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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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1950t o] % SepAE YAl A9 HE o2 R
AAEES S7ska 9o, 2012do]= 29] 8N &, FA)
FAIEE 205097H4] 3309] €] olF A= FAHHI 9l
ThBirol, 2018). o]t ZeAEL FjFe]7]9] 80%S 2}
Aokl 9lom, e gt Hul RG-Sl WA s A
=lo] iz, E3] EetAE 2L AAA EetAE H71E9]
kS AR H(Giacovelli, 2018). o]FA| gt # 2231 W

A= EtAE2 gds] Eofsle diAl A o 22 ARtz
ohEsAG 2L of7|4] BlaA S} 2 Sepaen
o o 2o} ko AL v WAEAA olck S
2} El(microplastics, MPs)o]&t =7] 0.001-5 mm2] 3434
A2A, SR vl AZE 13 vlEekag 2
717+ & E2pAEo] ARte] XAl 3tEo] A2 7|7 &
HAL 22F miAlEERAE O 2 ST Andrady, 2011; Wright
=, 2013).
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7] floll SAA|, dAA|, FFA, THA] FoE AREE
bisphenol-A, phthalates, tetrabromobisphenol A2} Z-2 515}
Eo| A7lEEy), o]AL Etago] Bajd uf shgo] 4=
=lo] fofisteEde] egYes A8 4 Stk Cole 5,
2011; Mato 5, 2001). E3t u]¥|SetAEL 2] Bajd &
=9 Se52 IR WEY 718 59 L9840l &
2e, £35] 2-3 mm 37]9] EAE 32 A7
A=A (persistent organic pollutants, POPs)of| taf afj<=of
ZRohe SRR oF 1070 o] ¥ F&eks AR &
A QIthMato 5, 2001; Piorek, 2004; Teuten 5, 2007).
Hu mAETAEE i QAR oY), siddEel A
Alejo] ETAE A9 Al JF HolAke W =4
4 0|59 Ho| WA= A HSFEA ] FFS PIXIH
(Engler, 2012). o]i= BoJARE2] A9 ZAROA /Y=
ool AFEolAE FAARl 7S AFsk= 8<le] € 7t
57301 Stk

I AEEAE O] A2 An]7(microscopy)e ARESHAH
Qo2 gelsk= &4l W FT-IR 3 (fourier
transform infrared spectroscopy) % }HEHH(Raman
spectroscopy)< ©|-&3t Slshd EXARPH 1231 Pyro-GC-
MS(pyrolysis gas chromatography mass spectrometry)S ©]
25t FEA(thermal analysis) 5 TFGsH 24 BFHOo & L
=1 Qlov, B wTo 2= AP e e A
Wh 2 4 Qlo] &4 9 SlekARl ol xto=w
T2 AFETK(Shim -5, 2017b). E3F FZTHA] A=A
AESAESE &3 593 Bl wE A7 Yol St
2 EH QAP HBEHAY EofiEA] gouA 78S
BEH 07 AAsK= Zoltk oF #ls KOH, NaOH, H,0,,
HNO; 59 -84} AR, 719, BISEY] 5= &l 242k
ZAS = A7} H3YE 1 It Dehaut 5, 2016; Karami
5, 2017b). @A RAIEEIAY A4le AlAIR o R Eds] X
& Folu oFF 2 AbEolur A, W, & 5ol thet A
E9 4B BUET QlOom(Karami 5, 2017a; Liebezeitd}
Liebezeit, 2013; Liebezeit?} Liebezeit, 2014; Shim 5,
2017a; Yang 5, 2015), W 0] AA| == ThA oA thefst
7159 AA= Wy EohAY A o R A4tE 2
7o) Hlu= AL ik T3 7RSAE 5 rAIERRAE A
T= B2 AlEE MEZA AA WY #2354 717
A glgo] 32t AR thFEL s TAE
& A7} oz mlH|gk Argolth

2 AtolM= I B 78 S° AR o, 5
ARE7FEEOIA Y] mAIESAE Y MRgTt EYAEY] F
7 9 27 52 TR Briste] s e AlEolA ]
AESAY QATES Bk ol B9l 5 FH4

3 S aE 09 24 @79 /|2AES viEs) B
14} Sk

Hu

A

g
ANE

20199 1-10€ 3 A T 55 53U FAE 514, S4F
E7RSE 504 A, vtE SollA AT mlAlEet
AE QAT FARE AAISITL, o] F AN TR 207,
o1F 197, AT 1270]1L AEVRIES BXE 197, A
Z 1174, Asa4ihE 87, A 87, AR 47dolH, AKE &
At Y] Bej7t 7hsst Alme 2 Aol 2k AAt
Cipi=g

NERLE

49 19 39 5 A= 294 K54 Hashp] 9
o wanje] AgRI el S BT, BE B
< ARESE] Ao 20 um AU FEEGA|(stainless-steel
standard sieve; 20 pum; ¢ 60xh 18 mm, CISA, Barcelona,
Spain)o]] ojx}sto] ARESIGITE E3H A &7 tE AY
o AGEIZE 8719 E-8aNH ALGHA] OFT TR0 A}
83V 7HEA 9 2ERITA £RE AHElGon, 2
= 871 AR Aol 20 um Y EETGA0f| oSt 3%} F
F= AlAste] ARSI

M=ol AAY W2 e A Farste] Adsk
THGundogdu, 2018; Karami 5, 2017b). H|# 1 Loj| A|R2&
4o & 15% FARSEE(KOH, JUNSEL Japan) 283}
20% IARKEAS(35% Hy0, Daejung Chemicals and
Metals, Co., Ltd., Siheung, Korea) -80S A|go| 2t E&
= 2A5to] 65TCollA] 48-72A17F WEFSHIT. SRto & {7
= AA AZE 2RISE T mesh filter(stainless wire mesh;
45 yum; 47 mm diameter, Taemyong Science, Co., Ltd.,
Uiwang, Korea)&2 74} o235t 5, HAJAClEoflA XA A
Z3Iie}. A ot mesh filtero]] F-71&°] Holol= 45
919 Eafl7HgS vHEste] sttt

FT-IR &4

Z¥7¥o| Alg+= FT-IR(Nicolet iN10 MX Infrared Imaging
Microscope, Thermo Fisher Scientific Inc., Waltham, MA,
USA)S o]&slo] BASI9ct AZXE mesh filterS FT-IR
Al® EAo]| AZFslal, Omnic Picta Program(Thermo
Fisher Scientific Inc., Waltham, MA, USA)& o]-8-5}o]
filere] A WAL Hr) 24 7R3 HA0R TS Ui
% ultra-fast mappingS 539 2= W& 9] IR spectrume &
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5ot Z42H9] AL8loflA] AofZl IR spectrum=: E2tAE
IR spectrum¥} library matchings 5ol STtAEO] A&
TE5}, chemical image®} video imageE E3f 11 A7|E
Z7g5IAthFig. D).

| Polyester

Chemical image Video image

Fig. 1. FT-IR images of microplastics.

2y o %

Adiol AS

4 g tigt ASE Il A= FAet EAES
283510 37[19] HFEA) B (blank) EA1T} S]4>E(recovery, %)
e Weelsich SRR % vASeae) Ba o)
A} 4= 0.67 MPs/sample, TAISSAEIAE E AR} =
0.00-0.33 MPs/sampleZ HIFA| & o UM ESStAES 09
7Fs/d°] 1 MPs/sampleo] HA| kol AA| AlmoflA EAH
Besee AT oz Ausglon, LR v
S W] 9kl ARFSIITH Table 1). E3F 125-150 um =719]
polyethylene pelletZ A3 A=} FURT A A&}
of 3o& HARE 33 AAlsIlon, B+ g 9 #EH
ZH(standard deviation, SD)y= 94.4+3.0%2 A28 Tigt 71
2 3915}9{THTable 2).

HI

FME F F0| T2 ONIE2tAE AR

= AlEoA mAERAY Y 2R @AA] HaE
U - 9 AR AU NERAE oF B =3 S 7t
7 @o] AR Y= AR FA Fe) HAEEAE S R
ZH(microplastics, MPs), MPs/gQ & H7|5}%.0H, Q& of A
AEEE AR AW 9] @ JrE HfotsliAl thafst &
7Ol FARE0A mINESAE XS ERIsIltE Ak
Z 51 207, ofF 197, FAIF 127)2] AAIRE 7388
ARG} ZF A= A Bg) mINESRAE ERTHMPs) 2
& YEPd $22]3= Table 3] 82F5I5ith ARE0A 079}
ATl A WY 27t 8olgt AHfolle T=E FHst
of 17} FARE A5t 7iA W vAEEAE Y] e d
SiFolA ANAS] 54 HF Ee YRS Bo|= 225t
AFHE Qg 2FY 7FsAdol 7P Akl wHE7| wiiEo
WAoll ZERskal s 3t Aol ZhRohs 2 Hlw e
4 11 Zo] E3F BrlstarAt sioick 1 Ay, ofF W
(4.07+8.91 MPs/g)oll A 7H W2 HMERIAE 2Rl &
A=A, I HE 7FEH](1.61 MPs/g), YA WAK(1.33£1.78
MPs/g) =0 & U on, & og Ak W > 4k
& 4> 7 2o|qith 18y 7 AlR9] wAlEERAE X
F9] WA= F=t, ol JHAIY Aol ofzt ARES] Y
AHA, A2 9 &5t A7) 59 ThdRE fklo] Sl Alo]
2hl FAEY. S 75 S0 diFolA nAERtAE X
F= 54T 7129 A4 (Shim 5, 2017a)0l4 Hire A3}
(FA: 0.1240.10 MPs/g, =: 0.07£0.06 MPs/g, H}A|:
0.34+0.31 MPs/g, 7F2JH]: 0.08+0.08 MPs/g)2} & AL Zx}
£ PR YH o R =2 AFFE SRl & lSirh

I =9 AFollAs =04 ZH 12.18 MPs/g, EA]0]IA
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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

UData are expressed as meantSD (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 meantSD (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

"Data are expressed as mean+SD.

13.65 MPs/g2] A= U O H(Leslie 5, 2017), thA|H o= polyethylene terephthalate(PET), epoxy resin §©°] 213t}

= 2 A7} HlE 2529 A3E E QItKDavison?} Dudas,
2016; Van CauwenbergheX} Janssen, 2014; Vandermeersch
5 2015). ol2et A= A A HQ ibE H AETS
9| HAEEtAE %I =] B 1 Ao H]sf A
Ao g wrpal wekd o Qo 7IE AT Ayet] Hlale
A HPEO) Hol2 Q) SAVE £, Bk Buglsh
X419l A77L WAk Aoje Apmsc

FME F O0MEAE HEE ART

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

A AEE vHESAY AEE H& (%) 27|+ PE
(34.1%) > PP(32.4%) > PS(12.5%) > PES(10.2%) > acrylic
(8.1%) <=ol™, 7+ 738 A& vl& HF PE®} PP7}L 7F
AR 244 o= SRIFIMH(Fig. 2). W7 5 PS A& =
7301 71e]H1(0%)2F BEAI=H0.3%)Cl A 2ks THEA| 2(22.9%)
I FR(2.7%)°1 = A Uebd=tl, ols A4l A
7F Q= Ao g w23 9A]= EREAE R (expanded
polystyrene, EPS) FAjof] AZH Fof F&AIA 719= A5
Fota] B o R, 4] 8 m o] f23ollA FAlE|e] W
7} Wro. Zajt 9] EPS(0.15 g/em’)7} BEA| 2T} Z1E]H]o] H]
S =3 &R Aol Bo] HAEE Aos Had vl
(NIFS, 2012; Shim 5, 2017a).
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shellfish fish mollusks

Fig. 2. Microplastic composition in seafoods.

A2 5 ONEAR o8 HEY A 8712 AA F 3% 45 um mesh filtero] o245} o

kgl Aol tieret 2719] lSekatlo] AEE ROl cutoff sizel 45 pmek. mAERRAE] 7] Qo]
gt 42 nEAY 212 SHste] A MR (ength)2} B(width) S ZYalot=r] 2] Meke wekd v
F7h2 Uil HEE RIStk Table 4). AR AME TS & B HYT 7} 2 ol Mool M= 5

—

Table 4. Distribution % of different microplastic sizes in seafoods

Size (um)
Subclassification of types
45-100 100-200 200-500 500-1,000 1,000-5,000
Mussel 33.5+39.1" 48.24+37.7 9.5+£15.8 7.5+10.5 1.242.7
Oyster 17.8429.0 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 29443 1.343.4
Scallop 76.1 19.6 22 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 5.0+£8.9
Fish (viscera) 13.5+10.2 25.6+20.3 30.5+£20.5 12.5£15.0 3.6£6.2
Octopus (eviscerated flesh) 7.4+12.8 38.9+9.6 46.34£22.5 7.4+12.8 0.0+0.0
Octopus (viscera) 16.0+22.2 41.1£8.4 35.3+17.5 5.3+47.1 2.2+3.8
Squid (eviscerated flesh) 15.748.0 36.7£16.4 413484 2.544.3 3.7£6.4
Squid (viscera) 29.9+18.7 42.5+15.9 18.847.1 5.1+4.5 3.743.4

"Data are expressed as mean+SD.
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k.

AAFOZ 100-500 pm HYe] 7|7} Akt 18
U AR A 2717 A2 &, =2, v B 200
um o[3te] W99 2717} 7Hg fAlsI oW, Al 2717t
Z olFu AR A9 100-500 pm L1 2717} 7%
SAF. W7 F8 77] 2L wiFolA vlA| EAE
Ardes S48 71EY sW A(Shim -5, 20172)9} FAF
3 4TS HolFglom, 500 um ool H7]i= tHAIE fiber
FHIS| PESAH-

FLUEIEE F R0 U2 DjNIE2tAE MR

FAETFSES] PNESAE R E71(MPs/g) 59
UL A AL sYsttt SAETRSE 50102 B
29, AL, AsAbg, a4, A3lo|H, ZARE 19 At
Aot 7 Alm A FHe) PAIESAE HREH(MPs) 0=
UERd S=XJ& Table 5 QoFet3ict.

AZH(1.73£1.73 MPs/g)ollA 71 B2 mxlEetAE o]
EE3lon, 11 FE X > AGpihE > A4 > AF &
o= ZRIFGITh E3L ANE AA|9] ghpego] TRl 7t
TEAETARE, 529, 42)0] TRl B2 7HEE
2, HANo|| Hlgf| mAEAE RO A HEEUC
E3 A 117 F A 4719] Bt nAESAE 2R
£ 3.1242.35 MPs/gl.& A7 EE 2 71 =2 09w
£ Uehdl=d, ol AdA2 HH] HANEE Agofl Hof
U= A0R SARE WollA mINESAE 2Rl 7FE
= AEE ALt AHe] Sle A= wekdrt ojHgt 2
= vAIETAE ZREo] Ake dRoA fEE 7
o] 7k BAoIA FY== 7MeEH =Tl AlRE:

FUEIIEE S OME2AE HAE AR
FAETREEOIA HEH nMESAY TRE AT
ot A4 HEE nAEgAE AAE H[E (%)= PE
(47.8%) > PP(33.2%) > acylic(12.5%) > PES(2.9%) >
PS(1.9%) <=0|%it}. 7+ o &8 v & 15 PECL PP7}

7P AR 20 ERIFEgle, ols sikee] Aot

AR (Fig. 3).

rr

FMEIIEE S OMS2AE I0E UARY
FAETSE S HEH nASTAEY 27 S 4 W
9517F, cut-off sizel= Z2AHE ZAALR} ZTHTable 6). AR
7H8E AAME AMET vBE7EA 2 100-500 pm H Y
9] 27|17} LA SR AMET g SANETRRE
2 B ool 23 AAS 58 2 e 3 59
Zto)7} thoFsl7] wiiEol HAEH nAEEtAY 3719 7HA
A719ke] AAVE ot okt TEut B4l A4
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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 Opyster sauce, tuna source 0.32+0.21
Liquid salted seafood 4 Anchovy sauce, sand lance extract 0.26+0.19

"Data are expressed as meantSD.
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Table 6. Distribution % of different microplastics sizes in processed seafood products

167

Size (um)
Subclassification of types
45-100 100-200 200-500 500-1,000 1,000-5,000

Canned seafood 5.546.6" 39.5+20.1 31.4+16.5 14.2421.7 4.1+6.4
Salted seafood 14.749.1 32.3+10.1 31.7+£12.0 13.8+£5.7 7.4+6.2
Boil-cooked seafood 39.3+£19.6 30.1£16.7 20.44+20.7 8.3+10.0 1.8+5.1
Sauces 10.1+6.7 44.0+£24.3 39.5429.2 59459 0.6£1.6

Liquid salted seafood 28.4+4.9 32.34£27.1 34.3+22.6 5.0+10.0 0.0+0.0

"Data are expressed as mean+SD.

S AEAhES] 9ol 200 pum ofst WIS 3717} 7HF
FABIACH, ol sibzol TF Aot Aokt At
201 100% 4bzols, 1 tifgo] HFAS Adslle
0 odEE et & 4 Sk

[e] OF
= =

2 dTode 9 Bl 15 S ke H e
Ol digt nAIEEtAE FRAHE 2ARI 4% S 1A
STHAE Rt Hidt 7|12ARE vhdstaLAt sHAH-
U B ke 5133 SARE7EE 50709] viAlEeks
g AR (MPs/g)it QAR 9 7] BE2E BASIS 1
Yt vAIEEtAY ARFE FAEOlA 1.0643.38 MPs/g,
FARETRSEOA 0.89£1.29 MPs/gO 2 ERIE|QIct EF
FAET} bE7E B 100-500 pm HE]9] 27]9] PE
€} PPO| 2/Jo] 7MY A YRt A W ke
o Wi 9=z & oM &2 vAESRAE Rl
RIEReH, Al AAe 2717 22 w3 AseitE
< 200 pm oJ3} ] A717F SABIRAL, A 2717F 2
o AT 734l 100-500 pm 9] 2717 7HE
AR wW=kA FiAlS] 27100 weE AEE EStAE] F8
7= FFOl AFE FRASIAH. R A=A mlAIE=;
£E9] 29 £E2 B2 RFOIAE 4 Almuict A7k 2
<, ke A Be e EY AR Al =8
SASHARE, B ekt £42 fsiAe A4 &4, &5t
A7), AR, ST 52l g Eateto] B astH, FH e
Stal A&ARl glolg S22 9 vAlERAE 29k &
Ao] A=gE A o kg Aol ddEn: FolEn
I, 7129 A Anete] Hlales EANY] oz ]l
AAu|aels AE o, vAlIEErAE Y] BN A
ol "ol d4s| aH
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