<t DEGLI STUDI
—

Fromemissionto deposition
measurementechniquedor aerosol ananicroplastic

ALIC

©3I UNIVERSITA ¢ {
v 'I - %
A
2
i,
== ONVTIN 1

exchangerocessem theatmospheridoundarylayer

InStitUté of Oceano ogvPolis lemy ’Sc':ie‘nces

Atmospherigghysicsseminay
Instituteof GeophysicsUniversity of\Warsaw
17.04.2026



Outline

AEmergingproblem ofmicroplastics

AWhy we shouldstudyaerosokmissionranddepositior?
ALong rangetransportssue
AMicroplasticglobalbudget

AFindingsandmethods
AHow to sampleemissionandbr depositior?

AOur research
AMicroplasticsandair-seainteraction
ABlack Carbon as atmospheric anthropic tracer

AChalanges




| ' 2 RS P I R R G s R

United Nationsabout == <« dimy =
. . B :x'j_ - £

microplastics *

“
2 0
‘-Q fg '.'\: 5 “'

/é\%

. - ‘ ‘*s; 1 4 LIFE
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AEspeciallytarget 14.1:

By 2025, prevent and significantly reduce N\
marine pollution of all kinds, in partlcular fron ! *\ '
land-based activities, including marine debris v\ g 0=,

f\t- .
and nutrienpollution. n\ ﬂé‘ p
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Current Opinien In Green and Sustainable Chemistry

A https://sdgs.un.org/goals
A Walker Curr Opin Green SustairChem(2021)



Deﬂ N |te|y not enoug té Goal 1: Eliminate poverty

Negative impacts on ecosystems and the economy

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

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

Goal 3: Health and Welbeing,

Goal 13: Climate Action, MP Ubiquity!

Greenhouse gas emissions at
every stage of production and

disposal. Goal 6: DrinkingVater

MPin drinking water and wastewate

Goal 7: Access to Cle&mnergy
Plasticgoroduction is
unsustainable

Goal 12: Responsible
Consumption and Production
No sustainable plastic
production

Goal 9: Industry, Innovation,
and Infrastructure

No closedoop production
processes.

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

Goal 10: Reduce inequality A https://sdgs.un.org/goals
Waste export and improper disposal A Walker, Curr. Opin. Green SustainrChem.(2021)



MACROPLASTICS

10cm

Visible with naked eye.

Can still be collected
from the environment.

104

10-°
20pm

Still partially visible.

Advanced detection
methods necessary.

Almost impossible
to remove from the
environment.

NANOPLASTICS

10
Jum 10°

107 10

10nm
Inm

No longer visible.

Only detectable with
very high effort.

Not removable from
the environment.

Wassei3.0

Th e trmaiaroplasticé was f i r ¢
2004, initially referring to particles around
20¢ mn size(Thompson et al., 2004)

Today,microplastic{MPs) are generally
defi ned as < 5 1
nanoplasticg§ NPs ) eam e <

Comparedo macroplasticg> 25 mn),
(Boctoret al., 2025).

Unfortunately, this terminology conflicts
with some of the adopted terminology. For
example, in th@anomaterial§eld,
nanoplasticare typically considered as
100nm (Welden N. A., & Lusher, A.2020



Why we shouldstudyaerosokemissionanddepositior?

CAMS Forecast Total Aerosol Optical Depth at 550nm
20230710712 valid for 20230710712

- " " IL_':;'.-e'rr' CUs E ECMWF

Animation of CAMS global fslay total aerosol
optical depth (AOD) at 550nm forecast initialized on
10 July at 12 UTC. Source: CAMS

The mysterious longrange
transport of giant mineral dust
particles

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

-fasthorizontal transport,
-turbulence

-uplift in convective systems,
-electricallevitation

Why Is it soimportanf



Long rangeatmospheridransport oimicroplastice
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Atmospheric MP deposition captured in twlectors MP

occurence

Allen, et al., (2019. Naturegeosciencel?(5), 339344.

Microplasticsin high
mountains
(French Pyrenees

How aboutmarine
regions?



Atmospheriamicroplastictransportpotentialannualflux,
burdensandcurrentknowledgegaps

Total atmospheric microplastic burden

......
..........................................................

‘unknown’
Marine atmospheric microplastic burden N 1 Terrestrial atmospheric microplastic burden
potentially up to 25 Mt*#1%78 L ‘unknown’
: — G~ ’ Atmospheric transport :: _ A Deposition from
. | Deposition from ) e RN & marine sources .
. Jland sources = . '\ (marine recycling)
. |potentially up to |4 Deposition in i Deposition from potentially 7% of
't 25 MiseTe aie l : marine ejection'® .
Deposition from coastal zones o) Iz land sources i
. ‘unknown’ gastaszone ‘unknown’
(mnf::?neesn?e‘gcc‘iisn ) onshore émission* u :
potentially 59% gf petentieh 1 i .
marine ejection'® \ . A e T sass

Allen et al.,2022Nature Reviews Earth & EnvironmeB{(6)



Challenge I aweaksourcein comparisorwith anthropogenic

Long-distance transport 1 39 tons-yr?
" (MP diameter: <10 um)

Atmospheric microplastics

773 tons-yr!
(MP diameter: 0.3- 70 um)

Our study strongly suggests that the oceans are unlikely to be a significant source of
atmospheric MP relative to other anthropogenic sourcédf

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



Challenge 4 differencedetweerfibersandspheres
d

30 4
Oceanscontribute only 100%

254 ~0.008% ofglobal emissiondut accountfor ~15% oftotal

Vertical mass concentration difference

- deposition 50%
§, 20 A
v - 0%
lg 15 -
20~ 50%
5"
-100%

0- Bt i——— . )
90°S 60°S 30°S 0® 30°N 60°N 90°N
Latitude
Percentagédifferencein the masgoncentration$or

particlesrepresenteth thebaseversus thespherexase
Thepercentagelifferenceis expresseds p a s e 1 9g/paBee r e s

Yang, S. et al.,(2025. npj Climate and Atmospheric Scien&¢l), 81.
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How to sampleemissionandbr depositior?
Classicdry depositiormethod

Deposition Floor

5
.?. L
- FAN ™
50 cm
70 cm ‘
Advan?ages : L Disadvantages
The primary appeal of passive sampling lies in its simplicity and cost Despite their ease of use, passive samplers come with
%fggl(\)/v?,g?;z direment significant physical and analytical limitatians
ﬁCost—Effectivg A.ow Temporal Resolution
A o Anind Sensitivity
AZong—Te_r m Integration: MAarticle SizeBias
A\/I?;(i)ml\gljll\s/leaintenance AComplex Calibration
AContamination and Interference

Ferrero, L., et al., (2018EnvironmentalScience andPollutionResearch25(10



Active sampling sequentiaaspirators

Aerosol aspiratoDadoLabGeminion boardrv Oceania in Svalbard
(LongyearbyenNorway)

Advantages

Theuseof anactive automatedystemprovides
high-precision datahatpassivemethodssimply
cannotmatch

Adigher Temporal Resolution

Accurate Volumetric Quantification
ASizeSelectivity

AUnattendedOperation
AReducedSampleDegradation

Disadvantages

The complexity of these systems introduces logistical and
financial hurdles:

Adigh Initial and Operational Cost

APower Dependency

ANoise Pollution

Adrtifact Formation



| ab simulationi Interfacialemission

4 HEPA -Bubleburstingi film andjet
Y Valve Diffusion dryer drops

— —_—

Filterered
gassupply '}

S—_— -Enrichementactorcalculation

outlet

-ONLY POLYSTYRENE
SPHERES!

-far fromnaturalenvironment

steel frit

Oe h | s cehal., 202é4)MicroplasticsandNanoplastics



Micrometeologyaproach

Burbaand Anderson, 2010



In the presence of asurface
aerosol sourcehe Eddy
Covariance methodi s e e«
the sources as ampward
flux. Each eddyj
draft will move up higher

’\
W O fN > concentration, and vice

verse. This results in a
A

positive covariance =
emission

Sinks cause a negative flux,
downward.

Eddy Covariance

A

NO >

Dry deposition is always
| = —t : : 5 there: source must be >
Nesemis * partieles/m® = particles/m?/s ELgIoF-r ey
e S traffic emissionsetc.
Only local sources

contribute to upward
fluxes!

>

Nilssonet al., 2001, 2021

- - Zinkeet al., 2024
Primary Marine Aerosol Source - [uiatats




Aerosolgradients N, A1k OF gz

0
o I s
dlogr80 ae/; @Ld logr,, 9 éﬁz; 8 dlog rgo(zef)

w%

Petelsk] J. AerosoISCL 2003
Markuszewski et al., ACP, 2024




RelaxededdyAccumulation

a) b)

--1DAQ

PC

Fokenet al., 1995
GamanaA., et al.,2003



FromWarsawUniversity:
K. Mar kowi cz, |

From IOPAS ——
M. Mazurkiewicz, V. Drozdowska, Rlakuch
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MP particles per m?
=
o

Thefirst environmentaevidence

Micr0p|astic in actively pumped aerOSOIS MP in coastal airmasses
16
Surf
spray 14 ——
mist
12
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m 19 X
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mist E_ 8
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sea sea
mist mist 2
n = I I I D
Al A2 A3 Ad A5 A6 A7 A8 A8a (b) B onshore airmass ] MP per m3

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



Researcltrusie 16-31 October2019

58°N ’r ‘-‘
M3, 4
57 C11,12,13,14

M1,2
C10

Ferrero i in.Scl TotalEnviron 2022



Measurementsatmosphere
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Aditional measurements

LAS-T S| E mo dRannged3{8,@a9¥ O m}
OPGN3d={0.316 Om} ,

CPC TSI 3310 + (Edd€ovarianceon theisland,
WeathemprobeVaisalaWXT536,

LI-7500A + GILLE WindMastet IMU,

Aethalomete@x (AE-33i1 AE-31,Magee Scientifi};

o o o Do Do Do I

CTD, SeaBird SBE 19plus




Measurementisvater

HydroBios70x40x260cm?
Meshsize3 0 O
Kuk | i G&sMhriPollut. Bulln(2018)
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Time serienearGotland
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MP 1 mikroplastig

TSmPS total suspendedhicroparticles
AMP T airborneMP,

SSi seasprayemission

Source # at 5743 N 19.00E

Meters MSL

NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 29 Oct 19
GFSQ Meteorological Data

12 00 12 00 12 00 12 00 12 00 12 00 12 00 12 00

10/28 1027 10/26 1025 10/24 1023 1022  10/21
Job ID: 159404 Job Start: Wed Apr 7 14:07:23 UTC 2021
Source 1 Iat.: 57.428963 lon.: 18.996167 height: 10 m AMSL

Trajectory Direction: Backward  Duration: 48 hrs
Vertical Motion Calculation Method: Model Vertical Velocity

Meteorology: 0000Z 29 Oct 2019 - GFS0p25

Ferrero i in. Sci TotalEnviron (2022)
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Re

Airborne microplastics

-G d a @arbour 161N75m3,
- Baltic Proper 24 N9 m3,

- Gotland regiot5N20 m3,

Th
mag

Moreover, the composition of MP (PE, PE

PU
PC).

sults

e measured val ues
nitude with the MP in wat&@® N 18 m-3.

, PA, PS and PC

High AMP concentrations are caused by advection from urban
areas (especially smaller filaments

Thepresence of largdibersin the atmosphere can be
explained by the contribution of aerosolamission from the
sea

This process enables lofdistance transport of AMP.

PET polyethylene
PETT1 polyethylene
terephthalate

PUT polyurethane
PAT polyamide
PSi polystyrene
PCT polycarbonate



Black Carbon as atmospheric anthrajpacer
In the Indian Ocean region




Samplingarea




MaldivesClimateObservatonnHannimadogMCOH)

Stegeliuset al., ACPpreprint (2026)



Equipement

A DekatiElpi+

A Li-Cor 7500, opepath

A Sonicanemomete(Gill WindMasterPro)

A DepositionBox

A32 Om mesh stainless steel | abc
A Aethalomete(EA33 Maged

A Nephelomete(TSI)

A AMS Aerodyne

A FigaereCIMS

A CustommadeDMPS system (University of Helsinki)



Comparisorwith others water

Waterborne microplastics in the Indian Ocean region
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Overall proportion between
fibers and fragments was:
52% to 48%.

In seawatenVIP
concentrations ranged from
120t0 260 MPm |

with a mean of
880 N810 MP m j



Comparisorwith others air

Airborne microplastics in the Indian Ocean region
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Overall AMP accounted for 9%

of TSMP. Among the identified

AMP, fibreswere the dominant

microplastic (61.8%), whereas

fragments and films accountec
for 38.2%.

Theobserved AMP
concentrations ranged
fromO to 10. 2¢

with a mean concentratiaf
3.06N2 . 75 m |



Watervs. air

[ IWaterborne microplastics
[ JAirborne microplastics
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Prevalentvind andadvectionpatterns

Total suspended mater Concentration, Airborne Microplastics Concentration,
0 m™ 0 m=3
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Depositedmattervs. Black Carbon anskcattering

Cocnentration. 1/m 3
- ) w i N o (o))
o o o o o o

=

Total suspended mater

a)

North East

Cocnentration. 1/m 3
— [ w i N o

o

Airborne microplastics

6
b)

North East

Postprocesingonethanksto
PolandAODnetwork and
prof. K. Markowicz

BC datafilteredfor
multiple-scatteringerror.
M¢ | etalr(2014);
Ferreroet al.,(2024

Sourceappointmernt
Ferreroet al. (202);
Bernardoniet al. (2021)



