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What do we know about entry points,
pathways and recipients of

microplastics in the Baltic Sea?

Claudia Lorenz & Alvise Vianello
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Plastic demand by segment and polymer type and its Plastics urope
distribution (2019)

19.4 %

Food packaging, sweet and snack
wrappers, hinged caps, microwave

Food packaging (dairy, fishery), building
insulation, electrical & electronic
equipment, inner liner for fridges,

Packaging ) |

o eyeglasses frames, etc. containers, pipes, automative parts,
39- bank notes, etc.

Hub caps (ABS); optical fibers
: Buildil‘;g& 20.4% (PBT); eyeglasses lenses,
onstruction roofing sheets (PC); touch
screens (PMMA); cable coating
Automotive 9.6% in telecommunications (PTFE);
and many others in aerospace,
medical implants, surgical

Electrical ; .

& Electronic 6.2% devices, membranes, valves &
seals, protective coatings, etc.
riculture 3.4%
Ag 4 17'4 U/O
Bottles f.m.water. soft drinks, Reusable
H hold 4% Juices, cleaners, etc. bags, Udv‘_:
Leisure and containers,
& Sports agricultural film,
Others 16.7% flnt:rJ packaging
film, etc.
Building insulation, pillows a
and mattresses, insulating foams

for fridges, etc.

Window frames, profiles, floor and 10 9%
wall covering, pipes, cable insulation,
garden hoses, inflatable pools, etc.

Toys, milk bottles, shampoo
bottles, pipes, houseware, etc.

e Olefins (PP, PE) - 49.2 % of total EU polymer demand - Packaging!

Fanplesstic-sea

~ w Fanplesstic-sea
: 4B

Baltic Sea Region |




Main M PS SOU rces Construction industry Plasti¢ processing industry

Loss of pre-processing plastic pellets

Use of microplastic in sandblasting tgchniques
Generation of Micro paint particles

Sewage treatment plants
Small % of MP escapes the
treatment

Airborne litter ) )

lllegal rubbish tip —
Incorrectly dumped e 4
municipal or industrial
waste

Shipbuilding - maritime industry
Polymer resin, painted surfaces, antifouling
paints

Generation of MP and micro paint particles

Traffic
Tire wear and tear

MP and micropaint from
Road marks deterioration

Agriculture e ‘ N DY )N A B
Degradation of plastic foils and covers ‘ : - ‘ -

Use of MP contaminated sewage
sludge as fertiliser

Domestic
Fibers of synthetic clothes,
micrpolastics from cosmetics
and medicines

Beach litter
Combination of land- and
sea-based sources

Maritime sector
Fishing activities and transportation
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MP sources
O Atmospheric deposition Ccc

Atmospheric deposition O Pristine lakes
e Pristine lakes (NO) - SALT .
e Rain, rooftop (SWE) = LTU © Ur'_oan Show
« Urban snow (FI) > LUKE @ Rain O

H =
Stormwater @ @ River "4

* Aggregated stormwater - SWR @ Stormwater

Parking lot - LTU
Road run-off - LTU ® O Wastewater
Stormwater > GW )
Stormwater pond - LTU

Study area

[ ]
)

Woaste water
e Raw waste water (PL) - GIWK
e WWTP outlet (PL) > GIWK ®
s WWTP outlet (SWE) > SWR
e WWTP outlet (LT)-> SCICC

Rivers
e Agricultural (LV) = LIAE
Industrial (LV) = LIAE
Urban (PL) > GW ‘ )
Close to WWTP outlet (LT) = SCICC o ® e
Close to artificial turfs (NO) - SALT
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Atmospheric deposition

Q f”‘ :

2,00
Sources "t

Pristine lakes, Lofoten (NO) = SALT (n = 6)

Rain, rooftop, Lulea (SWE) - LTU (n = 3) MP concentration and polymer composition
Urban snow, Kokkola/Kouvola (FI) = LUKE (n = 3)

|

Conclusions
e MP background concentrations (pristine lakes) are 12,000 B Polyethylene
- 3
low (O 45 MP/m ) ) ) — 10,000 [ Polypropylene
* Av. MP concentrations in collected rain water T 7] Polyester
2 3 . . P
(9x10%2 MP/m3) one order of magnitude lower than in $ so00 B Polyvinyl chioride
urban snow (6x103 MP/m3) c I Polystyrene
* Bergmann et al. 2019 reported higher concentrations ® 6,000 % ] ABS
for European snow (up to 154x103 MP/L) g [ Polyurethanes
e Atmospheric deposition with low polymer diversity S 4000 [] Polyurethane paint
(n=10) dominated by polypropylene (PP) followed by S o000 [] Acrylates
polyester and polyethylene (PE) —— I Alkyd
0 —_— e
Bergmann et al. 2019, DOI: 10.1126/sciadv.aax1157 Pristine lakes Rain (C) Urban snow sa‘

Atmospheric deposition
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Stormwater

Sources
Aggregated stormwater, Eslév (SWE) = SWR (n = 4)
Parking lot run-off, Lulea (SWE) - LTU (n = 3) MP concentration and polymer composition

Road run-off, Lulea (SWE) = LTU (n = 3)
Stormwater, Gdansk (PL) > GW (n = 2)

Il Polyethylene

Conclusions ] Polypropylene

e Av. MP concentrations in aggregated stormwater 12,000 12,000,000 — [ Polyester
(2x10°-6x10° MP/m?) several orders of magnitude - ;o 10,000,000 Il Polyamide (nylon)
lower than directly from parking lot (6x105 MP/m3) = £ Il Polyacrylonitrile fiber
and road run-off (4x10° MP/m?3) % 8,000 S 5,000,000 ] PO:Winv' chloride

» Liuetal. 2019 reported concentrations in a similar 2 é\ 5 5 Z‘;gswrene
range for stormwater ponds (5x102-2x10* MP/m3) £ ‘ £ 6,000,000 [ Polyoxymethylene

e Stormwater with high polymer diversity (n=16) g 4,000 § 4000000 x [ Polyvinyl acetate
clearly dominated by PP followed by PE and é - E o I Ethylene vinyl acetate
polyester | = 2omoo | o
Liu et al. 2019, DOI: 10.1016/j.scitotenv.2019.03.416 0 ctormwater 0 L E ch):://:lar:;:ane paint

aggregated stormwater road run-off

I Alkyd

parking lot run-off
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Waste water

Sources

Raw waste water (PL) = GIWK (n = 3)
WWTP outlet (PL) - GIWK (n = 3)
WWTP outlet (SWE) - SWR (n =1)
WWTP outlet (LT)=> SCICC (n = 1)

Conclusions
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Av. MP concentrations raw waste water
(3x10% MP/m3) several orders of magnitude
higher than in treated waste water
(7x103-4x10* MP/m3)

Simon et al. 2018 reported concentrations in a
similar range for raw (7x10° MP/m3) and
treated waste water (5x10* MP/m3)

Raw and treated waste water with high
polymer diversity (n=15) mostly dominated by
polyester with high proportions of PE and
polyurethanes

Simon et al. 2018, DOI: 10.1016/j.watres.2018.05.019
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Il Polyethylene

[ Polypropylene

[ ] Polyester

Il Polyamide (nylon)
[ Polyacrylonitrile fiber
[l Polyvinyl chloride
[ Polystyrene

[ ] ABS
[_] Polyoxymethylene

[] Polyvinyl acetate

[ ] cCellulose acetate
[ Polyurethanes

[ ] Polyurethane paint
[ ] Acrylates

WWTP outlet (LT) [l Alkyd
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Rivers

Sources
River, agricultural (LV) = LIAE (n = 4)
River, industrial (LV) > LIAE (n = 4) MP concentration and polymer composition
River, urban (PL) - GW (n = 3)
River, close to WWTP (LT) = SCICC (n = 2) &
River, close to artificial turfs (NO) = SALT (n = 4) 6,000 - I Polyethylene
\ [ Polypropylene
Conclusions 5,000 & [ Polyester
e Av. MP concentrations in several rivers between fg | Bl Polyamide (nylon)
2x102-3x10% MP/m3and slightly higher in industrial S 4,000 [ Polyacrylonitrile fiber
= [l Polyvinyl chloride
and urban than rural areas 5 .
. . = X [ Polystyrene
* Mintenig et al. 2020 and Roscher et al. 2021 reported & 3,000 ] ABS
concentrations in a similar range for rivers g o [ Polyoxymethylene
discharging into the North Sea (2x101-1x10* MP/m3) g 0% - (I Polyvinyl acetate
 Polymer diversity was high (n=15) and mostly s : [_] Cellulose acetate
. . . 1,000 J_ [ Polyurethanes
dominated by polyester and PP with considerable [ Polyurethane paint
proportions of PE, polyurethanes, polyamides and 0 o [ Acrylates
cellulose acetate (CA) industrial (LV) near WWTP (LT) [ Alkyd
agricultural (LV) urban (PL) near artificial
Mintenig et al. 2020, DOI: 10.1016/j.watres.2020.115723 ) turfs (NO)
Roscher et al. 2021, DOI: 10.1016/j.envpol.2021.117681 Rivers
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Car tire contribution in urban environments
*

Conclusions

* ll
a
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treated sng rivers near stormwater road run-off stormwater pond sediment:
raw melted snow artificial turfs |4~ treated stormwater

Average concentrations of tire wear particles (TWPs) low in treated snow, rivers close to artificial turfs and treated stormwater
(0.0-102.6 pg/L) and medium high in collected urban snow (1.1x103 pg/L) and stormwater (1.6x103 pg/L)

Av. TWP concentrations in road run-off samples (8.2x10° pg/L) significantly higher than in collected stormwater

Accumulated TWP concentration in stormwater ponds ranged from 0.0 to 2.3x10° pug/g (Average: 3.8x10* pg/g)

Unice et al. 2013 reported TWP concentrations in a similar range for various urban river sediments (26-1.2x10* ug/g)
Unice et al. 2013, DOI: 10.1021/es400871;j
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General conclusions

e Samples related to atmospheric deposition showed low microplastics (MP) concentrations with only a few different
polymer types for pristine lakes and rain and were slightly higher and more diverse for urban snow

e Samples related to stormwater were clearly dominated by polypropylene (PP) and were highest in road-related run-off
(105-106 MP/m3)

e Samples related to the outlet of WWTPs showed a significantly lower MP concentration (103-10* MP/m?3) than in raw
waste water (10° MP/m?3) and were generally dominated by polyester

 MP concentrations of several rivers discharging into the Baltic Sea similar to some rivers that discharge into the North Sea
e Samples related to rivers contained a high diversity of polymer types (n=15) and among these usually cellulose acetate (CA)

e Overall, polypropylene (PP), polyester and polyethylene (PE), which are used mainly for packaging, were the dominant
polymer types in most of the samples

e Average concentrations of tire wear particles (TWPs) were medium high in untreated snow and stormwater and approx.
1000 times higher in road-related run-off (10> pg/L)
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Thank you!

clo@build.aau.dk
avia@build.aau.dk

Special thanks to
Jeanette Lykkemark (Py-GCMS)
and Jes Vollertsen
(coordination)
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