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Airborne CO2 has played a critical role in regulating Earth's
climate. However, measurements of atmospheric CO2 are limited
to the past 800,000 years. Since the Industrial Revolution,
hydrocarbon combustion has significantly increased CO2 levels,
driving global warming and climate change. Volcanoes are major
contributors of geogenic gases, including CO2 in the atmosphere.
Urban areas, as major consumers of fossil fuels, are key
contributors to rising CO2 emissions. This study integrates
findings from Rome, Palermo, Naples, and Vulcano Porto to
assess the spatial and temporal variations of CO2 emissions,
distinguishing between anthropogenic and geogenic sources
through onsite stable isotope analysis.

In Rome, stable isotope measurements reveal that fossil fuel
combustion is the dominant source of airborne CO2. Comparative
analyses with gas emissions at Cava dei Selci (Colli Albani)
confirm a geogenic contribution. Temporal surveys highlight
cyclic variations in CO2 concentrations, peaking during rush
hours and influenced by meteorological conditions such as wind
speed and direction.

In Palermo, a monitoring campaign to measure CO2
isotopologues revealed that wind speed and atmospheric pressure
exert opposing effects on CO2 levels. Elevated concentrations
were observed during stable atmospheric conditions, while
increased turbulence led to lower CO2 levels. The dataset shows
higher emissions in winter due to heating-related hydrocarbon
combustion, and lower concentrations in spring and summer.
Weekly variations aligned with human activity, showing reduced
emissions on holidays.

The Campi Flegrei caldera near Naples presents a unique case
where both anthropogenic and volcanic CO2 sources coexist.
Measurements indicate that Naples' urban CO2 emissions
originate from fossil fuel combustion, whereas Pozzuoli’s
airborne CO2, in the Campi Flegrei area, carries a volcanic
isotopic signature.

At Vulcano Porto, surveys conducted during a period of
heightened volcanic activity in 2021 revealed increased volcanic
degassing. Continuous isotope monitoring at the Centro
Carapezza provided insights into temporal CO2 variations,

reinforcing the need for sustained observation in volcanic
regions.

These results underscore the challenge of distinguishing
geogenic from anthropogenic emissions using CO2
concentrations alone. These findings highlight the necessity of
CO2 monitoring in both volcanic and urban regions to evaluate
emission dynamics, inform climate mitigation strategies, and
assess environmental and public health risks.
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