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Greenland:
An Ideal Experimental Site

The GRAAL expedition aims to overcome this challenge by distinguishing
between geogenic (natural) and anthropogenic (human-produced) nanoparticles
transported atmospherically and accumulated in Greenland's ice, in regions
thought to be remote and pristine.

The expedition will take place in Greenland, home to the only ice sheet (polar
cap) in the Northern Hemisphere and uniquely situated equidistant between the
European megacities (London-Mila axis) and the North American megalopolis
(BosWash corridor, Boston-Washington).

The new knowledge gained through this project will be crucial not only
for studying and understanding human impacts on major natural cycles
but also for informing and protecting the public regarding nanoparticle
sources. In the long term, these findings could support regulations and
laws aimed at mitigating human emissions of particles.
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Moulins:
A Unique Subject of Study in Glaciology

Recent boreholes in the target exploration area will provide a valuable
point of comparison with these vertical, deep cavities. This comparison
is essential for establishing correlations regarding glacial stratifications,
basal water levels, and ancient cryoconite deposits (dark-colored flne
particles that accelerate surface melting).

During the exploration of moulins and contact cavities, several parallel
studies will be conducted. These include measuring the piezometric /
level of meltwater and recording basal water pressure variation
throughout the expedition. A complex brut critical objective is dating
the different ice layers within the glacial moulins. The team will also , A
use 3D scanners to quantify cavity valumes and study their evolution
over time.
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The Exploration Phase

From Kangerlussuag, researchers will reach the expedition zone by
helicopter, which will also transport the ton of equipment needed to
establish a base camp for one week, explore the discovered cavities, and
conduct scientific studies in the field.

= Option 1: A single camp on the glacier.

= Option 2: Two consecutive camps, one on the moraine and the other on the glacier.

= Option 3: Two simultaneous camps, one on the moraine and the other on the glacier.

The final choice will be determined following an aerial reconnaissance
flight from Kangerlussuaq to identify the main moulin exploration area
and a suitable location for the base camp.




The Analysis Phase

The samples will be analyzed at the IPGP using some of the most advanced
innovative tools, including plasma-source mass spectrometry in single-particle
mode (splCP-Tof-MS) for nanoparticle measurement or multi-collection mode
(MC-ICP-MS) for stable isotope analysis, as well as asymmetric flow field-flow
fractionation (AF).

This project is not only one of the first studies dedicated to distinguishing
between anthropogenic and geogenic nanoparticles in environmental systems
but also the first to combine these three cutting-edge tools to understand,
quantify, and predict the fate of nanoparticules on a large scale.
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