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HZRCH D HRICE OFe A= 6.5MWEQ| 6l HAIE MZE 4 Q= MAEH|S 2AH[SH0] Lok AT,
21 2SS0 X ©olS 200 R|eH G0l HRIE 7ot L. =L 15 T2l HSHAQ! M
A o 2SHA0= M S 2T HAIY AS S 20| ?lol A0LH S 2MW efel
=Tol 2H|QF WHEH O ABS JV|HO= of= HMERUHIO| 300kWa PEM HaiZ/t X| sl 82RE HF
SO LHL. shel0M= 19| Lol 226 HHQ! Nel ASA(C29I0()7+ 2025H7K| L=29[0]
Heroya S&2| a=Foli 28| 725 2GW7HK| 2tTHE M Y0211 UHC.

AEM #Toli= AWES} FAfSH B 2HF0IA 2Sol| HE0 AWES tHe2= WEE HiFsS J0i

HEES =2 M8 + Atks H0| AL 2Lt HEY =2 3012 watef Moo Bz QlsH

O]
AN
P2 S HNOtE7| = A0l erelEsd2 20234 JHE

SHE AEM 7|&2 &U1, 20243 MYt A2lS HHANC oi2l0M= 20199 = 2lAL Enapter/ MIA|
Z|Z0| BEA AEM A8 HZ9I ELectrolyser EL 2.12 LHSIYLt U=S SXY M| Z[CHO| 20| matat
it XG0z, A HRE0] & 47%01 ZEICH J2iLt X IEE =712 AEMWE 71522 72| RARGH

FEOE M 3 X[ 7 AXPEIX| = A= BIHe 1 JOn, 2301 B E Sl Hele] AEMWES
HS0| ME3 MSHECHEN Foit &=s eich & f AEMWES] &5 742 X7+ 0X5| =hi= s
= ACt

1.1. Alkaline HER =0
HERE 2 FXL HEEOZ Volmer-Heyrovsky, == Volmer-Tafel Z22 O|R0{XICH (OH 3)2 441t

2| 2B HER HAUSE BAE2 LEL T UCH, AiMeh PZe] 2E 2 HER HIAHLS2 Of2H2t 2T

==

rit

dze| 23 HER HIALIE

H,O+e¢ — H*+ OH Volmer
H*+ H,O+e¢ — H,+ OH Heyrovsky
H*+ H*— H, Tafel

O

b

o J\

o

Volmer BF22 T17 |31l A 2 HIZ02 5 FANH.0)7t HAE S5 H Z0i EH
SIXHH*)2t 2=Ats} 0|2(0OH) L2 sh2|=IC} HeyrovskyQP Tafel HI22 A EXHHI20Z2 \/olmer-Tafel

He| O] =0 EHOA

>.
=
kOI'
DQ
@)
5
To
Hu
£
ot

FR0IM= S2E 4 2IXIQF 2 EAVEAY 2Lt 24(H,
SIAIE|M, Volmer-Heyrovsky 20 B2 & 4 %XKH*V P2t 5=AN(Ho) 2 T2t 0 0§ HHOAM

SXEICH Z0HQ) HER A4S TV toke HEXQI M2 = 4 SAH AR 0|l X|(hydrogen adsorption free

=202 O —
energy, AGp)Zt A4, <2F 4)2t 20| =4 E2t AR OLX7H 00| 77E<== HER 20| 2 XA2=
BIHECE Ol 2t 4 BAPL A & 2212 o= A0 HEfet 230| O|F0A)7| HZ20|H HY 54 JE
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7IEOR HER 24 BIIYS 1, (T2 HOIM BOK= HIt 20| H1ZH(PHS| 24 B2 KR ALK} 71 00f
7K, 20 HER 24 5t 7t

HO| B4 7Jt B2 HIRBS 719t Z0i0) HERXIR [O| 34 MBS A41812, H0| 3 LI
S0z 27D Ut oY
017| 9I3t Of2f FH(AFO|

A

=P HER
S| HER 452 30| 71 SXIT, HO| 34 7|4 SS2 HER 243
= 2 =

CQIoH0] MAF MM Shak &M ALO|E(active site) &M, 4 SXt0|LX]

IH.
. H2
e S N 2 e
&=t — ¢ —
g > 1.5
Oxophilic sites _’—.
= — &
i
Hydrophilic sites
Q—. H
Fi O 27V @ —
Pad ; H /e‘ “® \ C
*—e — —9 H,0 *e
e "} (‘% /® L
o *—e OH
s
* ZX: A. Song et al. (2023)
12! 4. Clekst 249| HER 2710|'= Z&(volcano plot)
-1
-2 4
(;2 -3 4 Ree
5 4
< -
3 54 . )
> W Co Aue Au
o -6
= Nb gAu(111)
a7.4 p
Mo Ag
's'l'l'l'l'l'l’l'
06 -04 -02 0.0 02 04 0.6
AG,./ (eV)

* ZX: J. Xiong et al. (2021)
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Z|Z POSTECH(ZS2tCHst) AFTER (OF byt 20| ZAZ St (oblique angle deposition,
OAD)E Salf LIZ 718 3XHH Lt ST F0 = AIARIS JHESI0] 7 [& Biah Ak 0 &= ChH| HER &80

=,
tsd UZ J0H AME 7SR OAD Y S Soff ME LA L 89| Y& F1 2= 40| 7|12

ol
0x
Hi
[

F&58 4 AUOH 0]= AA B7| 23 A(source vapor flux)2| YIAZE ZES Edf o 22 FHE
te OHCH 20§ M=29| HER MSs H|WE S5 YSEQACt.

(O 6)2 HH=4 SME &8 AEM JiE & a5 S99 ds Hlu 70| HIFigZ =012
AEMWES| £ M5 H= oid2 2l =39 HER 4521 W22 96IXCH, MER 0|2H(ionomer)?!

PBP(branched poly(biphenyl piperidinium))S 7§25t 0|2 NiMo HER Z0§ ZE0| AF26HHA 2%

Z0{7t ALEE AEMWEEL} @42t 55 HEL= AEMWES 7oA.

* ZX: J. Kim et al. (2023)
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HIF24 7|8 AEMWE

Catalyst

L

* &X: Y. Zheng et al. (2023)

1.2. Alkaline OER =i
UzZt2| SHHOA K5 BIZ B2l OERS 2 XA} BI2Q1 HERD} &2 4 FA} BHE0]| 7|Q16t L2l g2
O

O -
= oNO= XS5 SICh MR0 Y2l Moo &M M S &

SHsteZ Qlolf aHslo| =2 E5 o of = 2 222 OER
Z0{ IS0 ofa 2FECH L o ARH0] O B Motz File P 20N 285 = tHEXNR! OER
ZZ, fla& teEE0 w2 OFR 281 rgdsE Ald X0 S5t 5522 0|08 Hefet SF2
=% MalE F07F 2ok EaEa0 UG

o

Zi2] SHA0IN 24 ASHE S019| BRI OER T+ 2= (@ 7)1t 20| AEM (adsorbate evolution
mechanism)2t LOM (lattice oxygen evolution mechanism)Q2 2 =Lt A A5 0|2(0H)0| 24
e BEMO SR 1 MK MSlof Qs M-*OHZ AMET1, M-*OHOA] ZgtE LAMIHHY)Lt
XK e )7t MAHEH M-*07t ECt. MEX OER HIAHLZ! AEMOIM M-*O2t 4=4t3} 0]20] BHEZ5HH
M-*OOHE /45t & L2 4131 01210} BESTI MA(0)2 8 BAKH,0)E sttt 101 Bish LOMOfM
AMSHEE FOHO| AKX AAZE O-O Zgol 2 HO5IH AEMC| &2 OjUX] AAIYY EA|(scaling
relationship)2] A[et 810] OER 10l ZOIg =~ QT (OE 8)0fl 2O0l= HiQE Z0] AEMO| AU A=

S *OH2 *O0H 7te] E2t ofHX|7H Y5 |XIEe syl z g £ AF H(rate determining
step, RDS)E FXC = Hlotoly| 20 AEME M== 34 AM3tE OER Zili= OER &0l etl7t
UL AKX RACH (IE 9)01 HO0li= Biet 20| =2 2 A SOt HZ=EATI0|E Atat=E(perovskite oxide),
0| 2 2A| £A15=(oxyhydroxide), ALY AstE(spinel oxide) A LOMS| SHTH0f] 2+t 727t 25|
O|FO{MRACt. HZEAIIOIE {telEs ZOHOIAM HTHO| Ofd HIO| FA} {AXE HHASHH z&H-LA
EM3Kmetal-oxygen hybridization)2t 20| Z=2{0]] CHEH A4 2p BHE SA9| Z7KO 2p-band center
relative to the Fermi level)2 Qlai OER &40| Z7fot= AOZ BIG6iRCMH, 4

EXIEIPN

Il

rOII

=
24 ZH(isotope measurement) Zut LMsHMARL F EXIQ| Atd PRI HZEATIOE
o2 J0i HHO| 2% F1& UM ddE 2= US0| 2HoiRiE. 01 tekE F0i HHO| 273 F1& Q| A}

A}
AMA(lattice oxygen)7 t OER 20| &0{5k= LOMO| M2t H|HZZ 7|8t SRR H=EHATI0|E Aet=,

=

2



2024 February No.02 1 13

HO| B SA| 41512, AL M52 7|8to| DY OFR SIS AHE 4 U

= O

2tS MSOIACE. 2Lt

>
B
T
°

7

=

LOMS [2E 34 Alet2 Sk 27 X L 245t ALA0| KIAHI B FOJ2 05t HR K7y = BH
HIESHE 217| TH20) T QFYA0| SOk B oA BIED It

a3 7. 22| 2FoliMe| OER HIFLIE
sy H +e H,0

H,O 2!
&H'-&-e' _? NH*-‘-&

A 0, +H"+e”
O—M—OH O—M—O00H
o0—

M o o— M o H‘+g&
H,0 H +e”
H*+e :
H +e *. 0—M—00

* EX: X. Xie et al. (2022)

72! 8. OER =0{e| Azl 2t

“ Ru-1 ® Ru-6 Mn-11 @ Co-16
55 1|/®Ru-2 @ Ru-7 & Mn-12 = Ni-17
® Ru-3 # Ru-8 » Fe-13

® Ru-4 » Ru-9 @ Fe-14
® Ru-5 » Mn-10 » Cu-15 -
5.0 1 °

=
&)' AGHOO‘ = AGHO* + 3.26 . . 0+ H*/e
8 R=0.93
@ 4.5 HOO* + H'/e~
<
O +HYe 326V
4.0 1 HO* + H'/e™

2H,0 +*

06 08 10 12 14 16 18 20
AGy. (8V)

* ZX: M. J. Craig et al. (2019)
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* ZX: X. Wang et al. (2022)
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Cl-containing
Co (oxy)hydroxide

* Zx: J. Wang et al. (2021)
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2 Different hydrothermal temperatures
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Uron

Ni foam NiP foam

3
7

X

Nickle mesh

R

SO Electro-deposition

Porous nickle

B Electro-deposition
BB T D ——
Ry A 30 mA cm2, 20 min f&
‘&(W
First Second L
NM NM/PN/NiFeO,

* EX: S. Bi et al. (2023)
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* ZX: A. Mondal, A. Vomiero. (2022)
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32l 14. MoS2 B= =™ A HER

on-chip MoS, ML
HER reactor
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Si/SiO,

Temperature controller 0.2 0.1 0.0

Potential (V vs. RHE)

* EX: J. Qu et al. (2022)
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* Z%: D. Liu et al. (2022)



2024 February No.02 1 21

2.2. Acidic OER =0

(O3 16)2 4t 2tAZ0ilM2] OER HAHUSS HO11 Ot A 2iget HieE 20| LOM2 OER 10|
2dstE AR} LT HERZ0] 201610 O-0 et £XI610 AEM [iH| =2 OER g8 20X, My
At BIXt2|(oxygen vacancy)?t Z0H M| L& OFEMES XMalfetth. 2 A5 1 U= OPM (oxide path
mechanism)2 AEM1t LOMEL} & 0[AXQI OER HALZ2Z MQt=11 UM, siE HS0A = LA
HIXf2| Y 7} RS SHHI2| A Qlo] BZHA 7+2] 21 O-0 2iC|Z(radical) 20| 7ks3iCt. 0] HIAUZ

=3 *02t *OHTI0| OFR £t8 SZH|Z 2E0H XMEH X[t 2y 55 AOIEZF ARt A4 4 glO0]

dal

HAE HYAT7| 20| QFES KotAI7 IR BN AAH 2 &
2tOZ Z-I0[ 18| floiMis 24 Makz U2 55 HA MEet R a2 =27t SQ0t ANtz HEMT

5 =
a2l 16. & 2HH0j|lA2| OER HIFLIE
a b o c
“9 _on —OH -OH
O, +H" +e” O,+H +e” © H,0 O,+H +e” H,0
~ F ~ | |
,f/ - -~ \l\ /T/ /\/acancy - “ 'f/ -
N\ H,O — N \
RO 7 S e B U\\ H +e R0 ’,4 A 2H" 4 2¢
o, o ( 0, —OH -0, -oH@L @-0
AEM o LOM OPM
Wie | pHo Ve oH 1
4 \ 4

«
A / -0 /I
\\\ -OOH N 1 \\ N (]
1 -7\ « -7\
H +e 2H* +2¢”

d e
) o P AL e
- OEQLQLEOROLD @ TAATRLIEID
- LSS SO RSECHONES
== P o OO P P AEIHL, 03,1904 %95 05 050
.\.I.\.I’\.I.\.I & ‘%{.}’(@3’(&!}\."\9
Axial (.) (.\ (o B I.\ P \.’v\ Q_" ()

\.‘ 3 \."
OS> \;i) s

X/ \."' \."
00, '\ginQO??»'\O).-

symmetry

Active site

Oxygen

Suitable distance

0O-0 radical coupling

RuO, Ru/MnO,

* ZX: C. Lin et al. (2021)
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* ZX: A. Hauch et al. (2020)
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Suppressing Accelerating
- Phase transitiol Phase transition 4
B-site supplement % Prolonged reductio
Double perovskite scaffold Double-l-Layerederovskite scaffold  Layered perovskite scaffold
+exsolved nanoparticles +exsolved nanoparticles +exsolved nanoparticles
(DP-NPs) (DLP-NPs) (LP-NPs)
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1209 £0| HHX|AL iR E Ao 2 THt=ICHGeyer et al. (2017)).

OFA|OOIIM S2tAE] M2 T MA| JAZEQ| Hit 0= XHK[SHH, E=0] 29% =2 HY=7HES T MAOIAM

tA
71 B2 Lol E2tAES MM QCKPlasticEurope (2017)). $HH, 2016\ 7|& =L E2tAE =

MARZES 2140 02 ZARZIQION], 1180t E(AS2S H|9)S ZLOJA| ARSHT U1 0]0] T2 SajAE
7|22 9F 10.1#2 E0[2tT1 HIEQUCHEIREZAR7|22(2018)),

1.2. DMEStAE9 BiS21} B ST

1.2.1. =29)|0[2] O|MIS2tAE Q| HiERlut HHEE

L2Q0j0A 21 E x7| OIMS2AH0 et siSH Es F8e A+0M=

HIEH S5t ZIUE 7 |EC= SAES Eolohs MEQ SMRE ME, 120 RA H M2 S 2=
=

OJMIZ2AEIC| HiE Z2E THELKSundt et al. (2014)). 0] G720 M= 7]
Al

DIMIE2tAES] BiESES Folotl A=, 1A+ DMSSAEH2 it IRH0MRE &2 Xds X
DMIZetAEE Zefofal 4 10N DMStAE0] g2 R/t U= SHOIL FEH ME A S0
YAl= dF X 022 Qlot OIMESAE, & S BIQ=XQI BIETIX| FR-eler 29 DIMS2HAEO 2
FOKIY 8). =, MAS2 ZHo ofoh ASOHAEAL, MS0Hl ZetE DIMS2AEH0| Btz HiEE=

oy

RE 1A HISHECZ YO, QR X=0|L Hej2 Qleh DMSEtAE SRS 2K HiSEe=

ox
|0
Tn
7"\
[

o
«©
\/

8 8. 1xl/2x} OIMIZ2tAE| HiEH| i

L L EL
-olEHoz ¥iE DNEEAEOR [ BaAS U O¥So| Zajof s &e
DMZEtAE AR AL &l D ZalAE m2to] €0I0| 5= AR
CCHE2 HEO|L MY, MA BE F0f |- o2fE OjMSetAE0 Y EY
AL &l L8l FEEETT NER S e E
CAD EE oESA %o 922 o |- S8 BE0 o3 Biicls 2 SataEE
HIZ s O ZatAE e

* ZX: Sundt et al. (2014)
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9. 1xH/2xt O|MZ2tAE] T

Fo udd COEE EEELEL

- MoHHE S ECIYAL K|

Opola 2 dHl =7

Btk waixi s | 7IE Y B NE | pis HE, Hag Ko HEA, i2Ttet
/= = T N

J|Ef 2H|XFHZ | O) 22H, 00 YXH, Z2EH EH

22128 goy | 252 ME EIAES AW Ea2d
STES B ma o) w4 aby, WAt A

o, REH, EF HE & MYUOA
o E} 2™ Ao |‘IT, S ’ _ o “d

o Earaggl JHSEBAM | ygq 2aheg mapag

s dyg o

SESHBEE | iz ug DM ZatAElg SRt S5 Biet2
B2 °es o) 2UNR) I 7kA AlF, 47 ol

oz = Oo|32H=E &8¢t X|of & & o=z
o|= ZOf g=
g

* ZX: Sundt et al. (2014)

R
SHEEHIZ 5 1%) i Trlgg
HME W O MZ2t2E 55(C,, 9/9) 0.0094 0.42 0.1 Ef EE
HE 1L AEE (Upros 12-g/1) 450 480 5.20 e =
OlMZEat~E gg HE2 AEE]FE(F.) 0005 0.01 0.015 o_)g ﬁ
HiZ= 0| & &= (PEC.s ngll) 0.07 17 41 2 gy

MA HEEIEA T 1%)

HE U ojMEatAs 55(C,, 9/9) 0.1 0.25 0.5
HE 1L AB & (Upog 120-g/1) 0.64 0.68 0.74
OlMZet~E e ’MEe ASERE(Fe)  0.001 0.0025 0.005
Hi = O & &= (PECH ng/l) 0.02 0.36 9.8
mels 9 3 EAHIZEA S 0.005%)
HE W Ol HZetAE 55 (C,, 9/9) 0.14 0.2 03
HE 1Y AFBZ (Uppog 121-9/0) 3.90 5.70 6.50
OjMZat~E gg HEe AEHRE(R.) 009 0.13 017
HiZ= o4& &% (PEC.s ngll) 0.08 0.63 15
Z W= o4 55(PEC.; ng/l) 0.2 27 66

* ZX: van Wezel et al. (2015)

SHRIEE MM AZElE M S2tAE 2 FZ(mass—flow)0ll Ciet S&et F27t AC0F Fot=lt 52
OIMZ2AE HIEES AP 4 AU7| T20] MRl +~Z0M BiEZE FFoH0F 8t van Wezel et al.
(2015)= 22 2719 YXE 240617 | Aol e RES ALZol0] DIMS2AAE BIEZE FHICKIE 10).
12U HiE0f 0|8 El= DIMSHAE S| it SF0| 2ot 271 BESHH= O|R2 52X =2 SE ME

ANEFT| B2 S L DIMS2AE S RS E&otk= Hl Heto] ANRSS HIH.



421 88

2% Vol.10

T2 11. D|M|Z2IAE] HiE S5 SHAl

Cmp X Uprod X (1 B Rstp) X Fpen

PECeff =

PEC,,e SN2 oM o 8 el = HiE
Gy ME0A 2| O M E 2L

Wwinh

S&2(g/)

28 5&(g/g)

Uprod, M Z2| 312 M-82(g/g)

R,,,' steX 2| S M| E OME2t

A
2§
TH HEST S 0MSZ2tAES SR B AT RE

HS M, MS0IA Lt OJMS2tA
HIZ2 olF AlgE 39| H+E T3t 20| §

208 4 U

K3 1.

1.2.2. S DIMIS2AEQ| HiEHat BHEE
= g AF0M=(0l6Y 21(2017)), 2
HO=Z O|MeE SStAEE 2= HiEA|

7l X2 DMEHAEH 1A IS HO 2 FO

U, 2 B ROHAIRIERIE, $M H 53
g, B2 MEX, /FEHEEL, NS, 22l &
T, 2= T, 34 22 Wiz MEEAIE

WW ot 10| AHA} u1| o| or(L/day)
* &X: van Wezel et al. (2015)
ol A2 0|25 MIEZIAEI =2 =X >
SO, 2HALS AE £ 4 UE |
_).\_, %"E, -$—| |:|'|9| ZToS k” 7 |'I| tgéotoi EH)g %Jél Source group Annual microplastics
H OIMIEZFAE] 2SS XX GHAH 747 (ton/year)
= = = e}
2 OMIStAE HiEES F ot 1 24t Personal care product 370~410
- discharge
x npSIEES= AEI 5] OFOE HH=E] Al’
I- | “E |- < H H | |O Commercial product discharge >100
%'3: 0 2le/|_(_n-|_¢_) 2. 7le/|_(1<1§'E) Production spill Transport 110~105,000
_ discharge
Um/'-("‘l EH)E O:||’<E|O‘|E_|- EI— r le”::: Production discharge 210~8,400
Ef£§!9| HH%‘Z Ol 7|. %X.”%QE 7Ho|_| Vessel paint discharge N
Leisure boat paint discharge 4,540~8,580
nl I = IT ITO
el ME, eHEE, HRIE, MA, 28 MES Structure protective coating
- _ discharge
SHL| S ol ALREF | .
X-”Al |- o'— ﬂ 1 AI‘ o< XI‘ |k”E Structure decorative coating 83076,660
[AElg mEol= MES| BBl X3S RS discharge
Structure decorative Coating
7|29 Rl AIHERE S2 3010 O|A| weathering
EE AE_I iE I—IEE O10IC} IO AT Commercial laundry discharge 100~1,200
B S U MS0 AE== Floating device weathering 0.2~1.6
oE |]|A1|’§E|-AEIO| _'_71|§ H%El[_rj_ 7|,;g| Household dust discharge 3~4,080
Household laundry discharge 1,010~11,480

Building dust discharge 1,080~2.160

Tyre dust discharge 49,600~55,300

Road marker discharge 85
Abrasion of asphalt 4~5
Artificial turf discharge 3,200~5,400
Discharge by fishing gear 485~4,850
weathering
Discharge by organic waste 580
treatment
Irregular discharge >100
Discharge by paper recycling 360~1,080
Discharge by waste shredding >10
Sum >62,780~215,500

* EX: 0151y 21(2017), X7E3
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S)0IM LYch= DIMS2AAE | MRS FYOIaIA Tt 2Lt BIEY SIS ffol 23 R2|U2tel 217
=, HSA8E, f92 S 7|1x 84 Atz7t ols B2 RO T M AMFUE -29)|0|2] MAAT(Sundt
etal. (2014))2t OECDQ| M= E QB DIMSHAEH Q| LR WM HEA S Sofl FHEUK
2 12). 2GS 7|22, M9 501 25t DMS2AE BIEZ0| 7H BERATHE Fit EfO|02 212t 7FME

— =
Ooff ofgh 0| JIME =92 HRAt=E AHS & 5 AU

2. DO|MIZEAE! EXE
2.1, MEH 2 517 oI5t
HHSE O|MSE2TARI0| 22l/3t5H Fats RUE 4= AUlte 80| T2 H70lM [BEACKKIhn et al.
(2015); SAPEA(2019); Wagner et al. (2018)). O|M| Z2IAEIL StzA1} 77 LA =S ME0| T a2
EC O|ME2tAES HAo= Q15 HO| MFZ ZAaet H7| & U

=
=
S4euE LHA7 = DIMS2HAEH0 ZE SHERH Henoz FE8 4= ALK 13).

livlo

2l 13, OJM[EetAEle| E2|/55HA USKHA: additives, P: pollutants, B:biofilm and biopolymer)

Cmp X Uprod X (1 B Rstp) X Fpen
WW inn

PEC.; St=MEIHOM O & &= Bl E 5=(g/L)

G HIZ0IM | DIH S2IAE 5 2 (g/g)

Uypod M2 512 A-E8(g/q)

R, SN2l 5 MAE oM SatAE 28

Foer M| HIST S O M Z2tAE S SRS B AT HRE
WW,,; 19 A4 H 29| 2(L/day)

PECeff =

ra
H
N
e

>
L
0z
2
O
02!!

Bt Elc klx Bviz

* ZX: Scherer et al. (2018)

B 3 oll0l Az =22 O|MISZ2tAE HA0f Tt S-17t RISHE|ORACE X[t S1520] T=H(Cole et al.
(2013, 201b)), O|MIZ2tAE0] 2lal SHY Q2F=F2| HHXIE LZAIA 20| 2SS TSI |0, H7 |7t DA
ZoAEI| LS E= AR HAIZ0| SH{ECHT SHCE Lee et al. (2013) S O|MIZ2IAEIQ| MAIS E5f 1
QLI MES0| UAEUCH, DINS2UAE YA HESE WES0| E0EE WS EIMKIE 14-a).

0|2t= B2 Kaposi et al. (2014)= OI0|A2AH Q| polyethylene O|ME2tAE0| A K501/ O|X|=

gets o210, g3 = TAIZE U BHEEH sHY0A HEE= sk +20AM0| Fol0let YEE Hele flie
el

&l

= LIEFCE HiY SAFROUME 4= SH10| DIMSAAHO| BiEEiL, 98 3 T 7|21 J&0|

y OO X

ARACHHEmMer et al. (2014))(TE 14-b).
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oF Q2= Trigriopus japonicus), ! 14-b M| LE(Tripneustes gratill3)

bead ingestion by copepod

Ingestion of microplastics

Captured

Ingested

Egested

i
Nauplius Fecal pellet

S 01201 HE2HIA|Q| polystyrene DIME2IAE] AF|QF B AS0|A OMZ2IAE Q] 37|0f w2t
HR|| LY 7| 2H0] Z2tCt ZA9| 27|17k 242 5 umet 70 nme| polystyrene OJMZ2IAEI0| HF |
it FE B2S QEEHH HIH(Lu et al. (2016)){IE 15), polyvinyl chlorideE {& HICt

= —
SEO =EAZ R0 Zof ZEeH Halrt QUTHPeda et al. (2016)).

2115, HE2HI[A[e] polystyrene Al & FX

* EX: Lu et al. (2016)

OMEetAEe 221X Fehlt S E A7 2UE SEol0] 22oiH LSt &t S, 0MS=tAE g3

FE S 50140| ULt B =2 SE DIMS2AAEH| HF Rt & G+ 2101 BH(Scherer et al.
(2018)), EHEF= Ot GAS ofFHM O|MSHAES| GAE0| Z2AH EHH HESRU 2EFE 84S0
ROt SEZ X0t ASS =2l bt UL =M, DIMESHAH 27 |= 2218 9| F28 242 MG
DIMIZ=tAEHS 2717t Aa45= G5(=7] g1, 10| Tt YE20] KMottt E2f, M= W SXZ0[ HOtX|LL
OlF2| S Y=E0I2t: At 27101 Tt M4 67t ZetEls 2RI (Lee et al. (2013); Lu et al

(2016), Scherer et al. (2018)).
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OME2tAE0 ZetE 7tadud Aed 2F=2E S0 S50 420 M2 0ISoH=Al Rt
E

X
3
o| Lzt U= & URYR7ILESE(O:

OME2tAEHO 718 Fet o2 2 Olfr & S0
PAHs, PBDE, PCBs §)0| OIMZ2tAEI0] S2tE YEHZ MS0| X=X Q07| I8 Thydt 77t
THEACE

OIMS2AEO| BT ZFok= )7] RE=2S 2t RS ZES 370 T=F(Andray (2011)),
OIME2AEO A BEHO 95t R7] LESEO0| E2IE = Us 2 1Y I g5 J=2E Stt 2t
7t580] == Eap lH ot 2AXF0IE 2z

ML & DIMS2AEH0| of 5% 2iRE Zef0| =5 MAIF0|9| & 2202 QAFE HIIME

U5 Mot AERAQL FNME XM2| 52 44 S 22 MESHH J|s XotE ZFHCHBrowne et al.
(2013)). 0|2t Z2 IS = O|MIZ2HAE0| LESZE MY I7HAM F&2 SHok= E1S0| ASHE, ZZ0=

= [ pyN=1)
A% A7 A7 2Eot22 O|MS2AH | Fokhlh HEE A2l S2H0

1 Feke UEe tiet &2

== doli7t FEXe = HHH = FM0|C.
e =
. M i
2.2. Q1A Fet N
_ _ e |>
Q1710] H= AF0IAM DIMEZAR0| HEE|1T, ARO[ LHEHOA 2HEEHA QUZHOA O|MIZ2tAE0] OfEH o
3 ) _ 3 _ ® =
FotS O|X|=X(0] &tet 2a0] 10 QUCH 2Lt O|MIZ2AE 55 Fa0|L O|MZ2AE gf A g5 1
_ _ - . _ 12 e
S =M HsHf| tfgh A7t= OFR B&5H A0 |CHToussaint et al. (2019); Wright et al. (2017)). C2t HYE S o E_g
B} } - 0% rm
OIMIZSIAE S| R =7t A QAL 42| Fafut MIZL| EF9| Fats e AC= HSHIKIE 16). =

32 16. DIMZ2fAE] E= LI E2tAE9| Y

Surface
functionalization

| - e
Size
charge

Hydrophobicity ‘ | Protein corona

*

EX: Wright(2017), 75

[©]

OIMS=tAE0] AZ0| £85Il B3 DIX[=A| Lefo| oAM= DIMZ2AH S| U7 & OIH L B2
Mool LI HF=Al 0129 FHE 7I=X2E e 2 6RE =HIaH0F St (Bouwmeester et al.
(2015)). 2717} 20um O[oto| DIMIZ2AAHE F7IE HSY + QUL Y2{X RUCKBarboza et al. (2018)).

7

O 22 37|(<0.1 m)2 DIMS2AAER2 2E F7(0) ofH MIZE Sike 4 USH, Bl

or
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SHUIEHS SR 4 QUCID BIE B QUK TR DIMS2AAL| 277t HOFI42 BIHOR S48
UOT|7ALL SHXOI YHS 01 HOR2 BT UK 17).

a2l 17. ZQE E20|MQ| Li L OjM|StAEl HE

10m 100 e = 0.1 pim 5000 m
l NANOPLASTICS l MICROPLASTICS I
|% 100 nm)
$0.1um £ 20 pm = 100 um < 150 pym » 150 um
1 [l 1 1 1
! ! | ' !
Access to all organs, Acceus Into Absorption in Absorption in Mo
transboc ation of blood- brain argans portal vein lymph absorption
and placental barrier

* Zx: Barboza et al. (2018)

AS7HA| Aoz et 20|, diEE OMSE2AEH0] X0 DXl St
HiEEl= OMSAE0| AEHe=2 S/HE= gE 1 I DSt
FeEt 2= HA0IM 2 golE DIMStAEY Zolot HE, S AlE, Aloild B/t &g ¢4t 59 BEetE

Y JHE0] B0l

eIt S5 SAO ot 2021H 7|1E =LA sk S2tAE T7 1S9 of 73%7t A,
MEA 17|22 AR0= 2 57%7 MEE=ICE OECDOA] YHESH 201950 & MAGIA MAHE E2FAE 9
22 H[Z0| 9%cete 21t /8 S0 YHSH 2018H9 S2AE MEEE0| 32.5%2t= A2t
H|wotH 1L =2 4=X|CHEuropean Parliament(2018)).

Ol Rttt S2AY IES Foloks Hel7t L=tz Foll UL =L M2l 7IE2 S2tAE
H7|222H O|UXIE 2loh= S @4 MEEC = Eelell). ofX|2h &8 g2 WV IS=22H 04X
3l IPEE TS R0 Z2oHK| oM Z2AEIS| S4S HStAI7|X| %41 7 IS0 MALZoh= ARITHE
MegEe= =0t MatM, EUQ 7|F00| Mt S2HAES| IHEEES CIA| FitolH =L MEEE2 I

i

010 &EE M=0| M=H, EU 7= AMEE 8¢t 20172 7|& U HA| S22 9f 22.7% 20|
o

MEEE= A= YAEH. 55| YEF0| 2 HISE AT A= OldEl= S IV 22 MEEE2 <

e

13%01 SU3KL. =L S7EO| 20218 7|E=C= TUE S2tAE HViz H0jH=z 3 Altts 23t
ZIKIE 18), =l 22 MEEE2 ALt STt X121 2F 27%0|0, YA IV |22 HHEE2 66| H2

16.4%01l =2foIHE TSI 1(2019)).
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38 18. 20218 Il Y& Z2tAE HPlEe| 22

’ﬁ‘é =

sTWEE
(16.4%, 766)
=

B S 0ILR 2l

SR 7|2 LH ZapAE!
WEAIHIZIS L) S2tAE (382%1789)

e
SeliE SatAE Cha AZH

(60%,2,792) kit v §|¢ gts

R R 32.6%,1,529
=aE Eaas P s 600) 2

(40%,1,890) BRI oe/=y 2a

(Unknown)

I O S2AE M2 SRR E, SRAER MoK | MBI ZXA 247IAS HiESC= FHO|C
Me HEEREH SAAES MRSt 7185l Y2 22, Hil, K8, 12|11 S2HAE HV|ISS Malok=
SHUME 2ATIAT} HISEICE 20229 7|= OECDE X MAOIA Mitzls Z2AEZ0| oF 4.6%
E(Q019:0IM oF 12.39 E(2060H)22 F7te A= FAksHal U
2HTIA HIEZE 189 £(2019H)0fA 43 (2060'-*)3 s0ig A
2IAEIO| ABHO| M MAMCE B7tel0) M2} HiE == 2A7tAS| 40| 5 120
|2 BAESHO WARM (WAste Reduction Model)2 SAITIA HiE /2SS HMO| 7H55H ZEIO|C

01 7|He=2 SetAE HVizs A2 If 227t HEFS Alfet 2, 20201

livlo

ot S0 SuFn 20

HCHOECD(2022)). &,

mjH
ruI
Y Biv ‘Bl ‘B

O
B2

s
|>
Jm
R
hl
A
M
ic]
r

71 o 2600t £9|

UM A2t SetAE H7IS2 9f 5202 =2| O[MatEASl MO AMERACt. Ol= 500MWe
MESIHUTAT} 1H SO HiSots Ho 2A7tAZO| oF 2.68H0f SHESHCHBeyond Plastic (2021)).
OfA|2F 0] 22 SEAEI0| LHA|F = & 2A71AL| 0| HISHH OfF Y20 S0t AM AFet At 20|
SoAER sE-ARR-TY7| A IFE0AM 247HAS HiEotd 7| W=0|Ch 0j=2] SEHA Beyond
PlasticQ| ZA0f| 2MH(Beyond Plastic (2021)), A0 S2HAEI0| 2AMTIAZS HiE6HE 10HHIS 24460
HiEZS FARICE 220 20204 7|E 0= S2AE MY2 A 500MWE| MESEUTA 116712 SY ot
2V AE HiSetth= Z21E 115, 2023E7K| SAE H7 |22 Q1o 2a7tA HISZ0| MEt AHAS
H0E AYS KXol 7|2 HIE TiSele AQ 2 B11 QY. OXME S2AEM 2AT7tA 2|11 J|eHsh=

=
02| X7t OLL7 | HZ20| 7 |S2X sHES ?loiie S2tAE ZXHOf ofi2 Lot 24| H5HH.

_|

oo

IE ok
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II. OIMIS2IAE! 22 911 Sizt

1. O|MIZ2tAE] 22 7|9 ol gk Atod
OIMIE2tAE Ol30fl 25104 MAI= 2 DIMIZ2AAE! ALBES S0I= Y tid SE2S /iLske T 71K

Y= Sl AU

B, B2AAE AIS M2 HSOR 1Y BUH HOISH 22 SYED JHOIPMEE BE eI
10HCH L0} D0|T2HIX2 Q15 QIoh T QY 2| 01474 47|B1A DIOITRHIX 3R HZO0f Chet
AGIEHHIO] Y0 A ZiTH O[0f THEH THSMORM SRS FHOR UHEO| [N SEEQS

AEHO DIMS2AE HHE Mg =SS AXITHBBC News (2018)). 0| Mg 252 DI0|22H| 25 71
0| Ar8oHH 2HHE 3 JHQIIMEZ0IA DI0|Z2H|X0| AL THRER2| MZ0iM HAXCE SK|=1
UALE SKIEAKIE 19).

Ynle| Ojo|32H|= AR FX|

ENE] NESK| ol
L oreal” 20179744 AHg FA
Johnson & Johnson? 2017971A] AL B4
Unilever” 2015WRE AR 57
Procter & Gamble” 2018W712] AME FA
Colgate-Palmolive” 201497 E ARE 57
Crest” BE XHAENA 20179744 AH FA
Beiersdorf” 201597HA] BE AEoA AR FA
X} 1) L'Oreal. “L’Oreal commits to phase out all polyethylene microbeads from its scrubs by 2017”, 2) Johnson &
Johnson, “Microbeads”, 3) Unilever, “Micro-plastics”, 4) Procter and Gamble, “Microbeads”, 5) Colgate-Palmolive,
“Our Policy on Ingredient Safety: Earning Your Confidence for Gen erations, Every Day”, Crest, “Frequently Asked
Questions About Microbeads”, 7) Beiersdorf, “Bye-bye microbeads-Hello progres!”.

I OE Nz, ofF S 2ddwr2RH gdk= DMERE 220 2 &2480] S7totl U= DIMSHAES]
ot ZRU 79 2= DMERE 798 DNE2AE2 ME M REECH(Patagonia (2018)).

t
DMl =2 Qlot 2E 2 ZH(0l| thSot7| /510 REFIME 2= 23 LHPHSO0| DIMERE M| ¢l

£012 WUCHEURATEX (2018)). 0] BoH2 44 DIMIZRIAS) K22 913} REEH DMAIR0Y thet B2S
o17| 9l5t0] DMIRS) HES B WS TIST 0] eimot BRIE XIMQ| 3R L BASE 9 35
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o Define common measurement methods

"‘f y . 9 Share knowledge

q o Foster industrial research

This is a voluntary initiative, launched in Europe, to developing solutions across
the value chain that can be effectively applied by industry, consumers, and
authorities.

F\ EURATEL
cres® 9

:E\

Ewopean
gty

* &X: EURATEX (2018)

121 21. PatagoniaAte| OJMMS XZb ol xt&

=]
e =
-L| ===
MICROFIBERS o
N
N
e
L
Q=
*)‘ ]
o e o ° e
; >
O g
= @ ool r-r'u'
i ﬁ -
— @éﬁb
ENGINEERING & - CONSCIOUS - HOME »  WASTEWATER »  WATERWAYS
MANUFACTURING PURCHASING LAUNDERING MANAGEMENT & OCEANS
Evaluate the peramance Sakict durabile, kigh guality Ui thee G REND tha ioke il Suppar crgani tations that ane
andd durabiity of taxtiles products when you buy. Our Washing Bag or acd a filter ment plants play in capturing microfs- workineg to mondtor ocesn poliu-
and products. stuches show that low-guality o your washing machine to bars. Upgrades to csrent systems can tian, determine ecologecal
flwaces shed significantly el icrolibers from Ipi impacts, and identify mean
more aver their lifespans. ‘entering the waterways. ways 1o prevent plastics from
Top-load washing machinas antaring the ocean.

shed mare than frontdoaden.

* ZX|: Peter McBride/Patagonia (2017)

g, 71E/0Y, 7 SOl FXAHH ot ACKIE 21).
HiEE S2AE H7 |22 FINEOZ QI M= 24 D|MIBHAER SH0N AEC= DIME2AAEH S
=2 HISOZ ASEC} Mt OME2AE Xz = 2{0ll= S2tAE HZEYAH Q| 2K} O|MZ2AE M2 =0
IQGIC} CHEMOI AR 2= E2AE 23 (NS Q| THEAIRI PLASTICS (Plastics Industry Association)S
2= Ql=0|, 19914 Operation Clean Sweep T2 1S A|XBICH 0] T2 2H0| S MO ZtAE] 13

PGHS0| E2HAEH HFO| 251 M= Y SOIM 2dioks DIMSHAHO 2 E2 =0 RES Zlaslols

ne

>z un
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22| gots OtHstE 2 Fe= Z40|ACHOperation Clean Sweep (2024)). 0= PLASTICS7t QE1t MM S
S A HEE 7|FS0| FOMO7| M0 MA A= E2tAES HBlth ANEL=RH

UMSH= Q=X H7 | Mo 28-S SE Z=220|CH

T HMZ, DIME2AES iA[GL | ffet 20| TIHSRACY. CiFet O|MIS2AE S0 71 HX 0F0| S =H| X0
SR TR AFA Q] M2 20| R U] TR0, HZ W A=XOZ O|MSHAEC| MBS

CHAIGH| Y5t 2] 5t 00| 2H|X 200 A] M HA ABHEIQUCH Burt's Beelt St. Ives 52| X1H1Z=0]

&
oH

HEC = XN fefE 201 FT0F ARt AL Mo 52 Helst MIES TOHSICHCBC (2013)). [MEtA]
SIYEUANAC| DIMIZ2AE hA| =ZH2 A SEEZ Jidol| et 8B = BMXNeZ ME 7Hs6t

S

AZ2 M T2 0IFOX|L QUL HEES| eFEEYAIME MAFS| MES dZol 0lZEAE,

STV, LEY, SHH N, 3SR 5 E= EZ A% 34 S5 HAHGZ2= T 3 &80k QL.

T OHE DIMIS2AE A =210] M2 HRUXMC| DIMER A =20] DIAIAUCH A2 DMl & X

T2 DI0|3=2H|2ek= T2 2 BapPt Q= 20f0|H DiMg s 2yl =
7:

(o2 ]
HoOTr—
AH[XLO] O A RXIRAIE 2= Gl= B2 BR/FURR0|H Lol S50 255 5 /Isd =2
Ct.

tolr

| sIMAMQO| Ao

a
’l5d
SENO=Z U 27152t MIZ=0| EXICE. Ol2et Olf= i OIMER 2| tA7E 7Hset d9= TO|L: O

=.= on

tHOIM ReflE HRE thAloks S420| =& 0|20 0]2| thA|l & 7HLS et ATx T SO|Lt
S G HA o) HEY °'Er(Patagonla (2017)).

CHE 7|EF MAAOIME 2Kt OMIZ2AE Q] Q101 SRHAES HA|SH | flet 20| MHERUCE U=
Procter & Gamble (P&G)2 CHA| 7|2 2HS0{XI Fairy Ocean Plastic Bottle XS AIRIGICK 12 22).
0| HIZE MHEEE SHAES 40% Z&ch= LACE SiXf HEC= M S MFHLL 4RRAH &2

SctAE 8715 HA[GHH AAL RIES 8712 AEatlAL 2EES0E MF0IC.

2l 22, P&G2| Fairy Ocean Plastic Bottle EH EAF

INTRODUCING OUR NEW
FAIRY OCEAN PLASTIC BOTTLE
: 4 ot |
CRENTED USING PLASTIC ] N OF 32 B
1 THAT'S WASHED UP ON F THESE PLLETs N | WILL HIT UK, SHELVES IN 10\3
= ) e SENI’TDF!L)

2 115 THEN §

ORTED b
% lI.[AN[[NHE uRHUND !'N‘Tﬂ }‘[LL['I'-

IN PARTHERSHIP WITH TERRACYCLE, THE RECYCLABLE CCEAN BOTTLE
IS PART OF OUR GROWING COMMITMENT TO FINDING NEW WAYS OF
INELUDING RECYCLED PLASTIC IM OUR PACKAGING

| SIEEBEAYIIATH (2018)

IlHH:
ol



2024 February No.02 1 51

2. DMIECIAE EMV|=

2.1, DMSetAE RHF LY

]
=
(TR
I
[>
i
o
H1
£
1z
o
ﬁ
:Oé
>
rr
o
ajo
10
=
00
=}
Job
o
I
2
[=
ro
o
>
HU
i
1z
o
40
ron
z
imHu
el
k]
oz
i
[=}

=
SIS 5 4 QUTt YHHOR BH8 SOIMQ AZAFIE YoM LW 4200|122 151 501 AR
(Net method). 0] 2, 0|43t 12U X% 37|0| DIMB2AAE| EHE 4+ UTE 7Y
K511 QL) E 12 WHORE 4SS 0|88 4 YUCHGrab method). UHA|

E1O| ofHOM &Y REE S EHEM MFfots PEits 22| A2 A0 i X2 37

—_

o 0R
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fu
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o
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SN oh
rr o ror

0x mo |
oY
o
N
rA

i
N

ZD|HB2AAEIR) S0 RIFE 4 UCHs BHS 2T S, 0] WS A0 21T 242
02 ROIBHCHWatkins et al. (2021)). BHH, DINIZAAE] ST 242 25k £2ACKR)0) vz
Of N2Z H42t 4 QICHPump method). Ol21st Chsst ARAEON W2t DAIZ2tA
HEHS 5 4 S0 St ZnE 20 bt ACHKONETIC (2022)). 5, S 2AoRE Al=

=
Ofet DIMZ=tAE 24 21t X017 E0] 2| LiEHE o= ASE QIXIeH0F otH, 0|2 Z|Aatet 4

40
o

=
=

o
F oE Ho
J=
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=
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=
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7| & HM2ol W2 OMB2tAE Sk st 2
Microplastic cocentrations reported in the literature

Microplastic decrease with increasing mesh size and sample volume
particles
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® Dip net
@ Discrete
® Pump
® Surface
® Tow

o

In(MP concentration)
In(MP concentration)
N

o
o

0 50 100150200250300350400450500 0 5 10
Mesh size (um) In(Volume) (L)

24. ®F ol WE S JKSt Al2dT OMZ2tAE 37| 22

<0.0001/L|
Large 0.0001/L
(>100L) 001

0.0

i

Number of Studies

{Small
{0-100L)

Sampling Method Sample Volume Measured Concentration
(L) (particles/L)

* ZX: Lisa et al. (2021)
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2.2. OMZ2tAE EMYE
O|M|BRIAE BMO Z AVIX| 2HE A 0|2 U{RICE CHA SHZEEH (DAIRE AMa=st S (Q)UAMOZHE
DMZRIAEIS £5/22010, (371712 S5t A/ B4 U ()2 TES S5 40| 0122] Bkl

et al. (2018); Elkhatib and Craver (2020)). @tQ| 2-12| CIQf5t HIHS Eal| A|RE Riot0] EESH S

FME QIe X2 HAQY /22| AU0| oIt X2 K IPHO=Z Az L YAy SHO| 22|17t
SHE|0{0F BICt O Y2 =2O| HIS A0I2 EEotH MY =S A= U= 0I1E0t0 SctAE GE}
=2E S8 2ol J[E2= ZeU 2N V(2 SStAE 80| It HEF + Us EYQ SR HE
7FsE2 Off 2Ol FH2ISIRAKE 1). LR SHAER £ UM 22| 7ts +E(1)0|122 H=H AHS
Soll 22| Y, 23 AlZh, pH Gt S 12010 24| Belass fole B/t AN

E 1 YUE 220) H2E 4+ gl U OySAAE 3

Ju

HSUEE  QQRCsSIUEE  HEsS|0t

ZAE Z2 (NaCl) (Nal) (ZnBry)
Polypropylene 0.9-0.91 © © © ©
Polyethylene 0.92-0.97 © © © ©
Polyamide 1.02-1.05 X © © ©
Polystyrene 1.04-11 X © © ©
Acrylic 1.09-1.20 X © © ©
Poly methyl acrylate 1.17-1.20 X © © ©
Polyurethane 1.2 X © © ©
Polyvinylchloride 1.16-1.58 X A © ©
Polyvinyl alcohol 1.19-1.31 X A © ©
Alkyd 1.24-2.10 X X © ©
Polyester 1.24-2.3 X X © ©
s R
Polyoxymethylene 1.41-1.61 X X A ©

©: 22, A\ E2)7bs; x: 2887}t

* ZX: Prata et al. (2019)

A& U YR 27|20t 22l3t 7 2249 S2tAE BH| 2AIE|0 U= }/F27| LESES HMAHoH0F 3it

— =
SotAEH HHO QS Qlol 24 21K ot 1-g0| et A0|Ct BH R71= MAE

o
Q
o A= 7O 2= A/ U] AEX, MSHA|, 84 K& SO| AUCHDubaish and Liebezeit (2013)).
2 X [e)

= — —
A A/ L] AF A2 R, LEHO 2 UF LY X B L EXHok= DIMS2AE 240 U0 T2
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J|Eoz HEHL SY /YL U2 MY s HIS 20| HF RUISS 2UHCZ MY 4 AT
1L, 2| A9 AR0= YR SHAH0| ZollE 7isd0| AL 2 2O HES| TAlet & HEY B/t
ICH(Alexandre et al. (2016)). & 21 L3HHIS MES M= B0t MetH| SR EIS AL Y 8 59
Ml TIHolor 2L Y DIMSEtAE 24 Z2UE 2Ee 4 U0 YO 2 2| MEE= Metii=
IRASIA0IH, EAGHAA Sh= S2fAE0] et 240] #el giths FHEO0| ATHAGE 21(2022))
LEl=E= 84S 28 77|12 2ol HRO0| AL Ol= 77|12 2ol LM =50| LHSHA| Y=lis FEO
UCLE, SetAE BHO 22 U= 77129 SFO Dt 4210| #130] 5 7HE5-d0| 7| W= i
S0 CHet F7HHQI TA2|2 MetHIE Akgot | BTH(Elika et al. (2017)).
OMEetAE 242 oier SREUX|, T2 1 0| o = H=X0f el = 7HKIE MdBXHC=
TIME|0{0F ottt XIS 7IE0| == 24 HEol ==X 0t Hefet 7[ESS M=o/, 01
HESOP| ?ler 20| A1 U= H-0I0 O|MSAH| et d2H0 =4 YEo == Felviilds
0|&5t04 DIMYALE 7H==5t= 20| 7|2 X420 YHOX|T, LR 010t MRS HiAISE Al=0i| CoiAl= X RIS
250} DIMIZEIAES U2 Hol | BHHNOAA (2017)). S35, DIME2AE 2717t 5um O[S0 = 2
Nz IleE 7IEC2 24ok= B, 110|149 27|0M= 7|gtez ot 240| 20t Yot 2t i

I_ E =
2S 4= ACL 0|0f DIMIS2AEIQ] 2710 [2t 71 22X 2 MEHSS MAlSHL Q= SH+150] RS

QICKIE 25).

re
H
S ]
e
>

= >
s
0X
B
O i
o2 i

B 25. 7 OJE2AE eixjel Tz Aol ABTA(LE 1.0 g/’ 71F)

MP particle range covered by analysis methods

sphere, density = 1,0 & m=low-a® 1004

19 E F— s 7 = Mass single particle
size correlation
B RM study
1mg
) Dietal. 2018
Pyr-GC-MS Frere et al. 2016 #¥qnkos et al. 2014
1ug JTEB-GC-MS Frere et al, 2017 Karami et al. 2017
@
@ RM  Cauwenberghe et al, 2013
=
1ng - Zada et al. 2018 Sujathan et al. 2017
lhof et al. 2013
etal. 2016, Kappler etal. 2016;
anski et al. 2018
1pa o
18
earetical limit for Raman Microscopy
FPA-FT-IR
1fg

100pm 1mm 10mm

micropkastic

100nm 1um 10pm

nanoplastic subpplastic

Diameter

* ZX: Anger et al. (2018)

0710 BME HH|QF 7|7 Xt Het 10| w3EIt Q7%= Py-GC/MS, TGA-GC/MS &8t
HE M= (Pico and Barcelo(2020); Majewsky et al. (2016))( 12! 26)2 O|MZHAEIS HE5H5I0] M=l
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=S ZHOIN Az W EXfoks SetAE TS =Qlg 4 UL 0| /2 DIMStAE o Y O dd=

= JEE X RUACL, Al=0f Tigh W27t HE5| TAE|X| s R0= AV 2

oo
=
I
b
9'I_I
+
o
_lj_

=]

M
HARAHORE I SLENS 96 Raman 2BE( 1 27)2t Fourier 8 Mol 2HH(FT-IR)
 DNZ2IAEIS T45Hs RIS AJOIQ] B151E 215t0] Z10]0] o3 2T TR0

t =
S5 0|&0l0 Al29| &4 20| EEM0| 7Hs8t 71 S0t (Mallow et al. (2020)).

321 26. Table salts L OJMZ=

Mass v:
Polymer 10 = svs_
and Types /

Marphology,
Size & Distribution

* ZX: Haiyan et al. (2022)

Name Abbr, Lfingerprint” region C-H stretch
Palystyrens
A
Palycarbanate b = ==
—~N
Palypropylens e ﬁ e,
Palyethylene -_— . —
Palyethylene terephthalate == B =3
Palywinyichloride == _K oo
Palyamide _— i s

Polyetrafluorethylens

Polymethyl methacrylate

Palylactic acid

Polycaprolactome

|
1500 2500 E] EXT
Raman shift [em™]

* ZX: Anger et al. (2018)
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SIoH Atgat=

ULt HE =4,
A0 2F YXIE

EXH(Witzig et al. (2020))o17| t=0f OIZ Mool | #fet 715

17} 7HsaHR ZH0|Ct,

3. DIMIZEAE ®A 7=
XA |

II:HE

OME2tAEE

slat/mesats 7

Cloth Laundering, Tire
Abrasion, Medicine,
Personal Care Products

Primary,
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ZIME D UOLL, ME JFOAMRE 24 M| HA)
Elo| B7t, &, A=0]| Ot 20| £7t2 ZIgE 7Hs540] EXHotL
OIHO|LL A2 A58 87|, B4
24 2o g
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H

BlE|A Z2{=0] 0127 7K]

>

—rr

S0t gelot DIME2tAE

st

Flofl S+l U= Chyet 2t 3 e J1E0iMet 20| =2/

r@
8

ﬁﬁff

Fragmentation and
Degradation of Plastic
Products

§528 D4
Photodegradation

Secondary

P

Source
Chlorinatio

»

Biodegradatiol

4
f

Biological

* Z%|: Ahmed et al. (2022)

=28 XMe| 7|2 HEHCR oitet EXez 2E o UM 7IE #X2| 2H|0| HE8H et H
212|041t S2 MH 7tset DIMIEtAE 27(0] Meto] A0 HE = 02| X2| 282 7|5k | (L. 0/
Cidet 715 E2f, Ot A 7H20| oA TIYEL ACKY 29). DIMS2AE0] 2= B HotE
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E 2 DMIZEtAE] HAHE 22t 221 XM2| 7|s a7 A

OMEHAE SR 22X 7IE  HAZE%) UM 71E

- Magnetic Fe;03/SiO,-supported polyoxometalate

PS Adsorption 100 jonic liquid phase composite; le,zr(a)zeg)al.
- PS concentration: 1g/L; Adsorbent: 10g/L
. - Magnetic carbon nanotubes Tang et al.
PE. PET, PA Adsorption 100 - Microplastics: 5g/L; Adsorbent: 5g/L (2021)
- Zirconium metal-organic framework-based foam
. . o . Chen et al.
Microplastics Filtration 95 materials (2020)
- Microplastics: 0.001g/mL; Flow rate 1.2L/h
- Green microalgae
. . . - High affinity of the cut surfaces to sorb tiny Zhang et al.
Microplastics Adsorption 94.5 microplastic particles, selectivity based on (2017)
microplastics surface charge
) . N - Pore size: 0.07 um Marsano et al.
Microplastics Ultrafiltration 371 ~ Water treatment plant(indonesia) (2022)
Tadsuwan
- ial: ; ize: 0.1
Microplastics Ultrafiltration 78.2 Material: PES/PVP blend: pore Sl.z 6 0.1ym and Babel
- Wastewater treatment plant(Thailand) (2022)

PS: Polystyrene; PE: Polyethene: PET: Polyethene terephthalate; PA: Polyamide

FARION HE B 24 Zat

S 200
=
=420
=
e}
8 40 |
=} ?
. 0 5 i 1'0 1.5 2.0
™P Time (min)
collection tank
filtration
setup
storage tank 3 ‘
owmeter .
electric ballance

* ZX: Li et al. (2018)

31 K| 7|2 YR0Is0|L HE 7[HICR ot= +8d STME XS ST-TX 7

=]
27t S7totl Q= HEME Ol&et OIME2AEHS 718t 71E0] EHOIL SEHE 0182 8%
7|

HNAH 88 SHE ®oll polyacrylamide®t 22 S8 EXAKME F7I617 | gttt 2L,
9]

| 27101 Wef 22 229 X0[7F SFEPA| LHAOAILL 11 HAE 37| 20 HE

o
=TS

==

X|-RIF

[}
ES2
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HE5101 7|4 222 ZE BRI} UCHKOSEN (2023)). ZEI0| /3t DIMZ2IAE| 27(3le] 22, B
EAKrradiation)S S5 OF7 |2 &I}, AL3t2, BITiZt 50| D|MSAALIS| ZYTXE RojH{z|s IO M

M7t 7+Sstt.

E 3 DMIZE=t2E A

i

Sfet sfatx 2| 7|2 97 AR

OlMS2fAE

=2
ST

sety 7Y HHZE(%) UM 71E

Coagulation/ N = Ferric chloride and polyaluminum chloride Rajala et al.
PS flocculation 98.2-99.4  _ PS size: 1um (2020)
- FeCl3-6H,0 combined with 3, 6, 9, 12, 15mg/L Ma et al
PE Coagulation ~90.9 polyacrylamide at pH 7 '
o (2019)
- PE particles: 0.1g
. PE: ~99.1 - Alkyltrichlorosilane: 300u{ (20min) Sturn et al.
PE, PP Agglomeration 5o 990~ PE and PP: 100mg/L (2020)
) - PS size: 400nm Nabi et al.
PS Photodegradation ~ 91.04WL) UV-light 12h; 254nm: TiO, (2020) [ﬁ g
=
. - PE size: 100~150nm Fadli et al. S ]
PE Photodegradation  760WL) ) rmioy: UV iriation 4h (2021) £ ke
- PP size: 25mm Razali et al. 2 =
. N
PP Photodegradation  270WL) 733 01+ UV~C irradition 6h: 50 (2020) 2N
=
L Olajire and
. - Solar irradiation; 240h
LDPE Photodegradation 90.8(WL) _ AuNPS: 1.0wt% Au/LDPE Mohammed
(2021)
. - LED with visible spectrum; 50h Ariza et al.
HDPE Photodegradation ~ 71.77(WL) C.N-TIO, (2020)
- Visible-light-induced electron localization in the
. ) Jung et al.
Chemical FeHCF nanobot lattice
PAN coagulation 99.9 - FeHCF nanobots: 0.2g/L (2023)
9 9 (32 30)

- Nanoplastics conc.: 100mg/L

PP: Polypropylene; PAN: Polyacrylonitile
LDPE: Low density polyethylene; HDPE: High density polyethylene
WL: Degradation efficiency estimated by weight losing
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32! 30. FeHCH nanobot &4 % LHcO[MIZ2tAE] XA 38 BAT

WFrr@r@c@nN

FeHCF precursor FeHCF nanobot

FeHCF @
nanobot g Visible Light

b 20 pm-pore f Inter-valence charge transfer

membrane

h Stabilization

MESIE X2| 7|22 DIMEAES 5okl Aslots ACE LT YR REES Y74 =THA 727t
AZE|QICt E5] 02t 2R 2 MX|RO| HO|2 ARSI U= URA(ZAKE] o)) 2| 2R, polystyreneS

25 55t ZAES QIROIA 2H(5I0] ASHAIZ 4 Qs HOR AN QUL 0|23 NS BRI0] Astah

=
Ae| 71& 1t H|wott] O KOt &M M=|0il= MEELL UX| 2 &F0|H

10

H 4 DIMZ2HAE HHE 218 Y2 M2| 71 A7 ARl
HH2E(%) oM 71E
. . . - Influent microplastics conc.: 47.4+7.0 n/L Liuetal.
Microplastics Acivated sludge 166 - Effluent microplastics conc.: 34.1+9.4 n/L (2019)
Microplastics Biodegradation 43.7 - Hyperthermophilic composting (200ton) Ch(zr(w)zeé)al.
PE. PET, PS Biodegradation 3062 B.?C///us ggtrhe/ﬁ/ (growth in a synthetic medium)  Auta et al.
- Microplastics as the sole carbon source (2017)
o . - 24 individuals of Red Sea giant clam Arossa et al.
+
PE Active ingestion  1.59+052 PE size: 53-500un (12days) (2019)

- Pseudomonas sp. ADL15 and
PP Biodegradation ~17.3 Rhodococcus sp. ADL36 (from antartic soil)
- Incubation period: 40days

Habib et al.
(2020)
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Z2elEl DIMIZEt S Eeiard(EA FMT DMB2AE2 L 372 O
| L SatARI2 HIMESN 00t MZE 9| 40| 2[5l oligomer2t

monomer2 =3l £ 0JME0]| o5 EtAoz SH2E|0| mineralization ZISHE!)
\ l7 ABIOTIC FACTORS BIOTIC FACTORS
y & UV radiation @ microbial colonization
o
a
EY & oxidation ” heteroaggregation
2
. E £ temperature variation @ biofilm formation
NOM y“ '
K’ g & wave and rocks action  biodegradation
plastic it
fragments \ j
microplastics 'i‘)?,,?-
oligomers / microorganisms
\ monomers
nanoplastics # R 6 kﬁ assimilation
0L
* ZX: Anand et al. (2023)
n al X S
V. =LHRl OIMIS2IAE! 2id| & E2H Sgf
1. ZU O|MIE2tAE] 22| S
|tz OFA AME0M Llioh= O|MS2AE S XeFotlXA} of= A Hro| #2|E Ty SO|Ct. AA|
MENAOIM S2l/3tel/MEstE S3l0] 2ol YMot= DIMS2AE0] St A2 OjH|st AFoICh &
60l= DME2AE AR 2 HiEC AR MZ/HO 23 J1s FX SOl st tHEQtE #5317 216
‘TIMERAE Mz H 22(0) 2ot SHE 0] =20 LelE Ht UL s SEEH2 MICHHILE X<, 3 NE S2
ol A=MO=Z MZEE 1At DIMS2HAED S2HAE HE0| S0 FHE 2Xt DMEHAES SRt
HMIZ0fl Ciet MO X[etet O 7| Al, DIMZ2tAE0| BiEEX| X5 oh= U8 S Zfoll {UCt. 0]0]
HREM= MEMH|, BUH], HRFCH Soil 0|2 28| Z(microbeads)2| AlES SXI8H B UCH. 12|11,
AOFXOIME YR QMU |IE SO et 'S Soll HEE WA ABEE ¥E 2 & 0IMEHAESE
018e + Ql=E oIt 0|2 £Hst0] OMS2UAE0| AR 2fAFS| + Il FK[g

AFEH0
o

ICHKEI HEHE11A44(2018)).
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ot B0 M=K DIMS2AE T Mot et Moty SStAE THUE Sl 71E HEAAH X2t
OMIE=tAE RO et 2XIE siZ0t AL ok == T 0|0 ZU0A= SK chemical, tf2FAF 59

Ct.
710N M2 7Hst ESHAES JHESI0 0|12 EE0t J& MESS okl UG

32 32. 2 MM 91 HOIBY SAAEIZ 9 SK chemical W|RZ2H0| HRE MY TR TS
Q@22 9f: SK chemical ‘Chemical recycle CR-PET’; Of2H: AfQFA} ‘PBIAT(Poly Butylene Isosorbide Adipate-
co-Terephthalate) S 0|23t MEs|M ZEIAE! HZE

* ZX: van Wezel et al. (2015)

2. 29| DM EtAE 2| & SHECIAE] Y S
ZH
=

2t =71 DIMIE2AE 22 J A S22 0f2et

[EAS2 ‘Circular Economy Action Plan, 2020'S2] A MAHS KMIAIGHH, M=oHA Z2tAE] JHEf g
019 AE =4E ol & frameworkE 7HE ST QUL S, HI'E TN Ul SSAEI0 Tt AR M
2 HOHZA| ZX[0f Chet A HBS LHSIAUCH. SEAE IO ZR0= MEEE SHE HHoH0 HAK}
HMAUN =S CUSHIAL She =2E SHl U0y, 2023 o7 |0 MOIS0] HLt =5t O|MS2AE A
THHIE flofl YT, Hl=, HE0[E S0|7|7 YUE S HEE2 ABEH DINS2AE S HAXNCZ
H|ghoty |= LHSHH QICt £3]|, S2tAE YMES £0(|7| o 2021HRH EStAEME Rilotil UM,

I'E N 0
OII

2040E771X| E2tAE! IATHZ 100% MEL 7S5t HEZC=Z BT F3 S0|C},
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E212E =28 JdEx

Intervention points Reduce BATs
Re-use BEPs
Reduce Redesign Recycle  Behaviour
MBIs change

R T B

Raw materials 2 Manufacture . Use Waste

Material flow

*

EX: UNEP (2016)

22 02 b m—%

02 B2 YOI HEAASIS +5611 i 2710/01, WS 2CH= Ky (ks BI80| 02 57| pheojojp] (B
2015HEIEE = MuY 13122 2X| XAS ZoP AYSID QUCH =2, AOIS, MCi0o]z, Ofojool, é%
ZAMMHA S 100707 e ZAIHAM polystyrene XHEIQ| YUzl E2AE! AIRS SX[6t JUCH, gg nﬂ_\;
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ATMOSPHERE

Estimation of airborne MP abundance in the
entire country

» Source apportionment studies

» Risk assessment of MP exposure to arboreal
organisms & associated impacts

1%

. HUMAN CONSUMABLES

» Estimation of MP abundance in all types of food & beverage
items that are susceptible to MP contamination

» Estimation of risk associated with human consumption of MP
contaminated food items

 Risk assessment of MP inhalation by humans
& associated impacts

AQUATIC SYSTEMS

cting MP distribution

quatic transitio

» Imp:
» Tro|
» Source apportionment studies

of MP ingestion in a
ns

* ZX: Mansi et al. (2021)
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