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In this study, we investigated the quantitative distribution of microplastics in the surface
seawater at 8 points near the Taean Peninsula using fluorescence staining. The study
revealed a detection range of microplastics from 0 to 360.5 particles/l, with an average
of 149.7 + 46.0 particles/l. When classifying the microplastics by size, it was found that
particles smaller than 50 um were dominant, although there were differences at Site 3.
Moreover, it was not possible to identify clear correlations when comparing the number
of microplastics based on collection area and particle size. Various physical and chemical
factors, including plastic material, dynamic ocean conditions (such as currents, wind, waves,
tides), geological characteristics (topography, slope), sediment materials including coastal
organisms, human activities (fishing, development, tourism), and weather conditions (floods,
rainfall), affect the behavior of microplastics. Therefore, future efforts should focus on
standardizing quantitative analysis methods and conducting fundamental research on
microplastic monitoring, including the analysis of environmental factors.

Keywords: Microplatic(D| M| Z2tABl), Quantitative screening(B& 232|'d), Fluorescence
measurement technique(& ?;*’—T’SWE ), Taean peninsula(EN et ), Surface water(ES
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MJ 7tA e MEF S CHENQ B
ot Qs ddkl= /71 SYHO0|H(Koelmans et al, 2014;
Dong et al, 2020; Gardon et al, 2018), 7t& 1, Lf7LA0] FOfLt,
ol M7 Mo =, X, XSk WA 8 MIIME, AR, 5
e S 7t MEo| Aol =g Ao 2| ABECE O|ME Tt
& Hof| ofsl S2tAE MAEE X =4 @ S XEH

445t £0f 0|2& ygolct
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oz Yy en Ak Aoy 29 = E= ¥¥
(Mathalon and Hill, 2014; Mendoza and Balcer, 2019; Plastics Europe,
2019). Mot SEfAE Wit2 SEtAE MY 7o FItE 0|01
FOO, S2tAE MY 7|9 40%E SHEO2 FYLH, sfge

O S 2025HMK| 1~29 5HTE EOZ 0f &bkl = MQFOIEF
(Barnes et al, 2009; Alimi et al, 2018; Huerta Lwanga et al, 2018;
Ng et al, 2018; Jambeck et al, 2015). HH A=l ZaLAEIO| H
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AElS 2kt S2tAE0|2k BHCkBamnes et al, 2009; Stolte et al,

2015; Arthur et al, 2009; Thompson et al, 2004; Browne et al,
2008; Andrady, 2011). O|X& Cifst IFHE Soff 2t LA =
2 Z40% BMR|AY, it FAIRE A MZEO 50 mm
O5t2 ZEXst= E2tAE UXIL; THES O|MEEtAEl0[2t2 Bt
CHGuo et al, 2018).
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Ol M AL X|2HThompson et al, 2004; Gallagher et al, 2016
Auta et al, 2017), Li7+d22 QI8f Zsli=«= O 100H 0|¢0| Z
2l MENA | st gekg DX Q1zte] HY ZHIE oI5t
7| & BICHCole et al, 2011; Wang et al, 2016). 120 = O|N Sz}
AEI2 SASH0IN OCIMLE & &= A0{(Shim and Thompson,
2015), CHSh sHFetA 0 Mol D|MZ2tAE @ +=F0| & MA
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2 Barnes et al, 2009; Hantoro et al, 2019). 2
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TEStE DM EatAEe REdzt 22 HAFR 7=t
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42 =0|7| 8ll FT-IR, Raman spectrascopy®t Z2 ZiHN HME
HHI2| ALE, TEE4 2= Ha, U EMAZH 52 HEtAL
g2 FototH LMl gtChDesforges et al, 2014; Song et al, 2014;

Zhao et al, 2014; Chae et al, 2015; Kang et al, 2015; Enders et al,
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2 oRL 20181 5B LRI EfQMtE 01 gif eioto] &
5 ol AHSHO AP AFBBIYCE 8740l XITel BH
A e SHHE HYA FDE S8, AU 2NB 2t
£2), EfHR B TIME, EfOHE AW THEd), AYH D2,
AP 222, YSB NE2, 0[R20 X2 He % X
Z 40| SIX|E Fig. 1, Table 12 ZCF. That XIOIAE XZ M}
DEHS J|FO2 HUNORRED H2E TIFECR LB
Of 6AIZH 10%2(+ 302)91 KIFE HHBHCE ofotel Klz|stm S

YOI X|Fojeh 257 Ch2E2, LEA[ZH2 S0 FE Sl 72|
| =

oA stain-

oot MEYe EEE ez 24 |
less steel MEO| HHES 0|83t 2t 334 X35t 12 ¢
stainless steel YOIl 0| HASIACEL A2 XHEYUE AFEH
T BHEon], 4R 550 -20°C 0[50 dE Eadt
RUCh 2 AFM= AEE MFSt= AERH stainless steel &
= glass WA Al@7|FCtS ALBSH0] AlRQ| O|ME2tAE
RN Al Y 7Hsst 7Hd S AL
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Table 1. Geographical Informations (latitude, longitude) and environmental characteristics of thesampling sites

No. Latitude Longitude Remark
St 1 363750 126.5083 + Manila clam f|§hery area W|fchout any special facilities.
« The area consists of mud, silt, sand, and gravel.
« This Manila clam fishery area does not have any specialized facilities.
St 363992 1264265 « The area is primarily mud, but some sand has been added for construction purposes.
« The surf clam farming area does not have any special facilities, but there is an
St3 36.7089 126.2717 education and experience center for tideland nearby.
+ The mud flat has some rocks
St 367345 126.1551 * This area is su!table for Maryla clam and other clam fisheries
» The area consists of mud, silt, sand, and gravel.
G5 367842 1261342 . It is located near beaches and commercial facilities.
« This area has sandy soil.
« Manila clam fishery area without any special facilities.
Sté 368154 1261854 + The mud in this area has very fine particles, making it difficult to walk.
« This area is located near beaches.
St7 368474 1261935 « The sand in this area is very hard and suitable for driving on.
<8 36.9000 126.2778 « This area has I‘arge—scale f|shery facilities.
« The area consists of mud, silt, sand, and gravel.
371 MEBHA 300 mi¥ L0l E=Ct %EI’”[[H7|01| GF/F EEHE
A3l 170N EHE of F, ZE 92 HOES Nall, 228
; Hoz MESHAH MOL{O] 72| HIFHO| EH=Cf oW /2 HIH
369 4 A of E7l &SN NaCl, Z3H8HS F7I510], DIME2tLES
sl = MU Z0| BUES HBOR RQAF 223t 2ald
U MSUL deionized water2 FE3| £M510] TE MR Lo
367 - I ads TOI2AS St 2SS TS 35% H0.00 60°C,
R 80 rpm, 24 h S §H8310] {722 Z8Het Fl GF/F fiter 2{0f
o ési2 M Ethanol2 M|I&3t0| 2| HIO|YOl| ZHBCH ZHE DM Szt
s ] AE|2 Q| HO|UME FAXIZ BEoH0] GUCHIA 24 h
& oA Az oict
' = 70N ZE DIMSELE S ESste WMl g2
A - B clean room 50| 205 =US W HHO] oM Fa(et
568 T ' | ‘ o] AlSIC 0L AL23101 0 ASIXLE HER|
1256 1258 126 1262 1264 1266 12638 stainless steel®] 2%¥ =2t I'OOI'N\;D:‘, =5 2Eks 8T

Fig. 1. Map of Administrative districts and sampling sites around
the Taean Peninsula. The administrative district is divided into
Taean-gun, Seosan-si, and Boryeong-si. the map shows that the
coastline is very complex.
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F el =AY

=2 &80 37| & £ al,
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| Az=E OMEetAE ¥E2 /el HHol2 LM Nile

5 g
red2 GME|QUCE HMO| ALEE[E Nile red solution2 0.1 mg/I
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Fig. 2. Various types (fragment, filament) of stained MPs by Nile red dye in the seawater.

2 3| ME|0f(Carrier solvent ethanol), O|ME2tAEI0| ZHE K2
0| LHEOf 100 pi7t &3 =IRACE O|, OIMZ2tAEl Mo

= &
ol

|
L= Nile red GMA|F| S AHES S5 polymer
M o7t FB0|ZoR PG| s, HE Al

o0 ozt ZH0| K HHSEE TAS0] M

M El DM EtAE2 Sedgewic chamberdl| 2k =23}
HAX & HT0|Z(x53,

o > 1o

[e)

stainless steel B7HE HE2 HE{OM Ax T HIH

Olympus Co. Ltd, Korea)2| TiTC EEE AH85}0](Tetramethyl-

rhodamine, 482 nm excitation, 536 nm emission) 2% AL},
OlME2tAEIS| A7|2M9| ZL Image analyzerg 0| &30

AElIE EE3t Motic images plus (Motic Instruments Inc,

Hongkong, China) Z2 1 & 0|83}0] £M3|UCt RE AT
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9% GETE 2 3300 BrE42 SMEIC
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=

1. 989 s BX| D|MS2tAE 2E
t 5 O|MEetAE
Z StollM BRESEH CHst 7|9 20| 0|4 Eat
EotAER 37 7Y (Bead), IHH
(Fragment), M3 (Fiber), TH&&(Sheet)2| Ul 7HX|2 +2&
UCHChoi, 2021). L& DM ZatA =B
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250 3403

Total amount of microplastics
(particles/l)
~
8
N #
)

127

st.2 st.3 St.4 St.5 St.6 st.7 St.8
Site

©

40

Size proportion of all observed
microplastics (%)

20

50~100 um  100~150 um  150~300 um  300~500 um 550~1,000 um > 1,000 um

Size

Fig. 3. Concentration of microplastics by region (A), proportion
of total observed microplastics by size (B). Mean values represent
averaged observed amount of microplastics in 3 different samples
with a + confidence interval (p < 0.05).

2. DN E2t2E

EHQHEtE Q1 871 QXY #F 4= U O|MZat2E2 H©
XEE 850 HETY e 1198707 AELACH T 3HO|
gE7E M2 JAHUCE 2 K™ EE St 1= 285.0 particles/
|, St. 2= 138 particles/l, St. 3= 46.8 particles/l, St. 4= 1127
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particles/l, St. 5= 1945 particles/|, St. 6= 85.3 particles/l, St. 72
119.7 particles/l, St. 82 3403 particles/I2] O|ME2tAE0] &
Son, MA 8 X|FHo B O|MEZatAE FEHEM At

14938 particles/l (min: 0, max: 3605)2 LIEFGCE 2t B ofj40f A
HEE O E2tAEQ HEUE =2 =MUE LIEHHE St 8
>St1>St5>St7>St4>St6>St3> St 22 LIEHGCHFig.
3A). B MN ZEE O E2tAE F 24 37(7F AX|SHe
89 A2 < 50 um7} 64.2%, 50~100 um 15.02%, 100~150 um
7.7%, 150~300 um 3.6%, 300~500 um 3.9%, 500~1,000 um 3.6%,
> 1,000 pm 1.8%=2 LIEFLCE < 100 pm@| O|AIE2tAE2 HH|
E2AE F 7942%E AHXISHH, < 150 ym2| O|MEZtAE2
871%E AMXg Hez A7|7t g5 1 4EY0| =20, B

OHIE R oot B5% Uf DNB2IAE 2Eot 0N S24Ag
a7le] WAL 21 g4 WA EXSHE A2 ol

1,000 < um

500~1,000 um
= 300~500 um
= 150~300 um

100~150 um
= 50~100 um

= <50 um

Sampling site

0 50 100 150 200 250 300 350
Amount of microplastics (particles/l)

Fig. 4. Observations by size of microplastics in 8 sampling sites.
The sizes were classified as < 50 pm, 50~100 um, 100~150 um,
150~300 um, 300~500 pm, 500~1,000 um, > 1,000 ym. Mean
values represent averaged observed amount of microplastics in
3 different samples with a + confidence interval (p < 0.05).

(Fig. 3B).
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ACE LE t”OEH 37| %IE < 100 pmi or St, 1%
84.7%, St, 2= 80.7%, St. 72 85.0%, St. 82 90.8%2 LIEtGtOH,
< 300 ymZ IS HHtH st 32 Helstn ZE X[H0A
80%E H0] RESH= Ho2 LIEFCE St 39 2L > 300 ym2|
O| M E2tAE0] 38.1%, > 500 ym2| O|N[E2tAEIO| 256%E At
Xote A2 LEHL H{ WX 2 O/ME2tAE0| B0| 223l=
N E LIEFRLE
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SA[0|A HAE Eata SIHE Sl siYede=
80~94% 3|0 (Jambeck et al, 2015; Schmidt et al, 2017), i
Uotd Lo M E2tAEE CiYot 2ot Solf 2%t O/ME

—

g2 21t

Table 2. Density of major microplastics materials and separation
solution

Microplastics materials and

i 3
separation solution Density (g/cm’)

PS (Polystyrene) 0.01~1.06
PP (Polypropylene) 0.85~0.92
LDPE (Low-density Polyethylene) 0.89~0.93
EVA (Ethylene-vinyl acetate) 0.93~0.95
HDPE (Low-density Polyethylene) 0.94~0.98
NaCl; saturated solution 1.025

PA (Polyamide) 1.12~1.15
PMMA (Polymethyl methacrylate) 1.16~1.20
PC (Polycarbonate) 1.20~1.22
PUR (Polyurethane) 1.20~1.26
PET (Polyethylene terephthalate) 138~141
PVC (Polyvinyl chloride) 1.38~141
ZnCl; (Zinc chloride) saturated solution 1.5

Nal (Sodium lodide) 1.6

LMT (Lithium metatungstate) 2.95
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Table 3. Detection range of microplastics in seawater by country and region. The concentrations of microplastics was expressed as
particle/m?. Methodological different compared with this study like filter size was reported by survey of information

Countr Region Concentration Filter size Observation Reference
y 9 (particles/m?) (Sampling and pretreament) method
. Surface > 0.7 pm (GF/F) NR® staining with .
Taean peninsula 149,771+45,984 (only pretreatment) microscopic observation This study
152,688+92,384 > 2 mm mesh,
(Surface microlayer) > 0.7 um (GF/F)
Incheon-Gyunggi Bay FT-IR® ggfse etal,
1,602+1,274 > 20 um mesh,
(Surface seawater) > 0.75 um (GF/F)
. . 260~1,410 (June) > 330 um Manta trawl net and FT-IR, after microscopic Kang et al,
Jinhae-Geoje .
210~15,560 (July) > 50 ym mesh, > 0.7 ym (GF/F) observation 2015
16,272+13,457
(Surface microlayer), 2 mm mesh for surface microlayer. Song et al
Jinhae Bay-Geoje Island 1,14343,353 (Hand net), > 330 ym Manta trawl net and FT-IR 2012 !
Korea 213+141 (bulk), > 50 um handnet, > 0.75 um (GF/F)
47+192 (Manta trawl)
Incheon coastal waters 1.96
Cheonsu bay 2.79
Hampyeong bay 1.70
Deukryang bay 112 > 330 ym Manta trawl net, FT-IR, after microscopic Kwon et al.,
Gwangyang bay 165 > 0.7 um (GF/F) observation 2020
Busan coastal waters 135
Ulsan bay 473
Youngil bay 454
Yangtze River estuary 4137.3+2,461.5 .
S ;33£’>2pl:7r1nnsez\$oin:et FT-IR, after microscopic Zhao et al,,
Coastal region around ’ i
Yangtze River 0.167+0.138 > 1.2 um (cellulose nitrate filter) observation 2014
China . FT-IR (ATR mode),
Eastern region of China 680~6,440 > 20 pm (membrane fifter) after microscopic Qu et al,
(only pretreatment) ) 2018
observation
East China Sea 80~7,400 > 20 pm (Nylon filter) FT-IR, after mlgroscoplc Luo et al,
(only pretreatment) observation 2019
USA Northeastern Pacific 279+178
Ocean (4.5 m below the surface)
Canada West coast 1,710£1,110
Vancouver island (4.5 m below the surface) >>1255mmn'1 >>222 Sllmr,n Only microscopic Desforges
763041410 = Hm, = H ' observation et al, 2014
Canada Queen Charlotte sound 163011, > 045 pm (cellulose ester filter)
(4.5 m below the surface)
Canada Strait of Georgia 3210628

(4.5 m below the surface)

http://jmls.or.kr
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Table 3. Detection range of microplastics in seawater by country and region. The concentrations of microplastics was expressed as
particle/m?. Methodological different compared with this study like filter size was reported by survey of information (Continued)

Countr Region Concentration Filter size Observation Reference
y 9 (particles/m3) (Sampling and pretreament) method
- North Atlantic Ocean 13~501 (pol amid; ;ro L:;rlncarbonate S| :cat?;i:omlc;?‘ter Enders
Subtropical gyre (3 m below the waterline) poly P y . P . Py . et al, 2015
membrane filter) microscopic observation
. 0.17+0.34 ) . Cincinelli
Ross Sea (Antarctic) (5 m below the surface) > 1 pm (glass fiber filter) FT-IR et al, 2017
) 0~34 > 300 pm Manta traw Only microscopic Setala
- Baltic Sea .
observation et al, 2016
0~82 > 100 pm or > 300 um

(NR: Nile Red staining method for easy to observation
@FT-IR: Fourier-Transform InfraRed spectroscopy method

gtAElC 2 mHHsL & 4= RACHCorcoran et al, 2009). £3] Aot
SHE2 KM, A4 JIAE o W e S0 o5 E2 XH F
o zAZS HSoto] DM EetAEC] 2F0| s HS F2{5HOF
St A2 0[CHAndrady, 2011; Song et al, 2017). 2 11§ &
of =HQIE EfSHEtE Q1F EF i L OMSat2Blel FER
ZE M 149,771 £ 45,984 particles/m32 LIEFCEH A|7|2t
Yas CHEX|T U ek i Lf DjMESt2E 22 A1
It 210~211,000 particles/m’Z LIEHGCOH, 52| 4L 0.167~

6,440 particles/m?, 0|7 SSEfEYC| AR 279 + 178 particles/
m?, 7HLICE 1,710~7,630 particles/m?, SH{AM Y OFELH =HF 13~

501 particles/m3, 228H(Z=) 0~0.51 particles/m?, 2E3| 0~82
particles/m32 & 1= HF QO LKTable 3), A7/ i3 ME2 Al

MK2| A, SHYA M2 4Y 0F, IM1I6P1IE Le| 55
e R ER IR
FA

S
ZtZto| GtZ2NE HEH2Z H|uwot XHE OjMZ2tAE
o sk I = YsSHh o 29 2 A7

2| 52| Xl(eg. Surface microlayer, Surface
seawater, 4.5 m below the waterline, 5 m below the surface) 22
4l (eg. Manta trawl net, hand net, bulk)0fl 2t 5 st ™
HEI IAS AFESIALE 25U S AFEIITEE E20M2 O]
MEEIAE YEEMZ00 ZEHY FYE T + ULk 2R =E
Song et al, 2014; Chae et al, 20152| G0 2H Y x|
ofM CHE gAoz WET & o= DlMS2t2rE
ke XHO|7} LIEHETHE Znp7t B By QT Eo =
Z3tet 20| 3= LHOA] DIMZ2tAEl2 ALO|=Jt 22
Ct=E XHX[317| W20l(Fig. 3B), AH&SH= filter] &7
size= HME| PO A4} 2SE= OMS2AE o) 2
el kg njxIch 2 AF0M AL8Tt fitere GF/F 2HEZE

o

A
07 um O|¢2| OJMZ2tAER BF BE0| 7HSOIA| T, L7

20l o6tB > 300 yme| WEYS 5o HH2IZ 2 §| 2
Mot At EX5HH 0] 3% O
=25 LIEHH HE QUCKSetdla et al, 2016).
Lot 2 AF0ME X2l FM 2RI 1.025 g/em3
NaCl, Z3t8H2 U=FE|E I5t0] AHESIRACL Nacl, Z2H
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