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Background

I Baseline of microplastic (MP) in coastal and shelf water in South Korea
® To understand microplastic baseline level in salt water environments of South Korea

® To contribute for establishment of national marine (micro)plastic debris management policy

1 Limitation of conventional sampling methods (>300 um)

Song et al. (2014), Van Cauwenberghe and Janssen. (2014), Van Cauwenberghe et al. (2015)

® Neuston net (300-500 Um mesh) sampling has advantage in worldwide data comparison
® But, Neuston sampling missed smaller MP than the mesh size
® The MP ingested by marine invertebrates was well less than 300 um

® Mismatch of size range of microplastics between bioassays in laboratory and monitoring data

1 Vertical movement of MP in water column

Dai et al. (2018), Cole et al. (2016), Kowalski et al. (2016), Kooi et al. (2017)

® Most of monitoring studies have focused surface water, but further studies have increasingly
described the prevalence of MP in sub-surface water

® Many of marine organisms are expected to be exposed to MP in sub-surface water

® Limitation of distribution of size, shape and polymer composition in surface vs sub-surface

® Ups and downs of MP by vertical mixing and biofilm formation and removal were predicted and
measured in laboratory, but not validated in the environment
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Horizontal distribution of microplastics
in coastal and shelf surface water
(330 um Manta trawl sample)




Microplastics - Environmental Risk Assessment

Sampling locations

v" Jul-Aug, 2014-2017
(after monsoon)
v/ Manta trawl

:330 um

v’ Total 115 stations
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Microplastics - Environmental Risk Assessment

Sampling and analytical methods

I Assessment of MP >330 um

v'Towing at 1-2 knot
for 10 min

Surface water
(330pum)

>5 mm <—-[ Wet sieve ]

| Mass of ]
J total solid

4 N\
Wet peroxide
oxidation
. J
4 w 3\
Density separation
) i
- Filtration
Microscope . v
-1-5mm . N
-0.5-1mm |€— FTIR Analysis .
) ’ v'Wet peroxide oxidation: Fe(ll) + 30% H,0,

v'Density separation: Lithium metatungstate
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Microplastics - Environmental Risk Assessment

Abundance of microplastics >330 um by region

Mann-Whitney U-test (£<0.05)

b 10000
mf"‘\
“‘E 1000 - .
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I a 9 @
2 particles/m® Y Yeongil (YI) g 10 I} ]
24 .72 y -
| E
= 1 1 %
: i
‘ Wisan (US) <
0.1 | |

l;.

m?san (BS) Urban Rural

v" The abundance of microplastics were significantly (p<0.05) higher in
urbanized or industrialized areas than those in rural or preserved areas.
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Microplastics - Environmental Risk Assessment

Abundance of microplastics >330 Um by size and shape

particles/m?3

1-5 mm 0.19 0.00 0.01 0.07 0.14 0.71

Urban 0.5-1 mm 0.22 0.01 0.01 0.12 0.19 0.89
0.33-0.5 mm 0.28 0.01 0.00 0.26 0.32 1.25

Sub-total 0.69 1.02 0.02 0.02 0.45 0.65 2.85

1-5 mm 0.09 0.13 0.00 0.01 0.32 0.03 0.57

05-1 mm 0.09 0.23 0.00 0.01 0.29 0.10 0.72

Rurall = a3.0's o BRRCKE 0.23 0.00 0.00 0.10 0.12 0.58
Sub-total 0.29 0.59 0.00 0.02 0.71 0.25 1.87

v" Urbanized or industrialized area: Size of 0.33-0.5 mm and fiber were dominant.

v Rural or preserved area: Size of 0.5-1 mm, fiber in 0.33-0.5 mm and EPS in 1-5 mm
*EPS (expanded polystyrene)
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Sampling stations in shelf waters

Microplastics - Environmental Risk Assessment
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v'R/V Eaodo
v Total 53 stations
v’ Manta trawl
:330 pm

v Towing at 2 knot for 30 min
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Microplastics - Environmental Risk Assessment

' Abundance of microplastics >330 [im in shelf waters
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Average: 1.85 n/m3
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Microplastics - Environmental Risk Assessment

Similarity of microplastics >330 lm by morphology

Similarity (%)

50__ [ d [ d o
I Cluster analysis by morphology composition
(Fragment, paint particles, EPS, sphere, film, fiber, pellet)
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Comparison of microplastic >330 uUm abundance

Portuguese Coastal waters

Southeast Bering Sea

North Western Mediterranean
North Pacific

UK offshore waters
Mediterranean Sea

Fast China Sea

Northeast Pacific Ocean
Western English Channel
Bohae sea

Arctic polar waters

Seto Inland Sea
Deukryang Bay

Atlantic Ocean

Busan Coastal waters
Baltic Sea

Jinhae Bay

Gwangyang Bay
Hampyeong Bay

North Altantic

East China Sea.

Incheon coastal waters
South Sea

North Pacific Gyre
Offshore Ireland

Southern New England
Cheonsu Bay

Yellow Sea

Pearl River estuary

East Asian Sea

Southern California-Santa Monica Bay
Youngil Bay

Ulsan Bay

Southern California

East Mediterranean Sea

Location

0.04
]0.10

]0.12

]0.12
[10.14
[]0.15
[]0.17
]0.19

[]0.27
]0.33
1034
1039
] 1.12
1115
| 1.35
]1.37
1138
1165
]1.70
— 1.70

1.85
1.96

2.19
]2.23

1 Coastal water
I Shelf water
[ Previous study (South)

1 Worldwide

] 2.46

] 2.58

|2.79

I € eastern Yellow Sea

|3.62

] 3.70

] 3.92

|4.54

14.73

17.25

] 7.68
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Mean abundance (n/m3)
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Vertical distribution of microplastics in
coastal and shelf surface water
(20 um net sample)




Microplastics - Environmental Risk Assessment

Sampling location for coastal water
1 Eight semi-enclosed bays or near shore areas (total 41 stations)

Incheon coast (Jul, 2016) . “1 I *\ My Youngil Bay (Jul, 2017)
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1 Surface (20 cm), mid-column and bottom water (1 m above bottom) samples (n=123)

v’ To grab 100 L of water sample using a stainless bucket (surface) or a submerged pump (sub-surface)
v To filter 100 L of water sample through a 20 um mesh hand net on board
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Microplastics - Environmental Risk Assessment

Sampling and analytical methods

I Assessment of MP >20 um

1) Surface water

Sea water - Depth: 20 cm
! -100L
] v
Surface water Water column 2) Middle water
(20 pm) (20 pm) - Thermocline or middle of water column &=
- Water-jet pump
i) -100L
[ Wet sieve (20 pum) , ; 3) Bottom water
— - 0.5~1 m upper surface of the bed
———)[ Mass of total solid ] - Water-jet pump
p A4 N -100L
Wet peroxide - Fe(ll) + H,0,
oxidation - Density separation: NaCl
: v ) Fragment .
Density separation £ (."' : v Micro-FTIR (ATR mode)

v

Filtration

v

FT-IR microscope

- ATR/microscope

- Thermo continupm

- 128 scans; 650-4000 cm™
- resolution: 8 cm™!

- detection range: 25~100%
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' Microplastics - Environmental Risk Assessment
Abundance of microplastics >20 Um in coastal water

1 Spatial distribution 1 Urban vs Rural areas
126°0E  126°30Jl 127°0E  127°30°E 128°0°E 128°30°E 129°0°E 129°30°E 3000 Mann-Whitney U-test (p<0.05)
- & 2500 ~ |
s
1 E t'_:E___ 2000 -
South Korea Z
> )
| g g 1500 -
-
c
. _E 1000 +
15 <
” 500 - T
. ]
1 g 0 | |
Urban Rural
12 v'Urban (1,051+£571 n/m3) > Rural (560+184 n/m3)
z * Spearman’s rank correlation (excluding BS)
b Pair Total Surface Middle Bottom

Duncan’s multiple-range test (p<0.05)

Population-MP 0.857* 0.893**  0.464 0.143

Song et al. (2018) Environ. Sci. Technol.
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Microplastics - Environmental Risk Assessment

Vertical distribution of MP >20 um in coastal water

1 Vertical profile 1 Surface vs water column
* Kruskal-Wallistest (p<0.05)
6000 -
[ |
.
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~ E
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e a—
= &
[} o "
o) 2000 -
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1000 -
. i
50 -
0 .
® Surface Middle Bottom
60 lP T T T T T Position
O 1000 2000 3000 4000 5000 6000
v’ Surface: 1736+1179 n/m?3
Abundance (particles/m3) v Middle: 4231342 n/m3
. . v Bottom: 394+443 n/m3
Song et al. (2018) Environ. Sci. Technol.
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' Microplastics - Environmental Risk Assessment
Si

ze distribution and shape & polymer composition in coastal water

1Size distribution

;
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mean: 197 um Size (um) Size (um) mean: 752 um

I Shape composition I Polymer composition

Polyest
Sphere 0.8% olyester
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Song et al. (2018) Environ. Sci. Technol.
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Characteristic of microplastics >20 |\m in water column

1 Urban vs Rural on size 1Size distribution and composition in water column
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Vertical distribution: physical mixing model vs in situ observation

depth (m)

depth (m)

depth (m)

normalized abundance
L n " " 1 n n

ok
"/ Hs:wave height

<0.3 mm |

0.3-0.5 mm|

0 0.5 1

0.5-1.0 mm}|

0 0.5 1

wind speed : >3 m/s

depth (m)

depth (m)

depth (m)

normalized abundance
|

0.3-0.5 mm|

0.5 1

30 4

40 4

50 +

60

0.5-1.0 mm

0

0.5 1

wind speed : <3 m/s

v’ Average MP abundance normalized to the abundance
at the surface layer superimposed over the
exponential curves calculated with equation (dotted
curves).

N - eW/Aoz

Z: depth measured downward from the sea surface

N: denotes the MP abundance normalized to the abundance at
the sea surface

W: rise velocity

A,: vertical diffusivity

v Middle and bottom water samples contained higher
abundance of MP than predicted by a model based on
physical mixing

* Collaboration with Prof. Atsuhiko Isobe at Kyushu University

Song et al. (2018) Environ. Sci. Technol.
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Manta trawl (330 um) vs Hand net (20 Um)

1 Manta vs hand net I Fragment/fiber ratio
[ Manta
I Hand net
10000 ]
| mm v'< 300 um MP in hand net
: ] . = —_ - fragment: 86%
1000 4 ] ] — - fiber: 29%

v’ Average of fragment/fiber ratio in each stations:

100 — X 100-1,000 - Manta: 2.3
] - Hand net: 7.8 -> 1.5 (>300um)

Abundance (particles/m3)

[y

o
Ll

dl

-

v’ Depending on sampling methods (mesh size),
the ratio of fragment/fiber changed and could

1 : i , : S O be fragmented MP underestimated in sea water!
IC GY BS us YI CS HP DR

Region

v'Manta: 2.490+1.953 particles/m3

v'Hand net: 1,778%1,161 particles/m3
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Sampling location for shelf water

Microplastics - Environmental Risk Assessment

— Sampling station
" ‘ ;_QfMign)ta net }
O o Vertlcalsurvey \'
O Surface+Grab
5 6 ® Core
(o] © , . 1
oe —b’j;\Contmuous samp mg
13 12 11 ‘| Dumping site
@ O © e E g ]
14 15
o
19 18
© ©—
20 21
o
0 28
© ©
30 31
@ © © ©

*Surface sample taken 1m below
from the sea surface

Depth (m)

Temperature (°C)

[Vertical sampling layer v1-6]

[Collected samples]
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Microplastics - Environmental Risk Assessment

Abundance of microplastics >20 Um in shelf water

Total abundance 1000 Kruskal-Wallis test (p>0.05)
(surface+middle+bottom) a
=100 particles/m® 800 - a
s NN Y 3
600 -
R 400 | a
i A 3 , E_ 200 - a
“\ Y , )
AR - R ]
P ] vi v2 v3 vd vS vé
..& Vertical layer
l 8 Kruskal-Wallis test (p>0.05)
AR S 1000 '
o
c
2 80| G a
<
600 -
[ | .
o Surface Middle Bottom |
28
(v1) (v2-4) (v5-6) 3
0 Range 25-1940 65-1300 60-1245 2001 T
0 Mean 0 : : .
31 + STD 295 +488 124 + 108 315+ 477 curface iddle bottom
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Microplastics - Environmental Risk Assessment

Vertical distribution of microplastics >20 |Am in shelf water

Depth (m)

— MP abundance (particles/m?)

— Temperature (°C)

100 200 300 a0 500
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2 { ., . ',/f/'/‘ . m
:! . . . 20
2
."
0¥ 4 10 0 4
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s0{
. 50 0 60 60
100
120 . 10 80 80
Total 80 St.3 St.9 St.10 St.11
o 5 10 15 20 25 0 5 10 15 20 25 30 10 15 20 25 30 10 15 20 25 30
[] 100 200 300 w0 0 100 200 300 a0 400 600 . 20 40 60 0 100 . 50 100 150 200
0 0 | . | L .
20 20 0 0 20
) 4 0 2 40
60 60 i 60 60
0 St.18 "
80 80 80
St.12 St.13 St.28 St31
5 10 15 20 25 30 5 10 15 20 25 30 10 15 20 25 3 10 15 20 25 30 10 15 20 25 30
00 50 100 150 w0 0 2 30 40 s 50 100 150 200 % 50 100 150 2 500 1000 1500 2000 2500
0
2
20 2 20
20
0
@ “ 10 &
40
60 80
60 50
60 100 St.48
80
80
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100 80 i
5 10 15 20 2% 05 10 15 20 25 30 10 15 2 25 ) 10 15 20 2% 3 10 15 20 25 30

v’ There is no distinct vertical distribution pattern
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Microplastics - Environmental Risk Assessment

Size distribution and shape composition in shelf water

1200
C— Fragment Total (0.02-5 mm)
1000 4 [ Fiber
_ [ Sphere
5 — Fil
s " fiber
5 16.0%
g 600 -
E
= 400 A
o
200 - fragment
] :':'_'_l . R — 83.3%

20 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 100020005000
Size range (um) /

Total (0.3-5 mm)

Surface Middle Bottom
fragment f“?,ersp:;:;re fiber fiber
27.4% o 13% 16%
fiber
72.6% fragment fragment fragment
81% 86% 84%
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Microplastics - Environmental Risk Assessment

Polymer composition in shelf water

p.

[

PES 1

12% PDM
2%

Surface

Others
Phenolic resin

PVC

PU
PA

Acrylate
polymer

Alkyd

Total

g

PP

PE
PS

PES

—— PVA

_ Poly(acrylate:styrene)

Cellulose acetate

v'Total 33 polymer types

PTFE
2% H i
polyeporides v'Dominance of PP in surface
Poly( thylene) . .
P:n‘l’w:“me ™ v'Dominance of alkyd in
I vinyl glove .
R Ass middle and bottom

e Enamel
Poly(ethynele:vinyl acetate)

Bottom

Others

Phenolic resin
PVC

PU

Middle

. Others
Phenolic resin

PVC

PP PP

PE

PS
PDMS

Boons

PA 3%

PU PES

13% pes

PA Acrylate

polymer
Acrylate
polymer

Alkyd Alkyd
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Microplastics - Environmental Risk Assessment

icroplastic in ‘loose’ and ‘aggregate’ fraction and in zooplankton

1800

Abundance [par‘ticles!mal

0

mm Loose and aggregate microplastic fraction

1600 -

1400 -

1200 -

1000 H

800 -

600 -

400 +

200 4

— Loose fraction Aggl'
= Aggregate fraction

mlbn by e

St.3

Sst.9

st.11 St.13(v2) st 13[v4] 5t.31 5t.39 5t.43 St44

v  Aggregate fraction accounted for 9% of the total MPs in the study area
v 0.03 microplastic particles/aggregate

raction

Loose fraction
91%

— Microplastic distribution in seawater (St.11)

Whole{ Vertical survey (St.11_v2) : loose plastic fraction+ aggregate fraction + in-plankton fraction |

separate-

In-plankton fraction (0-15m) 2%

100 200 300 400

Abundance (particles/m3)

v Abundance of microplastic was higher in separate analysis than whole analysis

500 600
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[ ]
Conclusion

» The relatively high microplastic contamination level was found in Korean
coastal and shelf waters

» The positive correlation between microplastic abundance in coastal water
and surrounding population indicates input of microplastics from the land
based sources

s+ Although the levels are lower than the surface water, sub-surface water

contained considerable levels of microplastics including low-density

polymer (e.g. PE and PP)

L)

L)

* Further study is required to evaluate relative contribution of various
biological interactions for the downward movement of microplastics

L)
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Microplastics - Environmental Risk Assessment
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