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Polar ecosystems play key roles in many Earth-system
processes, such as the redistribution of particulate material
throughout the water column and across ocean surfaces during
the freeze-thaw cycles of sea ice. It has become clear that this
particulate material now inevitably includes microplastics (1µm-
5mm) and nanoplastics (<1µm) [1]. Indeed, during their long
journey from continental source to the poles, plastic waste is
degraded to particulate sizes. Once in polar seas, this degradation
is enhanced by strong UV radiation. Microplastic concentrations
in the Arctic ocean range from 102 to 103 particles per m3 and
are expected to rise [2]. In particular, the Barents and Greenland
seas will form zones of plastic accumulation[3]. Strikingly,
microplastic concentrations in sea ice are consistently higher, by
a factor approximately 100, compared to seawater[4].

However, while nanoplastics could represent an important
proportion of the ocean’s total plastic budget, their fate in polar
waters remains unknown. This study provides the first
mechanistic description of nanoplastic transfer between saltwater
and ice. A freezing reactor was conceived which progressively
and partially froze microplastic and nanoplastic dispersions, after
which their affinity for ice and liquid was quantified. The
particles used had different degrees of environmental relevance:
spherical polystyrene (PS) with diameters 200 nm (nPSL-200),
350 nm (nPSL-350), PS particles with irregular shapes (nPS-360)
as well as PS microplastics with sizes 150 to 400 µm (µPS).
Contrary to microplastics, nanoplastics are strongly expulsed
from ice, as seen in Figure 1. Concentrations of nanoplastics in
ice is heterogenous, with accumulation zones in brine pockets.
So, sea ice creates a medium-term sink for microplastics, but it
accelerates nanoplastics’ journey down the water column.
Nanoplastics have a different behavior than microplastics due to
their colloidal properties. This highlights the fact that
nanoplastics cannot be lumped into the same category as
microplastics.
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