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Microplastics comprise plastic particles that are less than 5 mm in size. Owing to a significant increase in plas-
tic production, micro plastics have become ubiquitous pollutants worldwide. Several studies have reported that
microplastics are harmful to living organisms because they can adsorb contaminants from the environment due
to their unique physicochemical properties. The adsorbed contaminants on microplastics can be released and
accumulated in living organisms, thereby adversely affecting the health of humans and animals. Since existing
water treatment technologies as stand-alone processes cannot achieve complete removal of microplastics, reli-
able methods must be developed. Advanced oxidation processes (AOPs) are a promising approach for the chem-
ical treatment of contaminants such as microplastics. These processes utilize highly reactive oxygen species
(e.g., hydroxyl radicals, sulfate radicals, superoxide anions, and singlet oxygen) to decompose microplastics
completely. However, at this stage, AOPs can partially degrade and/or alter surface chemistry of microplastics.
Therefore, extensive effort must be made to further study AOPs for complete decomposition of microplastics.

Keywords: Advanced Oxidation Processes, Microplastics, Microplastics Pollution, Environmental remediation

LM B FIht D3 o B AAEl o8 HallEeE” o) 2
“golr A% 5 mm mREe] EERAES wA|EElsEo
Wgo] 3 viFo] Zom Ve At el i gl kY Be AellA] B HAR, nAZeg e
2f 7ol B2 AIES vk e FERRER Al i), AR 2 el AF 5 TR el Al 2
AHOE ZBis A2 vl Bopoll de] AREL AHEAL lor BEE S side s Bel fidEle &
ATHM? ZepE e 1950 du) o) F AAAN R ¥ A e sigelr 71 o] A
871, A}, AAAE 5 Arirkele A9l gl SERREE AAITS] A, ARl o R 2 s =
A RO AREE T Sl AR A7 39E o HSANY FAE AEAS vRS HFHoE A7
Ato] Z7IgroZM B9 oo mhE #718e] ol alF Al AFe] Har Ak mAZeiag e gk HEAt
27 vlge] it 80%eIM 5%/ AL A== 5 FE Horles Fal S Eo] 39l ARAllA deE
7IBIATED EehE 2 AlTko] A S Bl slsh of Qlke] A7l FAA FE 7K Ik ujA)

=

"To whom correspondence should be addressed.
Tel: 82-32-860-7505, E-mail: hanck@inha.ac.kr



[\

i
>
i
rlo
Ny
rlo

= DREREER EE B EREE
o] ol ), F48 njZekege] S5 B8}
4 54 W] Q7h2 WEE Th AEA o)
Aol sleke Aol ol BAHTH) et oh)
2, Fekes Al o] slee] Fepesel Be 1
152 W7k s A7hE Sk
7Hgolt} #7184 EAElE o] PCBs, POPs 55 )
2ol o2 FHAL A FASG S Ao 4
Ak o7k B Bl A7) 9 Ao ey
o] wh- st Wb npEeE e Aadshl AAT 5
e 71 M) 918 Be wefo] Pasjt 80

washs ale) Al dluele Fehsge) by
ol v 71EA Z70 ke plaE ek A
Bale] AAALOR B el SR w4
7 QA i AAle] AR e 55
A EelsE e el AAT & flol vAEesT
2 TP MIFePRAS 935 A A A7)
9] 7o) vhS- Pag HAolck2) TEAekE Y (AOP)
& vAlEeaE e dRslge) e PRAS 5
s20% Aelsh) 918 71%0]5, 1980 Wols A5%
AZ A3 sl He AL, 1 ol FlE A%
9 seo] T} e T Bk oA A
AS7] $1% 71 EAHIHD sl T
@ ogmae] Hele gl oF, AE, U S 2 43}
A 5 B FAS, AL 5 DU 2
T wAste] AASFIT Ag 4 52 ol Sfeig
% FAkslEZ (COH, Hydroxyl radical, 4Fshd<l:
28Vl 714 gol drmgion], Aol del A7 %
oz BFHTL gl THeolch B o]l YU we

En
R
=
fu
Mo

WA - olshd - AR - AR - S

Alkali
Electricity .
HEAT

Photoelectron

Carbon Catalyst

4

= k120
=(clox
- By- Products---.

Fig. 1. Degradation process of pollutants and microplastics
through AOPs processes.

=

/4 "ol FEoll EABRE TS 10 E9EE
A B 5 ok (Figure 1).2% 1x21315%

e Bz rMEEeE ) 22 719 ER
glfale] &, oliksiekae}l 7he RellEES A
J. Rosenfeldt et al. (2006) 5] 7ollx SA7kA] 7|
¥ Be Ik S hydroxyl radical UV/O,, O,
0y/H,, 0,, UV/H,0, , UV/H,, UV/O,, 0,/-0, 5 %
et theket WigolA A=, L A=A Tt vl
7ysl AslE e Zh=thy B sl o5 axAks}
T AHozE= 1) dAFE AHEsle A 38
e A F LHEED 7He] wle] glow, 2) 334 3}
Aoz faet FeRAE BANTIA ¥, 3) EE]

M o2 o
o ofx dlo

R

e

e

With Energy Without Energy

Fig. 2. A schematic diagram of the AOPs currently being used to remove microplastics.
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Table 1. Homogeneous AOPs for MPs removal

Plasti
Technology ashes - Methods Analysis instrument Performance and Results Ref.
Types Size
uv LDPE was exposed to 313 nm .FTIR-ATR New p.eak absorbance observeq such as carbonyl, ketone, ‘al.dehyde; Anthony L. Andrady
. LDPE 3175 um . Optical Microscope  Formation of micro crack and increased roughness, crystallinity, and
photolysis in UV-B . et al.(2022)
Electron Microscopy modulus on the surface
. 7 ; -
uv 1258 um UV—A. 36.5 nm, 11.0 mW/cm FESEM-EDS, OCA., Diameter of the. PC d.ecreased to < 4 um; Increased carboxyl, hydrwoxyl, .
hotolvsis BPA-PC (average) Reaction time: 0, 24, 48, 120, DSC. XPS. GPC. FTIR Carbonyl peak intensity; After 640 hr, T, decreased from 147.55C to Shi et al.(2021)
PRotoy & 180, 320, 480, 640, 720, 960 hr > 0 T 126.39C
A 150 mL aqueous solution and Formation of hole and increased roughness and crystallinity on the
UV-activated PVC 154.11 pm 0.5 g PVC was irradiated in 254 SEM, FTIR, XPS, UPLC, surface; Decreased the size from 154.11 pm to 119.28 pum; Observed Ouyang et al.(2022)
persulfate (average) nm and control the persulfate EPR new peak absorbance and increased carbonyl index and peak intensity yang :
concentrate to 0.001~0.1 M such as C=0, -COOH, and -OH
TPU. PS TESU :7:31'8 p}rlnm Ozone or UV irradiation and 0.1 Mengting Zhao et
UV/Sulfide PET, PE  PET: 194. um mM sulfide lmt.a Tris-buffer SEM, GPC, XPS Decreased particle size and Increased surface area al.(2021)
PE: 41.2 um sotution
Observed new peak absorbance and increased peak intensity
. 0, 0, 1
HDPE: 0.53, UV -C: 254 nm, Digital camera, XPS, HDPE: C/O percentage decreased from 25.65% to ?.464 in UV/H,0, )
UV/LO. HDPE. PPE PPE: 0545 mm 1939 mW/em? FTIR. Raman and decreased from 25.65% to 7.67% in UV, KartikBhagat et
2 ’ (' : ) R t time: 4 h t’ PPE: C/O percentage decreased from 11.69% to 6.69% in UV/H,0, and al.(2022)
average caction time: r Spectroscopy decreased from 11.69% to 7.01% in UV,
UV/H,0, was better than UV for plastic degradation
UV/H,0, UV/H,0,(10%) Zeiss microscone. FTIR Increased carbonyl index from 0.053 to 0.201, 0.235, and 0.493 of UV/ Xuemin Liu et
uv/Cl, PS 10-130 um UV/CL,(25 mg/L) pe, Cl,, UV/H,0, and UV/H,0,; Increased formation of cracks, crystallinity,
- - ATR, DSC, GPC N - cs . al.(2021)
UV/water UV/water and surface area; Decreased number average weight
Ozone gas flow rate: 1, 3, 5L/min In ozonation, increased carbonyl index and the intensity of the O-H and C=O
Injection time: 180 min bands but the intensity of -CH, rocking, —CH, scissoring, and —CH, stretching .
Ozonelt,0, PE 864 pm 0.5 g of PE and 1 M H,0, in 200 FTIR bands decreased; In ozone/H,0,, the highest carbonyl index was ozone gas Amelia et al(2022)
mL of DI flow rate of 3 L/min than 5L /min
1 wt% mixture with PE MPs . L . Lo
Ogonation PE NA Orzone dosage: 4 to 7 mg/L FTIR, XPS Formation of oxygen functlonalltles, Higher concentratlons'mcreas@ CI and Rabia Zafar et al(2021)
. . HI; After 120 min, observed new peak absorbance in ozonation
Reaction time: 60, 120, 180 min
In total carbon content of PS, Ozonation: after 240 min, decreased 2.316 +
Vario micro cube 0.009 pg C/L to 1.329 + 0.004 pg C/L, achieving 42.7% mineralization;
Ozone dosage: 4.1 mg/L elementary analysis Chlorination: after 240 min, decreased 2.310 + 0.036 pg C/L to 2.209 + 0.056
Ozone/Cl, PS < 1pm injection time: 10 - 240 min instrument, GPC, DSC, pg C/L, achieving 4.3% mineralization; In ozonation, formation of roughness ~ Yu Li et al.(2022)
CI2 dosage: 2.5 mg/L SEM, FTIR, XPS, Pyr-GC/ surface and smaller irregular particles; Observed new peak absorbance in
MS, MSD ozonation; After 30 min, decreased molecular average weight to 96.3% and
4.2% in ozonation and chlorination
S00mL of ultrapure water PS: a rugged and crumpled surface; PP, PS: formation of a smooth Tiago Gomes
Ozone/ PE, PP, containing 1 g of MPs  SEM. FTIR- : arugged and crumpled surface; PP, PS: or"rnatlono a smoother iago Gomes de
200 - 600 um surface; Observed new peak absorbance and increased polar and Aragio Belé
H,0, PS Ozone dosage: 88 mg/L. ATR e
T hydrophilicity etal.(2021)

H,0,: molar ratio of 0.5
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Table 2. Heterogeneous AOPs for MPs removal

Plastics
Technology - Methods Analysis instrument Performance and Results Ref.
Types Size
Zn,Cd, S (x='0, 0.2,0.4, 0.5, 0.6, 0.8, 1.0); Mxene/ZxCl,x'S XRD, FTIR, SEM, HR-TEM, XPS, H-
(The mass ratios of Z,C, ,S: 1,2,3 and 5%); Photocatalytic . . L
.. . . k NMR, photoluminescence and oxidation into organic micromolecule compounds
Visible light PET NA H, evolution reaction of the catalysts: 0.10 mg fluorescence spectrometer. UVovis such as glycolate. acetate and methanol. et Cao et al.(2022)
photocatalysts / 50 mL PET solution; 300 W Xenon lamp: S emope}fotome ter’ sy ’ i
visible-light irradiation (>420 nm) pectrop
50 mL of a 0.4 wt,/vol% HDPE MPs dispersion (pH 3) g?ﬁgal sun:ﬁciz(:esca(r)z a]ijih(fl: ?(’11;% Decrease of MPs’ concentration 71.77%; Decrease of Vital-Granpin et
Visible light ~HDPE 725 + 108 um anda C, N-TiO, load of 200 mg; a Slim LED IP65 50 W g V28 A8°) MP’ concentration was reduced by 37.98% (with PP

visible LED: Irradiation 50 hr (57.2 + 0.3 W/m?

CHNS/O analyzer, UV-vis/NIR, FEG-

SEM, BET analyzer added Tiron)

al.(2021)

300 W Xe lamp; Dispersed PE, PE and PVC in pure

water; Room temperature and atmospheric pressure; the

molar ratio of carbon in each plastic and Nb,Os5 atomic
layer: 50:1

Visible light PE, PE PVC N/A

XRD, TEM, synchrotron-radiation 100% Photodegradation of pure PE, PP, and PVC
photoemission spectroscopy, UV-vis/ with the same number of moles of carbon at 40, 60,
NIR, Raman, FTIR, EPR and 90 hr

Jiao et al.(2020)

1x1 cm size film
with 50 pum
thickness

Visible light LDPE film - 70 Iux) from 10 cm

175 hr of Degradation time; Visible light illumination (60 FTIR, SEM, EDX, HR-TEM, UV-vis,

Modified ZnO-Pt catalysts showed Approximately
13% higher potential for oxidation of LDPE film

PL compared to the as-grown ZnO nanorods

Tofa et al.(2019)

200 mg LDPE and 10 mg of Fe-ZnO powder in 30 mL

Decrease of pure LDPE film weight with sunlight by

XRD, EDX, FESEM, XPS, UV-vis 6.1%; Decrease of LDPE film weight with sunlight/

Sunlight LDPE 2 mm(radius)  cyclohexane solution at 70°C -> A LDPE/Fe-ZnO film. Fe-ZnO by 41.3% after 120 hr; LDPE/un-doped ZnO  Lam et al.(2021)
Direct sunlight irradiation 2716 W/m? for 120 by SPectrophotometer FTIR, PL, TGA o) ot with sunlight decreased 16.1% after 120
hr; Deeper cracks and cavities
. . . After 50 hr of treatment, decrease of PS-NP
. 314.8 = 34.8 A dls.persm'n of 0.9% wiv of IZDS_NPS in 50 mL of DI LE,V ATR-FTIR, XRD, SEM, UV-vis /NIR, concentration by photoelimination was UV Dominguez-Jaimes et
UV light PS nm(Average) [0t intensity: 0.021 mW/em'; Photocatalysis tests: 30°C "y i ¢ 'mmass spectrometry  photolysis: 16.1%, TiOy/B: 16:2%, TIOyT: 19.7% al(2021)
8 from 0 to 50 hr with continuous stirring at 300 rpm ’ T pec p SIS 2017, o ; o iy :
and TiOyM: 23.5%.
50 mg catalysts and 50 mg microplastic in 100 mL Ti0y: ig&gg?;f?%i;jgﬁggg&iab;uzsff;
UV light PE 100-150 um  distilled water out at room temperature; Reaction time: 1, SEM-EDX, UV-vis DRS A . voa Fadli et al.(2021)
68%; Ag/TiOy/RGO: MPs with a removal efficiency
2, 3 and 4 hr
of about 76%
1021 wif% of TiO, and 10 g of three TIO,-P25/2-SiC UV irradiance of 112 W/m? with a flow rate of 10 mL/
PS, 140 nm (PS), 105 foams (diameter 38 mm,; length 30 mm) in the tubular min at oH 6.3 50% of TOC conversion in the
UV light polymethyl- nm (NBs-PMMA quartz reactor (diameter 40 mm; length 200 mm, volume TOC, FTIR remo va]pof p;)l,ymetlulylmethacrylate nanoplastics Allé et al.(2021)
methacrylate  (C;0,Hg),)) 250 mL) UV-A lamps: Maximum emission wavelength at after 7 hr of treatment
354 nm
PP plastic and 1 or 3 g/L of ZnO in 1000 mL aqueous 7.89% of decomposition of microplastic (25 mm?) was
. 25 mm? and 100 samples; UV-C Lamp: 254 nm, 11 W; elevated SEM, FTIR, Thermogravimetric upon the introduction of 1 g/L of ZnO at 50°C; 38% .
UV light PP sheets mm? (dimension) temperature Analyser (TA), TGA degradation of PP plastic after five cycles under Razali et al.2020)
Reaction time: 6 hr; Reaction temperature: 35°C, 50°C condition of increased temperature
TiO, particles coated with a 10 nm nickel or alternatively
E(;ldiy;rmarig ﬁl)elrrll ‘(;Vlg ‘ifIJ Sm uﬁgéog r(xlleVﬁ\S/Tgit Removal efficiency of the zeolites was about 77%;
UV light PS NA D D -7 Ha SEM, ICS, FTIR, Raman Removal efficiency of MPs was about 71%; ~ Wang et al(2019)

(2) Face cleansing cream sample 13 in 0.2% H,0, under
63 mW UV light (3) microplastic sample from Warnow
river in HyO under 315 mW UV light

removal efficiency of MPs was about 67%
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LDPE "&°| ZnOg A& o Eo} Pt-ZnOE ARE-
SRS W, 7k=Rd A5} Hd AFE Altsle] 2l
AEE HH o2 Agslst A, 27} waEekag e
W37} 13%, 15% 571 ER1gt). o] 3= &
Zu]| & o]§-¢t LDPE & #all&ol st A7} 7=
A o) oA nHZ e E EAE sids] 9
Sk Ui 53 350 A7E vk Aol WriE v
3Tt

o] AAY) rAEe 2 Lam et al. (2021)2] AT-oA
£ 200 mg®] LDPES Fe-ZnO £ 10 mgat $Hdste]
LDPE/Fe-Zn0O &2 A %303 Ferl =3 5A] &
Zn0% v A2 AMg-8te] LDPE/ZnO -2 A=3)
LA 9] FREF t2A o] ¥lolMe Azt PEL
30 Y50t ofolo A 271.6 W/m? R oE AR
v wE 98l 57 W/m?e] 7IA341S A6 LDPE 2
B9 % £48 =it} A3¥ o7 5= LDPE ¥
S8 Bt AL 2004 6.1%2] S HIE BT
LDPE/Zn0®] 7$-= 16.1%, LDPE/Fe-Zn0¢] 7%=
120 A7+ 5 41.3%°] =% 745 Bk &3 Fot =
¥ Zn0¢] 739 Yo FRet dagle] Fergde] /i
HAS-S et 3&2a & LDPE/ZnO (Fe-ZnO) 2
59| HHE 4 LDPEZE Hu} 71 wdo] 2Alsld
ZnO W=9dAt SAelx] 84 etz AEhs wAdict.

3.2. ZF04/UV SHs &3¢ O|ME2tAElel Zal

a2 AEuiHS &85 vAlEEksY Ea9 &9
A AblA UVE ARESH &3le]t}h. Dominguez-
Jaimes et al. (2021)¢] AFoME PSE =S akay
NP) 7|2 A|Z3l] o]& tldez Hal A4S 573
g0 TiO,= TiOyB (barrier structure), THO,/T (nano-
tubular), TiO,/M (mixed structure) 371#]¢] th& =
2 Az H9lon Fvlje} T UV lighte] F23l] 28
S ¥ Bk A9 A, o] PSNPe| Haf, ¥
713} WiskE AIaL A3 o' UV 3, TiO,/B,
TO,/T 183 TIOyM= Z}2} 16.1%, 16.2%, 19.7%,
23.5%°] W=EekiE AAEES Bk el & PS-
NPe| 48} A x2A] 7l d7] PSS HYon LHE
A FE% #HA] 27lollA 23.5% HAAEkint. w1
ol we} FEue] 24 Al wE FERE,
3 LAEH Fo] Eafol thak A5 FAte] ZdiETh

Fadli et al. (2020)2] 17X PES oz E3)
A8 F3glo TiOl Aget Reduced graphene
oxide (RGO)E 33l Ag/TiO2t Ag/Ti0/RGO Zil

Jo mt

= Alzs UV 2Akske] 233k 50 mge] mjAl=at
28-S 100 mL 2550 ¥aL Aget RGO7F A=A
ere TiO,9t Ag/TiO,, Ag/TiO/RGOE 7+t 50 mg¥
=]

77} 56%, 68%, 76%2] H-3l&S AU TiO,/UV
el mAlEERsY Rallel et g8t e S Al
zo] ¥ a8 P v A3 Bk

Allé et al. (2021)9] SAolx= PSS PMMAE th/d
oz B AS For ¥4 2N 7%, 27
pH, 2ol A7), mx|Eekge] e} YAt A71d0 g
FeFS TR GRS o] R LEEE A
Foll S mH TOC HFho] Wolx|&e A= B
%7] pHEES 4-6 89, "o Al7lE 56 WmellA 112
Wmz Z71e w] TOC 3] wolxn). 8kt 79 ¢
=719 W& AzEE PMMAS] C=0 2 C-0 Ago]
PS¢l C-C, C=C ¥ C-H AFl vl 71A17] #9A
TOC z3te] o A=A YAk A7l 2S5E HE
WAool A TOC Z3ho] o =t HEAO2Z TiO,-
P25/3-silicon carbide alveolar foams®} 112 W/m? UV,
10 mL/min®] -#<:3} 6.32] 27] pH 3t 24004 2J2)st
R W PMMA®] A9 F4 7 A7k $ TOC #3ho]
50%° @sle AxE Yepdth o] E3eME PS,
PMMAS®] s Hlw2lgS B thddt Expzo] gt
nHEekny Bajlo] 34 885 HolE o] $dly
A9 At 2139 M3t 2708 olsallor T V&
P

Razali et al. (2020)2] 937ol4= PPS 25, 100 mm?
o2 A AzFrt. Zn0 Svie} AlxE vHEEReE
S UVE ZAk8le] 50°C 24004 A8S Seafsiirt.sY
SEMC= PP #%s #a3S o 35°Colx 3 gL ZnO7t
AREEQS W PP ¥do] 2-& #E3} 3 umolste] 74
o] T 50°CelA 1 g/l ZnOE A& o AA|
#2l PPEHo] Ao on #go] o Ao 71
T 15 ume e & Z71c), 0|23t dAke Zain] R
2 Yepdith HEHo=® PP A9 25 mm® WAL
50°Cel 1 g/Le] ZnOE AME-sle] E3llsile ul 7.89%
o] ZAE Hom o= whE TS S W o
S Aasle] HEHoR 5 e T olF 38%7HA W
2 72127} Uepdt, o] EalolM niA|Zekay BalE ¢
St T 2xo] 7kt 34 3 TPt Rl =

%

S Rl o s veigton 3 JiAel Z]ofgk

il

Wang et al. (2019)2] I = nAlZER~g E3)



nHEekaE AAZ 9

Qs Aol ARgE vAEERRE o2 AEEF 7 vt
il 29 PSE 4730 Ti0, YA (700 nmy=
Zhraal] 2 5 WS Bal §dS & S el &
S22 53 WA Ni &= For2 10 nm2 S3slal 1
TR Au 30 nmE S28l] FEwE AlZsINit. o] &
oM 7189] FEw) we-S 7INke R s UVe %
AR W EEA0F {0l no|AZREE £ &
2 IIslra GAofx HyAog 2t et
AZ7lA mAlEERE ] AATL 7FsslES she Al
28-S Y vlo]ARRE ] S UV AL 5
E3} Falslraold Z42F 14.72 um/s, 65.52 um/sS B
R AH o R F3h A5t B2 Gl wlA|Ee}
2Elo] Hekd o7 747}t 67%, 71%S) AA7}F 7Fssl=
= 3t} o] Aol A ATFEE UE A2 7]
& Z 3R] wle|ARRE| #Aet AvE S} e
Aoz 3 Ul mAlEEREE AAE s Ay oS
A A

o

4. 7|E} D=LEEH

A ZEkg A A F2 8E FUA Iy
A3 v)FAA AxAkE 0]9]9] 7 ksl
S 2 AYA/EE o8 I, EEME o
4351] peroxymonosulfates EH4dslsle] AREEF 1At
32, EekzAt 7|NE Akl o) gleH, 7 7]
=0 B4 9 nMEekkY AlA E4L oo o,
Table 3¢l AHAsHAl g ] st3dtt.

4.1. MAM/RE o|B8t NTLHEEH

UV/heat 231 22)71a2 $ted 2hdzo] Aikst
2 4] s BolAH Flst olFatdol B3
wo], o] WhgS doT17] ffaf Uiz Ao
AR L ol8RIT EE ol8she 79 30°Col O-
0 Zgto] #olA7] AlAtshs 90°CollM = wkge] e
Y Eeh. UV 2AEe] 73 248~254 nmol| A 414 €]
FEelE AT w2 2z FAF S dEhie, o]
£ ol 8% ed=de Tali7h AyET. UViheatol] <3t
ke ez uhgAl e thea v

S,0¢" + heat/hv — 250, (14)

S,04% + H,0 — 250,2 + "OH + H* 15)

I=EPE AN AT 5F 9
S,04 + OH™ — SO, + "OH 16)
25,04 + 2H,0 — 350,7 + SO, + 0,"~ + 4H*

an

Ouyang et al. (2022)¢] A-olx+<= PVC £2(0.5g/
Lys ol&st] it grjze] 55 0.001-0.01M
2 27719 PVC #3 EajaddS Aagssint™® 3t
KA FZe] vt S7HERS, PVC g@asiz
8l WEEHE Hao o] Il 1 WEEHE
AAwEE 31486 + 2.915 mg/LolA] 99.831 + 10.731
mg/L & 7181 58 Fwo 34K 5571 PVCY] 7
Sk Akl S vERth PVCe] W+ 21732 154.11 umell
A 11928 ume 2 ZHAslgen, 27] 130 ume] e
PVCE 91.7%Z AL, 150 umol’+-S 66.6% =
744, 35 AlZRe] A AL AFolF 130 umelske]
PVCE 66.7%, 150 umeld=e 8.3%= W3ks Az} v
ERTh, &3, FTIR #4123 C-H, C-Cl, CH-Cle] 9=
77} wAiEd o™, C=0, -COOH, —OHol| ajgsh=
)=z A7I7F FEHRAA S7RIL. rRVEAE, XPS
274301 C-0, C=0 =2} 7}, O/C ratio 27}, Cl
2py, B Cl 2py, T3] A7} dofitor, UPLC 4
A3} &3k C=0, -OH, -COOH7} ¥3te& ¢583)
M Akl A ATt Bk, Liu et al. (2019)9] A
TollXE A 2z 70°ColA 100 mME J7H
sle] PS, PE +3UAE 1, 5, 10, 20, 30 & 52t
B ddS 1Pl 10 & el 2 o]F, PS 9}
PE 9J&te] el @do] s Azl o] A4
HATE 30 o o]To= 504 = 11.9ume] AL 7}
21 PS 1719} 455 + 12.9 ume] 273-S 71 PE 97k]
273 e] Wslr} Bt PSY A9 RE PSYA}
30 umels7t 2™, PE §Ake] 749~ 20 umelste] 2]
730] 97.4%= A8 219] Ouyange] Az} vk
7K Z FTIRIA 0¢] st 715719 F=9] S7t,
XPSoAle] 03ke-2] peakse] 27}, O/C ratio®] 27}, =
=39 A ol WA o] AFAR el TH|RE-
AL (I index 28]32 O/C ratio= CIP 352204
AR BAE 7t Aot

4.2, G/E01E 0|E8t peroxymonosulfate &5}
PMS (HSO, )= A= da] Algsn, o2 243}
7171 fletd &, S, A9 24 55 ol 8st AL
TAksIA oA 7t AkslES 71 SO, 3 "OHZ} &
Alol] BEATA LAEZS Fallo EAo e HEZH




10 24 - g -

2 A7) S8l BASIaA 7} olFoR ek,
MS= Q1% efelg A4 wkgoltt,

me

lo
r]I
oo
1>
rlo
g
p

HSO./ SO:*~ + heat/hv — SO," + * OH 18)
M** + HSO; — M*! +°0H + SO,™ 19)
M** + HSO, — M**! + OH + SO/* (20)

Kang et al. (2019)2] 91794+ Mn@NCNTs Znf
o} PMSE o] &3] AlQHe A& 4 /NE vMEekg
ol thet FajaddS RaY3ItE Zujghdel olgH I
SRl 2571 100, 120, 140, 160°C 2 ASAID4E
u|MEeksge] A &4o] 12t 10%, 41%, 47%, 54%
2 Z7kle 495 dom, ¥1os N =3 <lg &
0] B-2](encapsulation)& 2} ¥4E Mn@NCNT =
mj7} 713 CNTs @ NCNTs 2t} $he @AslouA] o
Folgkal Haaigth, HPLCEA A olE 21 7He] &
< 125 7K 718 3709 7157 (€, guld]
SAEAEAANES] A HEEJT v 6 A7k
Ae gusle 2 A 12 FEC] 34, 8
AlZro|Foll= 7HEA L o] 717 ARl AR gRlst
2tk Liu 97712 200 - 400 mesh =71¢] PA6, PSZ
247} 05 g, 19.7mLe] 2%, 0913 g PMS, 02M
Fe** &9 03mLe &35l 1 39 5 A7H F 43
HES PMSE o8- njAlEeksy Esldde x18yst
ATES XPS #4143}, PA6E 27] 08} Co| dhrge
11.03 = 0.01%, 77.80 + 0.33%°14 A& 3471 =712
TE 09 e S7ksh vk Co i A
slod 4 3] A3 5 717} 1850 = 0.04, 72.83 = 0.620%
Halslon, PSS 7% PA6S} HIszslAl 7] 0¢} C
o] T-HFS 11.02 + 0.06%, 77.62 = 0.41%14 4 3
H 5 z}z} 17.31 + 0.05%, 72.72 + 0.54%= ¥3ta}
gtk o]9} H|%=31A FTIR 4147 C=0, 0-C=0¢]
v|=7} 7Fs A EIRT. PA6E offo| =7 YeRfE
1,293 cm™}, 1,533 cm™), 3,078 cm™Y, 3,293 cn 7} &2
F%132, Raman 4o - %= ofnto] =7} Bl =m 980 -
1,050 cm™, 3,050 cm™ol| sigeh= v AAES
3t AR3lg7) S7HE dE PMSAA 3%
Ao 2 O/C ratio, PIMIZEt2E el A kA, T7HIA
& (PA6: 9| 2E)7], PS: &43&, AE, Gdls|=)yF 2z
Ak HEH PMSO| 2ol PMS7}F 4418} gir)z
Ho} 73t ksl S 7K aL 917] wiiel, PMSE 483t

11

Ao vlaEelse] BsIsE wept Foe 2
S QAT S5 TS BHNLFOR ALg L
£ MEL) B3 F3h) W=} FIIRAA 30 1)

4.3. E2t=0}

7] A Fehze) AA 24 9 glekE Absle) 71
o] XgAZQl 7o, Zet=n} B 7S F=
DBD (Dielectric barrier discharge) ¥H-5-712 o]&-sled
738t A7) 2218 olgste] At AR e )E ALkt
0. o]k AR Wk TS 2.9 VE 7|
o], QAEAS FIH o Raldt <= ¢l "OH, "Het
Zre toket S-S AR AR Q1%
BA AT WAL o] Ao Yeht Qi)

O

E",,+ "OH— H,0 + OH @1)
e +H0— "OH+ H+e” 22)
0,"+ 03— 0, + 04"~ @3)
0,"" + H+ — HO,’ 24)
HO,"— "OH + O, (25)

Ren et al. (2022)2] SFole Setznle] Azt &
3} PVCe] B8 WA AP PVC A|Adl &gt AF
S APsATES SeAE AL 14.8kY, 158k,
16.8kVZ S7HAZE A, 7} Aol e AAE 65.3%,
81.7%, 85.9%% JEREoH, M Z7o] 123 nmeilA]
52 nm= 74ag A3 UeRTE 158 kVolde] S
e ot EgLtng o R 5k AAEE] Ul
Z 4R g9t BEd, &3 PVCY HES 4:10,
810, 25:10 2 2-8-519S woll= 85.9%, 74.1%, 70.9%
o] zpolE BTt 9] FaFo] 4:10¢A w2 AAES
Bl WHA, Fof geo] S7IERE A|Ago] FHashs o]
fre olEfst dike Bol 7@ W Joolxe
SF7HR1 EAakage] At AR PVC o] Z8k=
o] 73t FA9=E Qsle] WHEGS olu Edaka
9] Hkgo] 7k wjE-o|t}. Zhou et al. (2020)2] A+
M= o2 PVCe Zetxzvl wajlo &Sk ATellA
PVC Egtz=n} Xg] &, g94st2 Qg FTIRS] C-Cl
3]39] 7H4e} C-0, C=0 sFsl= F=A9 7= g

d

ofN
)



Table 3. Other AOPs for MPs removal

Plastics

Technology - Methods Analysis instrument Performance and Results Ref.
Types Size
Mercury lamp(254 nm) Coarse gnd 1mpaf:t surface by 0).(1dat19n; Qhangfe of FTIR
. 05 g PVC/150 mL SEM: FTIR; XPS: analysis peaks; Increa.se of dlchlonlnatu.)n with glore
UV/PS PVC  Average size: 154.11 um Persulfate 0.001-0.01M UPLC: XRD: EPR persulfate concentr.atlon., l?egradatlon 1nterrned1ate.. Ouyang et al.(2022)
4 cycles( cycle: 5 hr) alcohols and carhoxylic acids; Decrease of average size
’ from 154.11 um to 119.28 um; Improvement of crystallinity
Heat/PS 0-60 wm 05 ¢g MP:/IOO mL FTIR; AFM.IR; Plgment by ox1da.t10n and Surface roughness of LDPE Hongwei Luo et
Process LDPE, PS 60-120 pum 70°C LCR: DSC increased; A higher frequency of Lozentz contact al(2021)
120-500 um Persulfate: 100 mM ! resonance (LCR) Decrease of glass transition temperature ’
Increase of surface roughness, nick-like shape, carbonyl
pH: 7 and 12 index, and O/C ratio after treatment; Decrease of tensile
Heat/ PS PS, PE 50.4 = 11.9 um 1, 5, 10, 20, 30 days FTIR: DSC; XPS strength, melting point, average size, and contact angle; Peng Liu et
455 = 129 um Occurrence of Fragment for each MPs (PS: 0 - 20 days, PE: al.(2019)
Persulfate: 100 mM . . . .
5 - 30 days) Linear relationships between carbonyl index,
contact angle and O/C ratios at absorption test
Synthesized catalyst with N- Change of FTIR analysis peaks; After 8 hr, weight loss of
MPs in doping the MPs: 10%, 41%, 47%, 54% with increasing

Heat/PMS/ commercial Not available but very

Pyrolysis: 600,700,800, 900C

Hydrothermal treatment: FTIR; HPLC; TOC

temperature of hydrothermal treatment; Degradation
intermediates: 21 short-chain organic; Main intermediates:

Jian Kang et al.

catalyst cl(f:llsa(irs diverse 100, 120, 140, 160C alcohol a aldehyde/ketone aand carboxylic acid; Low (2019)
Mn@NCNTs/PMS toxicity of degradation intermediates because of carbon
2, 4, 6, 8 hr source to microalgae
0.1 g PVC
Water: PVC = 4:10, 8:10, Ren et al
Plasma PVC 123 nm 25:10 FTIR Increase of dichlorination; Change of FTIR analysis peaks 2022) :
Voltage: 14.8, 15.8, 16.8 kV
100 hr
under 100 mesh .. A ..
. Plasma radiation FTIR; DSC; SEM; surface oxidation; Decrease of glass transition temperature
(Average size: 153.9 um, . S . . . Zhou et al.
Plasma PVC 41054 dsy: 1486 um 18 kV Size distribution; (Tg) and average particle size; Increase of crack formation (2020)
107 TUO4 M, Coor 1300 L, PVC 400 mg XRD and surface area
and dgy: 209.3 um)
Rough and melted surface; Showed negative Zeta potential
o0 s0g L e 1 sk st D
100-150 nm suspension 30 mg PSNPs/LSEM; ICS; GC-MS; s . ’ .. . ’ Zhou et al.
Plasma PSNPs Generation of degradation intermediate; Change of
150-200 nm 19 kV FTIR; XPS; FI; EPR . (2022)
. . Fluorescence spectra: Em/Ex of 320/210(disappearance
200 nm > Plasma radiation 15 min

after 3 min), Em/Ex of 360/240(appearance after 9 min
treatment)

4L

=

Z2AsEmT Bl Bl BRE

[§5c3

1k

[oRe)
o=

1T



12 A - ofelld - A3 - AR - Y

a3 g A &4
R 7Aas AFETSY Zhou et al. (2020)2] E
2 Ao M= PS (Polystyrene)d] Uis YA= =}
2u} A2jsiglen, Szl Qg 84 kg o g <l
3] C-C A Aol BoAIE Ake ATy o] % 7}
D&Y SAE NS B gl gk o) = <)
3k O/C ratio®] 57}, FTIRS] ¥]=2] W3}, PSe| Eaf=}
Aeox o] beFst TR A4 2 EElE YERA
o}, g =lE 200 nm ©1 (16.7%), 150 — 200 nm
(18.2%), 100-150 nm (37.3%), 50— 100 nm (27.8%)
Helel afgshe PS Wie ixFEel 3 & 2] Al, 200 nm
ode] PSYAlE EAISHA 2%ker, 1584 o|Fell=
50-150 nm A7 Y-S RSt 3, PSe| =49 W
= wdr]e) aEl 9 At PS A 1o £
2 ¥sls Jelit). $713 22 Scenedesmus obliquus
2 Human alveolar cell line A549¢ th3l EA]S
Scenedesmus obliquuste 27| %2 % (2-10mg/L)
M= FAo] FRIF R FTFINoy =2 55 (30,
50, 100 mg/LYlM= 52 549 A7E Ho|al Axd]
AEE Welolde 2 AlelE VERNA] eddth A549
cellsE 15 2 A3k PS Y=g=te] %7} 100 mg/L
A MAG7F 6.9% Z 734%E 7S Vel S3=
nlE o]g-gk nAlEekE ] Wl gk 35 0%
FHele AP, 7HEA719 22 7157 Ao R ]l
3+ CI index®] =7}, O/C ratio®] =7}, FTIRY 3=
W3} fEldoles 74y, 1 A7) Wslk 9 Har 27
o] 7, Bl FelM o] FHIE ol &4 AT
v Eetag o] 3letA ukg-o g Qlgk o)} % %

Zepele A)7o] Aa4E 224 S g o
3} 92 5 AR F5Fge] o) HalEen), o] 7
ol AE 5mm HRke] Selse se )M Se)
2¥jolan Helaka ok, viAEakag e elzke] A
o) FrE S48 U, ol BATHE oplsp
wjo] 7 AHANOE FENT Y BA0Y B
Holu}, mlEa TS ket B7olA WAR, Q%

=

AN E pAZElE o] eaEAe] o) T2 Eo]
AE ANel7A] FHEths e B b) 9ot 1
Aol Algkolghe ofele-g AL itk =sts)
e TS E okt Ake] HeHEE e 9

ArEaL ALHAL glom vAIEEsY AR =

™ ool

& EE4E HOlT AT}, TRASFAS whgAo] £
NS o1 8310] % AASA e ey 22 A
75P7] Slal Bol Mg AP s, Tl o
GEe) FAPIHOE Wsle] WL W AE
402 0@EYL LaTh: 540] Atk olHE 57
5 oy el

o
o oo
N
3
o

S &2

AA7E 7FssieaL o] Arellx] deixleh e
ol AR mAlEElRE Eell 7lEe] A7 A
21, mA SRS

R aAkelege] e vl Ao ARk o], TRl
ol vkgo] wAlEEag o] xo] =3k whgo R, 1]
AZeREES oplslekdy, B3 e HFJAER 98]
Al = f3ieh mEbA, rlAlEERE S Hol W
= SHE7EA] 7delr] ehds] A8}
S B =Rl AR AEAISEAE o] el T
Fe Fejo] IEABEAHER kO R T dEofor &
ZolH, o3 A7E2 HIRO R nAEEEY #AE
TP Al el A 5 s 2R 1ol JeE
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