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Microplastics are fragments of any type of plastic with a size less than 5 mm. Ocean pollution by
microplastics is now a worldwide concern in relation to marine ecosystems and human health. The
widespread contamination by microplastics means that they can be ingested by and accumulated in
diverse species of wildlife, such as fish, mussels, oysters, clams, and scallops. Once ingested, the mi-
croplastics can be observed in the intestines, liver, and kidney, and even in the brain. Seafood is one
of the major sources of protein intake in humans; therefore, seafood consumption could be pathway
for human microplastics exposure. Accumulating evidence indicates that repeated oral exposure to mi-
croplastics induces pathologic and functional changes in the reproductive, cardiac, gastrointestinal, en-
docrine, and even nervous systems of rodents. Maternal exposure to microplastics during gestation
and lactation alters metabolic homeostasis in the offspring. Given that seafood provides more than
20% of the total protein intake by over 310 million people worldwide, a reasonable assumption is that
microplastics could be substantially accumulated in the human body and impair physiological
function. In this review, we have summarized the current status of microplastics contamination in the
ocean, their accumulation and toxicities in marine animals and rodents, their exposure to humans, and

their potential impacts on human health.
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Table 1. Summary of published studies providing data on microplastic contents in global major location and Korea

Location Year sample

Microplastic contents

Reference

collected
Worldwide
French, Belgian and Dutch 2011 Seawater: average 0.410.3 particles/L [72]
North Sea Coast Sediment: average 6.0+5.7 particles/kg dry
San Francisco Bay 2015 700,000+600,000 particles/ km’ [61]
Guanabara Bay, Rio de Janeiro, Brazil 2016 1.40-21.3 particles/ m’ [28]
South Africa 2016, 2017 114-164 particles/ m’ [58]
Australia 4,256.4 particles/km” [66]
China 2014 251-436 particles/50 g dry [64]
China 2018 Bohai Sea: 2.0-17.0 items/50g dry [76]
Northern Yellow Sea: 4.0-14.0 items/50 g dry
Southern Yellow Sea: 2.0-7.0 items/50 g dry
Korea
Southern coast 2015 1.12-1.64 particles/ m’ [48]
Western coast 2016 1.70-2.79 particles/m’
Korea, Coast of Incheon SML: 148,209 item/m’ (53,706-294,937 item/m’) [10]
SSW: 1,600 item/m’ (10-4,227 item/m’)
Near- and offshore environment 2012 SML: 210,722 item/m’ [70]

of Geoje Island

SSW: 1,339 item/m’
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FepaEol ARG 22909 A-$(Crangon allmanni)
= 8o = AANHA Fkoy Hd 65%9 7
gh2Elo] WAFHUAT9]. B F=o Faf,
S Hud g2 A Zgt2H FEE ET
d & £°f, $2ElA At A-$-(Metapenaeus Monoceros)
o] A = 3.87+1.05 particles/g®] "4l Setxgo] TAHAT,
%3 33 4+ A $(Crangon affinis) o A & §-2 8.6+2.6 par-
ticles/g®] WA Zek2Eo] HEHUT3S, 74]. 27| FollA=
T3 A% TFZ/M(Acila mirabilis)ol Al FH 6.9 par-
ticles/g2] PIAl Eefxgo] HAH I, 201439 F= 3]
FANGANA TFARF 9 F 2AFAAE vA Z2t2Y F
%7} 21-105 items/g®] WA E LAH TS, 73] ¥ H] =
oo F9 157 sfetell Al A& = (Crassostrea gigas)F
%7 (Siliqua patula)oll A& Z+7t 0.35+0.04 pieces/g, 0.16%
0.02 pieces/go| WAl Eet2go] HAH Fx AdHde 2
Aol & YR TH7]. ZF 2 Pays de la Loire PR A T4
T 201590 T AR Ao A HHF A (Mytilus
edulis) A& Pl Set28& £X3 23 0.23+0.09 par-
ticles/g9 =5 HYTH63]. £ 20153 F3H9 Channel
coasto A AFHE FA A= 46%7F WA Feh2EE THrat
I 9o FEE 0150069 A 025+0.16 particles/g< 715
3te] Phuong (6319 A7 23t} frA $41 & YERITH37].

Feuetd A F2 AvEE 2AF F Z(Crassostrea
gigas), A (Mytilus edulis), B-#] 2 (Tapes philippinarum),
1283 7he]Hl (Patinopecten yessoensis)ol A &) Al Feb 2
g 3 A A} H 2o BaE th(Table 2). A&, F4
283 BFe] Fa oA A Fste £4 A3 uiA g
°] 0.34 +0.31 particles/g (0.03-1.08 particles/g)S.& 7% =
%I I o ©X(0.12+0.11 particles/g, 0-0.35 par-
ticles/g), 7+2]11(0.08+0.08 particles/g, 0.01-0.17 particles/g),
Z(0.07+0.06 particles/g, 0-0.19 particles/g)¢] ol th LA
" %22 F 14 TF 2 polyethylene, polystyrene, poly-
ester’} 80% °1’d= AAFATH12] Fvtet 79 1% 7
Yo g vpAg, g4, 7teH], 2& ¥ B o 301 g=
AHste Zlog ¢4 ot olgA & o et 57
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EOE AT E 20199 FAF Ao AgA AR o
(Meretrix lusoria), ¥ Z7)(Scapharca broughtonii), #HY
(Styela clava)®] WAl E2t2E 58 E4F 234 RE A=
FolA vIA Fxgol AEHNUR. o E FEHE HEl 0
32 0.08 particles/g, %] 27 0.05 particles/g, WH 92 0.12
particles/g< 71 £t ATH8]. thit AE¥ Fe42E2 100 um
HA7A EA89 3L, 2717} 100-300 pm7}F 43%, 1,000-3,000
um 37%, 1-5 mm 16% =2 YEF O™ 100 um ©]3te] v]A]
Zt2gHo g Q9% S AoE AHHTE]

oMl E2tAEQ 4 & O|M S2IAE 7|99 ARy

2016 UN E Ao o2™ o 800 F2 T2 43
%% (entanglement)ol] &3] WA k2o L@ Y&
B ol 1977, W8 oF 69%7F Sk FA Otk o F oF
20 F2 UA EekaY 274& AQ2GA AHAH[69]. 1
Al Zet2go 93 =42 1349 22 vl A S22 Abo]d
Aol & HAY A& 5o, Al T74 &= (Daphnia magna,
Daphnia pulex, Ceriodaphnia dubin)& ©] 83 4254 A7
A LA r A Eet g o3} HA Eet YL & EA L
2 AN 7ee ZEAZ o A3 vAEekaE o] o)A vlA|
ZH2HEY 540 Bn A Aos HIH I t44].

Zot2go] o3 AL 7|9 % FHAol e AoE
HuH3 gtk A& &9, B¢ AFol 1 um 27]¢) A4S
283 1 mm 271ty E2E S ol &ato] s 2fe 2
2EHE 9 E T (Skeletonema costatum)ol| A 9] A& AT
g A3 gy SetagdAs A4S AAGA g3koy vAl
ZTeh2E S SA4 o] Asho] Aol A 397% AAHUT
79]. ol A719ke] AL FEALAMNE BEHT A
H AEE o8 AFA 10~100 pm 27]9] polystyrene
Y fod A4S UehiA 43ty 460 nm o] sto]
2h-& polystyrene PIA Eet2H e 88 48S doJ|= AL
2 FAHATH41]. =3 A EZS2EHE £F 47 o]y
AbgE I Aot 29 Gl o Az AN LA E ] AE
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Table 2. Summary of published studies providing data on microplastic contamination in seafood samples collected from market

in Korea

Sample phylum/ Sample species Samp.hng Mean MP Range Composition Reference
class location

Oyster Crassostrea gigas Fishery market 0.07£0.06 n/g 0-0.19 n/g Polyethylene 24% [12]
Mussel Myilus edulis Fishery market 0.12£0.11 n/g 0-0.35 n/g Polypropylene 23%

Fishery market 0.34:0.31 n/g 0.03-1.08 n/g  Polystyrene 22%

Fishery market 0.08£0.08 n/g 0.01-0.17 n/g
Clam Meretrix lusoria Fishery market 0.08 n/g [8]
Blood arkshell Scapharca broughtonii  Fishery market 0.05 n/g
Warty sea squirt ~ Wryela clava Fishery market 0.12 n/g
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gz 492 4 e Aow B1HY
AW 9 1HL ol A7A Hes
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wHoz QA A W §9& 27

No. 4

tan ojxde d5A 700 nm ©] H A &A mA

A = A EA 2 (endocytosis) ol <] &l

2l
£ A% gl oal fdgol Eiﬂ‘}iﬁH 3], HehA wA
=

ZalrEo A% og SAE J]AoE 998 Ao

A=Y F7H4Q A7 Besith

HA 71 e A77F AgE 71 #S A7 Holt. Wistar
ratsE ©]&F ATl A 0015 015 EE 1.5 mg/kgel A
S22 S 09 Foge o dAa #YF A E(granulosa
cells)7} pyroptosis =+ apoptosisg 53l AFEate 2o LA
HATHA0 = A ZAZ 2, S Mz 4hshA QI
st HAEHATMA]. F2 AF A= 05 um 2719 WA &
g2y e 47 5 57 TR B | FugeA 4
A 49 ZHa9} testosteroned THAvh FAEUTH39, 47].
Wei 5[75]& 8 ollA mAl S228E 09 2+ FAF &

MXIFOA OlM Z2tAE0 28t S A 24E ATt 1 A3 1F s FATNA AA B
].a.g aarE SA AU SFel e A1zt A S A 82| &8 (congestion), P EZE 0} cristaed] 424 59
o =2HBR oj} fAF 219 TE APL Fal ¥ TEHAG. £ A 244 T4 E22Y TR 9EF

l Zeh2H o fsdE Brtslok o 2y AAFE ©f o2 4heta 4ol ST &8 M e wA Eek
&3 vA Fet2HY T7-47] kEd 7 54 dTe oF < 56573 Fof 3 AW AT ok efA ol Wt 2
3-41d ARE Y7 AR Wl b A A7 2 Ath(Table 3) [53].

T7}b BA gtk Eold HOoRE R 0510 ym 2719 mA EehaEe A PPz alne ofF gote
polysyrene Y42 el kel A7 Agasion) £ G 44 @Ol ook Bekstel UARE o 42 309l 274
& FAE 470A AA= 0Y7A A4, 39, 41, 47, #7F B35 %t Fournier 5[26]2 Y4l 3#d 5875
53 54 AP o RS AW, AANH, 2318, Fa 04 BehaES FUHES @ F ol 25 o w4
ARA & TFsHT Eet2g o X5 AT 1 A3 WA SS2EE
Table 3. Summary of published studies providing data on toxicities of microplastics in rodents
Species System/organ Microplastics Dose Results Reference
Wistar rats, Reproductive  Polystyrene, 0.5 um  0.015, 0.15, and 1.5 Pyroptosis and apoptosis of [40]
6 weeks old, female size mg/kg/d, oral for ovarian granulosa cells
90 days
Wistar rats, Reproductive Polystyrene, 0.5 pm  0.015, 0.15, and 1.5 Reduced number of growing [4]
6 weeks old, female size mg/kg/d, follicles, oxidative stress and
oral for 90 days apoptosis of granulosa cells
ICR mice, Reproductive Polystyrene, 0.5 um  0.6-0.7 ng/day, 6-7 Significantly reduced viable [39]
4-5 weeks, male size ug/day, 60-70 ng/day sperm in epididymis
for 35 days
BALB/C mice, Reproductive  Polystyrene, Oral gavage for 28 days Sperm quality and [47]
6 weeks, male 0.5, 4, 10 ym size tstosterone level was
declined
Wistar rats, Cardiac Polystyrene, 0.5 mm 0.5, 5, and 50 mg/l in  damaged cardic structure [75]
6 weeks old size drinking water for 90 and impaired mitochondria
days integrity

Pregnant rats various 20 nm rhodamine-  Intratracheal instillation = Polystyrene nanoparticles [26]

(Sprague Dawley) labeled polystyrene  of 300 ul (2.64x10 14 were observed in the
particles) placenta, fetal liver, lungs,

ICR mice, Gastrointestinal
5 weeks old
Wistar rats, Nervous

6-8 weeks old, male

Polystyrene,
0.5 and 50 pm size

Polystyrene,
25 and 50 nm size

heart, kidney and brain

100 or 1,000 pg/l, in Change in the richness and [53]
drining water for 5 weeks diversity of the gut

microbiota
1, 3, 6 and 10 mg/kg  No significant change in [65]
for 5 weeks behavior
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£33 QA7 e R BAC HA S22 E 2F A
e w A7 FHAA dA A FRESAY tA A3
Sk =7t 1214[54 55]

AEHOIA OJM| Z21AE =& AEY

A A 2 #E Y4717 (Food and Agriculture Organization of
the United Nations)9] Hio] @2 1960%d F 10 kgoll £}
st Al 1909 ai4kE Al H ol 19149 ol = 20 kg Hol4l
th24, 33]. £3] 2013 71Z 02 SAES A AA 319 ¥
o) e ArFEA Azt dME AHF 20% ol THEt
ATH24, 33]. webA sfitE A F o wWE oA E2haE A
= AT 5 Rle o Holn 429 97 A g~
g A 22 sl A A7 Agsith H2 £A 0]
g =17], 2 BFHE oJofAE Hol Al AF mdA
SAolo] Foldt nA| Set2Eol 21715 AH H A9 £
A 2kel AF ) Zoll M 3% E(57.07 particles/g) 2 L7 5 %)
OH15]. =3tz e vA Sg2go] T o w34
AL AY 37 P o] #aT AR YBRT{15)]
oje g A 4o AFHT vA F2Eo] AN E
=49 nA Fg2ge g wet IS v £ YE ke

e HogEr

28W, A4 Age A Sagel duh w2H 1 9
2717 @A) ol U ABF AT ATe flon, AaE $4
& u5E 9% zvg o w2 sl

o g AEx, 7] 29%
e}

F2Y 225 Fol7t
8 F4Ys A AA AT 23 A

*2‘9— *tHo} dzf—_ f%o}“ﬂ 0471011 A& %oHHE
A7 2067708 AFHsE AR FAHAY. 28U A4E
Aol g 7H 14 As% o]z Qsf s of 743 =9
Az AHF MY E 206-4554170 2 2ol 7} mj ¢ E& & 5
ATH16].
Al Eet2g o AH e gl £

Cox G[14]2 =21#5k ofet tf7] A Sep2E 58 &
71 o w A Eehay AHAA x5

Journal of Life Science 2021, Vol. 31. No. 4 447

A3} 0 ZE& ol g A uhet A7} 39,000-52,00071 2]
oA EgtaES g ol t7] & wAES2HY &
5 5 AHAE =T 9 74,000-121,0007 74 A S 7FkT).
T3 F2E 719 EdE $EWE AAd0T & o
A7+ 90,00070 ] "M ZetxEo] FrhHET ogd A
= o Q72 ojH] WS B WA Fehago| &0 $o
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Fig. 1. Indirect exposure of microplastics to human. Plastics de-
livered into ocean are degraded to microplastics by UV
light, physical, chemical and biological degradation.
Microplastics are accumulated in marine wild lives and
exposed to human by seafood consumption.
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