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ABSTRACT

The deterioration of air quality is today a source of growing concern due to the implications on human health and ecosystems, especially in metropolises and
high-density built-up areas, where an ever-increasing fraction of the global population resides. In addition to greenhouse gases and atmospheric pollutants, such
as atmospheric particulate matter, benzene, and nitrogen oxides, regulated by international protocols, carbon dioxide (CO,) has recently been included among
the gases responsible for climate change (Coutts et al., 2007), with serious consequences for human health (Intergovernmental Panel on Climate Change, 2021).
In urban areas, the concentration of CO, is traditionally monitored by ground-based, point stations, the measures of which cannot be considered as
representative of the entire Planetary Boundary Layer (PBL), i.e., the layer of atmosphere closest to the ground.

In this context, atmospheric monitoring through small, dedicated air samplers attachable to birds freely moving in the urban environment might represent an
innovative technique. The use of birds could be convenient, especially in cities, where the use of drones and the release of atmospheric probes are restricted and
where most of the anthropogenic CO, sources are located. The development of miniaturized sensors is pushing the frontiers of animal ecology through
biologging, i.e., the use of devices collecting data about movement, behaviour, physiology of the animals and the abiotic parameters of the environment in which
they move.
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Here, an innovative miniaturized active air sampler wearable by free-flying birds is presented and tested. The device consists of a set of calibrated atmospheric
sensors for high spatial-temporal resolution measurements of chemical and physical parameters, such as CO, concentration, atmospheric pressure, temperature,
and relative humidity. Such devices were applied to homing pigeons (Columba livia domestica, Figure 1) to carry out measurements within the urban PBL.
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Photograph of the device attached on a
homing pigeon.

A field campaign, carried out from January to June 2021, involved the repeated release of homing pigeons from downtown Rome (Italy), to sample the air on their
way back to the loft, located in a rural area out of the city. During their homeward journey, the birds were flying at variable altitudes across areas with different
degrees of urbanization.

DESIGNS AND DEVELOPMENT OF AIR SAMPLERS
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CONCLUSIONS

The air sampler developed in this study represents a low-cost, environmentally friendly, easy-to-use tool for environmental monitoring, providing enhanced observation and interpretation opportunities,

with minimal effects on the well-being of the birds.

This research can be considered as a starting point for further studies, aimed at developing miniaturized sensors for the study of other atmospheric gases, wearable by other bird species (i.e., gulls) with very
limited impact on their well-being, capable of flying at higher altitudes and over greater distances than pigeons.
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