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ARTICLE INFO ABSTRACT

Objective: This study aims to investigate the potential application of
metagenomics as a novel approach in sustainable urban management and its
impact on improving environmental quality and public health.

Methods: A structured narrative review of the scientific literature and case
study methodology were employed. Applications of metagenomics in urban
management were evaluated through a review of reputable scientific sources
and an analysis of the MetaSUB project as a successful international example.
Challenges and implementation strategies were identified and categorized with
a focus on policy implications through qualitative content analysis.

Results: The results indicate that metagenomics has extensive applications
in various aspects of urban management, including air and water quality
monitoring, waste management, disease control, and early detection of
pathogens. The analysis of the MetaSUB case study, beyond microbial
findings (identifying 1,688 species and 48% unknown DNA in the initial
study), revealed key policy lessons including the necessity of protocol
standardization and targeted monitoring of antimicrobial resistance genes.
Implementation of this technology faces limitations such as data analysis
complexity, high costs, and ethical challenges such as genetic privacy
(human DNA), necessitating a data governance framework.
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Introduction

Sustainable urban management in the era of urbanization has become one of the greatest challenges of
the 21st century. Megacities, particularly in developing countries, face complex problems primarily
stemming from rapid population growth, pressure on infrastructure, and the inability to manage natural
resources effectively. Large cities are confronted with challenges such as:

e Population Growth: Rapid urban population growth exerts significant pressure on urban
services such as transportation, water, electricity, and housing, requiring precise planning and
effective management.

e Environmental Pollution: Air pollution, mainly caused by vehicle emissions and industrial
activities, has serious impacts on public health and quality of life.

o Waste Management: High waste production in large cities and the lack of efficient
management systems lead to environmental degradation and health hazards.

e Public Health: A key issue for cities is access to clean water and appropriate sanitation
systems, especially in deprived areas, and the management of infectious diseases.

Metagenomics, defined as the study of the complete set of microbial genomes present in a specific

environment, can serve as an advanced molecular biology technology to analyze microbial
communities in urban environments. Recent research indicates that the urban microbiome plays a vital
role in public health and the quality of life of citizens. The comprehensive study by the MetaSUB
consortium, which included profiling 4,728 metagenomic samples from public transportation systems
in 60 cities worldwide over 3 years, provided the first systematic and global catalog of the urban
microbial ecosystem. This large study showed that environmental and demographic factors have a
significant impact on the diversity and composition of the urban microbiome.

Methodology

This research is applied in terms of purpose and descriptive-analytical in nature and method,
conducted using a mixed approach including a Structured Narrative Review and a case study. Given
the emerging nature of the field combining metagenomics and urban management and the lack of
documented standard protocols for a systematic review in this interdisciplinary field, a structured
narrative review was used to enable the synthesis of findings and extraction of policy implications.
Scientific sources were searched in reputable databases including PubMed, Web of Science, Scopus,
and Google Scholar using English keywords such as "metagenomics”, "urban management"”,
"sustainable cities", "urban microbiome", "environmental monitoring™ and their logical combinations.
The search timeframe was considered from 2010 to 2024 to ensure the latest findings and
technological advancements were covered. The inclusion criterion for articles was a focus on the
application of genomic technologies in urban environments and having managerial or health
implications; articles that dealt solely with technical laboratory aspects without urban application were
excluded from the screening process. As a case study, the MetaSUB International Consortium project
was selected due to its comprehensiveness, international scale, and pioneering nature. The analysis of
this case study included a detailed examination of the project methodology, results, challenges faced,
and its impacts on the development of metagenomics applications in urban management. Data
extracted from sources and the case study were categorized using qualitative content analysis. In this
process, applications, challenges, and solutions were coded and organized into main themes
(environment, public health, urban governance) to develop an operational framework for urban
managers.

Results

The results indicate that metagenomics has extensive applications in various areas of urban
management, including air and water quality monitoring, waste management, disease control, and
early detection of pathogens. The analysis of the MetaSUB case study, beyond microbial findings
(identification of 1,688 species and 48 percent unknown DNA in the initial study), revealed key policy
lessons including the necessity of protocol standardization and targeted monitoring of antimicrobial
resistance genes. Implementation of this technology faces limitations such as data analysis complexity,
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high costs, and ethical challenges such as genetic privacy (human DNA), necessitating a data
governance framework. Key applications include:
e Air Quality Monitoring: Identification of airborne microorganisms and monitoring of
biological allergens.
e Water Resource Management: ldentification of water pathogens and assessment of water
quality based on the microbiome.
e Waste Management: Optimization of composting processes and biogas production from
organic waste.
e Urban Green Space Planning: Assessment of soil health and ecological diversity.
e Disease and Epidemic Control: Early detection of pathogens and wastewater monitoring for
population health surveillance.

Conclusion

Metagenomics holds the potential to fundamentally transform urban management and can play a key
role in creating sustainable, healthy, and smart cities. Successful implementation requires a gradual
approach, cross-sectoral partnerships, and the development of a phased operational roadmap for
municipalities and urban health institutions. Based on research findings and international experiences,
the following executive suggestions are presented in a phased manner:

e Short-term (1-2 years): Execution of pilot projects in a metro line or urban district, drafting
ethical protocols and data anonymization, and forming a specialized urban metagenomics
working group.

e Medium-term (3-5 years): Launching the city microbiome information bank, training
specialized human resources in the municipality, and integrating microbial data with existing
environmental monitoring systems.

e Long-term (5+ years): Integrating metagenomics data with the smart city platform, monitoring
wastewater and air for epidemic prediction, and developing a regional consortium for data
sharing.

Key policy suggestions include forming an "Urban Metagenomics Steering Committee”, allocating
targeted research budgets, drafting a "Urban Microbial Data Strategic Document”, and developing
public participation through "Citizen Education" programs. Ultimately, cities that start smart
investment in urban metagenomics today will enjoy significant competitive advantages in public
health, environmental sustainability, and data-driven governance in the near future. Success in this
path requires long-term commitment, interdisciplinary cooperation, and a learning approach that can
keep ethical and legal frameworks up-to-date alongside technological progress.
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