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' Microplastics - Environmental Risk Assessment
Microplastics
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Paradigm shift

Ant Dust mite

Increasing ...

Decreasing ... =— @ Numbers
® Bioavailability
® Volume ® Target organisms
® Entanglement ® Toxicity
® Settling velocity ® Detection difficulty
® Cleanup difficulty
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Microplastics
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' Microplastics - Environmental Risk Assessment

Ubiquitous from coast to Arctic

® Marine environments
- Coastal sediment and water
- Water column
- Deep sea floor
- Arctic ice core
- Organisms (from zooplankton to mammals)

® Terrestrial/Freshwater environments
- River water and sediment
- Lake and sediment
- Soil
- Sewage and wastewater treatment plant

® Atmospheric environments
- Indoor and outdoor air

® Food
- Oyster, mussel, anchovy, table salts, beer and honey
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Abundance of microplastics reported in the marine environments

' Microplastics in water (n=71)

102

Microplastics in sediment (=33)

Mean density (n/kg)

10% 104 10%

Industrial harbor, Sweden (>0.002 mm); Noren (2007)

Harbor, Belgium (>0.063 mm); Claessens et al. (2011) |

Coasts, Sweden (>0.002 mm); Noren (2007) ]
Maine and Florida, USA (>0.25 mm); and Thomp (2009) 1

Changjiang Estuary, China (>0.001 mm); Peng etal. (2017) {1
Hong Kong (>0.032 mm); Tsangetal. (2017) {1
Continental shelf, Belgium (>0.063 mm); Claessens et al. (2011) {1

Harbor, Sweden (>0.002 mm); Noren (2007) {1
Baltic Sea, Russia (>0.174 mm); Zobkov and Esiukova (2017) L]
Continental shelf, Portugal (>0.001 mm); Frias et al. (2016) {1

Southern Baltic Sea (>0.045 mm); Graca et al. (2017) {1

Subtidal sediment

Geoje, Korea (>0.01 mm); Song et al. (2015)

Incheon-Kyeonggi, Korea (>0.01 mm); Kim et al, (2015)

Coastal beach, Korea (>1 mm); Lee et al. (2015)

Geoje, Korea (>1 mm); Lee et al. (2013)

Fernando de Noronha, Brazil (> 1 mm); Ivar do Sul et al. (2009) |

Guangdong, China (>0.315 mm); Fok et al, (2017)

Coastal beach, Korea (>1 mm); MOF (2016)

Coastal beach, Taiwan (>0.25 mm); Kunz et al. (2016)

Hong Kong (>0.315 mm); Cheung et al. (2016) 1

Recife, Brazil (>0.5 mm); Costa et al. (2010)

Coastal beach, Japan (0.3 mm); Kusui and Noda (2003)

Hawaii, USA (>1 mm); Mcdermid and McMullen (2004)

Portugual (>3 mm); Antunes et al. (2013)

Bohai, China (> 0.01 mm); Yu et al. (2016)

Heungnam beach, Korea (>2 mm); Heo et al. (2013)

Easter Island, Chile (>1 mm); Hidalgo-Ruz and Thiel (2013) {

Kaliningrad region, Russia (>0.5 mm); (2017)

Portugugal (> 0.001 mm); Martins and Sobral (2011) {1
Salish Sea, USA (>1 mm); Davis and Murphy (2015) {1
Far eastern beach, Russia (>0.3 mm); Kusui and Noda (2003) {1
Coastal beaches, Chile (>1 mm); Hidalgo-Ruz and Thiel (2013) {—1
Punta del Este, Uruguay (>0.3 mm); Lozoya et al. (2016) 1

Beach sediment
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Shim et al. (2017) Microplastics in Marine Environments: Abundance, Composition and Distribution.
In: Microplastic Contamination in Aquatic Environments, Elsevier (under revision)
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Microplastic abundances reported in water by net mesh size
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Distribution of microplastics in world ocean and beach
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Distribution of microplastic in world ocean
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Figure 3. Maps of the solutions of microplastic count (left column) and mass (right column) distribution for the three different
models. Because fits are done on a per-basin level, there are a few discontinuities visible (e.g. South of Tasmania in the Maximenko
solution, panel (a).

Van Sebille et al. (2015) Environ Res Lett
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[ ]

Mass of river plastic flowing into oceans in tons per year
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Lebreton et al. (2017) Nat Comm 8:15611
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p 20 polluting rivers as predicted by the global river plastic inputs model

Catchment Country

Lower mass

Top 20 polluting rivers as predicted by the global river plastic inputs model.

Midpoint mass

Upper mass

Total catchment

Yearly average

input estimate input estimate input estimate surface discharge
(tyr M (tyr  H (tyr  H area (km?)?' (m3s 1?2
tYangtze  China 3.10 x 10° 3.33 x 10° 4.80 x 105 191 x 106 158 x 104
: Ganges India, Bangladesh 1.05 x 10° 115 x 10° 1.72 x10° 1.57 x 10° 2.08 x 104
: Xi China 6.46 x 104 7.39 x 10% 114 x10° 3.89 % 10° 5.53 x 10°
EHUA0ERU .. CHINZ. e 3.35x10* 4.08 x 104 6.73 x10% 262 % 10" 4.04 x10?
,Gross........ Nigeria, Cameroon............ 3.38 x10% 4.03 x10% 6.5x10% 2.38 x10° 2.40 x 107
LBrantas......l0donesia .. i 3.23x 104 3.89 x 10% 6.37 % 104 111 10 8.18 x 10
Amazon,.... Brazil, Pery, Columbia, Ecuador 3.22x10% 3.89 x 10 6.38 x10* 5.91x10° 1.40 % 10°
Pasig Philippines 3.21 x 104 3.88 x 104 6.37 x 104 4.07 x103 2.07 x 102
flrrawaddy ~ Myanmar 2.97 x 104 3.53x 104 5.69 x 10% 3.77 x 10° 5.49 x 103
! Solo Indonesia : 2.65 x 10% 3.25 x 104 5.41 x 104 158 x 104 7.46 % 102
:Mekong  Thailand, Cambodia, Laos, China, } 1.88 x 10* 2.28 x 104 3.76 x 104 7.74 x10° 6.01x 103
eereseeneeens Mlv2NMEr, Vietnam, ... :
Amen... NIZER crerirnnrssnresssnessnnnssnns 175 x 10* 215 % 10* 3.61x 10" 7.92 x10° 2.79 x 102
: Dong China : 157 x 104 1.91 % 10% 3.17 x 10% 3.33 x 104 8.54 x 102
ESerAVY. ... NdONesIE e 133 x 10% 1.71x 104 299 x 104 3.71x10° 370 x 107
.Magdalena,, Colombia,.......covvvicierennnnans 1.29 x 10* 1.67 x 10* 2.95 x10* 2.61x10° 5.93 x 10°
! Tamsui Taiwan 116 x 104 1.47 x 104 254 x 104 2.68 %103 1.08 x 102
: Zhujiang ~ China 1.09 x 10* 1.36 x 10% 2.31x 10% 4.01x103 1.33 x 102
: Hanjiang  China 1.03 x 104 1.29 x 104 219 x 104 2.95 x 104 7.35 x 102
i Proga........) TgTetelal=cir - 9.80 x 10 1.28 x 10 2.29x10% 224 x10° 2.79 % 10°
Kwa Ibo Nigeria 9.29 x 104 119 x 104 2.08 x 104 3.63 x 103 1.92 x 102

Input rate estimates (in tyr ~1) are representative of mismanaged plastic waste (MPW) production and catchment runoff. A lower, midpoint and upper estimate is calculated based on three regression

analyses accounting for uncertainties in our field observations data set.

Lebreton et al. (2017) Nat Comm 8:15611
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Global Plastic production

Source: PlasticsEurope Market Research Group (PEMRG, 2014)

Europe
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PRODUCTION OF PLASTICS
NAFTA MATERIALS BY REGIONS

250 Mtonne
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Middle East, Rest of Asia
Africa

2013 World production of plastics materials (thermoplastics and polyurethanes)
Does not include other plastics (thermosets, adhesives, coatings and sealants) nor PP-fibers.
Source: PlasticsEurope (PEMRG) [ Consultic
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Size distribution of microplastic in sea water and sediments
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Shape composition of microplastics in sea water

Fibre/Line/Filament
Fragment/Hard plastic
EPS/foam

Pellet

Film/Sheet

Paint

Sphere

Others

Norweian Sea (Greenland) Arctic (Amelineau et al 2016)
N Norweian Sea Arctic (Lusher et al 2015)

Baltic, Germany (Stolte et al 2015)

N-S Atlantic (Kanhai et al 2017)

South Africa (Nel et al 2017)

South Africa (Nel and Froneman 2015)

Gulf of Finland (Setala et al 2016)

Solent estuary, UK (Gallagher et al 2016)

Black Sea (Aytan et al 2016)

North Atlantic (Enders et al 2015)

San Fransico Bay, CA, USA (Sutton et al 2016)
Jinhae-Geoje Island, South Korea (Hand Net) (Kang et al 2015a)
Turkish coast of Mediterranean (Guven et al 2017)
Jinhae-Geoje Island, South Korea (Manta Net) (Kang et al 2015a)
Ross Sea, Antarctic (Cincinelli et al 2017)

Central gyre NE Pacific (Moore et al 2001)

NW Atlantic (Reisser et al 2015)

W Mediterranean (Faure et al 2015)

Israeli coast of Mediterranean (van der Hal et al 2017)
W & Central Mediterranean (Ruiz-Orejon et al 2016)
Salish Sea, Alaska, USA (Davis and Murphy 2015)

Hong Kong (Tsang et al 2017)

W Mediterranean & Adriatic Sea (Suaria et al 2016)
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N
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Shim et al. (2017) Microplastics in Marine Environments: Abundance, Composition and Distribution.
In: Microplastic Contamination in Aquatic Environments, Elsevier (under revision) “‘Miﬁflﬁ 13
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Shape composition of microplastics in sediment

[ Fibre/Line/Filament
[ Fragment/Hard plastic
1 EPS/foam

[ Pellet

[ Film/Sheet

HE Sphere

[ Others

Huatulco Bay, Mexico (Retama et al 2016)

Baltic Sea, Germany (Stolte et al 2015)

Southern Baltic Sea (Graca et al 2017)

South Africa (Nel and Froneman 2015)

Persian Gulf (Naji et al 2017)

South Africa (Nel et al 2017)

Gulf of Mexico, USA (Wessel et al 2016)

Guanabara Bay, Brazil (de Carvalho and Neto 2016)
Salish Sea, Washington, USA (Davis and Murphy 2015)
Punta del Este, Uruguay (Lozoya et al 2016)

Coastal beach, Russia & Japan (Kusui and Noda 2003)
Guangdong, China (Fok et al 2017)

Hong Kong (Cheung et al 2016)

Beach

Changjiang Estuary, China (Peng et al 2017) Subtidal
Telascica bay (Adriatic Sea) (Blaskovic et al 2017)
Southern Baltic Sea (Graca et al 2017)

Portugal (Frias et al 2016)

Mediterranean Sea, Turkey (Guven et al 2017)
Baltic Sea, Russia (Zobkov and Esiukova 2017)
Hong Kong (Tsang et al 2017)

0 20 40 60 80 100

Percentage (%)

Shim et al. (2017) Microplastics in Marine Environments: Abundance, Composition and Distribution.
In: Microplastic Contamination in Aquatic Environments, Elsevier (under revision) > MEK?’IE?ERA 14
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Polymer composition of microplastic in sea water and sediments

1 PE
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—
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I Polyacrylonitrile
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Persian Gulf (Naji et al 2017) - | | | = EVA
I Poly(vinyl chloride-ethylene)
Southern Baltic Sea (Graca et al 2017) - | I I | = orhers
Beach
Subtidal
Hong Kong (Tsang et al 2017) | |
Southern Baltic Sea (Graca et al 2017) -]
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Shim et al. (2017) Microplastics in Marine Environments: Abundance, Composition and Distribution.

In: Microplastic Contamination in Aquatic Environments, Elsevier (under revision)
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Conclusion

® World plastic production, in situ observation and river input
and transportation models indicated Asia and North Pacific
as hotspot of MP pollution.

® MP abundance in water showed significant correlation
with the net mesh size for sampling.

®The peak size distribution of MP reflected the size range of
the sampling and analytical methods.

® The dominant MP shape was fibre or fragment for water,
fibre or foam for beach and fibre for subtidal sediment.

® PE, PP and PS were top ranked polymer types with some
exceptions.
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