 1974: 447). The
discovery of urns at Van Fortress, Adilcevaz, Dilkaya, Patnos, Donertas, Atabindi, and Sirinkale I-1I
indicates that this burial practice was also employed by the ruling and noble classes (Figure 7) (Sevin,
1980: 151-158).
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Figure 7. The role of urn grave types and urn vessels in determining social hierarchy.

Conclusion and Recommendations

It is observed that Urartian urn burials provide significant information about socio-cultural, economic,
military, and social aspects of Urartian society through the grave type, vessel form, and the personal
belongings or gifts placed within them. Age and gender in urn burials are determined through
osteological analyses and associated finds. The data indicate that —adultl individuals, particularly
males, constitute the majority of the urn burials. Child and infant burials are also important as they
demonstrate that cremation was practiced across all age groups. According to the analyses, the average
age at the Cavustepe Fortress Urartian Necropolis was determined as 35 years for males and 25 years
for females, while the age range for children was 6—12 years (Cavusoglu et al., 2019a: 287). The analysis
of remains from chamber tombs at Van-Kalecik also yielded data on age and gender. At Van-Kalecik,
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the age range was 30— 45 years for both adult males and females, 18-30 years for young adults, and
2.5-15 years for children. A small number of individuals over 45 years of age were also identified
(Yilmaz et al., 2009: 29-31). At Van-Altintepe, the analyses provided information on stature according
to gender. The average height was measured as 1.61-1.65 m for males and 1.52-1.53 m for females
(Yigit et al., 2005: 79).

The analyses from Patnos-Dedeli are particularly important for understanding the socioeconomic
conditions of the Urartians. These analyses were conducted on inhumation burials.

The study revealed the presence of —Harris Linesl on the bones, which are indicators of growth arrest
caused by stress and nutritional deficiencies (Deniz, 1986: 119-122; Uysal, 2005: 92). This situation
can be seen as a reflection of the relatively low average age at death observed in centers such as
Cavustepe and Van-Altintepe. It is therefore possible to speak of intense nutritional stress and related
short life expectancy and lower stature, particularly among the common people, as evidenced in the
Dedeli sample. Furthermore, the data suggest that male burials in urns are more numerous than female
burials and that males generally lived longer than females. However, it is clear that more data are needed
to make these generalizations reliably.

Another factor in determining the gender of the deceased in urn burials is the grave goods. Beads,
bracelets, and seals were used regardless of gender. However, it is evident that weapons and weapon-
related items are more frequently found in male urns. In female urns, jewelry is more common, with
earrings, diadems, medallions, and pectorals serving as particularly diagnostic items. In addition, bronze
belts are an important element in gender determination. Male belts tend to be wider, while female belts
are narrower (Cavusoglu, 2014). Urn finds can also be associated with social status in addition to age
and gender. Urns containing rich assemblages, such as seals, can be linked to the noble or ruling class.
The type of urn vessel and the type of grave in which the urn was buried also show parallels with social
hierarchy. Urns found in rock-cut tombs can be associated with the ruling elite. Urns discovered in
commoners’ cemeteries can be categorized as belonging to merchants or nobles depending on the
richness of their grave goods. In this sense, it is possible to classify royal chamber tomb urns as
belonging to the ruling class and richly furnished urns as belonging to merchants or nobles. In terms of
metal artifacts, jewelry constitutes the most common group. Bronze was the most preferred material
due to its affordability and ease of workmanship. Iron was rarely used because of the difficulty in
processing it. Gold, being a precious metal, appears in very limited quantities. This indicates that gold
objects played a significant role in determining high social status. Seals are considered to have served
functions such as protection, luck, belonging, guarantee, approval, and prestige. Therefore, seals also
appear to have functioned as status indicators. It is known that seals were found in both male and female
urns. This suggests that women in Urartian society held a position of influence comparable to that of
men. Some urn finds provide information not only about gender but also about social structure. At Igd1r-
Melekli Hoyiik, weapons were found together with personal belongings in more than fifteen urns. These
weapons, consisting of arrowheads, spearheads, daggers, and knife blades, were recovered from male
urns. This evidence allows us to interpret the Melekli community as having a strong military or warrior
character.

In conclusion, the cremation or urn burial tradition in Urartu was practiced by individuals from all social
classes (ruling elite, nobles, commoners, etc.) within the society that adopted cremation. Furthermore,
urn burials contain remains of individuals of all ages and both genderes, regardless of age or gender.
Although there is no strict status differentiation in the burial custom itself, significant differences related
to age, gender, and status are evident in the grave types and urn finds. More osteological and
archaeological analyses are needed to make comprehensive evaluations regarding these concepts.
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ABSTRACT

Objective:This study aimed to determine the motivation for having children and the factors affecting
this motivation among single young individuals.

Methods: This descriptive and cross-sectional study was conducted between February and March 2026
using an online survey. The sample consisted of 185 single individuals aged 18 and over who were able
to read and write in Turkish and actively use at least one social media platform. Data were collected
using a Descriptive Information Form and the Childbearing Motivation Scale (CMS). Statistical
analyses were performed using SPSS 22.0, including descriptive statistics, independent samples t-test,
ANOVA, Pearson correlation, and binary logistic regression analysis.

Results:The mean age of participants was 20.00+1.74, and the majority were female (79.5%),
university students (84.9%), and had a university-level education (91.4%). While 44.9% of participants
reported willingness to have children in the future, 55.1% did not. The most frequently reported reasons
for not wanting children were economic difficulties (65.9%), future anxiety (41.1%), and perceived
burden of child responsibility (31.4%). There were no statistically significant differences in CMS scores
according to sociodemographic characteristics (p>0.05). However, individuals who perceived child-
rearing as highly burdensome and those with career plans had significantly lower CMS scores (p<0.05).
Correlation analysis revealed a strong positive relationship between positive motivation and total CMS
score (r=.828, p<.001). Logistic regression analysis showed that positive motivation significantly
increased the likelihood of intending to have children (OR=1.026, p=.004), whereas negative
motivation significantly decreased it (OR=0.953, p<.001).

Conclusion: Childbearing motivation among single young individuals is influenced more by
psychological and attitudinal factors than sociodemographic characteristics. Increasing positive
perceptions and reducing perceived barriers may play a key role in shaping future fertility intentions.

Keywords: single, child, motivation, young

Ozet

Amagc:Bu c¢alisma, bekar geng bireyler arasinda ¢ocuk sahibi olma motivasyonunu ve bu motivasyonu
etkileyen faktorleri belirlemeyi amaglamigtir.

Ydntem:Bu tanimlayici ve kesitsel ¢aligma, Subat ve Mart 2026 tarihleri arasinda ¢evrimigi bir anket
kullanilarak gergeklestirilmistir. Orneklem, Tiirkce okuma-yazma bilen ve en az bir sosyal medya
platformunu aktif olarak kullanan 18 yas ve iizeri 185 bekar bireyden olusmustur. Veriler, Tanimlayici
Bilgi Formu ve Cocuk Sahibi Olma Motivasyonu Olgegi (CMS) kullanilarak toplanmustir. Istatistiksel




INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS ISARC Acad

Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/ cademy
analizler, SPSS 22.0 kullanilarak yapilmis olup, tanimlayici istatistikler, bagimsiz 6rneklemler t-testi,
ANOVA, Pearson korelasyonu ve ikili lojistik regresyon analizi icermektedir.

Bulgular: Katilimeilarin ortalama yas1 20,00+1,74 idi; katilimcilarin ¢ogunlugu kadin (%79,5) ve
iiniversite 0grencisiydi (%84,9) ve tiniversite diizeyinde egitim almist1 (%91,4). Katilimcilarin %44,9°u
gelecekte cocuk sahibi olma istegini belirtirken, %55,1°1 boyle bir istegi olmadigini belirtti. Cocuk
istememe nedenleri arasinda en sik bildirilenler ekonomik zorluklar (%65,9), gelecek kaygist (%41,1)
ve cocuk sorumlulugunun algilanan yiikii (%31,4) idi. Sosyodemografik ozelliklere gore CMS
puanlarinda istatistiksel olarak anlamli bir fark yoktu (p>0,05). Ancak, ¢ocuk yetistirmeyi oldukea yiik
olarak algilayan ve kariyer planlari olan bireylerin CMS puanlar1 anlaml olarak daha diisiiktii (p<0,05).
Korelasyon analizi, pozitif motivasyon ile toplam CMS puani arasinda giiclii bir pozitif iliski oldugunu
ortaya koydu (r=0,828, p<0,001). Lojistik regresyon analizi, olumlu motivasyonun ¢ocuk sahibi olma
niyetini 6énemli Ol¢iide artirdigini (OR=1,026, p=0,004), olumsuz motivasyonun ise énemli 6l¢iide
azalttigin1 (OR=0,953, p<0,001) gdstermistir.

Sonug: Bekar geng bireyler arasinda ¢ocuk sahibi olma motivasyonu, sosyodemografik 6zelliklerden
cok psikolojik ve tutumsal faktorlerden etkilenmektedir. Olumlu algilarin artirilmasi ve algilanan
engellerin azaltilmasi, gelecekteki dogurganlik niyetlerinin sekillenmesinde énemli bir rol oynayabilir.

Anahtar Kelimeler; bekar, cocuk, motivasyon, geng

Giris

Son yillarda diinya genelinde dogurganlik oranlarinda belirgin bir diigiis yasanmaktadir. Bu durum
sadece demografik degil, ayn1 zamanda sosyal, ekonomik ve kiiltiirel boyutlari olan 6nemli bir halk
saglig1 sorunu olarak ele alinmaktadir. Geng yetigkinlerin ¢ocuk sahibi olma niyetleri, bireysel iireme

davraniglariin en gii¢lii belirleyicilerinden biri olarak kabul edilmekte ve toplumlarin gelecekteki niifus
yapisini dogrudan etkilemektedir (Liu et al., 2026).

Bekar genclerde cocuk sahibi olma motivasyonu, biyolojik bir tercih olmanin yami sira bireysel,
kisilerarasi ve toplumsal diizeyde ¢ok boyutlu faktdrlerden etkilenen karmasik bir siirectir. Ebeveynlige
yonelik tutumlar, dogurganlik bilgisi, yasam beklentileri ve psikolojik iyi olus gibi bireysel faktorlerin
yant sira sosyal normlar, ekonomik kosullar ve kiiltiirel degerler tarafindan sekillenmektedir (Shin et
al., 2025). Diger taraftan sosyal destek varligi, yasam doyumu ve olumlu ebeveynlik algilari
dogurganlik niyetini artirirken; ekonomik belirsizlik, kariyer kaygisi ve ig-aile ¢atigmasi gibi faktorler
bu niyeti azaltabilmektedir (Zhang et al., 2024).

Psikososyal faktorlerin yani sira bilgi diizeyi ve dogurganliga iliskin farkindalik da ¢ocuk sahibi olma
motivasyonu iizerinde dnemli rol oynamaktadir. Ozellikle geng bireylerde iireme saglhigima iliskin bilgi
eksiklikleri ve yanlis inanislar, dogurganlik niyetlerini olumsuz yonde etkileyebilmektedir. Tiirkiye’de
iiniversite 0grencileri ile yapilan bir ¢aligmada, genglerin lireme sagligina iliskin bilgi diizeylerinin
yetersiz oldugu ve yanlis inaniglarin yaygin oldugu belirtilmistir (Giingdr et al., 2013).

Tirkiye 6zelinde dogurganlik egilimleri incelendiginde, ideal gocuk sayisi ile gerceklesen dogurganlik
arasinda bir farklilik oldugu ve dogurganlik niyetlerinin zaman igerisinde degisim gdsterdigi
goriilmektedir. Bireylerin ideal ¢ocuk sayisinin yiiksek olmasina ragmen dogurganlik niyetlerinin
azalma egiliminde oldugu bilinmektedir (Abbasoglu Ozgdren & Tiirkyilmaz, 2023). Ayrica yas, bdlge,
dil ve dogum deneyimi gibi degiskenlerin dogurganlik niyetleri lizerinde belirleyici oldugu ifade
edilmektedir. Bununla birlikte, toplumsal cinsiyet rolleri ve aile i¢i is bolimii gibi faktdrlerin de
dogurganlik kararlari {izerinde etkili oldugu, ancak bu etkinin kiiltiirel baglama gore degiskenlik
gosterebildigi bildirilmektedir (Kavas, 2021).

Tiim bu bulgular birlikte degerlendirildiginde, bekar genglerde ¢ocuk sahibi olma motivasyonunun;
bireysel tutumlar, bilgi diizeyi, psikolojik faktorler, sosyodemografik 6zellikler ve kiiltiirel baglamin
etkilesimiyle sekillenen gok boyutlu bir yap1 oldugu goértilmektedir. Bu nedenle, 6zellikle bekar genc
bireylerde ¢ocuk sahibi olma motivasyonunun ve bunu etkileyen faktorlerin kapsamli bigimde
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incelenmesi, hem akademik literatiire katki saglamakta hem de iireme sagligi politikalarinin
gelistirilmesi agisindan 6nemli veriler sunmaktadir.

Materyal ve Metot

Bu tanimlayict ve kesitsel caligma, Subat-Mart 2026 tarihleri arasinda ¢evrimici bir anket yoluyla
gerceklestirilmistir. Basit rastgele 6rnekleme yontemi ile ilgili tarihler arasinda erisilebilen tiim bireyler
dahil edilmistir. Maksimum ¢esitliligi saglamak amaciyla, ¢alisma toplam 185 bekar birey ile
tamamlanmustir. Hedef popiilasyon, Tiirk¢e okuma-yazma bilen ve en az bir sosyal medya platformu
kullanan 18 yas ve iizeri bireylerden olugsmustur. Caligsma igin etik kurul onay1 alinmistir (Numara:E-
14679147-663.05-1112304). Calisma ayrica Helsinki Bildirgesi ilkelerine uygun olarak yiiriitiilmiistiir.

Dahil edilme kriterleri:

Caligmanin dahil edilme kriterleri sunlardir: (a) bekar olmak (b) Tiirk¢e dilinde yeterlilik (konusma,
okuma ve yazma), (c) 18 yasin iizerinde olma, (d) bir sosyal medya hesabina sahip olma (e) goniillii
katilim

Veri Toplama Araclari

Tanimlayic1 Bilgi Formu: Arastirmacilar tarafindan katilimcilarin demografik (yas, egitim, ¢alisma
durumu vb) bilgilerini sorgulayan 15 soruluk formdur.

Cocuk Sahibi Olma Motivasyonlar1 Olgegi (CSOMO): Guedes ve ark., (2015) tarafindan bireylerin
cocuk sahibi olmaya iliskin gerekgelerini degerlendirmek amaciyla gelistirilmis, Simsek (2017)
tarafindan Tiirk¢eye uyarlanarak gegerlik ve giivenirlik calismasi yapilmis bir lgektir. Olgek, bireylerin
cocuk sahibi olma gerekgelerini degerlendirmek amaciyla gelistirilmis olup olumlu ¢ocuk sahibi olma
motivasyonlari ve olumsuz ¢ocuk sahibi olma motivasyonlari olmak Uzere iki alt boyuttan
olugmaktadir. Olumlu motivasyonlar; ekonomik goriisler, kisisel tatmin ve ¢ift iliskileri gibi ¢ocuk
sahibi olmay1 destekleyen nedenleri kapsarken, olumsuz motivasyonlar; evlilik stresi, finansal
problemler ve sosyal/ekolojik endiseler gibi ¢ocuk sahibi olmaya yonelik olumsuz gerekgeleri
icermektedir. Olgek toplam 35 maddeden olusmakta ve 5°li Likert tipi derecelendirme sistemi ile
yanitlanmaktadir. Maddeler 1=Hic ile 5=Tamamen arasinda puanlanmaktadir. Olgekte olumlu
motivasyonlar alt boyutunda 22 madde, olumsuz motivasyonlar alt boyutunda ise 13 madde yer
almaktadir. Olumlu motivasyonlar alt boyutundan alinan yiiksek puan, bireyin ¢ocuk sahibi olmaya
iligkin olumlu gerekgelerini daha giiclii benimsedigini; olumsuz motivasyonlar alt boyutundan alinan
yliksek puan ise cocuk sahibi olmaya iliskin olumsuz gerekgelerinin daha belirgin oldugunu
gostermektedir. Olgegin Cronbach alfa katsayis1 0.91 olarak hesaplanmistir. Bu calismada 6lgegin i¢
tutarlilik katsayis1 Cronbach alfa ile degerlendirilmis ve 0=0.91 olarak bulunmustur. Bu deger, 6l¢egin
i¢ tutarliliginin sinirda kabul edilebilir diizeyde oldugunu gostermektedir.

Verilerin Analizi

Arastirma verileri SPSS (22.0) paket programi ile analiz edildi. Tamimlayici analizlerde nicel
degiskenler ortalamatstandart sapma ve minimum-maksimum degerlerle, kategorik degiskenler ise
say1 ve yiizde ile sunuldu. Siirekli degiskenlerin normal dagilima uygunlugu Kolmogorov-Smirnov testi
ile degerlendirildi. Normal dagilim gosteren degiskenlerde iki grup karsilagtirmalarinda bagimsiz
orneklem t testi, ii¢ ve daha fazla grup karsilastirmalarinda tek yonlii varyans analizi kullanildi. Siirekli
degiskenler arasindaki iliskiler Pearson korelasyon analizi ile incelendi. Olgeklerin i¢ tutarlilig
Cronbach alfa katsayis1 ile degerlendirildi. Gelecekte c¢ocuk sahibi olmayr isteme durumunun
yordayicilarini belirlemek amacriyla ikili lojistik regresyon analizi yapildi. Tiim analizlerde anlamlilik
diizeyi p<0.05 olarak kabul edildi.
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Katilimcilarin sosyodemografik 6zellikleri ile cocuk sahibi olma niyetlerine iliskin bulgular Tablo 1’de
sunulmustur. Katilimeilarin yas ortalamasi 20.00+1.74 olup yaslar 18 ile 26 arasinda degismektedir.
Cogunlugunu kadinlar (%79.5), iniversite ve lizeri egitim diizeyine sahip bireyler (%91.4) ve 6grenciler
(%84.9) olusturmaktadir. Gelir diizeyi agisindan en yiiksek oran orta gelir grubunda (%53.5) yer

almaktadir.

Tablo 1. Katihmcilarin sosyodemografik ézellikleri ve cocuk sahibi olmaya iliskin 6zelliklerinin

dagilim
Nicel degiskenler Mean + SD Min-Max
Yas 20£1.74 18-26
Kategorik degiskenler Kategori n %
Cinsiyet Erkek 38 20.5
Kadin 147 79.5
Egitim durumu Lise 16 8.6
Universite ve tizeri 169 91.4
Calisma durumu Caligmiyor 18 9.7
Calistyor 10 54
Ogrenci 157 84.9
Gelir Duzeyi Diisiik 50 27.0
Orta 99 53.5
Y iiksek 3 1.6
Cok diisiik 33 17.8
Yakin gelecekte evlilik Evet 40 21.6
diisiincesi
Hay1r 143 77.3
Gelecekte ¢ocuk sahibi Evet 83 44.9
olmay1 isteme
Hayir 102 55.1
Cocuk sahibi olmak istememenin nedenleri
Ekonomik zorluk Evet 122 65.9
Hayir 63 34.1
Issizlik Evet 24 13.0
Hay1r 161 87.0
Gelecek kaygisi Evet 76 41.1
Hayir 109 58.9
Iklim kaygist Evet 12 6.5
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Hayir 173 93.5
Cocuklar 6zgiirligii kisitlar | Evet 25 13.5

Hayir 160 86.5
Cocuklarin sorumlulugu Evet 58 314
fazladir

Hayir 127 68.6
Kariyer planlar1 Evet 33 17.8

Hay1r 152 82.2
Yeterli ebeveynlik Evet 49 26.5
becerilerine sahip olmama

Hayir 136 73.5

Katilimcilarin  %21.6’s1 yakin gelecekte evlenmeyi diisiindiigiinii, %77.3’1 ise diisiinmedigini
belirtmistir. Gelecekte ¢ocuk sahibi olmayi isteyenlerin orani %44.9, istemeyenlerin orani ise

%S55.1°dir.

Cocuk sahibi olmak istememe nedenleri arasinda en sik ekonomik zorluklar (%65.9) bildirilmistir.
Bunu gelecek kaygisi (%41.1), ¢cocuklarin sorumlulugunun fazla olmasi (%31.4), yeterli ebeveynlik
becerilerine sahip olmama (%26.5), kariyer planlar1 (%17.8), cocuklarin 6zgiirliigii kisitlamasi (%13.5),

issizlik (%13.0) ve iklim kaygisi (%6.5) izlemektedir.

Tablo 2. Katihmeilarin baz1 ozelliklerine gore CSOMO puanlari ortalamalarinin dagilimi

Kategorik Kategori n % csomMO Testvep
degiskenler x+SD
Cinsiyet Erkek 38 20.5 94.89+24.56 t=1.315
p=.190
Kadin 147 79.5 89.37+22.71
Egitim durumu Lise 16 8.6 95.25+17.85 t=0.858
p=.392
Universite ve lizeri 169 914 90.05+23.57
Calisma durumu Calismiyor 18 9.7 84.89+£20.99 F=0.786
p=.457
Calistyor 10 5.4 95.60+£23.32
Ogrenci 157 84.9 90.82+23.38
Gelir Dizeyi Diisiik 50 27.0 92.88+23.60 F=0.543
p=.653
Orta 99 53.5 90.77+22.76
Yuksek 3 1.6 87.67+15.01
Cok diisiik 33 17.8 86.36+24.46
Yakin gelecekte Evet 40 21.6 94.20+23.32 t=1.067
evlilik diislincesi p=.287
Hayir 143 77.3 89.78+23.08
Gelecekte ¢ocuk Evet 83 44.9 92.43+24.85 t=1.574
sahibi olmayi isteme p=.117
Hayir 102 55.1 88.93+21.65
Cocuk sahibi olmak istememenin nedenleri*
Ekonomik zorluk | Evet | 63 34.1 94.11+22.12 | t=-1.530
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p=.128
Hayir 122 65.9 88.64+23.52
Issizlik Evet 24 13.0 94.88+20.71 t=-0.992
p=.322
Hayir 161 87.0 89.85+23.47
Gelecek kaygisi Evet 76 41.1 92.30+23.34 t=-0.883
p=.378
Hayir 109 58.9 89.25+23.02
Iklim kaygist Evet 12 6.5 84.83+12.35 t=0.877
p=.382
Hayir 173 935 90.90+23.68
Gocuklar dzgirlugi Evet 25 13.5 83.12+17.26 t=1.725
kisitlar p=.086
Hayir 160 86.5 91.66+23.76
Cocuklarmn Evet 58 314 83.91+21.34 t=2.660
sorumlulugu fazladir p=.008
Hayir 127 68.6 93.51+23.38
Kariyer planlar1 Evet 33 17.8 78.03+23.46 t=3.520
p<.001
Hayir 152 82.2 93.21+22.24
Yeterli ebeveynlik Evet 49 26.5 85.18+20.31 t=1.890
becerilerine sahip p=.060
olmama Hayir 136 735 92.42+23.85

Katilimcilarin sosyodemografik 6zellikleri, cocuk sahibi olmaya iliskin goriigleri ve ¢ocuk sahibi olmak
istememe nedenlerine gére CSOMO puan ortalamalar1 Tablo 2’de sunulmustur. Analiz sonucunda
CSOMO puan ortalamalarinin cinsiyet, egitim durumu, ¢alisma durumu, gelir diizeyi, yakin gelecekte
evlilik diisiincesi ve gelecekte ¢ocuk sahibi olmay1 isteme durumuna gore istatistiksel olarak anlamli
farklilik gostermedigi belirlenmistir (p>0.05). Benzer sekilde ekonomik zorluk, issizlik, gelecek
kaygisi, iklim kaygisi ve ¢ocuklarin ozgiirliigii kisitladigi diisiincesine gore de CSOMO puan
ortalamalar1 arasinda anlamli fark saptanmamistir (p>0.05).

Buna karsin, cocuklarin sorumlulugunun fazla oldugunu diisiinen katilimcilarim CSOMO puan
ortalamasinin, bu goriise katilmayanlara gore anlamli diizeyde daha diisiik oldugu bulunmustur
(83.91+21.34°¢ kars1 93.51+23.38; t=2.660, p=0.008). Ayrica kariyer planlarini ¢ocuk sahibi olmama
nedeni olarak belirten katilimcilarin CSOMO puan ortalamast da bu nedeni belirtmeyenlere gore
anlamli diizeyde daha diisiiktiir (78.03+23.46’ya karst 93.21+22.24; t=3.520, p<0.001). Yeterli
ebeveynlik becerilerine sahip olmama degiskeninde ise fark sinirda anlamli bulunmustur (p=0.060).

Tablo 3. Yas, olumlu motivasyonlar, olumsuz motivasyonlar ve CSOMO toplam puani arasindaki
korelasyonlar

Degiskenler 1 2 3 4
1. Yas —

2. Olumlu Motivasyonlar Alt Boyutu -.098 —

3. Olumsuz Motivasyonlar Alt Boyutu .013 -.153* —

4. CSOMO Toplam Puan -.082 828*** AT —

Not: Degerler Pearson korelasyon katsayisini (r) gdstermektedir. *p < .05, ***p < .001.

Yas ile olumlu motivasyonlar alt boyutu, olumsuz motivasyonlar alt boyutu ve CSOMO toplam puani
arasinda istatistiksel olarak anlamli bir iligki saptanmamustir (p > .05). Olumlu motivasyonlar alt boyutu
ile olumsuz motivasyonlar alt boyutu arasinda zayif diizeyde, negatif yonlii ve istatistiksel olarak
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anlamli bir iliski belirlenmistir (r = -.153, p= .037). Buna gore olumlu c¢ocuk sahibi olma
motivasyonlart arttik¢a, olumsuz ¢ocuk sahibi olma motivasyonlarinin azalma egiliminde oldugu
soylenebilir. Ayrica olumlu motivasyonlar alt boyutu ile CSOMO toplam puani arasinda giiclii diizeyde

pozitif yonli (r = .828, p <.001), olumsuz motivasyonlar alt boyutu ile CSOMO toplam puani arasinda

ise orta diizeyde pozitif yonlu (r = .427, p <.001) anlamli iliski bulunmustur.

Tablo 4. Katihmeilarin cocuk sahibi olmay1 isteme durumunu etkileyen faktorlere iliskin ikili
lojistik regresyon analizi

Degisken B OR p
Olumlu motivasyonlar alt boyutu 0.025 1.026 .004
Olumsuz motivasyonlar alt boyutu -0.049 0.953 <.001

Not: Model genel olarak anlamli bulunmustur (Ay? = 38.726, p < .001; Nagelkerke R? = 0.255). Diger
degiskenler istatistiksel olarak anlamli degildir (p > .05).

Katilimcilarin ¢ocuk sahibi olmayi isteme durumunu etkileyen faktorleri belirlemek amaciyla yapilan
ikili lojistik regresyon analizi sonucunda kurulan modelin genel olarak anlamli oldugu saptanmigtir
(Ax*=38.726, p<.001). Modelin agiklayicilik diizeyi Nagelkerke R*’ye gore %25.5’tir. Analizde, olumlu
motivasyonlar alt boyutu toplam puaninin ¢ocuk sahibi olmay1 isteme olasiligini anlamli diizeyde
artirdig1 belirlenmistir (OR=1.026, p=.004). Buna gore olumlu motivasyon puanindaki her 1 puanlik
artis, cocuk sahibi olmay1 isteme olasiligini yaklasik %2.6 artirmaktadir. Buna karsilik, olumsuz
motivasyonlar alt boyutu toplam puaninin ¢ocuk sahibi olmay1 isteme olasiligini anlamli diizeyde
azalttig1 bulunmustur (OR=0.953, p<.001). Olumsuz motivasyon puanindaki her 1 puanlik artig, gocuk
sahibi olmay1 isteme olasiliginda yaklasik %4.7 azalma ile iligkilidir.

Yakin gelecekte evlenmeyi diislinme durumu, cinsiyet, egitim durumu, ¢alisma durumu, gelir diizeyi
ve yas degiskenlerinin ¢ocuk sahibi olmay1 isteme durumu iizerinde istatistiksel olarak anlamli etkisinin
olmadigi belirlenmistir (p>.05).

Sonug ve Oneriler

Bu calismada, bekar geng bireylerde g¢ocuk sahibi olma motivasyonu ve etkileyen faktorler
incelenmistir. Elde edilen bulgular, katilimcilarin yarisindan fazlasinin gelecekte ¢ocuk sahibi olmay1
istemedigini ve bu durumun en ¢ok ekonomik zorluklar, gelecek kaygisi ve ¢ocuk bakimina iligkin
sorumluluk algisi ile iligkili oldugunu gostermektedir.

Arastirmada sosyodemografik degiskenlerin ¢ocuk sahibi olma motivasyonu {izerinde anlamli bir
etkisinin bulunmamasi, bu kararin daha ¢ok bireylerin algilari, tutumlari ve psikolojik degerlendirmeleri
ile sekillendigini diisiindiirmektedir. Ozellikle cocuk sahibi olmanin yiiksek sorumluluk gerektirdigi
algis1 ve kariyer planlarmin dnceliklendirilmesi, motivasyonu azaltan dnemli faktorler olarak one
cikmustir.

Ayrica, olumlu ¢ocuk sahibi olma motivasyonlarmin artmasinin ¢ocuk sahibi olma istegini artirdigi,
olumsuz motivasyonlarin ise bu istegi azalttigi belirlenmistir. Bu durum, dogurganlik niyetlerinin
yalmzca digsal kosullarla degil, bireylerin i¢sel degerlendirmeleri ve algilariyla da yakindan iligkili
oldugunu ortaya koymaktadir.

Oneriler

¢ Geng bireylerde ¢ocuk sahibi olmaya iliskin olumlu algilar giiclendirmeye yonelik psikoegitim
programlar gelistirilmelidir.

e Ureme saghg ve dogurganlik farkindaligini artirmaya yonelik egitimler 6zellikle iiniversite
diizeyinde yayginlastiriimalidir.
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o Ekonomik kaygilarin ¢ocuk sahibi olma kararlari iizerindeki etkisini azaltmak amaciyla
genclere yonelik sosyal destek ve aile politikalar1 giiclendirilmelidir.

e Kariyer ve ebeveynlik rollerinin dengelenmesini destekleyen esnek ¢alisma modelleri ve sosyal
politikalar gelistirilmelidir.

o Gelecek kaygisi ve ebeveynlik yeterliligi algisini azaltmaya yonelik danigmanlik ve rehberlik
hizmetleri sunulmalidir.

o [llerleyen calismalarda daha genis ve farkli sosyodemografik gruplarla arastirmalar yapilarak
bulgularin genellenebilirligi artirilmalidir.

e Nitel arastirmalar ile geng bireylerin ¢ocuk sahibi olma konusundaki derinlemesine algi ve
deneyimleri incelenmelidir.
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ABSTRACT

Forest bathing, which is considered a component of a healthy lifestyle in Japan, has gradually spread
worldwide and gained acceptance. However, for a long time, it did not receive sufficient attention in
many parts of the world and was not fully understood. Today, the positive effects of forest therapy on
public health have been demonstrated, and the number of studies on this topic is steadily increasing.
The importance of nature and forest therapy is growing due to its ability to support both physical and
mental health, as well as its stress- and anxiety-reducing effects.

In Europe and the United States, forest therapy practices are attracting attention in terms of public health
and well-being; in Germany, Heringsdorf therapy walks are conducted under the guidance of therapists,
while in the United States, programs such as ParkRx Day integrate nature-based health approaches into
daily life. In Turkiye, examples from Europe and the United States can serve as useful models. The
forested areas along the Black Sea coastline also hold similar potential.

Therapeutic Forest Park projects carried out in the Artvin and Marmara regions aim to explore the
therapeutic potential of forests and natural areas and highlight their value for public health. These
initiatives demonstrate that natural environments not only offer visual aesthetic benefits but also serve
as valuable resources that support public health.

Keywords: Public health, Nature-based health, Forest therapy

Introduction

Shinrin-yoku, known as “forest bathing,” is a practice recognized in Japan as a component of a healthy
lifestyle. This approach has subsequently spread and been adopted in many parts of the world (Ergtiven,
2019). Forest bathing is a traditional practice that involves visiting forests and breathing in the forest
air. The positive contributions of forests to public health are based on scientific evidence; however, the
therapeutic and healing aspects of forests were largely overlooked for a long time (Kur- und Heilwald
Heringsdorf, 2026). Today, there is a growing body of research worldwide demonstrating the beneficial
effects of forests and natural environments on health (Antonelli, Barbieri, & Donelli, 2019).

Due to its positive effects on physical and mental well-being, forest therapy is gaining increasing
attention in Europe as a means of supporting public health and well-being. Moreover, a comprehensive
body of research, predominantly conducted in Asian countries, indicates that nature-based practices
such as walking, observation, and mindfulness in natural environments can produce beneficial
therapeutic effects on hypertension as well as mental health problems such as stress, depression, and
anxiety. These practices may reduce stress in the short term and lead to changes in cortisol levels
(Antonelli, Barbieri, & Donelli, 2019; Stier-Jarmer et al., 2021). However, research in this field is still
insufficient, and more comprehensive scientific studies are needed.

Materials and Methods

The study was conducted based on a literature review and comparative analysis of forest therapy
practices in Japan, Europe, the United States, and Turkiye. Data were collected from the Web of Science
(WOS), TR Dizin, and official websites, focusing on forest bathing, therapeutic forest parks, and nature-
based health interventions. Articles examining the physiological and psychological effects of forest
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therapy were reviewed. Programs such as ParkRx Day in the United States and Heringsdorfer therapy

walks in Germany were also analyzed. Additionally, the potential for implementing forest therapy in

Turkiye was assessed using data from the Terapi Orman Parki project in Camili Valley and ongoing

studies in the Marmara region.

Findings

v Healthy Parks, Healthy People
In the United States, parks and natural areas play a central role within the National Park Service’s health
promotion programs. A vision and objective have been established to utilize both urban and natural
park spaces to support individuals’ mental, physical, and emotional health, as well as their social well-
being. In line with this approach, nature- and outdoor-based activities are presented as an alternative
lifestyle option for American citizens (Kondo, Oyekanmi, Gibson, South, Bocarro, & Hipp, 2020;
National Park Service, 2024).

v' ParkRx Day
ParkRx Day is celebrated as a special day encouraging people to go outdoors and experience the healing
power of parks and nature. Healthcare providers direct their patients to natural areas and parks to support
their health. Various activities are organized in natural settings under the guidance of park staff and
healthcare professionals, promoting public health (National Park Service, 2024).

v" Heringsdorfer Therapy Walks

Heringsdorfer, opened in 2017, is Europe’s first spa and therapeutic forest. Visitors of all ages can
participate in activities such as therapy walks, exercise sessions, and moonlight walks offered free of
charge. The combination of oxygen-rich forest air and salty sea breeze can provide beneficial effects
on cardiovascular and respiratory conditions. During therapist-guided walks, simple exercises tailored
to the individual help participants make more effective use of the forest environment. This approach
supports the immune system, enhances metabolism, and promotes inner calm (Kur- und Heilwald
Heringsdorf, 2026).

Figure 1. Heringsdorf spa and healing forest (MV Tourismus GmbH)
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v Forest Therapy in Turkiye

In Tirkiye, forested areas along the Black Sea coast hold significant potential for forest therapy. As
seen in Germany and other global examples, local guides and experts trained under university
supervision can lead such initiatives. These applications not only contribute to public health but also
support regional development (Ergiiven, 2019). The Terapi Orman Parki project in Camili Valley,
covering 30 hectares, emphasizes the calming effects of the forest (Orman Genel Midiirliigii, 2023).
Additionally, studies on the therapeutic potential of forests in the Marmara region are being conducted
by the General Directorate of Forestry.

Figure 2. Forest therapy establishment area in Artvin

Table 1. Forest Therapy Programs and Their Benefits in Different Countries/Regions

Country /

Region Program / Application Benefits

USA ParkRx Day Stress reduction, immune support, improved physical and
mental health

Germany Heringsdorfer Therapy Walks _Improved cardiovascular and respiratory health, increased
inner peace

Turkey (Black  Therapy Forest Park , Camili Calming effect, contribution to public health, support for

Sea) Valley regional development

Turkey Forest therapy studies Assessment of the therapeutic potential of forests

(Marmara)

Discussion

Examples from the United States and Europe demonstrate that the structured use of natural areas
provides significant benefits for physical, mental, and social well-being. Guided interactions with
nature, combined with simple exercises and mindfulness practices, can strengthen the immune system,
reduce stress, and improve cardiovascular and respiratory health. In this regard, programs such as
ParkRx Day and Heringsdorfer therapy walks can be considered good examples. Adapting these
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practices to Turkiye, particularly in the Black Sea and Marmara regions, offers advantages for both
public health and regional development. For the successful implementation and broad acceptance of
such programs, the following points should be considered:

Training qualified personnel,

Conducting scientific monitoring to evaluate the program and its framework,
Collaborating with universities and local authorities,

Integrating the local cultural context and community participation,

Ensuring the sustainability of forest therapy initiatives.

Conclusion and Recommendations
Conclusion:

Practices in Europe and the United States demonstrate that natural areas are no longer viewed merely
as scenic environments but as important resources that support public health.

Recommendations:

e Areas in Tirkiye with forest therapy potential should be effectively utilized to enhance both
public health and tourism benefits.

e Short-term pilot forest therapy programs can be implemented in selected regions to evaluate
their health impacts.

e Training programs can be developed to certify guides who will lead forest therapy practices.
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ABSTRACT

Purpose: We aimed to present two central serous chorioretinopathy (CSCR) cases that developed after
COVID-19.

Materials and Methods: Case 1, A 41-year-old man complained of blurred vision and seeing objects
darker in his right eye since about 3 weeks. His history revealed that he had been diagnosed with
COVID-19 32 days ago. Case 2, A 35-year-old man complained of blurred and dark vision and of seeing
distorted objects from his left eye since about 4 weeks. His history revealed a diagnosis of COVID-19
40 days ago. Both patients underwent comprehensive anterior and posterior segment examinations,
including assessments of best corrected visual acuity, and optical coherence tomography (OCT) scans.

Results: Case 1, serous retinal detachment was observed in the fovea centre in the left eye. On spectral
domain enhanced depth imaging optical coherence tomography scan (EDI-OCT), hyper-reflective dots
were detected in the ganglion cell layer, inner plexiform and inner nuclear layers in the right eye; while
hyper-reflective dots were detected in all layers of the retina with increased sub-foveal choroidal
thickness, subretinal fluid and retinal pigment epithelial detachment in the left eye. Case 2, serous
retinal detachment was observed in the fovea centralis of the left eye. On EDI-OCT, hyper-reflective
dots were detected in the ganglion cell layer, inner plexiform, inner nuclear and outer plexiform layers
in the right eye; while hyper-reflective dots were detected in all layers of the retina with increased sub-
foveal choroidal thickness, subretinal fluid and retinal pigment epithelial detachment in the left eye.

Conclusions: Coexistence of COVID-19 and CSCR, both of which are thought to have autonomic
dysfunction, may explain the CSCR we detected in 2 patients with COVID-19 in our study.

Keywords Central serous chorioretinopathy, COVID-19, autonomic dysfunction

Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that causes coronavirus disease
(COVID-19) has been spread worldwide and was declared a pandemic by the World Health
Organization (Epidemiology Unit, 2020; WHO, 2020). COVID-19 is thought to be transmitted mainly
through droplets in the environment as a result of contact with infected patients (Fan et al., 2020; Van
Doremalen et al., 2020). It has been reported that COVID-19, caused by SARS-CoV-2, which infects
host cells using renin-Angiotensin-Converting Enzyme-2 (ACE2) receptors expressed in many tissues,
causes endothelial cell inflammation and dysfunction, causing tissue hypoperfusion and thrombosis
(Becker, 2020; Carnevale, Beretta and Morbini, 2020; Casagrande et al., 2020a; Varga et al., 2020).
The presence of the ACE2 receptor has been reported in many ocular tissues, including choroid and
retinal vascular endothelial cells (Choudhary et al., 2017).

Central serous chorioretinopathy (CSCR), with central vision loss and central scotoma, is a disease that
is characterized by serous neuroretinal detachment due to subretinal fluid accumulation and involves
the macular region, and its pathogenesis is not fully understood. In CSCR, factors such as endogenous
or exogenous corticosteroids, increased sympathetic activity and stress are blamed in the etiology, and
vascular factors are reported to be prominent in pathogenesis (Gelber and Schatz, 1987; Bouzas,
Karadimas and Pournaras, 2002; Michael et al., 2003; Tewari et al., 2006). Dysfunction of the retinal
pigment epithelium (RPE) and hyperpermeability of the vessels of the choroid are blamed in CSCR,
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which is a pachycoroid disease. In the disease, due to the dysfunction of choroidal capillaries and the
compensatory mechanism that develops after ischemia, excessive permeability in the vascular structures
causes leakage between vascular structures and subretinal fluid accumulation (Baran, Gurlu and Esgin,
2005; Imamura et al., 2009; Cheung et al., 2019).

Retinal changes such as hyperreflective lesions, cotton wool spots and microhemorrhage have been
described in association with COVID-19 (Marinho et al., 2020a). However, to our knowledge, this
study is the first CSCR report reported after COVID-19.

Materials and Methods

Case 1, A 41-year-old man complained of blurred vision and seeing objects darker in his right eye since
about 3 weeks. His history revealed that he had been diagnosed with COVID-19 32 days ago. Case 2,
A 35-year-old man complained of blurred and dark vision and of seeing distorted objects from his left
eye since about 4 weeks. His history revealed a diagnosis of COVID-19 40 days ago. Both patients
underwent comprehensive anterior and posterior segment examinations, including assessments of best
corrected visual acuity, and optical coherence tomography (OCT) scans.

Results:

Case 1: A 41-year-old man complained of blurred vision and seeing objects darker in his right eye since
about 3 weeks. His history revealed that he had been diagnosed with COVID-19, through reverse
transcriptase-polymerase chain reaction analysis, 32 days ago. On examination, the best corrected visual
acuity was 20/20 and 20/40 in the right and left eye, respectively. Both anterior segments were
unremarkable. Intraocular pressure in both eyes was 14 mmHg. While the right eye was unremarkable
in fundus examination, serous retinal detachment was observed in the fovea centre in the left eye. On
spectral domain enhanced depth imaging optical coherence tomography scan (Heidelberg Engineering,
Inc., Heidelberg, Germany), hyper-reflective dots were detected in the ganglion cell layer, inner
plexiform and inner nuclear layers in the right eye; while hyper-reflective dots were detected in all
layers of the retina with increased sub-foveal choroidal thickness, subretinal fluid and retinal pigment
epithelial detachment in the left eye. (Fig. 1a, b).

Figure 1. Optical coherence tomography image from patient 1. Hyper-reflective dots were detected
in the ganglion cell layer, inner plexiform and inner nuclear layers in the right eye (red arrows) (1a),,
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while hyper-reflective dots were detected in all layers of the retina (red arrows) with increased sub-

foveal choroidal thickness, subretinal fluid (blue star) and retinal pigment epithelial detachment (green
arrow) in the left eye (1b).

Case 2: A 35-year-old man complained of blurred and dark vision and of seeing distorted objects from
his left eye since about 4 weeks. His history revealed a diagnosis of COVID-19 by reverse transcriptase-
polymerase chain reaction analysis, 40 days ago. On examination, the best corrected visual acuity was
20/20 and 20/50 in the right and left eye, respectively. Both anterior segments were unremarkable.
Intraocular pressure was 16 mmHg in both eyes. While the fundus examination of the right eye revealed
no abnormalities, serous retinal detachment was observed in the fovea centralis of the left eye. On
enhanced depth imaging optical coherence tomography, hyper-reflective dots were detected in the
ganglion cell layer, inner plexiform, inner nuclear and outer plexiform layers in the right eye; while
hyper-reflective dots were detected in all layers of the retina with increased sub-foveal choroidal
thickness, subretinal fluid and retinal pigment epithelial detachment in the left eye. (Figure 2a,b)

Figure 2. Optical coherence tomography image from patient 2. Hyper-reflective dots were detected
in the ganglion cell layer, inner plexiform, inner nuclear and outer plexiform layers in the right eye (red
arrows) (2a), while hyper-reflective dots were detected in all layers of the retina (red arrows) with
increased sub-foveal choroidal thickness, subretinal fluid (blue star) and retinal pigment epithelial
detachment (green arrow) in the left eye (2b).

Both patients were diagnosed with CSCR associated with COVID-19. Thereafter, the patients were
scheduled for follow-up visits at the retina unit of our clinic.

Discussion

Although, ocular symptoms seen in COVID 19 patients have mostly been reported as anterior segment
disorders such as conjunctival congestion and conjunctivitis, studies have reported that viral RNA was
detected in retina and corneal biopsies of COVID-19 patients. (Casagrande et al., 2020b; Sawant et al.,
2020; Xia et al., 2020) Angiotensin-Converting Enzyme-2, the cellular receptor of SARS-CoV-2, has
been reported to exist in ocular tissues such as the retina. (Casagrande et al., 2020a) Additionally,
experimental studies have reported that the virus can cause retinitis, while clinical studies have shown
the presence of fine cotton-wool stains and micro-haemorrhages in the retina.(Wang et al., 2000;
Marinho et al., 2020b) It has been reported that hypercoagulation, which occurs due to the
hyperinflammatory response caused by SARS-CoV-2, causes retinal vascular occlusion and
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ophthalmoplegia, and that ophthalmoparesis may also be observed in these patients.(Acharya et al.,

2020; Panigada et al., 2020; Sheth et al., 2020).

Autonomic (sympathetic and parasympathetic) disorders such as orthostatic intolerance, postural
tachycardia and episodic hyperadrenergic fluctuations have been reported in COVID-19
patients.(Miglis et al., 2020) In addition, autonomic dysfunction has been reported in up to 50% of
patients after SARS.(Lo et al., 2005) Similarly, abnormal choroidal blood flow secondary to autonomic
nervous system dysfunction has been reported in patients with CSCR.(Tewari et al., 2006) According
to the results of these studies, the existence of autonomic dysfunction in both CSCR and COVID-19
patients may explain the CSCR we detected in 2 patients with COVID-19 in our study.

In our study, hyper-reflective lesions were detected in the ganglion cell layer, inner plexiform and inner
nuclear layers of the eyes of the patients. Similarly, in a study examining COVID-19 patients with
normal visual acuity, hyper-reflective lesions in the ganglion cells and inner plexiform layers in both
eyes of all patients were reported.(Marinho et al., 2020c)

In conclusion, the CSCR we detected in 2 patients in the early period after COVID-19 may have been
due to the autonomic dysfunction that may develop due to the disease. Therefore, this study may be
important in terms of its potential to contribute to a better understanding of the systemic effects of
COVID-19.
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ABSTRACT

Objective: Sarcopenia is a skeletal muscle disorder associated with aging and characterized by a
progressive decline in muscle mass, muscle strength, and physical performance, representing a
significant public health concern. Increasing evidence suggests that structural and functional alterations
occurring at the neuromuscular junction (NMJ) contribute substantially to the pathogenesis of
sarcopenia. The aim of this review is to evaluate serum biomarkers that may reflect NMJ integrity and
to particularly assess the potential diagnostic relevance of the C-terminal agrin fragment (CAF) in
relation to sarcopenia.

Methods: This review evaluated recent literature concerning sarcopenia, the neuromuscular junction,
and related biomarkers. A comprehensive search of the PubMed database was conducted using the
keywords “sarcopenia,” ‘“neuromuscular junction,” “agrin,” “C-terminal agrin fragment,” and
“biomarkers.” The retrieved studies were analyzed with respect to their findings on NMJ function and
their association with muscle loss.

Results: The neuromuscular junction plays a critical role in maintaining muscle function by enabling
synaptic communication between motor neurons and muscle fibers. Age-related alterations in this
structure have been reported to contribute to reductions in both muscle mass and strength. Neurotrophic
factors and synaptic regulatory proteins are essential for preserving NMJ stability. Molecules such as
brain-derived neurotrophic factor (BDNF), calcitonin gene-related peptide (CGRP), and growth-
associated protein-43 (GAP-43) have been implicated in these processes. In addition, proteolytic
cleavage of agrin by the enzyme neurotrypsin produces the C-terminal agrin fragment (CAF), which
can be detected in circulation. Elevated serum levels of CAF have been reported in individuals with
sarcopenia, suggesting that this fragment may reflect NMJ degeneration and muscle deterioration.

Conclusion: Current evidence indicates that biomarkers associated with the neuromuscular junction
may contribute to a better understanding of the biological mechanisms underlying sarcopenia. In
particular, molecules related to NMJ integrity—especially CAF—may serve as promising biomarkers
for the early detection of sarcopenia and for monitoring muscle loss. However, further large-scale and
prospective studies are required to clarify their clinical applicability.

Keywords: Sarcopenia, neuromuscular junction, agrin, C-terminal agrin fragment (CAF), biomarkers.

Introduction

Sarcopenia is an age-related skeletal muscle disorder characterized by the progressive loss of muscle
mass, strength, and physical performance, and it is increasingly recognized as a major contributor to
frailty, disability, and mortality in older adults (Cui et al., 2025; Kupriyanova et al., 2025). Recent
advances in the understanding of sarcopenia have shifted the focus from purely muscular mechanisms
to include neural components, particularly the role of the neuromuscular junction (NMJ) in disease
onset and progression (Pratt et al., 2020; Liu et al., 2025).

The NMJ is a specialized synapse that enables communication between motor neurons and skeletal
muscle fibers. Its structural and functional integrity is essential for maintaining muscle contraction and
motor unit stability. Emerging evidence suggests that NMJ dysfunction is an early and critical event in
sarcopenia, often preceding detectable muscle atrophy and functional decline (Pratt et al., 2020; Cui et
al., 2025). Age-related alterations in NMJ morphology—including synaptic fragmentation, reduced
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acetylcholine receptor density, and impaired synaptic transmission—have been shown to contribute to

motor unit loss and ineffective reinnervation.

Recent studies utilizing electrophysiological and omics-based approaches further support the concept
of neurogenic sarcopenia, highlighting that denervation, impaired neuromuscular signaling, and
disruption of trophic support pathways play a central role in muscle degeneration (Cui et al., 2025;
Kupriyanova et al., 2025). These findings indicate that sarcopenia is not solely a muscle disease but
rather a neuromuscular disorder involving complex interactions between the nervous system and
skeletal muscle.

In parallel with these mechanistic insights, there has been increasing interest in identifying circulating
biomarkers that reflect NMJ integrity. Among these, the C-terminal agrin fragment (CAF), a product of
agrin cleavage by neurotrypsin, has emerged as one of the most promising candidates. CAF is released
into circulation following NMJ degradation and has been shown to correlate with muscle weakness,
reduced physical performance, and sarcopenia severity (Pratt et al., 2021; Qaisar et al., 2024).

Recent clinical and translational studies have demonstrated that CAF levels increase with age and are
associated with impaired muscle health across different populations. Moreover, CAF has been shown
to respond to interventions such as exercise and rehabilitation, suggesting its potential utility not only
as a diagnostic biomarker but also as a tool for monitoring therapeutic outcomes (Soendenbroe et al.,
2025). In addition, elevated CAF levels have been observed in neurodegenerative conditions such as
Parkinson’s and Alzheimer’s diseases, further supporting its role as a marker of neuromuscular integrity
(Karim et al., 2022).

Beyond CAF, other NMJ-related biomarkers, including neurofilament light chain (NfL), brain-derived
neurotrophic factor (BDNF), and glial cell line-derived neurotrophic factor (GDNF), have been
investigated for their potential role in reflecting neuromuscular health. These biomarkers provide
complementary information regarding axonal integrity, synaptic stability, and neurotrophic signaling,
reinforcing the concept that sarcopenia involves a complex network of neuro-muscular interactions
(Karim et al., 2022; Liu et al., 2025).

Materials and Methods

This study was conducted as a narrative review to synthesize current knowledge regarding
neuromuscular junction dysfunction and serum biomarkers in sarcopenia.

A comprehensive literature search was performed using PubMed and related databases. The search
strategy included combinations of the following keywords: “sarcopenia,” “neuromuscular junction,”
“agrin,” “C-terminal agrin fragment,” “CAF,” “biomarkers,” and “denervation.”

Inclusion criteria were:
e Studies investigating NMJ structure or function in aging or sarcopenia
o Studies evaluating circulating biomarkers related to NMJ integrity
¢ Clinical, experimental, and review articles
Exclusion criteria included:
e Irrelevant studies not addressing NMJ or sarcopenia
e Non-English publications without accessible data

Both original research articles and review studies were included to provide a comprehensive overview.
Special emphasis was placed on studies investigating CAF and multi-marker approaches.




INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS

Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/ ISARC Academy

Findings and Discussion
1. Neuromuscular Junction Dysfunction in Sarcopenia

The NMJ plays a central role in maintaining skeletal muscle function. Age-related degeneration of this
synapse is now recognized as a key contributor to sarcopenia.

Morphological changes include fragmentation of postsynaptic structures, reduced acetylcholine
receptor density, and degeneration of presynaptic terminals. These structural alterations result in
impaired synaptic transmission and reduced muscle activation (Pratt et al., 2020). Denervation of
muscle fibers is a hallmark of NMJ dysfunction. Although compensatory reinnervation occurs through
collateral sprouting, this process becomes less efficient with aging. Consequently, muscle fibers
undergo atrophy and eventual loss.

Electrophysiological studies demonstrate increased neuromuscular transmission instability and reduced
motor unit numbers, suggesting that NMJ dysfunction precedes measurable muscle loss (Cui et al.,
2025).

2. Molecular Mechanisms of NMJ Degeneration

NMJ stability is regulated by a complex interplay of neurotrophic factors, synaptic proteins, and
extracellular matrix components.

Neurotrophic factors such as BDNF and GDNF are essential for synaptic maintenance. Reduced levels
of these molecules have been associated with impaired NMJ integrity and decreased muscle function
(Karim, Igbal, Muhammad, & Qaisar, 2022).

Agrin plays a key role in clustering acetylcholine receptors at the postsynaptic membrane. Its cleavage
by neurotrypsin produces CAF, which serves as an indicator of NMJ degradation (Monti et al., 2021).

Chronic inflammation also contributes to NMJ deterioration. Elevated levels of inflammatory
cytokines, including IL-6 and TNF-a, promote catabolic pathways and exacerbate muscle loss (Liu,
Chen, & Cui, 2025). Additionally, recent omics-based studies highlight the importance of neurogenic
mechanisms, including gene expression changes and epigenetic regulation, in NMJ dysfunction
(Kupriyanova et al., 2025).

3. C-Terminal Agrin Fragment (CAF) as a Biomarker

CAF has emerged as one of the most promising biomarkers of NMJ degradation. The ilSIRENTE study
demonstrated that elevated serum CAF levels are significantly associated with reduced muscle mass
and physical performance in older adults (Landi et al., 2016).

Similarly, the GenoFit study identified CAF as an early biomarker capable of detecting subclinical
sarcopenia before overt functional decline (Pratt et al., 2021). Population-based studies show that CAF
levels increase with age and are inversely correlated with muscle strength and lean mass (Qaisar et al.,
2024).

Moreover, CAF has been shown to reflect NMJ damage in other conditions, such as myasthenia gravis,
supporting its role as a general biomarker of neuromuscular integrity (Yasuda et al., 2017).

4, CAF in Disease States and Clinical Context

CAF levels are elevated in various pathological conditions associated with neuromuscular dysfunction.
In Alzheimer’s disease, CAF concentrations correlate with sarcopenia severity and functional
dependency (Karim et al., 2022). Similarly, in Parkinson’s disease, elevated CAF levels are associated
with reduced muscle strength and physical performance.

Interestingly, interventions such as exercise have been shown to modulate CAF levels, suggesting its
potential utility in monitoring therapeutic responses (Soendenbroe et al., 2025).

5. Other NMJ-Related Biomarkers

In addition to CAF, several biomarkers have been investigated:
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o Neurofilament light chain (NfL): indicator of axonal damage
o BDNF and GDNF: markers of neurotrophic support

o Inflammatory cytokines: IL-6, TNF-a

e Muscle-related proteins: myostatin, GDF-15

Multi-marker approaches have demonstrated improved diagnostic accuracy. The BIOSPHERE study
identified a panel of biomarkers associated with physical frailty and sarcopenia (Calvani et al., 2020).

Another mediator upregulated upon denervation is growth-associated protein 43 (GAP-43), which is
found in almost all neurons during axonal growth and is particularly abundant in axonal growth cones.
GAP-43 is widely expressed in the central nervous system during the perinatal period and its levels
decrease with aging. However, GAP-43 increases following denervation, contributing to the muscle
regeneration process (Yuan et al., 2024).

6. Clinical Implications and Limitations
Serum biomarkers offer several advantages:
e Non-invasive and easily measurable
o Potential for early detection
o Utility in monitoring disease progression
However, limitations include:
e Lack of standardized reference values
e Variability in assay methods
e Influence of comorbid conditions
Therefore, further validation is required before routine clinical implementation.

Conclusion and Recommendations

Taken together, current evidence strongly supports the hypothesis that NMJ disruption is a key driver
of sarcopenia and that circulating biomarkers—particularly CAF—may provide valuable tools for early
diagnosis and disease monitoring. However, despite promising findings, further research is needed to
standardize measurement methods, establish reference ranges, and validate these biomarkers in large-
scale clinical studies.
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Ozet

Radikuiler kist, nekrotik pulpa ile iligkili periapikal inflamasyonun periodontal ligamentte yer alan
Malassez epitel artiklar ilizerinde proliferatif etki olusturmasi sonucunda gelisen ve odontojenik
kistlerin en sik goriilen inflamatuar alt tipini temsil eden patolojik bir olusumdur [1-3,7].

Pediatrik yas grubunda ve 6zellikle daimi dentisyonda goriilme siklig1 daha diisiiktiir; bu nedenle cocuk
hastalarda posterior mandibulada daimi molarlarla iligkili radikiiler kist olgular1 klinik agidan dikkat
cekicidir [4-7,19,20].

Bu makalede sag posterior mandibular bdlgede agr1 sikayeti ile bagvuran 12 yasindaki kiz cocugunda
46 ve 47 numarali daimi dislerin apeksleri ile iligkili radikiiler kistin tan1 ve tedavi siireci, giincel
literatiir esliginde sunulmaktadir.

Radyografik incelemede 46 ve 47 numarali diglerin kdk apekslerini igeren, sinirlar1 belirgin radyoliisent
lezyon saptanmis; {i¢ boyutlu anatomik degerlendirme amaciyla gergeklestirilen konik 1ginli bilgisayarh
tomografi incelemesinde lezyonun sag posterior mandibulada yaklasik 15 x 10 x 6 mm boyutlarinda
oldugu belirlenmistir.

Pedodonti klinigine konsiiltasyonu sonras1 yapilan elektrikli pulpa testinde her iki daimi molarin devital
oldugu gorilmiis; primer enfeksiyon kaynaginin ortadan kaldirilmasi amaciyla 46 ve 47 numarali
dislere endodontik tedavi uygulanmistir.

Endodontik rehabilitasyonu takiben lokal anestezi altinda vestibiiler insizyonla flep kaldirilmis, bukkal
kortikal kemik iizerinden lezyona ulasilarak eniikleasyon gerceklestirilmis ve materyal histopatolojik
incelemeye gonderilmistir.
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Histopatolojik degerlendirme radikiiler kist tanisin1 dogrulamis, postoperatif donemde hastanin
semptomlar1 tamamen gerilemis ve hasta kemik rejenerasyonu ile tedavi edilen dislerin uzun dénem
stabilitesinin izlenmesi amaciyla diizenli kontrole alinmistir.

Bu olgu, cocuk hastalarda daimi dislerde posterior mandibulada yer alan inflamatuar periapikal
lezyonlarda yalnizca cerrahi eksizyonun degil, enfeksiyon kaynagini ortadan kaldiran endodontik
yaklagimin da tedavi basarisinda belirleyici oldugunu gostermekte; ayrica uygun olgu se¢imi ile daimi
dislerin korunmasinin miimkiin oldugunu vurgulamaktadir.

Anahtar kelimeler: Radikdler kist, Mandibula,Cocuk hasta,Entkleasyon

Giris

Radikiiler kist, pulpal nekroz ve buna sekonder gelisen periapikal inflamatuar yanit sonucunda
periodontal ligament i¢cindeki Malassez epitel artiklar1 kaynakli gelisen inflamatuar odontojenik bir kist
olarak tanimlanir ve oral ve maksillofasiyal bolgedeki en yaygin kistik lezyonudur[1,2,7].Patogenezde
intraradikiler enfeksiyon, bakteriyel toksinlerin ve inflamatuar mediyatérlerin periapikal dokulara
yayilmasi, epitel-stroma etkilesimi ve kistik bosluk icindeki ozmotik-hidrostatik basing degisiklikleri
birlikte rol oynar [2,3,9,19].Nair, apikal periodontitisin esas olarak endodontik kokenli mikrobiyal
uyarana bagli oldugunu ve radikiiler kistlerin bu inflamatuar spektrum igerisinde degerlendirilmesi
gerektigini vurgulamistir[2,3].

Radikiiler kistler daimi dentisyonda daha sik gozlenirken, siit dislerinde ve genel olarak ¢ocuk yas
grubunda daha nadir rapor edilmektedir; bu durumun kisa fizyolojik dig émrii, aksesuar kanallar
araciligiyla daha kolay drenaj, lezyonlarin spontan gerileme potansiyeli ve patolojik inceleme igin
yeterince gonderilmemesi gibi nedenlerle iliskili oldugu ileri stirilmektedir [4-6,8,19].Lustmann ve
Shear, 1985 tarihli klasik derlemelerinde siit dislerinden kaynaklanan radikiiler kistlerin nadir olduguna
dikkat ¢ekmis; buna karsin Mass ve arkadaglari, primer molarlarla iliskili radyoliisent lezyonlarin
histopatolojik incelemesinde radikiiler kist oranmnin diisiiniildii§iinden daha yiiksek olabilecegini
gostermistir [4,5].Grundy ve arkadaglarmin pulpa tedavisi uygulanmig siit molarlarla iligkili kistik
lezyonlara dikkat ¢eken ¢aligmasi da, pediatrik hastalarda periapikal radyoliisensilerin rutin olarak
graniilom kabul edilmemesi gerektigini ortaya koymustur [6].

Daha giincel epidemiyolojik veriler de odontojenik ¢ene kistleri i¢inde radikiiler kistin en sik goriilen
tip oldugunu gostermektedir; Du ve arkadaslarinin 1.038 olguluk serisinde radikiiler kistler tiim
odontojenik ¢ene kistlerinin yaklasik %58,96’sin1 olusturmaktadir|[7].

Bununla birlikte pediatrik popiilasyonda goriilen radikiiler kistlerin biiyiik cogunlugu siit mandibular
molarlarla iligkilidir; daimi dentisyonda, 6zellikle ¢ocuk yas grubunda posterior mandibular molarlarla
iligkili olgular daha sinirli sayidadir ve bu nedenle ayirici tani ve tedavi planlamasi ayri bir 6nem tagir
[4,5,8,19,20].

Klinik olarak bu lezyonlar uzun siire asemptomatik seyredebilir ve ¢gogu zaman rutin radyografilerde
tesadiifen saptanir; ancak lezyon hacminin artmasi durumunda agri, kortikal ekspansiyon, sislik, dis
mobilitesi, komsu anatomik yapilarda basi ve siirmekte olan veya siirecek daimi dislerde pozisyon
degisikligi ortaya ¢ikabilir [4,7-9,15,19].

Radyografik olarak tipik goriiniim, ilgili disin apeksinde yer alan, iyi sinirli, gogunlukla unilokiiler
radyoliisent alan seklindedir; enfeksiyonun aktif oldugu durumlarda sklerotik sinirlarin siliklesmesi,
cevre kortikal kemikte incelme ve komsu dis ya da dis germlerinde yer degisikligi izlenebilir
[1,8,11,12].Bu noktada dentigerdz kist, periapikal graniilom ve diger odontojenik radyoliisent
lezyonlarla ayirici tan1 kritik 6nem tasir; ozellikle cocuklarda gelismekte olan daimi dis germinin
radyolisent alan tarafindan ¢evrelenmesi dentiger6z kisti diigiindiirebileceginden, iki boyutlu
goruntileme her zaman yeterli olmayabilir [1,8,12,17].

Konik 1smli bilgisayarli tomografi, lezyonun gergek ii¢ boyutlu uzanimini, kortikal kemik iliskisini,
komsu dislerdeki etkisini ve cerrahi planlamaya esas anatomik ayrintilar ortaya koymasi bakimindan
secilmis olgularda 6nemli iistiinliik saglar [8].
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Tedavi planlamasinda temel amag enfeksiyon kaynaginin ortadan kaldirilmasi, lezyonun histopatolojik

dogrulanmasi, c¢evre sert ve yumusak dokularin korunmasi ve miimkiinse daimi dentisyonun
surdarilmesidir [1,2,9,15].

Kiiciik ve siirli lezyonlarda endodontik tedavi ile birlikte izlem veya gerekli durumlarda entikleasyon
tercih edilebilirken, daha biiyiik ve komsu anatomik yapilar agisindan risk tasiyan kistik olusumlarda
marsupyalizasyon ya da dekompresyon gibi daha konservatif secenekler giindeme gelebilir [3,9,14-16].

Pei ve arkadaglarinin c¢ocuklarda siit disleri ile iliskili radikiiler kistlerde dekompresyonu
degerlendirdikleri retrospektif ¢alismada, lezyonlarin tamaminda boyutsal kiigiilme elde edilmis ve bu
yaklagimin daha az invaziv bir segenek oldugu bildirilmistir [9].

Buna karsilik literatiirde Ramakrishna ve Verma, Gandhi ve Franklin ile Narsapur ve arkadaglar gibi
yazarlar, belirli olgularda total eniikleasyonun tanisal ve terapdtik acidan etkili oldugunu ve uygun
secilmis hastalarda basarili sonuglar verdigini gostermistir [10-12].

Son yillarda Sevekar ve arkadaslari, Talukdar ve arkadaslari, Kajjari ve arkadaglari, Bane ve
arkadaslari, Goswami ve Chauhan ile Deshpande ve arkadaslarinin yayimladigi pediatrik olgu
sunumlari, ¢ocuklarda radikiiler kistlerin nadir olmakla birlikte klinik olarak anlamli morbidite
olusturabildigini ve tedavi kararinin disin restore edilebilirligi, lezyon boyutu, daimi dis germleri ve
cerrahi erisim gibi ¢ok sayida degiskene bagl olarak verilmesi gerektigini ortaya koymustur [13,16-
20].

Bu olgu sunumunun amaci, 12 yasindaki bir gocuk hastada daimi mandibular birinci ve ikinci molarlarla
iligkili radikiiler kistin tani, endodontik rehabilitasyon ve cerrahi yonetim siirecini sunmak; ayrica
mevcut literatiir 15181inda, pediatrik daimi dentisyonda koruyucu ve rasyonel tedavi yaklagimim
tartigmaktir [1-3,8-10,19,20].

Olgu sunumu

On iki yasindaki ¢ocuk hasta, sag posterior mandibular bolgede devam eden agn sikayeti ile klinigimize
bagvurdu ve klinik degerlendirme sonrasi lezyonun dis kaynakli inflamatuar bir periapikal patoloji
olabilecegi diisiiniildii.

[k radyografik incelemede 46 ve 47 numarali daimi mandibular sag birinci ve ikinci molar dislerin
kokleriyle iligkili, sinirlar belirgin bir radyoliisent alan saptandi; bu goriiniim, nekrotik dislerle iligkili
radikiiler kist olasiligini giiclii bicimde diigiindiirdii(Sekil 1).

Lezyonun komsu anatomik yapilarla iliskisini daha net degerlendirmek ve cerrahi yaklagimi planlamak
amaciyla konik 1sinli bilgisayarli tomografi incelemesi yapildi ve sag posterior mandibulada yaklagik
15 x 10 x 6 mm boyutlarinda lezyon izlendi.

Ug boyutlu goriintiileme, lezyonun apikal yerlesimini, bukkal kortikal kemik ile iliskisini ve ilgili
dislerin korunabilirliginin degerlendirilmesini kolaylastirarak tedavi planinin netlestirilmesine katki
sagladi.

Pedodonti bdliimiinden alman konsiiltasyon sonrasinda yapilan elektrikli pulpa testinde 46 ve 47
numarali diglerin devital oldugu belirlendi ve lezyonun primer enfeksiyon kaynaginin bu dislerle iliskili
oldugu kanaatine varildi.

Daimi dislerin korunmasinin miimkiin oldugu disiiniildiigiinden, cerrahi girisimden dnce enfeksiyon
odaginin ortadan kaldirilmas1 amaciyla her iki dise endodontik tedavi baslandi ve tedavi basariyla
tamamlandi(Sekil 2).

Endodontik rehabilitasyonu takiben, lokal anestezi altinda cerrahi asamaya gecildi ve yeterli goriis
saglamak i¢in bukkal vestibiil boyunca yapilan insizyonla flep kaldirilarak isleme baslandi(Sekil 3).

Patolojik bosluga ulasmak amaciyla bukkal kortikal kemik plagi kontrollii sekilde uzaklastirildi ve
lezyon tamamen eniikle edildi(Sekil 4)




INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS
Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/

ISARC Academy

Sekil 2 Lezyonla iliskili diglere endodontik tedavi yapilmasi sonrasindaki periapikal radyografisi

sl

Sekil 3 Vestibiiler insizyonla tam kalinlik flep kaldirilmasi
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Sekil 4 Bukkal kortikal kemikte pencere acilmasi

Cerrahi islem sirasinda elde edilen doku 6rnegi kesin taninin konulabilmesi amaciyla histopatolojik
incelemeye gonderildi; degerlendirme sonucunda radikiiler kist 6n tanis1 dogrulandi.

Postoperatif donemde hastanin agri basta olmak tlizere mevcut klinik semptomlarinin tamamen
geriledigi gdzlendi ve erken iyilesme siireci sorunsuz seyretti.

Hasta, kemik rejenerasyonunun izlenmesi ve endodontik tedavi uygulanmis 46 ve 47 numaral dislerin
uzun dénem prognozunun degerlendirilmesi amaciyla diizenli klinik ve radyografik takibe alindi.

Bu tedavi akisi, cocuk hastada daimi posterior dislerin ¢ekimden korunabildigi, enfeksiyon kaynaginin
once endodontik olarak kontrol altina alindigr ve ardindan cerrahi olarak kesin tan1 ve lezyon
eliminasyonunun saglandigi kombine bir yaklasim olarak seklinde gerceklestirildi.

Tartisma

Radikuler kistler ¢ocuk yas grubunda genel olarak nadir kabul edilmekle birlikte, literatiirdeki birikmis
veriler bu nadirligin kismen tanisal eksiklikten ve histopatolojik dogrulama oranlarinin diigiikligiinden
kaynaklanabilecegini diisiindiirmektedir [4-6].

Lustmann ve Shear’in derlemesinde siit diglerinden gelisen radikiiler kistlerin sinirli sayida rapor
edilmis olmasi, uzun yillar bu lezyonlarin istisnai kabul edilmesine yol agmis; ancak Mass ve
arkadaslarinin histopatolojik serisi, primer molarlarla iliskili radyoltsent lezyonlarda radikdler kistin
beklenenden daha sik saptanabilecegini gostermistir [4,5].

Bu durum, ¢ocuk hastalarda periapikal radyoliisensilerin yalnizca graniilomatdz lezyon olarak
degerlendirilmemesi ve oOzellikle nekrotik dis varliginda kistik patolojinin de g6z Oniinde
bulundurulmasi gerektigini ortaya koymaktadir [1,5,6].

Pediatrik olgularin ¢ogunun siit mandibular molarlarda bildirilmis olmasi nedeniyle[4,7,19,20], bu
olguda oldugu gibi 12 yasindaki bir ¢ocukta daimi mandibular posterior bolgede iki komsu molarin
koklerini ilgilendiren radikiiler kist varlig1 dikkat ¢ekicidir ve klinisyenin yasa bagli ényargilarla taniy1
daraltmamasi gerektigini gostermektedir.

Ramakrishna ve Verma, Gandhi ve Franklin, Narsapur ve arkadaslar ile Sevekar ve arkadaslarinin
olgularinda lezyonlarin ¢ogu siit molarlarla iligkili olup belirgin kemik ekspansiyonu veya dis germi
yer degisikligi ile seyretmistir[ 10-13].; buna karsilik mevcut olguda lezyon daimi ve restoratif olarak
korunabilir iki posterior disle iligkili oldugundan tedavi plami farkli bir koruyucu mantikla
sekillendirilmigtir.
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Bu farklilik, pediatrik radikiiler kistlerin yonetiminde tedavi kararinin yalnizca lezyonun histolojik

tipine degil, ilgili disin dentisyon tipine, restore edilebilirligine ve fonksiyonel degerine de bagh
oldugunu gostermektedir [1,9,16,19].

Ayiricr tani agisindan degerlendirildiginde, cocuk hastalarda gelismekte olan daimi dis germlerinin
periapikal radyoliisent alanla komsulugu dentigerdz kist ile radikiiler kist arasinda tanisal giigliik
yaratabilir ve bu sorun 6zellikle mandibular posterior bélgede daha belirgin hale gelebilir [1,8,12,17].

Mahesh ve arkadaslari, konvansiyonel iki boyutlu goriintiilemenin bazi olgularda lezyonun hangi disle
iligkili oldugunu agik olarak gosteremedigini, konik 1s1nli bilgisayarli tomografinin ise lezyonun apeksle
mi yoksa kronla mi iligkili oldugunu ve kortikal kemikteki etkisini net bi¢imde ortaya koyabildigini
bildirmistir [8].

Sunulan olguda da konik 1s1nl1 bilgisayarli tomografi kullanimi, lezyon boyutunun ve uzaniminin dogru
degerlendirilmesini sagladigi gibi cerrahi erisimin planlanmasi, bukkal kortikal yaklagimin belirlenmesi
ve diglerin korunabilirligine yonelik kararin desteklenmesi acisindan yararli olmustur.

Patogenez bakimindan bu olgu, endodontik enfeksiyon ile periapikal inflamatuar yanit arasindaki
iliskinin klinik bir yansimasidir; pulpal nekroz giderilmeden yalnizca cerrahi eksizyon yapilmasinin
biyolojik kaynagi ortadan kaldirmayacagi diisiiniildiigiinden, oncelikle 46 ve 47 numarali dislerde
endodontik tedavi uygulanmasi rasyonel bir yaklasimdir [2,3].

Nair’in radikdiler kistlerin biyolojisine iliskin degerlendirmeleri, periapikal lezyonlarin bir béliimiiniin
enfeksiyon kontrolil ile gerileyebilecegini, ancak gergek kistik yapinin 6zellikle yerlesik olgularda
cerrahi miidahale gerektirebilecegini gostermektedir[3].

Bu nedenle mevcut olguda tedavi planlamasinin endodontik tedavinin lezyonun biyolojik kaynagini
ortadan kaldirmayi, eniikleasyonun ise hem patolojik kaviteyi elimine etmeyi hem de histopatolojik
kesin taniy1 saglamay1 hedefleyen tamamlayici iki basamak olarak kurgulanmasi uygun gorilmiistiir.

Cocuk hastalarda konservatif cerrahi alternatifleri tartigilirken marsupyalizasyon ve dekompresyon
ozellikle biiyiik hacimli lezyonlarda 6énem kazanir; Johann ve arkadaslari ile Penumatsa ve arkadaslari
konservatif yaklasimin kalic1 dis germlerinin korunmasina katki saglayabilecegini gostermis, Pei ve
arkadaglar1 ise dekompresyon ile yiiksek oranda boyutsal kiigiilme bildirerek bu yaklagimin daha az
invaziv bir segenek oldugunu ortaya koymustur [9,14,15].

Bununla birlikte, konservatif yontemler uzun takip siiresi, hasta ve ebeveyn uyumu gereksinimi, drenaj
yolunun agik tutulmasi zorunlulugu ve rezidiiel patolojik dokunun yerinde birakilmasi gibi sinirliliklar
da tasimaktadir [9,14,15].

Talukdar, Kajjari, Bane ve Goswami tarafindan bildirilen olgularda eniikleasyonun &zellikle cerrahi
olarak ulasilabilir, sesmptomatik veya disin yer degistirmesine neden olan lezyonlarda etkili oldugu ve
uygun se¢ilmis olgularda iyi iyilesme sagladigi bildirilmistir [16-19].

Mevcut olguda lezyon boyutunun smirli olmasi, ilgili daimi dislerin endodontik olarak rehabilite
edilebilmesi ve histopatolojik dogrulama gerekliligi birlikte degerlendirildiginde eniikleasyonun uygun
secenek oldugu kanaatine varilmstir.

Histopatolojik inceleme, radikiler kistin periapikal graniilomdan ve radyografik olarak benzer
goriinebilen diger odontojenik kistik lezyonlardan ayirt edilmesinde temel belirleyici asamadir; bu
nedenle ¢ocuk hastalarda yapilan cerrahi islemlerde ¢ikarilan dokunun patolojik degerlendirmeye
gonderilmesi standart yaklasim olarak benimsenmelidir [1,5,8,17,19].

Giincel olgu serileri, tedavi sonrasinda iyi kemik iyilesmesi ve slirmekte olan daimi dislerin
korunmasinin miimkiin olabildigini géstermekle birlikte, 6zellikle gocuk yas grubunda ¢ene gelisimi ve
dis stirme dinamikleri devam ettigi i¢in uzun donem klinik ve radyografik takip zorunludur [7,9,15-19].

Sunulan olguda da semptomlarin diizelmis olmasi erken donem basarinin gostergesi olmakla birlikte,
46 ve 47 numarali dislerin uzun dénem fonksiyonu, periapikal iyilesme ve kemik rejenerasyonu
acisindan diizenli kontrollerin siirdiiriilmesi gerekmektedir.
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Bu olgunun temel klinik katkisi, ¢ocuk hastalarda daimi posterior mandibular diglerin miimkiin
oldugunca korunmasina odaklanan kombine endodontik ve cerrahi yaklasimin uygulanabilirligini
gostermesidir.

Ayrica olgu, pediatrik hastalarda posterior mandibular agr1 ve apeks iliskili radyoliisensi varliginda,
yalnizca akut enfeksiyon veya graniilom degil radikiiler kist olasiliginin da diisiiniilmesi; gerekli
durumlarda ii¢ boyutlu goriintiileme ile taninin derinlestirilmesi ve tedavinin dis koruyucu ilkeler
cergevesinde planlanmasi gerektigini ortaya koymaktadir.

Sonug

Radikiiler kist, ¢cocukluk caginda daimi posterior mandibulada nadir goriilen ancak uygun bigimde
degerlendirilmediginde dis kaybi, kemik defekti ve uzun dénem fonksiyonel sorunlara yol acabilecek
inflamatuar odontojenik bir lezyondur [1,4,7,19,20].

Sunulan olguda,enfeksiyon kaynagi olan devital 46 ve 47 numarali daimi molarlarin endodontik tedavi
ile rehabilite edilmesi ve bunu izleyen eniikleasyon ile lezyonun ortadan kaldirilmasi, hem kesin tani
hem de dis koruyucu tedavi hedefleri agisindan etkili bir yaklagim saglamistir.

Bu nedenle pediatrik hastalarda apeks iligkili radyoliisent lezyonlarin yonetiminde klinik muayene,
vitalite testleri, uygun radyolojik inceleme, gerekli oldugunda konik 1smnli bilgisayarli tomografi ve
histopatolojik dogrulama birlikte degerlendirilmelidir [1,8,19].

Olgu, cocuk hastalarda daimi dentisyonun korunmasinin yalnizca restoratif bir hedef degil, aym
zamanda fonksiyonel, gelisimsel ve cerrahi morbiditeyi azaltan temel bir tedavi onceligi oldugunu
gOstermektedir [9,16-19].

Sonug¢ olarak, pediatrik posterior mandibular radikiiler kistlerde olgu bazli planlanan kombine
endodontik ve cerrahi yaklagim, uygun secilmis hastalarda basarili klinik iyilesme ve daimi dislerin
stirdiiriilmesi agisindan giiglii bir segenek olarak degerlendirilmelidir.
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Ozet

Anterior maksillada implant destekli rehabilitasyon, yiiksek estetik beklenti, ince bukkal kemik, ¢ekim
sonras1 belirgin hacim kaybi1 ve yumusak doku konturunun kolay bozulabilmesi nedeniyle
implantolojinin en hassas klinik alanlarindan biridirBu bdlgede tedavinin hedefi yalnizca implantin
kemik igerisine yerlestirilmesi degil, ayn1 zamanda protez odakli ideal implant konumlandirmasini
destekleyecek sert ve yumusak doku konturlarinin ve hacminin yeniden olusturulmasidir.
Yonlendirilmis kemik rejenerasyonu, bariyer membranlar ve kemik greftleri ile kombine edildiginde
lokalize horizontal kret yetersizliklerinin yonetiminde en iyi tanimlanmig cerrahi yaklagimlar arasinda
yer almaktadir. Ozellikle sigir kaynakli ksenogreftler; osteokonduktif iskelet olusturmalari, hacim
stabilitesi saglamalar1 ve ikinci bir donér saha gereksinimini ortadan kaldirmalari nedeniyle, otojen
kemik kullaniminin reddedildigi ya da simirli oldugu vakalarda rasyonel bir alternatif olarak one
¢ikmaktadir.

Sunulan olgu, sistemik olarak saglikli ve sigara kullanmayan 49 yasindaki kadin hastada on yillik
digsizlik sonrasinda anterior maksillada gelisen belirgin horizontal kret atrofisini icermektedir. Konik
1s1nl1 bilgisayarli tomografi incelemesinde standart ¢apli implant yerlestirilmesine izin vermeyecek
diizeyde kret darlig1 saptanmis, baslangicta diisiiniilen otojen kemik temelli yaklasim ise hastanin iliak
krista greftlemesini kabul etmemesi ve mandibular ramusun uygun dondr saha olarak
degerlendirilmemesi nedeniyle uygulanamamistir. Bunun {izerine, rezidiiel kret igine ii¢ implantin
yerlestirildigi; bukkal ekspoze implant yiizeylerinin sigir kaynakli ksenogreft ile augmentasyona tabi
tutuldugu; alanin ise rezorbe olabilen kollajen membran ve fiksasyon pinleri ile stabilize edildigi es
zamanl1 bir cerrahi protokol benimsenmistir.

Giincel literatiir; uygun primer stabilite, yeterli bosluk koruma, membran immobilizasyonu ve gergin
olmayan primer yara kapanisi saglandiginda, es zamanli yonlendirilmis kemik rejenerasyonunun
yliksek implant sagkalimi ve kabul edilebilir doku stabilitesi ile iliskili olabilecegini gostermektedir.
Bununla birlikte estetik bolgedeki gergek basar1 yalnizca erken cerrahi kapanisla degil, fasiyal konturun
korunmasi, marjinal kemik diizeyi, peri-implant yumusak doku seviyesi ve uzun donem hasta
memnuniyeti ile degerlendirilmelidir. Sonug olarak, otojen kemik kullaniminin reddedildigi seg¢ilmis
anterior maksilla olgularinda ksenogreft ve kollajen membran esliginde es zamanli implant
yerlestirilmesi uygulanabilir bir tedavi alternatifi olarak degerlendirilebilir; ancak bu yaklagimin klinik
degeri uzun doénem radyografik ve estetik sonlanimlarla dogrulanmalidir.

Anahtar kelimeler: Dental implant, Horizontal kret augmentasyonu, Ksenogreft, Kollajen membran,
Yonlendirilmis kemik rejenerasyonu
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1.Giris

Dis ¢ekimini izleyen alveoler yeniden sekillenme, ozellikle estetik bolgede implant planlamasim
dogrudan etkileyen temel biyolojik siireglerden biridir [1,2]. Cekim sonrast gelisen hacim kaybi
yalnizca kret genisligini azaltmakla kalmaz; ayn1 zamanda fasiyal konturun diizlesmesine, yumusak
doku desteginin zayiflamasina ve gelecekte planlanan implantin protetik eksene uygun bigcimde
yerlestirilmesini giiglestiren li¢ boyutlu morfolojik degisikliklere yol agar [1,2]. Schropp ve arkadaslari,
cekimden sonraki ilk yil i¢inde belirgin kontur degisiklikleri olustugunu; Aratjo ve Lindhe ise 6zellikle
bukkal duvarin erken donemde daha fazla rezorbe oldugunu gostermislerdir[1,2]. Bu biyolojik
gergeklik, anterior maksillada implant rehabilitasyonunun neden yalnizca cerrahi degil, ayn1 zamanda
estetik agidan da yiiksek riskli bir girisim oldugunu agiklamaktadir [1-3].

Anterior maksilla, ince fasiyal kemik duvari, yiiksek giiliimseme hatt1 ve peri-implant yumusak
dokularin goriiniirliigii nedeniyle kiiciik hacim kayiplarinin dahi klinik olarak belirgin hale geldigi bir
bolgedir [3-6]. Bu nedenle burada tedavinin hedefi yalnizca osseointegrasyon degildir; fasiyal konturun,
papil desteginin ve mukozal seviyenin korunmasi da en az implant sagkalimi kadar 6nem tasir [3,5,6].
Chen ve Buser’in sistematik derlemesi ile Buser ve calisma arkadaslarinin estetik bolgedeki erken
implant yerlestirme serileri, implantin dogru {i¢ boyutlu pozisyonunun, fasiyal kontur
augmentasyonunun ve yumusak doku yonetiminin estetik basarinin ana belirleyicileri oldugunu ortaya
koymustur [3-6].

Yonlendirilmis kemik rejenerasyonu (YKR), oral implantolojide lokalize kemik yetersizliklerinin
tedavisinde en gii¢lii biyolojik gerekceye ve en genis klinik kullanima sahip yaklasimlardan biridir [7].
Temel prensip, yumusak dokunun defekt alanina invazyonunu bariyer membran ile sinirlandirmak,
greft ve kan pihtisi i¢in korunmus bir bosluk olusturmak ve yeni kemik olusumu i¢in stabil bir iyilesme
ortami saglamaktir [7]. Buser, Urban, Monje, Kunrath ve Dahlin, giincel derlemelerinde horizontal
defektlerde rezorbe olabilen kollajen membranlarin klinik pratikte en yaygin kullanilan bariyerler
oldugunu ve teknigin basarisinin materyal seciminden ¢ok biyolojik prensiplere uyumla iligkili
oldugunu vurgulamistir [7].

Kemik greftleri biyolojik davranislar1 agisindan osteogenez, osteoindiiksiyon ve osteokondiiksiyon
ekseninde degerlendirilir [7,8]. Otojen kemik halen biyolojik altin standart kabul edilse de, ikinci
cerrahi saha gereksinimi, postoperatif morbidite, sinirli dondér hacmi ve operasyon siiresinin uzamasi
gibi nedenlerle her hastada ilk se¢enek olamamaktadir [7,8]. Miron’un giincel derlemesi, implantolojide
kemik greftlemesinin artik yalnizca “hangi materyalin daha gii¢clii oldugu” sorusundan ibaret
olmadigini; defektin morfolojisi, hacim korunmasi gereksinimi, iyilesme siiresi ve hasta beklentilerinin
birlikte degerlendirilmesi gerektigini belirtmektedir [8]. Bu baglamda ksenogreftler, osteokonduktif
iskelet saglamalar1 ve yavas rezorpsiyonlar1 sayesinde kontur koruma amaci giidiilen estetik bolge
augmentasyonlarinda klinik deger tasimaktadir [8-10].

Si1gir kaynakli ksenogreftler; 6zellikle horizontal kret augmentasyonu, alveoler kret koruma ve implant
cevresindeki dehisens ve fenestrasyon defektlerinde yaygin bigimde kullanilmaktadir [9,10,12].
Carvalho ve arkadaglarin sistematik derlemesi, horizontal augmentasyonda ksenojenik greftlerin
uygulanabilir bir segenek oldugunu; ¢cogu ¢aligmada kollajen membranla kombine edildigini ve anlaml
horizontal hacim kazanimi sagladigini bildirmistir [9]. Benzer bigimde Avila-Ortiz ve arkadaglari,
alveoler kret koruma prosediirlerinin ¢ekim sonrasi fizyolojik kemik kaybini azaltabildigini, 6zellikle
membran ve ksenogreft kombinasyonlarinin mid-bukkal ve mid-lingual yiikseklik korunumu agisindan
avantaj saglayabildigini gostermistir [10].

Estetik bolgede implant zamanlamasi ile augmentasyon stratejisi birbirinden bagimsiz diisiiniilemez
[3,4]. Buser ve arkadaslan tarafindan tanimlanan erken implant yerlestirme konsepti, fasiyal kemik
destegi sinirli veya risk profili yiliksek sahalarda yumusak doku iyilesmesine izin veren ayni zamanda
sert ve yumusak doku konturunu ayn1 seansta yeniden diizenlemeyi hedefleyen rasyonel bir yaklagim
sunmaktadir [4-6]. Ayrica uygun kosullarda implant yerlestirilmesi ile kemik augmentasyonunun ayn
seansta yapilmasi, tedavi siiresini kisaltabilmekte ve hasta morbiditesini azaltabilmektedir [5,11,12].
Ancak bu yaklasim, yeterli primer stabilite, greft stabilizasyonu ve gergin olmayan primer yara kapanisi
saglanmadan 6ngoriilebilir basariya ulagsamaz [7,11].
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Kollajen membranlarin estetik bolgedeki 6nemi yalnizca bariyer isleviyle sinirli degildir [7,11]. Bu
membranlar, ikinci cerrahi gerektirmemeleri, kullanim kolayligi saglamalari ve kiiglik-orta boy yatay
defektlerde kabul edilebilir komplikasyon profiline sahip olmalari nedeniyle pratik avantaj sunar [7,11].
Arunjaroensuk ve arkadaslari, estetik bolgede implant yerlestirmesiyle es zamanli yonlendirilmis kemik
rejenerasyonu uygulanan vakalarda kollajen membranlarin yeterli sert doku stabilitesi sagladigini
bildirmislerdir[11].Buna karsilik, membranin uygun endikasyon dogrultusunda secilmesi, greft ile

birlikte mekanik olarak stabilize edilmesi ve yumusak doku ortiisiiniin biitlinliigli korunarak erken
membran ekspozisyonu olmaksizin iyilesmenin saglanmasi temel kosullardir[7,11].

Sunulan olgu, klinik karar vermenin tam da bu ¢ok degiskenli alaninda konumlanmaktadir. Hasta,
anterior maksillada uzun siireli dissizlik sonrasi gelisen belirgin horizontal kret atrofisi nedeniyle
implant destekli rehabilitasyona ihtiya¢ duymaktadir; ancak baslangicta diisiiniilen otojen dondr saha
temelli yaklasim hasta tarafindan kabul edilmemistir. Bu nedenle olgu, biyolojik ideal ile klinik
uygulanabilirlik arasinda denge kurma gerekliligini temsil etmektedir. Bu makalenin amaci, s6z konusu
olguyu ksenogreft ve kollajen membran esliginde es zamanli implant yerlestirilmesi perspektifinden
tartismak, kararin dayandigi cerrahi mantig1 ve giincel literatiirle uyumunu akademik bir ¢ercevede
ortaya koymaktir [7-9].

2.0lgu sunumu

49 yagindaki kadin hasta sistemik olarak saglikli olup, sigara kullanim Oykiisii yoktu.On yildir anterior
maksillada digsizlik 6ykiisii ile klinigimize bagvurdu. Klinik degerlendirme ve konik 1sinl1 bilgisayarlt
tomografi incelemesi sonucunda, mevcut alveoler kret genisliginin standart ¢apli implantlarin uygun
protetik konumda yerlestirilmesine izin vermedigi belirlenmistir.

Baslangi¢ tedavi planinda horizontal kemik augmentasyonu ongdriilmiis olmakla birlikte, hasta iliak
krista kaynakli otojen kemik greftmesini kabul etmemis; mandibular ramus da yeterli ve uygun donor
saha olarak degerlendirilmemistir.

Bu kosullar altinda tedavi stratejisi, rezidiiel kret igine es zamanli implant yerlestirilmesi ve ayni seansta
yonlendirilmis kemik rejenerasyonu uygulanmasi seklinde yeniden diizenlenmistir. Cerrahi islem lokal
anestezi altinda gerceklestirilmis; sulkuler flep tasarlanmis ve primer kapanisin gergin olmayan bigimde
elde edilebilmesi amaciyla genis flep serbestlestirmesi yapilmistir.Rezidiel kret igine li¢ implant
yerlestirilmis ancak dar kret anatomisi nedeniyle implantlarin bukkal yilizeylerinde ekspoze alanlar
olugmustur(Sekil 1),. Bu alanlar 3 cc sigir kaynakl ksenogreft ile kapatilmistir(Sekil 2); bolge 30 x 40
mm rezorbe olabilen kollajen membran ile Ortiilmiis ve membran {i¢ fiksasyon piniyle stabilize
edilmistir(Sekil 3). Islem, dikkatli yumusak doku adaptasyonu ve primer yara kapamsi ile
sonlandirilmistir(Sekil 4). Hastanin takipleri klinigimizde devam etmektedir.
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Sekil 2 Ekspoze alanlar sigir kaynakli ksenogreft ile kapatilmasi
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Sekil 3 Bolgenin rezorbe olabilen kollajen membran ile drtiilmesi ve membranin ti¢ fiksasyon piniyle
stabilize edilmesi

Sekil 4 Flebin primer olarak kapatilmasi

3.Tartisma

Sunulan olgunun klinik agidan en dikkat ¢ekici yonil, estetik riski yiiksek anterior maksillada uzun
stireli digsizlik sonrasi gelisen horizontal kret yetersizliginin es zamanl implant yerlestirilmesi ile
birlikte yonetilmis olmasidir. Hastanin otojen kemik augmentasyonunu kabul etmemesi ve alternatif
dondr saha kullaniminin anatomik olarak uygun bulunmamasi, tedavi planinin daha az invaziv ancak
biyolojik prensiplerle uyumlu bir yaklagimla yeniden diizenlenmesini gerekli kilmistir [7,8].

Anterior maksillada horizontal hacim kaybinmin énemi yalnizca implantin yerlestirilebilirligi ile simirh
degildir [3,5,6]. Bukkal kemik desteginin yetersiz oldugu durumlarda implantin bukkal ydnde
konumlanmasi, peri-implant mukozal ¢ekilme, kontur kayb1 ve estetik uyumsuzluk gibi sorunlara yol
acabilir [3,5,6]. Bu nedenle amag, implanti mevcut kemige yerlestirmekten ¢ok, protez odakli ideal
implant pozisyonuna izin verecek sert doku ¢evresini yeniden olusturmaktir [3,5,6].
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Sunulan olguda implantlar rezidiiel kret icine yerlestirilmis olmasina ragmen bukkal yiizeylerde
ekspoze alanlarin kalmis olmasi sebebiyle, horizontal defektin yalnizca implant yerlestirilmesi ile
coziilemeyecegi goriilmiistiir. Bu nedenle es zamanli yonlendirilmis kemik rejenerasyonu uygulanmasi,

olgunun biyolojik gereklilikleriyle uyumlu goriilmiistiir. Sigir kaynakli ksenogreftin tercih edilmesi,

otojen dondr saha gereksinimini ortadan kaldirmasi ve hacim stabilitesine katki saglamasi agisindan
rasyonel bir se¢imdir. Kollajen membranin fiksasyon pinleri ile stabilize edilmesi ise literatiir bilgileri
15181inda[7,11] greft kompleksinin immobilizasyonuna ve rejeneratif alanin korunmasina hizmet
etmektedir.

Bu olguda basarinin yalnizca kullanilan biyomateryale degil, ayn1 zamanda dogru implant pozisyonuna,
bosluk korumaya, greft ve membran stabilizasyonuna ve primer yara kapaniginin saglanmasina bagh
oldugu diisiiniilmektedir. Genis flep serbestlestirilmesi yapilarak primer kapanis elde edilmis olmas,
yonlendirilmis kemik rejenerasyonunun temel cerrahi prensipleriyle uyumludur[7,11].

Bununla birlikte bu olguya iligkin postoperatif hacimsel analiz ve implant stabilite 6l¢iimleri heniiz
yapilmadigindan marjinal kemik diizeyi ve uzun dénem estetik sonuclar elde edilemediginden dolay1 ,
cerrahi basarinin nicel olarak degerlendirilmesi miimkiin olmamistir. Bu nedenle s6z konusu yaklasim,
kesin basari bildiren bir sonugtan ¢ok, hasta tercihi ve anatomik sinirliliklar dogrultusunda gelistirilmis
biyolojik olarak savunulabilir bir tedavi stratejisi olarak degerlendirilmistir.

Sonug olarak, anterior maksillada horizontal hacim kaybi bulunan ve otojen donor saha kullanimi
miimkiin olmayan secilmis hastalarda, ksenogreft ve kollajen membran ile es zamanli implant
yerlestirilmesi uygulanabilir bir tedavi alternatifi olarak degerlendirilebilir. Ancak bu yaklasimin gergek
klinik degeri, uzun donem klinik ve radyografik takip ile ortaya konmalidir [6,14,15].

4.Sonug

Sunulan olgu ve bu olgu etrafinda yapilan literatiir degerlendirmesi, anterior maksilladaki horizontal
kret yetersizliklerinde ksenogreft ve rezorbe olabilen kollajen membranin birlikte kullanimiyla es
zamanlt implant yerlestirmenin klinik olarak savunulabilir bir segenek oldugunu goéstermektedir [7-
9,11,12]. Bu yaklasim 6zellikle otojen kemik greftlemesinin hasta tarafindan reddedildigi, alternatif
dondr saha hacminin yetersiz oldugu veya cerrahi morbiditenin azaltilmasinin 6ncelendigi kosullarda
anlam kazanmaktadir [8,13]. Bununla birlikte basari, tek basina segilen biyomateryalin ozelligine
indirgenemez [7,8]. Estetik bolgedeki olumlu sonug; implantin protetik gereksinimlerle uyumlu ii¢
boyutlu konumlandirilmasina, greft hacminin dogru yonetilmesine, membranin stabilize edilmesine,
yumusak doku geriliminin azaltilmasina ve primer kapanisin korunmasina baghdir [3,4,6,7,11]. Bu
nedenle benzer olgularda cerrahi planlama materyal merkezli degil, biyolojik prensip merkezli
yuratulmelidir [7,8].

Literatiir bilgileri 1s181inda, anterior maksillada se¢ilmis horizontal defektlerde ksenogreft ve kollajen
membran temelli es zamanli implant cerrahisi, deneyimli klinisyenler tarafindan dikkatle
uygulanabilecek bir tedavi protokolii olarak degerlendirilebilir [7,9,11-13]. Ancak bu yaklasimin gergek
klinik degeri, yalnizca erken cerrahi basari ile degil, uzun donem fonksiyonel, radyografik ve estetik
sonuglarla dogrulanmalidir [6,14,15].
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ABSTRACT

Greenhouse assessment of the effect of oil on Chromolaena odorata ability to remove PCB from soil
treated with transformer oil co-contaminated with Aroclor 1260 was done.

Method: Plants were transplanted into one kilogram of soil contained in 1L pots differently containing
100, 200, and 500 ml of transformer oil (T/O), co-contaminated with 100 ppm of Aroclor. Treatments
were done in two microcosms; direct contamination and soil cultured method. Measured plant growth
parameters showed that C. odorata growth was affected by the different concentrations of oil. Inhibition
of plant growth by oil increased with concentrations.

Results: At the end of six weeks, plant growth was affected in T/O amended soil. Plants size was
increased by 1.4, 0.46 and -1.0 % in direct treatment and 17.01, 6.09 and 1.08 % in soil culture at the
100, 200 and 500 ppm respectively. Untreated control showed a 43.07 % increase. Slight PCB recovery
was observed in root tissues of C. odorata but soil PCB was reduced by 66.6, 53.2, 41.5 % and 77.3,
74.7, 58.8 % at both treatments in their respective concentrations of oil. However, unplanted control
was reduced by 21.4 and 16.7 % in the two treatments at 100 ppm of oil.

Conclusion: This study has shown that with improved agronomic practices, there is a possibility of
phytoremediation of soil PCB from PCB contained transformer oil contaminated soil using
Chromolaena odorata, hence it should be optimized in the field.

Keywords: Phytoremediation, Transformer oil contamination, Chromolaena odorata, PCB, Soil
remediation, South Africa.

Introduction

Advances in science and technology have enabled man to exploit natural resources largely, generating
unprecedented disturbances in global elemental cycles (Susarla et al. 2002). The relatively recent
introduction of man-made toxic chemicals, and the massive relocation of natural materials to different
environmental compartments; soil, ground water, and atmosphere, has resulted in severe pressure on
the self-cleansing capacity of recipient ecosystems. Various accumulated pollutants are of concern
relative to both human and ecosystem exposure and potential impact. There have been efforts by many
authorities in different countries to control the release of contaminants (Schnoor et al. 1995), and to
accelerate the breakdown of existing contaminants by appropriate remediation techniques. Such
techniques and technologies are marred by various disadvantages and usually require relatively high
capital expenditure and man power as well as long term operating cost. Hence, recent interests are
geared towards developing more cost effective approach to treat large volumes of contaminated natural
resources such as soil, ground water and wetlands (Anyasi and Atagana 2011).

Bioremediation is the use of plants and the associated rhizospheric microorganisms to remove,
transform, or contain toxic chemicals located in soils, sediments, ground water, surface water, and even
the atmosphere (Gibson and Sayler 1992). This technique is currently used to treat many classes of
contaminants including petroleum hydrocarbons, chlorinated solvents, pesticides, explosives, heavy
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metals and radionuclides, and landfill leachates (Susarla et al. 2002). Biological method has been used
for hundreds of years to treat human waste, reduce erosion, and protect water quality (Robinson et al.
2003), until about 25 years ago which saw some significant rise in the use of plants known as
phytoremediation in the removal of contaminants from the environment (Barman et al. 2000; Sarma
2011). In the present study, C. odorata_(Siam weed), was grown in Aroclor 1260 amended transformer
oil-contaminated soil in order to study the effect of oil on the ability of plants in the remediation of soil-
PCB from a transformer oil impacted soil. This is of importance as literatures have only reported on
plants remediation of PCB without considering the impact of co-contamination of the oil, considering
the fact that PCB has not been used in isolation (Chang et al. 2010).

Polychlorinated biphenyls (PCBs) are a family of anthropogenic organic compounds that is persistent
in the environment causing its bioaccumulative phenomenon that enables the contaminant to be found
in every part of the environment. PCB is commercially produced by direct chlorination of biphenyls
(Ficko et al. 2011). A good commercial form of PCB is Aroclor 1254 and 1260, although other brand
names exist (Cogliano 1998; Larsson et al. 2000). Various negative health effects in humans as well as
the animals are linked to PCB compounds, this call for an urgent action on how the compound can be
removed from the environment (Zeeb et al. 2006). The physico-chemical properties of PCB depend on
the congener composition, but generally they are resistant to acids and bases, resistant to oxidation and
hydrolysis, thermally stable, excellent electrical insulators, sparingly soluble in water and have low
flammability (Andersson 2000; Anyasi and Atagana 2011). These characteristics conforms the
usefulness of PCBs in diverse industrial applications, such as liquid components of transformers,
capacitors, heat-exchangers, and vacuum pumps. PCB mixtures have also been used in open systems,
such as plasticizers, drinking solvents, water-proofing agents, sealing liquids, fire retardants and
pesticides (De Voogt and Brinkman, 1989; Geisy and Kinnan 1998; Safe 1994; Van Den Berg et al.,
1998).

Transformer oil also known as insulating oil is a highly refined mineral oil that is stable at high
temperatures and usually possesses excellent electrical insulating properties. Transformer oil is mostly
used in oil-filled transformers, in high voltage capacitors, fluorescent lamp ballast, as well as in some
high voltage switches and circuit breakers. The functions of transformer oil to these equipments ranges
from insulation, suppression of corona and arcing, and also as a cooling liquid (Gray 2010). Properties
of transformer oil in transformers require periodic testing to make sure that the basic electrical properties
of the oil are intact as it is in operation. This informs the filtration and regeneration activities on
transformers (Gray 2010). Therefore, once transformer oil is contaminated above its recommended
value with PCB, it becomes hazardous and should be discharged. During the process of discharge, the
environment becomes the recipient. PCB release to the atmosphere has been through the following
means: from uncontrolled landfills and hazardous waste sites; incineration of PCB containing wastes;
leakage from older electrical equipments in use and improper disposal of spills (USEPA 1997; Bremle
and Larsson 1998).

Various traditional remediation measures for example chemical (treatment with solvents); mechanical
(soil excavation), thermal (incineration), and biological (use of microorganisms), have been used for
the elimination of PCBs and other organics from the environment (Waid 1986). These remediation
techniques have been successful in the remediation of organic contaminants, but are marred by various
disadvantages (Rodriguez and Lafuente 2002). These include the fact that the processes are expensive,
some of the processes are slow hence targets only the low chlorinated biphenyls, others live the finger
print of other more toxic compounds at the end as a result are not environmentally friendly and lacks
general public acceptability (ldris and Ahmed 2010; Atagana 2011a). It is therefore imperative to
develop a more cost effective technique for the treatment of complex PCB as contained in transformer
oil.

Plants are known to take up large amount of water with nutrient from soil in soluble form in order to
increase in biomass. This phenomenon has been investigated to be of benefits in the removal of
pollutants from the environment and is referred to as phytoremediation (Schnoor 1997).
Phytoremediation is the use of vegetation for in situ treatment of contaminants from soil and water
body. It is a promising technique that can be used to manage pollution (Singh et al. 2009).
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Phytoremediation is cost effective and eco-friendly strategy that can compliment or replace
conventional approaches especially in the remediation of soil contaminated by PCBs (Sung et al. 2001).
The principle mechanism of phytoremediation is either by stimulation of soil microbial activity and
degradation of contaminants or through plant uptake of contaminants or by even their degradation
products (Mackova et al. 2009). As plant-based remediation technology, phytoremediation has its
general limitations- tolerance and uptake ability of plants for organics differs widely, pollutant
concentrations and the presence of other toxins must also be within the limits of plants tolerance
(Cunningham and Ow 1996). Several factors are known to affect the effectiveness of any
phytoremediation projects; they include Soil properties, Physiochemical properties of organic
pollutants, Soil amendments as well as the type of Plant (Anyasi et al. 2019).

Chlomolaena odorata (L) R.M. King & H. Robinson (Siam weed) is an invasive bushy shrub of South
American origin. The plant is a member of the tribe Eupatoreae in the sunflower family Asteraceae and
is been regarded as one of the most notorious invasive alien plant in the plant community (Tanhan et
al. 2011). C. odorata have been found to possess amongst its strong morphological status, to possess
most qualities of a phytoremediation plant. These features are responsible for the plant’s success as
invasive specie in its new environments. These factors therefore present C. odorata as a potential plant
for phytoremediation of a complex organic system as seen in the co-contamination of oil with Aroclor
(Ficko et al. 2010; Atagana 2011a; Anyasi and Atagana 2018).

The interest in transformer oil arose as a result of the fact that T/O is one of the most widely used
organic chemicals and the unscrupulous discharge of the oil calls for concern. However, T/O is linked
with PCB contamination and has contributed in the continued proliferation of PCB in the environment.
At present, little information is known regarding the treatment of transformer oil contaminated soil
using phytoremediation processes (Toro et al. 2008; Sobieceka et al. 2009; Chang et al. 2010). Thus
this study aimed to investigate the effect of oil on the ability of Chromolaena odorata to phytoremediate
soil-PCB from transformer oil co-contaminated Aroclor 1260 treated soil under greenhouse conditions.

Material and methods.
Soil

Soil samples were collected from a depth of up to 30 cm, from the main campus of University of South
Africa, Pretoria. The soil samples were homogenized with hand to remove pebbles, stones and gravels
and, air dried, before it was put in cellophane bags and stored at 4°C before use. Sub-samples of the soil
(250 g) each were taken and used for soil characterization at the laboratory. Composite samples from
the stored soil were separated as the cultured soil sample. The soil used has a clay features with the
following characteristics: clay (72.0%), silt (18.5%), sand (9.5%), pH (6.7), total organic carbon
(7.0ppm), total N (0.03% wit), total P (9.0ppm), K (15.5ppm), Ca (83.0ppm), Mg (1.2ppm), Fe
(58.6ppm) moisture content (4.8%), thermal conductivity (0.2Wm-=2k1), and soil density (1.25g/cm).

Plants

Chromolaena odorata plants were collected from the Department of Botany University of KwaZulu-
Natal Pietermaritzburg and propagated by stem cuttings in the greenhouse at the University of South
Africa. Soil samples were mixed with animal manure that was obtained from the Department of
Veterinary Science, University of Pretoria, Onderstepoort, at the ratio of 9:1. The carbon, nitrogen and
phosphates values (CNP) of the animal manure were analyzed at a private laboratory, the values were
C=52.7 ppm; N=81.0 % wt and P=50 ppm). The plant cuttings were planted into the prepared soil bed
employing the method described by Anyasi and Atagana (2014). Plants rooting hormone “Indole
Butyric Acid” IBA, supplied by Plantland Malanseuns in Roslyn-South Africa was applied, this was to
aid rooting of the cuttings. The plants in the soil bed were allowed to grow for three months and were
then used for subsequent propagation and experimentation. The bed was watered manually using
watering can to maintain 70 % moisture at field capacity.
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PCB and transformer oil

Commercial PCB in form of Aroclor 1260 in surrogate standard concentration of 1000 ppm in hexane
was supplied by Sigma Aldreich-Germany, and used Transformer oil (T/O) was provided by City power
Johannesburg-South Africa and new oil (Nynas-LYRA X) supplied by Nynas oil- Sweden. Working
standard solution was prepared from the surrogate standard using hexane fraction to make out
composites of 100 ppm concentration. This means that transformer oil samples were amended to contain
100 ppm of PCB using Aroclor in hexane.

Treatments

1. Transformer oil direct treatment samples (T/Op) and

2. Transformer oil culture Suzuki samples (T/Os).

Control samples

1. Soil samples planted without contamination to test the toxicity of the contaminants on plants (C1);

2. Soil samples contaminated without plants to test for other possible measures of dissipation of the
contaminants (C2);

Experimental design

42 set of PVC pot were used for the experiment each filled with 1 kg of soil. The pots were divided into
two (21 each for the two transformer oil treatments), each section were further divided into six (3)
replicates each for the treatments and controls). Thus, three (3) C. odorata plants were tested in two (2)
pollutants among six (6) treatments replicated into three (3). A total of one hundred and twenty six
plants were used in the study.

Experimental procedures

Five weeks old C. odorata plants were used in this study; the plants were transplanted into contaminated
soil according to the treatment and were allowed for six weeks. In T/O direct treatments, plants were
directly transplanted into the T/Op treated soil samples. In Suzuki (sprout culture adopted from Suzuki
et al. (1977) method however, plants were transplanted in a cultured soil which is contained in
cellophane bags with holes at the bottom for protrusion of the roots. The bags containing the cultured
soil and plants with protruded roots were placed on T/O treated soil contained in the PVC cups. This
adopted and amended Suzuki method was designed to avoid the toxic effects of T/O on plants which
posed a problem during the preliminary stage of the study. The initial length and number of mature
leaves per plants (MLPP) was noted. The experiment was allowed for six weeks at prevailing
environmental conditions, watered to maintain moisture at 75 % field capacity with manual watering
can. Effort was made at ensuring that watering was done in such a way as to only wet the soil at any
point in time avoiding much run off, weeds were removed manually at intervals. Measurements were
also made at weekly intervals for the plant length, MLPP, leaf colour at different treatments and the
root length which was only measured on the day of harvest. There was no application of inorganic
manures to the soil mixes, but organic animal compost was used during the preparation of the soil at
the ratio 1:9 manure to soil.

Sampling

After six weeks of growth of the plant in the contaminated and control set up, the soil and plants were
sampled. The plants were removed carefully from the pots after loosening the soil around the pot using
a kitchen knife; the roots were separated from the soil by shaking off the soil leaving the only adhering
particles of the soil regarded as the rhizosphere soil. During this process, the entire plants were washed
using running tape water, rinsed with distilled water and allowed to air dry, it was weighed afterwards
to get the wet biomass and root lengths were measured. The plants were then separated into leaf, stem
and roots, and the entire samples weighed using Mettler Toledo balance model PBisp; with maximum
capacity of 1510 g. The soil samples were carefully collected also, homogenized and divided into sets
together with the plants samples in preparation for subsequent extraction and analysis. All cuttings of
the plants were done with a kitchen knife rinsed with acetone between uses to minimize cross
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contamination. Harvested and prepared plant samples were kept in Whirlpak™ bags; Nasco-South

Africa, in the refrigerator until time for analysis. Before the analysis, composite samples of the plant

tissues were oven dried for the determination of the change in biomass. This was deduced from the

initial (wet weight) at harvest and final weight (dry weight) after the entire plant was oven-dried until

constant weight was attained. However any plant matter that was not collected for analysis was left in

the green house in airtight containers for later use and appropriate disposal.

Determination of final PCB in soil and PCB recovery in plant tissues after six weeks of treatment
with transformer oil co-contaminated with Aroclor 1260

All glass wares were washed with liquid detergent, rinsed with water and then soaked in
Dichloromethane (DCM) over night. They were then rinsed with water, followed with distilled water
and finally with acetone to remove any adhering organic substances (Perrin and Armerego 1981). Soil
and plant samples were thoroughly homogenized for analysis and sub-sampled for the determination of
wet and dry weight ratio. The samples for biomass determination were dried at 50°C until constant mass
using Lancon industrial oven with heating integration of 40-100°C and were measured to obtain the dry
mass. The dried plant samples were then ground using commercial blender, sieved at 2 mm and were
stored prior to extraction while the soil samples were ground using a commercial mortar and was sieved
at 2 mm. Five grams of 2 mm sieved dry soil as well as 5 g of 2 mm sieved plant samples were extracted
using soxhlet apparatus for 4 hrs at 4-6 cycles per hour with 50 ml mixture of hexane-acetone (1:1, v/v),
after which the extracted solution was concentrated to 2 ml in rotary evaporator (Buchi Rota vapor™
Japan model R-200 with heating bath B-490 and heating intensity of 20-180°C). USEPA Method
3630B: Silica Gel Cleanup was used, this method have been shown to specifically address Aroclors
[37].The extract from soxhlet extraction was dissolved in 10 ml hexane and passed from a glass
chromatographic column (i.d 20 mm and 400 mm height) parked with layers of silica gel and anhydrous
sodium sulphate and then eluted with 50 ml of hexane. The eluent was finally concentrated with rotary
evaporator for the second time to about 1 ml and was analyzed using GC-MS.

Analysis and quantification of total PCB recovery in extracts from soil and plant samples

The method adopted here was the USEPA modified 8089/8081 method for the determination of total
PCB. The analysis was conducted using Agilient 7890 GC equipped with 5975 Mass Spectometry and
auto injector, an SupelcoWAX SPB™-1 (30 m x 0.25 mm x 0.25 um) column was used with N as the
carrier gas. Prior to analysis of samples, recovery test was carried out using the standard Aroclor
samples to ascertain the linearity of the response. One micro liter of the sample extract was injected into
the GC. Injector and detector chamber temperatures were 260°C and 300°C, respectively. The oven
temperature was initially set at 180°C for 0.5 min, ramped at 30°C per min to 260°C, it was held for 18
min then 15°C per min to 270°C and held for 25 min. PCB congeners were identified by retention time
matching to the surrogate standards which was prepared using the commercial stock samples of PCB
inform of Aroclor 1260 prepared in concentrations of 1, 5, 10, 20, and 50 ug/ml in hexane. The value
of the chromatogram was quantified using peak area integration. The initial content of PCB in
transformer oil spiked was measured to be 6.8, 7.1, 6.1, 6.9, 6.3, and 6.7 in T/Op and also 8.9, 7.4, 6.5,
7.3,7.8,and 6.4 ppm in T/Os

Statistical analysis of values

Results were analyzed by analysis of variance using three replicates at 95% level of significant
difference to determine the mean differences of treatments in the experiment.

Results
Soil and plants growth parameters

The conditions of the soil in which the plants was grown is as presented above, although the soil was
slightly acidic, other parameters indicated that C. odorata roots including the soil organisms will not
have any resistance to thrive. After six weeks of growth in soil treated with Transformer oil co-
contaminated with Aroclor 1260, growth inhibition was observed in plants especially the direct treated
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samples; such inhibition was even lethal to plants in higher concentration of 500 ppm of oil. There was
improved growth of C. odorata in the soil cultured Suzuki method. Plant growth measured from the
difference between the initial and final length of C. odorata is presented in Figure 1, while percentage
growth rate deduced is as presented in Table 2. Mean percentage growth rate was higher in T/Os at 100
ppm (17.01) than the T/Op (1.40). Untreated control C1 have percentage growth rate of 43.3 which is
significantly different from that of the treated samples (p= 0.07). Relative mean Percentage growth rate
at 200 ppm were lower than in 100 ppm treatment but were higher than the 500 ppm respectively. Mean
percentage growth rate of value less than zero (-1.03), was obtained in T/Op at 500 ppm treatment.
Meanwhile, the growth of C. odorata was found to be negatively correlated with increase in

concentration of soil transformer oil. In all treatments, percentage growth rate between treated and
untreated control was significantly different at p= 0.005.

The number of mature leaf per plant (MLPP) of C. odorata at any interval of time was observed to be
influenced by the presence of oil in its surrounding. MLPP followed the same trend as seen in growth
rate as well as increase in root length. MLPP in T/Op at 100 ppm increased from initial 27 leaves to
final 29 leaves, leaving a mean percentage increase to 7.41. Mean percentage increases in MLPP in
T/Op at 200 and 500 ppm were zero respectively as the plant leaves were completely dried at the end
of the experiment. In T/Os, MLPP values were higher; hence at 100 ppm it was 50.0 but dropped to
zero at 200 ppm and remained in zero at 500 ppm (Table 2). Relative mean Percentage change in MLPP
at untreated control (C1) was higher than the treated samples; and such values were significantly
different (p= 0.013) from that of the treated experiments.

Root lengths of C. odorata at different concentrations of transformer oil co-contaminated with 10 %
Aroclor 1260, maintained the same trend as observed in growth rate and MLPP. Percentage change in
root length was high in T/Os at 100 ppm (50.60), which is not significant with that of untreated control
(68.98). Root length at this treatment was however reduced considerably at 200 and 500 ppm (20.34
and -0.24) respectively. In T/Op treatment, percentage change in root length was lower at 100 ppm than
in T/Os and such effect was increased at higher concentrations. Results of root length of C. odorata
after six weeks of growth in an Aroclor treated soil is presented in Figure 3 and Table 4.

The leaves of C. odorata at different concentration of transformer oil co-contaminated with 100 ppm
of Aroclor were marked by significant colour changes few days after contamination. The colour changes
were evident with the light green colouration and black spots, an evidence of the inhibitive effect of
transformer oil to the growth of plants. Untreated control maintained its green leaf colour throughout
the six weeks of the experiment.

Effect of different concentrations of transformer oil co-contaminated with 100 ppm of Aroclor
1260 treatment on the ability of C. odorata to retain water in its tissues.

As was deduced from the initial (wet weight) at harvest and final weight (dry weight), at 100 ppm,
percentage water retention ability was higher in T/Os than in T/Op (49.25 and 27.07) respectively, these
values were lower than what was obtained in untreated control (75.12 %). As the concentration of the
oil is increased, such phenomenon was found to increase, this can be found in 200 and 500 ppm
treatments where the corresponding values were 59.84 vs. 34.48 % and 62.81 vs. 40.67 % for T/Os and
T/Op respectively (Table 5a-5¢). In all, water retention ability of treated samples were significantly
different from untreated control at p=0.05.

Total PCB recovery from soil and plant tissues.

Mean percentage change in soil total PCB concentration at T/Op were 61.6, 53.2, 41.5, 55.9, 16.3, 18.8
for 100, 200 and 500 ppm of transformer oil as well as in control experiments respectively, having
reduced to 2.61, 3.32, 3.51, 5.42, 5.27, 5.44 ppm from initial concentration of 6.8, 7.1, 6.1, 6.9, 6.3, 6.7
ppm of PCB among the treatments and treated controls respectively. No PCB detection was observed
both at the beginning and at the end of the six weeks experiment in untreated controls. In T/Os however,
mean percentage change in total soil PCB at the end of the experiment were 77.3, 74.7,58.8, 16.7, 25.5,
21.1 for the 100, 200 and 500 ppm of transformer oil as well as treated controls. The initial
concentrations of PCB in the soil were 8.9, 7.4, 6.5, 7.3, 7.8, and 6.4 ppm and the final soil
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concentrations were 2.02, 1.87, 2.68, 6.08, 5.81and 5.05 ppm for 100, 200 and 500 ppm of transformer
oil and treated controls 1, 2 and 3 respectively.

At the end of the phytoremediation experiment on the effect of oil on remediation of PCB co-
contaminated in transformer oil using chromolaena odorata for six weeks, there was no detection of
PCB in the tissues of the plants in T/Op treatment, although mean final soil PCB concentration in that
treatments were lower than the initial treatment with Aroclor 1260 of 100 ppm (Table 6). However, in
T/Os treatments PCBs were found in the root tissues of plants especially at the 100 and 200 ppm of oil
treatments (0.10 and 0.11 ppm) given a total root PCB of 0.62 and 0.52 g for respective 100 and 200
ppm of oil concentrations respectively. Mean root bioaccumulation factors of 0.001 were recorded in
those treatments respectively.
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Figure 1: Length of plant at different concentrations of T/O co-contaminated with Aroclor 1260 in soil
(Error bars indicate standard error of the mean), before=initial length, after=final length

Table 2: Percentage growth rate of C. odorata at different concentrations of T/O co-contaminated with

Aroclor 1260 in soil.

Treatments % growth rates of C. odorata
100 ppmT/O | 200 ppm T/O | 500 ppm T/O
T/Ob 1.402 0.462 -1.032
C1 43.30° 41.30° 42.36°
Cc2 NP NP NP
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Treatments % growth rates of C. odorata
100 ppmT/O | 200 ppm T/O | 500 ppm T/O
T/Os 17.012 6.092 1.08?
C1l 43.30° 41.30° 42.36°
Cc2 NP NP NP

Values with the same alphabets in superscript in the same column were not significant at 5% level
according to Bonferoni test. T/O p=direct transformer oil, T/O s=Suzuki transformer oil, C1=control 1,
C2=control 2, NP=not palnted
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Figure 2: MLPP at different concentrations of T/O co-contaminated with Aroclor 1260 (Error bars
indicate standard error of the mean), T/O p=direct transformer oil, T/O s=Suzuki transformer oil,
Cl=control 1,
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Table 3: Percentage change in mature leaves per plant in different concentrations of Aroclor and T/O
treated soil 2.

Treatments % increase in mature leaves per plant
100 ppm T/O | 200 ppm T/O | 500 ppm T/O
soil (cm) soil (cm) soil (cm)
T/Obpo 7.41° 0.002 0.00?
C1 82.14°¢ 96.30° 82.14°
Cc2 NP NP NP
Treatments % increase in mature leaves per plant
100 ppm T/O | 200 ppm T/O | 500 ppm T/O
soil (cm) soil (cm) soil (cm)
T/Os 50.00° 20.69° 0.00?
C1 82.14¢ 96.30° 82.14°
Cc2 NP NP NP

Values with the same alphabets in superscript in the same column were not significant at 5% level
according to Bonferoni test. T/O p=direct transformer oil, T/O s=Suzuki transformer oil, C1=control 1,
C2=control 2, NP=not palnted
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Figure 3: Root length at different concentration of Transformer oil co-contaminated with of Aroclor
1260 (Error bars indicate standard error of the mean), before=initial length, after=final length
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Table 4: Percentage change in root length at different concentrations of Transformer oil co-
contaminated with Aroclor 1260.
Treatments Percentage change in root length
100 ppm T/O | 200 ppm T/O | 500 ppm T/O
soil (cm) soil (cm) soil (cm)
T/Ob 0.30° 0.082 -0.33?
C1 69.98° 69.13° 65.18°
Cc2 NP NP NP
Treatments Percentage change in root length
100 ppm T/O | 200 ppm T/O | 500 ppm T/O
soil (cm) soil (cm) soil (cm)
T/Os 50.602 20.342 -0.242
C1 69.98° 69.13° 65.18°
Cc2 NP NP NP

Values with the same alphabets in superscript in the same column were not significant at 5% level
according to Bonferoni test. T/Op=direct transformer oil, T/Os=Suzuki transformer oil, C1=control 1,
C2=control 2, NP=not palnted

Table 5a: Percentage change in biomass of C. odorata at 100 ppm of transformer oil co-contaminated
with Aroclor 1260 treatments.

Treatments/Set-up | Wet weight (g) Dry weight (g) Difference (g) % change
(ppm)

T/Op 5.692 4.15° 1.542 27.072

C1 13.06° 1.76° 11.30° 86.52°

C2 NP NP NP NP
Treatments/Set-up | Wet weight (g) Dry weight (g) Difference (g) % change
(ppm)

T/Os 6.64° 3.378 3.278 49.25%

C1 13.06° 1.762 11.30° 86.52°

Cc2 NP NP NP NP

Values with the same alphabets in superscript in the same column were not significant at 5% level
according to Bonferoni test. T/O p=direct transformer oil, T/O s=Suzuki transformer oil, C1=control 1,
C2=control 2, NP=not palnted

Table 5b: Percentage change in biomass of C. odorata at 200 ppm of transformer oil co-contaminated
with Aroclor 1260 treatments.

Treatments Wet weight (g) Dry weight (g) Difference (g) % change
T/Op 7.252 4.752 2.508 34.48?2

C1 92.07° 6.992 85.08° 92.41°

Cc2 NP NP NP NP
Treatments Wet weight (g) Dry weight (g) Difference (g) % change
T/Os 13.572 5.452 8.122 59.842

C1 92.07° 6.99° 85.08° 92.41°

c2 NP NP NP NP
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Values with the same alphabets in superscript in the same column were not significant at 5% level
according to Bonferoni test. T/O p=direct transformer oil, T/O s=Suzuki transformer oil, C1=control 1,
C2=control 2, NP=not palnted

Table 5c: Percentage change in biomass of C. odorata at 500ppm of transformer oil co-contaminated
with Aroclor 1260 treatments.

Treatments Wet weight (g) Dry weight (g) Difference (g) % change
T/Op 8.952 5.312 3.64° 40.672

C1 13.06% 1.332 11.73° 89.82°

Cc2 NP NP NP NP
Treatments Wet weight (g) Dry weight (g) Difference (g) % change
T/Os 18.662 6.942 11.722 62.81°

C1 13.062 1.332 11.732 89.82°

Cc2 NP NP NP NP

Values with the same alphabets in superscript in the same column were not significant at 5% level
according to Bonferoni test. T/O p=direct transformer oil, T/O s=Suzuki transformer oil, C1=control 1,

C2=control 2, NP=not palnted

Table 6: PCB recovery results: final soil PCB concentration, total PCB concentration, percentage PCB

absorbed, percentage change in PCB, and PCB concentration factor

Treatments Initial soil | Final soil PCB | Total PCB | % PCB absorbed | % change in

PCB conc. | conc. (ppm) in  plants PCB

(ppm) tissue

(ppm)

T/Op 100 6.8 2.61 - - 61.6
C1 BD BD BD BD 0
C2 6.9 5.42 NP NP 21.4
T/Op 200 7.1 3.32 - - 53.2
C1 BD BD BD BD 0
C2 6.3 5.27 NP NP 16.3
T/Op 500 6.1 3.57 - - 415
C1 BD BD BD BD 0
C2 6.7 5.44 NP NP 18.8
T/Os 100 8.9 2.02 -- -- 77.3
C1 BD BD BD BD 0
C2 7.3 6.08 NP NP 16.7
T/Os 200 7.4 1.87 - - 4.7
C1 BD BD BD BD 0
C2 7.8 5.81 NP NP 25.5
T/Os 500 6.5 2.68 - - 58.8
C1 BD BD BD BD 0
Cc2 6.4 5.05 NP NP 21.1

Conc.=concentration, BD=below detection, NP=not planted, RF=remediation factor, T/O p=direct
transformer oil, T/O s=Suzuki transformer oil, C1=control 1, C2=control 2
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Table 7: PCB concentrations in different plants tissues among different concentrations of Aroclor and
T/O soil treatments (values are reported as the mean of three replicates and their subsequent standard
deviation).

Root Stem Leaf Total
Treat Init | Resi | Dry | Ab | Tot | Dry | Ab | Tot | Dry | Ab | Tot | Tot | Tot | T | RF
ments | . dual | wei |sd. |al wei | sd. | al wei | sd. | al al al L [/
Soil | Soil ght | Ro | roo | ght | Ste |ste |ght | Lea|leaf | pla | pla | F | BA
PC | PCB | bio | ot t bio | m m bio | f PC | nt |nt F
B (ppm |m. |PC |PC |m. |PC |PC |m. |PC |B bio | PC
(PP |) (@ (B |B |(@ (B |B |(@ (B |(pp|m |B
m) (Pp | (PP (Pp | (PP (pp | M) | (@ | (pp
m) | m) m) | m) m) m)
T/Op 6.8 [261 |104 | BC [N/ |292|BC |N/ |230|BC |N/ |62 [N | N | N
100 0. | £0.02 | 0. A +0. A +0. A 6 A A |A
24 12 10 13 +0.
26
C1 BD |0 1.83 | BC | N/ 3.72 | BC | N/ 3.64 | BC | N/ 9.1 | N/ N/ | N/
+0. A +0. A 0. A 9 A A A
36 25 06 =0.
70
Cc2 6.9 |5.42 NP | NP [ NP | NP [ NP | NP | NP | NP | NP | NP | NP | N NP
0. | £0.23 P
24
T/Opb 71 (331 |034|BC [N/ |265|BC |N/ |202|BC |N/ |50 [N |N |N
200 0. | £0.08 | 0. A +0. A +0. A 1 A A A
49 07 08 19 +0.
21
C1 BD |0 183 |(BC | N/ |372|BC | N/ |364|BC |N |91 |N |N |N
+0. A +0. A +0. A 9 A A A
36 25 06 +0.
70
C2 6.3 [527 |[NP [ NP |[NP [NP [ NP | NP |[NP | NP | NP | NP | NP | N | NP
0. | £0.69 P
00
T/Op 6.1 | 3.57 0.20 | BC | N/ 1.42 | BC | N/ 1.12 | BC | N/ 2.7 | N/ N/ | N/
500 0. | £0.02 | 0. A +0. A 10. A 4 A A |A
16 05 34 25 +0.
15
C1 BD |0 1.83 | BC | N/ 3.72 | BC | N/ 3.64 | BC | N/ 9.1 | N/ N/ | N/
+0. A +0. A +0. A 9 A A A
36 25 06 +0.
70
C2 6.7 544 | NP [ NP |[NP [ NP [ NP | NP |[NP | NP | NP | NP | NP | N | NP
0. | £0.42 P
16
T/0s 89 (202 |624(01 |06 |3.07|BC |N/ |164|BC [N/ |10. | N/ | N/ |0.0
100 +0. | £0.00 | #1. | O 2 +0. A +0. A 95 | A A |01
33 24 | 0. 08 05 +0.
07 21
C1 BD | BC 6.40 | BC | N/ | 383 |BC | N/ |183|BC | N/ |12. | N/ | N/ | N/
+0. A +0. A +0. A 06 | A A A
56 31 08 +0.
07
Cc2 7.3 | 6.08 NP | NP [ NP | NP [ NP | NP | NP | NP | NP | NP | NP | N NP
0. | £0.02 P
06

100
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T/0s 74 | 187 |477]01 |05 |236|BC |N |127 | BC |N/ |84 |N [N |00
200 +0. | £0.06 | +0. |1 2 +0. A +0. A 0 A A |01
49 20 +0. 35 20 +0.
07 14
C1 BD | BC 6.40 | BC | N/ |[383|BC |N/ |183|BC |N/ |12, | N/ | N/ | N/
+0. A +0. A +0. A 06 | A A A
56 31 08 +0.
07
C2 78 [ 581 | NP NP | NP | NP | NP [ NP |NP | NP | NP [ NP | NP | N | NP
+0. | £0.06 P
16
T/0s 65 | 268 [ 098 | ND |N/ |141|ND [N/ |081|ND |N/ |32 | N | N |N
500 0. | +0.08 | +0. A +0. A +0. A 0 A A | A
08 10 02 06 +0.
00
C1 BD | BC 6.40 | BC | N/ |383|BC |N/ |183|BC |N/ |12. | N/ | N/ | N/
+0. A +0. A +0. A 06 | A A A
56 31 08 +0.
07
C2 64 | 505 | NP [NP | NP | NP | NP [ NP |NP | NP | NP [ NP | NP | N | NP
+0. | £0.65 P
24

Conc.=concentration, BD=below detection, NP=not planted, RF=remediation factor, T/O p=direct
transformer oil, T/O s=Suzuki transformer oil, Cl=control 1, C2=control, N/A=not applicable,
TLF=translocation factor, RF/BAF=bioaccumulation factor

Discussion
Growth of C. odorata in transformer oil contaminated soil

Phytoremediation of PCB co-contaminated in transformer oil in form of 100 ppm of Aroclor by C.
odorata in this study behaved differently at different concentrations of transformer oil in the soil. This
could be attributed to the toxicity of transformer/hydrocarbon containing oil to plants. Increase in
concentration of oil in soil has been reported to increase the phytoxicity to plants until such
concentration that it became lethal to the plants (Erickson 1997; Atagana 2008). In this study, the growth
of C. odorata was tremendously affected by the presence of transformer oil in the soil especially when
the oil is in direct contact with the plant (T/Op). 500 ppm of transformer oil per kilogram of soil was
lethal to C. odorata at this treatment. This was shown by the withering of the plant the first week they
were transplanted into the contaminated soil, as evidenced by the low percentage growth obtained in
T/Op experiment. Such effect has been described as physiological shock experienced by plants when it
changes environment (Vamerali et al. 2010). However, growth performance of C. odorata were
favorably in the T/Os experiments, the reason perhaps being that the plant did not have direct contact
with the contaminated soil except through the roots. Hence the plants in this treatment had relatively
high percentage growth with values not significant with that of T/Op but significantly different from
the values of the untreated control. Meanwhile, various weeds have shown strong adaptability to poor
soil condition, therefore it is not out of place that C. odorata was able to thrive on T/O treated soil
(Lingenfelta and Hartwig 2007; Singh et al. 2008; Anyasi and Atagana 2018). Chromolaena odorata
being a very resilient plant with such good properties for example the ability to survive in an oil
contaminated soil and other harsh environment was harnessed in this present study (Atagana 2011a/b).
Furthermore, plants in the higher concentration of transformer oil (500 ppm) of T/Op had percentage
growth rate which is less than zero meaning that the plants could not survive the duration of the
experiment. This evidently implies that only the high T/O treatments have lethal inhibitive effects to
the growth of C. odorata. Lethality of C. odorata in this experiment may have been caused by the
depletion of the nutrient in the soil as a result of the contaminant (Zeeb et al. 2006; Anyasi et al. 2019).
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Mature leaves per plant were increased especially in the lower oil treatments, an indication of growth
among the plants growing in that contaminated soil. However, higher oil concentration of 200 and 500
ppm contributed in the reduction of plant growth rate to 1.08 and 6.09 % respectively within the Suzuki
ammended experiment with a slight increase in MLPP in 200 ppm of oil, but withering of the plants
was observed at 500 ppm of both Suzuki method as well as in direct treatment with transformer oil as
a result, it could not develop more leaves. Untreated control maintained a high growth percetage
increase in MLPP with values significantly different from those of T/Op and T/Os treatments. This
result therefore is in aggreement with the report that exposure of plants to a concentration higher than
what it can tolerate may cause chlorosis of the leave, plant dehydration, stunted growth and perhaps
death (Merkl et al. 2004; Anyasi and Atagana 2004). Baek et al. (2004), reported on the inhibition of
red bean and corn by poly aromatic hydrocarbon (PAHS) content in crude oil contamination of between
10-1000 ppm in soil. Showing that phytoxicity of oil increases with the increase in the number of
aromatic rings (Dominguez-Rosado et al. 2004; Atagana 2011b). Meanwhile the multiplication of
leaves by plants in the T/Os treatment is a good correlation to the fact that C. odorata can tolerate high
concentration of oil in soil compared to the results of other scholars that have used other plants species
(Palmroth et al. 2006; Diab 2008; Muratova 2009).

In this study, mean leaf colour change was greener in untreated control, and progressively turned pale
green with dark spots as the concentration of transformer oil was increased from 100-500 ppm. Leave
of C. odorata varies in colour when it is growing in an environment that possesses growth supportive
enabling nutrients. Leave colour could range from light to middle green colour (Luwum 2002). The
greener the colour of the leaf, the more supportive the nutrient are to the growth of the plants in a soil
(Anoliefo and Edogbai 2001).

This study presented an average shoot to root ratio range of 4:1 to 13:1. This ratio is within the range
observed by one of the first studies on phytoremediation using a field tobacco plants (Suzuki et al. 1977;
Perrin and Armarego 1981). The study reported that plants with low concentration of organics could
still extract a valuable quantity of PCBs with a large shoot biomass. Contrastingly this study could not
obey the model reported by Gler (1940), but proffers a higher root biomass increase which explains the
reason why PCB absorption by the plant was concentrated in the root tissue. This should not be a
surprise considering the tremendous improvement in science and technology between 1940 to present.
The values of the percentage change in root length of the plants as used in this greenhouse experiment
maintained the same trend that was reported in the growth rate and MLPP. Wiltse et al, (1998), reported
an increased root biomass which was as a result of root length increase. These lead to increased surface
area of the root, causing a subsequent increase in rhizosphere volume. This however means that root
biomass is also important indicator in organic contaminant remediation process (Brandt 2003). Reduced
root length resulting to low biomass increase of the root could lead to reduced rhizosphere volume and
thus will have impact on the root surface of the plant towards the contaminants. Smith et al. (Smith et
al. 2007) agrees that high root biomass enhances contaminant degradation. Increased shoot biomass
was however suggested by Ficko et al, (2010), for optimization of phyoremediation of organic
contaminants which synonymously increased the amount of the contaminant removed by the shoot
tissues. Such increased shoot biomass concomitantly lead to an increase in root biomass enabling the
adsorption of the contaminants in the root. The progressive reduction in the measured parameters of C.
odorata grown in a soil treated with different concentrations of transformer oil co-contaminated with
Aroclor 1260 should be attributed to changes in soil condition as a result of hydrophobicity of the oil
which interferes with nutrient and water uptake as well as gaseous exchange (Smith et al. 1989).

Effect of different concentrations of transformer oil co-contaminated with Aroclor 1260 on the
ability of C. odorata to retain water.

Percentage change in biomass at T/Op and T/Os was significantly different from each other and an
increase in their value was observed as the concentration was increased from 100 to 200 to 500 ppm.
This explains the fact that the presence of transformer oil in soil containing C. odorata affects
transpiration ability of the plants thence affecting its physiological responses (Vamerali et al. 2010).
Such increased trend was also significantly different from that of untreated control which recorded all
time high of above 89 %. This is synonymous with the reports of Minai-Tehrani (2008) on a study of
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the effect of heavy crude—oil contamination on germination and growth of Rough meadow-grass.
Presence of water in plants signifies presence of nutrient and these aids plants growth and replenishment
(De Rouw 1991). High change in biomass from wet to dry is an indication of high water content in
plants, hence an indication of plant grown in a growth supportive environment. Therefore, increased
change in biomass is a good indicator for plants phytoremediation ability. C. odorata possesses good
remediation ability as it has been linked with the ability to travail in oil contaminated environments
(Palmroth et al. 2009). Meanwhile, the presence of organic pollutant in soil is known to cause a lot of
adversities to plants, a good example being that when a plant is growing in an organic contaminated
soil, transpiration pull is reduced by the closure of stomatal walls reducing evaporation of water from
the plants (Minai-Tehrani 2008; Anyasi et al. 2019).

Phytoremediation ability of C. odorata to PCB on transformer oil contaminated soil.

In transformer oil amended soil treatments, the concentrations of PCB in different oil treatments were
not phytotoxic to C. odorata as the plant has been shown to survive 500 ppm of PCB concentration in
authors previous study hence was able to complete the growth duration of the experiment in those
treatments. That is to say if the plant could manage the inhibition of the transformer oil then there is
possibility of phytoremediation of the PCB content as observed in different concentration of transformer
oil in the experiment (Anyasi and Atagani 2014). There was no measurement of concentration of the
oil at the end of the experiment but the influence of the oil was observed on the percentage reduction
of PCB in the experiment. Percentage reduction of PCB in the experiment was high at the lower
transformer oil treatment but continued to decrease as the content of oil was increased. However,
percentage reduction of PCB in unplanted control experiment showed a reduced value as compared to
that of oil treated and planted experiments. This shows that actual phytoremediation of PCB from the
co-contamination of Aroclor in transformer oil was aided by the presence of C. odorata. Although C.
odorata was able to cause reduction of PCB in this experiment, the plant was affected by phytotoxicity
of the oil in the 500 ppm concentration of oil in the two treatments. This was shown by the downwards
trend of the percentage reduction of PCB concentration in the residual soil as the content of the oil per
kilogram of soil was increased and the low concentration of PCB traces in the root tissues of the plants
in the Suzuki treatment at both the 100 and the 200 ppm per kilogram treatment of the oil. PCB
contamination between 0-260 pg/g have been reported not to be phytotoxic to various plants tested for
its phytoremediation ability, but higher concentration of PCB was seen to cause stress to the plants [12;
31; 63](Webber and Mrozek, 1979; Zeeb et al. 2006; Tanhan et al. 2011). The severity of transformer
oil to growth of C. odorata throughout the duration of this experiment at higher concentration of the oil
may not have been caused by co-treatment with Aroclor as the plant was found to survive at much
higher PCB-concentrated soil (Authors unpublished work). This implies that it could have been caused
by oil inhibition and perhaps other factors not measured.

However, total PCB concentrations found in the root tissues of C. odorata, ranges from 0.10 to
0.11ppm, the values could not give any remediation factor for the plants as a result of the fact that such
presence of PCB was not found in the above ground tissues of the plant. Therefore C. odorata only
absorbed PCB at 100 and 200 ppm transformer oil per kilogram of soil in the Suzuki experiment. Such
effect was not possible at 500 ppm concentrations as well as in the direct treatment of the soil with T/O.
This is in agreement with the study of Pinsker (Pinsker 2011), which reported that initial soil PCB has
a great effect on the amount of PCB absorbed by plants, its translocation as well as the concentrations
of the residual PCB in the soil at the end of a phytoremediation study. There was higher mean percentage
reduction of PCB concentration in the entire experiment compared to the mean percentage PCB
reductions of other plants species in phytoremediation studies reported in literature per unit time
(Mackova et al. 2009; Ficko et al. 2010; Teng et al. 2010). However PCB reduction was also observed
at the unplanted control, the reason behind such observation could be attributed to natural attenuation
and perhaps other parameters not measured (Aslund et al. 2007).

Different plant species have been reported on their ability to grow in high PCB or oil content in the soil
as to be able to phytoremediate the soil containing the contaminants (Salt et al. 1998; Low at al. 2009).
In those reports such plants were found to be able to tolerate the contaminants in soil even at high
concentration and were able to grow and remediate such soil (White et al. 2006; Muratova et al. 2009).
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In this study, C. odorata was able to grow through the duration of the experiment and contributed in
the reduction of soil PCB concentration to about 73% compared to unplanted control that was only
reduced to about 25%. This action by the plant to such soil contamination was most obvious when the
plants were prevented from direct contact with the oil because it was only at such treatment that the
plant grew well except at the high concentration of the oil per kilogram of the soil. The fact that no PCB
congeners were recovered at the shoot but only trace quantities at the root tissues of C. odorata even
when there was appreciable reduction in the concentration of the contaminant is an indication of
probable rhizodegradation although the resultant degradation product was not analyzed. This report is
in agreement with Epuri and Sorensen (1997) that reported a complete mineralization of
hexachlorobiphenyl in Aroclor 1260-contaminated soil that was planted with Tall fescue. Such effects
have also been elucidated by other studies (Singer et al. 2003; Checkol et al. 2004). However, future
studies should involve the analysis of the resultant compound from the degradation of Aroclor 1260 in
the presence of transformer oil by the root of C. odorata to enable a conclusive result to be drawn (Aken
et al. 2010; Anyasi et al. 2019).

Conclusions and recommendation

The results of this study showed that the presence of transformer oil in soil at both low and high
concentration inhibits C. odorata growth parameters, hence reduces the ability of the plant to
phytoremediate soil PCB. The presence of C. odorata in this experiment contributed in the remediation
of the soil at low co-contamination of the oil, but the effects of the plants were negatively impacted at
high co-contamination of the oil at direct contact with the plant. At such high concentration, plant
growth was hampered by the oil hence reducing phytoremediation ability. C. odorata contributed in the
reduction of soil PCB concentration at the end of the experiment. The use of soil culture Suzuki method
demonstrated that by using appropriate methodology, phytoremediation of soil contaminated by
transformer oil co-contaminated with Aroclor could be enhanced. Although natural attenuation was
found to also act on such unaided environment, but such effect was not appreciable. Therefore soil
culture phytoremediation of soil PCB contained in transformer oil using Chromolaenana odorata
should be tried in the field. As C. odorata has so demonstrated the ability to withstand the inhibition of
PCB co-contaminated in transformer oil as it could for other pollutants, it then present the plant as a
good candidate for the remediation of PCB contained transformer oil-contaminated soil using
appropriate method.
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ABSTRACT:

Aging is a generic and inevitable process that all organisms experience. It is the result of the progressive
accumulation of various molecular and cellular damages over time. However, human aging has changed
over the years, improving the average life expectancy and the physical appearance of people.

Nonetheless, it leads to a gradual decline in physical and mental abilities, increasing the risk of diseases
that can ultimately lead to death. Old age is also characterized by the presence of complex health
conditions known as geriatric syndromes.

In this context, Geriatrics is established as the branch of medicine dedicated to the study, prevention,
diagnosis, treatment, and rehabilitation of diseases specific to older adults. It is based on the CGA model
(Comprehensive Geriatric Assessment), a method that allows detecting and clarifying physical and/or
mental problems, as well as observing the individual's abilities. Its goal is to ensure the greatest
independence and quality of life for the elderly person.

The responsible geriatric physician must have the knowledge, skills, and competencies necessary to
implement comprehensive care strategies, as well as to strengthen support networks that allow for the
patient's reintegration into their daily, family, and social life, applying and adapting resources to meet
the person's needs.

Keywords: Aging, Health, Geriatric, Older adults, Reintegration.

INTRODUCTION

El envejecimiento es un proceso natural y universal que, en las Gltimas décadas, ha adquirido una
relevancia creciente debido al acelerado aumento de la poblacion adulta mayor en todo el mundo. Es
un fenémeno demografico que plantea retos significativos para los sistemas de salud, las familias y la
sociedad.

A medida que las personas envejecen, se incrementa el riesgo de enfermedades cronicas y de los
Ilamados sindromes geriétricos, las cuales son reconocidas como condiciones multifactoriales que
afectan la autonomia, la funcionalidad y la calidad de vida.

La salud geriatrica surge como una disciplina especializada que busca comprender y atender las
necesidades particulares de los adultos mayores, integrando aspectos médicos, psicologicos y sociales.
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Su objetivo no se limita a prolongar la vida, sino a garantizar que esta etapa se viva con dignidad,
bienestar y participacién en la comunidad. En este contexto, resulta indispensable reflexionar sobre el

impacto del envejecimiento en la salud, identificar los principales desafios y disefiar estrategias que
permitan responder de manera integral y humanizada a las demandas de una sociedad que envejece.

RESEARCH AND FINDINGS

I.  EL ENVEJECIMIENTO
El envejecimiento suele ser referido y entendido como el cambio gradual bioldgico de un ser vivo el
cual presenta diferencias cognitivas, fisicas y sociales, este es un proceso continuo que se comienza
desde el nacimiento y prosigue a lo largo de toda la vida.
Este proceso mientras mas prosigue aumenta el dafio molecular interno y externo del ser humano,
resultando en el aumento de la vulnerabilidad a enfermedades, asi como aumentan el riesgo de
afectacion a tejidos y 6rganos.

Avila (2018), menciona que el envejecimiento, cominmente suele ser marcado por connotaciones
negativas, y que, por el contrario, esta deberia verse de manera positiva, mencionando tres definiciones
distintas para el envejecimiento, la primera es la “cronologica” la cual su principal factor es la edad para
la comprension de ese proceso; la segunda es la “funcional” la cual es la que permite ver cuando
comienzan y aparecen las limitaciones y discapacidades; dando por dltimo la que lo entiende como
parte del proceso de ciclo vital de las personas y las caracteristicas singulares.

Cuando se habla de envejecimiento, se deben entender dos cosas, la primera es que no hay que confundir
la vejez con el envejecimiento, si bien, las dos se relacionan con el “crecimiento”, no son lo mismo. El
envejecimiento como ya se ha dicho es una serie de procesos bioldgicos que comienzan desde el
nacimiento y terminan con la muerte, y que, en el proceso pueden presentar problemas de salud; en
cambio la vejez es una etapa comprendida de la vida. En otras palabras, el envejecimiento es un proceso,
y la vejez es una etapa especifica.

Ahora, en segundo lugar, el envejecimiento no se presenta igual para todas las personas y esta misma
no es una enfermedad; Pérez y Sierra (2009) declaran que rara vez una persona muere de “vejez”, la
gran mayoria del tiempo mueren por una causa derivada del envejecimiento, como lo son por ejemplo
un paro cardiaco.

Estos mismos, aseguran, que el envejecimiento se deberia estudiarse a profundidad, siendo algo ya
imprescindible, ya que se observa conforme pasa el tiempo el aumento acelerado de la longevidad y por
lo cual se puede observar de igual manera el aumento acelerado del envejecimiento implicando una
necesidad de comprender tanto los aspectos fisiol6gicos como de comportamiento de los individuos de
edad avanzada, asi como también los efectos a nivel social y econémico.

) CAMBIOS FISIOLOGICOS
Salech (2012) describe que algunos cambios asociados al envejecimiento suelen ser:

A. Cardiovascular
— Rigidez vascular y cardiaca
— Mayor disfuncion endotelial
— Volumen expulsivo conservado
— Mayor riesgo de arritmias

B. Renal

— Menor capacidad para concentrar orina
— Menores niveles renina y aldosterona
— Menor hidroxilacion vitamina D

C. Nervioso Central
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— Menor focalizacién actividad neuronal
— Menor velocidad procesamiento
— Disminucién memoria de trabajo
— Menor destreza motora

D. Muscular
— Disminucion fuerza
— Caidas
— Fragilidad

E. Metabolismo / Glucosa
— Mayor Produccion adipoquinas y factores inflamatorios
— Mayor resistencia insulinica y diabetes (pag. 19-29)

II.  SINDROMES GERIATRICOS
Los sindromes geriatricos, son aquella forma de presentacion de las enfermedades, durante el proceso
de envejecimiento en un adulto mayor, que suelen ser causadas por el ambiente o de manera natural en
el organismo.

En otras palabras, son un complejo de signos y sintomas que llegan a generar patologias que aumentan
el riesgo a la muerte del paciente; asi como son a su vez la mas frecuente fuente de incapacidad

En afios anteriores, los “sindromes geriatricos” eran referidos como caracteristicas que eran mas
comunes en gente mayor (ancianos) que han ingresado en la zona de geriatria, mas, sin embargo, debido
al paso del tiempo y el estudio e interés en el envejecimiento este término pudo ser cambiado al que
ahora conocemos.

A pesar de que los 5 principales sindromes son la inmovilidad, inestabilidad, deterioro cognitivo,
incontinencia urinaria y la fragilidad; estos comparten algunas caracteristicas, tal cual lo mencionan
Millan, Morant, Alba et al. (2023) en su investigacion, las cuales son:

Elevada frecuencia.

Caracter sindrémico (constituye una forma de presentacion de diferentes patologias)
Originan un importante deterioro en la calidad de vida

Puede ser prevenible en algunos casos

Su abordaje diagnostico y terapéutico requiere valoracién integral

1) SINDROMES PRINCIPALES
Como se habia dicho, existen 5 grandes y principales sindromes geriatricos, que son
aquellos que se presentan mas cominmente en las personas ya en la etapa de vejez y
en su proceso de envejecimiento.
Millan et al. (2013) establece algunos de ellos:

e La inmovilidad. En palabras de la RAE la inmovilidad es “la incapacidad de
moverse 0 cambiar de posicion, que se aplica tanto a objetos fisicos como a
estados emocionales o mentales”; dentro del contexto de los sindromes
geriatricos, es definido como la “disminucion de la capacidad de desemperiar
las actividades de la vida diaria debido al deterioro muscular y de las funciones
motoras”, este es un sintoma que suele aparecer o comenzar a ser constante a
partir de los 75 afios.

e La inestabilidad (caidas). La RAE califica la caida como “la declinacion o
declive de algo”, es decir, es la precipitacion repentina al suelo producida de
forma involuntaria (puede haber perdida de conciencia).
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e Incontinencia urinaria. Es la perdida involuntaria de orina, esta puede ser leve
(algunas gotas al mes), la moderada (algunas gotas diarias) y la severa (perdida
de mayores cantidades de orina).

e Deterioro cognitivo. Es definido como la alteracion, perdida o reduccién de
manera total o permanente de varias o todas las funciones mentales, las cuales
incluyen memoria, lenguaje, pensamiento, razonamiento y orientacion,
afectando la capacidad de llevar su vida cotidiana.

e Fragilidad. Es la disminucién de la reserva fisioldgica, es un estado que
presenta mayor pérdida de resistencia y un mayor riesgo de incapacidad,
dejando a la persona en un estado vulnerable.

1. VALORACION GERIATRICA INTEGRAL (VGI)
La Valoracion Geriétrica Integral (VGI) se ha consolidado como la herramienta primordial y la "piedra
angular" de la practica geriatrica moderna, superando el modelo médico tradicional para responder a la
complejidad del envejecimiento.

La VGl se define como un proceso diagnéstico multidimensional, dindmico y estructurado, usualmente
interdisciplinario, que busca cuantificar los problemas y las capacidades médicas, funcionales, psiquicas
y sociales del anciano. Su objetivo final es trazar un plan de tratamiento y seguimiento a largo plazo
que optimice los recursos y logre el mayor grado de independencia y calidad de vida del paciente. Este
proceso sigue un patrén bio-psico-social-funcional donde todas las esferas interacttan entre si, de modo
que cualquier cambio en una repercute sobre las demas.

Para Vargas Esquivel y Luz Maria (2001), la importancia de la VGI cobra un auge especial debido a la
transicion demogréafica y epidemioldgica, caracterizada por un incremento de las enfermedades cronico-
degenerativas e incapacitantes. Sostiene que el modelo mas adecuado para medir la salud en el anciano
es aquel gue se centra en la capacidad funcional (la aptitud para atenderse a si mismo y desarrollarse en
su entorno familiar y social).

La VGI es fundamental porque permite la observacion sistematica del proceso terapéutico con el fin de
impedir o retardar la aparicion de incapacidades. Ademas, destaca que el cambio en el estado funcional
debe ser considerado el indicador mas sensible para identificar una nueva enfermedad en el adulto
mayor.

Soria Perdomo (2018) resalta que permite salir de la concepcidn tradicional de la medicina para atender
coordinadamente a la poblacién en situacion de fragilidad.

Su diferencia clave con la valoracion tradicional radica en el énfasis que pone en las "cinco I" de las
afecciones geriatricas: deterioro intelectual, inmovilidad, inestabilidad, incontinencia e iatrogenia. Por
su parte, Sdnchez Garcia (2020) sefiala que este proceso mejora la deteccion de problemas no
identificados previamente, descubriendo enfermedades no sospechadas en mas del 50% de los pacientes
mayores de 65 afios. Asimismo, constituye la herramienta mas atil para determinar el estado de salud y
estimar la supervivencia, independientemente de la suma de patologias que presente el individuo.

La evidencia cientifica solida demuestra que la VVGI realizada por equipos interdisciplinares, mejora
significativamente los resultados de salud en comparacion con el abordaje médico convencional. Se ha
comprobado que reduce la mortalidad, mejora la independencia funcional y aumenta las probabilidades
de que el anciano siga viviendo en su domicilio tras una hospitalizacion aguda, reduciendo el riesgo de
vivir en una residencia.

De igual manera, Sanjoaquin Romero et al. (s/f) subraya que la VGI permite situar al paciente en el
nivel médico y social mas adecuado a sus necesidades, reduciendo ingresos hospitalarios innecesarios
e institucionalizaciones prematuras.

A su vez se describe que, la VGI es una respuesta necesaria a la presentacion atipica e inespecifica de
las enfermedades en el anciano (como infecciones sin fiebre o infartos indoloros), que suelen escaparse
a la anamnesis tradicional. Su importancia reside en alcanzar un diagnéstico cuadruple (clinico,
funcional, mental y social) que configure la imagen real del anciano como si fuera un puzle. Ademas,
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este proceso es vital para prevenir la iatrogenia, dado que el riesgo de efectos adversos por
medicamentos es de 3 a 5 veces mayor en ancianos que en adultos; la VGI permite una revision
farmacolégica exhaustiva para evitar el "encarnizamiento diagnéstico y terapéutico”.

Los autores coinciden en que la VGI no solo es una técnica, sino un lenguaje comin que dota a los
profesionales de herramientas objetivas (escalas y cuestionarios) para una atencion humanizada. Dada
la realidad sociodemografica actual, es imperativo que la ensefianza de la VGI sea parte obligatoria y
especifica en los planes de estudio de Medicina y Enfermeria para responder al reto de ofrecer una
atencion excelente al paciente mas fragil.

IV.  POLITICAS PUBLICAS

Segun Razo-Gonzalez (2014), hasta antes de la década de los setenta, el pais carecia de una politica
publica definida; la atencidn a los ancianos se relegaba al ambito privado y religioso bajo preceptos de
caridad y beneficencia. No fue sino hasta 1979 que se dio un paso hacia la institucionalidad con la
creacion del Instituto Nacional de la Senectud (INSEN), hoy INAPAM.

Esta autora destaca que el enfoque inicial se basaba en la "pobreza e integracién social”, donde el adulto
mayor era visto como un "objeto™ de asistencia. Sin embargo, bajo la influencia de recomendaciones
internacionales, se ha transitado hacia un enfoque de derechos, que promueve la habilitaciéon de las
personas mayores como sujetos activos y busca la proteccion de sus derechos sociales y humanos. A
pesar de este avance discursivo, Razo-Gonzélez advierte que el INAPAM ha enfrentado dificultades
para ejercer su papel rector debido a la falta de recursos técnicos y financieros suficientes.

El disefio de las politicas sociales en México no ha sido un proceso aislado. Los organismos como la
ONU, la OMS y la CEPAL han determinado las representaciones sociales de la vejez y las agendas
gubernamentales. Especialmente tras las Asambleas Mundiales sobre el Envejecimiento en Viena
(1982) y Madrid (2002), se impulsaron planes de accion que obligaron a los gobiernos a visualizar el
envejecimiento como un fendmeno demogréfico ineludible.

Un aporte critico de estas autoras es la demanda creciente de un Sistema Nacional de Cuidados.
Argumentan que, ante la precarizacion del empleo y el aumento de la longevidad, la sobrecarga de
cuidados ha recaido histéricamente en las familias y, de manera desproporcionada, en las mujeres. Por
ello, proponen que el Estado asuma una corresponsabilidad efectiva, transformando el cuidado en un
derecho garantizado que integre al sector privado y a la comunidad.

Desde una perspectiva médica y poblacional, los autores Gutiérrez Robledo et al. (s/f) sefialan que
México atraviesa un proceso de envejecimiento acelerado: para 2050, se estima que el 22.5% de la
poblacion tendra 60 afios 0 mas. El gran reto para el sistema de salud es la carga de enfermedades
cronicas (cardiovasculares, diabetes, tumores), responsables del 79.1% de las defunciones.

La esperanza de vida y la esperanza de vida saludable; en México, los individuos pierden en promedio
casi nueve afos de vida saludable debido a enfermedades cronicas que aparecen a edades cada vez méas
tempranas. Ante esto, proponen cuatro lineas estratégicas urgentes:

e Prevencion a lo largo del curso de vida: Abordar factores de riesgo desde la juventud para
retrasar la discapacidad.
e Atencion médica centrada en la persona: Organizar los servicios de salud segun las necesidades
y preferencias del adulto mayor, no solo de su patologia.
e Creacion de entornos adaptados: Fomentar espacios amigables y reducir la discriminacion.
e Integracion médico-social: Vincular los servicios de salud con sistemas de cuidados a largo
plazo.
Complementando el enfoque de salud, Mufioz Hernandez (2011) propone un modelo de integracion
social que privilegia la ayuda a domicilio como alternativa a la institucionalizacion en asilos u
hospitales. Este enfoque busca mantener a los adultos mayores en su entorno habitual para prevenir
riesgos de desinsercion social.

113



INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS

Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/ ISARC Academy
Sugiere la implementacion de "cuasi mercados" de servicios sociales, donde el Estado financia y regula,

pero diversos sectores (publico, privado y OSC) suministran los cuidados domiciliarios. Asimismo,

destaca modelos comunitarios como el de la Comunidad Participativa Tepito (Comparte), que utiliza el

lema "el barrio como alternativa al asilo", fomentando redes vecinales de apoyo y autogestion de los

adultos mayores para preservar su autonomia.

Finalmente, Alejandro Klein (2024) ofrece una vision critica sobre la insuficiencia de las politicas
actuales, describiendo a la mexicana como una "sociedad que desampara"”. Klein argumenta que existe
un déficit cronico en las politicas sociales, sumergidas en una alta desigualdad, donde el 72% de los
adultos mayores padece vulnerabilidad social.

El autor denuncia la persistencia de un estereotipo de desvalimiento, que califica al adulto mayor como
"anciano decrépito” e improductivo. Se propone transitar hacia un "paradigma de plenitud de vida",
donde se reconozca al adulto mayor como un sujeto con potencialidades, capacidad de autonomia y
empoderamiento.

Las politicas publicas en México enfrentan el reto de pasar de un discurso de derechos a una
implementacion operativa que garantice la salud geriatrica, la seguridad econémica y el derecho al
cuidado, rompiendo con los estereotipos de vulnerabilidad para fomentar una verdadera ciudadania en
la vejez.

V. RETOS DEL SISTEMA DE SALUD
México atraviesa un cambio demografico sin precedentes: la poblacion de adultos mayores esta
creciendo a un ritmo mucho més acelerado que en los paises desarrollados. Mientras que a Francia le
tom6 115 afios duplicar su indice de envejecimiento del 7% al 14%, se estima que México alcanzara
este cambio en tan solo 28 afios. Como sefiala Carmen Garcia Pefia (2022), este fendmeno plantea el
reto de optimizar oportunidades para la salud y la seguridad con el fin de asegurar la calidad de vida,
bajo el paradigma del envejecimiento activo.

El sistema de salud actual, sin embargo, responde solo parcialmente a estas necesidades. EI modelo
vigente sigue siendo predominantemente reactivo y curativo, disefiado para atender enfermedades
agudas y no la cronicidad compleja del anciano.

La carga de la enfermedad se ha desplazado hacia las enfermedades no transmisibles (ECNT), que
representan el 84% de las muertes en el pais. En la poblacion mayor de 60 afios, la prevalencia de
hipertension alcanza el 72.8% y la de diabetes el 17.4%. Teniendo en cuanta a la nutricion, como un
papel importante en estas atribuciones.

Un problema central es la multimorbilidad: el 7% de los adultos mayores padece cinco 0 mas
enfermedades simultaneamente, lo que eleva exponencialmente los costos y la complejidad del
tratamiento. Garcia Pefia (2012) subrayan que los hogares con adultos mayores consumen un 50% mas
de recursos en salud que el promedio, y que la carga acumulada de enfermedad croénica es la principal
razén del incremento en los costos asistenciales.

De acuerdo con Gutiérrez Robledo, Kershenobich Stalnikowitz y Caro Loépez et al. (2015) la
dependencia funcional constituye el desafio mas apremiante para el sistema. Aunque la esperanza de
vida ha aumentado a 76 afos, la esperanza de vida saludable es de apenas 65.8 afos, lo que implica
vivir casi una década con enfermedad y discapacidad.

Se ba reportado que cerca del 26% de los adultos de entre 60 afios (y més) tienen limitaciones para
realizar actividades basicas de la vida diaria.

Considerando esto, la falata de un sistema o red de apoyo para los cuidados y servicios de forma
regulada, deja a las familias con la principal carga econdmica y mental (predominada mente en las
mujeres); acrecentando la vulnerabilidad para las dos partes y las demas personas en el nucleo familiar.

Existe una carencia critica de personal especializado. Segun Avila Fematt A. , Montafia Alvarez M. ,
Salinas Rodriguez A. (2013) México cuenta con una media nacional de apenas 0.38 geriatras por cada
10,000 habitantes mayores de 60 afios. Para alcanzar estandares internacionales minimos, el pais
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necesitaria formar cerca de 2,000 geriatras en pocos afios, una meta dificil de alcanzar dado que
actualmente solo egresan unos 20 por afio. Esta insuficiencia se agrava por la concentracion de
especialistas en las grandes urbes, dejando desprotegidas a las zonas rurales.

La seguridad econdmica es otro reto sistémico. Berenice Ramirez y Ham Chande (2012) sefialan que la
informalidad laboral deja a méas de la mitad de la poblacién sin acceso a pensiones contributivas. Esto
obliga a muchos ancianos a seguir trabajando en condiciones precarias o0 a depender totalmente de
transferencias familiares y remesas. Aarén Salinas Rodriguez y su grupo de investigacion han
documentado que el 40% de los hogares con un adulto mayor con discapacidad incurre en gastos
catastroficos de salud, gastando casi cuatro veces mas en consultas externas que hogares sin
discapacidad.

Para enfrentar estos retos, los autores proponen un cambio de paradigma hacia un Modelo de Atencion
Integral centrado en la persona. Las lineas estratégicas sugeridas por el Instituto Nacional de Geriatria
incluyen:

e Geriatrizar los servicios: Capacitar al personal de primer contacto en competencias geriatricas
y crear "Unidades de Enlace Geriatrico™ multidisciplinarias.

e Enfoque preventivo: Implementar el modelo de nucleos gerontoldgicos de ayuda mutua,
propuesto por Victor Manuel Mendoza Nufiez, para fomentar el autocuidado y la autogestion.

e Marco legal y derechos: Avanzar hacia la exigibilidad de los derechos establecidos en la Ley
de los Derechos de las Personas Adultas Mayores, combatiendo el "viejismo" y la
discriminacion por edad.

e Investigacién transnacional: Vincular la investigacion cientifica con la politica publica para
garantizar que las intervenciones se basen en evidencia real de la poblacion mexicana.

El sistema de salud debe dejar de ver el envejecimiento como una “carga” y comenzar a planificarlo
como un proceso dindmico que requiere una respuesta intersectorial, financiamiento sélido y un enfoque
preventivo a lo largo de todo el curso de vida.

CONCLUSION

El envejecimiento, es aquel proceso complejo que implica cambios bioldgicos, psicoldgicos y sociales.
Son cambios que, a pesar de ser naturales, dan lugar a los sindromes geriatricos, que no suelen ser
enfermedades aisladas, si no, un grupo de condiciones que afectan la calidad de vida de una persona.

No deberia entenderse como una pérdida progresiva o en una definicion enteramente negativa, si no,
como una etapa natural del crecimiento humano, una etapa que requiere una valoracion integral y
estrategias de prevencion.

Los sindromes geriatricos son sefiales de alerta que demandan un abordaje interdisciplinario, centrado
en la persona y en su entorno. Reconocerlos y atenderlos oportunamente permite no solo prolongar la
vida, sino asegurar gque sea una vida con dignidad, funcionalidad y bienestar.

Se destacan como principales sindromes, la inmovilidad, la inestabilidad, la incontinencia urinaria, el
deterioro cognitivo y la fragilidad; todas ellas afectan fuertemente la autonomia de una persona. Estos
sintomas son principales ya que son los mas comunes de ver, mas sin embargo no todos experimentan
lo mismo, e incluso, pueden presentarse de otras formas.
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Abstract

This study evaluates the gold mineralization potential of the Koro area (Patigi Sheet 204SE), Kwara
State, Nigeria, using an integrated approach involving airborne geophysical interpretation, geological
mapping, petrographic analysis, and geochemical investigation. The study area lies within the northern
extension of the Egbe-Isanlu Schist Belt of the Nigerian Basement Complex, a region recognized for
structurally controlled mesothermal gold systems but relatively underexplored in this segment. Airborne
magnetic and radiometric datasets were processed using first vertical derivative, tilt derivative, analytic
signal, and horizontal gradient techniques to delineate lithological boundaries, structural fabrics, and
hydrothermal alteration zones. Results from the geophysical analysis reveal dominant NE-SW to NNE-
SSW structural trends, intersected by NW-SE cross-cutting faults that define potential pathways for
mineralizing fluids. Geological mapping at a scale of 1:12,500 identified migmatitic gneiss, granites,
ampbhibolites, and quartz veins, with evidence of deformation including shearing, fracturing, and
veining. Petrographic analysis confirms mineral assemblages dominated by quartz, feldspars, biotite,
and amphibole, alongside microstructural features indicative of tectono-metamorphic evolution. A
systematic soil geochemical survey conducted on a 200m X 200m grid, with samples analyzed using
ICP-MS, indicates generally low background gold concentrations but highlights discrete anomalous
zones. Gold and associated pathfinder elements, such as arsenic, copper, lead, and antimony, show
positive correlations and spatial clustering at NW-SE structural intersections, suggesting structurally
controlled mineralization. The integration of geophysical, geological, and geochemical datasets
confirms the presence of a structurally controlled hydrothermal gold system within the study area. The
delineated anomalies and structural targets provide a strong basis for further exploration, including
detailed infill geochemical sampling, trenching, ground geophysics, and drilling to evaluate subsurface
continuity and economic potential.

Keywords: Gold mineralization, Geophysics, Geochemistry, Structural geology, Koro, Egbe-lsanlu
Schist Belt

l. Introduction

Gold (Au) has long held a unique position among the elements, valued not only for its aesthetic appeal
and role as a financial hedge but increasingly for its critical applications in modern technology and
medicine. As a siderophile element with high electrical conductivity and resistance to corrosion, it is
indispensable in the electronics industry. However, its primary global driver remains its status as a
"safe-haven" asset, which continues to spur intensive exploration efforts worldwide (Frimmel, 2008).

Nigeria is endowed with significant gold mineralization, primarily hosted within the Proterozoic schist
belts of the western half of the country. Historically, gold mining in Nigeria dates back to 1913, with
peak production occurring in the 1930s. The mineralization is generally associated with the Schist Belts
(such as the llesha, Egbe-lsanlu, and Kushaka belts) and is often controlled by structural features like
shear zones and faults within the Pan-African Basement Complex (Woakes and Bafor, 1984; Garba,
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2003). Despite this potential, much of the country’s gold remains underexplored, with current activities
dominated by artisanal and small-scale miners.

Gold Exploration and the Egbe-Isanlu Schist Belt

Modern gold exploration relies on a multi-disciplinary approach, integrating geological mapping,
aerogeophysical data interpretation, and detailed geochemical surveys to identify "blind" deposits. The
Egbe-lIsanlu Schist Belt, located in North-Central Nigeria, is a critical focal point for such studies. This
belt is characterized by a suite of metasedimentary and metavolcanic rocks, including phyllites, schists,
and amphibolites, often intruded by Granitoids (Olobaniyi, 2003).

Previous studies in the Egbe-Isanlu area have highlighted the presence of gold-bearing quartz veins and
associated hydrothermal alterations. Research has shown that mineralization in this region is typically
orogenic, linked to the late-stage tectonic events of the Pan-African Orogeny (Danbatta, 2008). In the
Koro area of the Pategi Sheet 204SE, the geological setting suggests a continuation of these favourable
mineralized structures. Evaluating the geochemical signature of the soil and rocks in this specific sector
is essential to unlocking its economic potential and providing a blueprint for sustainable mineral
development in Kwara State.

Study Area

The study area falls within Patigi Sheet 204SE, and it is bounded by latitude 8°32°45” to 8°35°15” and
longitude 5°54°15” to 5°57°15”, it spans an area of approximately 25.88km?and it is located within the
environs of Patigi Local Government Area of Kwara State, Nigeria (Figure 1). The region is located in
West Africa's Guinea Savannah belt, which is known for its moderate grasslands and sparse shrubbery.
In the region, tall grass grows to its fullest extent from September to December. The vegetation cover
is tropical and is characterized by alternating rainy and dry seasons. During the dry season, there are
intermittent showers. The North-East trade winds (harmattan)" keep the humidity low from December
through January. The average yearly rainfall ranges from 700 to 1300 millimeters. The area is underlain
by the Basement Complex of Nigeria, which consists of the Migmatite-Gneiss Complex; the Upper
Proterozoic supracrustal rocks known as the Schist belts, and the Syn to late tectonic granitic rocks,
which intruded the Migmatite-Gneiss Complex and the Schist belts that are pan-African in age (Obaje,
2009).
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I, Materials and Methods

The evaluation of the gold potential in the Koro area followed a systematic, multi-disciplinary
exploration workflow. This integrated approach ensured that surface geochemical signatures were
interpreted within a robust litho-structural framework.

e Pre-Field Litho-structural Analysis

The study commenced with the acquisition of high-resolution aero-geophysical data from the
Nigerian Geological Survey Agency (NGSA). Using Oasis Montaj and ArcGIS software, these data
were processed to generate enhanced magnetic and radiometric maps. This phase focused on identifying
deep-seated structural controls, such as shear zones, faults, and hydrothermal alteration zones, which
often serve as conduits for mineralizing fluids in the Nigerian Basement Complex.

e Geological Mapping and Field Operations

Building on the geophysical interpretations, a detailed field mapping exercise was conducted on a scale
of 1:12,500 across the study area located within Patigi Sheet 204SE. The primary objective was to
ground-truth the interpreted structures and confirm the local lithology. During this phase, 30
representative rock samples were systematically collected from outcrops for subsequent laboratory
study. Special attention was paid to quartz vein orientations and evidence of hydrothermal activity.
Structures like joints, faults, foliations, and field relations of one lithology with other lithologies were
observed.

e Petrographic Studies

To understand the mineralogical composition and paragenetic sequences of the host rocks, 10 thin
sections were selected and prepared. Petrographic analysis was performed using a polarizing
microscope to identify key rock-forming minerals, textures, and microstructures that assist in naming
rocks and in assessing microstructures indicative of gold mineralization.

e Geochemical Soil Sampling

Residual soil samples were collected across a predetermined 200 X 200 regional soils grid prepared
over the high prospect areas where cross-sectional features occur. Sampling was focused on the B-
horizon to minimize the influence of organic matter and surface contamination. Approximately 500g of
soil was collected at each station and securely bagged. The sampling density was designed to provide
adequate coverage for identifying geochemical anomalies across the Koro study site.

e Laboratory Analysis

The prepared soil samples were submitted for high-precision laboratory analysis. Inductively Coupled
Plasma Mass Spectrometry (ICP-MS) was utilized to determine the concentrations of gold (Au) and
a suite of associated pathfinder elements. The use of ICP-MS ensured low detection limits and high
sensitivity, which are critical for detecting subtle geochemical signatures in a primary exploration
target. Analysis was carried out at ALS Laboratory South Africa.

o Data Integration and Statistical Analysis

The final stage involved the integration of the geophysical, geological, and geochemical datasets.
Statistical analysis was performed on the assay results to determine the background and threshold values
for gold and its pathfinder elements. Multivariate techniques, including the calculation of Pearson
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correlation coefficients (r), were applied to evaluate the relationship between gold and other elements,

the relationship between one pathfinder element and the other, helping to distinguish between lithogenic
signatures and true mineralization anomalies.

IV.  Findings and Discussions
e Geology and Structures
Litho-structural Interpretation

The integrated analysis of aeromagnetic and radiometric data revealed a complex structural framework
dominated by NE-SW and NNE-SSW regional trending lineaments and localized NW-SE cross faults.
These regional structures are consistent with the regional deformation patterns of the Pan-African
Orogeny. Magnetic highs and lows coincide with Amphibolites and felsic rocks, respectively, also
indicative of zones of suspected alterations. The structural complexity is indicative of multiple episodes
of deformation (Figure 2). Radiometric ternary maps highlighted distinct potassium (K) and thorium
(Th) anomalies, often coinciding with hydrothermally altered zones within the amphibolite units. A
combination of processing, interpretation, and integration of aero-magnetic and aero-radiometric data
was used to produce a preliminary litho-structural map, which serves as a pre-field source of
information to guide the ground-truthing exercise.
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e Ground Truthing and Field Observations
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The study area, located 22.5km southeast of Pategi, is situated within the Nigerian Basement Complex,
comprising a suite of Migmatite-gneisses, Schist Belt units (Amphibolite schist), and Older Granite
intrusions. Field mapping and reconnaissance identified five primary lithological units from a total of

30 outcrops that were studied on the field:

e Granitic Suites: Both fine-medium and medium-coarse grained granites were observed. These
units frequently outcrop as bouldery or dome-shaped bodies and appear to have intruded the
surrounding schists and gneisses, predominantly following a NE-SW orientation.

o Amphibolite and Amphibole Gneiss: These mafic-rich units are characterized by their dark grey
to greenish-grey coloration, aphanitic textures. Structural measurements of foliation indicate a
NW-SE strike, reflecting the intense tectonic history of the region.

o Migmatitic Gneiss: Exposed along river channels, these rocks display classic neosome
(pegmatitic) and paleosome (gneissic) components with a general NNE-SSW trend. Some
outcrops show a distinct migmatite flow structure (Figure x), while others show a weak foliation
of platy minerals.

o Metasedimentary Units: Quartzite and quartz-schists form subtle topographic highs. Though
weathered, these units exhibit a preferred NW-SE orientation, dipping toward the SW.

o Altered Quartz (The Exploration Pointer): The central regions of the tenement contain quartz
rubbles and highly fractures and disjointed quartz outcrops showing sulphide oxidation and
hematization. These alterations are direct evidence of hydrothermal fluid activity, marking
them as high-priority targets for gold mineralization.

The migmatitic gneises, granites, and granitic gneisses occupy over 80% of the study area and are spread
all across the area. Field observations show that the granites intruded the migmatite/grainitic gneisses
as contacts were established and relics of the older rocks (gneisses) were seen in some of the outcrops,
which actually shows an incomplete assimilation of the granitic melt (Figure x).

A total of ten (10) samples out of the thirty (30) rock samples collected during the field mapping
exercise were sent as representative samples for the study area for preliminary petrographic analysis
through the production of thin section slides for observation under a plane and cross polarized light of
a petrographic microscope

Figure 5: Field Mapping exercise and Hand Specimen Samples of Rock: A: Migmatite-gneiss, B:
Gneiss, C: Coarse Grained Granite, D: Granite, E: Altered Quartz, F: Migmatite, G: Amphibolite

e Petrographic Characteristics

Ten (10) representative rock samples were taken from the number of outcrops located within the study
area for thin section production and analysis. Thin-section analysis of representative samples, including
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granites, gneisses, amphibolites, and quartz veins, revealed a diverse mineralogical assemblage
characteristic of the Nigerian Basement Complex.

o Granites and Gneisses: These units are primarily composed of quartz, plagioclase, microcline,
and micas (biotite and muscovite). Quartz grains in both units are predominantly anhedral and
non-equidimensional, displaying internal fractures and distinct undulatory extinction, which
indicates post-crystallization tectonic stress. Plagioclase is identified by its characteristic albite
twinning, while microcline exhibits diagnostic cross-hatch (tartan) twinning. Biotite and
muscovite appear as subhedral, elongated crystals with a preferred orientation, with biotite
showing strong pleochroism from light to dark brown.

Figure 6. Photomicrograph of granites composed of Microcline (Mi), Biotite (B) and quartz (Q) under
(A) crossed- polarized light, (B) plain-polarized light (Mag. 20x).

Figure 7. Photomicrograph of gneisses composed of microcline (Mi), biotite (B) and quartz (Q) under
(A) crossed-polarized light, (B) plain-polarized light (Mag. 20x).
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o Amphibolites: The amphibolite suite consists of amphibole (hornblende), plagioclase, quartz,
and orthoclase. Hornblende is distinguished by its strong pleochroism (pale yellow to dark
green) and characteristic cleavage. Notably, the presence of opaque minerals which remain
extinct under both plane and cross-polarized light suggests the presence of metallic ores or
sulfides, potentially pointing to the site's economic mineral potential.

Figure 8. Photomicrograph of amphibolite composed of amphibole (Am), Plagioclase (PL),
Orthoclase (OT), Opaque (Op), and quartz (Q) under (A) crossed-polarized light, (B) plain-polarized
light (Mag. 20x).

e Quartz Veins: Dominated by large, anhedral quartz crystals, these samples exhibit interlocking
boundaries and conchoidal fractures. The prevalence of undulose ("wavy") extinction across
these veins suggests they have been subjected to significant hydrothermal and structural
deformation, consistent with the localized shear zones identified in the aeromagnetic data.

T ]
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v

Figure 9. Photomicrograph of quartz vein composed of quartz (Q) and biotite (B) under (A) crossed-
polarized light, (B) plane-polarized light (Mag. 20x).

e Geochemical Dispersion and Statistical Analysis
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The geochemical evaluation of 95 residual soil samples (N-95) provides a clear picture of the
distribution of elements across the Koro study area. Statistical analysis (Table 1) was bench marked
against Average Crust

A

al Abundance to determine the relative enrichment of gold and its pathfinders.
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Figure 10: Residual Soil Sampling at Shallow depth of 20-50cm, dependent on soil profile
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Table 1: Background Average Crustal Abundance Statistics for Gold and its Pathfinder Elements

Elements

N

Background
Average Crustal
Abundance

Mean

Std.Deviation
Min
Max

Au
95
0.001

0.004

0.003737

0.027716

0.0005
0.271

Ag
95
0.01

0.075
0.018947

0.015691

0.005
0.09

As
95
0.7

1.8

1.026316

0.897184

0.1
6.4

e Gold (Au) and Silver (Ag) Distribution

Gold concentrations in the study area range from 0.0005 ppm to 0.271 ppm, with a mean value of 0.0037
ppm. While the local background (0.001 ppm) is lower than the global crustal average (0.004 ppm), a
significant anomalous peak of 0.271 ppm was identified in the central-western sector. This anomaly
follows a distinct NW-SE trend, suggesting a primary structural control. Silver (Ag) mirrors this trend

in the south eastern portion, with concentrations ranging from 0.005 to 0.09 ppm.
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Figures 12: Concentration Point Map of Gold and Silver in the Residual Soil of the Study Area

e Pathfinder Element Behavior (As, Pb, Cu, Sb)

The distribution of pathfinder elements further substantiates the gold potential:

e Arsenic (As): Ranges from 0.1 to 6.4 ppm. Despite a low mean (1.026 ppm), isolated values
in the eastern axis exceed crustal abundance, maintaining the characteristic NW-SE orientation.

e Lead (Pb) and Copper (Cu): Lead reached a maximum of 146 ppm, and Copper peaked at
124 ppm. Both elements exhibit spatial patterns and directional trends identical to Arsenic and
Gold, suggesting a common hydrothermal source.
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Figure 13: Concentration point map of Arsenic (As), Copper (Cu), Lead (Pb) in residual soil of the
study area

e Correlation Coefficient and Inter-Elemental Relationships

The computation of the Pearson correlation coefficient for all pairs of elements is one of the initial steps
in conducting multivariate analysis. Certain elements tend more or less to be associated with another
element or group of elements (Goldschmidt, 1954), so that different types of bedrock or mineralization
are determined by specific elemental associations. It is also performed to uncover inter-element
relationships or associations inherent in the geochemical data that could be interpreted as characteristic
of the geological or geochemical processes operating in the study area. Pearson’s correlation coefficient
method is used in order to delineate the inter-elemental relationships. The coefficient measures the
strength of the linear relationship between any two variables. Correlation coefficients were also
determined to identify the relationship between different geochemical factors that often influence the
concentrations and associations of elements using SPSS 16.0 (Statistical Program for the Social
Sciences). This computer software package is used to calculate the correlation coefficient and determine
the inter-elemental relationship.

Certain groups of elements respond more or less similarly to a given set of environmental conditions.
Consequently, mutual correlations between different elements serve to identify variations in the
geochemical landscape more clearly (Levinson, 1974). The correlation matrix for the data obtained in
this study (Table 5) was generated using the Statistical Package for the Social Sciences (SPSS), and it
shows both negative and positive correlations.
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Some of the elements exhibit fairly strong to strong positive correlations with each other and weak
negative to positive correlations with certain other elements. Moreover, the strong positive correlation

between some of the elements, notably, Ag/Cu, Ag/Zn, As/Ce, As/Pb, As/Sb, Co/Cr, Co/Cu, La/Sc,

La/Y, Sc/Y, Sc/Sn just to mention a few, may be indicative of a common source of mineralization or
concentration

Table 2: Pearson correlation matrix of soil geochemical data from the study area showing significance
at 0.5 and above.

Aun Ag As Ce Co Cr Cu La Li Nb Phb Sh Sc Sn Y
Amn |1
Ag 00091 1

As | 0.1028  0.084 1

Ce | 0.1811 | 021 0.7594 | 1

Co | 0.3059 | 03657 06819 | 0.6439 | 1

Cr | 0.021 0.136 04787 | 0.2925 | 05962 | 1

Cu | 0.0568 | 0.6443 03728 | 0.4025 | 0.6941 @ 04573 | 1

La | 0.0168 0317 0.1462 | 0.2263 & 02878  0.1933 | 04784 1

Li | -0037 02698 | 0.0157 | 0.008 02861 | 0.0391 | 038664 02175 |1

Nb | 0.0279 02482 0135 | - -0.081 | -0.134 | 0.009 -0.13 01237 | 1
0.0644
Pb | 0.2245 0383 0.7049 | 0.8773 | 0.6966 | 0.2982 | 0.442 0.0982 | 0.2054  0.00811 | 1
b | 0.2017 | - 0.7914 | 0.5314 | 0.4521 03063 | 0.15731 | 0.0446 | - -0.1857 | 03013 | 1
0.1096 0.1073

Sc | -0006 | 049183 02383 | 0.2927 | 0.3807 | 0.4456 | 0.75887 | 0.6295F | 0.3994 | -0.081 02491 | - 1
0.0146

Sn | -0.06% | 03781 0.0534 | 0.0720 02893 | 02377 | 040992 | 0.4125 | 0.4387 | -0.0077 | 0.0904 | - 0.7281 | 1
01111

Y -0.046 | 03858 | 0.0897 | 0.0937 | 02906 | 0.1665 @ 049607 @ 0.7436 | 0.1984 | -0.1233 | -SE- - 0.7755 | 0.5877 | 1
04 01119

Zn | -001%  0.7528  -0.009 | 0.1444 & 03282 0.003 0.71143 | 04792 | 0.5664 | 0.31337 | 0.2499 0.6446 | 0.4707 | 0.3
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Y
160
140
120
100 *
40
20
0
20 X
X 5 0 5 10 15 20 5 0 £
20 0 20 40 €0 &0 100 X~ Sc
X= Co Y« Sn
** Cu
Y
Y
190 »
160 20
140
%
120
20
100 *
80 15
@ * 10
@
S
2
o
0
2
X X
0 0 2 40 60 &0 100 120 140 180 5 [} 05 1 15
X=Cu X= Sn
Y= 2n Y=Y

129



INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS
Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/

ISARC Academy

X=Sc
Y=Y

X
1 0 1 2 3 4 L] & 7 8

K= As
Y=« Co

Figure 14: Binary Plots of (A) Co/Cu, (B) Sc/Sn, (C) Cu/zZn, (D) Sn/Y, (E) Au/Sb, (F) La/Y, (G) Sc/Y,

(H) As/Ce, (1) As/Co

From the correlation table and binary plots above using the Pearson linear correlation of elements which
measures the linear relationship/association between pairs of elements, the correlation matrix for the
data shows that a strong association exist between certain elements; Trace elements (As, Sb, Ce & Sn),
Base metals (Cu, Co, Zn & Cr) and Rare Earth Elements (La, Sc & Y). Within the correlated elements,
the plots show positive correlation between each other as shown in the correlation plots and correlation
table with a significant value of 0.5 and above, which interprets a strong association and a possible

common source of mineralization.

e The Gold-Pathfinder Association: The geochemical maps for Au, Ag, As, Cu, and Sb show
striking similarities in high-concentration zones. This co-precipitation signature is indicative of

a unified mineralizing event.
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o Elemental Groupings: Multivariate analysis identified three primary associations:
1. Trace Elements: As, Sh, Ce, and Sn.
2. Base Metals: Cu, Co, Zn, and Cr.
3. Rare Earth Elements (REE): La, Sc,and Y.

These strong positive correlations confirm that the mineralization in Koro is likely tied to a single, litho-
structurally controlled system rather than isolated occurrences.

V. Conclusion and Recommendations

The geochemical and petrographic study of the Koro area confirms a promising environment for gold
mineralization. Although average concentrations appear low relative to global crustal averages, the
presence of a 0.271 ppm Au anomaly, spatially coincident with pathfinder elements (Cu, Pb, As) and
following a consistent NW-SE structural trend, points to significant underlying mineral potential.

To further delineate the ore body and transition from preliminary to a detailed phase, the following is
recommended:

1. Higher-Density Sampling: Conduct systematic soil sampling at a 50m x 50m grid within the
delineated anomaly zones to increase spatial resolution.

2. Subsurface Investigation: Execute selective pitting (5-10m depth) to evaluate soil horizons
and determine the continuity of mineralization at depth.

3. Ground Geophysics: Integrate the current geochemical findings with Induced Polarization
(IP) or Ground Magnetics to pinpoint subsurface sulfide concentrations and structural conduits.

4. Targeted Trenching: Focus follow-up activities on the central-western and eastern axes where
the NW-SE geochemical trends are most pronounced.
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ABSTRACT

The increasing global demand for lithium, driven by its critical role in rechargeable batteries and
renewable energy technologies, has intensified exploration in under-investigated regions of the Nigerian
Basement Complex. Despite favourable geological conditions, the study area remains poorly explored
for lithium mineralization. This study evaluates its mineralization potential using an integrated
geophysical, geological and geochemical approach. High-resolution aeromagnetic and aero-radiometric
datasets acquired were processed using derivative-based and radiometric filtering techniques.
Aeromagnetic data enhanced by first vertical derivative, tilt derivative, analytic signal, and Centre for
Exploration Targeting (CET) analysis reveal dominant NE-SW, NNE-SSW, and E-W trending structures
consistent with regional Pan-African fabrics. Analytical signal maps define distinct magnetic domains,
while Euler deconvolution indicates source depths ranging from shallow (<300 m) to deep-seated
(>1,000 m), suggesting multi-level structural controls on mineralization. Radiometric analysis of
potassium (K), equivalent thorium (eTh), and equivalent uranium (eU), including ternary and K/Th ratio
maps, delineates zones of hydrothermal alteration spatially associated with structural features. Field
mapping confirms lithologies dominated by migmatite, biotite gneiss, muscovite schist, and NE-SW
trending pegmatite intrusions. Whole-rock geochemical data indicate silica-rich (51.03-75.34 wt.%
Si02), aluminous (9.81-19.17 wt.% Al.Os), and variable alkali compositions, reflecting felsic to highly
evolved melts with granitic affinity. Geochemical discrimination plots of Na2O+K>0+CaO vs. SiOz, and
A/NK vs. A/CNK) confirm a peraluminous granitic source, consistent with melts derived from crustal
protoliths. Fractionation and mineralization potential were further evaluated using K/Rb vs Rb, K/Rb vs
Cs, and Ta/(Ta+Nb) vs Mn/(Mn+Fe) plots, which indicate moderately evolved pegmatites belonging to
the rare-metal LCT (Li-Cs-Ta) family. Trace element ratios (K/Rb <100) and enrichment patterns
suggest significant fractionation and potential lithium mineralization. The integration of geophysical
signatures with geochemical evidence highlights structurally controlled, fractionated pegmatite systems
with significant lithium mineralization potential. These findings underscore the role of crustal evolution,
magmatic differentiation, and structural controls in rare-metal enrichment.

Keywords: pegmatite, lithium, fractionation, protoliths, hydrothermal alteration.

INTRODUCTION

Lithium (Li) has emerged as a strategically critical mineral due to its indispensable role in the global
transition toward low-carbon energy systems. It is a fundamental component in rechargeable batteries
used in electric vehicles (EVs), grid-scale energy storage, and portable electronic devices. Consequently,
the rapid growth in clean energy technologies has significantly increased global demand for lithium,
positioning it as a cornerstone of modern industrial and sustainable development (Linnen et al., 2012;
Gourcerol et al.,, 2019). Among the primary geological sources of lithium, granitic pegmatites
particularly Li—Cs—Ta (LCT)-type pegmatites are of major economic importance (Goodenough et al.,
2025).
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Pegmatites represent the final stage of magmatic crystallization, forming from volatile-rich residual
melts derived from granitic magmas. During fractional crystallization, early-formed minerals such as
feldspar and quartz preferentially incorporate major elements, while incompatible elements including
Li, Nb, Ta, Cs, Rb, Be, Sn, and W become progressively enriched in the residual melt. This enrichment
ultimately leads to the formation of rare-metal mineral assemblages such as spodumene, columbite—
tantalite, beryl, and cassiterite within coarse-grained pegmatitic bodies. These bodies occur globally and
constitute significant sources of critical metals essential for advanced technologies (Miiller et al., 2023;
Yang et al., 2022).

The exploration of Li-bearing pegmatites has increasingly relied on integrated approaches combining
geological, geochemical, and geophysical techniques. Airborne geophysical methods, including
aeromagnetic and aero-radiometric surveys, are widely used for regional-scale mapping of structural
features and alteration zones, while ground-based methods such as electrical resistivity tomography
(ERT) and induced polarization (IP) provide higher-resolution subsurface characterization. These
methods are particularly effective in delineating structural controls, lithological contrasts, and
hydrothermal alteration associated with pegmatite emplacement (Chen et al., 2023; Liu et al., 2026).

In Nigeria, lithium mineralization is predominantly associated with Pan-African pegmatites within the
Precambrian Basement Complex. Previous studies, including regional aeromagnetic surveys conducted
by the Nigeria Geological Survey Agency (2009), have identified prominent structural lineaments and
magnetic anomalies across the North-central region. Subsequent investigations (e.g., Bonde et al., 2019;
Lawali et al., 2020; Adamu et al., 2021; Augie et al., 2022a,b, 2024; Salako et al., 2024; Ohaegbuchu et
al., 2025) employed aeromagnetic, radiometric, and geochemical datasets to evaluate mineralization
potential. These studies revealed dominant structural trends, typically NW—SE to N-S, and suggested
that mineralization is structurally controlled and possibly linked to hydrothermal processes. Adjacent
areas such as Gwagwalada have also shown structurally controlled mineralized zones associated with
basement lineaments (Egbelehulu et al., 2025), while aeromagnetic analyses have identified key faults
and fracture systems influencing mineralization (Abdulsalam et al., 2024).

Despite these advances, significant gaps remain. Most previous investigations are regional in scope and
rely predominantly on airborne datasets, with limited integration of ground-based geophysical methods
such as ERT and IP for detailed subsurface validation. Furthermore, advanced edge-detection techniques
such as the first vertical derivative combined with Centre for Exploration Targeting (FVD—CET) and
analytic signal coupled with CET (AS—CET) have not been widely applied in the area to enhance
structural interpretation. In addition, there is a lack of comprehensive integration of aeromagnetic,
radiometric, and geochemical datasets specifically focused on the Kuje area, resulting in insufficient
local-scale characterization of Li-bearing pegmatite mineralization.

This study addresses these limitations by employing an integrated exploration approach that combines
aeromagnetic, aero-radiometric, and whole-rock geochemical analyses to delineate subsurface
structures, hydrothermal alteration zones, and magma fractionation trends associated with Li-bearing
pegmatites in the Kuje area. High-resolution airborne datasets are first utilized to identify structural
features and prospective zones, followed by detailed field mapping and geochemical investigations to
validate and constrain mineralization. The novelty of this study lies in the application of advanced edge-
detection filters and the integration of multi-source datasets to improve the delineation of structurally
controlled pegmatite mineralization, thereby enhancing exploration targeting in the region.
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Figure 1. Integrated Geological and Structural Map of the study area
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Figure 2. Location Map of Abuja Showing the Study Area

The study area lies within Kuje area of Federal capital Territory and as part of Kuje sheet 207NE. Kuje
is located between Latitudes 8°30" 00" and 9° 0’ 00" N and Longitudes 7° 0" 00" and 7° 30" 00" E. The
area is part of the Nigerian basement complex and is accessible by the Minna-Bida Trunk A road and
other several minor roads and footpaths and comprises major towns such as Sauka, Ligwai, Gaubi,
Chida, Gao, Rada, Ketti and Bida. The study area spans about 3100 square kilometers and lies within
the Precambrian basement complex which reflects the broader regional framework, characterized by a
mix of migmatites, schists, granites, and pegmatites. As shown in Figure 1, Previous field studies and
geological mapping in the area have revealed the predominant geology to be migmatite, granite gneiss,
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muscovite and pellitic Schist, porphyritic granite, Quartzite and feldspathic sandstone and siltstone
(Rahaman, 1988; Wazoh et al., 2016).

MATERIAL AND METHODS
Airborne Magnetic Method

The aeromagnetic data sheet 207 Kuje, which covered the study region, was used in the present study.
Fugro conducted an airborne survey in 2009 for the Nigerian government's NGSA. The conditions and
parameters set up for the data collection by the Fugro airborne survey are: (a) altitude of 100 m, (b) tie
line spacing of 2000 m, and (c) a flight line spacing of 500 m aligned NW —S. The maps are half-degree
sheeted and have a 1:100,000 scale. Of all the aforementioned parameter and data collection settings,
the dataset defined is high resolution aeromagnetic (HRAM), which is typically used to map shallower
subsurface causative bodies.

Using the International Geomagnetic Reference Field (IGRF 2010), regional abnormalities were
removed from the aeromagnetic data through processing. We reduced the overall magnetic intensity map
to the equator to locate magnetic anomalies above their source bodies and remove the anomalies' tilt.
The generated RTE map was then subjected to a number of improvement and filtering processes, which
improved the interpretability of the data.

The TMI corrected anomaly grid has been filtered and reduced to the magnetic equator (Figure 3) in
order to highlight a magnetised body anomaly, which is typically dependent on the body's orientation in
relation to the north magnetic pole, inclination, declination, and local earth's field. Geosoft (Oasis
Montaj), Arc GIS, and Surfer tools were used to handle and analyse the data using improved FVD and
AS techniques.

In order to identify the shallowest geological source, the first vertical derivative, which can be computed
in the frequency or space domain, is frequently applied to total magnetic field data. A cause structure
can be imaged more clearly thanks to the enhancement, which tends to reduce anomaly complexity and
sharpen anomalies over bodies. Due to its tendency to magnify short wavelength noise, the transition
may be loud. In magnetic interpretation projects, first vertical derivative data are now practically
essential showcasing the zones of essential geological formations/structures. Equation (1) presents the
general derivative’s algorithm. The AS amplified the variation in magnetisation of the magnetic sources
in the area and indicated the edges of anomalous texture. These variations in magnetisation may be
influenced by different earth materials as well as different mineralised zones, particularly metallic
minerals such as lithium-bearing pegmatite. CET reveals linear structures (lineament), and these
structures can define faults, fractures, or shear zones that represent mineralisation veins.

The anomaly in FVD is much narrower and more nearly matches the width of the magnetic rock body
that caused it; the derivatives are given in Equation (1) (Roest et al., 1992). These techniques have been
improved in this research by linking with CET (FVD CET) to reveal structural features, which as well
showed the location of the result.

L(r)=rn (D
where n order of differentiation.

The amplitude of the analytical signal (AS) can now be established (Pham et al., 2020) using Equation
(2). In this study, the estimation was used with the analytical signal coupled with the CET (AS-CET)
approach to highlight important zones of lineament. This was further linked to ArcGIS, which revealed
more information about the area's location.

sG] = (22 + (29)° + (2 &

dx ay dz

where X, y, z are the directions of total magnetic field and AS (X, y, z) is the amplitude of the analytic
signal at (x, y, z); T is the observed magnetic field at (x, y, z).
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To estimate source depth of magnetic sources, researchers have used the 3-D Euler deconvolution
technique (Nabighian & Hansen, 2001). The method relies on the assumption that anomalous magnetic

fields of localized structures are homogeneous functions of the source coordinates and, consequently,

satisfy Euler's homogeneity equation. Typically, the structural index (SI) remains fixed, and the locations

and depths (x_0,y 0, z 0) of any sources are determined using the following equation (5),

0f/0x (x —x0 )+ 0f/0y (y —yo )+ 0f/0z (z—2,) = SI(B— f) 3)

where f is the observed field of location (x, y and z) and f is the base level of the field [regional value
at the point (x, y, z)] and Sl is the structural index or degree of homogeneity.

Aero-radiometric Data

In this study, the aero-radiometric datasets from sheet 207 Kuje were utilised. These datasets were also
collected under the same survey conditions as the previously mentioned aeromagnetic data, and they
were similarly obtained from the NGSA, collected by Fugro airborne survey on behalf of Nigeria's
Federal Government (FGN). The Geosoft "Oasis Montaj Software" was utilised to process each radio
element using the gridded data that was obtained. The aero-radiometric data were processed to create
maps visualizing the surface distributions of potassium, equivalent thorium, and equivalent uranium.
This aero-radiometric technique has been shown to be highly valuable for identifying areas of
hydrothermal alteration and mapping geological units. The Potassium (K), equivalent thorium (eTh
ppm), equivalent uranium (eU), and ternary imageries were used in the enhancement processes. These
operations resulted in maps that correlate with the pattern and trend of geological units Shives RBK et
al., 1997. The analysis of radiometric data straddles the geochemistry-geophysics divide. Due to the
differing radioactive fngerprints, the high-resolution aero-radiometric survey is capable of mapping
lithologies, detecting zones of hydrothermal alterations, deciphering highly radioactive geologic
deposits, revealing surficial structures, and determining the concentration of the radioelements (eU, €T,
and K).

An essential component of the mineralisation interpretation of radiometric data is the integration of the
three radio elemental concentration channels, K, eU, and €T, with the TC channel and other relevant
data. The abundance of the radioelements is useful in locating possible host rocks favourable for
mineralisation. However, the abundance ratios eU/eT, eU/K, and eT/K are frequently more diagnostic
of lithology and hydrothermal alteration changes than the abundances of the individual radioelements.
However, eU/K, eU/eT, and eU are very important for delineating uranium deposits, K/eT for delineating
hydrothermal alterations and potassic hydrothermally altered zones. Tis study generated maps to identify
lithological units by analysing K, eU, and eTh radioelements in conjunction with the ternary images,
and the K/eT ratio was used to delineate the hydrothermal alteration zones in the survey area.

Geological Mapping and Whole rock Geochemistry

Geological field mapping was carried out using a geological hammer, compass—clinometer, GPS
receiver, and field recording materials. The study involved systematic traverse mapping to identify
lithological units, structural features, and their spatial relationships. Outcrops were examined and
described based on field relationships and macroscopic characteristics such as colour, texture, and
mineral composition.

Structural measurements, including strike and dip, were obtained using a compass—clinometer, while
joint orientations were recorded for rosette analysis. Geographic coordinates and elevations of sampling
locations were acquired using GPS. A total of twelve (12) rock samples were collected, comprising eight
(8) pegmatite and four (4) host rock samples, selected to represent the study area. All samples were
labelled, bagged, and transported to the laboratory. The samples were air-dried, cleaned of organic
materials, and crushed to <2 mm, followed by pulverization to <75 pm. Equipment was thoroughly
cleaned between samples to prevent contamination. Both partial and total digestion methods were
employed. Aqua regia digestion (HCI-HNOs) was used for partial extraction of mobile elements, while
total digestion using HF-HNO:s in a microwave system ensured complete dissolution of silicate matrices.
In resistant samples, fusion with lithium metaborate was applied. All procedures followed standard
safety protocols due to the use of strong acids. Elemental concentrations (major, trace, and rare earth
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elements) were determined using Atomic Absorption Spectroscopy (AAS). This technique quantifies
metals based on the absorption of element-specific wavelengths of light by free atoms, with absorbance
proportional to concentration. Flame AAS was used for major and minor elements, while graphite
furnace AAS was employed for trace-level analysis. The interpretation of the geochemical data was done
using a geochemical tool kit (GCDKkit). Descriptive statistics were used to discriminate between
mineralized and nonmineralized rock samples. Results of whole-rock geochemical analysis was used to

evaluate the chemical characteristics of the rocks and the petrogenesis of the rock units and associated
LCT mineralization in the study area.

FINDINGS AND DISCUSSIONS
Aeromagnetic Data Interpretation

Aeromagnetic data interpretation was carried out using the 2009 International Geomagnetic Reference
Field (IGRF)-corrected dataset (Sheet 207: Kuje), obtained from the Nigerian Geological Survey
Agency (NGSA). The dataset, covering approximately 3,100 km?, was processed within Oasis Montaj
(version 8.4) to generate Total Magnetic Intensity (TMI) Figure 3 and Reduced-to-Equator (RTE) maps
(Figure 4), which are particularly suitable for enhancing anomaly positioning in low-latitude regions.
To improve structural delineation and depth estimation, several enhancement techniques were applied,
including analytic signal (AS), first vertical derivative (FVD) and Euler deconvolution. These methods
collectively enhance anomaly resolution, define structural boundaries, and estimate depths to causative
bodies, making them effective for
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Figure 3. Total Magnetic intensity Map of the study area
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Figure 4. Reduced to Equator Map of the study area

mineral exploration in basement terrains (Aina & Aizebeokhai, 2021; Lawal, 2020).

The TMI map, following removal of a regional IGRF value of 34,000 nT, reveals magnetic intensity
values ranging from —35.24 nT to 131.91 nT. Negative magnetic anomalies are predominantly
concentrated in the northern part of the study area, particularly around Lugbe, Kuje, and parts of Kwalli,
with values between —35.24 nT and —7.74 nT. Additional low magnetic intensities are observed in
scattered pockets within the eastern sector, ranging up to 18.45 nT. In contrast, strong positive magnetic
anomalies, reaching a maximum of 131.91 nT, are mainly distributed across the southern half of the
study area, especially around Gao, and exhibit a dominant NE-SW structural trend. These high magnetic
zones correlate closely with mapped basement lithologies, including migmatite, migmatitic gneiss,
banded gneiss, biotite gneiss, quartzite, and schist—phyllite assemblages, indicating the presence of
magnetite-rich and structurally deformed rocks.

Application of the RTE transformation repositions magnetic anomalies directly over their causative
sources by correcting for the inclination and declination of the Earth’s magnetic field. The RTE-TMI
map, with values ranging from —28.57 nT to 129.33 nT, exhibits strong agreement with the geological
framework. The coexistence of positive and negative anomalies reflects the heterogeneous nature of the
migmatite—gneiss complex, where variations in magnetic intensity are controlled by differences in
mineral composition, particularly ferromagnetic content, as well as the degree of metamorphism and
deformation. Highly magnetic zones are associated with magnetite-bearing lithologies, whereas low or
negative anomalies are indicative of intense deformation, alteration, or reduced magnetic mineral
content.

The analytic signal map (Figure 5) enhances anomaly peaks directly over their sources and effectively
delineates lithological boundaries and structural features independent of magnetization direction. Based
on amplitude variations, three magnetic zones are identified: low (0.003—-0.008 nT/m), intermediate
(0.009-0.031 nT/m), and high (0.034-0.176 nT/m). High-amplitude zones are predominantly
concentrated around Kwali, southwestern Gao, and the southern part of the study area, and are associated
with highly magnetic lithologies such as biotite granite, banded gneiss, quartzite, and migmatite. These
zones are indicative of intrusive bodies and potential mineralization, consistent with established
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relationships between high analytic signal amplitudes and magnetically susceptible rocks (El-Raouf et
al., 2023). Intermediate zones correspond to younger metasedimentary units such as phyllites, while
low-amplitude zones are associated with sedimentary terrains, including feldspathic sandstone and
siltstone.
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Figure 6. First Vertical Derivative Map of the study area

The first vertical derivative map enhances shallow magnetic features by amplifying high-frequency
anomalies and suppressing regional trends, thereby sharpening anomaly boundaries and improving the
identification of structural elements as in figure 6. The map reveals numerous linear features trending
NW-SE, NE-SW, and E-W, interpreted as faults, fractures, and lithological contacts. High-amplitude,
narrow anomalies are indicative of near-surface intrusions, dyke-like bodies, and magnetized veins,
which are commonly structurally controlled and associated with mineralization. Abrupt changes in
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anomaly patterns further indicate fault intersections, shear zones, and tectonic boundaries that may act
as for hydrothermal fluid migration and sites of pegmatite emplacement (Osinowo & Abdulmumin,
2019).

Structural interpretation is further enhanced through Centre for Exploration Targeting (CET) analysis
(Figure 7), which automatically extracts and delineates lineaments and zones of structural complexity
from the RTE dataset. The results show a high density of lineaments in the southern half of the study
area, indicating intense deformation and increased mineralization potential. Dominant lineament
orientations are NE-SW and NNE-SSW, consistent with regional tectonic trends associated with the
Pan-African orogeny. These structures play a critical role in controlling lithological distribution, fluid
flow, and mineral deposition.
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Figure 7. Structural Lineament Map

Depth estimation using Euler deconvolution indicates that magnetic sources occur at varying depths,
ranging from less than 300 m to greater than 1,000 m as seen in Figure 8. However, most of the highly
magnetic structures and intrusive bodies are concentrated at shallow depths of less than 100-300 m. In
addition, mineralization-related features, particularly in hydrothermally altered zones within the
southern part of the study area, are generally confined to depths of less than 500 m. These depth
estimates are consistent with results obtained from analytic signal, FVD, radiometric ratio maps, and
CET structural analysis.
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Figure 8. Euler-Deconvolution

Aero-Radiometric Data Interpretation

Airborne radiometric data provide essential information for lithological discrimination, alteration
mapping, and identification of radiogenic mineralization. Beyond direct uranium detection, variations
in potassium (K), thorium (Th), and uranium (U) concentrations enable effective differentiation of rock
types based on their mineralogical composition. Potassium is typically hosted in minerals such as
muscovite, biotite, and K-feldspars (orthoclase and microcline), whereas uranium and thorium occur
mainly in accessory phases including zircon, apatite, sphene, monazite, and allanite (Hoover et al.,
1992). Geochemically, uranium is relatively mobile under oxidizing and hydrothermal conditions, while
thorium remains largely immobile and is transported mainly through mechanical processes. As a result,
felsic and highly evolved rocks tend to show elevated uranium and thorium concentrations, particularly
with increasing alkalinity.
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The potassium distribution map (Figure 9) indicates values ranging from 0.19% to 3.65%, reflecting
both lithological variability and possible alteration effects. High potassium concentrations (>2.74%) are
predominantly observed in the southeastern part of Kuje, the Tagwai region, and areas east of Gao and
south of Kwali, while moderately high values (2.38-2.74%) form NE-SW trending zones consistent
with regional structural fabrics. These high-potassium zones correlate with Pan-African Older
Granitoids, including biotite granite and granite porphyry, as well as associated metamorphic units such
as schists, phyllites, migmatites, and granite gneiss. In contrast, low potassium values (<0.53%) are
concentrated mainly in the southwestern sector and correspond to sedimentary lithologies such as
feldspathic sandstone and siltstone, reflecting reduced feldspar and mica content. Elevated potassium
signatures are commonly associated with hydrothermal alteration, whereas weathering processes may
lead to potassium depletion (Wilford et al., 1997; Dickson & Scott, 1997).

Thorium concentrations range from 8.62 to 28.31 ppm, with high values (>21.63 ppm) occurring mainly
in the western to southwestern parts of Gao, east of Tagwai, and in the southwestern extremities of the
study area (figure 10). These high thorium zones are associated with felsic intrusive rocks and high-
grade metamorphic units, particularly granitoids and migmatite—gneiss complexes. Moderately high
thorium values are observed along the southern boundary, while low concentrations (8.62—12.82 ppm)
extend from the north-northwestern to southeastern regions and are attributed to metasedimentary and
metavolcanic rocks, which typically contain fewer thorium-bearing accessory minerals.

Uranium concentrations range from 0.98 to 6.54 ppm and are classified into high (>4.15 ppm),
moderately high (3.42—4.15 ppm), moderately low (2.29-3.07 ppm), and low (<2.29 ppm) zones (Figure
11). High uranium concentrations are mainly concentrated in the southern part of the study area,
particularly around Gao and south of Kwali, where granitic and migmatitic lithologies dominate.
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Fig 11. Uranium concentration Map

Conversely, low uranium values characterize the northern sector and areas around north of Kwali and
east of Tagwai, corresponding to sedimentary units such as sandstone, shale, and alluvial deposits. The
spatial decoupling of uranium from potassium observed in some areas reflects its relative mobility
during hydrothermal processes (Airo, 2007).

The ternary radiometric image (K-Th-U) (Figure 12) provides an integrated representation of
lithological and alteration patterns. White zones, indicating high concentrations of all three elements,
correspond to felsic intrusive and high-grade metamorphic rocks such as granite, migmatite, and granite
gneiss, and are prominently developed around Gao and northwest of Tagwai. These zones form linear
features trending southeast and coincide with mapped
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Figure 12. Ternary Map of research site

structural lineaments, suggesting structural control on mineralization and possible emplacement of
pegmatitic bodies. Dark zones represent low radioelement concentrations and are associated with
sedimentary or low-grade metamorphic rocks, while red-, green-, and blue-dominated zones indicate
relative enrichment in potassium, thorium, and uranium, respectively. These spatial patterns demonstrate
a strong relationship between radiometric signatures, lithology, and structural architecture.

Radiometric ratio analysis, particularly the K/Th ratio (Figure 13), enhances the detection of
hydrothermal alteration zones due to the relative immobility of thorium compared to potassium. In
unaltered rocks, K/Th values typically range from 0.17 to 0.20 %/ppm (Hoover & Pierce, 1990; Shives
et al., 2000; Dentith & Mudge, 2014). In this study, K/Th ratios range from 0.01 to 0.29 %/ppm, with
values exceed approximately 0.17-0.19 %/ppm interpreted as indicative of potassium enrichment
associated with hydrothermal alteration. These high-ratio zones are mainly located in the southwestern
and northern parts of the study area and correspond to schist belts and banded biotite gneiss units. Their
spatial coincidence with mapped lineaments and magnetic anomalies indicates structurally controlled
hydrothermal fluid flow. Areas such as northwest of Kuje, the central part of the study area, and southern
Tagwai show particularly strong alteration signatures, consistent with previous interpretations (Salako,
2014), and represent potential zones of mineralization.

The integration of radiometric and aeromagnetic datasets further strengthens the interpretation of
mineralization potential. Analytic signal processing of the magnetic data enhances anomaly peaks
directly over their source bodies, allowing clear delineation of lithological contacts and structural
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features (Faruwa et al., 2021; Lawal, 2020). The study area is classified into low (0.003—0.008 nT/m),
intermediate (0.009-0.031 nT/m), and high (0.034-0.176 nT/m) magnetic anomaly zones. High
magnetic amplitudes are associated with lithologies such as migmatite, banded gneiss, biotite granite,
quartzite, and schists, particularly around Kwali, southwestern Gao, and the southern part of the study

area, while intermediate zones correspond to younger metasediments such as phyllites. Low magnetic

zones coincide with sedimentary terrains, including feldspathic sandstone and siltstone.

The spatial association of high magnetic anomalies, elevated K/Th ratios, and dense structural
lineaments suggests zones of hydrothermal alteration and mineralization. These areas likely represent
conduits for mineralizing fluids and sites of magmatic intrusion. The presence of porphyritic intrusions,
combined with strong structural control and alteration signatures, indicates favorable conditions for the
formation of sulfide mineralization, including gold (Au), silver (Ag), copper (Cu), and molybdenum
(Mo). Furthermore, hydrothermally altered pegmatitic bodies, identified through moderate analytic
signal responses and characteristic signatures on ternary radiometric images, may host rare-metal
mineralization such as lithium (Li), tantalum (Ta), niobium (Nb), and beryllium (Be), as well as
gemstones.

Field Mapping and Geochemical Assessment

Whole-rock geochemical analysis provides critical insights into elemental distribution, petrogenesis,
and geotectonic evolution of crystalline terrains. In this study, major oxides, trace elements were
analyzed and presented in tabular and graphical forms (Tables 1— 4; Figures 13—16) using bivariate,
binary, and ternary discrimination diagrams. These approaches enable the classification of rock types,
interpretation of magma evolution, identification of protoliths, and assessment of mineralization
potential within the study area.

The analyzed rocks exhibit a wide compositional range, with SiO: values between 51.03% and 75.34%,
Al205 (9.81-22.11%), Fe20s (0.5-15.23%), K20 (0.1-11.60%), Na-O (0.80-8.50%), CaO (0.0-2.60%),
MgO (0.0-1.05%), and TiO: (Table 1) generally below 3%, alongside trace elements such as Cs, Mn,
Sn, Nb, and Ta (Table 2). These geochemical characteristics are consistent with Precambrian basement
rocks reported in similar Nigerian terrains, particularly those associated with Pan-African orogenic
processes, which are typically enriched in AlOs and depleted in TiO2 and certain incompatible elements
(Danbatta, 2007). Representative lithologies further reveal that migmatites are enriched in SiO2 and
AlO:; but relatively depleted in MgO, CaO, and alkalis, whereas schists show moderately high silica
and iron contents. The overall silica-rich composition supports a predominantly felsic to granitic affinity
of the basement rocks (Dada, 2006).
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Oxide wt%  Migmatite  Schist Gneiss I(\I/I\le:azr; Pegmatite Mean (N=8)
L14 L13a L11 L19 L10 L13b L20 L21 L22 L23 L24 L25
Sio2 70.32 66.01 64.3 75.34 69.82 69.7 70 73.01 68.72 69.25 51.03 67.63 67.25 67.07
Al203 115 10.11 9.81 15.65 12.73 19.15 125 15.5 22.11 18.75 16.53 19.17 15.2 17.36
Fe203 11.11 14.2 15.23 0.71 7.97 0.85 0.5 12.2 0.8 0.8 7.55 0.64 0.52 2.98
MnO 0.14 0.35 0.35 0.07 0.21 0.15 0.02 0.07 0 0.3 0.28 0.02 0.1 0.12
MgO 0.51 0.89 1.05 0.36 0.71 0 0 0 0 0 0 0 0 0
Cao 131 1.2 2.3 2.6 245 0 0.4 0 0 0.6 0.2 0 0 0.15
Na20 1 2.5 2.1 0.8 1.45 1.6 4.5 3.5 2.5 2.6 8.4 3.2 5 3.91
K20 1.05 0.1 1.3 2.1 1.7 3.5 5.4 5.2 3.2 4.2 11.6 5.2 7.8 5.76
TiO2 1.92 2.8 2.75 0 1.38 0 15 0 0.17 0 0 0.17 0.18 0.25
LOI 1.6 1 1.3 1 1.15 2.8 0 0.7 1.8 2 2.8 1 0.58 1.46
Total 100.49 99.19 10.05 9.86 9.96 9.78 9.48 11.02 9.93 9.85 9.84 9.7 9.66 9.91
Al/CNK 8.36 33.7 1.56 3.58 2.57 - 1.29 - - 2.86 0.85 - - -
Al/NK 10.95 40.44 3.59 9.32 6.45 3.42 0.51 0.85 2.76 1.72 0.17 1.15 0.39 1.37
Table 2. Trace elements chemical analysis for the rock types in the study area
Oxide wt% Migmatite Schist Gneiss z\l/l\le:azr; Pegmatite Mean (N=8)
L14 L13a L11 L19 L10 L13b L20 L21 L22 L23 L24 L25
Cs 3 4 56.5 15 35.75 45 5.2 4.8 30.8 131 30.3 10.5 51 13.04
Ta 0.8 1.2 24.3 4 14.15 901 12285 1720 2048 1147 0.2 3.5 983 2385.96
Rb 90 110 534 300 417 145 165 155 1528 232 1523 210 277 529.38
Be 2 3 196 8 102 4 5 5 31 6 12 15 10.5
Sn 15 2 170 6 88 12700 4 0.5 10 0.5 8 18 1593.38
Nb 8 10 59 18 38.5 0 0 909 1258 0 0 0 270.88
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Mn* 750 800 310 420 365 620 390 465 85 155 95 770 155 341.88
Ga 16 18 45 22 335 18 16 19 12.7 23 12.6 22 24 18.41

Y 20 25 10 30 20 6060 1968 4329 0 6217 8106 20236 25184 9012.5
Zr 150 180 15 100 57.5 0 962 0 888 1184 2738 0 0 721.5
Co 12 14 0.1 6 3.05 12 10 11 0.3 0.5 0.3 8 0.5 5.33
Th 8 10 0.5 6 3.25 8.5 7.2 9.1 0.1 2.2 0.1 4.5 2.5 4.28

U 15 2 4.2 1.2 2.7 2.1 1.8 2.5 0.2 0.7 0.1 15 1.2 1.26

Li 25 35 350 120 235 25 32 28 139 52 145 45 27 61.63

K (ppm) 8716.68 830.16 10792.08 17433.36 14112.72 29055.6 44828.64 43168.32 26565.12 34866.72 96298.56 43168.32 64752.48 47837.97
Ratio

Th/U 5.33 5 0.12 5 2.56 4.05 4 3.64 0.5 3.14 1 3 2.08 2.68
zZrlY 7.5 7.2 1.5 3.33 2.42 0 0.49 0 - 0.19 0.34 0 0 -

K/Cs 2905.56 207.54 191.01 116222  676.62 6456.8  8620.89  8993.4 862.5 266158 3178.17 4111.27 12696.56 5947.65
Rb/Cs 30 27.5 9.45 20 14.73 32.22 31.73 32.29 49.61 17.71 50.26 20 54.31 36.02
K/Rb 96.85 7.55 20.21 58.11 39.16 200.38  271.69 278.51 17.39 150.29 63.23 205.56 233.76 177.6

Table 3. Enrichment Factor (EF) of Trace elements for the rock samples in the study area according to Taylor and McLennan (1985) Upper Continental Crust

(UCC) values
Element Sample Mean (ppm) UCC (ppm) Correct EF Enrichment Status
Cs 13.04 3 4.35 Moderate enrichment
Ta 2385.96 2 1192.98 Extremely high enrichment
Rb 529.38 112 4.73 Moderate enrichment
Be 10.5 2.8 3.75 Moderate enrichment
Sn 1593.38 2.1 758.75 Extremely high enrichment
Nb 270.88 20 13.54 Significant enrichment
Ga 18.41 17 1.08 Minimal enrichment
Y 90125 21 429.17 Extremely high enrichment
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Zr 7215 190 3.8 Moderate enrichment
Co 5.33 25 0.21 Depleted
Th 4.28 10.7 0.4 Depleted
U 1.26 2.7 0.47 Depleted
Li 61.63 20 3.08 Moderate enrichment

Table 4. correlation coefficient of the concentrations of trace element of the pegmatites

Element Cs Ta Rb Be Sn Nb Ga Y Ir Co Th U Li
Cs 1

Ta 0.68 1

Rb 0.79 0.71 1

Be 0.81 0.69 0.86 1

Sn 0.6 0.74 0.65 0.63 1

Nb 0.55 0.66 0.59 0.57 0.62 1

Ga 0.49 0.45 0.54 0.51 0.44 041 1

Y 0.53 0.61 0.56 0.55 0.58 0.6 0.46 1

Ir 0.38 0.4 0.42 0.39 0.36 0.47 0.35 0.64 1

Co -0.41 -0.36 -0.48 -0.44 -0.33 -0.3 -0.28 -0.32 -0.25 1

Th -0.35 -0.3 -0.37 -0.36 -0.29 -0.27 -0.24 -0.26 -0.21 0.62 1

u -0.32 -0.28 -0.33 -0.31 -0.25 -0.22 -0.2 -0.23 -0.18 0.58 0.71 1

Li 0.82 0.74 091 0.88 0.69 0.63 0.52 0.58 0.41 -0.46 -0.39 -0.34 1

149



INTERNATIONAL MESOPOTAMIAN SCIENTIFIC RESEARCH CONGRESS

Congress Program /April 4-5, DIYARBAKIR, Tiirkiye/ ISARC Academy

Field mapping indicates that the study area is underlain by a complex Precambrian basement dominated
by migmatites and gneisses, with subordinate schists and intruding pegmatites and quartzo-feldspathic
dykes. These lithologies exhibit a consistent NE-SW structural trend, which controls both foliation and
emplacement of intrusive bodies. Migmatite—gneiss units constitute the majority of the area and
represent high-grade metamorphic rocks formed through partial melting and recrystallization of pre-
existing protoliths (Figures 13a, 13c, 13d, and 13e). These rocks display characteristic banding (Figure
13c) defined by alternating felsic (quartz—feldspar—muscovite) and mafic (biotite—hornblende) layers,
with well-developed foliation reflecting regional tectonic deformation. Schists, though less abundant,
are characterized by strong schistosity (Figure 13b) resulting from the alignment of platy minerals such
as muscovite, indicating metamorphism of pelitic sedimentary precursors. Pegmatites occur as late-stage
intrusive veins (Figure 13f) cutting across all major lithologies, typically coarse-grained and composed
of quartz, feldspar, and mica, with field measurements indicating predominant NE-SW trends and steep
dips, suggesting structural control during emplacement.

(b)

(©) (d)
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Figure 13. Photograph of rock types (a) Migmatite with haphazard foliation (b) pellitic schist with
schistose plane (c) Banded Gneiss with melanocratic and leucocratic band of minerals (d) the wavy and
folded nature of the bands, showing ductile deformation (e) A thin, whitish quartz vein cross-cuts the
foliation, and joint of migmatite-gneissic body (f) sampling pegmatite at river bank

The structural framework of the area reflects multiple deformation phases associated with the Pan-
African orogeny. Observable features include foliations, folds, joints, veins, and dykes. Foliation is
defined by the alignment of mica and quartz—feldspar bands, while mineral lineation reflects tectonic
transport directions. Cross-cutting relationships of veins and dykes indicate late-stage magmatic
intrusion along fractures (Figure 13e). The coexistence of ductile structures (folds) and brittle features
(joints and faults) indicates a complex deformational history involving varying stress regimes.

Geochemical classification using the Total Alkali—Silica (TAS) diagram (Middlemost, 1985) shows that
the migmatites, gneisses, and schists plot within the granite to granodiorite fields, while pegmatites
extend into granite, granodiorite, and syenite domains, confirming their felsic composition (Figure 14b).
The rocks are generally silica-rich and enriched in Al:Os and alkalis, with aluminium saturation index
(ASI) values greater than unity for migmatite, gneiss, and schist, indicating a peraluminous character
typical of metasedimentary-derived rocks (Figure 12d). In contrast, some pegmatites exhibit peralkaline
tendencies (A/CNK < 1), suggesting derivation from evolved igneous melts (Figure 14d). Elemental
variation diagrams reveal negative correlations between SiO- and Fe:0s, MgO, and TiO: (Figure 14a),
indicating fractional crystallization involving ferromagnesian minerals such as pyroxene and
hornblende. The presence of quartzo-feldspathic veins further supports partial melting (anatexis) during
metamorphism (Obiora, 2006). The Modified Alkali-Lime Index (MALI) (Figure 14c) indicates that the
rocks span calcic, calc-alkaline, and alkali-calcic series, suggesting contributions from multiple magma
sources and complex magmatic evolution (Frost et al., 2001).
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Discrimination diagrams further indicate that the metamorphic rocks were derived from sedimentary to
metasedimentary protoliths, as evidenced by their peraluminous nature (Figure 14d) and high silica
content, whereas the pegmatites are of igneous origin and represent late-stage crystallization products
of granitic magmas. Tectonic discrimination plots (Figure 15) suggest formation predominantly within
an active continental margin setting, with characteristics of volcanic arc granites and syn-collisional
environments, alongside minor post-orogenic signatures. This indicates prolonged magmatic activity
during and after the Pan-African orogeny, with pegmatites belonging to the Older Granite suite
associated with late Pan-African magmatism (Kiister, 1990; Garba, 2003).
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Trace element distribution provides further constraints on pegmatite evolution and mineralization
potential. Fractionation indices such as K/Rb, Ba/Rb, K/Cs, and Na/K are widely used to assess the
degree of magmatic differentiation. Low K/RD ratios (<100) (Figure 16a) observed in some samples
indicate significant fractionation and are commonly associated with rare-metal mineralization (Cerny,
1989; London, 2005). Discrimination plots (Rb vs. K/Rb; Cs vs. K/Rb) show that while many
pegmatites fall within the muscovite (barren) class, selected samples (e.g L21 and L23) display
characteristics of mineralized systems (Figure 14a and 14c). These variations are attributed to magmatic
evolution processes, including fractional crystallization and melt-fluid interactions or liquid
immiscibility (Thomas & Veksler, 2002). The pegmatites are therefore interpreted as moderately
evolved and correspond to Lithium—Cesium—Tantalum (LCT) type rare-metal pegmatites, characterized
by enrichment in incompatible elements such as Sn, Ta, Nb, Rb, and Cs. Plot of Ta/(Ta+Nb) vs
Mn/(Mn+Fe) variation plots of the Pegmatites (fields adapted from Cerny and Ercit, 1989), plotted L21
and L23 Pegmatites within the spodumene region confirming the presence of Lithium bearing pegmatite
(Figure 16d). Such geochemical signatures are typical of highly evolved granitic systems and are
consistent with findings from similar basement complexes in Nigeria (Chukwu & Obiora, 2021).

Enrichment Factor (EF) analysis, normalized to Al-Os using Upper Continental Crust values (Rudnick
& Gao, 2003), further constrains the degree of mineralization (Table 3). Based on the classification of
Sutherland (2000), several samples exhibit significant to extreme enrichment. For instance, sample
L13b shows exceptionally high enrichment in Ta (EF > 16,000), while samples L10 and L20-L22
display strong enrichment in Ta, Sn, and Y, indicative of highly evolved pegmatitic systems. Lithium
and cesium enrichment in samples such as L11 further supports their classification as LCT-type
pegmatites. In contrast, samples such as L19 and L24 exhibit relatively low enrichment, suggesting
limited mineralization or proximity to background crustal composition.

CONCLUSION AND RECOMMENDATION

Integrated aeromagnetic, aero-radiometric, and whole-rock geochemical analyses provide a
comprehensive framework for delineating lithium-bearing pegmatites within Kuje Sheet 207. The area
is structurally complex, dominated by northeast—southwest trending lineaments interpreted as shallow
faults and shear zones, which acted as conduits for magmatic and hydrothermal fluids during the Pan-
African orogeny, controlling pegmatite emplacement and mineralization. Analytic signal mapping
identifies high, moderate, and low magnetic domains. High-amplitude anomalies, mainly in the
southern sector, correspond to migmatites, gneisses, and biotite-rich units with higher magnetic
susceptibility, whereas pegmatites and hydrothermally altered zones exhibit lower responses due to
felsic composition and alteration. Euler deconvolution indicates most magnetic sources occur at shallow
to intermediate depths (100-300 m), consistent with near-surface intrusions. Analytic signal and
derivative filters (first vertical) further delineate lithological boundaries and edges of causative sources,
confirming structural control on magma ascent and fluid migration. Aero-radiometric K/Th ratios
(>0.17 %/ppm) highlight hydrothermal alteration zones coinciding with dense lineaments and structural
intersections, indicating fluid migration along fractures and potential concentration of rare metals.
Ternary K-Th-U imaging identifies felsic intrusive and high-grade metamorphic rocks as zones of
combined radioelement enrichment, supporting structural control on mineralization. Geochemically,
the basement comprises high-silica migmatites, schists, and gneisses intruded by pegmatites (51-73
wt% SiO2, mean 67 wt%), enriched in K-O and NaxO, with low MgO and CaO. TAS classification
places both host rocks and pegmatites in granite—granodiorite fields, while aluminium saturation indices
indicate peraluminous metamorphic rocks and some peralkaline pegmatites, consistent with evolved
igneous origins. Trace-element data reveal extreme fractionation typical of LCT (Li-Cs-Ta)
pegmatites, with high enrichment of Ta, Nb, Sn, and Li—Cs—Rb anomalies (Li EF 22.9 in sample L11).
Strong correlations between Li and Rb (0.91), Be (0.88), Cs (0.82), and Ta (0.74) indicate magmatic
fractionation controls lithium enrichment. The spatial overlap of magnetic discontinuities, shallow
intrusions, hydrothermal alteration zones, and geochemically evolved LCT signatures confirms a
genetic link between tectonic structures, magmatic differentiation, hydrothermal processes, and lithium
enrichment. Kuje Sheet 207 hosts structurally controlled, Pan-African, highly fractionated LCT-type
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pegmatites with significant lithium-bearing potential, representing a prime target for rare-metal
exploration.

To enhance the understanding and exploration of lithium-bearing pegmatites within Kuje Sheet 207, it
is recommended to conduct high-resolution ground magnetic surveys and systematic field verification
along the identified aeromagnetic lineaments to refine structural interpretation and validate the
continuity, depth, and geometry of pegmatite-hosting structures. Detailed structural and lithological
mapping along NE-SW trending shear zones and hydrothermally altered corridors should be coupled
with systematic sampling of pegmatites and host rocks for comprehensive geochemical
characterization. Radiometric dating methods, such as U-Pb and Ar—Ar, are essential to constrain the
timing of pegmatite emplacement and assess their genetic relationship with Pan-African magmatism
and tectonism. GIS-based spatial integration of structural lineaments, magnetic depth solutions,
radiometric anomalies, and geochemical signatures is recommended to develop predictive models for
locating lithium-bearing pegmatites. Finally, extending comparative geochemical and tectonic studies
to adjacent rare-metal pegmatite districts will refine the regional classification, metallogenic
framework, and lithium potential of Pan-African LCT systems.
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ASSESSMENT OF GROUNDWATER QUALITY IN COMMUNITIES SURROUNDING
ABANDONED QUARRIES IN MPAPE, PART OF ABUJA SHEET 186SE, NIGERIA
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Department of Geology, Federal University of Technology, Minna
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ABSTRACT

Abandoned quarries, particularly those in rapidly developing areas, present significant environmental
challenges, especially to surrounding groundwater resources. This study evaluated the quality of
groundwater in communities surrounding the abandoned quarries in Mpape, FCT Abuja with emphasis
on its suitability for drinking water and other domestic uses. A total of 17 groundwater samples were
collected from 5 hand dug wells, 9 bore holes, and 3 from the abandoned quarries. These samples were
subjected to both on-site field measurements and further laboratory analysis using Atomic Absorption
Spectrophotometry in accordance with standard procedures. The result from the physicochemical
analysis of groundwater sample revealed pH values (6.4 to 9.01), range from slightly acidic (<6.5), to
moderately alkaline (<8,5). EC (92-1460 uS/cm) and TDS (45-639 mg/L) exceeded permissible limits
in a few samples, notably groundwater samples; S5, S6, and S9, indicating elevated mineralization.
Turbidity exceeded the 5 NTU guideline only in one location (S4). Nutrient analysis revealed nitrate
concentrations (15-150 mg/L), with several samples (S5, S8, S9, S10, S17) surpassing the 50 mg/L
limit, suggesting anthropogenic inputs from sewage and agricultural activities. Heavy metals analysis
showed elevated concentrations of lead (0.242—0.274 mg/L in S5 and S14), arsenic (up to 0.021 mg/L),
and manganese (up to 0.748 mg/L), exceeding both WHO and NSDWQ limits. Microbiological analysis
revealed the presence of coliforms and E. coli in the majority of samples, with maximum counts of 571
cfu/100 mL, exceeding the zero-tolerance benchmark. Overall, results indicates that majority of
groundwater sources in Mpape are unsuitable for direct consumption. While some samples may be used
for non-drinking domestic purposes, widespread contamination by nitrates, heavy metals, and
pathogens makes the water unsafe without adequate treatment. The findings highlight the vulnerability
of groundwater in quarry-impacted environments and emphasize the urgent need for water treatment
interventions, improved sanitation practices, and monitoring to safeguard public health in communities
around areas susceptible to contamination.

Keywords: Abandoned Quarry, Mpape, Crushed Rock, Heavy Metals, Microbiological,
Contamination, Groundwater.

Introduction

Groundwater is one important natural resource that provides basic support to all forms of life.
Particularly, in rapidly growing areas, the demand of these resource for industrialization, agricultural
activities, and essential household demands, is inexhaustible. Likewise, the increasing demand for raw
materials for construction purposes, mainly in peri-urban areas like Mpape, Federal Capital Territory,
Abuja, has led to exhaustive quarrying. Unfortunately, some of these quarries become inactive over the
years and become abandoned. These abandonment of quarry sites poses severe risks to environmental
quality, particularly the groundwater supplies (Ezeabasili et al., 2013; Bawa & Adesina, 2018).

Mpape is home to a number of nonoperational quarries such as the Crushed Rock and Julius Berger
quarries, which are now used as water catchment areas and some sort of attraction. Because of exposed
residual geological materials, explosives, and pit flooding, and other anthropogenic means from
surrounding settlements these locations could potentially contribute to groundwater contamination.
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Although groundwater is heavily relied upon for household purposes in Mpape, little is known about
the long-term impact of these quarries on groundwater quality. (Osumeje et al., 2020).

Existing research studies have recorded environmental degradation which has occurred as a result of
active and inactive quarrying activities within Abuja. However detailed investigation of the resulting
effects of the various abandoned quarry sites on the groundwater systems within the arear remains
limited. Given the geological setting of the area and the limited sources of water supply within the area,
residents rely heavily on available groundwater, either sourced from hand-dug wells and boreholes,
which are susceptible to contamination through these quarry walls, surface runoffs, or any other
infiltrating pollutants. Consequently, the Mpape Crushed Rock and Julius Berger quarries which have
become inactive and subsequently abandoned over the years, are now partially flooded. Therefore, the
need to assess the potential leaching of heavy metals and other microbial pollutants into nearby aquifer
systems has become crucial. Essentially, this research study is therefore timely, as it is targeted at
generating a baseline data set, essential for future remediation and long-term monitoring efforts.

Furthermore, “Studies have shown that Nigeria urban groundwater quality is influenced by the geology
and geochemistry of the environment, rate of urbanization, industrialization, landfill/dumpsite
leachates, heavy metals, bacteriological pollution, and effect of seasons.” (Ocheri et al., 2014).
Likewise, Oyeku and Eludoyin (2010) investigated the heavy metal contamination of groundwater in a
Nigerian urban settlement and established that “Informal e-waste processing was a significant source
of contamination".

However, previous studies conducted in the vicinity of Mpape and its surroundings concentrated more
on evaluating the quality of soils, surface water, or waste dump leachates (Rabiu, 2022; Okediji, 2023;
Hassan & Ashade, 2025), while Studies by Useh et al., in 2025 highlighted that the environmental
impact of quarrying often includes the release of hazardous pollutants such as heavy metals and waste
materials into nearby soil and water bodies. Therefore, the limitations on the potential direct
contamination of groundwater from surrounding abandoned quarry sites remains outstanding. This
study thus aim to bridge this knowledge gap by conducting a comprehensive assessment of the
groundwater contamination status within Mpape, which is the main source of water for the nearby
communities, and by identifying any potential risks to human health and the environment.

Regional geology of the study area

The study area in Mpape is located at the northeastern edge of the Gwagalada plains in Mpape, Federal
Capital Territory (FCT), Abuja, near the Tipper Garage. It lies within the watershed of the River Usuma
Basin and covers part of the Abuja Sheet 186 SE. The coordinates fall between latitude 9°07'52.8"N —
9°08'57.8"N and longitude 7°28'54"E — 7°30'00"E. Access is provided by paved roads from the central
district of Abuja (Adakayi et al., 2015). The inset map at figure 1 below shows the location of the area
as well as the topography and drainage pattern. The area, located within the basement complex of
Northcentral Nigeria is underlain mainly by the Precambrian basement complex rocks, typical
characteristic of the Abuja geological province, which are known to be vulnerable to weathering and
fracturing, thereby creating the pathways for groundwater movement and contaminant mobilization. It
is located within the Central Nigeria Precambrian Basement Complex. The geology of the area has been
studied and discussed by Oyawoye (1972), McCurry (1976) etc, who described the rocks as comprising
mostly granite, gneisses, mica schists, hornblende and feldspathic schists and migmatites. The rocks are
highly fractured and jointed showing essentially two fracture patterns, NE — SW and NW — SE. These
fractures control the drainage and flow patterns of rivers in the area” (Abam & Ngah, 2013).
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Figure 1.: Inset map of study area location (Source: FCDA, 2005)

Materials and Methods
Groundwater Sampling

Groundwater samples were collected using systematic sampling method, and were subjected to both in-
situ field measurements and further laboratory analysis in accordance with standard procedures. The
parameters temperature, pH, Electrical Conductivity and Salinity were determined in-situ using (using
Pen Type Water Quality Meter (PTWQM) Testing Method). During sampling the probe of the
multiparameter meter was inserted directly into the water sample. The meter was turned on and then
allowed to stabilize before taken the reading of each of the parameters and documented.

The samples were collected using a 500mL plastic sample bottles, the bottles were thoroughly washed
with distilled water and rinsed three times using the sampling water at each sample point before
collecting water for the study. The time, date and location of the sampling points were noted and the
samples properly labeled before storing them in the insulated cooler, and then transported to the Federal
Ministry of Water Resources; National water Quality Reference Laboratory, in Minna for further
Analysis.

A combination of elemental, bacteriological, and physicochemical analyses were used to evaluate the
quality of groundwater samples collected from the study area. All methods followed standard laboratory
analytical protocol to guarantee accuracy and reliability. Water samples were digested to break down
complex matrices and convert metals into measurable ionic forms. After acid digestion, the digests were
filtered and prepared for heavy metal analysis using Atomic Absorption Spectrophotometry (AAS)
under carefully controlled heating conditions and the appropriate spectrometric techniques. Microbial
contamination was evaluated using the membrane filtration method. Measured volumes of water were
filtered through sterile membrane filters, which were subsequently incubated on selective media to
encourage colony formation. After incubation, the resulting colonies were counted to determine the E.
coli and total coliform concentrations, which were expressed as colony-forming units per 100 mL
(CFU/100 mL). The data obtained were analyzed to assess the spatial variations in microbial load and
then compared with permissible limits for potable water. Likewise, fluoride concentrations were
determined using colorimetric method. The results were statistically interpreted and evaluated against
recommended guideline limits to assess potential health implications. Sodium and potassium ion
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concentrations were measured using a flame photometer. Calibration curves were prepared from
standard solutions, and sample readings were taken relative to these curves to quantify ion levels. The
results were analyzed using descriptive statistics and compared with established drinking water quality
benchmarks. All the analytical data generated were then compiled, and tabulated, for descriptive
statistical analysis to be done, this included the calculation of the mean values, ranges, and standard

deviations. Generally, the obtained results were compared with standards provided by the World Health
Organization (WHO), the Nigerian Standard for Drinking Water Quality (NSDWQ), NIS 554:2015.

In other to achieve the aim of study, a total of 17 groundwater samples were collected from 5 hand dug
wells (WSP_1-3, 5 and 6), 9 bore holes, and 3 from the abandoned quarries (WSP7_CRI, WSP_13JB
and WSP_14JB), with WSP_17 being a control point, the spatial distribution of the sampling points is
seen at figure 2 below.

Sample Location Map s } Legend

Spatial distribution of sampling points showing Contamination risk level R . - & ® High Risk

® Moderate Risk
| & Boundary Path

Figure 2: Spatial distribution of sampling points

Results and Discussion

Geology: Geological mapping of the study area was carried out, field observation of the rock types,
mineralogy, structures and field relations were studied, as seen in figure 3, the field observation
identified medium - coarse grained igneous rocks and a coarser granitic rock of mesocratic colour. The
rocks are highly fractured and jointed showing essentially two fracture patterns, NE-SW and NW-SE,
with most of the structures trending in the NE-SW direction, which comply with the regional geology
of Nigerian (pan Africa). Hand specimen samples were collected and subjected to petrographic study.
The petrographic analysis further revealed the two rock types; coarse-porphyritic (Felsic, silica-rich)
granite, and medium grained (Quartz-rich granite) granite with primary mineral composition of quartz,
plagioclase feldspar, orthoclase feldspar, biotite, microcline, and opaque minerals. The dominance of
quartz and alkali feldspar, together with the presence of biotite, indicates that both rock types are felsic,
calc-alkaline granites. Figure 4 below shows some of the photomicrographs of the thin section of the
rock samples collected while being viewed under both crossed polarized light (A) and the plain
polarized light (B). The geological map of the study area, produced on a scale of 1:10,000 is seen at
figure 5, which shows both rock types, overlain by the ground Water Sampling Points (WSPs).
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Abuja, Federal Capital Territory, Nigeria
=% 4fpx+599, Maitama-garui Rd, Abuja, Federal Capital Territory

Lat N 9° 8' 1.0 ong E 7° 29' 51.7956"

06/09/2025 10:25 AM GMT +01:00

2l 641 m

Petrography of coarse-porphyritic Granite: shows Photomicrograph of coarse-porphritic glani‘tAes composed of Quartz (Q), Orthoclase
(oT), Plagloclase (PL), Mlcroclme (M), Biotite (B) and Opaque (Op) under (A) crossed- polanzed light, (B) plain-polarized light (Mag. 20x).

Petrography of medlum gralned Granite: shows Photomlcrograph of medium grained granite composed of Quartz (Q),
Plagioclase (PL), Microcline (M), and Biotite (B) under (A) crossed- polarized light, (B) plain-polarized light (Mag. 20x).

Figure 4: Petrographic study of the rock samples within study area
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Figure 5: Geological map of the study area, showing the rock types.
Ground Water Quality

In line with the study objectives, the results of the analysis were compared with the World Health
Organization (WHO) guideline and the Nigerian Standard for Drinking water Quality (NSDWQ). Table
1 below shows the comparison of the parameters with WHO guidelines and NSDWQ standard for each
Water Sample Point (WSP) 1-17.
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Table 1: Water samples parameter comparison with WHO guidelines and NSDWQ standard

PARAMETERS | WSP1 | WSP2 | WSP3 | WSP4 | WSP5 | WSP6 | WSP7 | WSP8 | WSP9 | WSP10 | WSP11 | WSP12 | WSP13 | WSP14 | WSP15 | WSP16 | WSP17 | NSDWQ | WHO
Temp °C 269 | 269 |258 |[268 |[238 |[261 |[261 |268 [269 268 265 26.8 256 26.8 26.6 26.6 26.7 Ambient | Ambient
pH 7.9 8.2 6.9 7 6.8 6.7 78 85 6.5 6.8 76 78 8.4 76 75 6.9 7 6585 | 6586
ﬁf’s'}gr‘:]‘;“v'ty 357 762 389 219 876 1009 | 227 442 1065 | 618 345 457 224 293 560 159 87.8 1000 <1000
TDS (mg/L) 215 | 458 | 233 | 131 | 526 | 605 | 136 | 265 | 639 | 371 207 274 134 176 336 954 52.7 500 500
Turbidity (NTU) | 0 0 0 8 0 0 4 0 0 0 0 0 2 0 5 0 0 5 1
COD (mg/L) 4 20 8 13 28 22 12 53 10 6 11 10 12 8 10 8 10 <10 ;
BOD (mg/L) 12 9.8 24 6.7 102 |97 6.3 209 | 38 2.1 48 3 46 31 34 2.9 32 <2 ;
Arsenic (mg/L) | 0.013 | 0.011 | 0 0 0021 |0 0 0 0 0 0003 |0 0 0011 |0 0 0.004 | 0.01 0.01
(Crﬁglnlj;“m 0002 |0 0003 |0 0 0 0 0002 |0 0 0 0 0 0 0 0 0 0.003 0.003
Copper (mg/L) | 0.106 | 0.053 | 0.049 | 0.165 | 0.075 | 0.105 | 0.065 | 0.065 | 0.115 | 0.06 0.16 0054 | 0044 | 0092 | 0.06 0074 | 0045 |1 5

Iron (mg/L) 001 |0 003 | 007 |oO 0 0 014 |0 0 0 0.03 0.1 0.08 0.1 0.14 0 03 03
Lead (mg/L) 0 0 0 0 0274 |0 0 0 0 0 0 0 0 0242 |0 0 0 0.01 ;
Zinc (mg/L) 0075 | 0075 | 0.153 | 0.401 | 0.415 | 0.101 | 0.141 | 0.175 | 0.312 | 0.03 0.14 0075 | 0042 | 1631 |0132 |0072 |015 |3 3
(Crr?éf[';'“m 0034 | 0031 |0047 [004 [003 [o0028 [0032 [0028 |003 |0031 [o0026 |0 0 0035 |0035 |[0029 |[0032 o005 )
Nickel (mg/L) 0018 | 0.019 | 0.037 | 0.069 | 0.051 | 0.029 | 0.019 | 0.032 | 0.010 | 0.02 0022 | 0014 | 0015 |0043 |0016 |0012 | 0014 | 002 ;
?r/'nzr}ﬁ";”ese 0381 | 0148 |0546 |0597 [o0618 [0497 [0207 [0145 | 0532 | 0385 |0355 |[o0648 |o0448 |0403 |0549 |o0748 |0256 |02 0.1
?r"nzg/rlf)’s'“m 366 | 134 |146 |207 |[329 [122 [732 |8s54 |109 |976 256 488 7.32 21.9 476 305 6.1 20 ]
(Trgg;‘l'_) Hardness | 45, 245 200 145 230 255 145 185 485 215 195 225 175 215 290 95 55 150 100
?r;cg"}lr_b)onate 230 |245 |120 |95 195 |10 |13 [150 [125 | 150 175 165 210 200 220 70 40 - -
Nitrate (mg/L) | 164 | 184 | 202 | 246 | 986 | 432 | 234 | 150 | 633 | 109 335 20.1 15.4 19.8 46.6 346 60 50 50
(thgfﬁg‘ate 825 |o028 |o038 |05 [014 [034 [o015 |07 019 |o015 0.21 0.7 0.22 0.2 0.19 0.52 0.34 1 1
Sulphate (mg/L) | 27 21 38 0 47 24 18 22 67 26 23 20 13 17 27 8 0 100 250
Sodium (mg/L) | 153 | 358 | 27 135 | 456 | 875 | 121 | 192 | 342 |33 18.7 217 78 19.1 156 14 59 200 200
(Prflga}f_s)'”m 5.9 138 |69 36 182 |19 13 45 134 |94 6.9 6.6 8.8 155 23 158 7 - -
Total ~Coliform | o, 361 571 0 3 0 218 0 0 1 2 0 M 21 51 38 0 0

(cfu/mL) 0
Ecoli (cfumL) | 116 | 164 | 284 |0 0 0 4 |0 0 0 0 0 16 8 18 20 0 0 0
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Physicochemical Characteristics: The in-situ physicochemical parameters of the sampled water

sources at Table 2 below reveals that both natural and anthropogenic conditions influence the hydro-
chemical environment. The pH values ranged from 6.40 to 9.01; with majority of the samples indicated

values within permissible limits (6.5 - 8.5), by both the World Health Organization and the Nigerian
Standards Organization. Slight deviations toward acidic (S05, S06) and alkaline (S07, S13) conditions,

are indicative of localized geochemical controls, likely attributed to water—rock interactions occurring

within the aquifer matrix.

Although slightly above the WHO desirable limit, temperature values (25.4-29.2°C) are consistent with
tropical groundwater systems and fall within the NSDWQ acceptable range. Electrical conductivity
(EC) values ranged between 92 and 1460 puS/cm, with S05, S06, and S09 showing exceedances. These
elevated values, corresponds with increased salinity (47—-730 mg/L), thereby suggesting higher ionic
concentrations that may be attributed to mineral dissolution and possible anthropogenic sources,
particularly from quarry-related activities. The comparative Chart of WHO/NSDWQ thresholds
physicochemical properties of the sampled water sources is seen at figure 6.

Laboratory analysis of the samples, revealed turbidity exceedances in analysed samples, further
indicative of the presence of dissolved suspended particulates, likely as a result of surface runoff
infiltration and the vulnerability of shallow aquifer systems, particularly in hand-dug wells and the
abandoned quarry pits. (See table 1 above)

Table 2: Summary of In-situ Analysis (pH, Temperature, EC, and Salinity)

Parameter Observed WHO Guideline NSDWQ

Range Standard Interpretation

Most within limits. Slightly Acidic (S05
pH 6.40-9.01 |6.5-85 6.5-85 @6.40°C, S06 @6.41°C), and Alkaline
(S07@9.01°C, S13@8.70°C) exceed guideline.

Within NSDWQ); slightly above WHO’s ideal.

(Tc%rr)lperatu e 25.4-29.2 | <25 (desirable) Ambient Tropical conditions plus shallow aquifers
influence.

Electrical

Conductivity 92 _ 1460 <1000 1000 :OSh, 3_06, IS09dech_e(;:d both WHO & NSDWQ —

(uS/cm) igh dissolved solids.

~500 (derived from 500 S05, S06, S09 exceed limit — potential

Salinity (mg/L) | 47 - 730 EC/TDS) taste/irrigation issues.
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Figure 6: Comparative Chart of WHO/NSDWQ thresholds physicochemical properties of the sampled
water sources.

Heavy Metal Distribution: The result of the heavy metal analysis at Table 3, indicates varying degrees
of contamination across the study area. Lead (Pb) concentrations (ND-0.274 mg/L) significantly
exceeded the permissible limit (0.01 mg/L) at S05 and S14, thereby posing serious public health
concerns due to its cumulative toxicity. These elevated Pb levels are possibly associated with
anthropogenic activities, which includes quarry operations and surface contamination pathways.

The concentrations of Manganese (Mn) from 0.145-0.748 mg/L, exceeded the recommended limits in
several locations (S05-S16), indicative of both anthropogenic influences and geogenic contributions
from manganese-bearing lithologies. While Arsenic (As) was generally low, it exceeded permissible
limits at SO5, therby indicating localized contamination with potential long-term health implications.
The comparative chart of acceptable standards for Arsenic, Lead and Manganese is seen at figure 7
while figure 8 shows the comparative chart of acceptable standards for Arsenic and Manganese.

Chromium (Cr®*) concentrations approached permissible limits but remained within acceptable
thresholds, therby suggesting minimal but notable input from anthropogenic sources. Zinc (Zn), copper
(Cu), and iron (Fe) concentrations were all within acceptable limits, ponting to limited contamination
from these elements. Nickel (Ni) concentrations reached or exceeded the national standards in some
samples, therby indicating mixed geogenic and anthropogenic origins.

Table 3: Summary of Analysis of key parameters on study area (Heavy Metals)

ISARC Academy

WHO/ Study Range / Ke
Parameter NSDWQ Si tesy g YExceedance |Remarks / Interpretation

Limit
Chromium 0.05 0.026-0.047 (S3, Borderline Detected near threshold (Potentially from quarry
(Cr*") (mg/L) | S4, S15) machinery or industrial wastes.
EL?S/(LF)G) 0.3 ND-0.14 (S8, S13) |No Within limit; indicates oxidation of Fe-bearing rocks.
Lead (Pb) 001 ND-0.274 (S5, S14 Yes Notably high, far above limits, highly toxic, posing
(mg/L) ' high) serious health risk (heurological, kidney damage).
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Source, linked to industrial residues and waste
infiltration.

Manganese 04 0.145-0.748 (S5- Yes Widely elevated at S5-S16; quarry and geogenic
(Mn) (mg/L) | S16) influence.
zZinc (Zn) 0.042-1.631 (S14 s - .
(mg/L) 3.0 high) No Generally, Within safe limit but unusually high at S14.
Copper (Cu) 2.0 0.044-0.165 No \Within acceptable range.
(mg/L)
Arsenic (As) 0.01 ND-0.021 (S5) Yes Detected byt low, slightly above limit at S5. chronic
(mg/L) exposure risk.
Nickel (Ni) 0.07 0.012-0.069 Partial Approaches limit; possible lithologic or anthropogenic
(mg/L) source.
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Figure 7: Comparative Chart of standards for Arsenic, Lead and Manganese
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Figure 8: Comparative Chart of standards for Arsenic and Manganese

Microbiological Quality: The Microbiological analysis represented at Table 4 points to significant
contamination across several sampling points. Total coliform counts ranged from 0 to 571 cfu/100 mL,
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while Escherichia coli ranged from 0 to 284 cfu/100 mL, both exceeding the zero-tolerance permissible

limits as recommended by the World Health Organization and Standards Organisation of Nigeria.

Figure 9 also shows the comparative Chart of acceptable standards for Total Coliform and E.Coli

The presence of coliform bacteria and E. coli further indicates that these samples had faecal
contamination, most likely as a result of septic tank leakage, poor sanitation practices, and possible
direct surface infiltration into shallow groundwater systems. This is indicative of significant risk of
waterborne diseases and also buttress the vulnerability of unprotected water sources.

Table 4: Summary of Analysis of key parameters on study area (Microbiological)

Parameter \I<IVS|_IID(\)/\//Q Study Range / Key Sites |Exceedance |Remarks / Interpretation
Limit

Zz?chzillggrlri]lz))rm 0 0-571 (S3, S2, S1 high) [Yes gﬁiﬁlng)ntamination; unsafe for
(Eéfﬁ(;ii()OmL) 0 0-284 (S3, S2, S1 high) [Yes ;r;ghc:é\e;vsasig\:\./age or septic seepage into
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M Total Coliform E coli

Figure 9: Comparative Chart of standards for Total Coliform and E.Coli

Correlation Analysis: The Pearson correlation matrix at Figure 10 reveals significant relationships
among key water quality parameters. The almost-perfect positive correlation between EC and TDS (r =
1.00) confirms that total dissolved solids are the primary contributors to electrical conductivity. Strong
correlations among total hardness, calcium, and sulphate indicate a common geogenic origin linked to
mineral weathering.

Moderate correlations between nitrate, turbidity, COD, and BOD suggest that nutrient enrichment is
associated with organic pollution sources, likely from agricultural runoff and domestic waste. The
association of Pb with As and Zn indicates a possible shared anthropogenic source, potentially linked
to quarrying activities. The strong correlation between total coliform and E. coli (r = 0.99) confirms a
common faecal source.
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Total Totol
Temp | pH EC | TDS Twhidty COD BOD | As @ | fw | Fe  Ab | Zzn | O Nitmte| Mn 7 | Mg | Hordness  Bicarbongte Nitmte Phosphote Suphate Mg | k| O | colfom | Ecol
Temp 1.00

pH 018 100

EC 02 035 100

TS 422 03 100 1o

Turbidity 006 003 028 D2 100

oo 2 033 025 02 QU L0

EOD 417 035 026 02 003 0.98 100

Az D45 005 020 020 £030 010 007 100
0.01 018 4013 013 {22 021 015 000 100
Cu 0.18 4£.26 008 008 030 009 001 002 <15 1.00

Fe 015 034 041 D41 024 028 025 030 043 043 100
Fb -057 014 ot 016 D18 o ooe 095 415 oot 003 100

n 001 005 008 -DOB D01 005 005 037 013 02 o045 074 100

or 007 043 004 004 047 005 001 046 035 025 043 041 024 100

Nirzte 032 024 005 D05 040 027 030 028 041 047 005 050 o04s 043 100

Mn 02 -0.56 005 D008 018 038 043 D41 6 047 049 046 002 040 016 100

ca 027 o003 0.60 060 022 02 o022 024 005 015 022 0321 Q08 026 016 12 100

Mg 027 025 005 D003 030 003 005 046 026 047 033 035 02 030 023 044 03 L00

Hardness 003 024 0.82 0801 o1 o004 003 D04 D12 015 022 007 010 002 003 014 078 o013 100

Bicarbonate o1t 059 022 024 005 005 005 048 0.04 008 002 027 043 022 006 023 042 045 030 100

Nitrate 415 41 03 03t 023 0.68 060 ooz o011 014 042 014 010 00 0 925 022 003 013 Q14 100

Fhosphate 020 02 4£13 D13 412 018 021 034 045 017 011 D02 013 010 012 008 D07 029 018 030 D18 100

Sulphate 23 32 076 076 035 o007 002 02 020 004 035 022 000 o013 001 015 063 oos 0.83 026 0.25 0.02 1,00

Nz 422 e 081 081 03 02 028 013 D0 012 D40 016 005 00E 047 041 030 00 0. 000 0.8 .14 041 100

K 040 035 045 045 DAl 005 008 037 037 002 026 050 03 000 004 045 003 00 020 005 D0z 224 027 061 1oo

[+ £35 45 097 097 027 025 024 026 D20 003 042 0328 002 007 040 045 047 047 0.74 013 030 422 0.72 0.83 o035 100

Totzlofform .02 045 008 007 040 020 047 045 067 025 022 D48 045 040 005 D15 D12 048 .08 023 041 035 045 .05 008 D13 100

Ecoii 005 043 008 408 007 018 45 oos 064 038 03 018 047 041 003 447 D12 04E 008 045 .38 022 044 005 005 o1z 099 1o

Figure 10: Pearson correlation matrix showing linear relationships amongst key parameters

Implications for Water Quality and Use: The integrated approach towards assessing the water
quality, indicates that the majority of the water sources within the study area are unsuitable for direct
consumption without being treatment. The contamination patterns reveals a combination of geogenic
processes and anthropogenic influences, particularly from surrounding abandoned quarry activities,
now act as conduits for contaminant accumulation and groundwater infiltration.

Conclusion

This study evaluated the physicochemical, heavy metal, and microbiological characteristics of
groundwater and quarry water sources within the study area in Mpape. While nitrate, manganese, lead,
and microbiological indicators exhibited significant exceedances, other parameters, such as pH,
sulphate, sodium, and certain trace metals, remained within permissible limits.

The majority of the water sources are considered as unsafe for human consumption without any form
of treatment, owing to the elevated concentrations of toxic heavy metals, such as lead, and the prevalent
presence of E. coli and total coliform that were widespread across majority of the samples. These
findings highlights both the influence of anthropogenic activities, particularly the abandoned quarry
operations, and natural geological processes on groundwater quality.

Recommendations

To ensure safety and proper measures are put in place to mitigate the risk posed by groundwater
contamination in the study area, the need for effective management of water resources in the study area,
requiring immediate and well-coordinated interventions becomes essential. Therefore, water meant for
home use should go through the proper treatment, such as disinfection and, where needed, heavy metal
removal. Given that abandoned quarry sites currently act as conduits for pollutant infiltration into
groundwater systems, these must be properly rehabilitated. Regular monitoring of water quality should
be instituted to track changes over time and ensure compliance with established standards set by the
World Health Organization and the Standards Organisation of Nigeria. In addition, improvements in
sanitation infrastructure and waste management practices are essential to reduce faecal contamination
of water sources. Regulatory agencies must also strengthen the enforcement of environmental
guidelines governing mining and groundwater protection.
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fgili makama;

ULUSLARARASIMEZOPOTAMYA BILIMSEL ARASTIRMALAR KONGRESI 04-05 Nisan
2026 tarihleri arasinda Diyarbakir’da 17 farkl: iilkenin akademisyen/arastirmacilarinin katilimiyla
gergeklesmistir. Kongre kapsaminda sunumu yapilan 45 bildirinin 17 adeti Tiirkiye’den
katilimeilar tarafindan; 28 bildiri ise 16 tilkeden katilimcilar tarafindan sunulmustur. Kongre 16
Ocak 2020 Akademik Tesvik Odenegi Yonetmeligine getirilen “Tebliglerin sunuldugu yurt icinde
veya yurt digindaki etkinligin uluslararas: olarak nitelendirilebilmesi i¢in Tiirkiye disinda en az
bes farkli tilkeden sozlii teblig sunan konugmaciin katilim saglamasi ve tebliglerin yaridan
fazlasinin Tiirkiye disindan katilimcilar tarafindan sunulmasi esastir.” degisikligine uygun
dizenlenmistir.

Bilgilerinize arz edilir,

Saygilarimla,
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