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Investigation of Microplastics from Three Marine Organisms
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Microplastic pollution in the marine ecosystem has been emerged as a global issue. In this study, we investigated the
abundance of microplastics from clam Meretrix lusoria, blood arkshell Scapharca broughtonii, and warty sea squirt
Styela clava obtained from a local market in Busan, Korea. The marine organisms were digested in 10% KOH, and
were incubated at 40°C and 150 rpm, for 7 days. The digest was filtered through standard sieve (5 mm, 1 mm, 300
pm, and 100 pm), and mciroplastics were identified using a light microscope and microFT-IR. The abundance of
microplastics of clam, blood arkshell, warty sea squirt was 0.08 items/g, 0.05 items/g, and 0.12 items/g, respectively.
The predominant microplastic size was in the range of 100-300 um, occupying 48%, and the predominant type was
fiber. The composition of microplastics was mostly rayon, semi-synthetic cellulosic material and polyester, which are
main component of fabric and textile. We strongly believe that this preliminary work may provide useful information
for the establishment of the standardized analysis method of microplastics ingested by marine organisms.
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UAESAELE 7] 5 mm o|5he] T LA SRES T &, FaA o8 Ak A7} 9laiAde 23 4= ¢lck(Hong
SItH(Arthur et al., 2008). WAl S22 E -2 A 2Hof 1 et al,, 2017). o] wjEo|| n|HZetAElS 293t A2 317
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g B A= A A7l 2 HY ol Ak = AR
¥, 50t o gelo} gloke: Q1xt s whl Fefo] xS

Elo] 275} th(Brate et al., 2018; Hantoro et al., 2019). 1
AE-2 £ Z 2 Il (polypropylene, PP), Z&|oluto] =(poly-
amide, PA), Z2|8]d &I -E(polyvinyl alcohol, PVA), &

o€ d(polyethylene, PE), &2 A E]dl(polystyrene, PS) 52
2 2AE Y 5 vhdls) sso A= o2 SEd Aot
Fe/oddl SA 5] 2= th(Liebezeit and Dubais,
2012). 7] Aic elsiz o= 46 Felel
g2} Elo] 9435191 1 (Mathalon and Hill, 2014) == PS, PE,
PVS, Ze|o gl g L o] E(polyethylene terephthalate,
PET), PA7} 3 4.0 2 Lpehieh. Al7HE} 35t2] clrol
T A FE7E 7P skl e glol2, PE, PET, PP, PA
Aol =4 =]t (Mohamed Nor and Obbard, 2014; Qiu
et al., 2015; Zhao et al., 2018). 3l|<F o= vA|ZTtA
g o@e 72 5=l MAHo|(Arenicola marina), o
w2591 8K Mytilus edulis), B2 (Modiolus modiolus), =
(Crassostrea gigas) 52} 1Y 721 M-<~(Parapenaeopsis hard-
wickii), B15t7F Al (Nephrops norvegicus), ©7WH]|(Lepas spp.),
8001 F o] ol 7RE FAHLE FYFA LR ZAESIA o5
2ol A wlAlEetElo] EA5he A o® B E KL et
al., 2015; Wu et al., 2020). | FF-2 32559 4 A7 FE
o] mA|EetE o], sFH FFE 2 ol Foll= 2 (fragment)
FE O mAlEetAEo] dRbd o e 45k Aor odEA
ATt ZE S5 vl R EEER)TE 57 HA A Sk B A=
HAlESAEE AR Aat, oF 251-43671/50 go] EHQ1= %)
THWu et al,, 2020). o] 7Hd S ste nAlEet2E FH
= a9, AR Ze|o2E(polyester, PES), PET, high
density polyethylene (HDPE), PS 5-0] 2% ¢ithal 2115}
AUHQiu et al., 2015). =3 Q11 oF 24 549k Fgo] #5511
FAE FAlo] EliEt S R AN G e = 6
F B &= kA tiAr A=l Z27|(Larimichthys crocea),
Zof(Konosirus punctatus), =(Ostrea denselamellosa), 7}2]
utz7(Sinonovacula constricta), 12 A-$-( Parapenaeopsis
hardwickii)ol nAEetAE 29 A7F EUEJATHWuU et
al, 2020). o] A} Alo] oot 712 4% | kg o Bt 74
7N9] wiAlEetE o] TAE =Y ol S thE ¢et H
Azl A By A BlSstAY W Al on faskol
Wk Zol Al gk )l o AR Folbe Aeke HAth
oAl St E o] el Ad-FH(H w1830 um) 7t 94.66% = 97
skel=t, o= thE ATt AR 2ite Adfe 2 AR
A2, Aleh, 2Hed 4] it 50 2 WSt shapa] e] Ald
A LS| A AR A] HotaL djrg s Ao = A Q)
TH(Woodall et al., 2014, 2015; Lusher et al., 2013; Comnea-
Stancu et al., 2017). 212|321 ko] eksl oFAlo & olsf 1
= EeUE 59 nfe g 53] g o] YT Ao r A4}

o} A9 72.5%7F 500-2500 um % SA E QQc). SekAE
A ol Ml Aol 2 AER2 247} 60-88%E
A EFR 2.0, PP, PA, ol 2 Y EH, PET 50| HE531th
Z2ARSE FA] AT B FollA vlAl &t o] e =Stk &
3] Hoj7t 7MY w2 vAlSEAY LH4S El=d 24N
A1) 90%0ll A vlAlEetE o] HEw k. wh -2 75
5% 7P 22 nAlIETrAE LS B3k vAlEetE
% (abundance)= 1 g & &7 0.0171, o 0.047), = 0.31
N, 7k gtz7h 02171, 12 A $- 0.257] = Urepyth. $-2jut
k2] 72, Chae etal. (2014)0] A7) %= AHS 2AFSH A3t &
W @S | s S AEAY FEE 42
Wt 148,2097]/m*2} 1,6007H/m’ &2 THEE| 9 o v 9-H5h= A
7] 28 50-300 ums 5 A|RelA] A Bl S ek
o F0 AL HRFE 00% o[4S A Aoz BTl
At} Song et al. (2014)2 20121} 2013 AA| S5 oty

Aahe o a5 By vBeAE Y EES 24
o} Tl YA YRS TR % vlASetAY B Frs
E iz0] 749 210,722/mP 0 2, F550] A% 1,339/m°
2 AU FTHIRE o] 8-5tof w|A|Eehat it ARt
A7}, &7 =(alkyd)2} poly (acrylate/styrene)7} Z42; 35%%}
16%= -5ttt o= HAE} H-FAkEetiE 440
A 7191%t Aoz SRlE Qiek. FA st s = Al 2+
A&k E o - AT A A o] A2 o2 EED}HE
ol A grok 919] AvfE AF A 0= vlas)y] o) Fol
Ao, A A oz A, Bl At 52 A Aaket A
A E Hol= Aoz s Hrh S-2lueh=20161 7] =
W 1919 A7k AkE HHI(59.8 kg) =02 pAbao] o
= =R A%} 2 A Eof Qlekal & 4= AEH(MOF, 2019). 2|+
=W -5 5= v A, 7H R, 29 - 1 g FolA 0.34
7R, 0.127), 0.087}, 0.0771 2] m|A|Se}AElo] A&E Y rt= W
a7k Ao AR O] S ERAE @ ol Tt AE| A
© - AT Aol ofofl thh A W AR = Al
T AkE ch(Shim et al., 2017). TehA] 2 Ao A= A%
=91 tgH(Meretrix lusoria)2} | Z7](Scapharca broughtonii),
)\ 521 v (Styela clava)@ 02 § 718 Rel 3
A (G S mm-100 pm)= 2H7 wA|SEhAE S 286t
AP 2M FS A ARA A o] g, sk e
of mAlEEtAE 29 2 A 52 Aol 712ARE Al
ahaa} s}k,

T
B Lol A ARESE 3F 9] AR S (Meretrix lusoria),
1] Z7(Scapharca broughtonii), U|EEl(Styela clava)o.=2 §

Ak A1 9] B Ao A 20199 9ol A= FFafjstATh A=

AAelol AR WE 2ARE FHLI SHZ 0§31
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Fig. 1. (A) Schematic drawing of analytical protocol used in this study and (B) photographs of marine organisms used in this study. From

left to right: clam Meretrix lusoria, blood arkshell Scapharca broughtonii, and sea squirt Styela clava. Scale bar=10 mm.

AABFRAIL, 842 045 pm FE| 2 o }sto] ARg-SEGATt &
S AES YAH o= E_% B2 7|50l AlAgt 2, 0.45 pm
o WA 2 of Tk 3%} SRR F Aol 37 A|H skt o)
Az A2 22 A= 2] ) (CHC biolus, CHCLAB,
Dacgjeon, Korea) Uloll 4] AASISTH AA| 4 £4 A= Fig.
1AS] IS8 STt ol ol Fie 7k} 24 25 3 o
§ =78 olglo] BBl $0L Belsyr. olnf e
£ FAFoIM w2 2|5k il AAE 557 vl 108
4] 2] 10% KOH £3f| &Y of] F=Q13}a1 40°Coll A 150 rpm 2
2 WUSHEAITARE 715 RalE AAlskich me el o1
2 Alofela )58 A7ste] MHT The 27] ARE 54
sholom WEel sliglo] 4719 e 2H O 10% KOH
23l golol A Rhe-AIZ T 8l AhEs el S mm, 1 mm,
300 pm, 100 pm] FEA| 2 A=At 2 #28& GF/F o
TpA]o]l ARk 2, 60°CoflA AZE Axsto] A4S AAISHA
o A&k E S AR A 2] 2o "‘a% 7Fs/dol
3] ¥7] ol Zefgde 2= stof Aok d2
S8 FUT AYS Fa 3ukEsih nlAlEekAE o] Ak
S A A2 AAE B S ARgste] 1AHA 0.2 A4
Al &R E S FEfoll whet A b, A, el ”;i
2 S g Sl nAI S A Y Fee g 5THeR
Hstoieh 2 Al EetaE o 4 AR BAS FT- IR %%71
(Thermo Fisher Nicolet iN10 MX FT-IR Microscope, Thermo
FisherScientific, Waltham, MA, USA)E AR8-5lo] AA|51S

rlo m
r
OIH 38 ox, o
o,

m o &

Wﬂmﬁ

o}, 3 w|AlEetAE Q] AU ERS SRkl o] SetAE
FEEA 0| gto] By E]el vlaste] 1A AJE-S F48kqiTt
Zn W mF
B Ao ARESE AL AR FESQ] it T2, 1Y
FEQ vT e o & Aol A A & Fufjsto] AR8-SEITH(Fig.
1B). 3= Thld P o2 A Wop el b Hlepyla} &
71-o] TR Sast AF o= A7k vt =l 1999 15
kg 2:H|SHH(MOF, 2019), 570l 23 2019\ = wigh
. 92, v Y AR 717F 18, 3188, 11790 itk
(KOSIS, 2020). o] A9 F 23k 4130 ul| Fof| o3t v N ZatA
ZAb= Al UH - mlujgk AAolct A& T, 2+ 7§ A 2]
7‘01% L=o|, A S =751 Th(Table 1). q{gg 2317} 2
2> 54 mmof A X[t 64 mm, 22 2|4 67 mmollA4] X[ 76
mm, 3|27 2|4 ZF317) 24 38 mmof| 4] Zdf 48 mm, Zt
72 2|42 50 mmeof A 2t 61 mmo] e}, v|E Y- Zol7}t X
2225 mmof| A Z[of 41 mmo| et f7]E el W AE & 5t
A|Q¥a1, Table 10 HAIE 2 YHS 2ot 254 A
A& AHEsFITh AA 2] 27 59 nA|EetiE e oS F

T3] SJsto] U Bel s A 2ottt 4712 Bl
o 10% KOHE A} 5191t o] KOH7} th2 4F ¢17] &
L& ARSI Ao Bl S E Bafleo] =& Mol g} =2}

SEZ 2o, MEAIZIA 7] W2 e AF=). A3 ¢
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Fig. 2. Microplastics identified in the three marine organisms. Number of microplastics per organisms (A), percentage of type (B), represen-

tative images (C), no. of microplastics by size range (D).

o] ofstel H,0,, HCIL HNO, ‘50| 7158 94%0] 4} H-ajat
4 Athar B B A TH(Claessens et al., 2011), o] & AF &1
ofl ©J3} pHel] v o] oFet Fetg el Beolute] =, Fel g
4, Belol el 58 R0 R Bajd 4 glon] Sekag o
Apgo] Bahelo] A QA B 4% BAE K Cole etal.
2014; Avio et al., 2015; Kuhn et al., 2017; Thiele et al., 2019).
E Y R4S ol 8 §71% Bolw AnAel AoR
HUE AR k] AR S AT 4 duba Atolu ¢17]
golol ulg ZuiolA] @AH HHe) WL oprkela g

Fth(Cole et al., 2014; Thiele et al., 2019). H-3 AHE-2 W&
5 mm, 1 mm, 300 pm, 100 pm2] FZ=Aof Az] B35} ch
2% 100 um 7|20 2 AEFH Eol&-2 t 96%, 727
97%, 1It1E 87%°| ATHALE w|A|A]). u|e g o] 79 w25
ol GAE U7k A7) 270l A Bl =] x| ¢Fek7] wiel o}
£ F Zol vlal A o &2 Bl go] Wttt ofatgh 7+ 2o
sl @m|7 2t FT-IR microscopy= HIAI&2HAE Y] F/4d 9
Ao B8 =Pt F 33 £33 gl 2o A= vjAE
gpAE o] TR A] ofol ARF nAEetAE e H gl A

—=

Table 1. Biometric data of clam, blood arkshell, sea squirt used in this study

Common name Scientific name N SL (mm)+SE SH (g)+SE TWWT (g)
Clam Meretrix lusoria 8 71.3x12.5 57.0+10.3 222
Blood arkshell Scapharca broughtonii 10 54.8+12.4 43.2+4.0 185
Warty sea squirt Styela clava 10 34.7£29.8 - 151

N, number of sample used; SL, shell length; SE, standard error; SH, shell height; TWWT, total wet weight used.
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Fig. 3. (A) the composition of microplastics and (B) the representative spectra of microplastics identified in this study using Fourier trans-
formed infrared microscopy. The number in parenthesis next to the plastics indicates the hit quality index.

°F getEh BE AEFTIA nAlEEtAge] HEEE
o] Tk 870 A1(222 g)oll A1 197, T =7 107§#(185 g)ell Al 10
A, vleg 1070A|(151 g)oll Al 187171 221 %] i thFig. 2A). ©]
LN ZetaE 57} g 0.0870/g, 1270 0.057H/g, U] T]
g 0.1271/go| it mleigo] th 2350 Hlal] F=7t =4 Y
et o= nMZEtAE o] & Aol A A E AL
SoH= A HEEHA 7] fiEo|th(Wu et al., 2020). 3=
7F 7P w2 nlE g o2 250 vl8| & FEo] 27| i
ol Azt ct. ofuf w72l g, T 2l ok A 27 0] 1]
ClE o] Frof JF& FeAle F7H A7t 2agt Ho=
HobEch 2 Ao A 352 v A EEtAE T =y HEA e
0.347}/g Bob= v, ©kx] 0.127/g, 7Fe]H], 0.087H/g, = 0.07
/gt AFgra] Akl 2 m (Shim et al., 2017), F=-2] 2 0.31
7N/g, 79tz 70 0.217H/g, 71 1A 0.257H/gol| ¥l sl A eh 4]
03 uko 7 0 2 LJERFTHWu et al., 2020). ZF A 2ol 4] 3=

28 uASekAE ) Gef 3 487 96%2 1 st
(Fig. 2B). o] Av}= 7]&£2] Aute] Ad3] F-a-E thBoucher
and Friot, 2017; Wu et al., 2020). 1x} v|H| &t~ E 9l nfo]=2
szsho] i(microfiber)= 0] Al % 7]e} o} 7 5] nhm
ol PO E FAE = AOoE AAAH, At vlA|EetAE
2 ¥ 9] F g elojtl(Boucher and Friot, 2017; Wu et al., 2020).
De Falco et al. (2019)] 2Ja} A+ 1 kg & AlEFA] HHAY3}
£ nfo] I Zuto|H= ¢F 124-308 mgE 640,000-1,500,0007H
o] gJAjo] g Eiz] ol5o] AR Sero .94 7}
5400] B9 . o) nho] Aol o] B B3 Aol
2}2¥ 12-16 pm} 360-660 pmo] T}, 1 the-o 2 mhHo| ]
oe Algo] A BHEEgloL Bl BE Fe BHEA) o
UTHFig. 20). A= vAlEAE 9 27]+= 100-300 pm7}
43%2 7P © A4S, TS0 2 1000-3000 pm (37%), 1-5
mm (16%)<: 0] SieHFig. 2D). VA1 BeRAE o] 74 422 1
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of ot} PEo] ¥ 2{tK(Fig. 3A and 3B). 53] ]
g AlE2s AR sl nAlEeeY 239 = 2
= ghete] ] s oF AEo] AAlske Ao ® U A qlek(Cole et
al., 2013; Woodall et al., 2014, 2015; Lusher et al., 2013; Wu
etal., 2020). & ZALo| A PS@}FPET 52 HA=5 A &ttt &
5] mEEloflA 71 theFet 2409 wiAlEetaE o] HEE S
t}. ol= FAIolA Addshe rlEE o] thefet B9 niAlE
et g ThsAdo] tigelu w2 o] visl = AL
T A7t B3 A 2] oA ey g RE &
HAS] AA HA] =M ol ol LEEHUS TFe S
SHA ] HjAl S 4= glekar Az

2 AFE 3l =l akE 3%l tiRt Al St E e dE
ZARSE A3 i 0.0871/g, 327K 0.0570/g, vleld 0.1271/g
o] u &Y FEE FRIS 4= ok & & A Aib=
=100 pm B 9P7EA] 24 51917 w2l 100 pmo]siel 1]
AlEetEo] tiet @ G = & Ao = Azt Egt 7] 5
A E A 2 S WAISH ] fiske] A2 A S ek
A ollAl s=33stlar, AA]s] A sheler tjzxd
A B AETAE Y] @ A2 FRIEA] ghgtout AES B3l 1]
AIEeAE 9 9 @ ¢ 7Hs A= e8] aj Al = Qltt. o]
23t 7|2 A4S vig e g E3HE Sk A=Y mAlEeks
g o 24 o] e the S E (<1 pm)of] thet A
(Boucher and Friot, 2014), 0]A|S2tAE Q] A7) QoA A+
SOl Bt o AAH SR FxIEojof f-2jubet 44 9
T3 EdvtE Ao g gl

er
o rlo 4

Al AL

o] 112 20198 & ek Y Theha Ak A ]
of ofsto] IS FTIR Hlo]8 S7o] £6-2 541 3%
A5 7)) BpAba A BAFE YUk,
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