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Categorization and definition of microplastics in the water
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ABSTRACT

Since the discovery of the first artificial synthetic plastic, bakelite, polymer materials have been recognized as one of
the most innovative fields of research. The plastic debris that is being piled up on the earth (called abandoned plastic
litters) is now being observed everywhere on Earth, becoming an increasingly serious environmental threat. The term
"microplastics', created in 2004, now refers to plastic particles that are smaller than 5 mm, including all nano-sized plastic
particles. However, there is no legal regulation, and there is still a lack of comprehensive definitions that practically
include microplastic size standards. In this study, we will refer to “microplastics” as the English name, and look at how
to identify these microplastics and propose new definitions that focus on their size. This study is expected to contribute
to the domestic consensus on scientific definitions of microplastics.
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ZAst e yAE o 5~L35ic) (Barnes et al.,
2009; Thompson et al., 2009; Cole et al., 2011). S}A]7t
o] ZetAE ME7L 2= ot AoE &5kl
s o] WA EaliE A o= Azt ©Rlo] itk o
o] FoE A = Eekago] Ao HAF AolH
A vE2 AlA] 2Hd ol 9182 5L Sltk (UNEP, 2009).
=7, i B *§EH7410ﬂ 3134 ZohAE
= Jﬂ%ﬁ} g (plastic debris, -2 plastic litter)
)—4 A ZEO Al A

st ol B2 gushuAl A4
Eﬁﬁloﬂ OP%‘ EHO]—_T’_ Qlt} (Browne et al., 2008;
Cole et al., 2013, Goldstein and Goodwin, 2013; Lusher
et al.,, 2013; Besseling et al., 2014; Kaposi et al., 2014;
Setild et al., 2014). FESF, W] FAS zt= ¥ &TAEH Y
FHE S35t AFAG7] 2L EZ (persistent organic
pollutants, POPs)o| 2t = nj7/fA| 2= 288 4~ 3
t} (Mato et al., 2001; Besseling et al., 2013; Rochman
et al, 2014). LA WA Bepae me A AT
4 Az7lelm A 9.

W d Belaee 2l Aol E3Kweathering)
ZAFSEE-S-(photooxidation), 71453l (hydrolysis) 52
& S8l Sekago] uje HHS] FpojxA H
t} (Bergman et al., 2015; Kwon et al., 2015; Wagner et
al., 2018; Zeng et al., 2018). o] dAFO& QI3 At
S4 ol AR Bekay ol AR SfE: 24
o, AAE Pl e AF7L A AAH LR 43
%3 It} (Hidalgo-Ruz et al.,
2015; Zeng et al., 2018; Hartmann et al.,

19729 SfAF SSFES siFd A=
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Frias and Nash, 2019: Hartmann et al., 2019).
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al.,, 2019). 1 ©|%, Thompson et al. (2004)o] &J3f =}
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stieh. of @ Sl sl vllskA 2o Eekad
220 (A7 °F ~20 um We]2] 27)o] HAH= e 4
afj o] B & ZoA] sl o] AtolA nolarE
ZFAE2 ZF microscopic plastic(s)©|2h= Sol2 o] W
o] AF=EAem microplastic(s) °2h= &ol= e A
FegolA ) T AFEY olF e ATAE
of ]38} microplasticso]et= 8017} HA} FrfE|o] AL
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Micro plastics (small pieces of plastic, less than 5 mm in length)
Type(classification) Primary Micro plastic Secondary Micro plastic
Production & Origination Intentional manufacturing Generation by ;rush|ng and
abrasion
Primary Micro plastic  Secondary Micro plasti oy
rimary Micro plastic  Secondary Micro plastic i
g
Plastic fragments or Small pieces of plastic Lo
particles that are 5Smm  derived from breakdown L -
in size or less before of larger plastic debris " o
entering environment
) Primary Micro plastic
. ..'o.
- '. '.':.t:. [{e)
- s o
- <
length or diameter : oy
less than Smm Sl
U O .
(=] s . e
6o&~1 2 3 4 5 Secondary Micro plastic
Fig. 1. Definition of microplastics (adapted from Creenpeace, accessed August 10, 2018).
(weathering) THHS Z3 AFAZ o] ALt 9loH o0& A o] Az Pusta Y} (Frias et al, 2018).
el Zalag QA2 Wik 2015\ 2016, UN o)z olz}= 7|, A A =1} o Eul-3lekA

S FE A A7 1 5(GESAMP, the Joint
Experts on the Scientific Aspects of Marine Environmental
Protection)2 uwlo|a 2 EZTAES YUk I7] HY 9
WA4E EFsHe 474 5 mm olshe] Eehay YA
Aojeles AiEx, 32)3 of vho A EeA
Aok A AAR HAN B £ BEH L ek
ohe el Abuue, ofd 7ol ofs) vto2
Rerage] A0 9 e 2] AR Ast 9tk
A5 =9, Al7E vpojazEetAE o 7] Sk 7t
AES 120 um=Z AA3AH(De Witte et al., 2014;
Ryan, 2015; Van Cauwenberghe et al., 2015), T+ A3t
FHAIE 500 pmojA 1 mm ¥i= 5 mmE AAF}7| =
St} (Desforgers et al., 2014; De Witte et al., 2014). o]
AR A= vpolaREEAE YA A7E 54
‘i 4 Ee EUEE BFolA 1 mm w|vte g 1757
%= %o} (Verschoor, 2015). Frias et al. (2018) 2 Arthur
et al. (2009)2] A3t 7] 5 mme} Gigault et al. (2018)9]|
A7) et st kel 27131 nmel um)yE 1
sto] wpola2EeAE o 7|15 1 umS mm o[ 9]
Hel= AgoJstar ek E3E Alm HFH, vlolaz
solae] BT 54wl v|Zske] AA2 24
7Hs%t 313t npolA R EefAE 9] F7]& 100 um U]

Group of

AHshs ZEAQ ufo]AR2ETRAE O] A9
Sd= Al=vt ]l 7| AE Bl kst
T2 Q] A7} Verschoor (2015)0] ]3] A|QtE]

g, oJ7]o A nfo|aRZatAElS B T
2} B pHE) wEY Az FR Ao ALY B4 Z

ox
fillo

4 2

[» o @ %@ | i
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Bt 57]7k 5 mm o]stel B BgAQ Het
g gapetn FAsIE aAek
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ufo] Lz Eet e o G o 2 ol3sh] S84
CRFE AT7E R 87 WlAE dgoR S
oAek. o714 FBsjok & A WAFAL nhola

2EehaTe el REnT Wil B Aol
1 oo] FAE A AARCR ol Ax B
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(37], B, 3, Bel-aketa B4 ol wat wek
ekt 3olvh ol ol rhyl ofulz wlo]az Hets
2 mEobE Pom Zystels Wby et
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- Sample S
Beverage H.0, Alumina filter DXRxi Raman Optical
Sea water Enzyme Silicon filter Microscope identification
Sand treatment & Cellulose gold iNTO MX Chemical
Mud digestion coated filter FTIR identification

Microscope Quantification

Fig. 2. Schematic diagram in analytical procedures for microplastics.

Range of micro plastic : 1 ~ 5000 ym

1 pm 10 pm

100 ym

I | |
1,000 gm 10,000 pm

Increasing microscopic
count uncertainty

-
I microscopic count

7\

U-ATR-FTIR (single
point analysis)

7

(]

U-ATRFTIR
(particles hand-picked) |

Possible to detect
below 10 ym

)

Fig. 3. Schematic diagram in analytical procedures for microplastics.

e Al® A F(sampling) =, 24 W wiA] FFol w
2t AR EE Ale AHF] =771 d=2 oE 59, S
= =2 Y(neuston net/manta trawl/Bongo net/Avani
trawl : F2 100~330 um)S AR8-3}% 31 (Gago et al.,
2019), upe| AR ZeAE O A7)0 g #iE2E A5t
HH theldl A H(sieve)S AMESH) = gt} (Hidalgo-Ruz
et al, 2012). E3F, Bt AU} e A& A of
A mlolamETkAE QAR Alm A F= HA(bulk)
FE= o] Foj A=t ofu] AHEE= == A(shovel
or spade)o|t} 13 B8 o] AR A F|7]|(grab or
core sampler)S AF2-35}7| %= o} (Frias et al., 2018).
= win) vpo| 2R BalaE 24 ARE Y7 o)
amzeiage] A2 abolet. of ARAL 24
WA R vho| LR ERAY S 52 (separation) 5]

9% AR F2 AGET. volanBetiE QA
H2esl= WS §7]E Al A(removal of organic
matters), WIE=2}o]] 93t E.2(density separation), o]}
(filtration) 5-©] )t} (Frias et al., 2018; Gago et al., 2019).

A WA slol Az BTy 24 ARE AAY AR
2 upxl Bojae ARE EelEston Sgely B
Sk Bgolk. o WA nlo| a2 EebaElo] EA
(identification), =7|(size), A(color), & El(type), S+s+H24
A B B X (chemical analysis)2 52 Z§F5}A ) vl
o|aZ2E=ZT}AE S EAL fourier transformed infrared
spectroscopy(FTIR), micro-FTIR(U-FTIR), attenuated total
reflection FTIR(ATR-FTIR), Raman spectroscopy (Raman),
micro-Raman(u-Raman), Pyrolysis-gas chromatography-mass
spectrometry(Py-GCMS) 52 E3f] 2 o|F0]X|1l, o]
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ECENINERTEES

-BHZ]. 213

S $47] FoI4 20 m ol4fe] no|AzBeAE L
FTIRo] F£&2 o|&x1 9lou 1~20 mm ufo]|m 2=}
2~E]-2 Raman spectroscopy(Raman)7} 2 AR&-% 11 Q)
1’4— (Hanke, 2013; Frias et al., 2018, 2019). njo]3 &2 2}
2] F7)0f whE EANNH 9 oS Aefshd 19 33}
7*‘3} (Hanke, 2013). @A 9] v|AEetAE 4 7& 5
‘6]:.9_ .14—01—1\1 /\] 7]1:}51 5‘8]— qokﬁ} U]/\ﬂ—;——"—ﬂ-/\g./]

]
BN 7t=Ao] drHE| 1 Qo) AESE ARAE _ﬁcz
1 717 9ast dAlolw A} A7)0 it M
Fa10) ghA|9} Au] o] kR Qe muje e 2 Ak
o] %2 AAolth. olo] that FAHL WYl SIshME
Qe B AS £ 835 AVt B A7) B
FRcit=t
9HA] AFE Py-GCMSE nlo] Az Babae o] ¢Jzf

Al ol ofyl AHAS F3) mlo|amEers

=
=
Y Axe FRE B ey B =2 88
g

AF7HA S4E AT ARE S WY, T2
HER PUIE ol amBetag oo ot
S5 GOl o3 glolH BWAF 71ES HFshor

itk o] 7|& AA AL 9 7kx] vWHHEZ 1HA),
UN 3]9|, gt 3], Aujut 59 HEE F8 dvrs]
o7 o]Fojx 231 QJt} (Frias and Nash, 2019;

Hartmann et al., 2019). Q&9¢], ulo|aZZ2Z}AE T}
22 FHe UPclii‘ﬂlE(microbead)«l A8 %Xl—%

ujs A mUels, 4 A, REAE 5 ol
=7 oA == T} (Frias and Nash, 2019). PF_ o}
UHE, ook, =, divh = 5 o 5%7P°ﬂ*1
npol Az EefAE o] #WEF AR 4 F =7t
= Utk A uto|azEekaEol gt Ml

AE st ARl olE Tl Aokl 2AE Al
Al BlfoF gt

npo|a B2 EZgAE o] AL ATES 5]
He AR st dAsHA X 4 itk A7)
gk otye} gl =t g2 E2-shehA £4 &
e A=A EYWH (Wright et al,
Verschoor, 2015). AA7}A] 7} @Wo| AREE= bfo]
ARZGAE O A= &3 viet ZHo| Arthur et al.
(2009)°] I3t S mm o]stoltt. o AA 7|E A=

qoz 437} 418 Ao oAH el Ao, 9
o] Beld uky) ofgle] ZetaE e (plastic
litenzhe 715eh sty a7 weis Asold
t} (Verschoor, 2015).

A AAHoR 435 vlo]AR2Ze}AE Q] TUFE
2 Ane w4 w45 BAE sHse ol
olmzEel AT 2712 QYT WEE iolA v}
o|maREZAES AHoE7|E 3t} (Hanke, 2013;
Frias and Nash, 2019). o] =7]¢] A4 ZAo| thaf 5}
el B3 Ao romE Al 44 27le) vlola
2oa Blojelg Bushs Aolth % @A AR
A2 9 RS ol B8 SA81A Hhol
AREAEY A7) AOE 1) =100 um; 2) 100=
350 um; 3) 350 um ~ <Smm& et} o] Ea) o
&gt AFA=el o8 dE RUEY diE {4
v w/g 718 4= @It} (Frias and Nash, 2019).

Eak, 94 wAE 2UEY e vhelam e
sEle] 37 128 Ao sk AR sht

o wpal 4 itk oIS SH, AxolA slojaw
Zal gl e wUE S, 100300 um 7] & AA s
4% QIt} (Frias and Hash, 2019).

123k uke} Zro] Arthur et al. (2009)0] ©}3F 5 mm
£ B9 vjojanzdagon Helsd i
2} 2 El(nanoplastics) = Z3Fslal Tt Gigault et al
QoIR)o] W2, i Beatl Bojale] x7ts)
(Ei OHEHE AT AAEE A2 |-l um
gjolsi, o5 YA uhA] TRo|= YA A%Ee
L Aoz Aol 1A Z=AL glon) duby o
2 UyrE29 37] ASHEE 100 nmE #3351 Q)
t} (Hartmann et al., 2019). 2|4 Yyr=Ed1o SE
A I e R D EEE SRS ISP
el 4A3 "Wart 9k
HA7IA] =olE thofsl njolm 2 ZalAag o] A
£ 3ejstel wy, vlolaREAY] 37 sl
Se il e golsis 40| el
SEEE PN BRSO
1] 428 neslok s/ uhsolc
A A F9 AR A7) w1
B %—%% 54 bt 247140 @A
sfjof gtk AR sfipof T oA Alm AHF=
100 um) & o] g5k At
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4 mho|zz Eetsge] 2717k Aol ® 20 um o]4fe]
ook A4 ZAo] 7Hsst Ao UelA gtk o
S, B3 7Rsa Sekay dxtel 27174 Aele] 7]
24 A, = WFTIRY 2% 7bsst 27 el

20~100 umo]t} (Frias et al., 2018). o}ju}= wlo| A2
ehado] A Fo vto| AR epAE o] 4 27)
Helol Algto]l 1~20 umz HojZvh LA Q17
gHgof v npolARETAE Y] WiE(R) &2 1L
P BrbekaL Azslr] 913k mlo]a R ETkAE 9
27] 71 W$ F85HA Hrk

gEstal A Aol Ay 7Heh mlo|lamETks
g9 =27] 7| MAQ vpo|amEekAE o 24
FFS Frbst=td AMA Tdol E 4= Uk Atk
7k o] 7|0l Qlojof AFIA| Y] XA o7 Ei= P
2o vpolazEeiage] FHOARES Hrlel]
% Qe = RUHPE sPseie B4 44
_‘E:{q—é E:]7]-3}L:1:-]] —-1—-5]‘6]— 2 olr/],

nfol 2 ZaaE Hejol pelg o2 ol nlol
Smzetae o] §3(type), 2K shape), H(color)o]th
(Frias and Nash, 2018; Hartmann et al., 2019). 7} &
WMo miEl vjojaRZaiag 478 ool
(pellet), T+ (fragment), Ad-3-(fibres), L&, LZHE
(filament), AW ZA], Z(form) SO2 EHslH, Hofke

U5, H2d, o e H, 78, $4Y §or U
o1 e sl SlolA OJ.T;LH SN ELETEN

o] A 2 B ol G2 $018 A8

Zg,pelo] AHO o]_Q:G]— u}o]ﬂg a]— B2 %—7@’8
£ AE B/b5sith Ae vojazEeagg
3}

T oA F85HA] &S 4 Ut} (Lusher et al.,
2017). s}A|4E mlo| a2 ZAE O ME 7|25 A

ol AT 4= Utk dE &9, 48 el w3k A+
oA oW WE Fo| Mol ujel Ao vo]2
ZETGAES HFol= Ao R B E} (Frias et al.,
2018).

Zoz, AV 2a0] wie Belay 27 4
9](definition)3}a1 E-F(categorization)sh= A A& 7l
sl Siw 92, A, 9@ 1A AR e 2
(Hartmann et al., 2019).

() AY/EF AA= Fdglo] xskghol whet AR
of ME W A e fujold] wolof gk
(2) Ao AA= 271 ol9je 54| &2ty

se7)2 Qg BAl) G w7
Yol 27|12 fUF 1F0R ATASHA Wolok ek

() Aol Azrt Sekad QX ojng A
Sgsh AR BelH D SepH SHL AgSHE Bt
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) Zop
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Z3ljof ettt

(6) “LE L=, AQhE o s
T3t gelEs SAltke AS 53R sk dil
qro] .

(7) SHACIAM S} o) 52 Aol Aol ozt
A&l golny. A AjkE AAl= vt 4
go] el =of gt

8) 710l 9le HoU E vhe HeEs Ao
ZA9F Alo], st glolel= 71 B 95 o}
et WHl o G4 B ILE|ojoF Tt ThA] Wi,
ko] 2|41 Abefol] el Ak BIE ol gt}

©) Haf 75 BEe FEHEy] Mo o Ze

o]7] el ofwl Bdo| H3) 75

ol %6‘ ol w2k GolEF AANA HiA =
Al e

(10) S2p2E 290l digt 718 A4e Bibkst=
A UE A 55 &7k B = oIk sh7]ell, of A
A Fa3 BT AFAH
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Nano plastic

Micro plastic

| Milli plastic

1 nm

Fig. 4. Redefinition of microplastics.
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