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Abstract: Microplastics are one of the substances threatening the marine ecosystem.
Here, we summarize the status of research on the effect of microplastics on marine life
and suggest future research directions. Microplastics are synthetic polymeric compounds
smaller than 5 mm and these materials released into the environment are not only phys-
ically small but do not decompose over time.Thus, they accumulate extensively on land,
from the coast to the sea, and from the surface to the deep sea. Microplastic can be in-
gested and accumulated in marine life. Furthermore, the elution of chemicals added to
plastic represents another risk. Microplastics accumulated in the ocean affect the growth,
development, behavior, reproduction, and death of marine life. However, the properties
of microplastics vary widely in size, material, shape, and other aspects and toxicity tests
conducted on several properties of microplastics cannot represent the hazards of all other
microplastics. It is necessary to evaluate the risks according to the types of microplastic,
but due to their variety and the lack of uniformity in research results, it is difficult to com-
pare and analyze the results of previous studies. Therefore, it is necessary to derive a stan-
dard test method to estimate the biological risk from different types of microplastics. In
addition, while most of the previous studies were conducted mostly on spheres for the
convenience of the experiments, they do not properly reflect the reality that fibers and
fragments are the main forms of microplastics in the marine environment and in fish and
shellfish. Furthermore, studies have been conducted on additives and POPs (persistent
organic pollutants) in plastics, but little is known about their toxic effects on the body.The
effects of microplastics on the marine ecosystems and humans could be identified in
more detail if standard testing methods are developed, microplastics in the form of fibers
and fragments rather than spheres are tested, and additives and POPs are analyzed.These
investigations will allow us to identify the impact of microplastics on marine ecosystems
and humans in more detail.

Keywords: microplastic, marine ecosystem, toxicity, biohazards

http://www.koseb.org 625



I I
Korean J. Environ. Biol. 37(4) : 625-639 (2019)

N OB
ZapagL AL H]80] W 7Ha4o] ot Arle 3
57} 2o 7}77}Tu:1, Add o Belrt @ w7 g

Th= ol 7 2 54 olth ARte] 21d-5 &2 219l ut
Wt el vy, 2% Het 5ol ofsf ol HolA] o= 22>
z7+o 2 BaEth(Andrady 2011). 2004, 5=2] Thomp-
son HHAF= SfjoF 8- of| 4] @njA o 2t 3zo] 71set =
gtAE ZZbo] F7elal 93-S EI131. 0™ (Thompson et
al.2004), ©] B11E 7|H o2 “ulN|EetAEr o] S T
71 A&t (Arthur et al. 2009). T3+ U] S AE R
o 2h2 R AEEAE (Ve S E) & g o] EART
of. ot xrAERtAE o] tigt A 2E 1,000 nm ©]5tet
100nm ©Js} & o Z-S A Z17te] thof o149
=7 F oIt} (Cole and Galloway 2015; Koelmans et al. 2015;
da Costa et al. 2016; Crawford and Quinn 2017; Didier et al.
2017).
nAlEetAE 2 2717F Aot 58] 54, E2 AoHH] |
d, 7|6t 5= E8 3} 3teh BHE 7} =T (Talsness et al.
2009). HIAIESAE S s ABEo] Blolz @ lsto] AH
FdorH HoAtss Fofl HFH R Ao =2
= 171 w2l olofl thgt o] oKt (Li et al. 2018).
S-S IR T F59 oF st 12 AAsh= T2
2t Al5F 24 © 2 (World Wildlife Fund: “Unsustainable fish-
ing’, > 2010), SAtES ol AEH vA|EetAgo] Q179
A7l Aty G 71A=A+= Fes6tA] gtk (Bouw-
meester et al. 2015). ©|2} Z-2 o] F-2 v|A|Z A o] At
g eF=EE F FAska qleh
ulgEeag 169 Belsted SH0R g
514 Sl e FHsteL A7t Bk nA e ag e
2717} Ao} 2 Eekrels) Belsierd 470] o 4 9
7] jolet. B50] @Al AR AL BeaEle] F
S ThgRt vhE, wlAlEetAE Al 27, |, A
S°] MAAHE o]tk (Lusher et al. 2013; Yu et al. 2016; Waite
etal. 2018). 14t o] 5 EHo] A& HHZ Eo3S of
ofERt =4 P& UEheAl ob2 &ds] Brel A A &
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OMEetAe B0 BE
A ESAE2 S mm ©]5ke] 22 %E}/\E} i
2]7]™ (Thompson et al. 2004), 7| =] St
HEo] s &8 AEAE fdst Sl = EO]E’r g
3 el whet 12 mAl St
3} 22} u] Al E2FAE (secondary microplastics)- 0.2 w578t
o}, 12t AlAlE A g2 2ok, AIQEA, AT R oby=h
A8 ArtAl 5o FES Aol AS5E Tl Ao
2 (Friot and Boucher 2017), 22 7|2 QI &40 2 &
4= 7Fs/de] AT skl ge] dAd &4 oe
o 5ol A AE Th(Carr et al. 2016; Murphy et al. 2016; Tal-
vitie et al. 2017).
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g 12} m A Eet A o] 817t AlEo A
dadz Ak mA S E AN
2 fiZolth 92 20189 187
o] motd SPFE 9 magdA ] AF
AZZFAE A]ﬁgéﬂguﬂ A]=2 2015 129 “The Micro-
bead-Free Water Act’H ¢t |7 5H T (Kaufman 2016).
FE|utEte] AlEoJoREbd A E3F 20170 MojokelE
FES]7E AL AR LS TSl JekelE 5
TS 2BAN, A A, Aot A 5 Al F24 0] AlF
A7H2H mAE A E o] A= AlRbsl .

22} A EE AL oA & ERtAE AlFol o]
E9] ot A FefE 22 Ld7olE AR (Cole et al.
2011). &304 EetAH O] dstof 7]ofsh= 7142

gz o oft AZh, ofe]ofl A el ofjt F-Zsf, Art
2l 2roflA =7 GirehEal, a12-0] 2ol A HEaf,
=°f gt 7t-E5 5ol 31.2™ (Andrady 2011), ©]2}F 2
<= THgR =elsketA] B3k iy AEotd 92 &
28 179 22 H 22/d-Z PO Z-ATH(Cole et al. 2011;
Browne 2015). &3] g7oA WA= n|Ad-79] A
HE-2 oA AT 821g HIFESt] 7Hg <] 4 *ﬂ‘%’f#
golA BdHE ZAE0] skr=s Tl fFrEHL e AL
2 4=t} (Browne et al. 2011).

AA| Apdgh ol A A= vlAlEetAE O] gl
27} vl Sl Eolo], S5] M7t A B vIES 7
|8kl ATH(Cole et al. 2014; Plastics Europe 2017; Wu et al.
2017). Y=ol TAHE vAERtAEH2 23 AlE
280 A7F 61%0]13L THH-2 369% %0, 12} mlAlE2t

>
|
J.L r
_1&11

i)



M Fibers M Fragments M Spheres M Fibers Fragments

M Fibers M Fragments Film

M Polyester M Polyamide M Acrylic
Polyethylene M Polyvinyl chloride 1M Cellulose
M Unknown

Fig. 1. Polymer types and plastic shapes of microplastics detect-
ed in (A) the English Channel, (B) the Irish continental shelf sedi-
ment, and (C and D) the Arctic Ocean (Cole et al. 2014; Lusher et
al. 2015, 2017).
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gl 782 3%0ll E2F5}F3ITH(Cole et al. 2014) (Fig. 1a).
HE di&e HAzZolA geld uAEetas A
7} 85%, THHO| 15% %12 ™ (Lusher et al. 2017) (Fig. 1b),
=5l A = 2] 2ASkTh (Lusher et al. 2015) (Fig. 1c).

#7158 SAE o Fotr AYE= 221 nAlERtAE
9] 422 = polyethylene (PE), polypropylene (PP), poly-

[e]

AT ox

vinylchloride (PVC), polystyrene (PS), polyethylene tereph-
thalate (PET) "5t} (Plastics Europe 2017; Wu et al. 2017).
o|52 Aol whet 4 Aol Zol7t Sl=tl, H= sl
A A EepAE 9] 442 PET7F 15%, polyamide (PA)
7} 18%, PE7}F 5%, acrylic®] 10%, polyvinyl chloride”} 5%,
cellulose”} 30% 117, 7]/d-2] =4 0] 20% AT (Lusher et al.
2015) (Fig. 1d). o]l ¥]a} g=raliFolA HEE= nAlE
2p A E O] A2 PASH PP7 20t (Cole et al. 2014).

sferoll A Bl A Z kA e fRE Fol I AT
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Aol =t} (Disgorges et al. 2014; Law and Thompson 2014).
I AL S] sfietriel H4f sfeolA ol5e] SA %
7F - o oMol A= km B 500~2,00071°]
Eetago] AEHEH, ol AFH o nAESAE Hi
U 9] gul 7} = Zholth (Barnes et al. 2009). 5=51 2] 5
S A= 0~1.3170 m™ (0.34£0.31) 2] BlAEEAE ¢
A7F DAE AL sl ofefioll A E ol Hu B2 0~11.5
7 m™ (2.68+£2.95) 2] HIAZAE JA7L UTh (Lusher
etal.2015). A o] A g}k 2559 44 1,100~5,000m
o] Alafjo] E|HEoll= 200~4007 m 2] nlA|EEtAE o]
EA &t} (Cauwenberghe et al. 2013).

195097E] 2015E7HA] 65137t A4t EetAE
839 =o|H H7|F2 639 =2 F ==, ol o
et Bl o] AR A7l whet F7Fskal QAL of FA7L
244 7920509 7HA] w42 S 297]= 3309
Eof & o2 A FHTt(Geyer et al. 2017). @A vt}
2 fYEE rAESAHE A7 87602 E 02 FAHM
(Sherrington et al. 2016), Y A= EtAHO S71 FA4
£ 1Yot SlF R fdE= vAEetaE ] G
A Z7VE Ao gt
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ojMIZ2t 25| fal’d

AEo] nAERtAEE Ho| & @Qlste] AdAlehe I
ofl A T A 0] it |22 o] WA} dofd 7Hs
“Jo] STk (Wright et al. 2013). A7 AFH w=t M3
o 2h2 mAlEetago] HEHA QLT 201580 S
ofl A gkl 7P A2 mlAlEtAE Aot T2 7um
9} 13 um 2™ (Enders et al. 2015), 2017189 53]
MAshs TEETAENA TEE 7MY A2 EdAE
2712 4um AT (Sun et al. 2017). ©F4] HIAESAE HT}
o 22 ZuHEetAE o] g4 AEE Hile gliA
Tk o5 Al A2 AeAlf mX]= FFe] 2715 AS
5t7] o]t (Bouwmeester et al. 2015; Jong et al. 2016; Ma
et al. 2016; Chae and An 2017). THt WA SefAE 0] 4A)
2 f17do] sfide] A HolreE Foll 13} 48R
FH HFAHA7A] AEE 4 1 (Thompson and Olse

2004; Cole et al. 2013; Akpan 2014).
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Fig. 2. Types of microplastics found in shellfish sold in Korea and fish sold in the United States and Indonesia (Rochman et al. 2015; Cho et
al. 2019).
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Fig. 3. Percentage of toxicity data by (A) material, (B) shape and (C) size of microplastics.

AlA 2] Uezhe] siitaellA wAlEet g o] B E dol7] 2ol FHioll uet 750l thE el glof 71
A=t 78 FHUE AR 18F9] ofF EFolA A of &+ A2 Tl ol vE FAH Rl e 78
EtAES HESF 2™ (Akpan and Nsikan 2014; Gross- 5t7] o2l A7 o|th(Wang et al. 2008; Ispas et al. 2009;
man and Elizabeth 2015), §H=3} 0]=}, Q1 u| Ao} A|%F<] Tarantola et al. 2011; Cole et al. 2014).
ofsfjFol A gRlE= nA ST F2 A fet oY
o AR Q= A SR HAE 1 T} (Fig. 2) (Rochman 2. oporN =oy
et al. 2015; Cho et al. 2019). TFFF @2 712] DW]%EV\E‘O]

Aol n)A= ¥ F7Is] A A7 iR oAl EetAEe] 2okE sfehaEdo] Az falid 4 A

B oz sy =3)=H (Fig. 3B), WAl St E2 ‘?:JZVJ = o ERtAE2 AT B ol wet ekt steke
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o] =t E2t2H A7l 71578 A7 (H8
Al, HALAA, FAA, 7haA, 22A, 1A, F2HA, E
A, A=A F), A (=, 718 o2 HE §), T
ZAA (mica, talc, kaolin, clay, &4t Zr4, AT vhg), BZFA
(e AR A AR S 47HA] B R s 4 U (Han-
sen et al. 2013; Hahladakis et al. 2018). ¥+-5/4 7] A7HAIE
ALt 7 o] -2 o] M7= E=taE SEA el ok
© 2 AgtE 2] 9211 (Hahladakis ef al. 2018), 2228 A&
o] AFFEH AU EoflE= oM o r &2 74
©] SIth(Rochman et al. 2013). T2 ©| E (phthalates) 2} H]
AHE A (bisphenol A)+= T Y A SFEE, JA 5
=, 44, 25, 217 W AR Ao G2 T,
HAF} IR T2 Adfstal F4%] o4
2} (Oehlmann et al. 2009). ©] 5 30 a2 A%
ANA 54, 4% A BAE Y Ao, o= ud 5
St AP Fo] THE o] tefet SetaE 7Sl
Aol Al A A= Fol THE U (Talsness et
al. 2009). wHebA St H7HA ol tiet A kS W]
Foto] diAlZ4d o] A 7ol EEsA o] Fof x|l 9l

n A&t E o] sl Qe RFalEdS AEA Ui e
wHtete miziA o] G2 & 7HsAdol Stk ERtAE
d 771 L HE4 (POPs; persistent organic pollutants)
Tohe 58 B Aol 3lau, ol2eh A-go] o=
TR dofd = Ql=Al= oFl WehstA] %t (Hahle-
dakis et al. 2018). TFRE, PP A& O] ZefAE] Qath= 1 off
F-H} 109k #ioll 4] 1007t Hi7HE -2 E == PCB (poly-
chlorinated biphenyls) % DDE (dichloro-diphenyl-dichloro-
ethylene) & 54T 4= Q= AL = Y15 % 2™ (Mato et al.
2001), o]} -2 o] {2 QI3 m|A|E2t~E o] PCB, DDE,
bisphenol A (BPA), dichloro-diphenyl-trichloroethane (DDT),
nonylphenols (NP) 59 2+ 7] 28 E22 =9
Al SxtsH= of7fA| 2 5583 Q1T Mato et al. 2001; Teu-
ten et al. 2009; Koelmans et al. 2013). Arenicola marina®l| 7|
o =3 (nonylphenol 2t} phenanthrene)l_q' A7HA| (Triclo-
san 91 PBDE-47)7} £ mAlEtaEH e 23S
o] g el 2lor AT AAE A2 s ol g4ast
AL APEET A 2B AT ST AT AR
(Browne et al. 2013), OF27HA] AA] ZFARA A= o]
tigt FFol SHE BHIZF lof 2lo]A 9l A1t 7H3 Skt
T ok AEA Woll 554 sletEdo] nAlEetAgo
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o H48 54=ds AAsts d2= g+ 3

= FH T T (Koelmans et al. 2016).

nAlEStAE O] A= 9EFE B ] 1%t RS
H7F L vl TRt A Jd Y AERe Y
AE, =S HET FHFEE, ol F 50l AHEHL
Atk AF7H] P ES ez #dd 54457 A
TFE=5 A 240 whet 544 21207 ' 1037, F 318
Aoz 2R 24T A= s Bkl AE2 ps

[oF

oF pE°] thoto] & P oM (Fig. 3A), Y= HiIF
= 9 (sphere) PIA|Z2fAElS ©]-85131 T (Fig. 3B). 1
AlE2tAE 9] 27]= 10 umOIA 100 um Are]7F 718 B2
Hol3lth(Fig. 3C).

Al Eetag o e 5442 27171 Fetde& st
Al YR 10, 30, 90 ym AE-2] 7 PS YAE Mytilus
edulis?F A. marina®| A leEAFS W, M. edulisi= 10 ym =L
719] dApgto] ZA % O W A, marina= 107} 30 um 271
9] A7t A = AT (Van Cauwenberghe et al. 2015). &
St Brachionus koreanus®| 7 0.0S, 0.5, 6 y.m94 T3PS YA}
E AN W, 4FE A4, 84 da, e EE 3
YA 717 Q] GaFe] 27 gEH o r YEEeH, 6
um YAF= 2441 Sof] BiEE Lo 0.05 2 0.5 pm YA}
£ 48 A1 & 7HES] Q) ATH(Jeong et al. 2016).

HAEeAE 0] 54 JF2 SR T A[-oflA &
o] bt 5/ AldellA Eol He AAkeoli= 9
o] Lrehd 71 A9 ¢ld W, Ao A= A=
Foll mhet theFet 54 F o] UERAT. Crassostrea gigas
NAl 79 PS UAE E2AZS o, B4 AldelM= =ol
-5} Aol gt gaol A1t (Cole et al. 2015), T
4 AollM 279 48] B F4 489 71 GEA|
T (-38%), 217 (- 5%), B2t S (-23%) <] @A 7
£ el eH, 241t 9] DR+ At 748 e
ZAl 8|3l ZHZ} 41%, 18% = Z 015 AT} (Sussarellu ef al.
2016). D. japonicus| Al 0.05,0.5, 6um 2] +3 PS YAHE =
SAZ A5, 96 A1) w4 Aol A AAk9] Rl et #F
o7} Y whHe] aAH] T F4d AldoflA WA 9
At ZAE B AT (Lee et al. 2013). B7HEETH ] ¢
w42 AEE, skl 44 9 S2o] 7 WA vt

o
FolAs AT 240k watel tier SUH] B
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Acute
0% 5% 10% 15% 20% 25% 30% 35% 40% 45%
ACCUMULATION 40.4%
BIOCHEMISTRY
MORTALITY 13.8%
DEVELOPMENT 11.1%

BEHAVIOR | 2:7%

ETC. 1.3% ‘ ‘ ‘

Chronic
0% 5% 10% 15% 20% 25% 30% 35%

ACCUMULATION 13.6%

BIOCHEMISTRY 30.4%

MORTALITY 9.6%
DEVELOPMENT 17.6%
BEHAVIOR 7.2%
REPRODUCTION 16.0%

ETC. 5.6% ‘

Fig. 4. Type of endpoint in acute and chronic toxicity data.

=2 HAERRAE ] B
Aoz EE“: ?ﬂélf% 7:.}?_}5‘}‘?3 Ho=m FHT= Tt
A A

i 1 ]*ﬂaﬂ 4 el E}E AA A1 =7 ot
O A2 2717} o Fok tiFE 0] A7 1 HIA
gt Elo] tisto] 43w o] 9 0] 9] ] thE FH| O
2gof gt w7t FE5HA] FohH, A7t Agolgt A
I 37, &2 085k 7] tlwoll A2 Hlwsh] /5T
Cyprinodon variegatusI| 7l 732} ot H FH S| PE YA
L E2AAE W, ol e EH Cvariegatus= F9 H5(F
olF 712l B o £Ix)o] A5HE ATt (Choi et al. 2018).

T FE 9] nAEetAY B S/ AEAE (Reactive Oxygen
Species; ROS) = "W AI AR T, EAFp<ol A ROSTH A
AA| FARE S B A2 G AT o] AFThA] R
off oAM= A= get ol e o 2 Aloletar gkl
& 4= A ATH(Choi et al. 2018). TH, Danio rerio®l| 4] 37F4]
FY (S, T 2 AR FH) O nAERAE S 2EA
Ae o A (8.0ugmg™")>THH (1.7 ug mg™) >3 (0.5

_l

(o

=

Wl
o Mo oo

pg mg ) ol AR U F2H o] WHEE T (Qiao et al.
2019). 2 v|HEAE2 oA u 48 ] %o}

o] S, 9% 2tk oS o170, 4 dele)
slEeEe s @ TR o A2 548 A
WS ATH (Qiao et al. 2019). L2 U4l S22 E Fejof ut
£ 54 g0l ARRE AP el the Aol
U 477} o lofof g,
w3, o) AEe e ] AEe] TE 54 el Aol
geot2] At Ostrea edulis®ll Al polylactic acid (PLA)Q]'
high density polyethylene (HDPE) PIA|YAHE L= EA 7
o e wh-E §-2J2t ZFol= gl S ™ (Green et al. 2016),

J
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Mytilus galloprovincialis®ll THgF PE % PS - Eof| A &= wptrt
2] At} (Avio et al. 2015). THt ]| SetkAE o] 2 o] uf$
Ciepat] whgel A1) T Aol ke
R EPLE =T P EUNEES
_,,oﬂ T o5t X7-]J4. ZrHog Tﬁg@ ﬂ?—%
Aolct, APt AEE, AE 27 B AFEH
S AT Qg AR} A4, SHE B4,
50 540l Adolst7] wiZell (Table 1), o123
g0l oA FF= nlA=A] Hlsks Aol A&
of 2] 1At FE, 2719 nHEA o] TR
of thgt & F75 A Lot = Ald =4
Aot} Al EetAaE o] FRol ThE 549 Afo]
7] fleiM =, L3t A= S Br7EEER ol tisto] o
&t mAlEetLE o] FEjer A, 27 mE =44 Al
o] #F37t A4tk
XA Ao vl W B0
o> Fastet AR Al 22 aofst
g2 92 =40]7] gl s HEhd Q%(mg
otk A=} = (particles L) E AFH8-5H=H (Table 1), +=
of whet of @ Zuk 7|A1E A9} B Buk ofie,
HAHS) 5O ARSI AF T2 A0S AAGK
ore B otk Zehag o] HlEa A6 AES A%
Aotk 24o] A1 Dot HeP7) Wk oA Eek g )
N B7HE fIot] F T (SSD; species sensitivity
distribution) & w-A]ote= ¢ o2 A 25 G
w07} 9, ARl 5} Aol YAt ol 7
o 2e 7)Alo] ek B4 Adol Wastek Tet
oA B4 depoR Q) mEd o o)z
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