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Abstract

This study was intended to obtain the basic data for a wide range of microplastics (MPs) contamination studies.
The contamination of MPs in seafood and processed seafood products distributed in Incheon area was quantified.
For this, 51 seafoods and 50 processed seafood products in Incheon were collected randomly from January 2019
to October 2019, and the abundance, size, and type of MPs in the samples were identified by FT-IR spectroscopy.
The average MPs content was 1.06£3.38 MPs/g and 0.89+1.29 MPs/g in seafoods and processed seafood products,
respectively. In both samples, MPs of 100-500 pm accounted for the majority of the particles, with the most common
MPs as polyethylene (PE) and polypropylene (PP). However, the level of contamination of MPs in each of the
samples was significantly different, even for the same species. For more accurate analysis of MPs contamination
in seafoods and processed seafood products, specific information such as habitat, environment, market supply, regional
source, and production process might be required. In addition, extensive and continuous accumulation of data is
necessary for them to be used as the basic data with a standardized method for analyzing MPs.
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N =2 Ae EeAE2 G5 ol diAl A4 9 22 Atz
op A RAZ o714 vlmd 377 2 ZepAEE
ot o FE3fof sk AL viR ‘v SetAE) ot} uAE
2} 8 (microplastics, MPs)°]gk =71 0.001-5 mm2] <>

19504t} o]% ZtAE APAES A9 HE thE A7 9
AR Lrlslal 9lom, 20120 29 84Tt &, 3R

FAlRHE 20509714 3309 Eo olg AR FgE ¢
thBirol, 2018). o]#{et ZtAEL F|F2H 7| 80%S 2}
ABtaL gow, thiee g Wt ARgshH B =R A
o] 91, 53] EfAE gL JAA SAE Hr1EY
A9he AR GKGiacovelli, 2018). O]EA] o ¥ 231 ¥

A=A, 9o v AZE 17 vHSeAET} 2
77k 2 E2}aglo] Allo] AU EsjElol e A]7 %
M 27 M SeAE 08 TEEICK Andrady, 2011; Wright
= 2013).

sarEe Bl 5 224, 58t 4 skt

*Corresponding author. E-mail : jisunsOO@korea.kr, Phone : +82-32-440-5467, Fax : +82-32-440-5494
Received 03 November 2020; Revised 12 January 2021; Accepted 23 January 2021.

Copyright © The Korean Society of Food Preservation.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in

any medium, provided the original work is properly cited.

- 161 -


https://crossmark.crossref.org/dialog/?doi=10.11002/kjfp.2021.28.2.161&domain=pdf&date_stamp=2021-4-30

162 F=AFATRENEA A28d A% (2021)

7] Aol SAA, SR, A, TIAA] ToE ARREE
bisphenol-A, phthalates, tetrabromobisphenol A2} Z-2 515}
E0| A7t olAL ERtAEo] EofiE uf 2Hgof f=
Elo] fofeterEde] QYo =s A8e 4= QItH(Cole T,
2011; Mato 5, 2001). E3t WA Z2tAER 2] Bofd &
0l a5 TS e 7' 59 ¥9=4o] &
Asie], 5] 23 mm /19| BehaE WRS HRAR710
A=A (persistent organic pollutants, POPs)of| thaf afj4=of
Wk SR} oF 10 ol 2 B Ao ¥
A Ith(Mato 5, 2001; Piorek, 2004; Teuten 5, 2007).
o mAIEEAEL i QAR oY, siddEel A
Alelo] SRAE A9 EEAl JFt HolAks W =4
=4 o529 o] A=A AL A ] FF= mIZIT
(Engler, 2012). o]i= HOJARE2] A9 ZAROA /Y=
ol AFeIAE A AR A7 sk 8<lo] E 7}
57301 Stk

n|AEEEAE Y] A2 An] 7% (microscopy) ARESHAH
SQto g gRlsh= E92Ql WY} FT-IR 3% (fourier
transform infrared spectroscopy) % Z}THZZH(Raman
spectroscopy)S ©|-&3t skebd BAHPH 1831 Pyro-GC-
MS(pyrolysis gas chromatography mass spectrometry)S ©]
83t A (thermal analysis) 5 THIRE £4] WO A
1 glon, B84 sirto gz QR E= 9840 4
W7t zHE 4= Qlo] £ 9 SFekAQl Ho) 2o s
T2 AFETKShim 5, 2017b). E3F FETHE] A=A
NEGAEE S50k 593 TAE HE A7F Yol St
A EH YA HP =AY Eofe]A] FoHA e
582405 A5k Holt). o} §io) KOH, NaOH, HO;
HNO: 59| 85 A1E, 719, viEke] 52 59 HHsE
ZALS 2= A7) 9= Qlth(Dehaut 5, 2016; Karami
S 2017b). @A PNEZRAY At AlAIR R Ede] X
& Folut obdl2 AbEo|u A}, W, & 5ol thiet A+t
E7 4B B3 QlOom(Karami 5, 2017a; Liebezeit®}
Liebezeit, 2013; Liebezeit¥} Liebezeit, 2014; Shim =,
2017a; Yang 5, 2015), BE0] A== DA oA gt
F7189 AA2 W EetaY A Ho R AFd 2
o) Hli= A7 itk TS 7RAlE 5 rAIERRAE A
= ZEAQ AEE HESA AA Ry} #1201 )7
A9 glgo] Fa%t AR thREL s HAE &
& A7} o4 mlElgk AAjolch

2 AFolM= I B 78 S° AREE o, &
AME7FEEOIA 9] nINESAE ] Mt ESAE F
F 9 7] 5Z FERIE grete] s e AlEelAY
AETAY QATES B7I6la, olF 9l 5% B9

3 S aE 0gs 24 @79 /|2AEE viEs) B
w3} Sk

Hu

A

2
NERT!

20199 1108 % 17 Y BF 5 S4B 517, 4
B7FBE 5048 AR, ThE SOl SAste] ulAEe
28 9= FAE AN, o] F SRS AT 207,
oIF 1971, QAT 1270013 SABHTELS B2 197, 3
2117, AN 87, 8 87, oAl agdole, 4k 5
Ak upge) Bk /st AR e Ajstel 242t At
stelct

AR Az

Ay 9 38 F AlE7F 09E 7HsAE HAsko] 9
S HAA ] AEat HEA S 285, B &Y
o AR835E7] AAY 20 um AW FEETA|(stainless-steel
standard sieve; 20 pum; ¢ 60xh 18 mm, CISA, Barcelona,
Spain)°]| ojx}sto] ARGSIITE ERF A9 8= HE AY
of AREEHAY 8719t 8N ARESHA] AL =0 % Ab
B3, 7R R ZERIF A AAE ARSSHleH, B
= 871 ARG Aol 20 pm FE EZFA O] ot 37} 5
2 AlAsto] ARgSHSITh

A9 AAE W BuE AFE Farsto] At
THGundogdu, 2018; Karami -5, 2017b). H]# 1 Loj| A|25&
4o T 15% FARIEE(KOH, JUNSEIL Japan) -9}
20% TARIGAS(35% Hy0, Daejung Chemicals and
Metals, Co., Ltd., Siheung, Korea) &8-S Alzo] wjet E&
2 278k0] 65T 4872412 TNISITE ok §7]
E AA Ax=E 9ISt T mesh filter(stainless wire mesh;
45 pm; 47 mm diameter, Taemyong Science, Co., Ltd.,
Uiwang, Korea)2 % o235t &, HAIACIE|oflA A4 A
Zooitt. 74 o3t mesh filterol] §-71E0] HololS 4%
9] EdlHde vhEsto] A3slh

FT-IR &M

Z¥z}+o] Az FT-IR(Nicolet iN10 MX Infrared Imaging
Microscope, Thermo Fisher Scientific Inc., Waltham, MA,
USA)E o]&sfo] EA513tt AX% mesh filterS FT-IR
Alm BEATo] AFASlal, Omnic Picta Program(Thermo
Fisher Scientific Inc., Waltham, MA, USA)& ©J-89]
filter®] A HAZ o B4 7hatt HHoRE H8S e
T ultra-fast mapping= &} H= HA 9] IR spectrumsr &
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Sajgict. Zzke] FEoIA Poldl IR spectrum SekAg
IR spectrum} library matchingS E3f STHAE Q] AJES
PE5}al, chemical image®} video imageE E3f 7L A7 &
=4slsickFig. 1)

| Polyester

Chemical image Video image

Fig. 1. FT-IR images of microplastics.

o o
Zy o o

24 ol gk A5 Aol Aleet sge A HS
Z]-g-5to] 37]2] BRHA| E (blank) #4137 3]4>E(recovery, %)
AARE XTSI HIBAIR & & PIMIESAE L] By
A 4= 0.67 MPs/sample, UIAEZAEIAE H AR} =
0.00-0.33 MPs/sampleZ BHIFA|&E T OA|ESAE 0
7F57d0] 1 MPs/sample°] ‘g A] kol AA| AlzoflA LAH
STAES fath e R Aol on, 2R v gk
< wiA] 31 AAkeFItH Table 1). E3F 125-150 um =27]9]
polyethylene pelletZ A3 =2} U EAHHZ -85t
of 35 HARE 33] AAlSHloH, Bt g 9 #EH
Zl(standard deviation, SD)= 94.4+3.0%% A1t 9kt g+
2 oI}t Table 2).

FiE § R0 ME DNIEStAE MR

HE AgoA nAESAY Y 2R AA7IA] Bard
U - 9] 4bE AU miAlERtAY o I = F 7
g Wo] ARGEAL Q= Al FA BHe) HAIERAH Y [
H(microplastics, MPs), MPs/gO & 7|5} 01, Q& of A
Al AR AREAQl 0 A% g mielolalat thfst &
7Ol FAREO|A mNERtAE IR ERIsIelth S~AE
Z 517 207, ofF 194, QAT 1270)Q] ApARE {38
AR} ZF A A Bg) MIMIETRAE ERTHMPs) S
£ UEPH $X]3= Table 30 828513t $4HE0llA] of 72t
ATl A el £871 &olgt Afole TE ot
of Z¥zy HARE Z1gsteltt. 7iA W nlMESAE L] 292
sl 7iAS) 54 HFH Ex= YRS Hol2 26t
AF=E QR ¥ 7FsAdol 7 ATkl wHE7| wiEo]
Wl Jokal Sl Gt Aol FHohe G2 HlasiEe
24 1 Ao] Ee el sjgick 1 A, ol v
(4.07+8.91 MPs/g)ol|lA] 71 W2 nAEetAE 2kReo] &
QEQT, 1 HE 7}ElH|(1.61 MPslg), SAUPH(1.33+1.78
MPs/g) =0 = U ow, & os pAba U > 4k
& A > oiF ol TEu 7 AR niAlEeAY 2R
FO] WA= F=t, o= A Aol opdz} 4RO Y
ARR], X212 9 Eoh A7) 9] TRt fklo] Qi Alo]
2l A = 78 S0 diwolA nAERAE IR
F= ST 719 AFKShim 5, 2017a)0l4 Hire A}

i

Fx]: 0.12£0.10 MPs/g, =: 0.07£0.06 MPs/g, H}X|=h
.34+0.31 MPs/g, 7F2]H]: 0.08£0.08 MPs/g)2} & AL Az}
£ YR AiHoR 22 ARHS FRIT 5= otk
T2 =9 AFollAd= ZollA Xl 12.18 MPs/g, FX]o)|A]

k0
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Table 1. Mean of total MPs/sample and each type of MPs/sample in the blank sample

Total MPs PE PP PS Acrylic PES Others

MPs/sample 0.67+0.58" 0.00 0.33£0.58 0.00 0.33+0.58 0.00 0.00

"Data are expressed as mean+SD (n=3).

Table 2. Recovery rate of polyethylene particles

Material type Size (um)  Density (g/mL) Recovered number of particles per spiked number of particles Recovery rate (%)
Polyethylene 125-150 1.02 106/112 107/110 105/115 94.4+3.0"
YData are expressed as mean+SD (n=3).
Table 3. Abundance of residual MPs in seafoods
Classification of type No. of samples Subclassification of types No. of samples MPs/g
Mussel 5 0.29+0.37"
Oyster 5 0.21£0.16
Clam 7 0.50+0.64
Shellfish 20
Scallop 1 1.61
Abalone (eviscerated flesh) 1 0.82
Abalone (viscera) 1 0.35
Fish (eviscerated flesh) 12 0.86+0.89
Fish 19
Fish (viscera) 7 4.07+£8.91
Octopus (eviscerated flesh) 3 0.20+0.18
Octopus (viscera) 3 1.33£1.78
Mollusks 12
Squid (eviscerated flesh) 3 0.42+0.40
Squid (viscera) 3 0.26+0.14

YData are expressed as mean=SD.

13.65 MPs/g2] A+E AF 2o (Leslie 5, 2017), thA|F o=
© 2 A9 ISR 0] AFE E Itk Davisond} Dudas,
2016; Van CauwenbergheX} Janssen, 2014; Vandermeersch
S, 2015). o]2fgt Aik= QI A9 Ak W FANETHY
F9 nAESAY QAT B At Aol Bls] Aty
Ao g Erhal wWekE 4 Qlon, 7|E AT Arjete] Hlule
ArE O] Ao = RISl HAZF A, Kt B ekl
A&AQ] A7t BRY Aolet AlmEr.

+A4E S OMESAE HEE URE

FAEOA FAEE uMESAE TFEE polyethylene
(PE), polypropylene(PP), acrylic, polystyrene(PS), polyester
(PES), nylon, polyurethane(PU), polyvinyl chloride(PVC),

polyethylene terephthalate(PET), epoxy resin 5°] ATt
A AEE vHESeY AEE H&(%)S] Z7]= PE
(34.1%) > PP(32.4%) > PS(12.5%) > PES(10.2%) > acrylic
(5.1%) <0l 7 S8 AL W8 BT PES} PPYL 7YY
915 2402 SRIFCKFig. 2). 1% 5 PSO] BF =
7g01 7H1R(0%)2} BFA2H0.3%) 04 2k B2 A 21(22.9%)
I FA2.7%)°M = A Webg=dl, o= AAEEE A
7 9l Aow gekEch. 23 BAE AL expanded
polystyrenc, EPS) Exjo] 9I5| o 3247 719 i
S5 W0, 4] 8 m oJhe] 2304 GFAjElo] W
7h S E2Ql EPS(0.15 g/em’)7} HEX|} 7=ju]o] 4]
3 =3 G| Aol Bol A= S Aoz Had vl At
(NIFS, 2012; Shim &, 2017a).
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Fig. 2. Microplastic composition in seafoods.

AAE 3 O|MS2AY 378 BB

sabze] Aol Tkt 3719 lgjEetage] 15
oot A2 vASAY 2712 245t 9 Wele
F74E Uiro] RS SISIACk Table 4). Ao A

Table 4. Distribution % of different microplastic sizes in seafoods

A
B cut-off size:= 45 umtt. UAEEAE] F7|= Zo]
(length)?} F(widthyS S4st=t] 271 HHE Bt o
F M9 2 5 293 2717t 2 ol el AgHER 5t

AN

B718 AA & HZE 45 um mesh filtero]] JT51917]

Size (um)
Subclassification of types
45-100 100-200 200-500 500-1,000 1,000-5,000
Mussel 33.5+39.1" 48.2437.7 9.5+15.8 7.5+10.5 1.242.7
Opyster 17.8+29.0 36.9£24.1 33.3+20.4 2.0+4.5 10.0+£22.3
Clam 23.0+22.0 44.6+22.3 28.2422.0 2.9+4.3 1.3434
Scallop 76.1 19.6 2.2 22 0.0
Abalone (eviscerated flesh) 0.0 12.5 375 12.5 37.5
Abalone (viscera) 12.5 12.5 375 25.0 12.5
Fish (eviscerated flesh) 9.6+8.2 31.5+20.4 36.2+21.7 9.3£15.3 5.048.9
Fish (viscera) 13.5+10.2 25.6+20.3 30.5+20.5 12.5+15.0 3.66.2
Octopus (eviscerated flesh) 7.4+12.8 38.949.6 46.3422.5 7.4+12.8 0.0+0.0
Octopus (viscera) 16.0+£22.2 41.1£84 35.3+17.5 5.347.1 22438
Squid (eviscerated flesh) 15.748.0 36.7+16.4 41.3+84 2.544.3 3.7+6.4
Squid (viscera) 29.9+18.7 42.5¢15.9 18.8+7.1 5.1+4.5 3.7£34

YData are expressed as mean+SD.
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%

HAHOZ 100-500 pm W19 2717F AT 1
U Skl A 2717h 2L 4 2, viHete] 29 200
um oJste] wsle] 2717} 71 LAlsige, AR 3717t
2 ojgut QAAEo] A9l 100-500 pm H9le] 717} 4
A iR Fa F7] AL HFdA ny Sahag
HFFE 4% 7129 = A-K(Shim 5, 2017a)2} -F-Ak
3 ATE RO, 500 um 0]43e] Z7}E AR fiber
Fefo] PESHTH

FAEIZE S /Y0 D2 DIMES2tAY AFH

FAETIEEY] uMEEAE RS E7|(MPs/g) 59
2L AR AR} Y AETRRE § 502 5
29, A, A&, 44, Aoy, ARt 8 A
50t 7Y Al FA FHe) vAIESAE AREHMPs) 02
UERH $X]%= Table 59 Q°F519it.

AZH(1.73+1.73 MPs/g)oll A 7H B2 nA|SetAEe] 4
E£590m, 1 F2 528 > A&5AE > oA > A &
o2 SRIFTE E3L 4 A2 Fhago] tiFER 7}
FTEASFAE, 529, AZ)o] Tago] F2 TRE(A
2, HFol| vjg| HNEeAY o] A HEE U
E3t AZ 1174 F FdA 4719 Wyt v SetAE AR
2 3.1242.35 MPs/gO & FAFEVEE 5 7P 22 09k
£ UeRdEd], ol i e gRke: Aol Hoj
THE Z0E SAHE YAlA nAEetAY AEsko] 71
A AEE Fae} Aol Sl A o= wrkEh ol A
= nAEEtAE o] AR YRolA fEiE 7
o] 7Fg TA AN FY=e 7FsA8E ok AlRHTh

FLUEIRESE F DME2AE YA AR
FARET7FEEOIA AEE nNETAE SRe ANET
2oyt AA AEE vASEaE A-E ¥l8(%)2 PE
(47.8%) > PP(33.2%) > acylic(12.5%) > PES(2.9%) >
PS(1.9%) <=0|3ick. 2t 5398 AW v & 2% PES} PP/}

7P AR 2o s glon, of
FAFUCHFig. 3).

ko] vl

rr

F4U4EIHEE S DMESAE I AR
FAETRE S HEE vHEEAEY I S U
A77L, cut-off size= $AME HARR} ZtH(Table 6). AR
7HE AARA = $ARET PREIZRAE 100-500 pm $19
9] 77} fAISHSH. SHAIRE AbET EEY AT R
< et el Zot JiAIS] R E ke i 59
2tol7t tFsl7] ol AEE vMEErAE 2712k 1A
A71249] QA TotshA] eisktt. 1Euh S, A4

VEDE

NWEN
% ..... SO0

maldem (o)

-
1111

_

_
%

canned salted seafood boil-cooked sauces liquid salted
ooooooo

Table 5. Abundance of residual microplastics in processed seafood products

Classification of types No. of samples Subclassification of types MPs/g
Canned seafood 19 Canned tuna, canned cockle, canned seasnail 0.48+0.45"
Salted seafood 11 Salted shrimp, sauced clam, sauced intestine 1.73£1.73

Boil-cooked seafood 8 Messel flesh, shrimp meat, clam meat 0.47+0.36

Sauces 8 Oyster sauce, tuna source 0.32+0.21

Liquid salted seafood 4 Anchovy sauce, sand lance extract 0.26+0.19

YData are expressed as mean+SD.
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Table 6. Distribution % of different microplastics sizes in processed seafood products
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Size (um)
Subclassification of types
45-100 100-200 200-500 500-1,000 1,000-5,000

Canned seafood 5.5+6.6" 39.5+20.1 31.4+16.5 14.2+21.7 4.1+6.4
Salted seafood 14.7+9.1 32.3+10.1 31.7+12.0 13.8+5.7 7.446.2
Boil-cooked seafood 39.3+19.6 30.1+16.7 20.4+20.7 8.3£10.0 1.845.1
Sauces 10.1£6.7 44.0424.3 39.5+£29.2 5.9+5.9 0.6+1.6

Liquid salted seafood 28.4+4.9 32.3+27.1 34.3+22.6 5.0+10.0 0.0+0.0

"Data are expressed as mean+SD.

5 R&4ARE0] AQ0)= 200 um o5t W99 2717} 7
FABIROH, ol= 4HE9] wiF Zukel Akt Ap&apat
£0°] 100% FAREolH, 1 thiiEo] RS At
o == Akt & 4 9ok

2 o

2 AFoME I B fF B9 e 2 RIS
Eol gt uAEStAE IFAHE ARSI 4E 5 vlA|
ETtAY PR gt 7|2AEE viHskaAl SHith
I T S4ANE 51T AT RSE 50719 pIMEERA
g AREMPs/g)at AR 2 7] BEE A5 o
Bt UAETAE IEHE 4S04 1.06+3.38 MPs/g,
ZAETFEEO]| A 0.89+1.29 MPs/gO2 SRIE|Qct. E3H
AR} SAMETFEE B 100-500 um H9J9] 27]19] PE
o} PP 2/do] 7P A Yehth 4R R Ak
o WS dE= 3 AZoA w2 nAEetAE Aol
gRl=on, A= A 2717 A2 w7 2 AsibE
2 200 pm o[} ML) 7|7} Ak, 7HAl 2717F &
oj&1} A=l 429l 100-500 um HYo] I7|7} 7FE &
Al wEbA ZiA1e] 2710 wet HEE SRRAES £8
7% JFol = AT B ABAA vAIEEt
AEO] 09 22 TS FHo|NE 7 Almutct Zlo]7t F
=, 4= 7IA B SRR RS Aol EE
EAeIANE, Kot gttt 248 foiae A4 &7, &ct
Al7], QAR BAEA 59 A Eajeto] B ash, P9
Skal A1&AQ1 glolE 4L Sl nMEEAE LdE &
A9] AL FIAE 4 U Zolet Tk FolEn
T, 7|29 A+ ZAFeto] vl EAHO] ok o R Qs
A gu|noll= A Qlof, nMEEAE Y] EESHE B4
ol P Qa/do] 45| |H
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