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United Nations about
microplastics:

ÅGoal14: Conserve and sustainably use the 
oceans, seas and marine resources for 
sustainable development

ÅEspeciallytarget 14.1:

By 2025, prevent and significantly reduce 
marine pollution of all kinds, in particular from 
land-based activities, including marine debris 
and nutrient pollution.

Å https://sdgs.un.org/goals
Å Walker, Curr. Opin. Green Sustain.Chem.(2021) 



Definitely not enoughé

Å https://sdgs.un.org/goals

Å Walker, Curr. Opin. Green Sustain.Chem.(2021) 

Goal 1: Eliminate poverty
Negative impacts on ecosystems and the economy

Goal 2: Eliminate hunger.
The presence of MP in food and soil can limit 
food availability.

Goal 3: Health and Well-being,
MP Ubiquity!

Goal 6: Drinking Water
MP in drinking water and wastewater!

Goal 7: Access to Clean Energy
Plastics production is 
unsustainable

Goal 9: Industry, Innovation, 
and Infrastructure
No closed-loop production 
processes.

Goal 10: Reduce inequality
Waste export and improper disposal

Goal 11: Sustainable Cities and 
Communities
Unsustainable waste management 
is crippling urban infrastructure.

Goal 12: Responsible 
Consumption and Production
No sustainable plastic 
production

Goal 13: Climate Action,
Greenhouse gas emissions at 
every stage of production and 
disposal.

Goal 15: Life on Land
Poor waste management causes 
widespread land pollution.



Wasser 3.0

The term ómicroplasticsô was first coined in 

2004, initially referring to particles around 

20 ɛmin size(Thompson et al., 2004)

Today, microplastics(MPs) are generally 

defined as < 5 mm, while 

nanoplastics(NPs) are < 1 ɛm. 

Compared to macroplastics(> 25 mm), 

(Boctoret al., 2025).

Unfortunately, this terminology conflicts 

with some of the adopted terminology. For 

example, in thenanomaterialsfield, 

nanoplasticsare typically considered as 

100nm(Welden, N. A., & Lusher, A. 2020)



Why we shouldstudyaerosol emissionand deposition?

The mysterious long-range 

transport of giant mineral dust 

particles
Van Der Does, et al., (2018). Science advances, 4(12).

-fast horizontal transport, 

-turbulence, 

-uplift in convective systems, 

-electricallevitation

Why is it soimportant?

Animation of CAMS global 5-day total aerosol 
optical depth (AOD) at 550nm forecast initialized on 

10 July at 12 UTC. Source: CAMS



Microplasticsin high 
mountains 

(French Pyrenees)

Atmospheric MP deposition captured in the collectors, MP 

occurence

Long rangeatmospherictransport of microplasticsé

How aboutmarine

regions?
Allen, et al., (2019). Nature geoscience, 12(5), 339-344.



Atmosphericmicroplastictransport, potentialannualflux, 

burdensand currentknowledgegaps. 

Allen et al., 2022 Nature Reviews Earth & Environment,3(6)



Our study strongly suggests that the oceans are unlikely to be a significant source of 

atmospheric MP relative to other anthropogenic sources of MP.

Yang, S., et al., (2022). Environ. Sci. Technol. Lett, 9(6).

Challenge 1 ïa weaksourcein comparisonwith anthropogenic



Challenge 2 ïdifferencesbetweenfibersand spheres

Yang, S., et al., (2025). npj Climate and Atmospheric Science, 8(1), 81.

Percentagedifferencein the mass concentrationsfor

particlesrepresentedin the baseversus the spherescase, 

The percentagedifferenceis expressedas (baseīspheres)/base.

Oceans contributeonly

~0.008% of globalemissionsbut accountfor ~15% of total

deposition



Findingsand methods

How to sampleemissionand/or deposition?



How to sampleemissionand/or deposition?
Classic dry depositionmethod

Ferrero, L., et al., (2018). EnvironmentalScience and PollutionResearch, 25(10)

Advantages

The primary appeal of passive sampling lies in its simplicity and cost-

effectiveness:

ÅNo Power Requirement

ÅCost-Effective

ÅLong-Term Integration:

ÅZero Noise

ÅMinimal Maintenance

Disadvantages

Despite their ease of use, passive samplers come with 

significant physical and analytical limitations:

ÅLow Temporal Resolution

ÅWind Sensitivity

ÅParticle SizeBias

ÅComplexCalibration

ÅContamination and Interference



Active sampling, sequentialaspirators

Advantages:

The useof anactive, automatedsystem provides

high-precision data thatpassivemethodssimply

cannotmatch:

ÅHigher Temporal Resolution

ÅAccurate Volumetric Quantification

ÅSizeSelectivity

ÅUnattendedOperation

ÅReducedSampleDegradation

Disadvantages:

The complexity of these systems introduces logistical and 

financial hurdles:

ÅHigh Initial and Operational Cost

ÅPower Dependency

ÅNoise Pollution

ÅArtifact Formation

Aerosol aspirator DadoLabGeminion boardrv Oceania in Svalbard 

(Longyearbyen, Norway)



Lab simulationïinterfacialemission

-Buble burstingïfilm and jet

drops

-Enrichementfactorcalculation

-ONLY POLYSTYRENE 

SPHERES!

-far from naturalenvironment

Oehlschlªgelet al., (2024) Microplasticsand Nanoplastics



Micrometeologyaproach

Burbaand Anderson, 2010



Eddy Covariance

N

z

wôNô > 0

m/s * particles/m3 = particles/m2/s

Primary Marine Aerosol Source 

wô>0

Nô>0

wô< 0

Nô< 0

In the presence of a surface 

aerosol sourcethe Eddy 

Covariance methodñseeò 

the sources as an upward 

flux. Each eddyôs upward 

draft will move up higher 

concentration, and vice 

verse. This results in a 

positive covariance = 

emission. 

Sinks cause a negative flux, 

downward. 

Dry deposition is always 

there: source must be > 

sink, true for sea spray, 

traffic emissionsetc.

Only local sources 

contribute to upward 

fluxes! 

Nilssonet al., 2001, 2021

Zinkeet al., 2024



Aerosol gradients

Petelski, J. Aerosol Sci. 2003

Markuszewski et al., ACP, 2024
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RelaxedEddy Accumulation

Fokenet al., 1995

Gaman, A., et al.,2003



Our research
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The first environmentalevidence..

Allen, S. et al., (2020). PloSone, 15(5)



Researchcrusie, 16-31 October2019

Ferrero i in., Sci. Total Environ. 2022



Measurements, atmosphere

r/v Oceania ¥stergarnsholmStation



Aditional measurements:

Å LAS - TSIÈ model 3340 Range: d={0,09-7 Õm},

Å OPC-N3 d={0.3-16 Õm},

Å CPC TSI 3310 + (Eddy Covarianceon the island),

Å WeatherprobeVaisalaWXT536,

Å LI-7500A + GILLÈWindMaster+ IMU,

Å Aethalometer2x (AE-33 i AE-31, Magee Scientific),

Å CTD, Sea-Bird SBE 19 plus.



Measurements, water

HydroBios70x40x260 cm3

Meshsize300 Õm

KukliŒski i in., Mar. Pollut. Bull. (2018)



Results



Air



Water



Ferrero i in., Sci. Total Environ. (2022)

MP ïmikroplastic,

TSmPSïtotal suspendedmicroparticles,

AMP ïairborneMP,

SS ïseaspray emission.

Time serie nearGotland



Űïturnovertime, Nissonand Rannik, 2001,

HPBLïboundarylayerheight,

vdïdepositionvelocity

†È
Ὄ

ὺ Ὀ

C10, C12, C13, C14 ïland airmassadvection,

C15ïwet deposition(rain) + Arctic air mass flow

C11ïlongrangeAMP transport: deposition+ reemission



Results
Airbornemicroplastics:

- GdaŒsk harbour: 161 Ñ75 m-3,

- Baltic Proper: 24 Ñ9 m-3,

- Gotland region 45 Ñ20 m-3,

The measured values agree in order of 

magnitude with the MP in water 79 Ñ18 m-3 .

Moreover, the composition of MP (PE, PET, 

PU, PA, PS and PC) was similar (except for 

PC).

PE ïpolyethylene,

PET ïpolyethylene

terephthalate,

PU ïpolyurethane,

PA ïpolyamide,

PS ïpolystyrene,

PC ïpolycarbonate.

1. High AMP concentrations are caused by advection from urban 

areas (especially smaller filaments).

2. The presence of larger fibersin the atmosphere can be 

explained by the contribution of aerosol re-emission from the 

sea.

3. This process enables long-distance transport of AMP.



Black Carbon as atmospheric anthropic tracer
in the Indian Ocean region



Samplingarea



MaldivesClimateObservatoryHannimadoo(MCOH)

Stegelius, et al., ACP preprint, (2026)



Equipement

Å DekatiElpi+

Å Li -Cor 7500, open path

Å Sonicanemometer(Gill WindMasterPro)

Å DepositionBox

Å32 Õm mesh stainless steel laboratory sieve

Å Aethalometer(EA33 Magee)

Å Nephelometer(TSI)

Å AMS Aerodyne

Å Figaero-CIMS

Å CustommadeDMPS system (University of Helsinki)



Comparisonwith others, water

Overall proportion between 

fibers and fragments was: 

52% to 48%. 

In seawater, MP 

concentrations ranged from 

120 to 2690 MP m į, 

with a mean of 

880Ñ810 MP m į. 



Comparisonwith others, air

Overall AMP accounted for 9% 

of TSMP. Among the identified 

AMP, fibreswere the dominant 

microplastic (61.8%), whereas 

fragments and films accounted 

for 38.2%. 

The observed AMP 

concentrations  ranged 

from 0 to 10.28 m į, 

with a mean concentration of 

3.06 Ñ2.75 m į 



Watervs. air



Prevalentwind and advectionpatterns



Depositedmattervs. Black Carbon and scattering

BC data filteredfor

multiple-scattering error: 

M¿ller et al., (2014); 

Ferrero et al., (2024)

Source appointment: 

Ferrero et al. (2021);

Bernardoniet al. (2021)

Postprocesingdonethanksto 

PolandAODnetwork and 

prof. K. Markowicz


