BSPE99192-10622-4

OJMS2t2E0f ofeh AHetetE @F a4t

A Study on Microplastic Pollution in
the Coastal Environments

2015. 3

KIOSTN 31

srsigate|ae L

Hl
ot
—r
09
I}
1%
N
>
0






473 24

o&o

1

°©
h

2} 2~} (Microplastics)ol| <]
201519 3¢ 31

=
=

1] A

A7 Agdel HIME AZFUTH

=

= u

B 4]

A Foetr) e A A8

S

=

}

ke

H

< . ~ ~ ~'H
g OO
o e o1 N8
NI oM R =
D of B o 5
© B H R TS
R B <
H P W E N
of N T R
Vo ol M kb
. N )
N E TR T R B o TR
o WP T W TR
IS i S N
X o Mmﬂl
o! RIS
Cal N ®
T 3 =
B B B
cic iy
Mo xR % oF






B3 &

A ALF | BSPE99192-1
o _ p=R o] o
- 0622-4 A7 | 2012.3-2014.12 | TA T =
ZAHd v 71 HE A A
?j-?/\}‘ﬁ%‘ K3 ]'1:1 (] ]Z ]'1:]
A A TFAAY
A ol sdA R L S FAYeNA &
S o A H 3l < R H‘oﬂﬂil g
A A oA EetaEe g A FHHE AT
= ™ FIR=I %] 2
5 257 2 o | O 753,000
AT A=} AdE FoAATLT | WE- 8 270 714: 0¥
gu. gz | O o s 00009
AF718H
TR azagnaes
2 o714 -
Gl AT 4
AR
A FEAT
AerAT skl HAA 3
HIA
QRATARE FHoE M=z 5004 o) oy 219
T

sl EHol FRstAY e skl E2T wAlET 2R YUY JHS 48 Y
sho], A ol e AR EAE AASAT. A= 18709 skl wAlEek2E 2
EF AEEen, gkl Aol Histe] FojHezr s ¢S Ed s
AAE FHe G sl BHAME AHESAES 25 AEH0oH, A B
d Az Hste] diiAo® w2 e Bu i s =2F lﬂiiol Akl

A4 W =93 NEIAAPANA SEEFO] Fom 4L

0 l

o}, nAgE 5 9l
=< Wit Ulﬂlﬁﬂ*%loﬂ 2 = H7hd &%*3%712%‘%@_91 EAHS st
i, @ AZTEY AR 29e AHACE HUlen 53] ZEEFAAA G
3 &<l HBCD7}F 31%3 AzEYon, 4 Foz Wz 225U Asvte] ~EE
FoA el HBCDOl 93 FH s, HAE, =49 4ol &JFHAN oY, HBCD
ol A& T5E FHATNA B3 £E, HAE D JADAEITE AT FAENF 7
THRO= A3 FE s Btk ok2d E2HA wAdA e i3 277 44
< Rl e, 549TFe A HEHE 5 En 953 52 FolA #F
= Atk

Al 0] o] s n A Fet~g, sk r], ~EEF, %, HBCD

1
=
(Z+ 571 °1%d) g o Microplastics, Marine Debris, Styrofoam, Distribution, HBCD







"+ XVvil

o+

or

A2Ad AF e

27 = el 7=

R A e e e R R R R e e AR R LR AL AR

A2 = ZleAE o

21

21

21

55

=

)
Hlo

85

85

96

_“O#H

i

X
A
chll

3

104

ﬁo

wK

3

115

140

155

155

164

2. A A4 fr(microfiber) el <]



178

182

4. iﬂqi% %—F,H HBCDPJ xg%;ﬂo]

191

191

192

199

xﬂSXc]- 03?7]]%@34_9] %L%.ﬁ]é:]_,

199

Xﬂl;f:i Od?éjq_g] %L%.ﬁ]é:]_,

e

0
A

A

ﬂmo



CONTENTS

Summary ................................................................................................................. XXVii
Chapter 1 Introduction ............................................................................................. 3
Section 1 Background ............................................................................................ 3
Section 2 Objectives and contents Of the StUdy ............................................ 5
Chapter 2 Recent research trend ........................................................................... 9
Chapter 3 Results and DiSCUSSiOH ........................................................................ 21
Section 1 Assessment Of microplastic pollution ........................................... 21
Section 2 Microplastic associated Chemicals .................................................. 85
Section 3 Biological effects Of microplastics ................................................ 155
Chapter 4 Achievement Of the StUdy goal ..................................................... 191
Chapter 5 Application plans Of StUdy result .................................................. 199

Chapter 6 References ............................................................................................. 205



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

2-1-1.

3-1-1.

3-1-2.

3-1-3.

3-1-4.

3-1-5.

3-1-6.
3-1-7.

3-1-8.

3-1-9.

Figure List

Number of publications in microplastics research searched

from Web of Science with keyword of 'microplastics’. ==« 9
Map showing the stations for sampling of neuston samples

by a Manta trawl and hand net near the Nakdong River
mouth in the southeastern coast of Korea. «weeerererereeesseeneee 23
Spatial distribution of floating plastic debris by size

categories collected with a Manta trawl and hand-net near
Geoje Bay before and after the rainy season in 2012. -:eeeeeeee 24
Spatial distribution of type-specific microplastics (<2 mm)
collected with a Manta trawl and hand-net near Geoje Bay
before and after the rainy season in 2012 .................................... 25
Fourier transform infrared (FT-IR) spectra of typical
microplastics collected from a Manta trawl net and hand-net
from the study area and a comparison with reference spectra. - 26
Temporal variation in the average abundances of type-specific
microplastics (<2 mm) collected with a Manta trawl and
hand-net in the southeastern coast of Korea after the rainy
season in 2012 ....................................................................................... 30
A map showing the sampling stations in Jinhae bay. == 31
Spatial distribution of floating plastic debris by size categories
(<2, 2-5, 5-25, and >25 mm) collected with a Manta trawl and hand-
net in Jinhae Bay before and after the rainy season in 2013. -- 32
Spatial distribution of type-specific microplastics (<2 mm)
collected with a Manta trawl and hand-net in Jinhae Bay
before and after the rainy season in 2013 .................................... 32
Weight of floating plastic debris (>2 mm) collected with Manta
trawl and hand-net in Jinhae Bay before and after the rainy
season in 2013 ....................................................................................... 33

3-1-10. Dry weight of zooplankton collected with a Manta trawl and

hand-net in Jinhae Bay before and after the rainy season in

_iv_



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

3-1-11.

3-1-12.

3-1-13.

3-1-14.

3-1-15.

3-1-16.

3-1-17.

3-1-18.

3-1-19.

3-1-20.

Spatial distribution in the microplastics to epineuston ratios
used to determine total mean density of the 330 /m -2 mm size
class neuston samples collected in southeastern coast of Korea
before and after the 2012 and 2013 rainy seasons. === 35
Map showing the location of microplastic sampling stations
around Geoje Island: Inner bay, Nakdong River mouth, and

10 521 170 o < THRE LR LT T T T PR RS 36
Schematic diagrams of four sampling methods (surface
microlayer water, bulk surface water filtering, hand net and
Manta trawl) for ﬂoatlng microplastics. ........................................ 37
Photographs of four sampling methods for floating
microplastics: (a) surface microlayer water (b) bulk water

(C) hand net (d) Manta tran Samphng ....................................... 37
A comparison of Fourier transform infrared (FT-IR) spectrums
of a (a) sample from the sea surface microlayer (SML) and a
general anticorrosive paint used on ships, (b) sample from the
SML and fiber-reinforced plastic from a ship, and (c) two
different antifouling paint chips from the shipyards and boat
maintenance facilities around the study area. - 41
The abundance of paint particles and non-paint plastics by
Size 1n the sea Surface miCI‘OlayeI‘. ................................................. 42
A comparison of Fourier transform infrared (FT-IR) spectrums
of a sample from the sea surface microlayer (SML) and a
paint from research vessel, « s e 42
A comparison of floating microplastic abundance in surface
water: The alphabetic superscripts indicate net mesh size or
sample type: a, 505 /m; b, 450 um; c, 333 ¢m; d, 280 /m; e, 80

pm; f, surface microlayer; g, 330 tm; h, 50 ym; i, bulk surface

Composition of (a) paint particles and non-paint plastics and

(b) non-paint plastics only by shape in different sampling

The spatiotemporal distribution of (a) non-paint plastics and
(b) paint particles abundance from the sea surface microlayer
around Geoje Island in May and July 2012, -eoeeeeeseeeeeseseeeseneees 48



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

3-1-21.

3-1-22.

3-1-23.

3-1-24.

3-1-25.

3-1-26.

3-1-27.

3-1-28.

3-1-29.
3-1-30.

3-1-31.

3-1-32.

3-1-33.

3-1-34.

3-1-35.

3-1-36.

The abundance of paint particles and plastics in the surface
minOlayer. ............................................................................................. 50
Comparison the abundance of paint particles and plastics to
different locations in the surface microlayer. ««weoeeereeeseseeeeess 53
The pictures of density separation of microplastics from

sludge using deionized water and saturated sodium chloride - 54
Sampling locations for beached plastic debris in the Nakdong
River estuary and the Gere ISland. .............................................. 57
Structure of sampling quadrats that were established to

collect macro-, meso-, and micro-plastic debris on beaches
selected for thls Study ...................................................................... 58
Types and abundances of plastic debris on the beaches of
Nakdong River estuary and the Geoje Island. -«:weweeeeeeereeeeeeess 59
Linear regressions of (a) total plastics abundance, (b)
Styrofoam abundance, (c) fragments abundance and (d) other
foamed plastic abundance in the meso-plastics and large
micro-plastics groups (p<0.01 in all regression analyses). = 60

Sampling locations for beached plastic debris in 2013 and

Locations of sampling quadrats in a beach in 2013 and 2014. -- 62
Abundances of plastic marine debris for each size groups in

2013 and 2014 Survey. ....................................................................... 63
Composition of plastic marine debris by numbers and weights
of each size groups. ........................................................................... 63

Comparison of abundance of plastic debris on backshores and

hlgh Strandlines. .................................................................................. 64
Abundances of plastic marine debris for each size groups in
18 beaCheS. ............................................................................................ 66
Map showing the location of microplastic sampling beaches in
South Korea. ......................................................................................... 67
The abundance of microplastics in the 18 sand beaches in
South Korea. ......................................................................................... 69

The comparison of abundance of microplastics between high
strandline and backshore zone in the six sand beaches in
South Korea. ......................................................................................... 70

_Vi_



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

3-1-37.

3-1-38.

3-1-39.

3-1-40.

3-1-41.

3-1-42.

3-1-43.

3-1-44.

3-1-45.

3-1-46.

3-1-47.

3-1-48.

3-1-49.

3-2-1.
3-2-2.

The pictures of microplastics shape (fragment, fiber, spherule,
sheet and EPS) in the 18 sand beaches in South Korea. «:+: 71
The spectrum of metal halide ramp and ultra violet (UV)
chamber used for UV exposure experiment. «:«:«seeseeseseeseseeess 75
The comparison of UV-A, UV-B and UV-C irradiance between
outdoor and UV chamber used for UV exposure experiment. - 75
The change of spectrums of pellet surface by exposed for

UV for 17, 30, 60 and 90 days and pellet and SEM pictures
after exposure for 90 days. .............................................................. 76
The tumbler used for accelerated mechanical abrasion
experiment and glass bead and expanded polystyrene
(styrofoam) spherules in a bottle, «wwsseremsssssmmmssssieniinssssinisees 77
Surface analysis of expanded polystyrene (EPS; styrofoam)
spherules by a scanning electron microscope. =« :««wseeeseeseseeess 79
Fragments of expanded polystyrene (EPS; styrofoam) in
accelerated mechanical abrasion experiment with (a) glass

bead and (b) Sand. - ewsseemsseesssses 80
The number of styrofoam particles identified using FT-IR
produced by accelerated mechanical abrasion experiment

Wlth Sand. ............................................................................................. 80
The Nile red stained styrofoam particles on the filter paper
produced by accelerated mechanical abrasion experiment
(control, glass bead and sand). e 81
The number of styrofoam particles identified after Nile red
staining produced by accelerated mechanical abrasion
experiment Wlth Sand. ....................................................................... 81
Photos of density separated particles on GF/F filter papers

by scanning electron microscope: (a) x 500 and (b) x 2,000. -- 82
The nano-sized EPS particles on the damaged surface of EPS
spherules by scanning electron microscope(SEM). ««ereeeeeereeeese 82
The number of EPS particles produced by weathering with
sand for 60 days on the filterpaper by Nile Red staining. -84
Structure of adsorbed chemicals and plastic additives. -« 87
Schematic diagram for the analysis of PCBs and

organochlorine pesticides in plastic samples. ««wereeereeereeeseeeeees 88

- vii -



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

3-2-3.

3-2-4.

3-2-5.
3-2-6.

3-2-7.

3-2-8.

3-2-9.

3-2-10.

3-2-11.

3-2-12.

3-2-13.
3-2-14.

3-2-15.

3-2-16.

3-2-17.

Schematic diagram for the analysis of PBDEs in plastic

Samples. .................................................................................................... 92
Schematic diagram for the analysis of HBCDs, TBBPA, BTBPE

and DBDPE 11’1 plastic Samples. ........................................................ 94
Chromatograms of analytes in standard (200 ng/mL). «eeeeeeeeee 95

Sampling location of plastic resin pellets at high-stranded lines
in the southern coast of South Korea in 2011 and 2012. 97
Photo of plastic resin pellets stranded on Heungnam beache

in Gere iSIand. ...................................................................................... 97
Polymer composition of the beached resin pellet collected

from the southern coast of South Korea in Septermber, 2011. - 98
The concentration of organochlorine compounds and PBDEs

in plastic resin pellets (including PE and PP pellets) collected
from the southern coast of South Korea in 2011 and 2012 and
a comparison with those in costal sediments and bivalves. -+ 99
A comparison of the concentration of organochlorines and
brominated flame retardants in between aged PE, fresh PE,
aged PP, and fresh PP collected from the southern coast of
South Korea. ....................................................................................... 102
A comparison of PCBs and DDTs in aged PE pellets from

the southern coast of South Korea with international data

on IPW website(http://www.pelletwatch.org). ««««seeeeeeeeereeees 103
Photographs of various polystyrene (PS) products

(EPS = 1-14, XPS = 15-26 and extruded PS = 27-34). --eeeee: 107
Concentration of HBCDs in EPS (1-14) products. =« «:«seseeeees 110
Concentration of HBCDs in XPS (15-26) and extruded PS
(27_34) prOduCtS. ................................................................................ 110
The isomeric profiles of HBCD diastereomers in EPS, XPS

and extruded PS ............................................................................... 112

Concentrations of HBCDs in EPS buoys purchased from
consumer markets (new buoy) and collected from the coast
(Stranded buoy) 11’1 ]1nhae Bay ..................................................... 114
Concentrations of HBCDs in EPS buoys stranded along the
coast Of ]inhae Bay .......................................................................... 114

— viii -



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

3-2-18.

3-2-19.

3-2-20.

3-2-21.

3-2-22.

3-2-23.

3-2-24.

3-2-25.

3-2-26.

3-2-27.

3-2-28.

3-2-29.

Designing of leaching experiment in deionized water under
laboratory Conditions. ....................................................................... 116
EPS used to determine size effect (a) small size (<1mm)

(b) big size (>2mm) and (c) designing of size effect under
laboratory COl’lditiOl’lS. ....................................................................... 117
Designing of leaching experiment in field conditions (dark,
sunlight and sea surface eXPOSUIE). «rwwessseremssssireisssieeensass 118
Leaching trends of HBCDs and its isomers in deionized

water after (a) 32 days and (b) 96 h at 21°C (0%, salinity

and no Shak]ng) ............................................................................... 119
Concentration of HBCDs leached out in deionized water after
96 h (a) at different temperatures (0% salinity, no shaking),
(b) at different salinities (21°C, no shaking), (c) at shaking

(210(:’ O%O Sallnlty) ........................................................................... 121
Decrease in concentration of HBCDs from EPS in field
(Sahl’llty Of Water: 32%0) .................................................................. 124

Weathering effect on EPS spherules during field studies due
to many factors. a) dark exposure, b) sun exposure, c) sea
surface d) the growth Of OTgamiSms, « - wewsseremsssesensssseeennans 124
Effect of EPS size (small with <1 mm and big with >2 mm)
on leaching of HBCDs during shaking and no shaking

(21°C’ 0%0 Sallnlty) ........................................................................... 125
Map of Jinhae Bay (a) showing the sampling sites for surface
sediments (J1 -J19). Ten surface sediments were collected from
three transects (A - C) originating from the wastewater
treatment plant (WWTP) outfall located in the middle of
Masan Bay (b). Point sources of contamination, such as the
WWTP and industrial complex are indicated on the map. - 127
Aerial and Ssatellite picture of aquaculture farms in

Jinhae Bay., «weesersseemssemsrmmisimssmnisininss s 129
Spatial distribution of a) HBCDs and b) PBDEs and
nonylphenol in sediment, and comparison with the location

Of aquaculture farms. ....................................................................... 130
Spatial distribution of HBCDs, PBDEs, and nonylphenol in sediment
along three transects from WWTP outfall in Masan Bay. -+ 131

_ix_



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

3-2-30.

3-2-31.

3-2-32.

3-2-33.
3-2-34.

3-2-35.

3-2-36.

3-2-37.

3-2-38.

3-2-39.
3-2-40.

3-2-41.

3-2-42.

3-2-43.

3-2-44.

Sampling locations of aquaculture farms (AF1-5) and
Surrounding WWALET. serererereereererr ittt 132
Vertical distribution of HBCDs in water column inside
aquaculture farms and their stereoisomeric profile. =-«-:sesee 133
Spatial distribution of HBCDs (a) in surface seawater along
two transacts from aquaculture farms and (b) their
stereoisomeric profiles in dissolved (D) and particulate

(P) phases Of SEAWALET. trererererererererererettiiiiiiiiiiiiiiiii s 133
The concentration of HBCDs in sediment of aquaculture farm. - 134
Spatial distribution of HBCDs in surface sediments

along two transacts from aquaculture farm (AF4). -ooooooeeeeeeeee 135
Comparison of the concentrations of HBCDs in coastal
sediments from aquaculture areas in Jinhae Bay and other
Countries. .............................................................................................. 135
Comparison of the concentrations of HBCDs in oysters

from aquaculture areas in Jinhae Bay and other countries*
(ISObe et al., 2012) ............................................................................ 137

Stereoisomeric profile of HBCDs in oysters from aquaculture

farms, Jinhae coast, and the west coast of Korea. :---weeeeeeeeee 137
Distribution of HBCDs in EPS from various countries. -« 139
a/y ratio of HBCD isomers in various countries. «-««=-w=weeee 140

Schematic diagram of the determination of microplastics -
seawater partition coefficients using a third-phase

partltlonlng methOd. ......................................................................... 141
Microscopic images of microplastics prepared in the

laboratory. (a) polyethylene (PE), (b) polypropylene (PP),

(C) polystyrene (PS) ......................................................................... 143
Determination of the mass transfer rate constants (k) using
the ABL permeation method for PAHs and CBs. =oeoeeeeeeeeese 145

Determination of partition coefficients between PDMS and
seawater using the batch equilibrium test for (a) a-, (b) b-,

(C) g-, and (d) A-HCHLS, -#eevveereeresnresmmeemmntemnieenitesnieenieenteesiee e 145
Changes in (a) CPDMS/Csm and (b) CMP/Csm with
increasing shaking time for PHE, ANT, FLU, and PYR. - 146



Figure 3-2-45.

Figure 3-2-46.

Figure 3-2-47.
Figure 3-2-48.
Figure 3-2-49.
Figure 3-2-50.

Figure 3-2-51.
Figure 3-2-52.

Figure 3-3-1.

Figure 3-3-2.

Figure 3-3-3.

Figure 3-3-4.

Relationships between log KMPsw and log KLDPEw for

(a) polyethylene (PE), (b) polypropylene (PP), and

(C) polystyrene (PS) ......................................................................... 148
Relationships between log KMPsw and log Kow for

(a) polyethylene (PE), (b) polypropylene(PP), and

(C) polystyrene (PS) ......................................................................... 149
schematic diagram of the concentration profile during the
desorption Of POPS from microplastics. ...................................... 151
Schematic diagram of the system measuring desorption
kinetics Of MPS for POPS .............................................................. 151

Schematic diagram of the system measuring internal

diffusion coefficients of plastic-film for POPs. «:oeeeeeeseeeseeeeeee: 152
Changes in CMPPE with increasing time for CBs and HCHs. - 152
Changes in Cplatic-film with distance after 24 hr. --eeeeeeeeee 154
Changes in CMPPP(t)/CMPPP(0) with increasing time for

(a) a-, (b) B-, (C) ¥-, and (d) GHCH, +-veeveerrveerseemseemnessuesnsnaninans 154

Fluorescently labeled polystyrene beads (arrows) of 0.05 ym

(A, D), 0.5 ¢m (B, E), and 6 ym (C, F) diameter ingested by
Tigriopus japonicus including adults (A, B, C) and nauplii

(D, E, F) exposed to several concentrations (9.1 x 1011 particles/
ml for 0.05 ym PS bead; 9.1 x 108 particles/ml for 0.5 um PS
bead; 525 x 105 particles/ml for 6 ym PS bead) for 24 h.

A-1, B-1, and C-1 are fecal pellets egested from adults. - 159
Fluorescently labeled polystyrene beads (6 /m; arrows) and
Tetraselmis suecica ingested in Tigriopus japonicus exposed

to the beads (2.5 x 105 particles/ml) and the algae

(25 X 105 Cells/ml) for 24 h .......................................................... 159
Effect on the survival of the FO (A) and F1 (B) generations

of Tigriopus japonicus exposed to different polystyrene beads
at dlfferll’lg Concentrations. ............................................................... 160
Effect on the nauplius phase (nauplius to copepodid, N—C)
and development time (nauplius to adult, N—A) in the FO

(A) and F1 (B) generations of Tigriopus japonicus exposed to

different polystyrene beads at differing concentrations. - 160

_Xi_



Figure

Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

3-3-5.

3-3-6.

3-3-7.

3-3-8.

3-3-9.

3-3-10.

3-3-11.

3-3-12.

3-3-13.

3-3-14.

3-3-15.

3-3-16.

3-3-17.

3-3-18.

3-3-19.

3-3-20.

3-3-21.

Effect on fecundity in the FO (A) and F1 (B) generations of
Tigriopus japonicus exposed to different polystyrene beads at
differing CONCENLITALIONS, trrrrrerrerrorrosrsrrssnetnatuetatetiatiatatetatietateeaaee, 161

Gene expression of Tigriopus japonicus exposed to different

POLYStyTene beads, - sreessssrressssssemisesiniisiis s 162
Ingestion of rotifer exposed to different concentration of
POLYStyrene beads, «+wsewessssrremssssemisssiiiitiiii s 163
Ingestion by parrot fish larvae exposed to rotifer. «-«wweeeeeeeee 163
Ingestion by flat fish larvae exposed to rotifer. «:wweweeeeeseseees 163
Growth and survival rate of flat fish larvae exposed to
different polystyrene bead dieted in rotifer. «-wereeereeseseseeeeee: 164
Photos of micro-entangled zooplanktons in the Yellow Sea

and Jinhae Bay in 2013 and Fourier transform infrared

(FT-IR) spectra of entangled micro-fibers. ««werereeereseseseeneeen. 165
Microfiber to zooplankton ratio from Jinhae Bay in June

and ]uly, 0 T 166
Microfiber to zooplankton ratio from in the Yellow Sea in
Aprll and August’ 2013 .................................................................. 167

Flow chart of experiment for microfiber entanglement of
ZOOplankton. ........................................................................................ 168
Pictures and FT-IR spectra of microfibers used for the micro
entanglement eXperiment. .............................................................. 169
Entanglement incidence rate of the first entanglement
experiment U.Sing a bDubble. screereerrerrerrrereee 169
Entanglement incidence rate of the third entanglement
experiment. .......................................................................................... 170
Entanglement incidence rate of the fifth entanglement
experiment. .......................................................................................... 172
Entanglement incidence rate of the sixth entanglement
experiment. .......................................................................................... 172
Flow chart of experiment for microfiber entanglement of
zooplankton in the second phase of experiment. «««eeeeeeeeeeee 175
The first and second entanglement experiment in the second

phase Of eXperiment. ........................................................................ 176

- xii -



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

3-3-22.

3-3-23.

3-3-24.
3-3-25.

3-3-26.

3-3-27.

3-3-28.

3-3-29.

3-3-30.

3-3-31.

3-3-32.

3-3-33.

The picture of entangled zooplankton in the first phase of
experiment. .......................................................................................... 177
The picture of entangled zooplankton in the second phase

Of experiment' .................................................................................... 178
Styrofoam buoy and inhabiting organisms. ««:emeeseeeseeeeeeeees 179
Burrowing by lugworms in styrofoam buoy collected in

Jinhae Bay., et e 180
Number of styrofoam microplastics excreted from the

lugworm dwelling on the burrows in the styrofoam buoys. - 180
Flow diagram for microplastic analysis in lugworm samples.
(@) sampling of lugworm, (b) observation of excretion from
lugworm in 1 L beaker for 66 h, (c) feces from lugworm,

(d) FT-IR spectrum of styrofoam particle from feces of

Microscope images and particle size distribution of styrofoam

in excretion of (a) large size and (b) small size lugworm. -- 182
Map showing the sampling station of styrofoam and
Sterfoam lnhabltlng mUSSEIS. ........................................................ 184
Concentration of HBCDs in mussel (ng/g lipid weight) on
styrofoam buoy, HDPE buoy, metal buoy and natural rock. 185
Concentration of HBCDs in styrofoam buoy and mussel
attached to lt ..................................................................................... 186
The a/y ratio of HBCDs in styrofoam buoy and mussels on
styrofoam buoy, HDPE buoy and natural rock. ««eeeeeeeeeeeees 186
Concentration of HBCDs in mussels before and after

depuration. .......................................................................................... 187

— Xxiii —



Table

Table

Table
Table

Table

Table

Table

Table

Table

Table

Table

Table

2-1-1.

2-1-2.

2-1-3.
3-1-1.

3-1-2.

3-1-3.

3-1-4.

3-1-5.

3-1-6.

3-1-7.

3-1-8.

3-1-9.

Table List

Number of research papers on microplastics in literature

(adapted from Hidalgo—RuZ et al., 2012) .......................................... 10
Summary of floating microplastic abundance in the world

(KORDL 2012) .......................................................................................... 11
Summary of microplastic ingestion by biota in the world - 15

Mean abundances *+ standard deviation (mean * SD) of

floating plastic debris (>2 mm) in three size categories (2-5, 5-25,
and >25 mm) collected in the southeastern coast of Korea (ND,
NOt deteCted) s+ rersseresssermssstrmssstims st 28
Temporal variation in the average abundances * standard
deviation (mean + SD) of type-specific microplastics (<2 mm)

in the southeastern coast of Korea, before and after the rainy
season ln 2012 ........................................................................................ 29
Composition of microplastics by polymer type in the sea

Surface microlayer identified by Fourier transform infrared
SpeCtI‘OSCOpy. ............................................................................................. 39
The density of alkyd in the surface microlayer samples, paint
samples from ships (General Paint and AFP), and FRP. - 43
Mean abundance of paint particles and non-paint plastics in the
sea SML on the Southern coast of Korea by size. ::weeeereereeseeee: 43
Mean abundance of paint particles and non-paint plastics in the
sea SML on the Southern coast of Korea by shape and size. -- 44
Summary of statistical analysis: (a) Mann-Whitney Rank Sum
Test between the different sampling methods and (b) between
the different sampling locations and (c) Wilcoxon Signed Rank
Test between the different sampling seasons. =«::«weereeereseeseseeeees 47
Abundance of microplastics by type [paint particles, fragment,
tiber, spherule, sheet, expanded polystyrene (EPS)] in sea

Surface micrOIayer. .................................................................................. 50
Composition of microplastics by polymer type in sea surface

microlayer identified by Fourier transform infrared spectroscopy. - 51

- xiv -



Table

Table

Table

Table

Table

Table
Table

Table

Table
Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

3-1-10.

3-1-11.

3-1-12.

3-1-13.

3-1-14.

3-1-15.
3-1-16.

3-1-17.

3-2-1.
3-2-2.

3-2-3.

3-2-4.

3-2-5.

3-2-6.

3-2-7.

3-2-8.
3-2-9.

3-2-10.

3-2-11.

Comparison of abundance of microplastics (paint particles and
plastics) between in Jinhae bay (this study) and Geoje

Southern coast (Song et al" 2014) by Size. .................................... 52
Abundance of microplastics by type (fragment and fiber) and
Size ln sewage treatment plant efﬂuent. ........................................ 55
The composition of microplastics in sewage treatment plant

Loy 8 L 2] 0} TR TR LR T T TR 55
Spearman’s rank correlation among abundances of beach

plastic debris by Size Category and type ...................................... 59
Spearman’s rank correlation among numbers and weights of
beach plastic debris by size categories and types. «wereeeeeseeeee: 64
Comparison of abundances with the results from other regions. - 65

Percentage of abundance of microplastics in South Korea by

Composition of microplastics by polymer type in 18 beaches

by Fourier transform infrared spectroscopy. «««:wmeemeeeseseseeesee: 73
Target OrganOChIOI‘ine Compounds. .................................................... 88
Surrogate internal standards for the analysis of organochlorine
Compounds. ............................................................................................... 89
Analytical conditions of gas chromatograph(GC), electron

capture detector(ECD), and high-resolution mass
spectrometer(HRMS) for organochlorine compounds. =« 89
Quantification and confirmation ions for organochlorine
Compounds. ............................................................................................... 90

List of quantification and confirmation ions for mass selective

detection for PBDES .............................................................................. 92
Analytical conditions of gas chromatograph and detector for
PBDES ........................................................................................................ 93
Source parameter for Optimization. .................................................... 94
MS/MS Optimization data. ................................................................... 95
Detail information of polystyrene products. =«weeeseeeeseresseeseseeeee: 108
Concentration (ng/g) of HBCD, TBBPA, BTBPE and

DBDPE 1n polystyrene prOductS. .................................................... 109

HBCDs (a) leached out from EPS spherules (3 g) in deionized

water (3 L) at different temperatures, salinities and shaking

N



Table
Table

Table
Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

3-2-12.
3-2-13.

3-2-14.
3-2-15.

3-2-16.

3-3-1.

3-3-2.

3-3-3.

3-3-4.

3-3-5.

3-3-6.

3-3-7.

3-3-8.

3-3-9.

after 96 h in laboratory (b), and remained in EPS during

field studies (180 days) and size effect (14 days). =weoeeeeeeeeeeee 122
Details of styrofoam collected from various countries. = 138
Partition coefficients for HOCs between low-density
polyethylene (LDPE) and water in the literature. ««eeeeeeeeee: 142
Measurement of density of plastics using a volumetric method. -- 144
Values of log KPDMSsw, log KPEsw, log KPPsw, and

log KPSsw for the selected HOCs with their log Kow. = 147
Summary of measured internal diffusion coefficients in the
plastic phase. ........................................................................................ 153
Standard experiment of polystyrene bead for toxic test of
Tigriopus japonicus. .............................................................................. 157

Distribution and abundance of microplastics in the previous

Experimental condition of the first phase of micro-entanglement
experiment. .............................................................................................. 170
Experimental condition of entanglement experiment exposed

to different numbers of microfiber and zooplankton. ««:::-eeeeee: 171
Comparison of microfiber length in the first and second

phase of experiment (N=50). s wwwererseessemsmmssessiisnisisiees 173
Experimental condition of entanglement experiment in the
second phase Of experiment ............................................................. 173
Experimental condition of entanglement experiment exposed

to different numbers of microfiber and zooplankton. ««:::-eeeeee: 174
The first entanglement experiment using a bubble in the

second phase of experiment (L: live, D: dead, No E: no
entangled, E: entangled). « e, 176
The second entanglement experiment using a bubble in the
second phase of experiment (L: live, D: dead, No E: no

entangled, E: entangled) JRE T T T 1 77

- XVi —



L A &

u] A Z g} 2~ 8 (Microplastics)oll ¢]g+ A<tst7 0 A

g
N
o |
o
N

N,

v M| &2 2~ 8 (microplastics)< ‘QEH o2 AXHAAY T+ 7]
nAstE =271 5 mn olske] FA4 nEAsgER HogH F Adrh
At mAEFe2E S Ao o SFAES] ANE {9 =
UTH FekxaE g 2w 7)o AV AR FolAHA olg& ¢
A SR Ao R dAdEn. B3 FHaES AFAS e
o gk ¥ FASAS HAth A7|7F ol mAlEFHAE S ¢
W osg Bl ®
/\EI,] xﬂZJ/].ﬂo{
7HA7F A& E T
o] E3tEo] gt} ] 1=
oM EelHom Y3

o
0%
riet
O o
o\
2

rlr ©
o2
o
i
N
)

(
=

Eoox

s}

2
& du
o 2 Ho o2
N
to
o
td o

71 desde

],

= E
rr
2

> i
£

— ME H
5,

f
:(,’1:,4

Lo
ofo
o
oX
&
i
AL
W
u
o
N
I8
o,
flo
o
o=
of
ol
N

OSL

oRRH FRY odBA A Aol 24 P2 W F 9
el A v Eetag o] BB EASE Hlo] LelAWA HAEesEe) oo
28 vAEetago] PR e G dF St AAReE FUEa it

shuiel alF el ARRE Rofol A mAE~E L 4T) Fo ol T2 st A
sttt W= folAE ZOOOkirH SulEg] n A Zakses Al A|FE 293 )9
37 2A9 sz Q4stn vk §A87 A (UNEP)2 20140l 73A% FA|8H7 gt
A Eetags Eghet ‘%ﬂi@l g2 7E EFAZATHUNEP, 2014). =47

A

J =

A7) frul2=z1e] AR k9 A3 (UNESCO-TIOC)7F 201019 479 F71xdef B &
A |

E

l

Aol

oA Fetab el A dAE A2 AA g ol vAZTaY 292 driy
718 Q7N oItk v ZEAE S o dFE AR sjdsAoA nAZelaE ]
L4 = o}7] #atAel zas} B glo] BE

o 73 AFE hE AAYL QAo
@ el e W14 58 AR BAAR BATAONERSIAE 43412 A
2o $43 4L A vAEeaE gg A7

)

-

et
")
O
1,
lo
e
o
tl
2.‘:
%
ol
1_

- Xvii —



AAR 2 oA A

o

T

Pl s e

THER T TR RSB T N SR N I B
N e e ToH o T o o B RO
R TN Sy~ SrEEsINITL
TEfrzzEzoiizi, sretioelis
] N N o= — O — © o] o T — T
ihﬂ“y%%%%%@.%ﬁ @HTWMUMWE_EQQ
T o 2 ~— B 2R T 0 T o I N
,u;w_w;%ﬂﬂd_ﬂ78 XOLEMMMW OTQHT&FEOTH@OWAO
.@%Ev&ﬂnmx%aﬁﬂﬂ.xaﬁ T S i A
WX Nx E of X = o B i A B o X
= w2 o o N R R o oo NN WEor
a T BT WE D gy D E g SR W e
H o _u‘m.x_‘%o_lqmuAT = 25 — = o 7 oo
- I S} WEPEETE e
iy _sLoTaw]ﬂHo__sQ‘ AL B T woor K|
]eTﬂVlElﬂuloﬁao#ﬁoaﬁpﬂLquFO ™ O#EE ﬁoﬂ_/li‘l,_ﬂﬁ
Aﬂ%afog_am%]ﬂﬂ%%%ﬂﬁﬁw @%@Nr@ ﬂﬂ_wmﬂ%
5 T = X ° al = = ~ = Hp
%aiﬂﬁo.ﬂoﬂﬂ%ohﬂ&%i lﬁ%%ﬂﬂ@w%ﬁ
zn o O R M2 ol o 1 = B A Gl
) T X o < —~ ER
e I R BT S PR~y X
mofov%vréwo%ur%%m_xﬂwn %%%Mofﬂ%%gﬂ
1# T \yﬂno 1r7A To 0 ~o
fﬂi%dﬂul%ﬂxal?_z1 oF 5 &HTEENBH%%WWLW
WM ®HEEg® S g = T T o B w
o w o X i B! 7R o o oF Xoo- B omo (] B% -
m_iubtﬁoﬂuﬂeoL,mﬁmﬁﬂhoDELﬂoﬂo,_ _ o TR N ‘_tu_“l.oiml_la,wgm
3 | o n =
NS 2P S BLPETRYEaz
E™or P 1T% 8% g oo E =n AT g
ﬂwm_&ﬁowmzto_mﬂmﬂ%dﬂm% 1Y = oi%o#uoﬂﬂﬁﬂ_.ﬂ/loﬁ
ﬂnmg%ﬂﬂll?ﬁﬂaa -l o a RSP =By
™ & =
w ~ o 50 ) ﬂc w A I wr 20 MVM ™ L.E o M = om I Nd Mo_i o B Aﬂ
e R BEGP YL T S Dy o PN oo
T TF Xy ST R LB = A - Bw
~ ap B 3 I ~ = 7o R oy
L I Il Sl G PR riwme g RN
Tl EEMLBE 2 R L% ™ " m T dmaeledd®a
ﬂﬂlw_ﬁ.a}y]]uﬁﬁo,*ﬂ‘mlaaioA_nmo B L Iy oy ]AT‘WWAT%‘_E&BI
=N X E o o o= W_ .o T Nd i 3 3 B X Hp Bl@ =
WX T W %09 P e T OB . A . w B BT TR AT o
TTRTAAETTT o3 TR oW H - o TH® AT AME TV

= Xviii —

)

R

1=

3

el

I

Foltt.

RN

Hoeo

-

i

2

<

|

el

=]



V. d570Ee 23
1. A S xge oAH}

g ESolA HAIEER~E T (abundance)®] e AlEANF Wl uwel A
2 AFelM e 7IE =9 Ameke] AFAR HluE fste] 7]Ee el A= (neustons)
A W] &l Manta trawl net WS 7]ES /‘F@L;}Uﬂ/ﬂ M2 37HA AlEAH HH
S FVIE &8sto] AF el mE mAEEaE e FEet 244S Blasigih 20129

3d ] AA| FH-2] Aot} vt A Manta trawl net9} hand neto= 2|3 mA|ZEf
g9l A%, 2 mn FIVE 2718 mAlEEago] BE ZAPRCA 90% o) ¢H EdFaL, v
A 2 mn ]” A7) EAo R FHESTE 2 m vRE vAIZERAE T HE FH= d0E
714¢] dxl(resin) YAk AHEFOITE AEe /AR E Bl 2012900 7 0.086(5
)2 0.022(72)e1aL, 20130l Hat 0.016(6€)2F 0.004(7)0lATh o= FRAES] 44
A7F Holot nAlEetAYE S5 el A7l ¥ s dee vtk
Zop~ge] Wrel A D (surface microlayer) 3748 mEd] HoRS w) @& ok

a}/\@, o] THAA ] FAH S ASE dFHARE THAA S FEste] 1
AA7A] mRlstcy A A 2 A 9 Vﬂeﬂ’r/\‘f% ETEE AAE
% AERom 37k 9] thE AlEAF Wl F xS (bulk water), hand

net®] Aol wlas] ®opth HAE #HH %}XP% A egt ml A Eeh~E o]
EU&@ 2H(16,272+13,457 particles/m”) > hand net(1,143+3,353 particles/m?)

)

g
RSO i m[m

e JN
rot
rO
N
rir

8 o o

T4

<

=1

S oo

(g é‘ .
g x

)
Bl
off
H
i

> % FZ5(bulk water) (213+141 particles/m”) > Manta trawl net(47+192 particles/m’)
& olglon FHAE #HH gt FHEEE THAA 1944504114445 particles/m’) >
% ¥ 29(733+167 particles/m®)> hand net(196+121 particles/m®)> Manta trawl net
(0.83+0.81 particles/m”)=o.2 SRIHATE Als AFgHel vt vAZetege] T2t
A depA= AS gRlst o, ol nAEH~ge 294S Aot A Hrkslr] flsiA

B AR ABAF S deske de] vig FesttE 2 ovdnt 20139 s

o) mRAAel Frkz B2E FAJE AW Yol WF FEE 93,300+68,366

particles/m*®  #HJE HA A A9 mAZgrgel i FE(88,000£67,538
%

particles/m*)¢} ¥1<zatdeh, FAAA Y A5l FeoHg Ho)d EF/FET-IR)E 3
oy A LEAE Fo||A °L7]E(alkyd)9]r poly(acrylate/styrene)©] -H3FA ) o] LA}

- Xix -



S Wil AREEH = HIES) AFAtstEetay FXolA 7|E Aor ko mAEg
8oz sy Eojof gt Aot} AAl s koA Manta trawl netoZ |- E HAZ
glage] TE 9 E Y el g Aekyt didel e 0-32.8 particles/m’e] 3¢9}
HS=shAY o =8 dhs BAth 294 Ak} dqtelA 80 mel AeEdaE AT
AREste]l R wAlEEaEe] FE(167-102500 particles/m’)eF 152|904
hand net Al&¢] gkol wHlszalinh. FRHAATAM e wAlETtAE Fee AVIEE
(0-2,000 particles/m®)®.t} =& ZHS Btk

FAAl el f1A& strFEA e Rl 1 m olske] mAlEekaE o
T2 20130l Ao ® Av Rttt mAZelaE o] ErE 8674470 particles/m*®E 1}
H(fragment; 74%)3} Alr(fiber; 26%) Heiwt &kt kx|t s wx] e npx e
Aol A RS K= EefA] Alo|Ao A wA|ZEhaEe HEE ] ek

HE(>25 mn), FG-25 m), 2F1-5 mn; AZe=gol E3tEL, 7] Hlnl Ao
4 2FETaE R AAZ, A<D m)SekaE o] A, AREAL 201290 AAE &
o] 670 Eesid, 20133 2014l - A-dad R T 127 Resiield ARk &
g ZEF2ELS 1.6-92218 particles/m’, 532 0-941 particles/m’, &2 0.1-2.7 particles/
mel WS BAoH, Ay FY oy 2yr]Y Fx Aleldle wie gk du
(rho=0.878, p<0.01)7} YElStT s ol Zek~g 2d 7] #2(strandline) 2t} &
QF(backshore)oll Al T &2 FX27F Ubhds 4aFs B3tk sevet 187] sl xAb
¥ FUd Sy 2e7)e Fae 5 HS=Sil oy, &Y Suay 27 e
Sl=rell Hlal] w2 e AR Hrl HAoHW, o= 2EHEE Aol 7]Q1g Aot

AR A 1870 el A 1 molske] wAlEekaEl o]l FE 12,000-9,280,000
particles/m’] W15 HATh A=te] sAe Aol mEt Asligh deiol Fafet, AxA G
2 Ure] Bk w), mAZekage] T AR2721,33343433186 particles/m’) > Halie
(31064029173 particles/n?) > EaiSH171,278+171515 particles/nt) > AaH158421+166,336
particles/m’) =02 FAEAE AA FF-2 67) sWe] wAZEage] FFErt g2 A
o] PFEFE BHrh F5HA(p<0.05) %“71] TEE o] o] o] mAEFetAY S Ho FAIA]
Jo 7 Folyrth 201470l ZALE 67] e M3 Fote] FIA g Fo] wAMZgls
o] T zolE HlaL sils uwl, vl 7He] afol A Fto] Aol Hlal wAlEetE ¢

rulo

=]

FE7F 16wl A 90uiZkA] = Al FRE Ak ST 671 Se] AA vlulo A= $91d &
2 7ke] mAZelag o] EEA 23k 2po]S Holx] et
sl ol A 22 w M Eetgo] AA|Eh=E v &2 F Fo R AR ZEhaEo] 3§

SR A A ZE 27t o R gEstEo] mA|EEaE o] H= Jﬂr"q—o‘ AAQ7HA] A8 AH
H7E gleh Zpej el 60 B¢ wE:AZ] EYddal, Eejz2ddl, ~AHER] RHWSHE
FAPAAAR A 3 FT-IR< &3 geleinh. Zejz=galo 49 A9d =% 609
o] AsHA £AEAT AERES ¥HS g WAAyY 72 e S

Aok A ZElogrle] 1W Wshs dEEA Utk FT-IR S ERA Eod
Zoz e HrtHo] Jd AFShEA A e} A ABAAN 7 Ak wF 17 vhol]l AbEA]
7] A ZFskdeh o9k EAle] 7} Y 7 (carbonyl group)Zt A E]7)

- XX -



N ®r
gl o g
g X o o
o Vimﬂﬁﬁﬂ
:/ZA M]]rw;ﬁﬂ mmu
T T T HANE TR T
HTﬂI ..ﬁe Hlo & =S o] T ool < R ,
o ] ° : - 5 K] ‘m_yloi B oy w0 N
]T i_.ﬂr_éoxﬁi o Hﬂﬂ}uﬂa/%avi]
Ly ol E dmhE STEHZEE
= | X WP E_aﬂo,u.@' n_MnmmTﬂn anv:ﬂaAoT@Eo 4oL
OE‘M \BI‘WM] Kty ul,DIHT ;oD quaﬂa m;,._\mq«.E X;o‘b_glmﬂ
S N o A = N AR 8% P ) T B
S — i;onoﬂo]TH;l = =N - 6HA0£310T _ ER g oIy
< oo, XM AN s o5 0O = e 22 Ldeqnv
L %ﬂi%ﬂg %au%7 M%yglwﬁﬂgﬁod% %wﬁﬂgmoﬁa
—~~ j—— ) § —_— = ) -
) @%gﬁ?% AT mﬂmny%ﬂ @wﬂiz %Bﬁ_%y]@
g o 2 ° %0 iy o WD AE3,9%d;ﬂ‘ﬂu‘%_%dD — R A T
g 1_n4¢mﬂA T oy 10LmAHL; T 2 = = 2 ©
w 1.%1%,% ﬂﬁev?% %%14;%% G iﬂﬂ%g74
o e ™ = < B S Jo T Mo 1 SR G- ©
Mﬂ”_ﬂlyl ﬁﬂquﬂ ,.I Eru Eo ot ﬂ_DYOfE.#LE ﬂ\_ ﬂmﬁ E.E/\@EE ,,mm_z.ﬁm ‘WULu Wiﬂo & ZH
4 it W%oﬂ? oy mqﬂé_g} ﬂ%@%B%%aﬁﬂ,7§o = B WA =
o »@mﬂ)ﬂeoi %Nuo» ﬂoﬂLaHmu%iﬁeoW = _nan]mﬂEE
:izi ET]]HE&I‘%E,OI#U ﬂﬂuﬁoﬁ gﬁd_ﬂ o JD‘mW .,DT.:O ﬂﬂLﬂ E#E
(U @rﬁowwﬂqwr% o s Tﬂr.iEBangmﬂ7ﬁ_e@ormu% s qo.JEioﬂ.
IO 8L o ﬂ{geggﬂﬂ%mHQ@H ﬁ@ofz Mﬂr.ﬂmL%DHT
ﬂr.ga m_.éﬂHATVmL Hoﬂnmﬂ}ga Cngﬂdl.] ) u_émANro} Q
ﬂ,DI,IﬂA!x__/ _,A_l ;OE OfL. ) o \MﬂLEH nur: ,A._.._u OT_M E a7 ,LM R MﬂB_v\iﬂ
] aﬁ_aﬂlﬂﬂwﬂo 1_x_|oufo#oJI1E — 5 B3R :.Lx_r % o o o
_16_!6]2 leﬂlﬂh‘mi e ~ mhy &oquﬁichZQonoUIW Lauﬂmﬁ_ﬂaﬁha
N 2 x " B oﬁ_n#_ou1r o wuﬂrﬂﬁoﬂm@du SRt nnEﬁ_zoo mJu N {|
No T8 — JJ to n ] = o) S — © o o} —_— =y o 0|
-~ o T é_u = Eo X Ol_ oK% E.Tu %o EL o O,_ ! o0V ap) o X ,UI LE o O#E UT.C 3 = &
dl_ia o) = = 4~ ot BH 7] ® = = o V ,mﬂ_ﬂ_zﬁ ™ He e A A »]o
o Bo Do oy o] ) - o = W oy P m NE TR = oy O MU
ﬂ%ﬁm 1a@o§ﬂ_;m_.mmuaﬁ T bto_a%6ﬂﬁduﬁ%PﬂlATEtMMWL% o_eAﬂﬂ%ﬁBul%o
T W m@ﬂalei = ovaﬂ%_ﬂ_ﬁ;m%mu N Ppmm W
< Hﬂ%%@%w@ > auwwfroviﬂﬂ%B_ B%%ﬂ@rwm ﬁimgﬂ_mﬂw
N N = _JL_ | - =~ ) = B
MR @M%%ﬂqﬁ m_ﬁﬂ %%Mﬂaﬁﬁcm@b - fAPHzEmuﬂom
< T N Heom ) B_.EE.JG nm‘_é_/HBgth%iouo mﬂor],_Luqu —
1&4%&i%aﬁh W ME x%qﬂmﬂi,PnEﬂ lx%ﬂnﬂ}woﬂo7ﬂu
ﬁ%%ﬂ@ﬂﬁ%%% Ewy?w‘%ﬂﬁ%wm%%E%Wﬂ%ﬂﬂowﬂi%o
iﬂ_ﬁﬁméwﬁ_azo% MEecfégm.qﬂanAn%ﬂaﬂ%wumﬁﬁoﬂﬂmﬁﬂwqﬂud
0 _&odﬂ%_LWﬂE,_ .m . o&uuwa%n%ﬁeoc,ﬁumwﬂmﬂulﬂﬂw]mmugﬂ.m%
o E e 2ﬂM§%mMuw%M71.o.%%ﬂ7 ﬂgeium;ﬂu@%@
ﬂleELo;WuoE%%AMH@C%OEM@LEH]HQ;Eﬂﬁoﬂ/l
BT E%O.hm %ﬂ.é%&%%d ﬂ_%,g
A QB%J.UEE,%]O %%lgw%
€<T§Vﬂmu ﬁ.rau7ﬂuA g
= & o] T e Hewr Wog 9
‘UIH;] T o o o %O
T R R
ugﬂﬁaxﬁ
B 90

- XXi



(7
1
ofo
[»

fr
alid

E«x}oﬂ HBCD :@}% 01 SHi- =

o
[>

R
[«
i)
i_.
[
_VE
fr
il
%
l&
)
N
)
H 2
Y
a2
{o =

jules
o
(0]

A ST
E

OBl

M og ¥ -
oﬂ_’, UO
o
E
}d
32
L

rlr
S
_,4
[U
o
PN
fr
i)
o|N
ot

=
X,
N

2 1l g
02,
o
e
=
X

o
|o
{u:

Bl
2
i
z 2
I
>,
o
il
i
L
o)
Uj
U
i?i
an
2
17
of¥
_O‘L

{
o
>~
>
oo
_\'ﬂ

°H°k’>*i’ﬂ7li ‘ﬂ‘ﬂﬁl H 2 4]
=7 %0411]4 S o & XA
&l (expanded polystyrene, EPS), &=t
1(extruded PS)o.2 FEat9 o, ALE
HAL galgom FREPT AL
19000 ng/g o4O =& HBCD %7t 7 W, A E87]00AE 243199
ng/g® Ao E ¥ FEE UEUT ofo (960,000+29,000 ng/g), F2-&
T2H(53,50042,100 ng/g), L3]& FA1(8430£730 ng/g) 5o A A RIAE ppm
o) wEsk AEHA
FAE 2ERFE B4 T HBCD &+ %9 &5 Hoh 7AHo R 2sty] 9
afol, of FAAIA s RAeh Sl A 2elvl wAD AR AQetd A6
oA BAS sMEd Fae] UZelx AEH HBCD sgEel FEE: 47
%k
7

1>

“‘E

am, XPS), ¢t
{X}Xﬂ?, A
700,000 ng/g,

3

BUR P
:

O I =
o[> Pﬁ

> rr

EEUE'AL’OLDE_—E

ruz

5w

)

[ o oo i
N
e
o
o)

"

6.68-197 ng/g(Fzk 40 ug/g), 0.01-422 ng/g(34 ng/g) o2 A gFRafo| A AE
ou gARE H=e FEoldth Zhzbe] FAe] i1 HBCD 3= s&v
b i F HAE Btk siwel ZERE FApe] SFel Alat FApel H]=d
of dAATE TRl Arke AL d¥el 9 T JdE AEHEE | g2d]

7 AFBANA FARA] edde] N Qo ERHAL Fa RAAD A
dud &Aoo faA2de T A4ow WY £ e AAdBT AR 3
EIEEBREEY) o FERT AUHoR v, ofn

%

dwel wAZeaE o gt
R I L)
= A3 2

al
% szl 4e HECDS)
_[C_)r
]

=
HBCD®| 13-23%7} &+5o= §=HAT 494 ==WF T 257 578 &=
- -

AAE FotE AT A HANAME F e A4 ok E(Dark- =%, Sun-=E7)
o} dl4 xS /MW FHTF2ES AAsH 671€ =224 E8 S AAEY = &
32 E¢F %7] HBCD %9 57-75%7} ~E|ZX 702X E & ﬂ&’iﬂ X A 3]

- XXii —



oko] HBCD7}

°
F As A% 5 oY

2
o
o
=2
<
)
(N
S
X
1o,
T
ws)
O
w)
NS
=
I
o
k]
%2,
38
|o
=
o
rlr
>
Au
fr
alid
(A
ox M
2 4
N Lo

>, F‘{N
> 8
o
2 o
2 o

do
i
RN

ﬂJIO ‘W

ot

Ol
o
N
%)

ol
2
s
rigt

o
o
=
o
o
N
of
T
o9
@
O
o
o
Y
lo
!
rr
o
o
09)
A
(o))
()
=}
S
=
of
o~
=
=
T~

A

fo, o&
K

ofjl

lo
2
O
1>
o,
=
aud _llNu
Lo
off
k1
L
1o
N\
QT o
i
rlo
o
o
ftlo
f
N
oS
>,
o
Mo

sl
do M > Mg ¥& > N
ofy
an
vy
@)
)
o
e
i,
32
M

o2

32kl

ng/g lipid weight(lL.w.;
2 = 5 HBCD 3}3tE&E
=o] wE FFo=r g
M) 5] gaFo] vk
ArAd ol Ble| ~EEF T} A¥dAow i g WHERHAT

FA A el A HEE H d=e F5(0.08-1.62 ng/L)+= %94 Bl Al (pelagic
ecosystem)e] H3ZE el FHAGNA AAE &l 27 7]+ (Environmental
Quality Standard, EQS) %%l 31 ng/L¥} Hlwate] & kS Btk Hajute] =5
A&l AE¥ HBCDS #%(0.09-565 ng/g dw.) GA AAAeAS] REE 9s)A
FraddedA Arg HHE 3475 #2170 ng/g dw. 3 vlalste] e s HA
gk iRty AdAak 2 S = T4 HBCD s

Gk 3Rz, o= 2l Hank Aot
-369 ng/g Lw.(F%gk 98) B} wqkt) o]
5] 4 & ¥} (biodilution effect)} A 21374 (5= o}

ot 28y, HBCD o] & A 242 Sa=

>
2
N,
froro
o
25
e oo

I

tlo rir
o
2
N
K
30
% 10 oy o2 H i 12
1
o
=2,
o o >
:é
iy
<
O
>
Ol
of\
o
=
@)
)
fo
e
il
o,
off
ki

Ll
ok
=

M ox ol

1o o
o,
o

t
oot N

4
o
=
5

>
@
)
T

. Bk s F5Y VT E 3iteto
(0.31-9.09 ng/g wet weight) F+HAFS Y WAl EZ A A (predator) HEE 913
AAZF 7471 7kl 167 ng/g wet weight 2 AA A HIEE 93 FAE AH7)
= #9 6,100 ng/g wet weight¥} W]uslH HA3| 2 kS HAT o= XREFEE
21 free] HBCDl ofa ¥ 3742 2d¥Ao, bads] AR AAsts A4t
ol tdAd 2 HAdE d3 LAV Ses ov gt AN o] dF Ao =gt
W AR F U ZAAGES WAl teke alY AEe] i AAFS] AT 9
2 e strt

s Fel i FElE EAlste 3T/ WEAQA Fohay A EZodal, £
23, EFg g IFAFVILAELY THol PAE FFS A5t Eulg
P AE|EE SHAA Frietddth T 549 HUME AsiA tEAQd AT

[¢] =
1713} 8= A (hydrophobic organic chemicals; HOCs)Ql 8%F-2] th3haF=-€t3}5=4(polycyclic
atomatic hydrocarbons; PAHs), 4 %9 A3 2 2ZA}o]Z 2 32K hexachlorocyclohexanes;
HCHs), 1&]a 2 %9 <3bilA (chlorinated benzenes; CBs)S tiA oz A= 23
st th o5 14F st wAEFgagd ¢ Alold FuiAleE 1-See &

= XXiii —



2}~ g o] HOCs®l

3T

of mAE

I, HOCs®| #7471 %°l

<

o

Al A}

HOCs9t 7] A
A el

]
o

3

HOCs 9]

-
R

o

A3 A HOCse W
=

ol A <]

L

3

Ay

1)

E EFdgdelA 10-14 m* s, FzagdA 10-15 m* s FF
EE

JZH(polystyrene beads)e] 4121l w

3z

A& ¢l HOCs 9]

A%+ Z4srar

¢

)

)

-
Z(__l

1

]

=

o] =
T:L_l—

X

< M e TA

stel 713 7]

S

_CH
aEo) 4F U wAelN )

Al 7 Z71(A A 0.05, 05, 6 m)e] ZEe]~F

PN
T

|

¥ HOCs9 A &9

HA

5}

g
o

28
=
=g

=

TR

oA 125 pg/mLel’d 5% W] 005 um 7] &=

a4

AT 241t W =4

A

KN
) .

T
a

1] Al

I

S

7+ 0.0D)el H]

(e]

]

2] of| 2~ ¥ (polyester), A}

(

}

3E
=
o
RN

3

]

faid

i, 125 pg/mL 5504 FL Al
P

belql

o
p

i

e
RS

sttt mA

F1 Aol A 25 pg/ml FEollA A&

5t 0.03)°]

o
T,

A (Balanus nauplii) ©)

B

g%
oA Lie}

o

i<l

0

¥

SIECEER

<)

w7l H]
1] A 23 3] (micro-entanglement) 2.2 % 2]

A2 W(cotton)e]™, ZafloA =4

(emery cloth)®} Kayocel= UE}

Al

=
Al
=

t} 05 m F719] A
=]

e 05 met 6 pm =L7]9] E2]~E

oF7]

T. japonicus®] A3 w/d<s Aol AL
A3t7] ¢

= ¢

o). mAIg 3ol

St

R

S

(Calanus sinicus, Acartia omorii, Centropages abdominalis), 5-2}++(Sagitta sp.), A2
o]

(Penila avirostris)

o]
H
[e]
R

ol

il
N

of

0

)3

T
=

<1

ol

H

TG00 Y210 mL, T, japonicus

°

of W& o3 S7H240A 7

(Al o= 7hee] 4

— XXiv —

o

17+ 0.86 mm=

[}

O

=

Fe] et WA

=

f Aol
Pz

J

A
=i

THEE A

st A 678D 7F

-
.



H1(0.01-0.03)¢ll HlaA 5= W wiellA] = Z wf &S Fholth
AFAE] wAZEY HdHARE Belsty] flstel ~EEE Hx}oﬂ A28k
I AR H ol st wjdE F vAZEEagY df oRe s SAHA
ot A 1070A ] BE AR Fele] wjdEo A <02-3.65 mn 27]9 Ul*ﬂ*ﬂii
zZro] el o JHAG Ht 1324122 particle/inde] ~E|23%Fo] HEHJT A
golo] A7t FFE(AA Pl f A7|e vl wMAE &9 ~ERE X7t o
A717F ek olE AAH|7F ~E|R2E FAbo] AAE7] 98 F& gHA ~EE
7S wE AASASS oudtth ol A4 vt dgte] g BE)
of MAsts A7 mol A m 2719 v EeaES A s
AT Abdlelth ey, AEEE FAb AAste AE AHER
oF & dxstrlde obF AREFF AT AdH e, FF T
of ta AL g AEF g ZeaE /1E 5

)

HJ

by
o

ﬁjgu:immm

o N do
> o UF~1
2 o = @
by

1o o

R O N e o (W (I =
=

e o
=
2

2
2

Hore

b
f

e

>

2 3

oo

do o 4y
_O|L
o

>
wg O

f
)

4o
N ®
Ao
ol
o
£
M,
2
i
r_>.£‘
g
ro
rd
10
—
—
= g
o ol
= 60
=
>,
[}
Auj
frt
=
_L
XL
O
0%
ol
N
S
kl

Hx]—o}o:] /ﬂ/\]o]—“ ﬂ;qa znﬂqo}oq ERE
x¢] HBCD 3a&9 B % 23-5160 ng/g Lw.(F
E%aﬂl%%ﬂ R Aol A2 ek ﬂx% 23-5,160 ng/g 1w(1°&%k: 61),

FUFA
o
o 2
LT

o

1= ‘E‘ UL]
o
» T

0]
>
[l
ol

re
nXL 1k

.
=2

o 4z ol o & K1
B
S
K

ol
2l sk T 9 iﬂﬂ% HBCD % 7} E}E 7] Z101] /HN &= %X] woh Ag A
ow ~AEEF Fx9 HBCD w%7F 845 ol AMass @9 Ay
=S8kt HBCD O]*éé‘xﬂ zZ408(a/y B]) JA Z2HEF T A4
st w@AA 2EHEFT 7HY 7k ws e ol A2EEE ¥ HBCD
7b Aol F-Fsto] AAshE @A R dolH il d5S ofn gt A ER A 24
71l A F-zste] A AshE @A HE" HBCDO T2 F39 7Ioo=z 34ls)
o1(0.52-98.3 ng/g wet weight) FH A3 aF AelAY 22 BT E 93 AT
7 871 #2167 ng/g wet weight 2 A RS E % Fibs A77E @
2l 6,100 ng/g wet weight¥} B]ustH Adjdoz vro 718 1S

fl
Hi

A Zetago 93 F At FubRE FEAS dot AR,
AN Sdol A B s S sty YA SrEojof & el AR HA
I A JFTHord 7 E, A g F5I M AT YA AP oforst
71 M 5 e Foro] A gEo] FrF o v} B AFALG el A4
st sty s Aol A 20120l 7] # S FgsiArd o2 A ztsle]) 2013-2014d 0] &

Jg_ 1=]5

- XXV —



bol gojd o=

°©

il ol A =2]oF B al

o

bt

e}
fE

oy o = A T do o o°
AEBIUH;OMHL&!ﬁE‘mW
o A~ B K 2 mo ™
iWﬂﬂ??@%
= B =
<N R g o o)
#%&Wﬂﬂ.%
o g = A B a5
o#uo,ﬁﬂ&»omﬂ}ﬂxdﬂ
r3 Q;ﬂﬂﬁo%l M)
T .
Gl = 5 o
A — 3 W
ﬂm_wo S O
—_ @.D ,|< EO_E
S I AR ™
- o ™
_Emaow AR
o _w __w P
RO gy O gy o R
gy BT = OB = - R o
%ﬂwwwwﬁm
<0
ﬂloTqugmw_&._odr‘_ﬂLq
3o " T oy o W
of I g W o I oo Mo
o Lo =
dﬂd.‘_dﬂqqgﬂﬁﬂ]
NV NJHO!L!MALC&I
oo P2t W
anoﬁ_mmﬂﬂwruaa?m_x
w,]ﬂoAiﬁauT
kg o b g N R
L A
Mooz — 0 o
oy = N 7 7o
W = W R o XX
BT FE T T o
oSN o Sl R

= XXVi

gtg 228719 gl o

3T

=

a] Al



SUMMARY

. Title

A Study on Microplastic Pollution in the Coastal Environments

I1. Necessities and Objectives of the Study

1. Necessities of the Study

Some of the plastics used in our daily lives end up as marine debris. Pieces of
synthetic polymer debris introduced into the environment at a size of less than 5
mm are categorized as ‘microplastics.” Microplastics are divided into primary
(manufactured at small sizes) and secondary (large plastics broken into small
pieces) plastics. Primary microplastics are used in plastic resin pellets, as a scrubber
in cosmetics, and in air-blasting for removing rust and paint from ships. In
contrast, secondary microplastics are produced by the weathering and fragmentation
of larger end-use plastics. Microplastics in the marine environment are ingested by
invertebrates, turtles, fishes, birds, and marine mammals, which can then have
adverse physical and chemical effects on these organisms. Microplastics have a
large potential to concentrate contaminants from the surrounding water, and they
typically contain various toxic additives. After ingestion, the microplastics can act

as transfer vectors of these toxic materials to marine organisms.

Because of the global environmental concern regarding the negative impacts of
microplastics on marine environments, a need exists to determine their source and
global distribution. Intergovernmental Oceanographic Commission in United Nations
Educational, Scientific and Cultural Organization (UNESCO) designated 'microplastics' as
one of top priority global environmental issues in ocean health in 2010. Marine plastics
debris including ‘'microplastics'’ was selected as one of wupdated recent global
environmental issues in 2014 Year Book of The United Nations Environment Programme
(UNEP). European Commission and the United States also have concerned 'microplastics'
as one of urgent marine environmental issues. Many international agencies and countries
are raising this question on 'microplastics', "How serious microplastic pollution is in the
marine environment?". However, because microplastics are newly emerging issues in the

mid 2000s, there are many scientific issues to be addressed. Therefore, the United
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Nations Environmental Assembly held in May, 2014 requested to the member countries

for conducting the scientific research program to answer the question above.

2. Objectives of the Study

Methods for microplastic monitoring in various marine environmental matrices was not
world-widely harmonized or standardized. Development of analytical methods of
microplastics and their test are considered as top priority element in microplastic
research. Input pathway of microplastics from the land based sources such as sewage
treatment plant and fragmentation of macro-plastic debris by weathering in the marine
environments was not addressed yet. It is also very early stage to evaluate toxic effects
of different size of microplastics on aquatic biota in the world. There are many different
kinds of microplastics and associated chemicals and their complex combinations in real
environments. Thus, it is required to develop toxicity test method and protocol for

microplastics.

It has been revealed that marine debris pollution level in Korea coast was high in the
world. Microplastic pollution, however, was not systematically investigated and reported
in Korea. The scoping report on microplastic research plan was published by Korea
Institute of Ocean Science and Technology in 2012. Based on the previous scoping
report, we have conducted three year pilot study on microplastic pollution in southern
coast of Korea. The basic techniques urgently required for monitoring of microplastics
were firstly developed, and pollution levels as well as characteristics were evaluated in

the expected hot spot from southern coast of Korea.

I11. Contents and Scopes of the Study

1. Research Period

January 1, 2013- December 31, 2013

2. Contents and Scopes of the Study

This study aims to obtain preliminary data in the microplastic pollution in the coastal

environment of Korea. In the context above, scope of this study is categorized as three
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items. Firstly, monitoring methodology for beached and floating microplastics was
partially developed and tested in the expected hot spots with obtaining preliminary
information on microplastic pollution in Korea coasts. In addition, further fragmentation
of expanded polystyrene (hereafter, styrofoam) spherule, top ranked plastic debris item in
Korean coast, was simulated in the laboratory with accelerated weathering experiment.
Secondly, establish the basic analytical methods and perform analysis of well-known
absorbed chemicals in the beached pre-production resin pellets in southern coast of
Korea. Further, it was newly found that styrofoam debris in the coastal area contain
large amount of brominated flame retardant such as hexabromocyclododecane (HBCD).
Leaching of HBCD from styrofoam buoy and spherules and its environmental
consequences were evaluated in the laboratory and field. Thirdly, adverse biological
effects of micro-sized polystyrene particles on copepod was determined with the various
end points. Ingestion of styrofoam microplastics by lugworm and mussels dwelling on
styrofoam buoy debris and transfer of HBCD from styrofoam to the organisms were

investigated.

V. Reaults

1. Assessment of microplastic pollution

Determining the exact abundance of microplastics on the sea surface can be
susceptible to the sampling methods used. The abundance of microplastic particles
in surface water was compared among the different methods in this study including
Manta trawl net for direct comparison with other results reported in the world.
Microplastic (<2 mm) was present with high occurring percentage (>90%) at all of
neuston samples collected by a Manta trawl and a hand net in the eastern coast of
Geoje and Jinhae Bay in 2012 and 2013, respectively, whereas larger plastic debris
(>2 mm) occurred intermittently only at a few stations during the study period. The
mean microplastic to zooplankton ratios were 0.086 (May) and 0.022 (July) in
2012, and 0.016 (June) and 0.004 (July) in 2013, indicating that zooplankton
feeders were likely to be confused between microplastic and natural preys before
the rainy season.

The sea surface microlayer (SML) can accumulate light plastic particles, but this

has not yet been addressed yet. The mean abundances of microplastics were in the
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order of SML water (16,272+13,457 particles/m®) > hand net (1,143+3,353
particles/m®) > bulk water (213+141 particles/m’) > Manta trawl net (47+192
particles/m®), the mean abundance of paint resin particles were in the order of SML
water (194,450+114,445 particles/m’) > bulk water (733+167 particles/m’) > hand
net (196+121 particles/m’) > Manta trawl net (0.88+0.81 particles/m’). Selecting a
suitable sampling method is crucial for evaluating microplastic pollution. The mean
abundance of paint resin particles (93,300+68,366 particles/m*) was comparable with
abundance of non-paint microplastics (88,000+67,538 particles/m®) in Jinhae Bay.
Fourier transform infrared spectroscopy (FT-IR) identified that alkyds and
poly(acrylate/styrene) were dominant in the total polymer content of the SML
samples. These polymers originated from paints and the fiber reinforced plastic
(FRP) matrix used on ships. Synthetic polymers from ship coatings should be
considered to be a source of microplastics. The abundance of microplastic particles
in samples taken using zooplankton nets from the coastal and open ocean in the
Atlantic and Pacific were in the range of 0-32.8 particles/m’ which was similar or
less to the range of non-paint microplastic abundance measured using a Manta
trawl net in this study. Measurements in coastal environment and harbors in
Sweden using an 80 pm mesh-sized hand net revealed a range of microplastic
abundance from 167 to 102,500 particles/m’ similar to the values recorded from
hand net samples in this study. The abundance of microplastic particles in this
study was higher than the value recorded in Singapore.

The abundance of microplastics less than 1 mm in size was preliminary
determined in the final effluents from a sewage treatment plant in Jinhae. The
abundance of microplastic was 867+470 particles/m®, and fragment (74%) and fiber
(26%) were dominant microplastic types. None of microplastics was detected in the
sludge cake.

The composition and distribution of macro- (>25 mm), meso- (5-25 mm),
larges-micro (1-5 mm), small-micro (<1 mm) plastics in twelve beaches along the
Korean coast and six beaches of eastern Geoje Island affected by riverine discharge
from nearby Nakdong River were during 2012-2014. Abundances of macro- and
meso-plastics from eighteen beaches were in the range of 0.1-2.7 particles/nmi and
0-941 particles/ni, respectively, and large microplastics was the in range of
1.6-92,218 particles/mi. There was significant correlation between large-micro and
meso-plastics (Spearman Rank correlation; rho=0.878, p<0.01). The abundance of

small microplastics (<I mm) in the range of 12,000-9,280,000 particles/m’-sediment.
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The abundance of small microplastics was in order of Geoje beach
(2,721,33343,433,186 particles/m’) > southern coast (310,640+299,173 particles/m’) >
eastern coast (171,278+171,515 particles/m®) > western coast (158,421£166,836
particles/m®). The mean abundance of small microplastics in Geoje was significantly
(p<0.05) higher than that those in other regions. The beaches in the East coast of
Geoje Island were severely contaminated by microplastics. The mean abundance of
small microplastics from backshore was 1.6 to 90 times higher than those from
high strandline in six beaches along the coast of Korea in 2014. But the total
mean abundance of microplastics was no significantly different between backshore
and high strandline. The abundance of microplastics on beaches in Korea was
higher than those in sediment from other countries.

Fragmented secondary microplastics is expected to account for the majority of
microplastics in the field and have various origins, which makes proper control
difficult. Scientific information in producing secondary microplastics by weathering
is, however, quite limited, and this hypothesis is not tested yet. Therefore, effects
of UV irradiation or mechanical abrasion on fragmentation of plastics was evaluated
in laboratory condition. The apparent surface damage of polypropylene (PP) pellets
and expanded polystyrene (EPS) spherules exposed to UV for 60 d was observed
by naked eyes, FT-IR and scanning electron microscope (SEM). After 60 d, the
exposed PP was embrittled and easily broken down, and fine cracks appeared on
its surface. In case of EPS, yellow color appeared on 60 d after UV exposure and
the surface was embrittled. It started to create the fine particles on the surface.

The first accelerated mechanical abrasion experiment was conducted for EPS
spherules with a tumbler at 113 rotation per minute for 60 d. Total 515,282 EPS
microplastics were produced in a bottle with sand and 40 EPS spherules. The size
of fragmented EPS microplastics was dominant in 50-100 um. The nano-sized EPS
particles were qualitatively identified using a SEM in the surface of EPS spherule
which was abrased with glass bead for a month. In the second mechanical abrasion
experiment for 30 d, the average fragmented EPS microplastics in triplicate bottles
was 57,339. The number of EPS microplastics exponentially increased by decreasing
size. Mechanical abrasion of EPS spherules with sand can enhance fragmentation

and produce a number of micro- and nano-sized EPS particles.
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2. Microplastic associated chemicals

Microplastic debris present in the marine environment carry a lot of chemicals.
Such chemicals are categorized into two groups: (i) hydrophobic chemicals that are
adsorbed from surrounding seawater owing to affinity of the chemicals for the
hydrophobic surface of the plastics and (ii) additives that improve the properties of
plastic products. At first, analytical methods including extraction, clean-up, and
instrumental analysis were developed and applied for this study. We have focused
on organochlorines (polychlorinated biphenyls and organochlorine pesticides) and
brominated flame retardants (BFRs) for adsorbed chemicals and plastic additives,
respectively, in this study. They are in the list of priority toxic chemicals in
Stockholm Convention on Persistent Organic Pollutants.

Beached plastic resin pellets were collected from 9 beaches in the southern coast
of Korea between 2011 and 2012, including Nondremi Beach in Sinan, Duckheung
Beach in Koheung, Ando Beach in Yeosu, and six beaches in Geoje Island. The
overall concentrations (ng/g pellet) of organochlorines in beached pellet were in the
range of 0.21-1,350 for PCBs, 0.24-75.8 for DDTs, <0.15-50.8 for HCB, <0.1-4.09
for HCHs, <0.1-94.1 for CHLs, <0.15-511 for PBDEs, 5.61-2,630 for HBCDs,
0.48-4,130 for TBBPA, and <3.15-219 for BTBPE. The collected pellets were
sorted into four classes for chemical analysis according to polymer type and
weathering status: aged polyethylene (PE), fresh PE aged polypropylene (PP) and
fresh PP. In general, eroded PE pellet contained the highest amount of organic
contaminants. Interestingly, the HBCD concentrations were higher than those of
PBDEs as well as organochlorines, which is due to styrofoam fragments stranded
along with resin pellets on beaches.

When we applied the analytical method developed for the analysis of brominated
flame retardants to the archive sediment samples from Jinhae Bay, we got some
very interesting results. Two BFRs (HBCDs and PBDEs) displayed very different
spatial distributions inside the bay. Relatively high PBDE concentrations were
detected in highly industrialized and urbanized region (Masan Bay), whereas high
concentrations of HBCDs were found the regions previously considered to be
relatively less-polluted areas. This results suggest the presence of another emission
source of HBCDs in Jinhae Bay, in addition to the well-known existing sources. A
strong enrichment of HBCDs was found near aquaculture areas. Styrofoam buoys,

which were confirmed to be the main source of HBCDs following an analysis of
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buoys collected from markets and the coast. This is the first report that aquaculture
activities using styrofoam buoys could be a point source of HBCDs in the coastal
environment, which is reflected in the surrounding coastal sediment. This is a
strong evidence that plastic products and its debris can release toxic additives and
influence their surrounding environment.

Polystyrene  (PS) is made  flame  retardant by  combining  with
hexabromocyclododecane (HBCD). HBCD can release from consumer products
during their production, use or disposal. Therefore, to evaluate the extent of
exposure to HBCD from polystyrene (PS), we determined the concentration of
HBCD in a variety of products (n = 34) made from three types of commonly used
PS: expanded PS (EPS), extruded PS foam (XPS), and extruded PS. The samples
were categorized as related to food, laboratory, aquaculture, construction, or packing
of electrical and/or electronic appliances. PS related to building construction and
laboratory uses had a significantly higher concentration of HBCD (3,300 - 905,000
ng/g). Lower concentrations were measured in most food-related products (24.3 -
199 ng/g). However, a relatively high concentration of HBCD was detected in an
ice box (960,000 += 29,000 ng/g), aquaculture buoy (53,500 + 2,100 ng/g), and
disposable tray (8,430 = 730 ng/g) used in fish market, raising concern for public
health. Our data demonstrate a wide variation in the concentration of HBCD,
suggesting a lack of proper controls for the addition of HBCD to PS products.

In order to verify our assumption that styrofoam buoy can be a source of
HBCDs in the marine environment, styrofoam buoys were purchased from market
(new buoy) and collected from the coast (stranded buoy). All buoy samples
analyzed in this study, both new and stranded, were found to contain HBCDs with
a concentration range of 6.68 - 197 ng/g (median value: 40 ng/g) and 0.01 - 422
ng/g (34 ngl/g), respectively. No significant difference in HBCD levels between new
and stranded buoy samples was observed, and considerable variation existed
between individual buoys. The detection of HBCDs inside the stranded buoys
implies that styrofoam marine debris can be a moving source of HBCDs in the
marine environment, and its influence could be extensive due to gradual
fragmentation of the buoys. The concentration of HBCDs in the outside layer was
lower than that measured inside the buoys, which indicates leaching of HBCDs
from the surface of the buoys throughout their lifetime. This suggests that
styrofoam buoys could act as a source of HBCDs in the coastal environment, and

might be the reason behind the wide distribution of elevated HBCD concentrations
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in the Korean coastal environment.

Previous studies found unintentional addition of HBCDs to EPS buoys used in
aquaculture farms and its subsequent enrichment in nearby marine sediments. We
firmly suspected to those styrofoam buoys as source of HBCDs via leaching. To
confirm this, leaching characteristics of HBCDs were clarified in water and
styrofoam spherules under laboratory and field exposure. Laboratory desorption of
HBCDs from styrofoam spherules showed that initial rapid increase in the
concentration of HBCDs in the water column followed by slow desorption.
Temperature was the most significant for consistent leaching of HBCDs into water,
clearly indicating the thermal solubility of HBCDs. The highest loss of HBCDs was
observed on sea surface (75%) followed by sun-exposure (62%), dark-exposure
(57%), and laboratory conditions (23%). Effect of intense UV, high shaking and
exchange of a large volume of water resulted in an excess of leaching of HBCDs
in field compared to laboratory, where a limited volume of water was used. This
is an indicator of the leaching of HBCDs in marine water, where many styrofoam
buoys and their litter can be transported to different locations, acting as a mobile
source of HBCDs in the marine environment.

An intensive monitoring study were conducted in aquaculture farms and their
surrounding waters in Jinhae Bay. The overall concentrations of HBCDs in seawater
inside aquaculture farm were in the range of 0.08 - 1.62 ng/L (median value: 0.4). The
HBCD levels were higher than those in outside. The concentrations of HBCDs in
surface sediments inside aquaculture farms were in the range of 18.7-56.5 ng/g d.w.
with an median concentration of 0.4 ng/g d.w., which decreased gradually with distance
from aquaculture farms along a series of transect lines. Their spatial distribution and
isomeric profiles indicate that aquaculture farm using styrofoam buoys become a
source of HBCDs in the marine environment. The HBCD concentrations in cultured
oysters ranged from 26 to 71 ng/g lipid weight (L.w.; median value: 38 ng/g l.w.).
Unexpectedly, the HBCD levels in cultured oyster were lower than those in natural
oyster (34-369 ng/g lw., median value: 96 ng/g l.w.) collected from the coastal
region of Jinhae Bay. This could be due to the biodilution effect caused by rapid
growth of cultured oyster and inhabiting type (inside water column). However,
cultured oysters had stereoisomeric profiles close to styrofoam buoys, implying that
they had directly influenced by styrofoam buoys.

The level of HBCDs (0.08-1.62 ng/L) in seawater inside aquaculture farms were
lower than EU Environmental Qaulity Standard (EQS) for marine waters, 31 ng/L,
to protect pelagic community. The level of HBCDs (0.09-56.5 ng/g d.w.) in surface
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sediments from Jinhae Bay including aquaculture farm were lower than EU EQS
for marine sediment, 170 ng/g d.w., to protect benthic community. The wet-weight
based HBCD concentrations in oysters (cultured and natural), 0.31-9.09 ng/g wet
weight (w.w.), were lower than EU EQS for marine biota, 167 ng/g d.w., to
protect predator, and also much lower than EQS for fishery products, 6,100 ng/g
w.w., to protect human health via seafood consumption.

Potential roles of floating microplastics (polyethylene, polypropylene, and
polystyrene) on the dynamics of hydrophobic organic chemicals (HOCs) in the
marine environment were evaluated with an emphasis on the equilibrium partitioning
and bioavailability. For the evaluation of equilibrium partitioning, 8 PAHs, 4 HCHs
and 2 chlorinated benzenes were chosen as model HOCs. Sorption capacity of
microplastics for 14 selected chemicals was comparable with that of I-ocatnol, the
most frequently used organic solvent for the evaluation of biopartitioning. This
indicates that floating microplastics could play an important role in the dynamic
behavior of HOCs. Bioavailability of HOCs associated with microplastics is related
with the desorption of HOCs within the residence time in organisms. Fundamental
properties that determine bioavailability are internal diffusion coefficients of HOCs
in the plastic phase and corresponding desorption rates. The internal diffusion
coefficients of HOCs were in the order of 10-14 and 10-15 m2 s-1 in polyethylene
and in polypropylene, respectively. Laboratory desorption of HOCs from
microplastic fragments showed that initial rapid decrease in the concentration of
HOCs in the plastic phase followed by slow desorption. This indicates that the
internal diffusion coefficient is the most important parameter that governs the

bioavailability of HOCs associated with plastic fragments.

3. Biological effects of microplastics

Effects of microplastic on the copepod Tigriopus japonicus were assessed by
ingestion experiment with three sizes of polystyrene (PS) beads (0.05, 0.5 and 6
(). Tigriopus japonicus exhibited no selective feeding when phytoplankton were
added with PS. In the two-generation chronic toxicity test, 0.05 pym PS beads at a
concentration greater than 12.5 pg/mL caused the mortality of nauplii and
copepodites in the F, generation and even triggered mortality at a concentration of
1.25 pg/mL in the next generation. In the 0.5 pm PS bead treatment, despite there

being no significant effect on the F, generation, the highest concentration (25 1
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g/mL) induced a significant decrease in survival compared with the control
population in the F; generation. The 6 pym PS beads did not affect the survival of
T. japonicus over two generations. The 0.5- and 6 pm PS beads caused a
significant decrease in fecundity at all concentrations.

Micro-entanglement by fibrous microplastics on zooplantkon was observed in the
copepods (Acartia omorii and Centropages abdominalis), chatognaths (Sagitta sp.),
cladocerans (Penilia avirostris) and Balanus nauplii from the samples collected in
the offshore of the Yellow Sea and Jinhae Bay. The polymer types of entangled
fibers were cotton, polyester, emery cloth and Kayocel. The fiber to zooplankton
ratio, indicating the potential encounter rate of microplastics by zooplankton feeders,
was higher (0.03 on average) in the Yellow Sea compared to average ratio of 0.01
in the Jinhae Bay. Micro-entanglement was tested in laboratory with various
conditions. From the experimental condition (500 particles of 0.86 mm/10 mL, T.
japonicus 20 individuals), number of entangled copepod increased to maximum 6
individuals for 240 hours at fiber/zooplankton ratio of 25 which is from hundreds
to thousands of times higher ratio than those observed in the Yellow Sea and
Jinhae Bay.

To identify if microplastics were ingested by marine organisms inhabiting in
styrofoam debris, lugworm was collected from styrofoam debris along the coasts of
Geoje Island. Their body and excretions were chemically digested and plastic
particles were counted using FT-IR. All the lugworm living inside styrofoam buoy
contained styrofoam particles inside their body. The size of particles was positively
related to the size of lugworm (related to mouth size), implying that burrowing
activities of lugworm can produce microplastic particles and the particles are
ingested by them. This is the first study to report the ingestion of microplastics by
marine invertebrates living in the Korean marine environment.

To obtain the evidence of the transfer of plastic additives (HBCDs) from plastic
debris to its inhabitant, styrofoam buoys and mussels (Mytilus edulis) attached on it
were collected from Geoje Island. For comparison, mussels attached to different
substrates such as high density polyethylene (HDPE) buoy, metal buoy and natural
rock were collected at the same time. The concentrations of HBCDs in mussels
were 23-5,160 ng/g Lw. (median value: 112 ng/g lLw.) for styrofoam buoy,
23-5,160 ng/g lLw. (61 ng/g L.w.) for HDPE buoy, 36-91 ng/g lw. (62 ng/g lw.)
for metal buoy. Mussels on styrofoam buoy was found to have highest HBCD

concentration. And their stereoisomer profile was close to EPS buoy compared to
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mussels from other substrates. Therefore, both HBCD concentrations and isomeric
profiles indicates that HBCDs in styrofoam buoys were transferred to their
inhabiting mussels. This is strong field evidence that toxic additives in plastic
debris are directly affecting to marine organisms.

The wet-weight based HBCD concentrations in oysters collected from styrofoam
buoys, 0.52 - 98.3 ng/g w.w., were lower than EU EQS for marine biota, 167 ng/g
d.w., to protect predator, and also much lower than EQS for fishery products,

6,100 ng/g w.w., to protect human health via seafood consumption.

V. Application plans

Microplastics has been an emerging global environmental issues since the late 2000s.
The newly emerging issue requires scientific information for environmental risk analysis,
brings many hypotheses being tested in laboratory and field, and requires development of
techniques for testing the hypotheses and acquiring useful data. This study was
conducted for three year from 2012 to 2014 to develop the methods for monitoring of
microplastic pollution and its effects and to obtain preliminary pollution data in a few
hot spots in southern coast of Korea. Relatively high microplastic pollution levels were
found in the study area. In addition, new microplastic type such as paint resin originated
from ships and its dominance were revealed. It is surprisingly confirmed that an additive
leached from styrofoam debris contaminated its surrounding environments and marine
biota around it. It is obvious that further large scale and long-term research project is
required to assess environmental risk of microplastics in the marine environments of
Korea. Based on the techniques developed and pollution data produced in this study, the
next phase research project entitled "Environmental Risk Assessment of Microplastics in
the Marine Environment" will be launched by the Ministry of Oceans and Fisheries,
Korea. Scientific information produced in this study will be transferred to the Korean
government, non-governmental organizations and mass media to make policy or to

enhance public awareness on microplastic pollution in Korean coast and in the world.
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Table 2-1-1. Number of research papers on microplastics in literature (adapted from Hidalgo-Ruz
et al., 2012)

= n =44 n = 30 n=717 n = 68

o HAE x3 T T 37

W2 2 2 - 3
A /A 4 2 1 5
A 25 22 5 45
A W3} 3 6 1 9
=k A 1 - - 1
wall/ & 3t 4 2 - 6
SHEA 12 3 13
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Table 2-1-2. Summary of floating microplastic abundance in the world

Concentration Sampled water Applied
] Shape of Sampled depth and Sampling mesh
of floating . . ] ] - References
: ; microplastics location  distance from  gear type size of
microplastics land net
National
: . Southern  Surface waters Academy of 0.5m
(()%2_211?% Spher;iilildféiasnc New and coastal Sciences diameter, Carptﬁl;%)et al.
p p England waters (NAS) 333 /m
reference net
Ogi and
0-9,894,044 Plastic pellets  Off Japan Coastal and Neuston 300 zm Fukumoto
(per kn?) offshore net (2000)
Fragments, North
531-195,484 Filaments, Pacific misé'lr(fichethansn d Manta 333 /m Moore et al.
pieces (per km?) Thlrflﬂgqlsastlc C(e;r;;real open ocean trawl net (2001)
Fibers (~20im in  Northern 10 m depth  cohtinuous  127mm?
0.01-0.06 di “ d ¢ and from Plank Thompson et al.
(per ma) }ameter) an part o coastal to ankton aperture, 2004)
p brightly colored UK Recorder 280 m
offshores
Santa
. . . : Three depths Manta .
1-18 pieces Microplastics Monica and nears}l)qore trawl net, 333 m Lattin et al.
(per m’) (~4.75mm) Ba (2004)
P : Cali Y and offshore =~ Bongo net
alifornia
Fragments, Surface and
0.43-7.25 Filaments, North inshore and Manta 333 /m Moore et al.
(per m’) Thin plastic Pacific trawl net (2005)
films offshore
Fibers Submersible
Blue particles  Norwegian 2m depth and water Lysekil and
1’0(0%_1}2?{3(;00 Black particles waters near and pump &  180-450 /m Fl@dewgen
p Black round  (Skagerrak) offshore Zooplankton (2010)
particles net
S%lleg};ﬁgSt Surface waters Manta trawl
0.017-0.072 Fragment, Fiber, (10-15 cm), net, Sameoto Doyle et al.
(per m”) Pellets Sea, Off sub-surface ~ Neuston net, 505 ym (2011)
égﬁ}gre;?a (~212 m) Bongo net
Filaments, North
0.116 Polystyrene, Thin ~Western Too 10 cm Manta 333 4y Collignon et al.
(per m?) plastic films  Mediterran P trawl net K (2012)
(0.3-5 mm) ean
Fragment,
Polystyrene
fragment, Pellet,  Eastern .
0.026898 Manta Eriksen et al.
2 Monofilament South Offshore 333 um
(per m) line, Film Pacific trawl net (2013)
(0.355-4.749,
>4.749 mm)
Bay of
-0. icroplastics alvi euston ollignon et al.
0-0.2175 Microplasti Cal Ba N 200 Collig 1
er m 2-5 mm editerra net
per m? 0.2-5 Medi y K 2014
nean sea)
Central-We Gulf of
0.15 Microplastics stern : Manta de Lucia et al.
(per m’) (<5 mm) Mediterran Ori)sftf;; Iﬁ%rznd trawl net 500 s (2014)

ean Sea

_11_



5o AHS Bal ot el sEsh ofad Y7t vl AETRsYe

o

Y
Az st i S0l HaEAtHBrowne et al, 2011). AT A Z gt aE o
FH YL 71E Aol EAstE sUY FebaE 2#H 77 ZAAA e
Ao g FAsta oy, F3tE F3A mAEg gl BAHE FAol dE A=
Afstoh dabAl A aEAbe] Ay AakEakgo] Fo FaMAYEI Aoew &
A4 AtH(Andraday, 2011). #7 @A Ldzte] e A4+ Edh2E AFY 4
I A A, EebeE 297]9 AQgE S JFE AT drled =EEHAY
sfwol] AT Fek=geo A ALY xAE 7P ZabA] FEAAA Ao
FAEL dow, ZE2g o EaEEe A A 2k, FE AL v T 9
SFS Wh= Aow AdyA dri(Andrady and Pegram, 1990; 1989, Andrady et al.,

S 18 die= W, FRE, 75, A w2 Eetago EE &0
A4S AT ASE FAHEIL o, ol s AFdHoE dF5d
itk AA s Fsgol A&ste] FAHLEAS] EAEEE SAHT A= g ATH
o, 53] g3 Ao A& AldZ2= A% Bengal ol i XEE o €@l (High
Density Polyethylene), A %329 € #:(Low Density Polyethylene), #g]3X=3#l
x27bs sl 67149 3F © ZerEe FA #AAE SAHT Fo] dFolt

(Sudhakar et al., 2008). 53], Eet2~8 AFe] +HS AA 517 A& AFEH H7ke
Pzs

o

ZEAlel os) o =Hd = Uth
20019 EHoh~YH AFe] 4= /\}%Q% dzldelo] 24

A= wiR7E =, sk o9 g
A, Zet2E 2d7)e ed=d 1He Tjrﬁloﬂ 3] ATAEC] Al
3l tH(Mato et al,, 2001). Ze} ¥ 4
%

=
o 48 eH9Ed v A2 Zdde devds d7AHE AAEla, ol wt

oz Fetxy Aol ed=d EUHY Y Y AR F8Fe FHHEA
(Endo et al., 2005), A AlA 1770= 307 sidlA FA" dxDo] TFA 7] A
4§55 vludte] Btk (Ogata et al, 2009). o2 7]€9 2d=49 &
E s Aol dE Ay dF IFAdRTIedEdds SeSe YR 13y

A tH(Ashton et al.,, 2010; Betts, 2008; Hirai et al., 2011; Rios et al., 2007; Teuten et
al., 2007; Van et al., 2012)

EetaEo] AxzHgolA FFY ol He2He YedS Fet] s
g8 Al g AEFEE we gFe HIMAZE AFEE AL Tk kgl H7kE
e el FA FAA I R E= Ao A Fo] TS ALE oty
ofel thgk A= A AFsivt. Sek2E AlF Al HERAZNEE = 7]
AEde gz A4+ 72 AS8EFS 3 9z g
T7F AgEo] gith ol Edos ZEYolE, HAFHE A vHEE3IHH EJ
(PBDE; Polybrominated Diphenyl Ether) %°] %3ttt} o]5 HIIEE9 FANE
2 Q1A g =4 Gl dig A= WEHAIG e Ed ] AR A EAI7F #1990

_12_



ddl SRF o] FEe] FaE ko FEkaE 2 E S G Hor] fF
A2 A A+ w7t g vAZE g AR5, ofF, 3R, vbsAl 2 S E A
Fol 1ol WM HAFH T dojA, AEA Ho| =HE vHZgAE S B %l
3 % Hold 7Aool E& Ao oy

g Fekry 2Yr|E A =T ¥ 2A A3 (entanglement) ¥} 4H7
(ingestion)o] SUtt. ©o] F 7HA F& & &A AAACE HAT 26759 A& 7]
o] glom(Laist, 1997), A AMA ¥UAERF 7& F 6%, uthAl 312F < 111%
(36%), B2+ 115% & 265(23%)°] nithzd 7] A3 I&lE & d= 3

N

o=
Busa gk 53 T8 g2y T vAZg2Y F 1-5 me HuE AL
HEGEAl o] 9ol A I sl WA s a1 9tk (Van Franeker et al, 2011). FHATS &
M (Fulmarus glacialis)®] 917 ol A+ S99 48 “F£2 34 HH" 7|0

2 Aol 2AME S Y=ol dasta vk (Galgani et al, 2010). 2011 &)
T 99 5 EARH 157170 71dEe] = OSPAR koAl H=40= Ao
Ui 9t OSPAR @ ofoll A= 0.1gol el Zet2eS A o £ A= S49
] &0] 10%0]37F 5= AS AAEFE 4 9=t (van Franeker et al, 2011), &
gl Ao FAF A3 19801 o] F 0.1golde] Het2HE AF o 1 A= A9
| &2 50-70%= ¢ =A BEaEal vk SARE of A 7pA] m A& kg o] S FAY
ol mX= Gl e AP FEodA =F AFS 3 dF7F BEd FFo
tHCole et al., 2011; Barnes et al., 2009).

FetE A7 ZoldE g Ul 22 JAE A e FEHFSEENA A
FHAZE gdiE 5 o, o= vAl Holis wet o] =
of 20 E<re ¥ Fek=yg 2y riel #3 A4E H
2Eo] ofF{, Aol FaY s A& FEdste FoltH(Denuncio et al, 2011;
Tourinho et al., 2010; Boerger et al., 2010; Davison and Asch, 2011). &&= 3
FEEY oFE Xt vde AFAEY] AWl vAEFgAHe EA7 By
3 Q) tH(Table 2-1-3). Zg =gl YAfo] =FH AT T4 HBalAe F94
EI7F iR ew FAe AES AT Ao® By vk th(Weis, 1992). A
A =hdA Gz, R, AA PGl F7F et 230 nm =27]9] AL EE s
J(PVC) =28 dHS AF3ett= A (Thompson et al, 2004)2F o] wj=jjF<2l 7}
gHle} T2 = v Z Al JAE o HAgoeE A7 dth(Ward  and
Shumway, 2004). 53] E(Mytilus edulis)e 2 mm 2712 ZZ g AYAE HFH s
o] A3ty =H3stE Ao R ®iEd=d (Browne et al, 2007, 2008), 379.6um =
719l nAZg g =EFHAY TEFLE 2do] HA Ze B2 HAFEAF Fox 3
29 (hemolymph)oll # i1 48 &b Ao EAstAtt. A, 4= Cumbrae # Y
ANA A" 7zl blsk 7 A (Nephrops norvegicu)] Gl A= o] E9o] 433 o
2 F35Y v AZES2E A7 21 bk o] mAlEg g Al o3t 3|
Ay =

£ g 4F AFdel U@ FA FAYE T = A

jus)

O

jus)

.

{0

[«

-

[e)
FREL

_13_



Aolth(Murray and Cowie, 2011). #F& &2 4%, &F Macquarie Aol A2|3}=
0] v Ed A mAEHEH S AT o7 AAE T3 ¥ B 41 mo
dAE vk gl oS Fall mAlETEE o] A9 HoldA®
&2 A th(Eriksson and

olsd + Aol ¢

=

EetE JAEO 4
Burton, 2003).
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Table 2-1-3. Summary of microplastic ingestion by biota in the world

HEF REF A #dE =8
° o 1 = 5 Pace and Baliliff (1987);
7= = S| 34 4
‘J}\g o= Clllate(/E:ET) }é U}\\'E]_ Setili et al. (2014)
AAF= Scallop(7}2] Hl) A Brillant and Macdonald (2002)
. - i B t al. (2008);
A 5= Mussel (&%) 44 ro‘ﬁgilgr ?20{0) )
A 5= Muytilus edulis(33) b 7] De Witte et al. (2014)
=D Muytilus edulis(3-F), o) ek Van Cauwenberghe and
WA= Crassostrea gigas(FH=) TS Janssen (2014)
TP EE rotifer(‘8& %) A9 Setald et al. (2014)
. i Thompson et al. (2004);
Y TE Lugworm(Z #| 7 ©]) 44 Browne et al. (2013);
Wright et al. (2013
ST = polychaete larvae(THE7F) A9 Setild et al. (2014)
Wilson (1973);
AA 5= Copepod(&.7+5) A4 Cole et al. (2013);
Setdla et al. (2014)
AR &= Amphipod(THZH) A Thompson et al. (2004)
AR &= Barnacle(w 7} H]) AdA Thompson et al. (2004)
AA 5= Lobster(3} 57} g Murray and Cowie (2011)
AA & Trochophore(-f4) 434 Bolton and Havenhand (1998)
3| A== M Sld Shrim (/\H‘Sl)“), 1 5] Al veq e
HA 5= oA doceran( 21 =) A3 Setald et al. (2014)
=Sy EE Sea cucumber(3l4H) Ad3¥d4  Graham and Thompson (2009)
=3%%=  Sea urchin larva(“d Al %) AP Kaposi et al. (2014)
1 g 7 of Boerger et al. (2010);
Fish(o] 7 104 %) ‘:L_'_/\E:]E]:'O Davison and Asch (2011)
e Choy and Drazen (2013)

s Fish(o] 5 10 &, 1203 7}A) 53 Foekema et al. (2013)

F Oryzias latipes(%AH2]) A4 Rochman et al. (2014)
IFF Chelonia mydas(FFebAE)  dolml g7t Carman et al. (2014)
57 Caretta caretta(F-2RHEE71 %) A= Hoarau et al. (2014)

.. (xE F k t al. (2011);
7 Fulmarus glacialis (Z7FEAY) 5 ‘Igﬁm r:gcel gaiel?er ((2012)>
Z5F Fulmarus glacialis (£vF&M) g 2ZYol  Donnelly-Greenan et al. (2014)
ZF Fulmars (£7 7217 3%) A== Bond et al. (2014)
ZF P uﬁgﬁuflﬂ_ 52@11]?; tris ST Acampora et al. (2014)
Z5F Puffinus carneipes(5= ) 35 Lavers et al. (2014)
= Uria aalge and Uria lomvia Provencher et al. (2010);
=T (W 2.2 ) i Bond et al. (2013)
e (]ﬁ”ui g_lfg) ek Fife et al. (2015)
Z5F Sphe;zlijs}c%jém%e%la)nicus LR ) Brandao et al. (2011)
I dolphins(Z1L8f 2%F) A% Di Beneditto and Ramos (2014)
o] 2 Trichiurus leptur%s 073 -reg),
gl Chelonia mydas(? 5), . . .
,‘T:—,S‘%—gr’ Pontoporsa blainvillei, Bahd Di Beneditto and Awabdi (2014)

Sotalia uianensis(= 3L )
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AzA=U Zend I3

vl A e geae 7ol thEk A= 1980 FHHE-E] A EFE o] 1990 T 2
of EAstE Ao (ENGT 2009), 1986 AFASIAIG S AlFFo 2 1998 &f 4|
& AR A9997),

7NEEFAY o] FHHAL o nEoR FF5 HA I
A7 E FFAH A= AE(199972003) Abdel FaEH AT 28y -yt
ETPAYRNA LS V20w FA A AFTH wFE g, g
7] #d AR ok A" Fito] FAC AFEH AL 3l
sl w7} HHE U= o2 s F2aY 7] 37P FoolEel e AA AT
(Fd=%, 2004), A & g Hu(Hx==, 2009), gzl FujA 271 (Cho,
2009), sz =alet HalQtol A s A 228 7] ZAHLee et al., 2006) s°] Ao, A
AAow s|F 2 7]d #d T7F =3 AgAolty. B Y] BARA F3)
oF AF-Fw A= e dig 2AA¥ Ba(H 97, AWA 5, 1999)7F

g Aol A T 2 ATAR el F3H7 ©
3

0}-)1

4
o

Adoll&= gt »¥ 27t U3 E&
Ak AR W Q%EHZ:*.}—E 5, 2000) ol oo sjolL} F=Zoll A 1 mm W] THe] T
AEet2~egS x3dstes A5 AFsith gu sl 287 @8 EUE P el
xze Fug2rE g FAL # Fua glom, nAZEgAge g ARt
o] Fo]A i glA Hatrt

‘:li;_ T -
2AHe HEAe] BAHoR A A
2

[e}
sttt mAEet2g o] F9 AAE STl 2-5 m 27] 9 MAEEtAEH S
ez ¢ 2 Jdo= 3 Woell A o] g2 AFol7F A5 B M th(Heo et

al., 2013). AAE sH Aol el Murel HRIE 9@ AHFAstEe~E(FRP;
Fiber-Reinforced Plastics) 71 9¢] 5271 mAs}t Hol =2 T2 A= A
o] MAoA Ao 2 HIFHATHSong et al, 2014). o}=8] 47FA 9] M2 & A&
A RS Hlaste] A g AFH e wWE nAlEgsaY TR Aol7t Ate A
= YT, AAE At A Ff mAEekaE Y dRr g kel Hlus
o] & FFS HEE B HSong et al, 2014). AAE FZo o] o3t
= = M 2 2F AAZE 1-56 m 27] 9] vAESEY F 90% o]
AdE dom, AALE 2 H¥ F U]‘ﬂiﬁ‘r*‘:’] L GA
o= L}E}MEHLee et al, 2013a). AE2JF A7+ 7 »

|

AAANA =2 a5
A AR 2o weh Zu A4 azRel 4gs gud o o

Bastlom, obze 24tel Z2A AAHE= JIFS vHS Wilthlee et al,
2013b). HERE =uje] sl FAF ZEkay 27| T MY S #E

2HEE o] A Al HBCD7F iLls e ¥ 3Es ~ 8
et al, 2014), ~E2E Bjox &&F9 JAA7} FAF F
Ree YTt ATHAI-Oldaini et al, 2015). o= Eet2Hol i H7

-
2,
N

-
N

-
%
gl
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A BAL oANA 5 ol AA R Aol ohge mAZeaEe) A o
GRAY FRol met FAAFY Aol§ mgor), B-Sehs BulAF fA

|
ZAHEAS BHYS v th(Lee et al, 2014). Yol AFE v A ZgE
A= ol o] A3l A A T T
g Wk ofyet Ty S SekaE 2HUE X
et a2 7]l tigk A4 FuieelA EAA R FPHUEA FaF ATAY
Huxdoh s Zehzg 2871 o ] AE3s) AL
J7F 2= BuEHda, FAIEI vhso] vt Fa A% 8o FAHS]
(Hong et al, 2013). = 2078 afolA 717k FaE o] sjf2xe] 7)o <
2, 24, 71l B3 A T A7 mausdvk(Hong et al, 2014). WA=
AL Al A =AM Y EebaE 2Y 7] ZARA Sd 67] siEe] ol
2719 A9 FA7190(44%) B} 3)771Q1(56%)0] ¥ =S #hs Holal
sl tH(Jang et al, 2014a). ob&2] Arbd &4 st 28719 AAE Fhel o
HAFy s Qo] 2011d 3+ 3] oF 319-4079 Yoz AAFE Ao (Jang et al., 2014b),
S AFAA S Ao ® FYEE Y 2d7] T DA o] 91195E0 "
FAE AN (Jang et al., 2014c). =] i 22e7]9] HAHS FEQA FA &
2 7190 FepaE 2YT|E Azstr] A3 =9 Fa AvE B
N= S cHLee et al, 2015). ~E|2F B9 A4S 93 gSAAS 7)n
g AAE] FAEAE FUrstRA e (83 5, 2013), 2011 e e
A=A AEd s=5E5F d=fy vt g2 riE destr] A AL

e =& tH(EFAAS &, 2013).

ol

4o

wo o2

= -
B m

o [ ofy 41

o

243
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Al 3R AT FIHE R At

Al 1A vASet2E el 2HB7}
1 3 "AES2=ge edH 7}

7t A
S oNA Fi mAEeAg e AFRAS AR bgoFst d5(280-505
m)e] FEAE A D (neuston net)S AR gkon, o] 9 TEEFFAES Bl Al
A" (bongo/zooplankton net), &3 E 2} 7] (plankton sampler), ¥4 A 2 (surface
microlayer; SML) 7] 5 AFE38l7] % 3th(Hidalgo-ruz et al, 2012). ¥lob=
Y EFg=ge et F3E AAA mAst 2 Aow AitH o s

HYT =

& B4 FoAM Ruse vASTaYe] A= AR HopAa Atk shA R Al &
G ERel Ffstel EAst nAzeage] st AA A AsHE ALT B
% ond g 48 49 R4 nASeage) Aga AR ool dom,

o)

Ha97kd 7hsAdel =vh dARA i vAEE~H e F X (abundance) &
at7] flaf vk 3?7} AREE AL AL Aol gk s o] AFH WHe wE HAE
2~Ee] T W3l offe= dgE vk gk
2 Aol A = V& “——ﬁLﬂ Aok AP HuE fate] 7]Ee dE W 1 A
E AR He 8l Manta trawl net S 7125 AREEHEA, =L 37HA A
g2AF MHE FE Z8ste] AFH Wl e mAZgage Tl 2AS
wefE ap sl ofEf Wb ‘vf RitolA = el AV AR e AgEd
Manta trawl net (330 m)¥} hand net (50 mm)S o] &3] wAHZet~ge T %
s vkt ofg BF FEolAE 919 7 7EA B fol mEAAIe] srE
Azt st W Zol 20 emZbA] BTG E AFAS FAE AFstE W
=]

=
o °
oz gol AHgHE FENE AYY

g o
oo o2

218 F7tE A gsle]l AdE vwstch o Gl 7y
2 S FHe FA 1 mm FEe ¢F2 XTI xWAA YUY niZ oldle] XFTTE
A AFste] mAEEg~ge] FEE 54 T 5 JAT ZAFANES FEste 1
TEE AT A7 dAZA vuEt AZSRFNA FE AMEEHL s ZehaE
of dxel FHAAY Ao & xHAHEY JeEs s EYs W, B F9 v
AZetago] xHAA T FHEH Js AR o dHrt of&e AMEHE 47HA W
He Eel AVl o3 el wep BA 9] o] H& wAEE T A7 A]
T ztolE Hola glof, tid mAEEage] Av|e] mE A AR FEe] Ao
£ gelstaat skt

Az AF o] wWE xpols Lolr = At FAOl $-Eubel Aote] Hf mA
Fetage] EA9 09 FES AMASR F8H7] HsA 2AME WSt ATh AL



2 s %
2 A71E el ARE AR B A7 We F

A9 AF g 2
W opEel 49 W ATAde £4 Fol FAFEA] A=Y (Song et
al, 2014), ¥ wuAS WEe AY =R NEe FEHse] Age Aol

G5 sk -G AA sHF] Ul - g 217 Ao A Ff vAZEE
o] BXEZ ZAeAtHFig. 3-1-1). Y54 s+ A93 7 | Adde Age oF
42 kmolth, GE7+e] AW A (eF 23817 km?)S -t A 2HAE A, Ay 2

9850 FH E oY AW @ o4 FA0E olEH W Ak 457G HTE
= [

Oy o

e s 24T F U= ol L, TS MHste] s FEF 2 AR AT
=& zAE Bg nAZgAE 2AE 201299 AuA 7 E A2 de 717 (6Y
29-30d) 2 7](7¥ 23-24¥)° WE=7] 330 mmQ] Manta trawl net¥} WE=A7] 50

Q] hand netS ©]83tth. Manta trawl net2 2 A3 (0.4x0.195 m)9] ATE 7F
A, UE Zol= 3 m olth AL AAolr oF 15-25 =E(knot) & EZFolA 10%&
7F ol & Ae= 1 L Zg28 gy dHe ol = UF nae o AdAdn o
kel itk Hand net2 5 Lo =3to]l7 &@ H] o] A (beaker)E ©]-&3}4 Jzoﬂfﬂ A
20 cm AFolel E& F 100 L A3 U hand nete ©]&3te] o3 = 1 L E&k2H
A W Baeta APARE Rkekith @@@i HEgk Al
tt2E 8 {UlE T AMOE AA F 2 m AE ol &5
© 1 m AE AHEste] 2715 S Oﬂﬂo]oiour
%%%ﬂ%ol Aol s oA AREE7] 2

AZ7)(dry oven)oll Al 60C=E 24A 7 AZx & %a}i\,é}g]
2 mm, 5-25 mm, 25 mm o]’ wet FF SFET 2 m AE T A
F71E AAE 98 FisSTATH0)E ATFE 20%7F HAE 92 5, 4

A 273 oF RSkt f71Ee] AAR AlEE GE/F oA w2 ¢4=(<100
m Hg)o2 o3 & Azx7]dA 60CE 2473 AxsArh. dx4d GF/F o] 72 =
S H-& v 4 (ZEISS Model Discovery “SV87)3tollA wlAZet~gS #4619 2 m
ujnke] v Zet g2 A f(fiber), 2 Z22H (hard plastic), 2~E & Styrofoam)

>~

(film), Z"(spherule)® ettt F712 b3t 549 FH2Hit {FALS Z‘—Z}
£& Fourier transformed infrared(FT-IR)Z ¥A413 A3} Zg2¥ sy 22 uiEzak g
AeAe dEd AAE 7199 47)= #l(alkyd resin) &2 A HJ, o] =
2+ HJE YAH(paint particles)Z Fi-ste] AlFsEA T Tk vl A ZElaE e B
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o

7 FHEE Qx4 s st vAEgLY dFE FAYE A FT-IR &
(Thermo Nicolet 6700 and Continpum, Thermo Scientific, Waltham, MA, USA)
S o] g3dle] A5 Manta trawl 2 hand net A|59] 7] ¥ A Ao w2 nA
ZoprE NFEE BT particles/m*® 3AstTh 2 mn m Rk w A ZesEe] Zol=
ojn x| A1 Al 2" (Axiocam ICc3, ZEN 2011 programme, SteREO Discovery, V&) 2.2
At 171 2 719 B mAETsY A &2 dlals SPSS version 120

(SPSS, USA) Zz1de] #4HEA (ANOVA) .2 3353t

=)
ol

East Sea
Yellow Sea -
(1] o
1
° 012 o13
&0
Q131
“ & b ’ [
: g e ®i4 ®is S
* ? t
-
! @47 °
= S 181 % ®19 ®20
- =S
— =
6km . -

Figure 3-1-1. Map showing the stations for sampling of neuston
samples by a Manta trawl and hand net near the Nakdong River
mouth in the southeastern coast of Korea.

2) Manta trawl 2 hand net A|5¢ % H L

ZA}717Y % Manta trawl net A1 29 & F vAZgtag Jx s 5€0
0.62-57 particles/m*°] 11, 7€l 0.64-860 particles/m>¢] ¢ tHFig. 3-1-2). 2012 %
A Aol ¥ Frgake 599 65 mm, 7€l 419 mE JERW L, A7 9 Ht S
2o 170 mno) QL tHwww.kma.gokr). Hand net A1 859 & B vlAZgt2~g 4= 7)
F¥ 590 260-1,410 particles/m®e] W9, 74E 210-15560 particles/m*=2 1}
Byt (Fig. 3-1-2). Hand net Al&59] vA|Zet~8 dA2] 7H4=7} Manta trawl net
AlmET oF 10-100v] ol =doh Fi wAZEgt2E e A7]= 2 meldH(Manta
trawl net: 330 gm-2 mm, hand net: 50 -2 mm), 2-5 mm, 5-25 mm, 25 mmn °]F o=
FolA k. Manta trawl net AlS % 2-5 mm 2712 v A Zet~go] 59 A 10004
48 particles/m®, 7€) A A 15914 857 particles/m’® 7} Eokth 1 th2 o0& 2 m
njuk w A ZekaE Az Hg7F 596l A 10014 9 particles/m®, 7€l A A 1500 A
52 particles/m*= 2okth 5-25 mn =719 25 mm o)A mA|Zet A€ g AFE 5
Aol A 10014 2+2} 0.399F 0.08 particles/m*o] A aL, 79 A4 1504 z+z} 2.849}
0.77 particles/m*% E}RETE Hand net A& & 2 mm "% =7] 9] mAZgtx~€ gt
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o] A=A 1594 7820 particles/m’%® 7}d Zo] &dsdtt 1 thgo = 590 AHA
17914 2-5 =719 wAZet~8 42 AME7F 110 particles/m®2 LreERSE L, 79 o
A7 15914 2 mn " wke] WA ZgkaE A HFETF 6,950 particles/mP® UERSETH
5-25 m<} 25 mm °l4 =79 U]/‘ﬂ%a}’\‘:’] AxLe]l A= 5€d zZhz 203 10
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Figure 3-1-2. Spatial distribution of floating plastic debris by size
categories (<2, 2-5, 5-25, and >25 mm) collected with a Manta trawl and
hand-net near Geoje Bay before and after the rainy season in 2012.

3 wAZg2E dE 2 A
Manta trawl % hand neto 2 AAE A5 F 2 m o] A7 vAZFetE 2
A, B8, dEEYsYH, &9, 2HEE, 7IH ZYHE ZRS 2 m o] 49
Manta trawl net A5 % 2-5 mm 7] 2] Z:E]E%—O] 593 7€ EE AAAM TH
A8t tH(Table 3-1-1). Hand net A5+ 2-5 mn 27| ~HEZF 2 53 5-25
m Z7]e] 2 2% YA N7 2wt Manta trawl ¥ hand netoZ A {E A=
% 2 mm PRRe] mAEeAE S A, 25, AAEY2AE, HJE A, A9 AHE

o7 FEIYHFig. 3-1-3). 20124 5¢ 2 mn "] ¥Fe] Manta trawl net A 8= 3

_24_



AE JAH489%)7F 7H kil I o2 AEEE(19.6%) 3 H7(175%) ol
ol Wb 7o = AE]E2Eo] HAl AR Mg 51.7%E AA SR, 1 TR b
AE AR} 19.2%, FAZet~E JA7F 17.8% = YER tH(Fig. 3-1-3).

May July
604 Manta trawl Manta trawl
55 I Sphere 1
50+ B Film j ﬂﬂ
45 Paint particles A
9| i, [T Styrofoam
E=3 Hard plastic
[ Fiber

NN

R
[T
J

10000 Hand net

Abundance (particles/m3)

Station

Figure 3-1-3. Spatial distribution of type-specific microplastics (<2
mm) collected with a Manta trawl and hand-net near Geoje Bay
before and after the rainy season in 2012.

2 mn "¥Fe] hand net AlE & 5¥€d HJE JA7F F wAZE=E Ak 59
398%E AW, ttSor A7t BH2A%E, HAZ a}ig o] 227%E AA 3t 79
v ZEExol F vAEFHA2Y Jx i 317%E AA AL, o2 a7t
345%, HAJNE PJA7F 205%°I ATt 2 mn Y] Ff wAEe~g Y AFES ghets)
71 98l FT-IRE o]&3ste] &4 3 ZAy Zg o &dl(polyethylene), &2z = 3zl
(polypropylene), % 2]l 2~ (polyester), & 7] = (alkyd), &2 2~ #(polystyrene) & 2=
A EAT. 2AA A wAEetaE o ] AHS EdE (B A EF2E), 4

O E A 43, E2 ol 2 (A 1) M vh(Fig. 3-1-4).
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Figure 3-1-4. Fourier transform infrared (FT-IR) spectra of typical microplastics
collected from a Manta trawl net and hand-net from the study area and a
comparison with reference spectra.

Y BF v AESEG) AFHH BT

ZANE F RS VASGAEe AR Ao A% Aok dEEAY, RE
AN EASAT. AAHAOE 2 m o4 A7) WAZGAY PR FAR LE
b vhEREA e W, 2 m vlwe] v Eeage diAos m=A EEsg,

A 10014 7F8 ol vEeRyka, Wkl £-7](2012d 7¥)ell =
ol AH 159 18-10A B2 F7F Ed Ut Hand net A15<] 2 mn ©] PIAE

28 A Mg 590 AH 17414, 7€ AH 15904 7 2eoH(Fig. 3-1-2).
20123 79 AA 8elA wAEFeEt~E A MGTE 59l wlE Aoz Frhste
Aol AN, o= 2 m MIRE A7 AFIF FrRsth A BH 89 A= A
oz dei a9 ZH8l At Manta trawl net A5 F 2-5 mn =27]¢] ¥
23E2 2012 50 AR 10014, 7€l A 15 B 18-1914 mAEE =] iR
S AA]3FAH Hand net A&+ 2012 590 A 179414 2-5 mm 27|29 X~EHZZ
o] F=3kAaL, 7del= A 15904 2-5 m9 525 m 2719 2E|RF] $HEA

t} 25 mm o]Ae] w A Zet~E-& Manta trawl net Al5 % 20123 79 AH 10914
dAZetagol YE AL, hand net A=l = A3 139 13014 242 B Eeh~E
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FZettHFig. 3-1-2). 2 mn ] ¥F mjAlEet 28 2} e 2 m
A el EESE AR AT 2417 F 9 Manta trawl
5 % 2 m VRt A7]e] mAlEEtAg 2 2 AJAE A

Fehas, Ao 47 FEi7 44 dA mAlEekag e 175-51.7% 5 A

>
o
2 i

&, A5k
T}, Manta trawl % hand net Al591A 2 mn V9 =719 FHJE JAR= AH 7F o
AotA EESATE W, A ERES AA oA Ao vyt BA S
B2 Manta trawl net A|59A] A &Aooz ZH3 ¥ A fF+= hand net A &0 A
o2 e T Manta trawl 2 hand net A1&E % 2 mn VR A27]9] X2EZE ¢
b R bl mlEl 7ol Frhskiith 5ol A oem AL AA (6

partlcles/m‘g)ﬂ A3 3, 7¥ol+= Manta trawl net A5 A7 159 18-1914 =
7}akd 2™, hand net Al&5v A3 159014 B2 4A7 =dsAHh

2 mn "] Rre] mAl =g~ F Manta trawl net A 59 A, AAZg2E, AEHRE
=, HJE A= ATl wet ZFelrb AN S hand net AlE= A

E
2,
)
R
N
o,

7} FElahA] }‘:P(Flg 3-1-5, Table 3-1-2). Manta trawl net Al &2 Af % 2
Zet2~E JA AMge 5 HlE] 7ol FYstAl ST tH(p<0.0059F p<0.05). ®E
H A ER G Hit Mg SR 79 Frtstov, SAIAA Felde §l
2tk Hand net A2 Hfoh 2EZF e Fit A5t 78] Srkstd o, o
E FHo mAEgaE 2 A7 ZFol7E g1%lth Hand neto® A F g m A &2k~ E

o] A7I(<2, 2-5 5-25 >25 mmell o] Y] Aot A FE 5AS Manta
trawl neto 2 g v Fet~E R A 2% ZFAdrh G55 BfF v EFe~E
of A TEE 1 ALY a8 uAZgage A7) 9 FH e B
21th. Hand nete® ARI A5 £ 2 mm 7w AH9o =388 (345-355%)2
Manta trawl net(11.2-17.5%)°l H]38] =9t} ¥, Manta trawl net A= oA <] ~F
2E9] 494 &(19.6-51.7%)<> hand net Al =(1.6-31. 7(7)01] H)3] HyrA o2 =k}
Hand net Al& 5 A, A2 &2, HRJE 4R} 7 Manta trawl net A] & H.t}
100w} o] =skoh dF oz v ngi EJJr 2T A= 5%74 74
o] Xfo]7t el ] A
9] 631319} i 37]Q A Al —tr'*vor ]/‘ﬂ%a}i‘afﬂ 54& dotst

gt

r{r
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Figure 3-1-5. Temporal variation in the average abundances of type-specific
microplastics (<2 mm) collected with a Manta trawl and hand-net in the southeastern
coast of Korea after the rainy season in 2012.
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< 7] flske], g etAA W #HHAgrte] SA4S 2t HaEints e R
AL _/;s shlnh laiRte] Hi mAlEet~Y ZARE 201399 FEA7E AR

| ) B 7179 109)o] Manta trawl net(q%==7]: 330 m)¥ hand
net(&5=27]: 50 um)S o]&3te] 107 FHoA 33 AcHFig. 3-1-6). Manta trawl

Hand nets ©]-&3 A5 AH Wy 2 A vASHG=He 34 $HS

AA 5 Aol AL FAdsHAl AT &, HF w54 1 Lol Akl 500
=

mle| A FE5EFaE T 24 24S AT 10 mlE 3 F s4x=29ow uAe
JaL, ATEF 45 skl 7 A7 LA F100-200 mDe skl (GE/F) A= (24
AlZE, 60C)S PIAIA =l A 57 8t

2) 2/ i vASGaYY FE D RE 54

Manta trawl net Al&°] TAZFe28 7f4+= 20139 6€ 0.910(HHE 3)-3.69
particles/m* (87 8¢ WA Hi 195 particles/m’S YERY 799 057(F A
2)-2.13 particles/m* (B 7 WYl HF 121 particles/m’Et  =SHH(Fig.
3-1-7). Hand net Al®* Manta trawl net A|&¢= Wbz 7€ 150-700
particles/m*e] W $loll A 1+ 481 particles/m’S Ve, 699 140-480 particles/m®?]
W 9] (3 7 305 particles/m®)oll H]3] © =9th Manta trawl 2 hand net A 804 =
T 2 mm o3t A7 m A EEtaEe] BE A7) @ HHANA F 78% o] S AAEA
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Figure 3-1-6. A map showing the sampling

stations in Jinhae bay.
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Figure 3-1-7. Spatial distribution of floating plastic debris by size
categories (<2, 2-5, 5-25, and >25 mm) collected with a Manta trawl
and hand-net in Jinhae Bay before and after the rainy season in
2013.
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Figure 3-1-8. Spatial distribution of type-specific microplastics (<2
mm) collected with a Manta trawl and hand-net in Jinhae Bay
before and after the rainy season in 2013.
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/(A Q)9 WHE Hi 112 mgy/m’S YEFATHFig. 3-1-10). A7) 2 $7] A =
F AH 8ollM = S Btk Hand net AlRY SEZTHIAES AFHS 20134
6ol 6500874 1) - 10375 mg/m* (B 92 W2 HiF 949.0 mg/m*S JeEAIL, 7
2o 857.5(4 % 3) - 1,090.0 mg/m’(FH 79 WHZ H+t 9835 mg/m’S YERN A7)
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Figure 3-1-9. Weight of floating plastic debris (>2 mm) collected
with Manta trawl and hand-net in Jinhae Bay before and after the
rainy season in 2013.
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Figure 3-1-10. Dry weight of zooplankton collected with a
Manta trawl and hand-net in Jinhae Bay before and after
the rainy season in 2013.
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Figure 3-1-12. Map showing the location of microplastic
sampling stations around Geoje Island: Inner bay (stations 1,
2, 3, 4, and 5), Nakdong River mouth (stations 6 and 7), and
offshore (stations 8, 9 and 10).

=

=
°©

o},

AR TS AHESA 2 A AAE ATk F EFF(bulk water; o3 F
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Aol ARHAR 1,3, 5) A3
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Hand net& A5+ F X559 vp7EA 2 100 LY 45 2359 °F 20 cm 2 9]
ol AHF F FE 50 me] o2 5 oHsl: AEEHFAE & hand netd )43}

of AAgelA vt ARE AT
Manta trawl net> A &7F AHAE = A7+ 327171 40 x 195 cm, F5 330 mo] ™
ZAF AAONA 15-25 =EQ £x= o 1087 Fo] 5 Eiiﬂ ot w Al E ek

to &

=3
H(EAAA Y F E=5, hand net,
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-ca. top 1 mm -ca. top 20 cm -ca. top 20 cm -ca. top 20 cm
-2.272.81/3.14m? - Hand bucket (100 L) -Hand bucket (100 L) -Towing : 2 knot / 10 min (48.2m?3)|
-2 mm sieve; 100 times - High volume -50 um mesh on board -40 cm x 19.5 cm aperture
(gently touch the SML) filtration on shore -330 um mesh
[ T I I v |
Filtration Sieving

-GF/F; 0.75 pm; 47 mm @
(bulk; 15 mm @)

Dry (60 C, 24h)

- Counting whole plastic particles

25% of filtered area

| Stereomicrosope I(—

-2mm

Visual sorting
- Naked eye (>2 mm)

Removal of organic matter
-34.5% H,0,(11.5%)
-1 or 2 weeks

v

Filtration
-GF/F;0.75 um; 47 mm @
-Dry (60C, 24h)

FT-IR microscope
- ATR/microscope
- Thermo Nicolet 6700
- 128 scans; 650-4000 cm™|
- resolution: 8 cm™

Figure 3-1-13. Schematic diagrams of four sampling methods (surface
microlayer water, bulk surface water filtering, hand net and Manta

trawl) for floating microplastics.

{ - Selected plastic-like particles

Surface Microlayer

Bulk water

Figure 3-1-14. Photographs of four sampling methods
for floating microplastics: (a) surface microlayer water
(b) bulk water (c¢) hand net (d) Manta trawl sampling
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(Lh A Eehag Ao 2 Y 24

Ao AHATF FHBAGY s ANEes AP FEA %Oiﬂrxl(GF/F 0.75
m; 47 mn @; Whatman, Maidstone, Kent, UK.)ZE o]&3}o] o33t & ¥ E g ]
Tol 60T 2ol A Ax=AZ F FoHdt A 37| (FT-IR: Fourier transform
infrared spectroscopy)& °l-&3to] A=, A A S Aol A3t o #A el A
olytgl FWA ] 25%°] Tt T 57El(7.9 x 7 mm; FWH: 276 cm)E %
Au deste] mAEFe2E AFS At 24 A FH2EAE A dA}
2 % FT-IRS %3l #A=HT FT-IRY ~FEHL 8 cm '9 s
650-4000 cm "o W9lel A 128 2] Hrgho 2 deEtdidch #FE | w4 Eesd
2 A7) wEk (<50, 50-100, 200-300, 200-500, 500-1,000, >1,000 m) 6712 1H o=
o] s deo] webA A E # R A (paint resin particles) 2} Z2}~E
o2 uro] #Eetd o, FepaE e thA] B mel I (fragment), A fr(fiber),
Z~-(spherule), ¥ & (sheet), ~~E] & ¥ (Expanded Polystyrene; EPS)¢] 5 15 o2 T
woto] #Eetth A2 mAEFSAH S BY oA EEE #Yshs Zlo] Hrlset

i, el T AEesE olelel s Eekiel wob AEsge dge e

100 L & %35 AMEc dE&dFARA2"S o] &sto] #el4d o A A(GE/F; 1,
0.75um; 15 ecm @) o1 #3g 7 FAEZ Aol THol 60T oA A7 5 FTHAA
o A g9 w7 A R FT-IRS ol &3ate] A&, BAEAS sAld sttt of 34
A ol Al ol FHA L] 25%0l slEeEteE 79 5 Hl(1.446 x 1446 cm; FHA
1046 cm?)E FA91 2 et ngZekay #Eg APstch

Hand net¥} Manta trawl netAl 5+ A= o] Wol 2 m A= AL % Al 2 m

e

149 Zetayg 27458 Fow Bydan AS5Eddd 2 mm AR AR e
&5 AAst7] f18 34.5% st (H00)E H7bsko] 25 &<k AXAZH o 23]
kg0l £ dl¢ AsEe FEAFAARA(GEF;, 0.75m; 47 mm @, Whatman,
Maidstone, Kent, UKol o33 % EZtHd wol 60C FolA A=A ZH
oyty Zgx¥ 2zZEe 53w 7 (stereomicroscope, AxioCam ICc3, Spectra
Services, Ontario, NY)< o]&3slo] AR S AA Y. 2 ##EH= Zgkxyg
Z271e A4 FzQE AWsle] FT-IRS S3le] AAEAS AAEA

HtEAR S SA4S S8 2 LY SRTE E‘?ﬂﬂxﬂﬂ a4 A5 mpRHA R &
@l Fo ¥ FH fFdfrddAd A F FT-IRS ol &ste] A= 2 FdEH

N

S A wtEA R = wAlEEE s o] A A A Wik
EAAEE SigmaPlot ZTZ 1S A&t A2 Wi APEE uz

g2gat HoE Qx F& 7+ Ao]lE Ay H = dl Mann-Whitney rank sum test
7F AFgE o) Wilcoxon signed-rand test® A& AFH Al71(GE Y 79)o] wE v
AEet=g3 FJE JAte] T2 1t 2ol & Ay R = AR H T

FHAATAA E2E T8 vAZFeaE AR UEE Moret-Ferguson(2010) 2]

_38_



Qe g dgets gtk 27kl wAZHgaE 245 5 ml FR Y
S 5 2-3 mle Fx3HE F3lold (1.7 g/mh)S B AA EE50] FAL EHv =
Zto] % A%, WEE WE) 9§ TRFE Wrbetn v E50 FA o] By
A St Zbo] &4 YolA FAFHS AT 7] wrEEon FAHHFH
S 1587 FA 7ol e g9 UEE 3 WHE FAsto HF HEE FQlg)
oﬂq_

AN

2) A543 2 E9

hH EHABA W vAEgAY AR
EAAAAY § FEHA nAZEegtaE e d7)= =X (alkyd resin, ©]dt &7]=)7F A
A mAZE~g o] [1%E 7Y =2 H&S AXFE AL, FE o]o] poly(acrylate/styrene)
o] 11%E #FAstAtH(Table 3-1-3). ©] F+ A&& A Eet2ge Ejz=234d
(Polypropylene; PP), & ¢]ol € @l (Polyethylene; PE), %] ol ~~E (Polyester; PES), &4
115 (synthetic rubber), 71E} &4 4= (phenoxy resin, polyurethane, acrylic, expanded
polystyrene 5)& Z+z} 25 11, 11, 8.3, 44%= =}A] 35} t}.

Table 3-1-3. Composition of microplastics by polymer type in the sea
surface microlayer identified by Fourier transform infrared spectroscopy.

Abundance Composition (%)
Polymer type (paticles’L)  Total  w/o paint particles’

Alkyd 171£113 81 -

Poly(acrylate/styrene) 24421 11 -

Polypropylene 4.2+4.8 2.0 25
Polyethylene 1.8+£3.6 0.8 11
Polyester 1.943.1 0.9 11
Synthetic rubber 1.4£3.8 0.6 8.3
Others 7.3+12 3.4 44

* % composition except for alkyd and poly(acrylate:styrene)

of FWestA AMEE L glom(Shtykova et al., 2006) &7 344 A =
2 e AbgEn FUAA YA dHE 4=
FE A%
Bt

3 °
250 54 Fejsh Ago v Fojnol &gl

=

=



AAR AAAY FRHEY AL oA &Y dutelA AFHE HJE HxH
FuAA G THE V= Aget v dE Ay 2 A2 FT-IR 23 EH o]
o) X &} 94 TH(Fig. 3-1-15a). 2924, 2853 cm 'S C-H 417l % (stretching vibration)<
tebdi T 1410-1510 cm ' BRbZgRe] AWHA C-0 AFXFoR U7E FAo A

i1 N

4 59 WES HE 1300-1000 cm ol A A vERGTE 1068, 1118, 1258 cm =

EH = R
of ~¥ ZA3l(ester linkage)o] EAETS HoFErh old EAZQ ~dEY F9L2 B
=

Aol EdstA FelEgdet. F7learde 830-860 ¢cm (C-O B W #3)3}
~740 em (C-O W Fa)ol Al EelE ) 1728 cm A Y e F wleE 23}

" C=0% yEhar 9t

Poly(acrylate/styrene) 2] Al& 2] 2723y FT-IR 2FEHLS FRP X2 A3
CHFig. 3-1-15b). W&FFHae W CH 259 AFHEE 3000 cm o] delA <Fat
ety B 7F AER %8 1451, 1493, 1579, 1600 cm el A vEbdT) mEE 742
cm 9] W C-H WEe} 700 cm oA e nmss gdxsddagrt e

235 YeEpda gt o] 52 B poly(acrylate/styrene)©] Z=E}o] &l (styrene)S HE}

T 2dEYoR BE AgAA Zsta wHetA HolFa gtk 1724 cm '] AE
ME= 23kd C=09] AS3sE Wehla vy A =2 Wiba S M gl 8
SrgE FUAAY Age e FT-IR 2FEHS Yetdia o], g A
A AHE Alse Beks 7Y obde HolF il dvk(Fig. 3-1-150).

ZAA| ol A T mAZERE T 7Y =8 HIEE A3 UY]=9) poly(acrylate/styrene)
& agolilolld oA v FRIE IARR SRIFRIE A A9 9] HRIE YAbEol mAE
gty S AFHsE A Tl 2ARACA "o uskE TheAde tedt 22 ol
= A E A A, FHFA G AFE ARJNE Y= EHEA 27)7F Fopd
FE 2 Fol FUtetE S = F Ath(Fig. 3-1-16). o= dFE ol HIE ¢
Agol Rl A EAstEA HAF 22 AV|E S EATE e r .
Rkof ARl HIJE dAbso] Wold usttidl mwlAgA Tl ddE 274eS
AAZ AV|REE BolA F%s Aotk =4, A A FHael A AFHE <
Eo 7= A9 gugA el G5 Als AFERS v HokE u, F
sHEYo] AR 73 FIE UEl= FEolA Zol7t e e FAsdtH(Fig.
3-1-17). AA, 2=AMdS ol&stA & =13 F7(n=2) THNA AIET}
A AA B2 HFAAE o] gt AMHAY ARAME FAQJNE JATE HAEH AT ©]
= olvl Aol AJE dAEol EAstL deS v 20129k T
ol de AAAGNA 2610, FAFEAA 14994H o Sttt FHAA G B
S FRIE YAELS AFAY FHd ®BxF dE AL FolAe AMube] e
oF &gt Mupge] o) 44w AoE Alsdv
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SMLsample

S{M!.sample '_l_|

£ b A g A A

Antifouling paint (AFP)
AFP-1
'4

Figure 3-1-15. A comparison of Fourier transform infrared
(FT-IR) spectrums of a (a) sample from the sea surface
microlayer (SML) and a general anticorrosive paint used on
ships, (b) sample from the SML and fiber-reinforced plastic from
a ship, and (c) two different antifouling paint chips from the
shipyards and boat maintenance facilities around the study area.
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[ Paint particles
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Abundance (particles/L)
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<50 50-100  100-200 200-500 500-1000 >1000

Size

Figure 3-1-16. The abundance of paint particles
and non-paint plastics by size in the sea surface
microlayer.

SML sample

Paint form
Research vessel

Figure 3-1-17. A comparison of Fourier transform infrared (FT-IR)
spectrums of a sample from the sea surface microlayer (SML)
and a paint from research vessel.

(W) FHAA W vAEetaEe] Ux

ERAA LA B AR@-13)sh 2H2% 2 AulA AR & du &
g A9k HJEMm=8), FRP FA(n=7), Wexs(n=49 H=x+ Z7 1.44+0.10,
1.41+0.10, 1.27+0.05, >1.7 g/ml&= A=A tHTable 3-1-4). B=7l & WeLE8Es ¥
e stobel geol A wF shehekel FBE £ Aol BrbssYh 2= A
59 W& d WE(1.02-1.03 g/mhEY v ERAIRE BF FHAA A A
o), WA= dxpel Ff bsde HeAshs) A Fb 49 agsqch 2007
04-436 mm W99 A= A7 ASE ANE AHES vAe] B 5ol 5
Hgre W, o 46%2) AAE AATol Bi ARon, drg A BE FoE o
23%¢] ANE PAge] W Y AL FeAHATh ol EuATe F HuFHol
MRt Be W)= YAE RHE FA F Ao Az
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Table 3-1-4. The density of alkyd in the surface microlayer
samples, paint samples from ships (General Paint and AFP),

and FRP.

Sample Density(g/ml)
Alkyd in the surface microlayer (n=13) 1.44+0.10
General paint from ships (n=8) 1.41+0.10
Fiber-reinforced plastic (n=7) 1.27+0.05
Antifouling paint (n=4) >1.7

(th FHAA W A EetaE ] S5

FAAGA| A o] v A ZERAEL HIE R UTI= 9‘r oly(acrylate/styrene Y =H <k
Eopago g FEete] Hlauekih HQIE JAbe] HitF s 1954114 particles/L(150+£90
particles/m?), Ze}~E9] HFZEE= 16414 particles/L(13+11 particles/m?) = 2= ¢)
(Table 3-1-5). WIJAE JAb= AV|7F Fold 55 ME5rt ¥ S7ks wbd, ZeEhaEe
Mo A7) kel 5818 A7} HolA] okt

Table 3-1-5. Mean abundance of paint particles and non-paint
plastics in the sea SML on the Southern coast of Korea by size.

Abundance (particles/L)

Size (m) Paint particles Plagtics
<50 95+57 8.0£12
50-100 67+40 1.2+3.3
100-200 22420 1.242.7
200-500 10+11 1.542.9
500-1000 - 2.7£3.5
>1000 0.5+1.5 1.6£2.6
total 195+114 16+14

[e)

O
o Mo

U]‘ﬂ 28-S o] et viro] Bts o, &t Zr= HAE

+ I (fragment) &2 R 3H FE Y HAEFHAEHLS F B%E MY =2

g AxEgon, GeoR ATQ8%), AH(21%)7 AAFATHTable 3-1-6).

AA o A FzE AHFE 20002000 me] HolE zta Qllom A= <50 mm

Attt ~EREZ L 0200 =AY o, FE(sheet) S BE AR A BRY
ATH

2=

oo
Erz

rd e rr
L
R

=,

&9 N

)
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Table 3-1-6. Mean abundance of paint particles and non-paint plastics in the sea SML
on the Southern coast of Korea by shape and size.

) Abundance (particles/L) Percent
Size (ym) Fragment® Fiber Spherule Sheet EPS Total total
<50 97+58 - 6.0+£9.8 - 0.2+0.9 103+£59 49
50-100 69+41 - - - - 69+41 33
100-200 23+20 - - - 0.2+0.9  23+20 11
200-500 9.8+10 1.3£2.5 - - - 11+11 5
500-1000 1.1£2.6  1.6£2.9 - - - 29434 1
>1000 0.5+1.5 1.6£2.6 - - - 2.1£2.9 1
total 200£116  4.5+4.1 6.0+£9.8 - 0.4+£1.8 211«£117 100
percent total 95 2.1 2.8 - 0.2 100
“Including paint particles
(ZH) Al=AFH R e SRk 44 v
s ETo vAETEHY T B 2L fd A5 47}X1 Az AF Rl
mel Bl tH(Fig. 3-1-18). xWAA T U vHEe=ge =

a213 W Aol vuE 98 particles/LE particles/m®
ARJNE JAE A vAEg2ge] FAdFes FUFASML) (16,272+13,457
particles/m®) > hand net (1,143+3,353 particles/m?) > % #Z<(bulk water)
(213+141 particles/m®) > Manta trawl net (47+192 particles/m®) 20 & =¥},
Hand net®} & %55 19 FE9] vluE At xWAGAY F X5, hand net,
Manta trawl net 7+e] nAlZEt2E o T == F5HA(p<0.05) =Fol7 U= AE &
kA tHTable 3-1-7a). FNE 429 HAF=+  FHABAT(194,450+114,445
particles/m®) > % ¥Z92(733+167 particles/m®) > hand net (196+121 particles/m®) >
Manta trawl net(0.88+0.81 particles/m’) =20 &2 §LO]QO*EP HAE 4] A5 A=
of AH Wl wel 1 FETF FYSHA(p<0.05) Aol E H At (Table 3-1-7a).
A Zet g3 FQE A B A A ol A 7}% ol T A=, o
ul 7kAe] ol = AwWE 4 vk A, HEVF v A Zetagy awAE ol
FHAA] 2214 54 fjEor AR FUHAAYGE nAdE &l o5 A
H % E7} =2 v I =2 A (microgel) ol 2] 3l HEFELEQJ 2=

—_

S [y oo Roox fUuorlr

o_>L
lo
;
T mlm
_rg

A we s AAsG. BA, wﬂﬂxﬂw AEAA e Hh w S
A9 WAt B H4 XA A4 ge G iH;S%M wol Fg oz oA



AZgagL dugutozs s Wy ofgo. B Ads ZE A ZeaY
4 FT-IR% —Ec*ﬁ, SFAA W BFeA] Zg vAETA
gol X3Ho ¢ =2 FEE BY F AUtk whATSE hand net¥} Manta trawl
net¥ #Zol W& AREst= Ay WHES AZgt2=d Aae AHAE &
T ok ZAAA Y T RS AEAMH YRS EE AREsHA @3 0.5 B
1 me oJFH}AE AFE3S 7] W+l hand net¥} Manta trawl netoll A x}FH3dF#] %3
Zkzb 50 H 330 mmelste] mAlEEAE S AHT 7 vk AsolA Hxo] A7t #

£33 MBS sge] FEo} ks AL woly] WE, e 29 vAS
= H o

T
fz
kv
L
flo
o

= R AR AFH U ] uel zpol7b v= A

3 A7lel wE ZE7F FElshy] witell(Table 3-1-5,
Flg- 3*1*16), A8 AFH Wl wet FEid wAEAge =AW BETF vl
g2 A el th(Fig. 3-1-19a). dubx oz 373 o m 278 ZAeE AEHE

4>

& Z7F2(Heo et al, 2013) Manta trawl net¥} hand net Al &4l Z}2} 96% <} 56%
E A v F 2ok RHAAT AR oMe 4 283 02%E AHA ST
HRJE A= Alefetd, gz & o vASH2ge T £33 ZHZAT
Az A Fgder =2 H&S xA| = WA, Manta trawl net¥} hand net A&
ANM= FElg S Holx gokth(Fig. 3-1-19b). o]k o] A== Wyol] wet
wEY = mAZSgaE e TR FEivE EebA 7] wigel Ao 5 wep duke
AEe] AFH WHE A eforstt

(M) FAAA LY A EFepE o Al gHE X 54

FHAA SN Zepagdt FAJIE A= A7A S el FYH A xSkl e
o, 593 79 EF 5AI BX dEHS Holx dvh(Fig. 3-1-20). 5€ 4H 1(66
particles/L)¥} 7€l A 10(32 particles/L)ol A 7F4 W& Zgt~go] WwAEg o,
HAE Aol Ae 5¢€o AHH 4(467 particles/L)eF 7ol AFA 1(245 particles/L)l
A 7 Bol %‘ﬁﬂ At FHAHoT AHEW, Wk (AHA 1-5), 45 dFH(EAH
6,7), (B H8-10)7F Feh~EH FARJE JAY Fr& o3k AolE Holx| 2%
tH(Table 3-1-7b).

A EeaY T2 AIZHE WsteE Az A GE)3 S(79)d FAE LT
AR A Ao Fe2Ee Fee Auk A Fo] {3 2po]E HolA 9%»}0‘/}
JE 4w E1 AA #EE A (Table 3-1-7c).

o _1

slole xzte] 3% THel 59
(1) 58] i vAEGsY FE ARk ¥
B vAEgage A A PEe A AAGeR oy EEaEA o} o
TA R ARG G BR AYY, $Ee] A7), Gest asd we vAgSe
z8 BRAA Fol AgHL Ak 9o Aneld me]l Amel AA el wel
e gAsh Eehage] Fwoth 2 e g3e] the sges 2AE mA
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Off southern California (USA) g O O
OO0

Southeast Bering Sea ™
Gullmar Fjord (Sweden)b— O O O
Eastern tropical Pacificac— m
North Pacific subtropical gyreac— m O O
Southern New England (USA) ‘] cm @ O
Southern California (USA) O CIK)
O

North Pacific *
. <
North Pacific central gyre o
. d
North Atlantic (Scotland-Shetland) O O
Inshore & harbor (Sweden);— m
Singaporeo— 0
Manta (Plastic) :- m O O
Hand-net (Plastic) il-
Bulk (Plastic) 9€))
SML (Plastic) -
Manta (paint particles) O Ky
Hand net (paint particles) (. V)
Bulk (paint particles) - @

SML (paint particles) .0 1)

10° 10?10t 100 10t 10? 10° 10¢ 10° 106 107

Location

This study

Abundance (particles/ms)

Figure 3-1-18. A comparison of floating microplastic abundance in surface water:
The alphabetic superscripts indicate net mesh size or sample type: a, 505 um; b,
450 m; ¢, 333 m; d, 280 um; e, 80 um; f, surface microlayer; g, 330 um; h, 50
um; 1, bulk surface water.
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Table 3-1-7. Summary of statistical analysis: (a) Mann-Whitney
Rank Sum Test between the different sampling methods and (b)
between the different sampling locations and (c) Wilcoxon Signed
Rank Test between the different sampling seasons.

(a)

. P value
Comparison data s Plastic Paint particles
Manta trawl vs Hand-net <0.001 <0.001
Manta trawl vs Bulk water 0.016 0.007
Manta trawl vs SML <0.001 <0.001
Hand net vs Bulk water 0.075 0.007
Hand net vs SML <0.001 <0.001
Bulk water vs SML 0.015 <0.001
(b)
. P value
Comparison data set Plagtic Paint particles
Bay vs River mouth 0.128 0.944
Bay vs Offshore 0.777 0.551
River mouth vs Offshore 0.257 0.762
(c)
. P value
Comparison data set Plagtic Paint particles
May vs July 0.232 0.037
100 (a) T T 100 (b)
@ Paint particles
ZZJ Fragment
801 801 g g;l;cermle
[ Sheet
E 60 60 1 1 EPS
5
R 401 40 -
20 + 20 A
0 T 0 . f . ¢
Manta Hand net Bulk SML Manta Hand net Bulk SML
Method Method

Figure 3-1-19. Composition of (a) paint particles and non-paint plastics and (b) non-paint
plastics only by shape in different sampling methods.
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Abundance (particles/L)
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Figure 3-1-20. The spatiotemporal distribution of (a) non-paint plastics and (b) paint
particles abundance from the sea surface microlayer around Geoje Island in May
and July 2012.

vl &y
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=<

"AgAT ) vAEeeY 09 % BE 54

1) A4A4d
2012 AA| sF A 2 Hawh dF AHoA AtE FFA w A EetE o
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Table 3-1-8. Abundance of microplastics by type [paint particles, fragment, fiber, spherule,
sheet, expanded polystyrene (EPS)] in sea surface microlayer.

Paint  Fragment Fibe Spheule Sheat EPS Total
Abundance (particles/L)

<50 30+23 4.6+6.5 0+0 24+47 0+0 0.4+1.3 59+49 33

50-100 38+30 1619 0+0 0.7£2.2  0.6x1.9 19443 57«18 31

100-200 12+14 10+12 2.1£3.8 0+0 1.7£2.8 5.5+£9.5 31£19 17

200-500 11«10 10£9.3 1.8+3.3 0+0 0.6£1.9 0.5+1.6 24+7.3 13

Size (¢m)

500-1000 3.1+£3.4  0.5¢1.6 4.2+44 0+0 0+0 0+0 7.844.8 4.3
>1000 0+0 0.7£2.2  2.5+4.1 0+0 0+0 0+0 32+£53 1.8
total 94468 41+23 11£8.2 25+47 2.9+5.8 8.3£14 182+68 100
% 52 23 5.8 14 1.6 4.6 100
300
I paint particles
[ plastics
250 —
5
o 200+
2
g
§ 150 -
8 _
e
S 100 -
o]
<
50
oL m [

1 &2 &3 4 &5 0 s6 &7 &8 &9 510

Station

Figure 3-1-21. The abundance of paint particles and plastics in the
surface microlayer.
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A = 7(:)]
A 719" Ao R AEdE(Browne et al, 2011). AR B A dHgE 1A
impact PP= Y217 Fo], &, oHde HiE FolA 719E o=z HAt(Jang et

al., 2014).
aTE a7)sh FeE st dvkAR AT BFE Sohay grom T4
=

o] Ho] Zg}xg AnpA|o A 7|HE Ao oHdHTH SEX| R w3 A A 2ol A
BT aTE AFAA ALHT Qe SaE dvkd By 277 vad 2n 9
A 7 Uz 2453 Qo] Ak A dAviglAe] Y o FrhHel A
7} @ ety

Table 3-1-9. Composition of microplastics by polymer type in sea
surface microlayer identified by Fourier transform infrared spectroscopy

(FT-IR).
Abundance Composition (%)
Polymer type (particlesL)  Total  w/o paint paritcles’

Alkyd 64+48 35 -
Poly(acrylate:styrene) 29+32 16 -
Polypropylene 15+15 8.2 17
Polyethylene 15+13 8.2 17
Phenoxy resin 10£22 5.6 11
Polystyrene 9.4£13 5.2 11
Polyester 8.6+8.9 4.7 10
Synthetic rubber 0.6+2.0 0.3 0.7
Others 30+43 16 34

* 9% composition except for alkyd and poly(acrylate:styrene)

(th the Aele] zA Ao} )

ol
201391 10€ 10 e el = wiek g HE thusvE g - g
2F (n +

i Qrme EWAA
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289 TLEE 7 44, 90, 423 particles/L(E i+ FH =2}, 187+207 particles/L) 2 21
iRk Qb W=k ks HAAth sHAINE HIE JAE A HohAgwk aes] B
s W, Gt T AFoAe FH2YH FTET 1712206 particles/LZ 71 & qHe]
88+68 particles/L T} 193t A(p<0.05) =2 #S Bt 3 Flarte Ao Zef
~Elo] = AA T Aoto| A (16+14 particles/L) H.th 28t A (p<0.05) =A &
ZH A (Table 3-1-10). ¥kdol], HAQJNE Yaro] B¢ F& HEolld= 1 Fho] ¢
worom, Xafntol A #EE HAE JAO] FE(94+68 particles/L)= AA 5 At
oA #EH FTE(195£114 particles/L)Eth 23k (p<0.05) St} ¢ A3 2 0] Fo
Kol B A7 A a3 st EA e BT AA sF Ak B xlafvtke] i
8 =g F Y9 stuE AlREY, 49 Sgk2Eo] fEE HAU b=
Ao HRIth EF wA FHJE Ao A9 oAdLdsd fdusdel] &S e A
o7 Atgdth ety AR 5 At A #EE wAEFHAYHe Fee AVFEE
oA #BHH vAZTgAgRT Fo5 A (p<0.05) A BEHAHFig. 3-1-22). X&)
T RHAAY W] w A EFesY Z2AER TR Ak fFARgE MRk Ao F9l
Atk o= ARl dutel AAA wAR Eekaga FARIE U 7de] JAL
EAT T E & Q) ofey 7]Ee g2 L9AEI) =AY dlded g AW
AL ] AFol ANt HAG fEuvete] A g B wAEgaE e o F
o] &=l By FFI FAs Y 5] =4 vEha glof, =l Ak Hdwt
of A wAZgt2E 9ol dE AAAlL FHVIAQN AL dad Hdew
ok

Table 3-1-10. Comparison of abundance of microplastics (paint particles and plastics)
between in Jinhae bay (this study) and Geoje Southern coast (Song et al., 2014) by size.

Jinhae bay (This study) Gegje Southern coagt (Song et al.)
Size (ym)  Paint particles Plagtics Paint particles Plastics
Abundance (particles/L)
<50 30423 29+49 95+57 8.0+12
50-100 38+30 19+18 67+40 1.2+£3.3
100-200 12+14 19+19 22420 1.2+£2.6
200-500 11+10 13£7.3 10£11 1.5+2.9
500-1000 3.1+£3.0 4.7+4.8 0+0 2.743.5
>1000 0+0 32453 0.5£1.5 1.6+£2.6
total 94+68 88+68 195+114 1614
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Figure 3-1-22. Comparison the abundance of paint particles
and plastics to different locations in the surface microlayer.
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Hetherington et al., 2005; Mcllgorm et al., 2011; Sheavly and Register 2007). 3}#| 7t
AAR e 4R o BEEE 1 mm o)A Zetay 28719 56%E @
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Figure 3-1-23. The pictures of density separation of microplastics
from sludge using deionized water and saturated sodium chloride.

3) ATdd R &

stEEUA G WRT U vAEFe~Ye] FEE 0.88 particles/LE 343 (74%) 7
A THTable 3-1-11). A A $ 500 m7bA 71 A7|7F AR

A (26%) FEl A st

TE T M Stete AEFS Blew 500 moldtH Faste 43S Bt

Aol AS 200 mol dE EASHA T MM ZEEtE e FEE AVEE AHEGS

w, 200-500 /e mAZEago] 47%2 7HF wol WA FHlow, AjHow

A7)17F A v AE22H2(50-100 mm) 6.9% = H&o] 71 A AFEH A
stFEAed T W mAET2gY 2A4S durd, Zejzeddlo] T8%

2 7M=& 8&S A3 K (Table 3-1-12). ZEloldalle 10%2 2HAE 243}

39%2 AA &ALt tgow Eo2E}t 23%, EexEldo] 12%S 2459
st AP HiRTaAME tE mReA HAE A SeaEg s bR A
e Zz2ddy Eeoldale] 7HE wE vlEs AA
O stARE R et suol s AEA G ndopAlH o] Eota™ %
[ i e i B i £ e e e s e 2 R R i = B e
A~

I
Aol st A G R F vAEsage T8 AA e Ad 2 e
=
=

Bf vAEetadge FEef nlasty] 98t @l s #Akshd 870 particles/m’®
Abgk RI91E Holal gtk g 3ol st AE g e AlHERALE S vAEE
289 Fd2 Fote 5o AR, FFol SeFEAYds T dctere v
AlEFetg e §9& Frtetr] AsiAe =, A, AA 5o AolE ayste] o
& st B HFAY G i AP AT BaUt s AR AlREH



Table 3-1-11. Abundance of microplastics by type (fragment and
fiber) and size in sewage treatment plant effluent.

. Fragment Fiber Total
Size (m) particles/L &
50-100 0.06 - 0.06 6.9
100-200 0.13 - 0.13 15
200-500 0.37 0.04 0.41 47
500-1000 0.07 0.06 0.13 15
>1000 0.01 0.13 0.14 16

total 0.64 0.23 0.87

% 74 26 100

Table 3-1-12. The composition of microplastics in sewage treatment
plant effluent.

Polyme type particles/L % total
Polypropylene 0.68 78
Polyethylene 0.09 10
Vinyl acetate acrylic 0.03 3.9
Polycarbonate 0.03 3.9
Polyester 0.02 2.3
Polystyrene 0.01 1.2

2. I wAZFe2Y 2dHI}

7. A7

IR 8 vAESAE FoslerRy JEvh S vAlESAE S s 2

e AR S 7S Bl ol sty dE W siwon oot HAHEn g
o BE7F w2t A9l SepaE EedEd, R ad, ~ERES olE s
s z‘fﬂt'ﬂoﬂ A9 5 olnh dHelM wHsE vAEgage Fe G eniH
Az E FHE A eR FAHAAY, e o2 FE FYHAAY W
A A H%aw T-llg =EhaEol sl EeaheA el FakE AXWA o )
ol 544 + Slth(Andrady, 2011). sll=9] A, TAH= vAEE=H 277}
Fopdrs v we nAlEekaE o] EAse s Fstdth(Song et al, 2014). @
TR Fe st F g ol E% o el =EaEe wAsyt g @
ool mAZetaEe] FEE 2 ZoR dgEt 53 Fud Zotage
Ao Aol FA7F d 5 o, mAZEaEe] B FAVE Evbsste] sl A%
Aoz 49 5 vk HAZAM wAZetaEe] 9o i A ZehsE
2 7)17F SHE s R s AARCR 2AE 7B gl o]Fejxa gl
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(Hidalgo-rtuz et al., 2012). 3lX|%F 1 mn ©]8}E X3 nAZ2t2Eol AA, AR
2 AAIH oz AsH o (Brown et al, 2010; Martins and Sobral, 2011; Ng and
obbard, 2006; Thompson et al, 2004), =W X2 sidolA mASLEo oo d&
of gk A= Ao AR AA otk wepA ARIA] 2AME FElA 7124 24
A ofstarzt shlth
iR mAlETAE Y o d FEE Al
Aoy Ty Sty 2y r)e
ol oisk ZAFE 201240 Fdstd T 20124 =
T Agor AAACR AAd AR A =& s vAESHEY o9
o FlH 3t webA, 2013¥ 20149l = THE 287E wid ZAStE d=9 20
AW 5 RsiHe ToA-deE R ddste] wid 6709 iR, F 12709 S
oMM F7F 2AE AAsEA T 20129 AA R 2013-2014d 9] A= sfdol] gk ml A

oft
)

Feheg oo e ZAbE W mAZEaE ZALE S AR AHAYY 2 =
gl B7 AA 58 HrretHA, ] V2 Ask FRE] g AHAd =
AL @A om FEdh wheba 2012, 2013, 20149 wid AlE9] AH Wy 2 Ses
Elo] B AAl ol zte]lE Hola Utk

Tk Seto R AR ke nAEFEaE] A eAFFEH FHAQ E
EE ZANE SEY] delE & Ut 7] "W, §do= @‘%‘EH:— e Eehs
S T A 2Alste] Zelayg e Ay aF e AEaAE 24
& 1A} sk ok

U 3e5 % o 2 AAE W ATy Eeey o 2 BE 54

1) ZAF e

2 ATHee A7 8 T IAgEAd A7 AR =Eer AME AL ¢
stale] aoF 42]g Zlojth(Lee et al, 2013). -y ZepxEe] AR AFH £
o dfg2E 7] RUHY BofdA AEAHS FHEL J AHFolAotutEEAl &
Ao ot st o, 2P ZH2g1-5 m)e I FHrEdT (AhHEe}

o 1%

=< o

Aottt E A 29 dAg-xlo] Fso® FAsAH. 2012d Hed st 2 AA L=
e 67 sl FHohayg 2¥r] 29 HUtE AT ZANE FAsEATE AR
e G5 a9 A9-(Jinwoo, JW), AAES F9(Guyoung, GY), JT9
(Heungnam, HN), 9 3 (Deokpo, DP), ¢}&(Yahyeon, YH), " A Myeongsa, MS) & 6
NekH(Fig. 3-1-24). 12 ZAFE 20129 2(47549), 231 FAE 7HS(9€Y)o) A A 8Tk
22t 2AbE S, ok d, BWAF 5 37 siwel AR AA skt
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Figure 3-1-24. Sampling locations for beached plastic debris in the
Nakdong River estuary and the Geoje Island.
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Aoz 7b @ 3 (Transect DI} 7F4 AL 3 (Transect D2 A& &3 &
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TS 9% HY AP EFeaYow YHS st AREstA e A7) aF
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W Eehay Y7o Fev deHAG Tj:‘j/]ri‘éH M= FASEA T
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Figure 3-1-25. Structure of sampling quadrats that were established to

collect macro-, meso-, and micro-plastic debris on beaches selected
for this study.

) =AE At

(7h) e EehaE e Fmof 24

Z2282 1.6-92,218 particles/n, % 2 (0-941 particles/m’, tHF S 0.1-2.7
particles/m’ ] ‘%M—% B A (Fig. 3-1-26). &3 W% 2E|2E0] 95.9%E YRS
AHA W, FPo M= SEEE 48.7%, o] 37.3% A ow, dPo = A3 o] 47.2%,
gt o] 36.9% %A

(b FepxE 2y7] $29 A7) 1
S

o)
|l
Spearman rank “F##AE A8}
[e)

el
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>
vl
2,
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o AAE Holr7] $l5to 5-7] 5 kel
7 wAAY A FH EeaE Y7 F
T Afolol= Wl A FaEdA(rho=0.878, p<0.01)7} FERRLTE 5‘3], ZE R E
(rho=0.806, p<0.01), 3}¥H(rho=0.886, p<0.01), 71} Wi Z2+2~H(rtho=0.911, p<0.01)
s TRAAE FARRE S BEded, 4Rt o 9 (rho=0.353, p>0.05)} . T &
4 (rho=0.804, p<0.01), 2& 3} & (rho=0.593, p<0.05) Alo]eol = o3t AdA 7}
UERG AR 283 T3 AbolwkE AFgk #Al= oy Atk (Table 3-1-13).
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Figure 3-1-26. Types and abundances of plastic debris on the beaches of
Nakdong River estuary and the Geoje Island.

Table 3-1-13. Spearman’s rank correlation among abundances of beach plastic debris
by size category and type.

Pair Total  Styrofoam Fragments pllr;;aicés foamgdthslr agtics
Large micro-Meso 0.878"  0.806 0.886" 0.353 0.911"
Large micro-Macro 0.593" 0.167 0.637" 0.282 0.515°
Meso-Macro 0.804" 0.430 0.824" 0.748 0.433°

T p <005 7 p<00l

(th 283} 53 Seray F29 A7 AR
ZAbol Ble) hel AAY A2 2Abe] HAH 71E77h AR
A Aom dehdthFig. 3-1-27). el @ P ~ELE, /e WE 5 4

BPAAE FREdA GEn fRdAr Fhal meld @ad 23 e 24

Apolel] e BE] JFo fE|ZE Fol AWM AsA HAFHAUAL FL

p=1
T AT ol 2B RF FA dolEe] wAEANY] Wi Aem ®ld

_59_



.

1)
A

1A

r=0.930

May, 2012
7 September, 2012

40000

Lo ™
20®
o &
o 200

Large Micre Plastic (particles/m’)

o]

T T T T
400 €00 800 1000

Measo Plastic (particles/m')

(C)

400

May, 2012
September, 2012

Large Micro Fragment (particles/n)
A *,
N
1
;;I
g

T T T T T
o 50 100 180 200 %0

Meso Fragment (particles/nt)

?

;

i

L arge Micro Styrofoam (particles/ n¥)

<

(B) d

B

r=0841

4 May, 2012
7 Seplember, 2012

T T T
200 400 600

250 (D) |
3 = 0.005 # p
E
E N 7
_ )
E - /s
| 7
E a . 4
w 100 rd vy 201
z '/" Saplemrlmiz
] 2
T 7
z '/. --------------------
5 | e
@ 0
1 l | I |
2 40 T .
Meso Other Foamed (particles/m)

Figure 3-1-27. Linear regressions of (a) total plastics abundance, (b)
Styrofoam abundance, (c¢) fragments abundance and (d) other foamed

plastic abundance
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Figure 3-1-28. Sampling locations for
beached plastic debris in 2013 and 2014.

2013d9l+= ZF s el F A A (high strandline) Aol 107§ W&+
A Z

o EE gerE 98 £33 $<k(backshore) Zdoll

2
s uj
WE el 7|5 3m x 3mE 2=, 201339 AHow =
B S

9y Behay gl £PE F A A
=g

3

o
HE,
)
2
k1
offt
Jr
lo,
:‘.JL_',
BN
>,
>
H 2
rir
i
)
[>
lu}
o
i)
N,
=)
L
(o

ol
o
32

=

sy
=)

2,
M
2L
o
o,
=
ox
o
>
BN
ofN
)
o
Kl on
i
i)
[
(U

)

[
ke

1

i go Mo dy &

r.1
[>

&, 71EF 2E(2F

54 59 774

i

S in

2}~ ¥ (hard plastic),
=

3

N
=)
—~ 0

Ac)
i
au
i)
N

oo

A
o2l
psics

=il
Q‘L
&
l
N
4
o
i
SE,
of\
i
ol
=
o
—d
Y

_61_



2013 2014
Backshore end Backshore end

Large quadrat
(Macroplastic) 0O 3 [J05m 0
Small quadrat Sm 0.5m
3m

(Meso- and ——[Jo.5m

micraplastic) 0.5m
High ~_ 5m High
strandline N strandline
g PR e B | | o g [ ]
_______ |~ -D,
- T \\___ﬁ""ﬁ/__h e —
Water edge ‘Water edge

Figure 3-1-29. Locations of sampling quadrats in a beach in 2013 and 2014.

o

2) 24 A3

b F= 2 24

N "o

A= 1270 e xAAd A FetrE 2d7]e A7) aFE 3T NFEe &Y
880 particles/m’, 5& 38 particles/m’, ™3 1.0 particles/m'e] ) t}H Fig. 3*1*30). o3t
FAE 238 058 g/m', 4 065 g/m’, & 1850 g/m' o] At} EepE 2 7] o] F
T odwdEE w4 e e 2 AAE 1At

A= 1270 dide] qaAoA Fehayg 2y 7]e] 24 v 2o &F T
g 2EEFo] gEEUNF 99.1%, A 746%)S AA YTt 53 FehEHS Al
2E 2ERE] 909%2 FdEAJqAT, FARE 41.2%°] E4gct dE Sy
< AR P BolA AFEE 54.7%, FA Y 380%3 4] g o,

A= 1270 siW o] mAMolA Eetry 27 Fx9 A7) 1§ e AHAAE
Spearman Rank “g3@3@7] 48 &4 gl tH(Table 3-1-14, Fig. 3-1-31). &
J T Alolol A w9 Fe AABAAE BYon 53] AEEZEL /N4 (rho=0.932,

p<0.0)¢} FAl(rho=0.951, p<0.01) EFolA g 73 AAAAS Bt 244 =g
~E = 7H—’F(rho:O658 p<oo5>9+ FAl(rho=0.703, p<0.05) 2% 233} F3 xlo]o
olgt A#AAAE Bt FEL 233 3 Alol9] 4 (rho=0.863, p<0.01)ol A vk

33 ATTAS B

T =7 YElhyd = A
G HYth ol EE AV IFY g9 FAdA FEHo= UrE‘r;%E‘r(Flg.
X3S A3t 57l oA EF Foto] Ervt
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Figure 3-1-30. Abundances of plastic marine debris for each size groups in 2013
and 2014 survey.
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Figure 3-1-31. Composition of plastic marine debris by numbers and weights of each
size groups.
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Table 3-1-14. Spearman’s rank correlation among numbers and weights of beach

plastic debris by size categories and types (*: p < 0.05, **: p < 0.01).

Measure Pair Total Plagic Film Fabric Syrofcam F(c?tar’]rgled Pglt;rger
Large micro-meso 0.932** 0.658* 0.863** 0.000 0.951**  0.271 0.431

Numbe Large micromacro  0.608*  -0.216 -0.024  0.092  0.648*  0.008  -0.653
Meso-Macro 0.623*  -0.149 0.013 0.247 0.651* 0.231 -0.147
Large micro-Meso 0.778** 0.703* 0.460 0.499  0.959**  0.572 0.398

Weight Large micro-Macro  0.417 -0.214  -0.219  -0.306 0.559 0.223 -0.209

Hard . Fiber

Meso-Macro 0.357 -0.067 -0.442  -0.225 0.671* 0.257 0.503
Large Micro Meso Macro
o~ 100,000
E 1500~
= 80,0001 5 T
<
k=]
2 60,000 1,000~ l
[ 4
3 1
8 40000
£ 1 I
2 20,000-]
o | ——— o o
Backshore High strandline Backshore High strandline Backshore High strandline
P 407 10 120
- I
) 30 & bl T
S
- 80-{
-En 6
i . TEm
2 “] i
40+
10
4 Ea o 20
1} T 1) T — o T T
Backshore High strandline Backshore High strandline Backshore High strandline
Station

Figure 3-1-32. Comparison of abundance of plastic debris on backshores
and high strandlines.

gk B ATt EoaY o = A7 Ade v

4 ot 2 AAES 67] W B d=e] 1270 WA ALY ARE TSt
28 2#7]e A7) aFE FTEE AYS Ha 11,841+34,707 particles/m’, &
I 2494584 particles/m’, W& 2 1.842.3 particles/m' ] 1 tH(Fig. 3-1-33).
Ak nHetH A% Htr 3,889.9+6,594.5 particle/m’, =38 Hit 1255+£162.7
particle/m’, &8 H 1.4+2.2 particle/m’ At (Table 3-1-15). ZAFYH ] =}olE 11H
skl =] sy EohaY o9 Amee] TR Hl Al E AFAR e AdE 747
20123 AAE sl B AP A 2013-20149 A4, 2013-20149 E2AA T
QF, 2012-20149 A, 2012-2014 2RI $<He] 5FFE o] Hl s
(Table 3-1-15). FA| Ao 2% ¥ ZetrE 2g 7|9 F2E A7) I1F3FHE XA
AtEIZE BA @3, A o] dgvit 27 wEe] B oA Aot HH Hlaus

’

el
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Table 3-1-15. Comparison of abundances with the results from other regions.

Size Abundance

Groups (mm) (particles/m’) Location Reference
2~5 1,807.3 HongKong Zurcher (2009)
1~5 59.8 Brazil Ivar do Sul et al. (2009)
1~4.75  4,216.1 Hawaii McDermid and McMullen (2004)
. 1~5 31.8 Portugal Martins and Sobral (2011)
Large micro- | 5 8,205.4 Korea This study (2012)°
plastics 1~5 880.4 Korea This study (2013~2014)"
1~5 27,165.8 Korea This study (2013~2014)b*
1~5 3,889.9 Korea This study (2012~2014)"
1~5 11,840.8 Korea This study (2012~2014)"
5~15 544.6 HongKong Zurcher (2009)
5~15 64.4 Brazil Ivar do Sul et al. (2009)
4.75~15 450.3 Hawaii McDermid & McMullen (2004)
Meso- 5~25 238.8 Korea This study (2012)
plastics 5~25 37.7 Korea This study (2013~2014)*
5~25 897.3 Korea This study (2013~2014)b*
5~25 125.5 Korea This study (2012~2014)"
5~25 248.7 Korea This study (2012~2014)>
> 20 0.9 Turkey Topcu et al. (2013)
> 20 29.1 Brazil Ivar do Sul et al. (2009)
> 25 1.0 Korea This study (2012)
Macro- > 25 1.0 Korea This study (2013~2014)"
plastics > 25 3.9 Korea This study (2013~2014)°
> 25 1.4 Korea This study (2012~2014)"
> 25 1.8 Korea This study (2012~2014)"

% high-strandline data only, *: high-strandline and backshore data combined, “: spring data only
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Figure 3-1-33. Abundances of plastic marine

debris for each size groups in 18 beaches.
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7&'%, é‘v: :! = ’SH?l-,O/] —‘O—H%i/\}% 2012]/:] 5%

m) AlEoA 1 m AE T4 S 72 A FH
s tH(Fig. 3-1-29). &, 423 Zgt2g ) 2ol 20123 (AA = Hs7 st)2 2013
W o2AE 67 iR A9 AR

A 670 ajWol A= R Rbel A ZkzE 3R F 671 WE A ARE

A skl

e Sokcho (SC)

Gangwon-do ® Gangneung (GN)

Taean (TA)e Chungcheong e Uljin (UJ)
-nam-do
Gyeongsangbuk-do A
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o Mz
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Gyeongsangnam-do
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Jeollanam-do ° o 3

e ;', Gosleong'(GS)
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' Goheung (GH)

Figure 3-1-34. Map showing the location of microplastic sampling
beaches in South Korea.
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AgEs ¥3F JIVEF gHS o] gsle] Bfsts S8~ 3= 1.2 mm(polycarbonate
membrane filter; 1.2 mm; 47 mm @; Millipore)2] 322 oJ3}s}At}, of 32| ]l of 35
A ZSZ 22 FT-IRS ol &3t A4 B AFEAS FAl JdAsdnt. of 34 W

oM oJutel FWA 25%°] dFs= 7o 57U(7.9x7 m; FHA: 276 cm)E T
A2 st nAEFeay #ES Jdsint 4 FHeA FHA2gAF A %
ZEe BF FT-IRS T3t #359 B} FT-IR 2#E#L 8 cm'e ®al=g}
650-4000 cm '] WSl A 128 2] Hgho® dER QT SWeA B © nA
St B A Ee g 9 32ol zﬂEﬂ"ﬂ uet A\, A, AT, 28, SEHEERS
= Este] #Esidt EAE mAlEg g o Av|TE AobA ARAEEEH et
oL, WA EEkaE o] 9ol of Ao o 3E FxZbSo] Wol ]H]*‘LEV\‘QJ 2 =

g FAeA = Gt AETHAEY TR dee Fy 39 ARE AF
0}04 particles/m’2.2 T ds= A& 7|[EoZ sgov, ) e i"&'ﬂ]é =

go Tx= B =9 A8 F7F HuE 9] APd WET HolE o] &sto] &

E particles/m*%2 3H4ksto] &89t}

HEA RS S4e 918 1 LY 3 AU ER 92 &5 1.2 mé oA
o] gk Fo FT-IRS ol&3dte] A= 2 AAEAS AASHATE vlRA Rl A= 7
A&t ago] A et
BEAg mAZetaE 259 A A8 SigmaPlot T2 S A& on i

v Eetag o] Freo] zole] ol AFs=dl Mann-Whitney rank sum test
AL-&-31 o

)
mlo

¥Q
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Sh
_YE

Lol X
2
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}_.

o ruE

2) 723 3 B9

Oh Eeeiw W mAEe =g T

AR AA 1870 ol A e 1 mm o]t mAEeAE Y] FE H[AE 95t
2014 %ol A 670 SRl e FbS AT HFAAY] RS AMEekddth A
A 1871 M M A ZetaEe] T 12000-9,280,000 particles/m>e] WS ®H AT}
(Fig. 3-1-35). Aaljcte]l ‘Bm&’oA mAZe2go] 12000 particles/m’= 7Hd 27
AR o Fafor AAEY ‘Y Eo| A 9280,000 particles/m’E 7+ Wo] #EE
ATk A=e] S A Holl whet Aafel, el salieh AAAG R o] Hoks w)
A Zekaele] ErE= AA(2,721,333+3433,186  particles/m®) > 28 2H(310,640+299,173
particles/m’®) > #a¢H171,278+171 515 particles/m’®) > A]a¢H(158 421+166,836 particles/m’)
Tog AFAHJ A S5 670 W mAEg g HiEThe AA AGS A
93 Uz 127) s HiTE BHrh F25A(p<0.05) EA BEEH o] o
A Zet2Y 299 ¢AAgem Sl

ot

2014¥10] 2AFE 6709 W (wa, Bk, 1A, §9, XY, £2)e E"—% SEREDT
2Nz A vASe2Y B Aol & ¥l sArHFig. 3-1-36). RY} HxE A
Sl ] Aol AAM Ferol EAM ue) LoMAM G0uA e v AFesE
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Figure 3-1-35. The abundance of microplastics in the
eighteen sand beaches in South Korea.
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Figure 3-1-36. The comparison of abundance of
microplastics between high strandline and backshore
zone in the six sand beaches in South Korea.

(b 2egsid W viAEetsY I8 2w

el Al5oA 5714 FER EHE vAEFg~EY A2 Figure 3-1-37
of YefATE A= 1871 sl Ae= od Feo wAZEFergo] 64% = 7 =2
H &S5 ApAglon, e 118, ofFe 3 e wASetsy vho] #EEY
(Table 3-1-16). WrH 3ol A= 3t Fejo] wAEep~go] WHE A Fokon,
o, 79, TdolME 47 15%, 10%, 14% =2 AtE oz do u&Ss Bk F HA
2 w2 HEs i}x]"?} 2E2EL 5 dW(RE, 1%, o5, &% S
U] oA EF HAEgon nAddAE #EE A EesE S BE A
FolAdth AR FEe wAZet~ge Hl S, AT olAwE #Fo] H=d, H
W A5 Aae EYda"HAa, 939 49w impact PPRTE SdellA] A

ol HelS 7}7 impact PPE %A1 Fo] % 5 A
HAdthH(Jang et al, 2014). &7 FH ] vHZgxg
+d T92 BT EYSde Aes Ay

[e)

=

A , 2]

7F EAsAH. 25 FH Y vASEAE 2 SxoAT A E AT
)

= H

(o3 -IH“
B

[o

N

(
AM]
)

DA (Y
41 ¥ RuoJ
uls

S uel 1871 WA A E v A E
do] 30%=E 7HY w& HE&S A, 1
dlo] 22%5 AAstAtHTable 3-1-17). 7H¢ =& vl&S AA|g 374 A& 27 A
Sho| A o] 2ol= Zz}aE o] tH(PlasticsEurope 2013). ¥HH, polymeric organosilicone
ST g oA RE HEko] HlEH H 2AAVEE 65%E du i dAR B
o 4H A2 =74 Jelgth EA Ao 559 polymeric organosilicone©] g AF ¢l
Hek 7 siWol] FFSte] e Aol HlE) AR we HES AAT AoE
AtgET o] 9 & Zgage HlE EErt =2 ZEdndPVO) et ol ~E 7}
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2V} 449) 32%E AAEA T F 55%E AAF 71EF ZEHoll= ol=2E, poly(lauryl
methacrylate), &71=, ol Z A& % (epoxy resin), &&-$-# €, poly(styrene/ethylene) %©]
BA-Ia2=

_fragment ______ fiber

Figure 3-1-37. The pictures of microplastics shape
(fragment, fiber, spherule, sheet and EPS) in the
18 sand beaches in South Korea.
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Table 3-1-16. Percentage of abundance of microplastics in South Korea by shape
(TA: Taean, BR: Boryeong, BA: Buan, SA: Shinan, GH: Goheung, YS: Yeosu,
GS: Goseong, TY: Tongyeong, PH: Pohang, UJ: Uljin, GN: Gangneung and SC:
Sokcho).

Fragment Fiber Spherule Sheet EPS
% percent
TA 89 3.7 - - 7.4
BR 100 - - - -
BA 50 - - - 50
SA 69 - - - 31
GH 100 - - - -
YS 100 - - - -
GS - - - - 100
TY 15 - 36 - 49
JW 96 - - - 4.3
GY 10 - - - 90
HN 74 2.2 - - 24
DP 99 - - - 1.4
WH 38 - - - 63
MS 92 - - - 7.7
PH 14 - - - 86
uJ 88 - 12 - -
GN 40 50 - - 10
SC 80 - - 20 -
Average 64 3.1 2.6 1.1 29
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Table 3-1-17. Composition of microplastics by polymer type in 18 beaches (TA:
Taean, BR: Boryeong, BA: Buan, SA: Shinan, GH: Goheung, YS: Yeosu, GS:
Goseong, TY: Tongyeong, PH: Pohang, UJ: Uljin, GN: Gangneung and SC: Sokcho)
by Fourier transform infrared spectroscopy (FT-IR).

Poly- Poly- Polymeric Polyvinyl

Beach propylene ehylene Polystyrene arganodlicone  chlaride Rdyeta - Others
% pacat
TA 52 33 7.4 - - 3.7 3.7
BR 33 67 - - - - -
BA 50 - 50 - - - -
SA 23 46 31 - - - -
GH - 100 - - - - -
YS 75 25 - - - - -
GS - - 100 - - - -
TY 2.2 10 49 - - - 39
Jw 70 26 4.3 - - - -
GY 8.6 1.7 90 - - - -
HN 11 13 24 43 - - 8.7
DP 23 1.4 1.4 74 -
WH 13 25 63 - - - -
MS 31 23 7.7 38 - -
PH 14 - 86 - - - -
uJ 65 18 - - - - 18
GN 30 - 10 - - 50 10
SC 40 - - - 40 - 20
Average 30 22 29 6.5 4.4 3.2 5.5
3. 28t£H 9 £33 T3 43
7 AL el wE Eeag e F3)
1) A917
A7t Zek2H(thermoplastics)S dwhA oz 47 FalHA g= oz oIy
A Utk BAATS SR st EFel gl Ejza gl EE A AETH
= xS drtaA Z8 g ot (Carraher, 2013). ©lE 3%

aﬂé

) Lg‘ﬂfﬂ (PlasticsEurope, 2013), gt o2 aj¢F Zef~yg 229
7] TAAE 7 £33 FHEo|H(Hidalgo-Ruz et al., 2012). dtAgF ko]l ZALE wf
Zol g I EW oA 4 ol A 4 W mol 2= vAlEEAE o] gk

A 2 ARl U?}E‘r Apol= AARE Zejoddl Eez ey, Zex

Ao] e I} e EFo A S eks nAlEek=E o] shelth
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71E FetaE F3bol digh AF v EFg2Y A EE AFY WTFAEE =017
Ak A7 RS ATHSearle, 2003). ¥k Fep~Eo] g A =
ol T B gt A= 53] A4 o|tHGregory and Andrady, 2003).
WA FAE Fgage 2W BAS S T3 2 275t rteAS A e
=2 A 7] st A= 9}24(Corcoran et al, 2009; Cooper and Corcoran, 2010), =g}~
H oo]Fo] A2 xzZtom wHsiH o] HAEgAHo| He A
f vk {lk
ol 3§ =< AdAdes F2 7 de T D(chromophoric group)ell €]
3 g3stel wkgo] Loyl vk (Searle, 2003). Aol o] mEwd 43}
WSO R AFEAE AFSIAA ZefaEe] vhdo] AetEwA F RAXE FH A (brittle)
28 27 FAAE A5 E‘i’oﬂ
&4 F o 4@“4 ] °J

i ¥
o f
> w
L
o,

AL s ol E;@ fe Aele A7)

3 A (McCarthy an Andrady, 2003)

AT A8 BHNN AA AART FAE A 2NN 0 F

wEE EesH] BW WSE UBRoRM A9 oF e FRYEE 4

B sk AABAM 4 wol 2olx spEelA b wol WAHE Fepsd

pe)7] 9 Eeo|ga, EYzzdd, sEFe] Hge) gt oked me 3

wol Ao whzo] olg Febxee Byl FahE oldlstux, A @ge] wels
Eohae ol E3hay

i

z
ST, SEu el AW 2
g ne 2ERES WHoR B ¥

g al Pl
2384, 2E2FE FAbelA Hﬂoi‘di d7els el HEHY
9 = A

7z 4 ol 207H"“ H4e H
28 23 90Y ot A el =F:AIAT A =F AFe A18E WAxzE wgd
ghol= FZMHMD=E AFEYo] Ay} 71 FAF ﬁgi & A A oh(Fig.
3-1-38). A& Aol =% ztzbeo] AP L 17Y, 309, 60Y, 90¥ F Aol FT-IRZ
xHe FEHd A WHslE FASI o, %*}ﬁXPﬁﬂ]@(scannmg electron
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Figure 3-1-38. The spectrum of metal halide ramp and ultra
violet (UV) chamber used for UV exposure experiment.
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Figure 3-1-39. The comparison of UV-A, UV-B and UV-C irradiance between
outdoor and UV chamber used for UV exposure experiment.
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Figure 3-1-41. The tumbler used for accelerated mechanical abrasion experiment
and glass bead and expanded polystyrene (styrofoam) spherules in a bottle.
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Figure 3-1-43. Fragments of expanded polystyrene (EPS; styrofoam)
in accelerated mechanical abrasion experiment with (a) glass bead
and (b) sand. Note: A square inside photo indicates 100 m.
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Figure 3-1-44. The number of styrofoam particles
identified using FT-IR produced by accelerated
mechanical abrasion experiment with sand.
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Figure 3-1-45. The Nile red stained styrofoam particles on the filter paper
produced by accelerated mechanical abrasion experiment (control, glass
bead and sand).
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Figure 3-1-46. The number of styrofoam particles
identified after Nile red staining produced by
accelerated mechanical abrasion experiment with

sand.
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Figure 3-1-47. Photos of density separated particles on GF/F filter
papers by scanning electron microscope: (a) x 500 and (b) x 2,000.
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Figure 3-1-49. The number of EPS particles produced
by weathering with sand for 60 days on the filter paper

by Nile Red staining.
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Table 3-2-1. Target organochlorine compounds.

Chlorinated pesticides Polychlorinated biphenyls
DDT compounds (DDTs)
0,p-DDE  p,p-DDE IUPAC No. 8, 18, 28, 29, 44, 52, 66,
o,p-DDD p,p'-DDD 87, 101, 105, 110, 118, 128, 138, 153,
o,p'-DDT p,p'-DDT 170, 180, 187, 195, 200, 206, 209

HCHs: a-,B-, y-, 5-HCH

Chlordane compounds (CHLS)
a-Chlordane  y-Chlordane
cis-Nonachlor trans-Nonachlor

Pentachlorobenzene
Hexachlorobenzene
Aldrin, Dieldrin
Endrin
Endosulfan II
Mirex
4 N\
Plastic samples
o J
‘ < Surrogate standards
4 N\
Extraction
(soxhlet)
. J
4 ‘ N\
Silica/Alumina
column chromatography
-
4 ‘ N\
GPC chromatography
. J
‘ < Internal standards
4 N\
GC/HRMS & GC/ECD
A\ J

Figure 3-2-2. Schematic diagram for the analysis of PCBs and
organochlorine pesticides in plastic samples.
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Table 3-2-2. Surrogate internal standards for the analysis of organochlorine
compounds.

Surrogate standard GC Internal standard
DBOFB TCMX (for ECD)
PCB-103 BC1, PCB-189 (for HRMS)
PCB-198

Table 3-2-3. Analytical conditions of gas chromatograph(GC), electron capture
detector(ECD), and high-resolution mass spectrometer(HRMS) for organochlorine
compounds.

a) GC/ECD (Agilent GC 6890)

Column DB-5 (30m x 0.25 mm x 0.25 gm Film)

Temperature Program 100C [5C/min, 1min] — 140C [1.5C/min, lmin] —
250C [10C/min, Imin] — 300C [5min]

Detecter temp. 300C

Injector temp. 275C

Carrier gas 1.2~1.4 ml/min for He

Make-up gas 40ml/min for Argon:Methane(95:5)

Injection port Temp 300C

Injection mode splitless

Injection volume 2wl

b) GC/HRMS

GC condition (Thermo Scientific TRACE GC Ultra™)

Column DB-5 (30m x 0.25 mm x 0.25 gm Film)

Temperature Program 100C [5C/min, lmin] — 140TC [1.5C/min, Imin] —
250C [10C/min, 1min] — 300C [5min]

Carrier gas 1.0 ml/min for He

Injection port Temp 300C

Injection mode splitless

Injection volume 2wl

Interface Temp. 280C

MS condition (Thermo Scientific DFS)

Ionization mode EI positive

Source temperature 35 eV

Source temperature 270 °C

Resolution 10,000 (10 % valley)
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Table 3-2-4. Quantification and confirmation ions for organochlorine compounds.

Compounds . Tar'get ion (m/z). Compounds . Target ion (m/z) '
Quantification Confirmation Quantification Confirmation

Organochlorine pegticides PCBs

HCHs 2189116 220.9086 Di-CB 222.0003 223.9974
HCB 283.8102 285.8072 Tri-CB 255.9613 257.9584
Heptachlor 271.8102 273.8072 Tetra-CB 291.9194 289.9224
Heptachlor epoxide 262.8569 264.854 Penta-CB 325.8804 327.8775
Oxychlordane 262.8569 264.854 Hexa-CB 359.8415 361.8385
y-Chlordane 262.8569 264.854 Hepta-CB 393.8025 395.7995
a-Chlordane 262.8569 264.854 Octa-CB 429.7606 427.7635
trans-nonachlor  262.8569 264.854 Nona-CB 463.7216 461.7246
cis-nonachlor 262.8569 264.854 Deca-CB 497.6826 499.6797
Endosulfan 1 262.8569 264.854

Endosulfan 2 262.8569 264.854 Internal standards

DDE 246.0003 247.9974 C,CB-189 405.8428 407.8398
DDD 235.0081 237.0052 TCMX 243.9194 241.9223
DDT 235.0081 237.0052 DBOFB 455.8218 453.8239
Dieldrin 262.8569 264.854 CB103 325.8804 327.8775
Endrin 262.8569 264.854 CB198 429.7606 427.7635
Aldrin 262.8569 264.854

Methoxychlor 227.1072 228.1106

Mirex 236.8413 238.8384

v Zet 28 H7 A (plastic additives): WA 4]

1) A-97
Fopagels AxzAAGoAA 4P &oldd EFeh=He TS FeI

e seEde] Hrte ol v F, e 712 =4 Aboldl ThAaA, WA, -
2L EAR A, AFSPE A A A FA, AstA, A T v seEdoe] &9
Hol glow, HeprE AFo] AMEEE RAPGolv BaE = RFoAN FHoRE §E54
4 9 tHRochman et al, 2013). @43l Zelx~gS R wE7] $8) #7)
o
%

&
rIr
N

T € ¢ o] E (phthalate)= o}o]E0] 7}A]al i Azrel Zalujdslryoe
7493 Qor], AR AF AHgHE EdaY S8 WA vadEARIEE

ArstAl = AR )7 AEE Aol dEA <l dolth(Lithner et al, 2011; RN et
al, 2010). k4] Ak F2A 28 7= Eek2E AA 7T &

@)

3 =] -
FEAGAAM eddo] Hol FH FA4S 2HA A7) e, s FeGeA Z
g stebsfobd WaAel tFHwL gt

nlm

o2
ﬂ}lﬂ
i)
)
i)
Ak
NIO Y mlm ro
j‘i
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(Cole et al., 2011).
o AT A= 2009 o] F7IHA 3 2}
Y =242 F71E BEEA dAAE SAHSE S84 747}24] ATE WH’EF A

2) ZEjr2uyolEl=d¥d JdHE 33E(Polybrominated diphenyl ethers, PBDEs)

YA Al (flame retardants)@ AA4H7] A =do H7bEo] wItE =5 dAh &
HE Wolads FAFTEARA, Sdt2Y AE A=, 7FAAE, AF5AA, A&
5ol g AMgEa JTHUSEPA, 2008). B&A4 A= 7140 At el g3}
7b stel A MAl vl 7Y =2(H AlA A AIFHAE 35% #A]) W
AAZA, ofrJol= BEA dAAY] Ho AREAFolm et d AA BEA
HAA] AbgHE] 10%E %A 3tal 9 tH(Cischem, 2005). PBDE 3}3t&E-& HEZIH 21H|
2% A(Tetrabromobisphenol A, TBBPA), AL 2 W Alo]Z 2 & H]7HHexabromocyclododecanes,
HBCDs)Z} 7 & MA Abge] 7 w2 3u] 254 4dAl & shutelth. =
PBDE A}&3-2 19931 16,800 EollAl 2004 69,000 B2 553 7l o, &
BEA WaAA AREo] 54%E ZA|3H(Cischem, 2005). 20094 ©]%  Penta-,
Octa-BDE £3&°] 25&5 @9 44 AN GELD 5500 AN 74
A= A A A Al EE o] H AT

nAlEet=8 A8 5 PBDE 3&E A WHoll= ShA AAI F719 4875859
FEN AARA/E TG A9 aEnEady A5 AznEad ) Aol o
o] A/d7] A7t AH A ZvlE 23] (acid/base silica column chromatography)E
7t th(Fig. 3-2-3). A/ 7] A2zt 249 A=ntEadds= 1 em A4 8 29
o 47144 A7t 2 g, 4 Hegt 1 g, A A7t 4 g, T A9t 1 g s =
TN = 77189 (DCM:Hexane, 1:1 v/v) 60 ml < o]§3le] &
=4S IFIAEF7]E ol&st] 1-2 ml FF2E F /\]'7] < Fiko
ot v A8 E AEE 1s8E AAVAE o) 0}04 200 L= 554
& 9 (internal standard)= F7FeF 5 717124 S AASEAT 4%
ntE 2 9/d FEA 71 (GC/MS)E AHgstlen, A&

=

o=
S|

1

A
S~

4

o
jus)

E 3 L-0]L&3 9 (electron capture negative ionization)S #-83titl. PBDE 3% &
Aof o] g3t XEAI V7| EA S 42 Table 3-2-5, Table 3-2-69 #|A] 8} $1t}.
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Plastic samples
. J
‘ < Surrogate standards
4 N\
Extraction
(soxhlet)

. ‘ J
4 N
Silica/Alumina
Column chromatography
N\ J
4 ‘ N\
GPC chromatography
. J
4 ‘ N\

Acid/Base silica
column chromatography

\_ J
‘ < Internal standards
4 N\
GC/MS(ECNI)
\_ J

Figure 3-2-3. Schematic diagram for the analysis of PBDEs in
plastic samples.

Table 3-2-5. List of quantification and confirmation ions for mass selective
detection for PBDEs.

Target ion (m/z)
PBDE congeners

quantification confirmation

Target analytes
BDEs-17, 28, 47, 66, 99, 100, 138, 153, 21 79

154, 183
BDE-209 487 489
Surrogate standards
C1,BDE-139 81 79
C},BDE-209 497 495
Internal standards
PC1,CB-189 406 408
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Table 3-2-6. Analytical conditions of gas chromatograph and detector for PBDEs.

GC condition (Agilent GC 6890)

Column DB-1 (15m x 0.25 mm X 0.25 pm Film)

Temperature program 50C (2 min) — 20C/min to 200C — 10C/min to
320C (5 min)

Carrier gas He 1.0 mL/min

Injection port Temp 50 C — 700 C/min to 700 C

Injection mode splitless

Injection volume 1 u¢ (purge time of 2.0 min)

MS condition (Agilent MS 5975)

Interface Temp 280C
Ionization Voltage 70 eV
Ion source Temp 150C
Monitoring method Electron capture negative ionization mode(ECNI)

3) 71eF BEA *dAA(HBCDs, TBBPA, BTBPE, DBDPE)

PBDE $}§&0l o]o] 20130 =55 o] 1A 4= AAY drEzr
Alo]l & 2 = 9] 7 (Hexabromocyclododecanes, HBCDs)¥ =] Al& o] 714 =& HE
A daAAel HES B ZRH AH % A(Tetrabromobisphenol A, TBBPA), A}& % Z717}
d A x = B A E g B 2 ¥ =5 A] o §H(bis(2,4,6-tribromophenoxy)ethane, BTBPE), ©7}E.
2 2t] ¥ d o] ¥(Decabromodiphenylethane, DBDPE)S < FtigdEd g2 7 A4 sto]
+AHS AHEetsl

HBCD #}3t&9 -gvhel AR&a2 1993 530 A 20109 1896E o2 F7F F 4
o Ath(Alaee et al., 2003; 374+ 2005, Al-Odaini et al., 2015). TBBPAT A A4 o=
Abg ol 7Hd B2 (59%HA], 145,113 t/yr) BEA GAARA, QMg 27 Fe] T2 A}
£¥ ) DBDPEE 1980t Futol] A& 27i5 o] < Deca-BDES] thAlAl= & wt
i glow, AAstd SetaE I A7 AA FE AR 2ols ZekaE WA E AL
453 9)th(Covaci et al,, 2011). BTBPE:= 1970t F 9ol Octa-BDE WAl Al 2 A &
ANEReH, WFsAd Eeladl VA SeaY o dAAE FH A AR
Ha gtk oleld dAAEL AFEo] A FTFEWEA &g, t7], HA=E, £4A4 9
o} 37 v Aol FRe shA AEE 2 dth(Lam et al, 2009). A A BE5A &
< 59 38t %= Figure 3-2-1] YeEFH ST

n A Z2t~g A Ro| YHF 54 (Surrogate standard : *C1o-TBBPA, *Ci»-a,B,y
-HBCD, '*C,-BTBPE, *C>-DBDPE)S # 7l & tE 22 v eh sl ak(1:1, v/v) &
o Ao R 16A17F T AU FEAT. FEHS w55t A AGK FEF
F) Al F4g T 7 mlL Ak EE =29 E(1:, v/v), 15 mL F4F 20 mL of 34kt
oo B Z(3:1, v/v), 20 mL ikteldeol vl 2 (11, v/v)E TAA R gol &A1
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A7t E ol &3te] s o] s W7kA] FFHA7]AL opAl
EYUEHI} JEEFEN(Interanl standard *C1p-BDE139)S H71s & g =
2ulE 78] y)/el g 2 FE 4 7] (High performance liquid chromatography-atmospheric
pressure chemical ionization-tandem mass spectrometry, HPLC-APCI-MS/MS)E ©]
skl 717184 itk 2 EF AR AF, 16 ml vo]ldel] ¥a HEEEvd 4
ml& ¥ 7teto] FE58t0] oA EUEL R &uf A &A1Z 5 77|24 S AA sk tH(Fig.
3-2-4). BEA 94 2240 A48 HPLC-APCI-MS/MS®| 43} 247 AZvE
a9 agla gA, A o] 25 Table 3-2-7, Figure 3-2-5, Table 3-2-89 YERH AT}
BEA GAA ZA o] @3k E A4 HES A4 38 T A4 8hE A (Al-Odaini
et al., 2013)°] 7N A= %A

<
[ Plastic samples
J
‘ < Surrogate standards
4 N\
Extraction
L (Soxhlet or Dissolved in DCM) )
4 N\
Concentration
G J
¥ < Internal standards
[ LC-APCI-MS/MS }

Figure 3-2-4. Schematic diagram for the analysis of HBCDs, TBBPA,
BTBPE and DBDPE in plastic samples.

Table 3-2-7. Source parameter for optimization.

Curtain Gas(CUR) 20
Collision gas(CAD) 6
Nebulizer current(NC) -5
Temperature(TEM) 320
Ion source gas 1(GS1) 40
Ion source gas 2(GS2) 0
Interface heater(ihe) on
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Table 3-2-8. MS/MS optimization data.

Precursor  Product

Analyte lon lons DP EP CEP CE CXP
78.9 -10 -10 -40 -40 -10
HBCDs 639.8
80.8 -10 -8 -40 -40 -10
78.8 -80 -10 -40 -40 -10
TBBPA 543.2
80.8 -80 -8 -40 -130 -10
78.9 -50 -10 30 -65 -8
BTBPE 328.9
80.8 -50 -10 30 -65 -8
906.2 81.1 -30 -8 -40 -60 -10
DBBPE
908.2 81.1 -40 -10 20 -70 -10
BC-HBCDs 652.1 78.8 220 3 -40 - 60 -10
BC-BTBPE 334.9 78.9 -80 -10 -20 52 -8
3C-DBBPE 985.1 920.2 -40 9 30 95 -10
BC-TBBPA 555.0 78.9 -50 -10 30 -90 -8
BC-BDE139 590.7 78.7 -50 -7 32 -70 -10
. 656.9 78.7 -10 -10 34 -60 -10
d'®*-HBCDs
656.9 81 -10 -8 34 -50 -8

DP: Declustering potential; EP: Entrance potential; CEP: Collision cell entrance potential; CE:

Collision energy; CXP: Collision cell exit potential

Intensity, cps

Time, min

Figure 3-2-5. Chromatograms of analytes in standard
(200 ng/mL). Analyte retention times are as follows:
TBBPA (4.37 min), a-HBCD (7.35 min), 3-HBCD
(7.73 min), y-HBCD (8.18 min), BTBPE (11.60 min)
and DBDPE (18.54 min).
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571 s g8l & (Guyoung, GY), Fal4SF(Heungnam, HN), = EZa)5874
(Dukpo, DP), <}&34=S-3(Wahyun, WH) W Abe 428 (Myungsa, MS)'# 957

Shtol Y3 B4k 29-%=(Jinwoodo, JW)olA #HXBYLS A HsAHFig. 3-2-6).
zh ol A Y] A W wAEeAE B FEel 7St e n®
2 Ao Aefetdth. A8 skl xEE dxlF Y] Azl Figure 3-2-6
o} Figure 3-2-7° Z}7} A A3} T

a7

25

1

Figure 3-2-6. Sampling location of plastic resin pellets at high-stranded lines in the
southern coast of South Korea in 2011 and 2012.

Figure 3-2-7. Photo of plastic resin pellets stranded on
Heungnam beache in Geoje.
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oS gAY Sy A4
A Q) w43 = A (FT-IR, Nicolet 6700, Thermo Fisher Scientific Inc.)E ©]-&3}%
dzidee] Hepag AdEs :[LTEO]’—J—— ThAl fetom MAda 3 F3hko] wep
otttk 2011 =g, 9Esasd, RS, eSS &
2o A e e EekaE XH AL vigtER v Fo] Zh e Egogsl
(PE)¥ ZelZ=gd(PP)o] tii-iS AAstdvh(Fig. 3-2-8). ol 9= el &
ZE e Aol A3 tHEndo et al., 2005; Karapanagioti et al.,, 2008). ] <nlt} =}
o7} YAANH A= Yz Hop EZEdEd Ade] gAY E4d WE(PE
60+14%, PP: 40+14%)7} A o2 =dvh. g A3 MG Zade HolA
gFol Mo A ety ofE itk AM(EE FA) Hidee gk Aol
Zedd g

92{— gl Al v ZEddd 2, ZEza g 302 %
L AAZE A7bE BT Bk

a) Nondremy Beach b) Deokheung Beach

¢) Ando Beach d) Heungnam Beach

Figure 3-2-8. Polymer composition of the beached resin pellet
collected from the southern coast of South Korea in September,
2011.



s vro] Aldssln el Aol

A S F3he(aged) Ao

HAYS 2lf(fresh) P oz FHE}S

S oHEA XA AL E]r 4 2

A=Y 1074 2o } 7] AE= vhEo] F3hEA
5

g3 W ]‘Eiﬁ]ﬁh}g°

ng/g, HCH 3}3 % <0.1-4.09 ng/g, CHL 3}3+& <0.1-94.1 ng/g, DDT 3}
& 0.24-75.8 ng/g, PCB 3}3t&E 0.21-1,350 ng/gS YEWTE PCB 83 =3 DDT
BE ARAA AEHAeH, 7MY =2 T3 367 ng/g, 349 ng/g)
et HCB, CHL $}3t&, HCH 3gt=2 722 83%, 86%, 69%°] AlsolA A
2 < Tl Ak HAER AEA #
e 24 w9 AR, 01% Eﬂﬁ%%‘lg] SHEH FHIdo] AtedY SA4S
! al.,
)

2002; Hong et al., 2006). dfH 2]

o A HAE=% PCB E}%L%ﬂr DDT ﬂﬂ 9 i Y A=A HAE(FY
#: PCB 3}3HE 156 ng/g dw.,, DDT &= 068 ng/g d.w., Hong et al., 2006)3}
o] wjl 3} 7+ (5

9kzk: PCB 3}gtE 20.0 ng/g d.w., DDT 3}3E 18.7ng/g dw. Kim et
al., 2002)ol HAEFH = L9454 Tro T3 50 I3 vH(Fig. 3-2-9).

100000

10000
° [ ]
B 1000 ®
g $ .
o
3 100 A
£ ] ° L
c : : o ';' - d T i
S 1 Bivalve
8 10 ° | \T
g 4
c T .
3 1 ‘:’ ? T * 1 o Sediment
° [ ]
0.1 1 i

001 T T T T T T T T T
HCB HCHs CHLs DDTs PCBs PBDEs HBCDs TBBPA BTBPE

Compounds

Figure 3-2-9. The concentration of organochlorine compounds and PBDEs in plastic
resin pellets (including PE and PP pellets) collected from the southern coast of
South Korea in 2011 and 2012 and a comparison with those in costal sediments
and bivalves.
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HAAAY | BEA FdAY FF554: PBDE &2 201197 2012 et
I AABHAA AFE HAYE &gt EAEA L, o] BEA A=
2011 3 2012 AAS A PR el xlF o] &ato %*—1% gkt
AoAgE dxgea(Eedddy Zezegd 23 O BEEA ddAY F
PBDE 3% <0.15-511 ng/g, HBCD 3}3+ 561-2,630 ng/g, TBBPA 0.48-4,1
ng/g, BTBPE <3.15-219 ng/g®] W% E YEHY. T2 2 Aqfedg=2ql
A dAAe =7t PCB stdEH #7198 A 5
o|t}. PBDE 3}3t=29 T4#2 037 ng/ge = PCB 3}3tE, DDT ﬂﬁlul/]' H]}\fﬂ'
Tolloen HBCD 3= 4 td 54 + 7P =2 v5& Yy =4y
PBDE AR-& o] HBCDeOl Hl3l ¥Y-53] =il(Cischem, 2005) th¥s 37 v d (54 &,
A FBE, s A)oNA d%% s% %A PBDE 3tgt=c] HBCD 3tgt=cl H]3j
ES FEE Hola Jus HS Aekshd, Eﬂ{]%]%ﬂoﬂfﬂ gy HH S Oﬂ/‘* H*J
F}o]tH(Kim and Stapleton, 2010; Hwang et al., 2012). o]& 3 Z
de] Xl Je 2EHEE 4o Uﬂ%ﬁli FAaET 2 AFAY
ol A FAlg 2E|EZ FAA BHEA @AAQl HBCD 3tgEo] gfso Adote
S dA HAom(Rani et al, 2014; Al-Odaini et al, 2015), = W&& SIHE
AHA18] AT sk A th Figure 3-2-791A4 Kol AAH siwoA dxiddo] ¢+E@2 X~
E|Z2Ed7golel Holl7y] wiol, ~E|2E L7doloA gxAZg oz HBCD7} Hold
Aom HAY AAR, AFdAA dAd 2 2E dAolE FiTol 4 ¥
of FAdyY #dAdA HBCD @rf%% 27t S7FskA 1’/‘r.
iﬂﬂ]‘%*‘h’} EYZ=2gA9 FHEA vu: Sy QA o dEA]
¢ SAE Pt’q dutxlo g EHejodal ¥zl Ei]"ﬂ/ﬂ A=4d 557 £
Hl &l E=9kth(Fig. 3-2-10). PCB 3tg&<] 4% 54, DDT

CHL stgt= A 3ufellA 6919 =&

Endo et al. (2005)°] & 3ol A ZALgH A3}
Zgt~g o WHF(internal cavity), W
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Figure 3-2-10. A comparison of the concentration of organochlorines
and brominated flame retardants in between aged PE, fresh PE, aged
PP, and fresh PP collected from the southern coast of South Korea.
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Figure 3-2-11. A comparison of PCBs and DDTs in aged PE pellets from
the southern coast of South Korea with international data on IPW
website(http://www.pelletwatch.org).
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3. 2HEE Ag2dY] F BEA GAA 4% 2 29

7 A7

Z# ~E W (polystyrene, PS) Fet2Ele 3ol a1, /M 9H, F& Adde] =
a1, A3 dArle] AAAo] Holue 5 B AHS Ay glo], Zejddd Zyze
g, Edsiud, ZEjddagdzgelEst 4 Mg wol AlgEHE FehaH
Aol stvpol), E gl A AMA o= 2010de v oF 14907 E o]l o,
20203712 56% W S7FE Aoz o3 (GBI Research, 2012). ~E| 2% 02
A7 BEAE AL BN HF ESA HE F e ZEagAe] dFow
WEAZE Sl 05-15 m HA 9] ZEaEE d7geld d& Thate] 7 oAbd TX
AL & A4 Bol He AxANAS B A dxaEAe 158 ddAet ¥
AR 7H ol AREE =, %% gdAel = gAE WAs] s Az F
wdAA 7 H7tEd HBCD 83E2 W Exgdd 7 Bol AlgE s dadAzZA, F
g 0.1-25%2 H7FE 2 Adth(Alaee et al, 2003). 20091 o]% A4S FAHoR

PBDE 3}3t&E AF§o] fAIE7] AlFstHA] Xt Azt AgFo]l FUbs) Sk
(Sellstrom et al,, 1998; EU Directive, 2003). A5 7k4 =& ¥ HBCD ## A= o
i 3 wA(E, u7], H4E, EY, 4F) U HBCDY i 58 EYHHS =
HZHo] ¢2 ®(Covaci et al,, 2011; Li et al, 2012; Zhang et al., 2013), &2 ~E =l

=
AFol e A5+ Zhang et al. (2012)¢] HEAHAES 7leste= A4 T HBCDY
WEESAe o AFE Aol Aol

2HERZ(TE2EA)E PP a A ow Z 2R 7] wjtell sl 2 27t
o7 ola glom e H7|e AERZE AEo] Holg Q9ldle] HFHdE T @
F3Ho] AFES 7Feka JAth(Heo et al, 2013; Lazar et al., 2011). o]+ Z=E|ZF 3
F2H7E T3 =4 H7HEQ HBCD7F s os w5y A== ddd +
NSS 53 (Thompson et al, 2004). whzhA] %J*Hgﬂoﬂﬁ o] AMSE 31 3 k2
712 WWs] M A gl Aol tig BEA dAAe oot 1 Ax
& "otetr] fgk A5 A ATt oo A, 'rﬂur‘“/]r AW FetaE 2y r|(NE -5
Al 3] Mg =S HlFTs AAStE AHEE 72 T HBCD &FoFE &
det7] 91 AEEALE At B ATHEY dF e A 78 T =A%
<A (Rani et al.,, 2014; Al-Odani et al., 2015)° A A = Lt}

U gheksl ZalaEd A E3 sk y] = HBCD 4% 37}

F 34%F9 Z~gHd AES ANIE AANA FHEG o, sFxygr]e] F2
FgE oheFst 829 AFo] x3¥¢E 7 JAEE ST ¥ A5 % FT-IR(Nicolet

. _}FAQ gull
6700, Thermo Fisher Scientific Inc.)& ©]-&3to] AA S A3 AT o]of A, &7 ~H
Ao A zwalo] wel wE ~E d(expanded polystyrene, ©]3} EPS W™ 3h) tsu¥
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2~¥] gl (extruded PS foam, ©]3} XPS WH3), $&2~Hd(extruded PS)SZ F-3FS
om AlgEE gxo wak 2% 8(Food), #AFA|%(Electronic appliance), 71
(Construction), 23248 (Laboratory), %48 (Aquaculture) 2.2 tA] F+&E3FA . EPS
14Z(Ds 1-14), XPS 12%(IDs 15-26), Extruded PS 8%(IDs 27-34)c] 3%, &
g RS AT 19F, A58 635, ATAE 5F, A8 2F, Ve 20w
Hzﬂfﬂu} HH<>1 ARG AR AR BE5 Figure 3727129} Table 3-2-9° A4

= A A7A dFeE Sded AA -20TCo]ske] Wesate] Bt
ARHE O & FAste] T Wt ghs Hlale] A&t

&

2) vFd Ee g AE T EEA dAA

(7}) HBCD 3} =

EPS, XPS, Extruded PS 2E A g8dA] B2 ddA7 HEHQon,
+ Table 3-2-10¥ Figure 3-2-133} 14°] YEelH AT, B0 BE5A4 HAA4 =
HBCD+= 7W WA 2o w2 EPSolA AEHdon theom XPSolA wo
#S BTk EPS, XPS, Extruded PSollA] HBCD 33&E¢ HF w=x 747}
475,643i16,710 ng/g(M ¢ 106-960,000 ng/g), 14,444+9,600 ng/g(29.4-164,000 ng/g),
56.7+27.7 ng/g(24.3-122 ng/g)ol et &bz vwstH, oA upel o] AEg
G Aol A 700,000 ng/gS ZIde S T AEHNeH, AEE Srjo AW
A o] EZAFAANME 49,000 ng/g olFe =& w2t AEFHAT ARV AA ] EAA)
oA e e A e EE Ezﬂré ol stE WA 9 o=
How H7td Aoz FAHAY 158 Eg2gHAdA A&FH HBCD 5%+ FH9
AzAAQNA AEE ¥%(05-07% HBCD w/w in EPS; 0.8-2% HBCD w/w in
XPS; Alaee et al., 2003; POPRC, 2011)o] H]3] Aty oz v S=Fof d|dala, o
= e dAGAEANA Ry FE7F ofAol-HE G ARt mrhe MAd A+E
=2 2z wd st 9h(Law et al, 2008; Tanabe, 2008).

ofo] ~ul~(ID 1)¢} HAIFUID 2DE AlQlg AEE7], AFEZZA, 5787 2
A% FAANFAAE 24.3-199 ng/gel HlwA @Fe FE7l AEY
M AEE A4 F59 =S 52(960,000£29,000 ng/g)7t HEE
ZHID 10)ol A %= Ad=e] HBCD(53,500+2,100 ng/g)7t 3o it
HAIAD 21)ol A oAdA E3HA = F5(8430£730 ng/g)7F A E A=, d A
v FAEAEANA 3E ol dvjg A8 £ &0t AFLT| FIAEAC
gfrEol s Ag, 7125 EH fEde] AFoRE Aol AFHFAE T3l <

Az A o], §3 78 &

Fl
Mo
ofx
_t:_ll
Nr O_IN4

&7

2 rlo

Wmﬁm

Fek 79 HBCD7} A=5go
H A58 AFE AFolA =2 IdFFES YERUL AE FHE AlFAA TG e
3 Al TFroz BE AlFd srEe] A odA EshA
=
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) =

ppm T TV HE
(\}) TBBPA, BTBPE, DBDPE

Algt B4 @ Ael TBBPA, BTBPE, DBDPE+= % 3470 A& % 27 21%,
18%, 56%°1A % EQ a3, HBCD 3st&E &8 XPSe Extruded PSellA At A o
2 52 L& St (Table 3-2-10). TBBPA, BTBPE, DBDPE® &%
3.83-545 ng/g, 44-216 ng/g, 215-4,200 ng/ge W E HEIWon, DBDPEY &
7 =okth Adbdg o2 TBBPAS BTBPES %+ HBCD 33+ TRt 9%
worot, XPS9t Extruded PSel &-f¥ DBDPE ¥%+ a9 AlFoA A
HBCD 3t¢=9] % Hu; =8kth o] DBDPE A o207 = H o3
dZetA @A E=gHAl AFol H7tE IS5 ¢ v gttt DBDPE= H] WA
of ZY2HAH ZYSHATY 7t Zgddo] ANEET] AAS BEA d
Al o] th(Konstantinov et al, 2006). TBBPA¢} BTBPES] 4% 24 Ze~g
(high-impact polystyrene, HIPS)el #H7}AZ A& ctE B a7 9 tH(WHO, 1997;

Environment Canada, 2011).
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Table 3-2-10. Concentration (ng/g) of HBCD, TBBPA, BTBPE and DBDPE in

polystyrene products.

ID* aHBCD BHBCD yHBCD HBCDs TBBPA BTBPE DBDPE
1 90,200+12000  448,000£9,960  421,000+22,400  960,000:+29,000 nd’ n.d. n.d.
2 168+41 89.0+24 394£92 6514160 n.d. n.d. n.d.
3 74,100£2,600  102,000£3,600  426,000+£10,200  602,000+9,900 n.d. n.d. n.d.
4 77200+4,400  294,000£72,000  388,000£25,500  760,000+57,300 n.d. n.d. n.d.
5 71,600+£5,500  337,000£19,000  396,000+13,800  804,000+11,000 n.d. n.d. n.d.
6 90,500£6,100  249,000+5,500 409,000+£770 748,000+8,350 n.d. n.d. n.d.
7 71,300£7,100  282,000£43,100  355,000+£9,100  709,000:+28,000 n.d. n.d. n.d.
EPS 8  75500+4500  350,000+24,400  479,900+170 905,000:£33,000 n.d. n.d. n.d.
9 29.6+7.4 16.9+3 .4 59.0+26 106+27 n.d. n.d. n.d.
10 9,520+580 6,100+320 37,900+200 53,500+2,100 n.d. n.d. n.d.
11 435+280 188+79 2650+250 3,300+2,700 n.d. n.d. 402+400
12 49,700+3,700  211,000+19,300 331,000+£160 591,000+£24,300  19.5+5.8 n.d. n.d.
13 49,000+2,100  173,000+11,400  296,000£11,900  518,000£23,000  11.8+3.4 n.d. n.d.
14 3304360 466770 4,150+4,700 4,940+5,100 n.d. n.d. n.d.
15 224422 4.80£2.1 37.9+53 44.9+55 3.8342.2 n.d. 410+530
16 22.0£10 10.1+4.2 36.6x11 68.7+17 nd. n.d. 488+240
17 25.5+42 15.349.3 46.2+55 87.0+110 n.d. 44.0+47 303+290
18 6.54+5.3 5.09+1.7 17.8+9.2 29.4x14 nd. n.d. 215+130
19 78.5+23 25.4+11 95.5+30 199+49 n.d. 50.6+22 965+475
20 19.6+8.4 8.21+2.4 31.5+12 60.0+£26 n.d. n.d. n.d.
XPS 21 5,950+:690 1,440£17 1,040+63 8,430+730 283437 21678  1,184+340
22 18.3£9.9 11.1£4.7 68.1+14 97.5+22 n.d. n.d. 6324330
23 21.1£5.2 11.0£5.0 38.4£27 70.5£35 n.d. n.d. 378+450
24 12.129.7 8.82+5.1 30.5429 51.4442 n.d. n.d. 312+560
25 31,600+£5,770  68,800+58,000  63,400£50,200  164,000+114,000  545+523  77.7+54 309435
26 56.1+£53 48.6+28 86.1+71 191100 n.d. n.d. n.d.
27 18.9+22 5.37+1.2 24.9+12 49.2422 n.d. n.d. 305475
28 27.1+13 12.7+3.6 43.5+21 83.3+33 n.d. n.d. 4,200+1,200
29 7.63+4.6 5.21+0.5 24.4+6.3 37.245.0 n.d. 89.0+£23 411£200
Rigid 30 2.75+1.8 2.35+1.5 19.2+5.2 24.3+5.5 n.d. n.d. 359+100
PS 31 7.20+7.5 3.7742.9 15.3+6.7 26.3+13 n.d. n.d. 229+49
32 9.38+8.2 5.45+1.8 25.3+5.8 40.2+14 n.d. n.d. 568+290
33 29.5+57 9.35+12 322454 71.1469 12.9+24 n.d. 6324230
34 64.4+41 20.5+24 36.948.6 122460 26.6+17 n.d. 401+63

%D of product (see the table 10 for detail information of the products)

n.d. no detectable
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Figure 3-2-13. Concentration of HBCDs in EPS (1-14) products.
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(27-34) products.
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(vh) HBCD o4& A =73

EE EF2EHE AB5A HBCDY HEYA o] A A (diastereoisomer) a, B, Yy
-HBCD7} 25 HZE% A tH(Table 3-2-10). 7t o]/d & A9 &%= a-HBCD 2.24-90,220
ng/g, B-HBCD 2.35-448,400 ng/g, y-HBCD 15.3-479,900 ng/g< e O 7}7}9)
T 9w 20,517+£1,649 ng/g, 74,250+7,870 ng/g, 106,183+5695 ng/g ©IATt. AlHE F
HBCD =42 Figure 3-2-15°] Wehigith. HBCD 3teh=9] HitxA2> o-HBCD
23%, B-HBCD 21%, y-HBCD 56%°]H, 347} A= 5 3070~ y-HBCD7} 7% =
2 2AHE YeEdlt y-HBCDY =2 =42 A48 HBCD(technical HBCD)%} wj
$ frAreth 418 HBCD+ a-, B-, y-HBCD7} dif-#& AAstal lom, 7- o)A
A+ o-HBCD 10-13%, B-HBCD 1-12%, y-HBCD 75-89%¢] =AH|E zt=t}
(Covaci et al., 2006).

Zel=gdll AFolA el HBCD olddA xA4v+= 4¢E€& HBCD #H&| a-, B
-HBCDY =4H7l F+ #iA= =Jdth. = F o|AddAd y-HBCDY =A4o] Hit
56% = Wkt Aol 7HE =& o] ARl «-HBCDS y-HBCD Abol9] H](a/y
ratio)® H|XIA, AlmE T oy H+= Hi 058+0.96(0.15-1.75)Z A& HBCD
013 Bt} =v o/y ¥ AFHE AF(n=19, a/y=054+1.24)o 4 7} =%, 2F
ZE FA 2 7)E AlFAA 0.3340.15(n=4), AFE AFAA 0.26+0.19(n=6), LA
& AlFolA 0.18+0.16(n=5)= E At o] AF#HA AF> XPS¢ Extruded PS
ZA Az A EPS Ht} =2 2%oA o B2 7tEdgdsS AXA H=d, o
4 Fo y-HBCD 7} a-HBCDZ ] & A 3}(thermal rearrangement)® 23} =2 3] 4]
H tH(Barotini et al.,, 2001; Zhao et al., 2010).

AN s e ARG &8 Aot e el &3] & e
ZY g Ad AFS fFeE BEA ddAY R FRELES golrR it
H = 34709 Alghe gHpol] digd A oY, Ze2Hd AFs Yo m BEA
AA e i HAEE Fetd =l A ATtk HBCD7F E# 2~ A3
e, AR BB olA st e WA
H7FAl o]y, AFel AEH
= FAo] =2 HBCDY 9oz =2
of| A gk AFel FAATt =
== B4 HBCD7F &&4
of dwkel thgk A 2o Ao AR E T

s
o
™
2l
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Figure 3-2-15. The isomeric profiles of HBCD diastereomers in EPS, XPS and
extruded PS.
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A Al A AA Fulsa, 2o Al7)e] AT o] BEW 2ER2E 2z 307
E FAse] BEAo| &8 tHFig. 3-2-16). oA A Fujd A= New
buoy'® #f¢to]l F2E KA ‘Stranded buoy'® ZHI Fol FAIEAT. New
buoy’¢} ‘Stranded buoy’ Ale]e] HBCD 3F#g Hlu3dl7] e o Fo =Ew A &
< T FE RS SEEdE 40 ARgsidt dEol, 84 5 Fdel wE
HBCD®| As54<& 3¢ sfQbell F2E F-xbeo] F3tE b kRS
sAloll A8k vl alst
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N
do

ol
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]11
ol

A RSl A HBCD 3tgtezol A& & o], ¢z &
o

1=}
5
SA AEH I 9es AT £ Atk A FAsh el

3E2E F A A AEE HBCD §%+ Z2H2F 6.68-197 ng/g, 0.01-422 pg/g ©lRA L, +
Tel FA oAz 2k 3k HBCDS &%= #Ax7F =24 Yestth(Fig. 3-2- 16)
MA] EdRE oM Sl skl Al vhA B A FAbEClM =



HBCD 8F&2Fo] AAd A ¢Fgtt}. o] AEZE Hxzlo] HBCD7F EFdH oz #H7}
Hi S guet. T X272 27 40 ng/g, 34 ng/glE At FAfo A A
=oko AR vz oAk AW wFE FAidA HEE FRrF Al A
o AA t2A] &= AL N A9 AdFgo] AgE WS Fiol A HIUY] W
o2 sjgc) o] ®AE FAo] US| Ayt Fxiol w523k o] G ¢
FrEo] Qe AL sfHo] gy EXEa I AEHEE g2 )t s gs g o)A
A7 fFelEde] SdYeR gt Ad5S AAFST
ol Al A ol FtE FA(n=10)2] W7 F(F3tE TW)S "oy
wAe 235 Figure 3-2-179] AASFATH F-2pviet 2fol= Ao}t qA A2 y
Zo] FHHET % HBCD %5 Uetllom, o] =2 FAolA ¥ F2d 4
TS Bt ole ~EEE Fxo xWo| FfH¥ HBCDE 7] & s 22
Qg FoR fZuo] wAUt vhd US| ¥ HBCDE 2l Az &<k %7
TEE AL AS5S gt dfWe] WHHK AHEE Fas Fsdds AAE
A Edtlel BRI mAgE =), o] W WSl 3Fd FalEdo] #elglel #A
°oF2 WEHIL YeS AAFe diRie] v A EE Y a7t A Flg kel $-g
Ul At FHe ~EHEE ¢oRE Q¢Eo] dom, o= HBCD#:= frall=4 ol
diwiol] el A de Ay 2ok weA] Su Acbel FH Y EHA EEdE AEHEF
Aol i AEEE 27 53 HBCDY =Ed3dy ATEA, siFAA vl
v FEFE He7] gk AT SRR FxIEojoF & Hav dth
AT AAAGeNA i el MK A8 ~ERE Fabd gk A
] AMS S S8 3
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Figure 3-2-16. Concentrations of HBCDs in EPS buoys
purchased from consumer markets (new buoy) and collected
from the coast (stranded buoy) in Jinhae Bay.
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Figure 3-2-17. Concentrations of HBCDs in EPS buoys stranded along the
coast of Jinhae Bay. “In” and “Out” refer to the inner and outside layers,
respectively, of stranded buoys.
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4. 2|2 F 470l ¥ HBCDY &&54

7h AT
Zetagol ddATZE HubsE s A eE Eekag A spstHom AA7| =
W2 (covalently bounded)¥ =& Aoz @3] H7MAI 7] WA (additive type)o]l A
o A7 dAAe] A, sstqos AdbE dAdAe] vE fda mEA Fgago
25YH wAUYe = S4S 2t 3 =
2 EE AFe AT AFEAA Fk 28 HEz Fok £ FAH 0w HA
=" Ao7 dA Avt(Janak et al, 2005). H3I3|Z7|H Zg IR E il
Al Fol ¥ BEA FdA PBDES TBBPAZF sluv A&+ &EHUE
AGH 37F 1 2™ (Sajiki and Yonekubo, 2003; Osako et al., 2004; Kim et al., 2006;
Choi et al.,, 2009; Zhou et al., 2013), °o]&= ZE|ZE 2270 7% HBCD 9 4]
|EHo 79 34 E 29X E F Udse AAFETH
2 AT = 2 ER FAd ¥ HBCD7F dwiwta 18 al
MG om §EH=AE Fofstr] flsto] A §E54AS WAt

R=P
L)
=
L
N
)
E
re
x4
=
o
ot
_O‘L
p
)
o8}
Q
)
lo
= o
o

¢

[e]
©,
o
o,
Ll
1t
o
2
b
fr
>
>
ofo
ol
ol

7rA el ol d@FS vH Aem o

o Ad A

D A3 A=

A AT 2ERFE dol= oA TlE AERE FAReA Z
A owollor, gl E4o] A2 dgolE AdWste]l =AY AEsiA. 2F
23 ¢70le] Hit A7](n=20)% 4.70+0.83x3.62+0.65%2.41£0.56 mn©] AT}, ~E] 2 3% 9]
dA A7l mE FE5A4E BN AdiMe LEEE FAE 2HRdEE A"
velgE 4y 22 R e F 1lm FE S dRE =EH P AEs
Atk ==AHAS APy A 2ERF drdold ¥ HBCD #¥S SAste] =
= A% e =E3%4 ¢ HBCDY &5 ¥stE dotd ¢ A= st
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Al

2) AEA =544

i

Oh &5 e 2oz wyl

°F 3 g¢ ZEEF dAolE 3 Lo = & AVEF st 4FvE IdR
Hlo]AE Yal 21+1 °C, ¢hxelA 32Ut =FAZtHFig. 3-2-18). 170¢] thx+-¢} 3

1 32¢
Mo A= FAsAAL, =F F 0, 1, 7, 15, 329 kel 200 ml¢] =& AFste] &4

Figure 3-2-18. Designing of leaching experiment in deionized water
under laboratory conditions.

() A =271
AYS AAT T g AnE fyeEr] 9%
F7F Agow gt B Aol A ¥ HBCD7} ofd ~E&=E <
7§ole] HBCD &&F W3s =2 = Zpo ez (<] mm, HTF =

7 9)& 7217} 500 mle) ZEF5 27 A

o 1447 w=E3t9 o, B84 nte] = A9 9l A F A o=
AR tHFig. 3-2-19). =% ¥ 0, 1, 2, 3,5, 7, 14¥ 1A =" ~EEE YAE A

o] 2Ashelc,
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Figure 3-2-19. EPS used to determine size effect (a) small size (<1mm) (b) big
size (>2mm) and (c) designing of size effect under laboratory conditions.

3) @ =273 (Sun-, Dark—, Sea surface—exposure groups)

Ao o] Hug wtgE APz A HBCDY &=54& Hrkstaxt 78 &=
27NE ofelel AX|stHa SHarsl S =4d ‘“Lsﬂoﬂ:f’\ Aol e 3ol N
Z 2% Ao]#|(a hanging open-sea floating—cage system)Z A %] &} th(Fig. 3-2-20).

OoFQ] =2 (50%100x50 cm)ell ¢F 150 Lo fdAE AE ES A3 27 g9 ~EEE
ool 2 3| Tuo] BAAZ & 7H%7P(2013Lﬂ 84-2014d 19) =TS HAs)
Atk A A@7 T AAE AL SFE FHEANL FRE BT Bo]

Z2(600 mL/min) 3t T}l 9 FoA] W ]7} FZRUYR S EEE F
‘:'1, 3 o] =x= o] So]71%E 8a(Sun exposure group), TFE ¥ 71¢]
g do=z A9 do] 5o7kA] X3l EE(Dark exposure group) ST A ¥
AVFE FUIA R FAste] e FaoiE 218t th(pyranometer, model
CES xR USe] 2xAE AA
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E2E AolAd= ¢F 0.2 g9 ﬂi%oﬂﬂ]}%]
T W 1ME ¥ e/Et =2 AYEE AAEY =& 0,05, 1, 2, 3, 5, 11, 15,
20, 30, 60, 90, 120, 150, 180¢¥ ztA o= HEZE % 1/IE FTA3H iﬂi% o7y o]
% HBCD $t#S =A3 St 24377 5o 71402 ZX(light intensity) e} 3=
=9 2%, dE(Master Refractometer, ATAGO, Tokyo, Japan), pH(pH meter,
Thermo Scientific, Waltham, MA, USA)S =43¢t}
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Figure 3-2-20. Designing of leaching experiment in field conditions (dark,
sunlight and sea surface exposure).

TToE &EFHE HAEETE(Cw #&e AR (D wet A& tHChoi et
al., 2009; Zhou et al., 2013):
C=C,(1-e") .o, 1)

Cym: maximum concentration of HBCDs in water

k: initial leaching rate coefficient
~E2E 4] F £FFH 1 ¥ HBCDY HATE(C,) # A2 (2) kel

c=c gl (2)

Ch: minimum concentration of HBCDs remaining in the EPS
k;: initial leaching constant favoring leaching

k,: final leaching constant favoring non-zero leaching

2 EE d7¥o]ZRE HBCDY &=H£L=R)v Al (3o mef AbEstdth
(Zhou et al., 2013):

_ C,, xLSRx100%

R 3
Crpcpe X107 coeevii (3)

Cym. maximum concentration of HBCDs in water
LSR: liquid to solid ratio (L/g)
Cuscps: HBCDs in new EPS spherules (u1g/g)
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32U 12k =E3EPS AT A, =FS AASt & S Abolol AdE e
HBCD7} sz o2 wer §3dvs A& S0 5 AAF(Fig. 3-2-21). o9} o]
W2 §E45Es HBCDZF Akl obd 7y wdAel”] wio = s et uel
Aol mEAYL 4U3Y] Y] wmEFEYP o d@ste] Ay dAH o R
wE 7l mEA S AN A O HRUF HAF FoEe AF
tebdith o] Zuke] HBCD sh§tEo] &

Wol e wEA w1 Akl A
= K& o8 & &Y vE B FAATt

3 FalcH(Kim and Osako, 2003). =%
oA =EFAES Algs A3E Figure 3-2-22, Table 3-2-11

0?2 e mlo

’

T

&
O:n:s:‘om

>~

a) b)
35 12
® (HBCD
30 | —e— oHBCD O BHBCD
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Figure 3-2-21. Leaching trends of HBCDs and its isomers in deionized water after
(a) 32 days and (b) 96 h at 21°C (0%, salinity and no shaking). For the p-value
of plotting line, please refer to Table la. Initial concentration of HBCDs in EPS
was 70.0+£4.90 ng/g.

2xo g 94 227 SUhsel wel HBCDY $&54%5%v S7iete 4%S U
Bl v 0.1 (t-test, p=0.009), 15°C<} 28°Coll A CM e 7.1 pg/L, 103 pg/LE YERAT
(Fig. 3-2-22). o] A= wFo] &4 96AF & 2EEE &7dold Holgli= HBCD
Eeko]l Anpelw A A gk (t-test, p=0.015; Table 3-2-11). &%=7} Z7}ke] wa} ~
E]2 33 HBCD Abole] A5 atgo] °Fsty o] HBCDS &% °] d‘lowﬂxP Aoz 3
¥ tH(Ghanem, 2009). 28°Cell 4] ~E] 2% <78o] % HBCDY % %E—O— 15°c<>ﬂA1 of
2] olZ1} o] &%%F HBCDO %<& 2ujd] A %319 E}
FEo2 w2 HBCD 3§=< d77F gi7|=2 S8 AY F
A A Ert
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QEE WE I dAE7F =2 A F@% et 32%) A e AT (0%) 1
o HBCD®| &§&&%7F W= &5 B Aow F4HS l’/HFlg 2-22, Table
3-2-11). %79 Bisphenol AS Ao 2 3 A FoAE o)¢ FASHA ZAE-ZFF/H
oAl Bt} sl ¥ w2 &&FE5A] glEnl i (Cabon et al, 2007; Jessop
and Turner, 2011, Sajiki and Yonekubo , 2003). Z2&1}, s} 2719 siEst= 25%
7ol el et 32% < Flastd, 96AIE F SA4H HE &EFE 25%°]
32% Rt Aoz =l 4 T HBCDY &8 % Egsy o8 7142 &
ol FEFe s F Atk A=A, gl FoR EAsE OH oo ~E &}
HBCD(eFFe] =445 Ald) Atole] Aoz&5 oAz o e, dAlzE d7teAd
pHel A w@gdHastea(PAH)S 25527 v d7 27 JH(Kim and
Osako et al, 2003). stH, HBCDC &£3%(46.3 pg/L)= FEFodA ¢ @2 Aoz
B 151 9th(Swerea IVF project report 10/110). wekA sl 5=(32%) A 27] &
< T3 ¢ pHE 8] w27 S7FE U, Agto]l AitstvA ndded o
HBCD9 &3l= A= dal] 25% 04 Bl §E&Z7F 4shs Aoz g4 d

41:

A udtd] wE 93¢ E2d wdt 24 G0N ot 33 245
Ak BAS gixstt 3 ¢ vk 284 ate] e A4S, B AHEE YA
AF Nert 231 302 §5% HBCDZF w2 A gAso] FaulE =4 A3}
v AAE WE AoRE AT F k. a2y AR tE2A F w=E T (ke fogt
TR AolE BEEY F gl 9A AEHEE ¢80l MFFEoA ww|gh Aolvhs
tol & = 9 ATHFig. 3-2-22, Table 3-2-11). 3 Lo Agd Heo] %3 £207 &
¥ HBCD<9| w2 #A52 e gi7j2e] T, Aty =FA1 5o 1 ¥do] & F
ATt

A =E4% AnE Fshd, =E3AZ] FHgted wel =549 HBCD
of v AFAHoRE FUtsla ~EEEZ Aol U4 HBCD ZE#e 7HAsth =
= W 7 dEEY Eg3 wyk 1o HBCD &30 93-S nAE= 28 <l
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Figure 3-2-22. Concentration of HBCDs leached out in deionized water after 96 h
(a) at different temperatures (0%o salinity, no shaking), (b) at different salinities
(21°C, no shaking), (c) at shaking (21°C, 0%o salinity). The effects of 21°C (Fig.
2a) and 0%o salinity (Fig. 2b) are taken from Figure 1b. For the p-value of
plotting line, please refer to Table la. Initial concentration of HBCDs in EPS for
effect of temperature and salinity was 70.0+#4.90 pg/g and for shaking was
85.9+14.3ug/g.
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(7h) oFe]4=%(Sun, Dark) ¥ 34X F(Sea surface) =& 3
A4 =AM AEHgor Bo| FHsta 9F thr)ete] HEol & He 7
ksle] 57t ol ~E|ZE U] HBCDY HEFS 722 §2559 833 44
st 6709 el %77t & Sun-, Dark-, Sea surface ==TolA 4 HA 2%
AEEE BE RSN

= 47 20.8+15°C, 22+1.8°C, 19.4+1.7°C o]lew pH9t
2y 7y 79+0.1, 33% .2 s}

ZF Ao SAHE AE]EE T HBCD £&%%9 £&%S Figure 3-2-23,
Table 3-2-11°1 Agsto] AAsATh AP i%@‘?‘dﬂl*iﬂ 7&01 *Elii 27y o]
U HBCDE FE+ A 27 EFoA wm=A HAst=
59t Sun-, Dark-, Sea surface == ZtZtoll A %27] &
Ha, MAE] Ho] EE3 F Aol Y wjriA] A FFE %E‘é H 3}
Attt =A4Y =5 vty o2 A4E Sun-, Dark-, Sea surface =79 C, #< 7+
7} 37.3 ug/g, 329 ng/g, 21.2 ng/gl & el w=&Fd AP 7Hd @ HBCD
EFS YEFA O (p <0.001).

Dark-=% 7ol 1] 3 Sun—L%?oﬂ*M oA

< Sun-=E TN = SHE X9 dgow Tl A=
A gko] AR E F2 & fUl=(EF 5) Sl s, Aehd f7]=0]
TEToE &5d HBCDE SAFoRN ~EEEHEORE FE HBCD 3= F3A7
=S [}

2 S-S
v 8ddo® #AE £ . FHTFAA H; §F frlE0] Av ASd BEEA W
5 ATA7E Hudnt drHKim et al, 2006; Choi et al.,
2009; Ghanem, 2009; Zhou et al., 2013).
sl ESolA HBCD &Foll&= ool B o thdst 34 aglo] dojdt
ol % ti&ZFe] =, 9% A= A, 2EHEZY F
&<t Sea surface-:=&79 HIZE W USd =, &
AZol AFgon Yole ZEEE ¢dont o 22 =A7]9 ¢7goly
fﬂ‘ii‘?(Fig 3-2-24). ==V T 4 =74 SAHE g FFe0S v
kth. =% (Sea surface > Sun > Dark), &% (Sun > Sea surface > Dark), &9
(Sea surface > Sun, Dark), shaking (Sea surface > Sun, Dark), Z~E]Z3¥%°] Z7}3} (Sea
surface > Sun > Dark).
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Figure 3-2-23. Decrease in concentration of HBCDs from EPS
in field (salinity of water: 32%o). For the p-value of plotting
line, please refer to Table 1b. Initial concentration of HBCDs

in EPS was 85.9+14.3 pg/g.

d)

Organism/biological growth on EPS
at sea surface

Figure 3-2-24. Weathering effect on EPS spherules during field studies
due to many factors. a) dark exposure, b) sun exposure, c) sea surface

d) the growth of organisms.
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d7gele] mAstE A% HBCD §&542 &<ld
HEE A mAst Fret &4 muke
S S F7MAZA 4 At (Zhou et al, 2013). wEkA
Hrolgt 7 7] 8Rle] mA= ¢S #AFsr] s 49 A
A5 FASIE Y. AHZE JAY A7) weEl ‘Small size’d} Big size’ &2, nlyb

o] 9 o Fo uwtg} ‘Shaking’¥ ‘non-shaking’ .2 Attt ZHE Aapel 2 Ap9
Hi TAAL 7+7t 9764764 mn’/mg, 5.67+2.83 mn’/mgelAth. B2 uplo] Qe
A5 9 =Z7]1E HBCD £&%ol+= F93%F Aol7F #&H A ki (t-test, p=0.42).
ol AAEY e A5 A4S 2HEE GAo)ES AR TAA Z IR vg
FHAS ZHA e v, 2o E5d Aole Afole dolEo] TAA &Y ww
of W2 RHAS 2 Hol §EEo] T He Ao= A Hrk(Fig. 3-2-25).

120 120
With shaking No shaking
100 A ® Small size 100 ® Small size
2 O Bigsize 2 O Bigsize
& o) g A o) 1g S1Z
80 [SA RN
g g
S 60 =2 601 5
8 40 8 40 D
1 (@]
m el * o
s T
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Figure 3-2-25. Effect of EPS size (small with <1 mm and big with >2 mm) on
leaching of HBCDs during shaking and no shaking (21°C, 0% salinity).
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A Sl Gkl AAF WA Ttk Qe Sl Su
oz A v vkt P2 davE XS nERE FAYge] e
Rk, ko] i Xstar vk HeEfRE HEFo] X g mpikvbel = it AFY SR 7F
EAst EAICEAAN7E B o], TEEY FUILEEES HES AL A
A AZE s e ool vkl SRl AT A Jolt a4E
Aol R fAE ol R gl E A FdEL A stesEA
Aol A= A A Mol A WE ek Al g ot Aubgel A wEeh et 3
A AgE i Qo] 2 BFT FHOE F Qdde 5o HEFA R vy Utk
(Li et al., 2008, Hong et al., 2009, 2010; Lee et al., 2011). X airt o)== wf
At m@we AdAA 39, D@ Fox EAE Afdn: 598 2990l
sSlom ZgA Yol wEe A xgowm LA drt
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Figure 3-2-26. Map of Jinhae Bay (a) showing the sampling sites for surface sediments
(J1-J19). Ten surface sediments were collected from three transects (A—C) originating
from the wastewater treatment plant (WWTP) outfall located in the middle of Masan
Bay (b). Point sources of contamination, such as the WWTP and industrial complex are
indicated on the map. Large cities on the bay coastline, such as Changwon and Busan,
are also shown.

2) Jawr #=EAE %= HBCD¢ PBDE 33&9¢ 2¥%

e 7t —} 0.09-49.9 ng/g dw( ar 3.94),
0.05-51.6 ng/g dw.(F<s: 1.67)¢] A5 WebHoh(Fig. 3-2-28). 7+ st8&E EF o
sl @ FEE Holw glol, Ay FHoR BRI YA edge] A
e AL ¢ & Atk FEES e, T HEA WAz} s e 2E Al



= Zolth. PBDE 3g&E2 whatek 89
a, oldd AR A 7dr 2AbE vE ATA A9 Fdstti(Moon et al,
]

2007; Hong et al, 2010). PBDE $}3t&2 sh-#l4¢ F42Q w=duEa 433 fFA
s X dYs Rolu AU(Fig. 3-2-28), ©]+= PBDES} wddzo] A= H=3
ez REH FYUHIL S-S gvdith wddEe AWty FAEA| A AH
A, A, F&A4, TAAZ dE] AAEHI e kdils EdEAHoE
(nonlyphenol polyethoxylates)2] ®3|AtEZA, =ddE A7 842 A 5

Aol Ak Hl g 7 ErER Q13 e dS FHE £ dE FHAERE
(Giger et al., 1984; Rice et al., 2003; Hong et al, 2009). 2&{1} HBCD 3}3&E2
PBDE 3}3tE, 4oz 4ds] 24 2xsta ek 7B =2 HBCD s%7F
opabnk 9= o] 9 xE AR ]9, J10, JI1, J12, J8(ZZt 499, 41.7, 40.3, 25.6, 19.1
ng/g dw)olA HEHA AAFE 7P AdstEan =48t wpakek s (A
J1-J6)el A titt4¢] 37 ¢ 9 &2 (PCB, PBDE, PAH, tho] &4l #7149 4715 %5, &
wE5S Xdhol wA HEEol g7 wWiEel, ol A7 A= A9
=]

o el Anrh slTe] ATl QAR F BEA BAA wEd 299
al

S 7FA A o g dd A AT ZEaE ARSI EAA G dEA <l
Lol A E2 AES HAY RIEHAS ¥(Klamer et al, 2005 Covaci et al., 2006;

Chen et al., 2011; HlouS8kova et al., 2013), A& t & 29U S Zte=vs dTHIE
obA 7k A AT =, ol A7 A= vt djeje] PBDE¢ ttE HBCDO 2@

=
o] EAstL s AAMEH WefRt el v A ow v HBCD s=7F

npAbRk A J1, ]2, J3, J5, J6(ZH7t 6.41, 6.80, 3.78, 7.46, 3.94 ng/g dw.)olA HE
= At

Z} 33, 50 ng/g d.w.)7} AE5 A
oA ~HEX FAde] HBCD”
om I AdE B B 3239

Al e Sl 99S FAstaA, WA Jainte] S St Stk (Fig.
3-2-27). &A= HBCD® #X=7F =4 #2509 el F8e sk HE
of #AHAIL o] Il AMEE= 2EEF FAYSE @A HAT o]olA
HBCD &3t s ofFixiccl AW =g Zx(R3A vx)st Hushy
(Fig. 3-2-28), & @59 F0Zx7t M= d3s] dAsA Al Ramu et
al.(2010)¢] LEF fEvtel At HHE F HBCDO F% EXoA %, olvjsli <&
Aol &gk Al Enty hERtel M g Ao s FH R & TR
o} FA 3
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Figure 3-2-28. Spatial distribution of a) HBCDs and b) PBDEs
and nonylphenol in sediment, and comparison with the location
of aquaculture farms (red boxes).
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Figure 3-2-29. Spatial distribution of HBCDs, PBDEs, and nonylphenol in
sediment along three transect from WWTP outfall in Masan Bay.
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Figure 3-2-30. Sampling locations of aquaculture farms (AF1-5) and surrounding water.
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Figure 3-2-31 Vertical distribution of HBCDs in water
column inside aquaculture farms and their stereoisomeric
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Figure 3-2-32. Spatial distribution of HBCDs (a) in surface seawater
transacts from aquaculture farms and (b) their stereoisomeric profiles
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Figure 3-2-33. The concentration of HBCDs in

sediment of aquaculture farm.
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Figure 3-2-34. Spatial distribution of HBCDs in
surface sediments along two transacts from
aquaculture farm (AF4).
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Figure 3-2-35. Comparison of the concentrations of HBCDs in
coastal sediments from aquaculture areas in Jinhae Bay and other
countries. In the box plots, the horizontal lines denote the 25th,

50th, and 75th percentile values. The error bars denote the 10th and
90th percentile values.
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G F(AFI-AFD) A AR F4=1n=200 & HBCD &9 T2t 26-71
ng/g lipid weight(lLw., %37k 38)2 AZH A} 579 A TG AAxE &
A8 ules #Zet ZdoldE FA st AAH FAldd mE FAGFS AHHE GO, F
23 HBCD 4% Atold AadS fzuA &t

A Ase vuE g3 HaT Adn=10dA4 AFH AA =& FA¢ A
ddit= g8 F = B A mZoA ¢ =S HBCD §%(34-369 ng/g Lw., &%
g 98)7F AEE Ak (Fig. 3-2-36). A&l ekol H’“’é‘}k— X}?iéloﬂ/ﬂ%:— 37-139 ng/g
lipid weight(l.w., T3k 65)°] AZHA FA=o] A5 AL Zoll vla] &7
Aol 7] Wit Az St w23 A sk 73"5“’] ATt =, AELF 77
o SEd SHdEd TR A Al AE A g H(biodilution effect)”t A4 S
Ak dEe], A =3 g TSl =2uA g F Oﬂ 1174/‘1 X}E]rﬂ
el S dEAde] 7HE E=A wFEo A+ 3l SEHAZA
o] gith. wepA FAZA e FAHoR e HBCD s%+ AEHFs]A ae} "1’—%]
A mE G| wrgH A= Atz Hvh @H, vk AAsteE Ad=E F

HBCD =i Aslddgtel A4k @l nsl Awaon wgrh ot gl

-

ﬁl

F

N

DA g e] =4 | HBCD o] s ol /= o] i FAgle] @ we
g Ael Ak Bt %] Wwle R FAH, oS S8 7 A= FUF A9 2ast
o vt AgtelAd AP FA = Ad=oAA AEH HBCD s=& 2=elA
e s vastd, dukx o sy A4 = 5 HBCD %%+ FHolAlol =7t
Hoes 23 dEH}E fFASE 3 dl98 A th(Fig. 3-2-36)(Isobe et al., 2012). 31

ke ALk W kA = F9 HBCD %28 f5 32z 2H4E5191(0.31-9.09 ng/g
wet weight) FH A2 | AefAIe] E2 A (predator) HoE ¢33 AAZF 34
71 #1167 ng/g wet weight ¥ JAAY RIEE 3 FiE AF7|E 7
6,100 ng/g wet weight¥} B stH HA 3| ¥ Fs BATHWED WG E dossier 19
Jan 2011). 22y W28 HS A=A AW s=7F A el Bl EEek
w7skal HBCD 3tet=9 242 SEH2F A Ee *c}?g & HBCDS =Aol A=

Hoh o Mgt Aeltk(Fig. 3-2-37). &, sks 9AN e 2ARE S &
Aol HBCD el B 7H7ko] mEHol v de & 7 Stk o= 2EEFE
F2b Srefe] HBCDell ofeff % 232 ed¥ oy, tvas] AR M4sh= 4t
=9 Hdd B AR dE A gles vk sHAIRE o= AR A He] =d

AL ohFRE s F Aol i AAAD 2AE 5ol
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Figure 3-2-36. Comparison of the concentrations of HBCDs in oysters
from aquaculture areas in Jinhae Bay and other countries* (Isobe et
al., 2012). In the box plots, the horizontal lines denote the 25th,
50th, and 75th percentile values. The error bars denote the 10th and
90th percentile values. AF: aquaculture farm.
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Figure 3-2-37. Stereoisomeric profile of HBCDs in oysters
from aquaculture farms, Jinhae coast, and the west coast
of Korea. AF: aquaculture farm.
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Adstazt, Azl =4 MESAS FEdto] AERF sF2drlE FHs] 4
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ghS xshet 1370 R A, Afud, # Sk, A A=) WE et A,
B, dink &3, F-240], HEY, 22 g7hddA AHER AEE —’qu‘ stglom, et
W A|89] /|4E Table 3-2-120] #%7|8dth. 89 A8 FT-IR(Nicolet 6700,
Thermo Fisher Scientific Inc.)& ©]-&3sto] AdS FSlatdtt =9 A= i &
Aol Al ARESkal WA sl <l /\E]i%:’?— E%XP—% ARESFR AL, tHE w7kl A
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Table 3-2-12. Details of styrofoam collected from various countries.

S.N Country Total
1 USA 7
2 Canada 3
3 Peru 3
4 Korea 53
7 Japan 2
9 Singapore 5
11 Bangladesh 4
12 Thailand 3
13 Taiwan 4
14 Hong Kong 4
15 Brunei 1
17 Vietnam 4
18 Sri Lanka 1

2) A3 % BEE

ol
rE
_E
rL

off
1

(7h) sidel 2 @ ofe] Yyt 2EEF T BEA ddAe

AL EE AEHEE AlmolA HBCD7F #AE Hloew 1 HEE 0.01-4070 u
g/g(H+E AR ¢ 445+935) °] A (Fig. 3-2-38). o]+ Eg| =g d5Zdd #H7}t
H F%(257 mg/g HBCD w/w)E T} 68| A = e o]t} (Zhang et al.,, 2012). Z}
Hete] HBCD #Hs W sE= vus] By #F, Ay v=, 2 b=, AJ7}
x=2, wagdAl, "He, digh 3%, BFuyo] HEY, 2ggdt ol A tk(Fig.
3-2-38). #HFE AlQsta, FddHor AHdstE =7F e ZEEFA =L

i
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o Hlgte] ®& HBCD =71 A% w3t #F, 7=, v} sfjdolA sk ~
E|Z23%9 HBCD %+ A58 AAd 2ol 2E|EZEo| H7bsh= HBCD F%
(781+81 ng/g)¢t Y=stAY =& FFoldth(Rani et al, 2014). o]+ & z
712 EAshE AEHEFo] Hg S-guhetol Al who] ofd d AlAle A F7]dEH 9
Ldde] 2 F dES AAFE
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Figure 3-2-38. Distribution of HBCDs in EPS from various countries.

() o8 yet i ~E 2% F HBCD 33E ol &dA =29
W ~E|RE F ofy o]AAA WY HF S 053:052019 3, FU4FS 0.189] %
W 2ERE AR o/y M= Y-S HBCDO o/y WIS BISRE o, vl 5o

T MR LdFAM 47 e =2 gl HEH715E Jvh(Fig. 3-2-39).
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Figure 3-2-39. a/y ratio of HBCD
1Isomers in various countries.
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A ZetA~g S ZFA 7] 9 E 2 (persistent organic pollutants; POPs)S ¥ 33t
A7) 8 8HE 4 (hydrophobic organic compounds; HOCs)ol thal =& $£25S 7}
ar adER g de] HJAJE vAMZEgAgS 2 2334 S FaA
FAF7IEEE A G A AT TS IS vFH S Ao AuEy 2
o g Ay BujA¢e] AFAYS 715357 d7] 98] 44 o

FesAEHY T A 7ted stvE dy &8s AdEEY gl
polyethylene; LDPE)¥} <= 32 &4~ Alo] o] EujA 47 Had ©

&

= o
49 25ARYHHEAL o B agY Fagy

il

%! 3 S e 24eg 7129 FrledEd, At U1 =4, ete)
S Egsta BoAGIE 10° - 10° Ly s kgioes ' 22 54 By B4 F4HOE 8%
o] t}shHrek=El sl A (polyceyclic atomatic hydrocarbons; PAHs), 4 ]

2 3 2H(hexachlorocyclohexanes; HCHs), 12|31 2 &< < shilAl (chlorinated benzenes;
CBs)S W &FAF7IgeEd = A8t tH(Table 3-2-13).
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) A7

A Fell A WA= vAZeage] PR del= 39 Y (fragment)o] L 7HF W
Hel A 2AE= AEe Zg o €@l (polyethylene; PE), & 2] = 23 @ (polypropylene;
PP), 18] 31 #2]2~H #(polystyrene; PS) =] th(Hidalgo-Ruz et al., 2012). |5 A&
= AAAAA gt m 7|2 kst 2719 #AdE BAst] s, &2
Ho= T g Zekxg ARE oA AR50 m= Al F Ao Ay WEE

of 247k 19 Fok AHF ¥ Azeste] Agad.
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i
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[>
am
2
i)
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Figure 3-2-40. Schematic diagram of the determination
of microplastics - seawater partition coefficients using a
third-phase partitioning method.
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Table 3-2-13. Partition coefficients for HOCs between low-density polyethylene
(LDPE) and water in the literature.

Chemical log Kippew Reference
4.30 Adam et al., 2007
4.78 Bao et al., 2012
4.16 Booij et al., 2003
PHE 4.14 Cornelissen et al., 2008
4.30 Fernandez et al., 2008
4.17 Hale et al., 2010
4.22 Smedes et al., 2009
4.90 Adam et al., 2007
493 Bao et al., 2012
4.75 Booij et al., 2003
4.85 Cornelissen et al., 2008
FLU 4.90 Fernandez et al., 2008
4.20 Hukclns et al., 1993
4.58 Miiller et al., 2001
493 Smedes et al., 2009
4.37 Cornelissen et al., 2008
4.30 Fernandez et al., 2008
ANT 4.33 Hale et al., 2010
4.48 Miiller et al., 2001
4.33 Smedes et al., 2009
5.00 Adam et al., 2007
5.07 Bao et al., 2012
4.90 Booij et al., 2003
PYR 5.02 Cornelissen et al., 2008
4.70 Fernandez et al., 2008
5.01 Hale et al., 2010
5.10 Smedes et al., 2009
5.70 Adam et al., 2007
5.70 Bao et al., 2012
5.53 Booij et al., 2003
CHR 5.56 Cornelissen et al., 2008
5.50 Fernandez et al., 2008
5.78 Smedes et al., 2009
6.06 Booij et al., 2003
BaP 6.22 Cornelissen et al., 2008
a 6.40 Fernandez et al., 2008
6.75 Smedes et al., 2009
7.20 Bao et al., 2012
DBahA 7.32 Smedes et al., 2009
. 7.36 Bao et al., 2012
BghiP 7.7 Smedes et al., 2009
a-HCH 2.80 Hale et al., 2010
b-HCH 2.51 Hale et al., 2010
g-HCH 2.62 Hale et al., 2010
d-HCH 2.20 Hale et al., 2010
PeCB 4.83 Bao et al., 2012
HeCB 5.43 Smedes et al., 2009

Abbrebiations: PHE = phenanthrene, FLU = fluoranthene, ANT = anthracene, PYR = pyrene, CHR
= chrysene, BaP = benzo[a]pyrene, DBahA = dibenz[a,h]anthracene, HCH = hexachlorocyclohexane,
PeCB = pentachlorobenzene, and HCB = hexachlorobenzene.
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Table 3-2-14. Measurement of density of plastics using a volumetric method.

Plastic average (g cm®) Range in literature

091 - 0.94*

PE 0.936 (£ 0.006) 0.917 - 0.965°
0.89 - 0.97°
0.85 - 0.93°

PP 0.924 (£ 0.013) 0.9 - 0.91°
0.85 - 0.92°

1.05°

PS 1.090 (x 0.016) 1.04 - 1.1°

1.04 - 1.08°

“Andrady, 2001, °Hidalgo-Ruz et al., 2012, “Morét-Ferguson et al., 2010
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Figure 3-2-42. Determination of the mass transfer rate constants (K) using
the ABL permeation method for PAHs and CBs.
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Figure 3-2-43. Determination of partition coefficients between
PDMS and seawater using the batch equilibrium test for (a) a-,
(b) b-, (¢) g-, and (d) d-HCHs.
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Table 3-2-15. Values of log Kppmssws
selected HOCs with their log Koy,

log Kpgsw, log

Kppsw, and log Kpssy for the

Chemicals  log Ko log Kppmssw log Kepgsw log Keppaw log Kpssw
PAHs
3.87 444 4.00 5.39
PHE 452 (3.76, 3.95) (433, 4.54) (3.88, 4.11) (527, 5.49)
437 5.52 4.79 591
FLU 5.20 (4.27, 4.45) (5.41, 5.62) (4.67, 4.90) (5.79, 6.01)
4.04 477 429 5.61
ANT 4.30 (3.94, 4.12) (4.67, 4.87) (4.18, 438) (5.51, 5.70)
437 5.57 4.80 5.84
PYR 5.00 (427, 4.45) (5.45, 5.67) (4.68, 4.90) (5.71, 5.96)
483 6.39 5.51 6.63
CHR 5.86 (4.73, 4.92) (6.27, 6.50) (5.40, 5.61) (6.52, 6.72)*
5.29 7.17 6.10 6.92
BaP 633 (517, 538) (703, 730* (597, 620 (680, 7.02)*
5.84 7.87 7.00 7.52
DBahA 6.75 (5.74,592) (172, 800)* (689, 7.10)*  (7.41, 7.61)*
, 5.79 7.61 6.69 7.15
BghiP 6.90 (5.68, 5.87) (7.46, 7.75)* (6.56, 6.81)* (7.03, 7.24)*
HCHs
2.77 241 2.69 3.19
a-HCH 380 (2.74, 2.80) (236, 2.46) (2.64, 2.75) (3.15, 3.23)
1.81 2.04 2.18 2.63
b-HCH 381 (177, 1.84) (199, 209) (208,228 (2.59, 2.67)
2.62 233 2.58 3.01
g-HCH 3.53 (2.58, 2.65) (228, 2.38) (252, 2.64) (297, 3.05)
2.17 2.08 223 2.80
d-HCH 4.14 (2.13, 2.20) (2.03, 2.12) (2.13, 2.34) (2.75, 2.85)
CBs
451 4.63 4.50 5.10
PeCB >17 (4.40, 4.60) (4.49, 4.75) (4.39, 4.59) (4.99, 5.20)*
4.90 5.22 5.01 5.28
HeCB 531 (479, 499)  (5.08, 534)* (489, 510)  (5.17, 5.38)*

Values in parentheses represent 95% confidence interval of partition coefficients
*Suggested value by Sangster Research Laboratory
*indicates partition coefficients that might be wunderestimated because of incomplete
equilibrium
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Figure 3-2-49. Schematic diagram of the system measuring
internal diffusion coefficients of plastic-film for POPs.
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Figure 3-2-50. Changes in Cyppe with increasing time for CBs and HCHs.
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Figure 3-2-52. Changes in CMPPP(t)/CMPPP(O)

with increasing

time for (a) a-, (b) B-, (¢) Y-, and (d) §-HCH.
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A 3 A nAST2EY YEGTE
1 EeaEd mAQAe] Ao wE 9% Bt

7.
Feael A5 Airen A A AL SA5, §A o g4 08
o Rask ojut AR vhol AR & nm A9 Bekag 229 Fb} g
Fop sl MAEALEOE 257 A4 el ea A ngestions] o3
qeFo] Aol AoE gt ek mpebd A FeaYe ol A 13 &
MR ALY 1 2 AE vol R AshE AAWA AulAd] Agse] g4
S

A RAFL Do F Ytk AY Yo MABHAYL o2 s A%, A
ol Wol2 HASE HAIA S5 Fo] MASetag e a5 go] ¥ He S,
MAEGAYS HHAT W ATS WolA T A FHsE A Fol 5P Aow

A GE Y, ol o] FEel thE A7 ARE g AR
7]

Z_I
RO A EATES FYYREO] 22 P oY mE FTHYRS I £
S U=RA(100 nm ol8te] AxH Ba)S ANl e Aw To] WE
45 F50 B4 9L ANt B9 SRk wH, A e GuBehay 4R
o Y Qg FA% 4EA $YAL JTE AT AAE =80 4 5, X

309/7; WSS oA, 47

7138 tH(Von Moos et al.,
edulis® hemolymph<}

G2 F(Mytilus edulzs)oﬂ 3|

2579 o H2Hg-o] A
2012; Wegner et al., 2012). 2| ~g o] d&ka] A2 M.
Symphodus mellops®] Mol MEA | J3FS Fi. DNA &A% of7|etE Hom &
H A 2tk (Mamaca et al.,, 2005). o] & Ao Ze|d3tn|dS L3¢ F53 GAdA=Z 4
" Fd2Y HAEFE Daphnia magna®l AAE wBHES Yo Z tH(Lithner and

Nordensvan, 2012).

] mim oY
f

Holk el A oy} YA ELES F53tE F8% 98 87477 st
t}. E3] Tigriopus japonicuss T2 oloj A v M| Zet~g o] ek} At 7F S48k
= gt vl FE&F AEoIth 1 m o] =79 wAEetaE F Eeayd S
A= A717F 2 EO] o] 874F 9 ol A4 543 vhES Flst=d 2% )
AWE 1 gm W] Rk Ur_L %ﬂliﬂ A JA7E 87 ol v A= g & LRl nprt gloh
53] fEvate] A5 vl B Fr mAlEe g o AR A HTo] el AR
o] ~E|E¥Fo] #A U]*ﬂ%a‘ri‘é} 28 7] F eptolth e 2 AFolA] AERE] B
A GAA e HAAAAE et FH Y FES SAA 7= Ao] el A7) o
ol A i PAlEg =S 279 dEo] 7hed Y2y mA dxE dA st
ATk B AT AEold B a7 F It Al A o e 719 Eel2EE 1)

- 185 -



AJAE Hol EA 5ol et A sheA o9 ols AR A wE AR
JaFS olsstaat ATt T japonicus® A&, wa Ao nxE JFS FA @
T SAAIR R Ittt ofo #HEE HES ‘U EFAHA AR A A o
E 87 547 FEA gFA E ATHES 2 AFAE Y T8 Tl =4
Aol W&ol AANHAoH, & BiuAoA = 1 &S dF== st At

(Lee et al., 2013).
A 54 ededo] Ao vAE dFS 2o 27 #AAS] 8 AlZW A
A=} *§ﬂ ]JJ_(blomaurker)E =25} 7] gqa T
7F AAIA o' A E L = FA 0]
Ql wlo] A2 o} g o] (microarray) 71 ¥ < /\}
japonicus Y Z~Ed2dd FAAo &y

=2 o° o[:o
o>
o Mo
P ®
>
=
ol
o
£
=)
X,
i
J‘,j,
)
_IS‘l
o 2
o O
ot
Ho
2

S whEebalal itk 12 al HolAbEl o3 wl A EekaE o Z‘iol %/\o]— 2ol 7]
Q) AR 20 Ao FEEEFIL REFrotitens] Fe)Ed w AL 2ol
8 ZAHAL REHE 7] Yol o BohE YN G EEAE Aon EelsHa
A J A AE Aol &ely fEo] olg|dt AEH|7F YA EFAto]e] Ay A=
o WA= FIFS AT o9 B WEE “th ZY A m AR A o
= 2E# 2~ FA2 dd 2 AE ol A thEdT

U, Zgagd n g Aae wE g zkEe =4

1) Tigriopus japonicus® %@ =gz JA == Ad Wy

A4 27V (harpacticoid copepod)$] Tigriopus japonicus®] B2 20TCANA HL=
AMLD cycle)S 12112 2702 2AAN S AL Tetraselmis suecicas HolZ FU AT ALE
o EF 02 m ARARE A ARSItk FAol2EX=(pH), &EAkA
(dissolved oxygen), ¥ (salinity)<= 27} 7.8 mg/L, 85 mg/L, 32 psu®| it} o|HA S A}
2% ZE g v YAE 374 Z271(0.05 m, 0.5 m, 6 wm)S A3 HTable 3-3-1).
o ZejxEdll wAYxtell FFepHl s Fo A A % 54 A AREsHTh

AE A& A 2443 F9F T, japonicus A AE wil F 12 well®] ¥l 8- 7] (culture
plate)ell Z}7} 4 mle] o Zsllg 2 250 pgo] Fd EAE EE e A Y =H0.05 m
]2t 9.1 x 10" particles/ml, 0.5 pm 4=} 9.1 x 10° particles/ml, 6 mm A 525 x 10°
particles/ml)2 92 % 10vt2] 9] T japonicusE 2ol Zel2gldll A2 A¥S 3t
T. japonicus 8% At 22 WHo R st APeArt. Ao ALRE of el
T AFE Aol 30 FF 253 APtttk BE S 20Tol A wiFellar, 24417k
Lo T japonicusE 3331 7 (Axioplan 2, Zeiss)dtoll A 50-4008) = & 2Fasld o), vl ok

717 &9k Holol FE2 g, Wil 0.2 mm o A (fiber filter, Millipore,
Billerica, MA, USA)& A}%SM ol st F A AP 919 A el HolA

=2 T suecicas 92 5 T japonicus’7} Ho] Aol =% &olsgtt. o] 2Ag2

N
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A Hol AW ER] T, suecica®t A717F fFAFSE 6 um ZL719] 33 1A E E2 ~H |
AAE 25 x 10° particles/ml 52 9& % 24X 7 v & Frost (1972)¢] #

T. suecica®t Z2 =g vl A=) A2 &S S4I

@l H A
Ho=

Table 3-3-1. Standard experiment of polystyrene bead for toxic test of Tigriopus
japonicus.

Diameter (¢m)  particles/ml For toxicity test For ingestion test
005 B s Mo
R - o
O viewpens  Niwpiens

= AH&3laL, T, japonicus 73 A F
Ho g AgstAt) 12 well9] i Y&
]Oﬂ 4 1«] o] 3} 5 = 247 109 HET BE
2 20CoNA AAskSdar, AE - (treatment) @ W 27 (control) X7 3wl5=2 A 2] 3} At
A7 T Hole= FA FRaL, wiF 484 Foll AR TE T F99 90% B= Al
2 upRleh 37k Z7]e] EEl2gE nAdAE 22 0, 6, 13, 31, 63, 187, 250, 313 ug
/mle] FE2 YrFo] 54 HAHS WA T japonicus®] APEES> 96AI T T &+
& 1) 7 (SZX9; Olympus, Tokyo, Japna) 3toll 5] Kwok and Leung (2005)¢] ®H o & 7

Abeksi et

35 A Lee et al.(2008)¢] WMHE ol &ttt WA 2t H-3t3k T, japonicus
(33} & <24 h v7He] FAS 10024 12 well2] vidE7]o o745 4 mly} 2o
AT FA8S o HHor g stHA A AAR AAdste &8s 7Hd u 74
Z1a sk ar, FAAA 71(SF 50%) B WA 7] (9F 90%) &<t v A= o = LA
k. T, suecica= °F 1 x 10° cells/mlE o3&l A A A3 S =
A E-dAv] 7 shol A AASEH T, FA oA WAl 7] (nauplii to copepodite) % -AJ ol A
A A 74 A (nauplii to adult)®] A71E 71 538FAth o] Al7]el =2 /A= SA A A5ES]
i, BE A A o A H](sexual ratio)9} AEES SAHSALE &
214 (fecundity) 42 &o] Fahgt & A= E 12 welld] w710 &4 A3
o] Ll T suecica= "2 T japonicus 17F&]d 2 x 10° cellso] ¥ =2 HFF L, ol
e Y e Zdol FAH

2AH A #18) Fo Althe] EA AAA F3td Fy Al o] #A8e 12 well W48
7ol dolz A WAt e 24 Fy At 5L8A Aagstdnt. Z2 e
TEY Fee Holo sid 5t AMEEAT o E 5, 6 m 2719 Y 2HA &

96/\]7J HAAEA AL Lee et al. (2007)9] W
FAe A= 22wk

=
%1—5]_ O}\g UJ /\‘]Zﬂ O\:]r—_]
Al
=
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2 T suecica®t #A+3s+ A7)0
0.125, 1.25, 125, 25 pg/ml2]

o A#A o= 37kA] A7 FEAHE A YA 0,

5=

Ak} T suecica®t®] #fol & &eldt”
Z

JS ARt AR g ~Ed vA ¢
#38l student t-testE AAEF T 24 0] WA =
o

AR AEE D Bd7) 7k A E ] BAA Aol dE FEE7] 93] Dunnett's)
AFSEA S ST BE BAEA S SPSS B4 =2 138 (SPSS, Inc., Chicago, IL,

USA)= AF&-3t3l
) ATZA 3

(7}) Tigriopus japonicus® Zz ¥ &l n] A dxte] 24 2ol
7HA 271e] EFY2EE g AdA FQ AdAd, Aol Agd EeE T
Japonicus®] A H  FAAA AAAS RISt (Fig. 3-3-1). T. japonicust
¢l Hol7b & wel®: mAEFSAHE A
2 &2 T suecica®t 6 ym E2] =€l @ vl A Y=}

Tetraselmis suecica®t 22 A4
(Fig. 3-3-2). o|¥H AddA FA< 4
Atolel o]k Aol 7t Q) A TH(p<0.05).

(W) Tigriopus japonicus® H4 54 23

962t 5 T. japonicus®] A 42 R AL 37FA 2718 ZYAE A 1A ) A
Hdl 5=(G13 pg/mhol A Aokt AapA oz vk Arbs (Ll E AN 5 gl

ol

(t}) Tigriopus japonicus® W3 =4 23

T. japonicus®] Foddl ¥ FiAde] A& w5 &Rlstr] flste] 37FA A7]9] &
2EE nA YRS st w2 vrEo] =3 A ZH Y (Fig. 3-3-3). T, japonicus+ &€
2Hd F<9 AZ77F 0.05 m o3 57} 1.25 pg/mlY o) A E) o)t e Wk
t} (p<0.05). 72 FoAdlE Za2gd 7% 257 125 pg/ml o] o, FiAdgE
1.25 pg/ml o]’del =ZF=W v*ﬁ(naupln) 2 1A s A (copepodites) ol Al AFRES =19
o 05 ym 2719 Ee g mAdAE A Aol = Forlldel vxs 48s
4 F ARL(P>0.05), ] 2~E A HA YA FETF 25 pg/mld @ FiAlte] AE & o]
zg-ok Blatste] AT ATHP<0.01). 6 m =719 EYER vAYAE T oAl
A T japonicus®] BEEA FFS 71 AA &kth(p>0.05). T. japonicus® 8713t
(nauplius to copepodid, N-C) 2 A A &=H7] 2 nauplius to adult, N-A)& A&7+ &

b FrARSE S WEFHHH(Fig. 3-3-4).

- 188 -



Figure 3-3-1. Fluorescently labeled polystyrene beads
(arrows) of 0.05 m (A, D), 0.5 ¢m (B, E), and 6 m (C,
F) diameter ingested by Tigriopus japonicus including
adults (A, B, C) and nauplii (D, E, F) exposed to several
concentrations (9.1 x 10" particlessml for 0.05 ym PS
bead; 9.1 x 10°® particles/ml for 0.5 ym PS bead; 525 x
10° particles/ml for 6 um PS bead) for 24 h. A-1, B-1,
and C-1 are fecal pellets egested from adults.

200 pam

Figure 3-3-2. Fluorescently labeled polystyrene beads (6
wm; arrows) and Tefrasdms suecica ingested in Tigriopus
japonicus exposed to the beads (2.5 x 10° particles/ml)
and the algae (2.5 x 10° cells/ml) for 24 h.
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A) 0.05 pm PS bead B) 0.05 pm PS bead B) 0.5 pm PS bead
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Figure 3-3-3. Effect on the survival of the Fy (A) and F, (B) generations of
Tigriopus japonicus exposed to different polystyrene beads at differing
concentrations. Symbols ~ " on data bars indicate significant difference over
the controls, p < 0.05, p < 0.01, and p < 0.001, respectively.

A) 0.05 pm PS bead B) 0.05 pm PS bead B) 0.5 nm PS bead

20 20 pyeys 20 -
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Figure 3-3-4. Effect on the nauplius phase (nauplius to copepodid, N—C) and
development time (nauplius to adult, N—A) in the F, (A) and F, (B)
generations of Tigriopus japonicus exposed to different polystyrene beads at

differing concentrations. Symbols ~ on data bars indicate significant
difference over the controls, p < 0.05, p < 0.01, and p < 0.001, respectively.

0.05 mm =719 Z =gl mAYAe] $E7F 1.25 pg/mll A@FolA fF47]7k]
o stAl A AHp<0.05). 0.5 um ?/]i‘:/]?%ﬂo] 25 pg/ml %= ATl = FiAld e
whek7) 7ko] A A E A tH(p<0.01). 6 m Z]2~Eldll nAGAe] =F /‘E“* = 24 ke
ggko] gt =717 7HE 22 0.05 mm Z2] el #l vl A x}e] A& = T japonicus
o AAlede F3Fe v AA Fkeh 1Y 0.5 met 6 um %ﬂiﬂ%ﬂ T=9] v Ad A}
of AFFoME BE LA A s BAE eI ohFig. 3-3-5).
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Figure 3-3-5. Effect on fecundity in the Fy (A) and F, (B) generations of
Tigriopus  japonicus  exposed to  different polystyrene beads at differing
concentrations. Symbols ~ "~ * on data bars indicate significant difference over

the controls, p < 0.05, p < 0.01, and p < 0.001, respectively.

b, Y TRHAUE Holge] Fad AUE AAHe FRIYa

WA 5 ogE AESsge 9% g A 1 mE 7]
O A

I

74 0.05, 05, 6 mel ZE=Eld AP AAFEFS AFsnh A
AMEZ Q7V52 Tigriopus japonicusE ©]&3 JA4 2 TAAFES T AEA,
o) A A o F g AAEE ARSI Y. T japonicust 7 RE EE2EE v
AJQAES A3 & wjAdega, AEZHaEe] ol F71EHYS u HolMuAs

UERHA @tttk a4 (7 R A AADE 964 SAEA Al Al 7] 27
2o ZElE vAdAe] R 230 ol AEs i ey 2410 REd =4
Aol A, 125 pg/mield s Wee] 0.05 m Z=E R v AR = F-EFE) A
At v sAe] AbE ob7IdlaL, AXe] 125 py/mle] FImolM AEFEDAE AP S
dozitt 05 ym E=ER vAdA Ade] G, FEAHE)NA o= & 8l
AL, AAAHEFE)ANAM = Hs=25 pg/mhe] 45 el nle] o3t AE4d Ao

R

= el 38 6 m ] 2E 8 0 M YA = 24t 2 A T japonicus®] Aol gk
S FA Ao 05 me 6 mm T 2HA MR BE FEAA 87tFe WA
AAE op7lstATh 47 AdES Ay AFSE A7]9 EaHA wAYgRie) 22 A

N

19 mAlEtago] g 2ol FA44 dFe = F des dvEth
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ok ZE g AR A e 2Ed s fHa Tl B AER

D Z2EA vAdA mFel e a4 A 2 FE

T. japonicus® @ 2El# nAJALe] w=Fo wE AEAN] ~EdYs A #
Az BEHGFFE 2AS 2y, w=F 6A1 Fo= T, japonicus® CO1, CYP3AR9,
chitin deacetylase 1-like protein gene®] down-regulation¥+ 73S 1} (Fig.
3-3-6). == 24 At o=, Ak o FEdd FHAC cytochrome P450 A<
frazre] o3 HEvh Fof A% PS ol o8k 312 T8 (endpoint) S 2 A EE-
o] 7}hgst Ao w el Cuticle protein F2AF £33 =¥ BE ZT g 7
A G Al up-regulation¥ o] &&7tsd s B ow, YA Fdx= g S o] A

4 oot AF F71H9 ATV BAF AoE BTk

After 6 h After 24 h
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Figure 3-3-6. Gene expression of Tigriopus japonicus exposed to different polystyrene
beads.
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0.05 pm

L

Figure 3-3-7. Ingestion of rotifer exposed to
different concentration of polystyrene beads.

2 ase EelsEd vlA9AE AAT £ERE EEFig 338 % WA (Fig
3-3-9) Aolel TFE Aw, RE Aole AN EFezEA nALAT} DR
o ol Al Eesg e EFAEL 24 2R olFIE At QA
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Figure 3-3-8. Ingestion by parrot fish larvae exposed to rotifer.
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Figure 3-3-10. Growth and survival rate of flat fish larvae exposed to different

polystyrene bead dieted in rotifer.
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S F AT 20139 6929 AH 8olA 1 A 7= AA 49}

MAZ velsto ¢ v Adfe] Ade BEF W(cotton)oZ A H I TH(Fig.
3-3-11). 20133 s8] REAT F FAdE Ul/‘ﬂ%%@"] B A ekokar, shAe 3

o] & Zhe-dlol g F Jle]l Ao mFolA 7zt 1HAN #AFEFHSATE ¢S
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Kayocel o] =38 Aoz yelyth(Fig. 3-3-11).
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Figure 3-3-11. Photos of micro-entangled zooplanktons in the Yellow Sea and
Jinhae Bay in 2013 and Fourier transform infrared (FT-IR) spectra of entangled
micro-fibers.
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Figure 3-3-12. Microfiber to zooplankton ratio from Jinhae Bay in June and July, 2013.
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Figure 3-3-13. Microfiber to zooplankton ratio from in the Yellow
and August, 2013.
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H 336417 7HA 24417 AR EASAT 19 mAdE Hd2 F 63 A
stdar, zF Ao =38 B 5olAtdE Table 3-3-39F Zt}. vAE o A=
el AEES wolv] A% wHoer, ddAdw & uAsta Awe ¢ S7h A
T & aAgsta AdAE AAg S7Fe A5 ddsdth(Table 3-3-4). 197
AdeM= Ay T FFS Flst=d 524 AU

Table 3-3-2. Distribution and abundance of microplastics in the previous study.

Areas Ranges Units References
Northumberland 5 165 o iclesL Buchanan (1971)
coastal waters

Northeast Atlantic  0.01 - 0.05  particles/m’ Thompson et al. (2004)

North sea 88 particles/LL.  Dubaish and Liebezeit (2013)

cru'flberRI- SEAJE

ST Y fiber (2210 ~E{9} 20%7] e L
fiber)2 2™ =55k 0I5,

H| 0] # LH fiber : oF 9.9-10.2 particles/m¢ c MEHHE 2™

H|O|Z| U] M=: T_fapomcus A. omerii=(30- 407||I|) f'berii A™EA 14

HIO[A L] MES - N Z XIS vs. M2l £ | : o DA By B
BH: 200120 247 DI B B B
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Figure 3-3-14. Flow chart of experiment for microfiber entanglement of
zooplankton.
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Figure 3-3-15. Pictures and FT-IR spectra of microfibers used for the

micro-entanglement experiment.
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Figure 3-3-16. Entanglement incidence rate of the
first entanglement experiment using a bubble.
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dojwtrh. oo Wl T. japonicus®ll VAWM &S A g

A. omoriiol VMY ES FYsk AP M= 1684

t(Fig. 3-3-17).

AddTolM= el gl

b Foll 1I7RAClA gl do]l HEE Y

Table 3-3-3. Experimental condition of the first phase of micro-entanglement experiment.

Incubation

Experiment time Experimental condition Remark
st B Bubbling Temperature setting 20°C
eoeiment 03'2(79 6h(;3'31 (500 ml beaker) After 96h, all A. omorii dead
P (polyester fiber) Mortality of T. japonicus (93%)
Bubbli No checking out of microfiber
2nd 04.04 - 04.07 ubbing existence in natural food
. (500 ml beaker) ..
experiment (96h) ( Blackout caused extinction of A.
polyester fiber) . . :
omorii and T. japonicus
Bubbli No checking out of microfiber
3 04.07 - 04.21 UbDINg existence in natural food
. (500 ml beaker) ; . .\
experiment (336h) (polyester fiber) T. japonicus was under condition of
bubbling and no bubbling
4t 04.08 - 0421  Concentration change Feedback from previous experiment
experiment ) (312h)' (6 well) Observation time (8, 16, 24, 48,
p (polyester fiber) 72, 96, 120, 144, 312h)
Bubbling ) )
(500 ml beaker), Bubbling: Observation time (72,
5t 05.26 - 06.02  Concentration change 96, 120, 144, 168h)
experiment (168h) (6 well) Concentration change : Observation time
(polyester, cotton + (24, 48, 72, 96, 120, 144, 168h)
polyester fiber)
Bubbling
(500 ml beaker),
6" 05.30 - 06.06  Concentration change Bubbling: Observation time (24,
experiment (168h) (6 well) 48, 72, 96, 120, 144, 168h)
(polyester, cotton +
polyester fiber)
mmmm No entangled
1 Entangled
- T. japonicus (No bubble) T. japonicus (Bubble) A. omorii (Bubble) -
= £
ERU 0 B
0

0

72

96 120 144 168 336 0 72

96 120 144 168 336 0 72 9

120 144 168 336
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Figure 3-3-17. Entanglement incidence rate of the third entanglement experiment.
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Table 3-3-4. Experimental condition of entanglement experiment exposed to different
numbers of microfiber and zooplankton.

Tvoe Control of fiber number Control of abundance
yp at fixed individuals at fixed numbers of fiber
Abundance . . . ,
(individuals) 10 (T. japonicus) 5, 10, 20 (T. japonicus)

Fiber
number/incubation 55, 275, 550 particles/10 ml 550 particles/10 ml
volume
Food X X
Bubbling X X
Light condition Light : Dark (12:12) Light : Dark (12:12)
Light intensity 161.74 pmol/m’s 161.74 pmol/m?s
Incubation 20°C 20°C
temperature
A dFel v 24 2 T japonicusSt A. omoii® MAFE =24 233k 43

A& o) A= *a’fé A" T 1444130 712 2473 Ao = #asl g ar, 312417 §9] &
5 AZEA S go] gl 52 A4 HEH S A F2 ¢74<>ﬂ*1 9641 ZF T A
7] e A AT A AL AFE =& B T japonicus 170A 2] H A3 o
AAIL, 14447F Foll 1HA7F F7FE A TH(Fig. 3-3-18). &l =8 Al «1 e
144A1 2 o 1A 9] 3ol AT WA ES ol &sta Ax7] IH HAFE AHE
& AT = 14447 ol 1A 9] HEel AN, EolaH i A=

T. japonicus®l MAF 2 wAEF M 2dd & vASY A¥x
3—3—401] 71 &3t 52k Ao A = 1 1o v%2& ‘ﬂfﬁ}ﬂcﬁ AHE A,

H AP T4 550719 WA R = 3ol 48A1XF 3 1UNAC A ¢ 3o

aL, 55709 A7t e HelA = 72*]& ol 1A A o] FEHATE 2 A
@?Oﬂﬁ H A 7F 550707 Sl 22l 2070 A 7 = welloll A 48413 5 170 A
oA 3ol AAEY L 5/HATE AE wellol A 7247 Foll 17RA A dlo] BF
=] ATt

62+ AEA, H

Fl

N

S|

d

HE& ohA &2 2d 1HHA=RY

= | A B 2u(Ed2Y) 4
ol 48A1F A3 5 Zzh DURAll A elddo] aEEda, WEd £l 3
H@Az7 A AETelM= 12003 1A A, A (FE ol 28) AEFellA =

i e
T2A17F A3 = 1A A Hdlo] A oh(Fig. 3-3-19).
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Figure 3-3-18. Entanglement incidence rate of the fifth
entanglement experiment.
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Figure 3-3-19. Entanglement incidence rate of the sixth

entanglement experiment.
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3) 2&A A8

HE

Ul &
194 Azt vjaelsle] BER vl fe] dol7h thRE 1 moldtz vER,
207 A= Aol 1 moldtE A8t tH(Table 3-3-5). um] B o434
=5 Z7F2d A, 500 mloll Z&] o ~H U]Aﬂ/ﬂo 9 Az7] A4 5000 AR} =
o] ¢l HlolACl T japonicusZ 30/RAR €& 5 20TolAH =% wikstich =3 6
well plateE o] &3] AFAYE 5 uAs L AHe] AF F71¢ Ao +2
At AGAE ANAF e 495 2PxAoR sAHTable 3-3-6, 3-3-7).
AT R 28-S W3 (Fig. 3-3-20), A2 & 2447 FHREH ¥

1l

Hll:l

o)

2 A, A A0NAA FARAANHe BAGAT 28 299
e 1w dadve Al 2 34 2gn FAY fo4 5090

—1 1

g

Table 3-3-5. Comparison of microfiber length in the first and second phase of
experiment (N=50).

Experiment Mean length + SD (mm)
First phase 1.31 = 0.18
Second phase 0.86 = 0.26

Table 3-3-6. Experimental condition of entanglement experiment in the second
phase of experiment.

Incubation Experimental

Experiment time condition Remark
Bubbling - Increment in the of T. japonicus
(500 ml beaker), entanglement were observed in the
1 09.22 - 10.02 concentration condition of 500 particles/10 ml
experiment (240 h) change (6 well) - Microfiber/zooplankton ratio is 25
(polyester, cottont - Other experiments were same to
polyester) previous results
Bubbling
nd (500 ml begker), - Increment in the of T. japonicus
2 10.07 - 10.17 concentration entanglement were observed in the
experiment (240 h) change (6 well) &

(polyester, cotton+ condition of 500 particles/10 ml

polyester)
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Table 3-3-7. Experimental condition of entanglement experiment exposed to
different numbers of microfiber and zooplankton.

Control of fiber number Control of abundance

Type at fixed individuals at fixed numbers of fiber
Abundance . . . .
(individuals) 10 (T. japonicus) 5, 10, 20 (T. japonicus)

Fiber

number/incubation 50, 250, 500 particles/10 ml 500 particles/10 ml
volume

Food X X

Bubbling X X
Light condition Light : Dark (12:12) Light : Dark (12:12)
Light intensity 164.23 pmol/m’s 164.23 pmol/m’s
Incubation 20°C 20°C
temperature

4) 29HA A4}

29H7 12 2 23 2% 2AE Table 3-3-3°] 7|=H At 1944 A3 g =5
3 He 1A 289 6 welle] 500 particles/20 individuals (1. japonicus) 223 ol A
Ho 5709 ¢ge] #EE Aol th(Fig. 3-3-21, 3-3-22). 5704 2 10712 2 F ol
M Ho 12704 delA Aol #EHA 23 A3l A%E 6 welle o] &3 500
particles/20 individuals (7. japonicus) 23 7-lA Hdl 670A<¢ ¢3do] Tz o 14
A3 FAFFA THEFig. 3-3-21, 3-3-23). L 29 AFFolE Hd 1-271419 29
o] Yelv FElg S717F gl

29hA 12 2 2aF A HE
71 i A AR BT 7IE
= ¢l tH(Table 3-3-8, 3-3-9). &3 & 5717k = w4
At sEEdaE JMAl Wst A+ 5, 500 particles/10 ml (7. japonicus 207}
Aol vr& Aol vl A3 F7HF FElekla, 2w vl= 260tk L 9] A3
Tl 194 A3 7 fFAFsEA T

& WEE S AP BedlaHg Az
=€

Aol
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Figure 3-3-20. Flow chart of experiment for microfiber entanglement of
zooplankton in the second phase of experiment.
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Figure 3-3-21. The first and second entanglement experiment in the second phase
of experiment (polyester 500 particles/10 ml, 5, 10 and 20 individuals T.
japonicus, " p<0.05).

Table 3-3-8. The first entanglement experiment using a bubble in the second phase of
experiment (L: live, D: dead, No E: no entangled, E: entangled).

1st experiment (Polyester)

Bubble
Time Observed Observed Observed
Date (h) L D No E E L D No E E L D No E E
09.22 0 30 0 30 0 30 0 30 0 30 0 30 0
09.23 24 30 0 30 0 30 0 30 0 30 0 30 0
09.24 48 30 0 29 1 30 0 30 0 30 0 29 1
09.25 72 29 1 29 1 30 0 29 1 30 0 29 1
09.26 96 29 1 29 1 29 1 29 1 28 2 28 2
09.27 120 29 1 29 1 29 1 29 1 28 2 28 2
09.28 144 27 3 28 2 27 3 29 1 25 5 28 2
09.29 168 24 6 28 2 25 5 29 1 25 5 28 2
09.30 192 24 6 28 2 22 8 29 1 24 6 28 2
10.01 216 22 8 28 2 20 10 29 1 23 7 28 2
10.02 240 21 9 28 2 19 11 29 1 21 9 28 2
No bubble
09.22 0 30 0 30 0 30 0 30 0 30 0 30 0
09.23 24 30 0 30 0 30 0 30 0 30 0 30 0
09.24 48 30 0 29 1 30 0 29 1 30 0 29 1
09.25 72 28 2 28 2 29 1 29 1 29 0 29 1
09.26 96 28 2 28 2 29 1 29 1 29 1 29 1
09.27 120 28 2 27 3 28 2 28 2 28 2 29 1
09.28 144 27 3 27 3 27 3 28 2 26 4 29 1
09.29 168 23 7 27 3 25 5 28 2 24 6 28 2
09.30 192 22 8 27 3 25 5 28 2 23 7 28 2
10.01 216 21 9 27 3 24 6 28 2 22 8 28 2
10.02 240 20 10 27 3 22 8 28 2 20 10 28 2
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Table 3-3-9. The second entanglement experiment using a bubble in the second phase
of experiment (L: live, D: dead, No E: no entangled, E: entangled)

29 experiment (Polyester)

Bubble
Time Observed Observed Observed
Date (h) L D No E E L D No E E L D No E E
10.07 0 30 0 30 0 30 0 30 0 30 0 30 0
10.08 24 30 0 30 0 30 0 30 0 30 0 30 0
10.09 48 30 0 29 1 30 0 30 0 30 0 29 1
10.10 72 29 1 29 1 30 0 29 1 30 0 29 1
10.11 96 29 1 29 1 29 1 29 1 28 2 28 2
10.12 120 29 1 29 1 29 1 29 1 28 2 28 2
10.13 144 27 3 28 2 27 3 29 1 25 5 28 2
10.14 168 25 5 27 3 26 4 28 2 24 6 28 2
10.15 192 24 6 27 3 26 4 28 2 24 6 28 2
10.16 216 22 8 27 3 24 6 28 2 24 6 28 2
10.17 240 21 9 27 3 24 5 28 2 23 7 28 2
No bubble
10.07 0 30 0 30 0 30 0 30 0 30 0 30 0
10.08 24 30 0 30 0 30 0 30 0 30 0 30 0
10.09 48 30 0 29 1 30 0 29 1 30 0 29 1
10.10 72 28 2 28 2 29 1 29 1 29 0 29 1
10.11 96 28 2 28 2 29 1 29 1 29 1 29 1
10.12 120 28 2 27 3 28 2 28 2 28 2 29 1
10.13 144 27 3 27 3 27 3 28 2 26 4 29 1
10.14 168 26 4 26 4 27 3 28 2 26 4 28 2
10.15 192 26 4 26 4 25 5 28 2 25 5 28 2
10.16 216 25 5 26 4 25 5 28 2 25 5 28 2
10.17 240 25 5 26 4 24 6 28 2 23 7 28 2
1441 # (5,000 paticies/S00mL, 20754} 3X}4 # (5,000 paticles/S00mL, 20754} !
L
48h e 2h

3414 [S000particles/10mL, 4078 &)

SAHALE (550 particles/10 mL, 207 &]) 6AHE (500 particles/ 10 mL, 207 &)

Figure 3-3-22. The picture of entangled zooplankton
in the first phase of experiment.
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11X (5,000 paticles/500mL, 30754}

Figure 3-3-23. The picture of entangled zooplankton in the
second phase of experiment.

3. AFAEZ vAETHLY 44 &Y

7 A
Fetag 27} MAENR A0 R AobquA ARl &R (bioavailability) 7+ F7H
¢ Qo dEHw k. A
Az 19970 Wakel 2012900] A E ARE Wlaew Tepad zdvle] A ®
ATHCBD, 2012). 43
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oA A dt(Lee et al, 2013). wepr] @D Aol = o] da 3= A7] 9k A
Ao mAZEAYHS AsE =E5] ddol A4 ofFE FQlsr|rr &olstth v
gl AAstes AE AoelA 1 mm olste] wAEg2ES EElste] 24T
Abel= v Al ol

F Lol Aof M7l o] AR = AFA AR Sl A
2glo] A o™ (Witte et al., 2014), =FDolA FAd &334
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o AWAAME 1 mm "R w A EFefxgo] Zb2F Fat 0.36+0.07 particles/g2F 3
0.47+0.16 particles/g w22 HE% A H(Van Cauwenberghe and Janssen, 2014). &
8l Abgho]l Wi A8 Sty ZoA A wAEetage AW sEEFH FF
Ao HF{F A mE dAF vAES~Y HHF2 11,000 particles/yr2 F4 5 a1 9l

tH(Van Cauwenberghe and Janssen, 2014).
Aol A AAE FRf G ~HEE fF mA AbstE Sl
= 2EHER 277 v iFAESCC] AT, AR P ol
A H(Fig. 3-3-24). =¥

P
K

[

u

f to
ults
o

i

) A
& Fold 2o e FH Aes SR 0T 2719 2EHEE vAEEtaE ol
O A A B3 2Asd ol e 2ol AEEE Fold 57
F(sopod)7F Al AstH, ~EZE =& Fal 507t vAl AHEE 7to] AAHT
= B} Jk(Davidson, 2012). HEIE Y $F2 wxEE Zelxg g rld R s}
of M2st= mofnle] 34%oll A FR G FFAM AH & mAEeaY 2745 §
frata A HGoldstein and Goodwin, 2013). -2l uhe} <19t ~E|2E K-z} 2297
of AAet= g A=olr RE2E dAE A4S 7hedel =4 A7IE, ol A
= Aol 2ERF vA EaE AH RS gdste Ao E At 539 &
B2 $Elvel dAgtes Tuy Zelage B2 2 A n uAZetsy 3§
& 2H7]e] o9 2 HES A= Aol WA, EA AA FEol tE A
NME ATl Fau AuE ool vk AERFE FAd AAss AE T o=
S Ja AAshEA ARl 2ol MAAEN frles e HA=AAS AAE

Seaweed Sea squirt

Styrofoam buoy and Bivalves Polychaeta ish

Figure 3-3-24. Styrofoam buoy and inhabiting organisms.
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2E A 28715 AFsAnh. AHE FA9] SA AdS Sk Fo] USFd #F&
il AA s e AR H ol s 10vkE] A MEY s tH(Fig. 3-3-25). AAFolE
A FAo] ~EZEF FAolE B Pl glon, Faio ¢bE Z1E A &
o] dZAEo] At AFH ¥ udEAXHol= MA EE 1 L nlojAe oty &4
oF A Fol T2A1ZE Bk AN F A ES #F ST 72A12 & vklE A
Foli= Hlo]AdA AW A7} FA 5 AE HAEE 7|E3PTh WAEE &9 ~E=E
A5 gRlstr] flske] mjAdEe] @1 nlojAd kst aTE Yol fU1ES AA
o] %2](04 m, polycarbonate, Milipore)oll o #a}givh. o 3] Aol mAiAL A=
An 7 FT-IRZ &2 519 th(Fig. 3-3-26).

o O
o o 0

Figure 3-3-25. Burrowing by lugworms in
styrofoam buoy collected in Jinhae Bay

»

- _o{t;r 6bh 3
t = 66h
@

B & $0|24 B (X40) EPS 44 ofel

Figure 3-3-26. Flow diagram for microplastic analysis in lugworm
samples. (a) sampling of lugworm, (b) observation of excretion
from lugworm in 1 L beaker for 66 h, (c) feces from lugworm, (d)
FT-IR spectrum of styrofoam particle from feces of lugworm.
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2) A

ZALE 1070 A o] BE AAFole HidEolA AEEE v AEFgAHol g1E S
b AR ol mjAE A U2 AE|R2E u A Z2FAES 46-451 particles/indZ # o)
g AN A 451702 ~ERE n M Zetago] wAdE o, 1070A4 H 132+122
particles/ind®] ~E]Z3¥%o] A& tHFig. 3-3-27). A E &£ ~E| 23X o] B
< FAE ol A7)+ <200 pmH-E] 3.65 m7bA] vhFekivh gk A gGo] A7)
uet wjdE &Ho AEEXR 27t AV @Rt oE 5o, A7V & AA B (F
A 638 g, Aot 26 cm) MAE £ ~HEE 279 Hd Zol= 379 meol i,
o Aol 1.26£0.83 mmAth. 2 A7) AA Gl (FAl 327 g, Aol: 14 cm) WA=
&0l ~E|REZ JAtel Ho Zolx= 197 mm, H Zol:E 0.8+042 mn$ltH(Fig.
3-3-28).

500

400 -

300 -

200 A

No. of excreted EPS

100 -

1 2 3 4 5 6 7 8 9 10

Lugworm #

Figure 3-3-27. Number of styrofoam microplastics
excreted from the lugworm dwelling on the
burrows in the styrofoam buoys.
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o7k AAet= 2 3l weg Ay G vig AgE dAEo] EAske A 54U
o o) 2 Hx
H = 1

o B& ZHEE wAYArt EAste o B o, AAGe|rt 2EEE YA
olE 7| S FHor HAUS Jtedo] o] EA g

w3 7)o Bauw SzHF 9o (Davidson, 2012), A~E23E Fxlo] AA &= AXA
golo oA ~EEF FAEFH v EFeAgo] RbEo X Fo] & AFtoA F
7t2 FJAHJT. G B F FoaE 2d 7)o vAstE F2 R 9 o] F
ofd Ao oiEi 9ot ojef & AESA o] AL mAZeAE S A=
ol drtslo]l FlE At

Frequency

MK 1

00 05 10 15 20 25 30 35 40 45 50 55 00 05 10 15 20 25 30 35 40 45 50 55
Maximum length (mm) Maximum length (mm)

Figure 3-3-28. Microscope images (scale bar in A and B is 1,000 um) and particle
size distribution of styrofoam in excretion of (a) large size and (b) small size
lugworm.
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Aol A olE FWal7l 9g A7 el e Ha ok A7 AFAA =, A
AGol7t Feb~E(EFE Y, ZY A d)s AASIA S A5 ol ed=d(xd
Hiz, EYEF R, d3tH|d)o] ol S FAHo, | Aot A 58 Ae As
A 5 oy AESA A4FFES dojue Aol WM tH(Browne et al, 2013,
Besseling et al,, 2013). @ AFodA =, vtotA e} 22 g Holweo] FHx2zt A
oA HEE d=do]l T2 Fd HIAS VheAol RuEi v dE
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g F712 Adstdh ARH 9L 288 Yo 2HRE 242 wWEAY7] 9
075 um ool o3} 8 5ol q 227 373 HBCD ¥4 AAshrh.

o). A

AMA 7ol wE wA el HBCD AW 554 #la
AE|RE Bzlo) AAsl= @Xx 9o HBCD %9 S7H3ke 112 ng/g lw.(AEW
911 23-5160 ng/g lw), nEEZEA FAe]l AHst= @A= 61 ng/g
Lw.(37-97 ng/g lw.), &% Folo| A= X+ 62 ng/g Lw.(36-91 ng/g lLw.),
ol 2] T+ 16 ng/g Lw.(7-44 ng/g lw.) o] tH(Fig. 3-3-30). ~E ZE Ho]d
A2skeE @A 9] AU HBCD §%=7F & 7] & A2 sk @4 Bo =94t} o] 32
2B 2% Fold gr¥d HBCD7F 92 HolH il 55 HoFe Aot
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Figure 3-3-29. Map showing the sampling station of styrofoam

and mussels.
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Figure 3-3-30. Concentration of HBCDs in mussel
(ng/g lipid weight) on styrofoam buoy, HDPE buoy,
metal buoy and natural rock.

W AE|RE FA9) olo] RAE ©x] Fo| HBCDE zHz BA18he] wae|n,
~E]R2E Bzo] HBCD ¥ %7l 842 o]d AM2Aste 94 94 %2 HBCD %%

= HA(Fig. 3-3-31). 0]” HAZE 2R AERE BARRE AfAoR ¥
T vk = uE S0t AR 9 11l AP E e EF FACA = v
4 ¥ HBCD %7l A% Ao, o= & dA7olA A A58 AAledl A7t

%= HBCD <43 W23k ol vH(Rani et al, 2014).

A g1 A
 2E|RE Rt 7]
Ao

/\-1 /\1/\1 O]_‘— 1:L

a-HBCD+= A& 4ol A% 54o] i, y-HBCD+= ML
of A& Ao =4 H o/yHE HBCD =% A%
Ae] zpolo] wE X2 HBCD o/yH|E W3 24
27 o2 71 doll A AlshE "HAET v 2HEE B2 A A AE® HBCDY ofy
Hloll &R FALsk A vH(Fig. 3-3-32). 2B 2% F-2F Aol A HEH = HBCD= A48
= T& AH§H = HBCDO ol ddAl x4u 9 vl FAlstlon, ~E23E Fatd &
o] M5t A= v A HY y-HBCDE H|&o] dejdoz zof vuz 7t
A% HBCD9 #¢& we Aoz Ay, ddtxyoz AEAUAAN HEHE
HBCD®| o/y Hl= 433 =2 # Z

S Hola glo A<
£ HBCDY] ao/y Ml - dlejdel 492 7€ EdoA 4 HBCDY »=%7
zokE d8 e 425 T34 HBCDO =il g RojFe Aol
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Figure 3-3-31. Concentration of HBCDs in styrofoam buoy and
mussel attached to it.

a/y ratio of HBCD
w

) t

s B :

EPS on EPS on HDPE on natural rock
buoy Mussel

Figure 3-3-32. The a/y ratio of HBCDs in styrofoam
buoy and mussels on styrofoam buoy, HDPE buoy
and natural rock.
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AT Fzpo A AHE g A= Fet F HBCD v%=7F 83 & oh(Fig. 3-3-33).
st R, st Fo= A 119 Fxpell A28k ‘T/:Lilgl HBCD %7} A% 3#¢]
A2 EA] B oF 2-4u 7t =9kt

? 2 7)ol A F-&sto] MAst= @XM HE¥ HBCDO v%%&
2o 7 akslo] (0.52-98.3 ng/g wet weight) F-HAshe] aldk AefAe] E A A}
= s Az 847 3 167 ng/g wet weighto} Bl stH Aoz v
ow, RJAND REE A% FAE IF7IE #<l 6,100 ng/g wet weight¥} H] 13|
= dA% e e BAHWFD WG E dossier 19 Jan 2011).

120

= Before depuration

100 1 T— After depuration
S i |

St. 3 St.11

o]
o
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o
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N (2]
o o

Figure 3-3-33. Concentration of HBCDs in

mussels before and after depuration.
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Even when the ses looks dlesn, ts surface can be flecked with finy
fragmenis of pein: and fiverpless. Tnat's the finding from = study that
looked for plastic polluion in the uppermost millimeter of ocesn. The
micrascopic fragments come from the decks snd huls of bosts, snd
they could pase  threst to tiny oreatures cslled zoaplankion, which are
SN important part of the marine food web.

St
B
o Fation geneevet

- The discovery is “eonfinuing t Open our eyes to how many smil
synihetic paricles are in the environment.” says Kars Law, an
oceanographer whe studies plastic poliution st the Sea Eduestion
‘Associstion in Woods Hole, Massachusetts. and wesn't invalved in the

study.

The mil of the cosan, calisd the

undertying water. Surfscs tension and sticky Secretions from microbes keep tiny partcies
Within this Isyer. Previeusly. stientists soanning the ooesn for piastic pollution haart coked
spesifically st this layer |nstesd, they s tske bulk samples fram the surface microlsyer ang
below. Earlier studies siso tended to use cosrser neis that don't capiure the finiest particles.

Resesrchers led by Won Joon Shim, an environmentsl chermist et the Kores Institute of
©cean Science end Technciogy in Gecie-shi, South Kores. focused on the microlayer tsef!
They collecied wster samples slong the southem coast of Kares, up to 18 ilometers
afishore. Vihen they genty touched s sieve with 2-millimeter-wide hoies to the surfsce.
water ffom the microlayer gloms on. Examining the ssmples in tha isb. the ressarchers
found well-nen kinds of plastios” polyethylens. polypropylane. and expanded polystyrens
Bt to their surprise. thesa made up just 43 of the partcies.

Sighty-one parcent of the syninetic pertices in the microleyer consisied of slkyds, @ binder in
pairts, the tesm raported online shesd of prnt in Environmental Sciencs & Tecknalogy.
Another 1% ware polyester resins Used in paint s

rglass. On susrags, a ter of water

fromthe microlayer contsined 185 pariicles—ihis concenération is 10 to 100 fimes higher
water Shiw's group

similer sbundances of psint periives slong snsiher part of tne Keresan cosst Tners wil

probably ba fewer psint parficles in the open cosan snd cosstsl regions wih less shipping

‘end fishing. Shim seys.

The psint and fiberglsss partides are coming from the more than 17,000 small fishing bosts
that ply thess wsters, the researchers dstermined. Under the microscope, the fragments

ABSTRACT: Determining the exact abundance of microplastics on
the sea surface can be susceptible to the sampling method used. The
sea surface microlayer (SML) can accumulate light plastic particles, but
this has not yet been sampled. The abundance of microplastics in the
SML was evaluated off the southern coast of Korea. The SML
sampling method was then compared to bulk surface water filtering, a
hand net (50 um mesh), and a Manta trawl net (330 um mesh). The
mean abundances were in the order of SML water > hand net > bulk
water > Manta trawl net. Fourier transform infrared spectroscopy
(FTIR) identified that alkyds and poly(acrylate/styrene) accounted for
81 and 11%, respectively, of the total polymer content of the SML
samples. These polymers originated from paints and the fiber-
reinforced plastic (FRP) matrix used on ships. Synthetic polymers
from ship coatings should be considered to be a source of
microplastics. Selecting a suitable sampling method is crucial for evaluating microplastic pollution.
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green and dark biue, typical colors for the boats. In sddition, & Isborstory test
using infrares spectrascopy Mstched the paricies with paint Gps hat the researchers
ollected from local shipyards. Alkyd peints are used sbove weter, so these costings (snd
the fibergless) end up in the weter sfter being sbreded by nets, ropes, or enchors, or when
the bosts sre scrapad and repsinted.

Fortunstely, the group did not find perticles of antfouling peint, which is used on huls end
contains toxic chemicsls. These chips sre dense and lixely sink; previous studbes have found
them in battom sadiments in maintenance sress. It's not clear how mush danger the flosting
ikyd particles couid be to merine life, Shim tells Soience in an e-mail. Some kinds of slkyd
paints contsin heavy matsis: in sddition. they and fibergless resin paricles can sbsorb other
toxie chemicsls. Furihermore, they are smller and more sbundant than plestics, 5o smell
crestures, such o . n

Lawssys.

‘Shim snd his collesgues now plan to study the metsls snd organic chemicals on the paint
particies snd detenmine whether they cen harm marine ffe

Posted in Chemistry, Environment, Technology
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