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*- Graphene oxide

¥~ Zirconium metal organic framework-based foam

*- Non-fluorinated superhydrophobic aluminum surface method
*- Coagulative colloidal gas aphrons

"~ Skimmer
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'- Biochar

"~ Adsorbent magnetic polyoxometalate-supported lonic Liquid
Phases

"- Magnetic carbon nanotubes

:- Dissolved air flotation

°- Chitin
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'- Polypropylene

*- Induced fluid flow field
"~ Poly-(methyl methacrylate)

* -Pyrolysis
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‘- Melamine foam
°- Poly(vinylidenefluoride)
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'- Acetone
*- Ligand
"- Autoclave
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‘- Coagulation-Flocculation
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*- Magnetic micro submarines



Sl OF (wiige 53 (95 G iRg 3

(Ma et al. 2019) o ,ls 59>9 6oL slvos¥T LMoL
L ool 5l laSiaadl ), i 9, 5% adllas
5wl lSpeiaegdl b slboanSadae I eolatul
Drty Bl il 4B Do IS, 5
b b Sl ) alex 5l loanVT a5 conl &0
ot 5o S L oS sieie Loy e o 50
S Spe a4 Soles 5o g eols A ST g eud Dl
Qo) (e Sy sttt S g T (g (i
C S Ay 35 sl paiges (Hhw mlbe 5l Sd
Sope G950 9 00 SaS (0SS Sllee
Ot slaaSd Sl iy (o) 2 Sl Grigren 05 (o0
Al cpl 5l ol guls 00,5 oo (5,0 paiges 55 oo
Jelse 5l 3o Co s g LS Llyl oS Sgai et
o Siwdly oy B plesily (2al8l )0 A5 30 o oee
(Zhou et al. 2021) auisl oo

poge Ozl il 5 ez wodz laanld 5l (oS
G el s S s Side sl e
oS53 ol 50 a5 el ends 28,5 5 e LSmdl )
5 sl o3 5 i ” Sl IS5 5L loand
S 45 VL (signy M L sl oole o ]l
e g 000 Lawgs il oo S Sane JoSlo oy
aal B onl plewly 00,5 oo JSt5 bajlo iy o515 5
3 ot Sz sl M SISz Sl L Bis sl
@A Je e VB ey SV slaojll b Sl b
o 1,8 ol 5l 0o i solaiwl (gl ardl .ol sawl caws
Sturm) ail go (o28lg Loyl 1 jo (g iy Sldas 4y LS
slinl anlp wods anlp  edle (et al. 2020
drg 3yn SEN, B sl e YA
il S SoSl olial ol ad S 3 laase
bl aim o wg e a5 il mlards Sl
SISl anT s ol e sl axals 0,5 Mol
e e 1,8 gz 5 538 bl sibe 5 ol
20,5 oo oslaul Ol o LSy, 5 e S5l
S slaog pSIl @ anily g, cpl o olial anl
Jobo SO (S5 oSl oliw! RO JER ol oy sl oo
D1 05 S Sy 5 T 095U Sy b oolionidy S
°- Sol-gel

“- Alkyl trichlorosilanes
= Electrocoagulation

Yo

ouds i85 I8 &y b Smdl ) Bl gz anl ol
(ol SLS 5l Ghegn S Jle plae 4ol
oolitul b Stwdl 3, B gl Vel b g powivegl]
00,5 Lol 1 A8/F i loil, el Babs 45 o
9 lejlf&)s aS Cwl onln g)’“")‘)f Cyerodd ]
5ol 4 S e 0, Shes Tl S pgingll Ly
(Rajala et al. 2020) wilosls \Lis 34>

Vo laoslail b Lol by Bds sl 6,500 i o
oo 03ls gy (pd ol yo 4 Tagll 5l tag Sea Ve e 5
Sl S ol mls 5005 solatul JslS ol L b
5 olaml anld b oles w5 opl a5 5e
S oy ld LAYV Bl 4 o8 gjlwansd
Gt > ansS e 5l e @l a el il
b eols las ymagt ol o (Jg il g oasSaasis
(59518 ol b b oads e0ld yidigy b b cuS 5 0 a8
wp1 45 o & G T YFIA S 5 i 2,5
ot] Caatl o 455l o L33l e ool ol
o dly O 5 S, Bl e 45 o
Ao Gigly (nl )0 5wl gl g el Ll
St Slsenl 5 0aeiS alls b old Bio el a5 a
...\.;)L) )‘5.0.@ 9 Jiw 69)5 ),QLb S conl 009 Ggl)o )l
B Sradl s, Bis sl ey ol 51 eolial Cpl sl
b ps¥ @bl el (Ko Blo g 59,5 b b 5SS
(Shahi et al. 2020) ol aslas

poeosll 5 ool Glacel (r dnglio b Goos S 50
Sl alp lawg sl b lacdl 5, Bi> sl
ﬁﬁ—:*-:"’?ﬂ lSa &5 woF axmine gileas o
olis 0g5 5l el sl a4 cuns e o,Slee
(S A_A)QS d.l.o.> )‘ &_J .]a.)‘)m ‘U"‘ » 09)19 SRS 0
S 285 8 ey 090 S oolse clile 5 ojpa8
) wlanisls Bds Ky, 48 6l sme b plaSona
Sl bl ol baid alosT cul a5 0,5 (Lt bl ol
TS e 08 Jolo Goline gl AL Lal,5
wb oMold alsaaas LTS U"‘ )l solazwl

Lolys o lp) 0,5 Ojse Q] 9y & yminn Olidos

' -Polyamine

"~ Ferric chloride

"~ Polyaluminum chloride
= Alum



$oldg 9 591 29

------ B Swdly 32 ) Bi> 4yl T 5 (559

ol azgr Wb Ll Lasdl co LS 3 (g 5lwassd
oS danie £o3 b (g 3lwaisd g olasl sl el as
lors LS5 g Jsbre PH s aince clale
ST aile Sl ol S s Jsbee 58 s97se
s gjloaisd 5 olinl elul 5 a8 Slaay] s
Sy 0p 5 4 ol 5 O slaalaias o oly
bl jo (g yien Olidod Sl 0l aaS o5 jshiles
5 blie Ouizme 59,5 S )ge anl B al 6y o
Padervand et al. ) sgl 483 a5 o plaS o coles
A% Gl sl slanl L2020
Ariza-Tarazona et al. 2019; Tofa et al. ) ' ;.JG1S g6
Sl g (Herbort et al. 2018) *&@—@ﬁl «(2019
» 35 (Herbort and Schuhen 2017) ¥ Sase JT J5

AR )] 55 kS"”LJ ul-‘“”‘) aS Wlowds oo)si ) Jgd?

al Bl o i S e Jate G by 4 a5 ke
o5 g o la Ol 5l olaasl 1 oo sl slaaisd
;o Lk Ol Sliogas a5 ol S5 4 a5Y 08,5 o
Jo 5l b (Js atsS o olom] Pzt anTs ol ot 51
O BY)PH 5l g 0, 55 (S iSIl slaadl ol b
Bl pleily anlp ol e wlebige Jes g
Jo om0 9wl 1A 5l i bSadl )
(Perrenetal. 2018) wlai oo 0dg5 1) 2yl 5m0 (g yieS
loe 2 Szl , Bis plerd laan] b s
8L sl A 5o plaizee § il oo (s 3lwaisd 5 olis]
ssb 4 a5 il e ael,lS 5 B slhessSadae
u_ﬂ sl 5100l 18 Boa |y b Sody 5y, ol
Sl sl dy 5 WIS, 8 pall anled Bl
o olisl anTs o eolinul ly 5L ol alex

L Sowdly 1y B> 2 Loy glaassT )8 :(Y) Jgur

olesily

LoCowdly 325

& . ) . Je! al
() o3l FzY
LV-y Voo WY Ligs oy ol o 4y poll 1L olass!
(Shahi et al. 2020) et i oland G 5 elpea edll 5 ool
avyy ey Sese : S35l el L L oas ool
Ve sl 5555 slodisd-olaasl
(Wang et al. 2020a) 951 G e oSy 5y 4an 38 (S ol o 4y olawil
oo S sotias
SIY o) ol b oliens ole b slans!
(Rajala et al. 2020) WL YF ’ ool b &5l aliai o R >
Fo5,See el 9 powiesl]
(Macet al. 2019) - - ol S WRE R pomimasd] 5 oal (slacSes b sl
VU \ Sl oml S Ol g el :
(Sturm et al. 2020) A Fasee Sl ot 52 ”f“ 3 ’ ' s IS 6 5 ST
Sk Ohmonch s YL S8 Ozl il
(Zhou et al. 2021) - - Sl 5 o pbial b 3 WRE R IS5 5wl IS paaieesll L L olis
YOO LY.
(Perren et al. 2018) Voo 5 okl oS g (g5leansd Sl sliasl
Feg S
5 oolanl b bl 48
(Tofa et al. 2019) Y. - ol S& sl palHigsy)
ST s,
Veoo gVen Shoslatul b 5 JblS 428
(Ariza-Tarazona et al. 2019) - Yo J&s sl b palHigsy)
Freg S 9051 (63 poilis
Hidayaturrahman and Lee . . L .
Y ot ) A - oSzl 400 leard 435 o
(Herbort et al. 2018) - - Okasmish s olslh S5 g gozs b S 9
(Herbort and Schuhen 2017) - - ok i s soxe JI 5 o
s oLl Ol (S s JNJ3

S idgm loaial 3

"~ Inorganic organic hybrid silica gels
‘- Host-guest interactions

loanT ;3 ol ploasly Gaal33l (6l (g oo ol pliy il
‘_g\a\.cw 3O (6 ks Sldlas LQM)L);) RS 49
il plovl 4y Gilisee Layly ;)

'- Photocatalysis
- Alkoxy-silyl



Sl OF (wiige 53 (95 G iRg 3

Oleaily 5 s oolinl calliulejl (wlidie ;o y2egSie
Bis lopaslSe s AV G
il Jels gl e
ol alojl ol wilie pealy (S by (St
2 LSl sl (n e 5l (S 45 wws e

Cewd A

3l ool S plsie 4 plgiged s gl L
Uil8l yuzen (Corona et al. 2020) oS o5 1 4
4505 0,50 Job (ialS § bpuslS )| lawgy Bi> o8 b
45 8,5 550 (Sl sloo] b £ ol 5 il
(Arossa et al. 2019) 55,5 G035 (69,0,5 J=ol, SO
oS Wlowys,§ alolis e Loyt ke slaps ]
EXE RN I NS RPN
Loogs auSidly slodisy ieSd aiaj 5o IS
Sl @ 5Ly ol ds7s Tlehss slaw]
1,25 .(Wei and Zimmermann 2017) s s g o3 ius
29550 peilSe ool a5 (6,500 (Sjslsm anly
oinlesl )50 a8 o Joe «0,5 b,y g Sl pls
e 5L eg 5l ol cnl ool ad 518
aS 59 oo oslaiwl Pseudomonas aeruginosa sl b oo
oS 5 oder o3l g9 ol & Sy, ol o
e o Al e S Siwdln, e 9 wibise
oilaily g9 y2 slp ol cpl s 5 oo ilula, 2l 5L
o5 Sty ) ke a9 01y 3 )5 (Sedy
ool yo ATyl SIS A cenl S5 4 p3Y bl oo
PR FE S P VRSOV PR VORSNRCH | BV YL &4 P
O Sl (6 oy p il OALEL Al aias
Jo s i sloglojl 5 Slisins (slaos 5 jslaie
0ol 0kl sl celio 5025 ool 8L (6 asdllas
(Liuetal. 2021) auil oo Sadl o, IS @
Bl sl ead ooy 5 4 (Sfgle slaanl B
55 hsm sl Jolis 5 05 Sl LSz,
Jbss F S SS gl s5lsa e (MBR) T olas
W asbie TJld oo s flanns]
5 g wlad S LE bl o)se ONSL slaailiahas
Jolis oLz 153500 0ty 18 wloads (55510 5 (V) Jgar
‘- Anaerobic-Anoxic-Oxic

°- Oxidation ditch
*- Conventional activated sludge

YV

0 slp beedlE)l 51 (Sslen ool o
.oo)fsa ool Cang jlaxs 10 39290 Sl Sl 3
5 bzl bl Jols b sbpeds)
Vimala and ) Bacillus subtilis .l ol =SU
«(Mathew 2016

Alcanivorax  borkumensis

Pseudomonas 5 (Delacuvellerie et al. 2019)
@325 ,elaie 4 (Giacomucci et al. 2019) citronellolis
a8 5 18 ) 0390 AL 5 Ol yo lacStudl 3,
Sy Al S oS S (ul g (5,8 LSS o
a5 Cewl oads atie eS| Ll aieas a6
oy 4 alizee lopunslE )| Lawgs wiles oo LSdl
&S el oals QL.».J Lb‘;.u)]) A:..))f 4))?0 Ltbusj.i.m
LoSerdl o) 4235 53 5 530 G (o29Sern (slacalled
Gkl 0 ppe Ml SO lpie 4 Wl g Wl
S 4 0B g e o] el @ o Sod 5
Gl JSs 4 o] ha 5 bSCawdly oduzn sloyondy
Sldisy (sjlea Layll jo 4o B o e Soolw
Luls o g oo obl O g anSleop,S asile solu
Sy 03550 9 Gl ol nSTs00)S 5 s3lsos:
aiges sl .(Chandra and Singh 2020) 55 5 oo Jol>
T8 £ S sl oolainl 4 040 attine b SO gl
ksl b ©l)d a5 o dild Zalerion maritimum ob o
Paco) o,lsly o] (sleows g 6,0l Lsle o5 5,k
slize Oldlas dopeslS s oo 1 0gdle (et al. 2017
S5) Tridacnamaxima s (6,550 slepunslS )l (59,
«(Arossa et al. 2019) (F,w sbye 0 Bas g4
Dawson et al.) (9550, ¢4 ) Euphausia superba
b,y lp (Corona et al. 2020) b l> . 4 (2018
ax S el a8 Oogo LS, i LUl
@35 50 |y oS Jlws leaily Sldlas ol 5l ol gl
O lgi ged Lol eslosls lis b Sady 5y od
oayol LS 3y ddal o |, Galiee o punslS )|

b5
hoad gpslaer gy g5 S 5l BRSO 0
"alle (6y5002 50 90055l 0y Sl ye slao,e
Verro B Yer ol b olSiaidp, Bis ol

'- Magoodhoo, Republic of Maldives
'- Depolymerases enzyme
"- Membrane bioreactor



$oldg 9 591 29

------ BSwdly 32 ) Bi> aid iy oyl ,8 p (559

Oyl JlogS ail,5 (Lares et al. 2018) wib o
Gim gl a8 wil e Jlb o) o b ons 2dLol IS
S8 Vsb il ploj b s sz LB JT olge
Ll p loeSadl o) Bdo sl ail b ol Glosly ol
SIS ysb s (L etal. 2019) coul oas L3155 1AV sue
b g Lle Gl (Seiglen slaanlp 5l plas e
Sz elie 63,8 g, S Bl LS 5 anily e
S b Slllhe ol Sy, S

258 Syge Ban T ol 5l S e i sloair

& domid

IS e al] el acSandly 3y o 4235 45 slalan
BT iz Slalllae 5 wilowys I Canjlae j0 (55
Ol aboz 5l oai; Slogzse g coamb n 1) gl o5
dhal anld o Bl ulply wileasls, Sl «
Syl S jlarmme 51 Gy ) polie oS 55 caslis
O3l 95655 Sldllas g, cnl 5l.09,5 oo (L (55,2
» 2l sl SNy, Si> gleasl s
WS Oygo ead JyuS buld g a8kl Guliis
a3 ol cdél .l

B s plae el ild (e S s sler (e S
5° hie Slge g Jslomo JTolge las Slge Jold 6345
90,00 5,5 a5 cuwl (g0l ;) Bae LS laailsaans
IR Sl oyee Sy ) abas ly g 1
WS ol i ane; pl o Slalllas gl sl azb )
0P Elyl Bd> a8 lad )5iSTy0n e
POENi0) aisl e 7. 23/3 Lol b o1 4 lacSurudl
Koo Sliggio 5| ol mlbs oeizes (@t al. 2019
723/ 4 (Talvitie et al. 2017) 7. 49/4 Bd> Lol
o ol ylas ol s cpl ly 1) (Lares et al. 2018)
S Sy ol a Wl olad peSlsn wnls
Al gl dlaeld b Soedly oy Bdo (gl g (0,8
s Slo Kbl 5y, 45 0 svabine (5,550 Slalllas 4o
Bim BB auld ol by b pgas 4SS
w s Jsb Cond (3032 YU e 4y S |z ol o
Al |y el 55Ty w5118 ColBlagl oy
31,5 (Ngo etal. 2019) wis )5 o5 B> Jol5 j5b 4 g
B> 50 1 ANY sga 0 YL plewsly 5 Jled ]
3,8 ol sl Lol el sols ylas g5 51 lacSiadl 5,
YU Hls o] 5l alols oy 5wl oo s0b 5 (slad siels

Sstwdly 1y Bd> (S jelgm sl 3 :(F) Jgu

Glewily LSy 3 .
& ) - - Jo! il 8
() o3l FxY
(Cunha et al. 2020) - oy, Soe Yoo 5l 5SS orbl b [EYS WEST
G)Ladpd
- SS9l g5
(Edo et al. 2020) aryy g Sn ) - F YO lacSaidl 1, Ao s S 452 TS SR
’ S5
(Lvetal 2019) a/0 - LS s b (29,50 43335 elid ,555T 00
\YO L PO ¢ " Ol 5555 (Ol (Vs 5 Lt b e yls)
(Lv et al. 2019) ay Gnt 3 Ao 80 25 ortl Fol ol 95w 425 OselannST JlagS
Sk Olsnch
(Lares et al. 2018) a4/f SFroske VG /0 L Sdly iy 4o (29,50 43335 elid ,555T 00
(Lares et al. 2018) A Foke VB o0 Sl 5 aen (295w 4355 Jié
(Talvitie et al. 2017) a4/ oy, Sae Yo 5l 2505 oSy sy der (29,50 4325 wlas 955100
(Bayo et al. 2020) ya/e - Sy sy dar (29,50 43335 elid j555T 00




Sl OF (wiige 53 (95 G iRg 3

b Soiadly 3y Sl calizin goady T8 culeo 9 Llse :(F) Joor

&l calee Ll5e a5
e laan
S jlame b (6,5 5l coazme soliiwl colils 3l oo aslw slagian |
(Sun et al. 2020a) Sl JSie S5 bt 4o ool 2T > i ’ o
S OBS apaSl g (S

Stbos 5y 5 ol 0 o B} oo s Laid

(Chen et al. 2020) L . .
O ol Sy el 28 LS 00,8

(Wang et al. 2021)
(Talvitie et al. 2017)

(Misra et al. 2020)

Rius-Ayra and Llorca-)
(Isern 2021

(Siipola et al. 2020)
(Wang et al. 2020b)

S,

(Tang et al. 2021) Wb alS S eolainl b Bds el

s 3l b JB> Lol Bl ol i

sl 00 ialej] Szdly 5 5 5l (ool o3l g £55 (gl ass

Censl 00 iale3] Sezadly 3o 51 (ool o5ll 5 £33 (5l L
oo ialejl Seatadly s 5l (ool ojlail 5 g5 (sl dad

oS s Km0l 0 LocSmadly 3y, EalS gl v

Fo9,5ea Vo5l 5855 ojlail b slacSadl ) ol Lasé

(Talvitie et al. 2017)
Sl 28

SIS LS S5 sl Sy by S (S8)S

(Talvitie et al. 2017)
s b

(Zhang et al. 2021)

(Shahi et al. 2020)
(Rajala et al. 2020)
(Ma et al. 2019)
(Zhou et al. 2021)

(Wang et al. 2020a) b 4l @Uf

O YL e PH @y atly )l oils 5y bz 4 5ls

(Perren et al. 2018) _
S8 o Sl i s b o IS

5 el ooy Giglejl Sl sy 5l (ool ojlail (gl Lasd

(Sturm et al. 2020) . .
Ol (Hlly Ialpd ) fldoy guyp &
Hidayaturrahman and Lee )
(2019
(Nabi et al. 2020)
(Ariza-Tarazona et al. 2019)
(Tofa et al. 2019)

(Lares et al. 2018)
(Talvitie et al. 2017)

gl (ool slml b anje 5 655 Srae

0t e Sy 0 o5l 4y aly B e

5 bl Lld ol ot oy Kol oliie o
lr )51 Bd g Jslome (95 o8 e
ol e Bl o b Sizg8 L (slacidl )

44l k;é}ﬂ NEW G‘SIL:-Q.H»J ol Ll 5 YU (6550 B pae

aoSemadly 1y JS 4y iy i o loadl dalzd S5 5

(Lvetal. 2019) .
(Bayo et al. 2020) Ml)"-“
(Lares et al. 2018) O @8 IS g0l o JaSits o SYsb aile oy

Qi B s STy Tl s YU ledl,
G ale L aSdl 51, 5 (slod 7S asels
Gl b 0,8 5 wzdlsl BB psb eglie

o sl oat aSlo o5
(@r-MOF) p5.55 55 J1

(Gl yo>
e pleadl, Jolos sl (55l sl
: ) oes 4 g sole slags
5 o9 Sn e e T (glmoaz¥T i &y jols -2 "ij i E
bl 3
ol Y 1y canslio b o locStadl 3 ? o
2l S o> Sl J€ - 23 C)\Jtﬂs-—‘f‘&i
b sy Il ph o Bl I A% YL ploadl, 58 sagetees)] e by,
ol Ll 6 g Ll 3 sl S i ysls e 5
o oladdly ol S5 ol 5 ool 4 ,
N s slayld
Yo e byl
wblie 5 claalgsls
sazes ooliz] ol L o, hlite (o5 sladlsly
(M-CNTs)
Elgil aon (gl cnlis Ol g olel anlys ;oL
S i, G
Yo oleasly S s

3,15 (65l Bd 5, (6598 VL e

oaSadie 555 slayg,8l

(CGA)
lerd slaonl s
£33 boan¥T i ol ol U e
~ O ST R OB 5 jlatdolis
LSy 25 2 ogdle
gl Fosll b loaily ez lie (2505
G yaas s (5555 5355 ol oS s S S ol
w551
) g IS 6 5 S
loSdy 5 40525 50 YL (yleadl ol
LSl 2y 4328 BRI
Seisle slaanl b
M ailaias ,o olol Glal YU el elid 5555150
ool o Ll Sl pdy Sllasil e o &y (99580
5 erg 0508 (6l 0 )5 cullB (S5 Jbs o

oo YT calises sladale

Sl ) Bds a9 1) (295 lenil, LG
Clag @YU oz 4 axg L Jy wilosls las oe>
Sy lacsiaadln, 5l ol lade gl 5l g5
DS dpdal dxly S oloyl e aisd oo S jlaore
Lol )50 aibabal ;o LbSGudl ), Bi> 4
iz 3l ol o alizes laan T8 culao g Llje 4y azgs

S Az Bl Glp eSS Sype 4 wnlp

Yy ¥4

Sile 5 olerd (Kb sleanlp plaie coo
dlio (gl eizmad g W )T 18 cw) g Som 090
(F) Jgozr 5o LanTp opl cole g blye (S 3 5
30 odds 83 Lgl.mx,;.i)é oS Ll 3wl 0als 6)9To)f
by wiloads &8ly bl 0550 calRiulejl el
FSon oo )0 5 (Bly byl )0 i gy wiels
sdlainar a> 51 as conl cpl az g Pl 4SS asis



lgoomepss L BSwdly 32 ) Bi> aid iy oyl ,8 p (559

Wso;ﬁd‘fjsd‘sb‘ﬂ)bwwbéw ;.\..4])5 g.ib ul.’x.u‘ swl.éf )J .0).3 0y LQM)L).‘)
bl oo oSy, hliseo (slaojluil 5 glgi 5| Sl ol p3lns S 2dly 5y Akl Sz conslie
P

1- Andrade H., Gliige J., Herzke D., Ashta N.M., Nayagar S.M., and Scheringer M. 2021. Oceanic long-range
transport of organic additives present in plastic products: an overview. Environmental Sciences Europe,
33:1-14.

2- Andrady A.L. 2017. The plastic in microplastics: A review. Marine pollution bulletin, 119:12-22.

3- Ariza-Tarazona M.C., Villarreal-Chiu J.F., Barbieri V., Siligardi C., and Cedillo-Gonzalez E.I. 2019. New
strategy for microplastic degradation: Green photocatalysis using a protein-based porous N-TiO2
semiconductor. Ceramics International, 45:9618-9624.

4- Arossa S., Martin C., Rossbach S., and Duarte C.M. 2019. Microplastic removal by Red Sea giant clam
(Tridacna maxima). Environmental Pollution, 252:1257-1266.

5- Bayo J., Lépez-Castellanos J., and Olmos S. 2020. Membrane bioreactor and rapid sand filtration for the
removal of microplastics in an urban wastewater treatment plant. Marine Pollution Bulletin, 156:111211.

6- Chandra P., and Singh D.P. 2020. Microplastic degradation by bacteria in aquatic ecosystem. p. 431-467. In P.
Chowdbhary et al. (ed.) Microorganisms for sustainable environment and health. Part 22. 1t ed. Elsevier.

7- Chen Y.J. Chen Y., Miao C., Wang Y.R., Gao G.K,, Yang R.X., Zhu H.J., Wang J.H., Li S.L., and Lan Y.Q.
2020. Metal-organic framework-based foams for efficient microplastics removal. Journal of Materials
Chemistry, A 8:14644-14652.

8- Corona E., Martin C., Marasco R., and Duarte C.M. 2020. Passive and active removal of marine microplastics
by a mushroom coral (Danafungia scruposa). Frontiers in Marine Science, 128.

9- Cunha C., Silva L., Paulo J., Faria M., Nogueira N., and Cordeiro N. 2020. Microalgal-based biopolymer for
nano-and microplastic removal: a possible biosolution for wastewater treatment. Environmental
Pollution, 263:114385.

10- Da Costa J.P., Santos P.S., Duarte A.C., and Rocha-Santos T. 2016. (Nano) plastics in the environment—
sources, fates and effects. Science of the Total Environment, 566:15-26.

11- Dawson A.L., Kawaguchi S., King C.K., Townsend K.A., King R., Huston W.M., and Bengtson Nash S.M.
2018. Turning microplastics into nanoplastics through digestive fragmentation by Antarctic krill. Nature
Communications, 9:1-8.

12- Delacuvellerie A., Cyriaque V., Gobert S., Benali S., and Wattiez R. 2019. The plastisphere in marine
ecosystem hosts potential specific microbial degraders including Alcanivorax borkumensis as a key
player for the low-density polyethylene degradation. Journal of Hazardous Materials, 380:120899.

13- Edo C., Gonzalez-Pleiter M., Leganés F., Fernandez-Pifias F., and Rosal R. 2020. Fate of microplastics in
wastewater treatment plants and their environmental dispersion with effluent and sludge. Environmental
Pollution, 259:113837.

14- Garcia J.M., and Robertson M.L. 2017. The future of plastics recycling. Science, 358:870-872.

15- Gaston E., Woo M., Steele C., Sukumaran S., and Anderson S. 2020. Microplastics differ between indoor and
outdoor air masses: insights from multiple microscopy methodologies. Applied Spectroscopy, 74:1079-
1098.

16- Geyer R., Jambeck J.R., and Law K.L. 2017. Production, use, and fate of all plastics ever made. Science
Advances, 3:¢1700782.

17- Giacomucci L., Raddadi N., Soccio M., Lotti N., and Fava F. 2019. Polyvinyl chloride biodegradation by
Pseudomonas citronellolis and Bacillus flexus. New Biotechnology, 52:35-41.

18- Guo J.J., Huang X.P., Xiang L., Wang Y.Z., Li Y.W., Li H., Cai Q.Y., Mo C.H., and Wong M.H. 2020. Source,
migration and toxicology of microplastics in soil. Environment International, 137:105263.

19- Herbort A.F., and Schuhen K. 2017. A concept for the removal of microplastics from the marine environment
with innovative host-guest relationships. Environmental Science and Pollution Research, 24:11061-
11065.

20- Herbort A.F., Sturm M.T., Fiedler S., Abkai G., and Schuhen K. 2018. Alkoxy-silyl induced agglomeration: a
new approach for the sustainable removal of microplastic from aquatic systems. Journal of Polymers and
the Environment, 26:4258-4270.

21- Hidayaturrahman H., and Lee T.G. 2019. A study on characteristics of microplastic in wastewater of South
Korea: identification, quantification, and fate of microplastics during treatment process. Marine Pollution
Bulletin, 146:696-702.



(1F+) lwo g 3l «(Vojlod (1) 099 Sl OF (wiige 53 (95 G iRg 3

22- Kelly A., Lannuzel D., Rodemann T., Meiners K., and Auman H. 2020. Microplastic contamination in east
Antarctic sea ice. Marine Pollution Bulletin, 154:111130.

23- Lares M., Ncibi M.C., Sillanpadd M., and Sillanpdd M. 2018. Occurrence, identification and removal of
microplastic particles and fibers in conventional activated sludge process and advanced MBR technology.
Water Research, 133:236-246.

24- Liu F., Nord N.B., Bester K., and Vollertsen J. 2020. Microplastics removal from treated wastewater by a
biofilter. Water, 12:1085.

25-Liu S.Y., Leung M.M.L., Fang JK.H., and Chua S.L. 2021. Engineering a microbial ‘trap and
release’mechanism for microplastics removal. Chemical Engineering Journal, 404:127079.

26- Lv X., Dong Q., Zuo Z., Liu Y., Huang X., Wu W.M. 2019. Microplastics in a municipal wastewater treatment
plant: Fate, dynamic distribution, removal efficiencies, and control strategies. Journal of Cleaner
Production, 225:579-586.

27- Ma B., Xue W., Hu C., Liu H., Qu J., and Li L. 2019. Characteristics of microplastic removal via coagulation
and ultrafiltration during drinking water treatment. Chemical Engineering Journal, 359:159-167.

28- Mendoza L.M.R., Karapanagioti H., and Alvarez N.R. 2018. Micro (nanoplastics) in the marine environment:
current knowledge and gaps. Current Opinion in Environmental Science & Health, 1:47-51.

29- Mintenig S., Léder M., Primpke S., and Gerdts G. 2019. Low numbers of microplastics detected in drinking
water from ground water sources. Science of the Total Environment, 648:631-635.

30- Misra A., Zambrzycki C., Kloker G., Kotyrba A., Anjass M., Franco Castillo I., Mitchell S.G., Gittel R., and
Streb C. 2020. Water purification and microplastics removal using magnetic polyoxometalate- supported
ionic liquid phases (magPOM- SILPs). Angewandte Chemie International Edition, 59:1601-1605.

31- Nabi I., Li K., Cheng H., Wang T., Liu Y., Ajmal S., Yang Y., Feng Y., and Zhang L. 2020. Complete
photocatalytic mineralization of microplastic on TiO2 nanoparticle film. Iscience, 23:101326.

32- Ngo P.L., Pramanik B.K., Shah K., and Roychand R. 2019. Pathway, classification and removal efficiency of
microplastics in wastewater treatment plants. Environmental Pollution, 255:113326.

33- Paco A., Duarte K., da Costa J.P., Santos P.S.M., Pereira R., Pereira M.E., Freitas A.C., Duarte A.C., and
Rocha-Santos T.A.P. 2017. Biodegradation of polyethylene microplastics by the marine fungus Zalerion
maritimum. Science of the Total Environment, 586:10-15.

34- Padervand M., Lichtfouse E., Robert D., and Wang C. 2020. Removal of microplastics from the environment.
A review. Environmental Chemistry Letters, 18:807-828.

35- Perren W., Wojtasik A., and Cai Q. 2018. Removal of microbeads from wastewater using electrocoagulation.
ACS Omega, 3:3357-3364.

36- Poerio T., Piacentini E., and Mazzei R. 2019. Membrane processes for microplastic removal. Molecules,
24:4148.

37- Rajala K., Gronfors O., Hesampour M., and Mikola A. 2020. Removal of microplastics from secondary
wastewater treatment plant effluent by coagulation/flocculation with iron, aluminum and polyamine-
based chemicals. Water Research, 183:116045.

38- Revel M., Chatel A., and Mouneyrac C. 2018. Micro (nano) plastics: A threat to human health? Current
Opinion in Environmental Science & Health, 1:17-23.

39- Rius-Ayra O., and Llorca-lsern N. 2021. A robust and anticorrosion non-fluorinated superhydrophobic
aluminium surface for microplastic removal. Science of the Total Environment, 760:144090.

40- Shahi N.K., Maeng M., Kim D., and Dockko S. 2020. Removal behavior of microplastics using alum coagulant
and its enhancement using polyamine-coated sand. Process Safety and Environmental Protection, 141:9-
17.

41- Shrivastava A. 2018. Introduction to plastics engineering. William Andrew, New York.

42- Siipola V., Pflugmacher S., Romar H., Wendling L., and Koukkari P. 2020. Low-cost biochar adsorbents for
water purification including microplastics removal. Applied Sciences, 10:788.

43- Simon M., Vianello A., and Vollertsen J. 2019. Removal of> 10 um microplastic particles from treated
wastewater by a disc filter. Water, 11:1935.

44- Sturm M.T., Herbort A.F., Horn H., and Schuhen K. 2020. Comparative study of the influence of linear and
branched alkyltrichlorosilanes on the removal efficiency of polyethylene and polypropylene-based
microplastic particles from water. Environmental Science and Pollution Research, 27:10888-10898.

45- Sun C., Wang Z., Chen L., and Li F. 2020a. Fabrication of robust and compressive chitin and graphene oxide
sponges for removal of microplastics with different functional groups. Chemical Engineering Journal,
393:124796.

46- Sun M., Chen W., Fan X., Tian C., Sun L., and Xie H. 2020b. Cooperative recyclable magnetic
microsubmarines for oil and microplastics removal from water. Applied Materials Today, 20:100682.

YEY



lgoomepss L BSwdly 32 ) Bi> aid iy oyl ,8 p (559

47- Talvitie J., Mikola A., Koistinen A., and Setéld O. 2017. Solutions to microplastic pollution-Removal of
microplastics from wastewater effluent with advanced wastewater treatment technologies. Water
research, 123:401-407.

48- Tang Y., Zhang S., Su Y., Wu D., Zhao Y., and Xie B. 2021. Removal of microplastics from aqueous solutions
by magnetic carbon nanotubes. Chemical Engineering Journal, 406:126804.

49- Tofa T.S., Kunjali K.L., Paul S., and Dutta J. 2019. Visible light photocatalytic degradation of microplastic
residues with zinc oxide nanorods. Environmental Chemistry Letters, 17:1341-1346.

50- Vimala P., and Mathew L. 2016. Biodegradation of polyethylene using Bacillus subtilis. Procedia Technology,
24:232-239.

51- Wang Y., Li Y., Tian L., Ju L., and Liu Y. 2021. The removal efficiency and mechanism of microplastic
enhancement by positive modification dissolved air flotation. Water Environment Research, 93:693-702.

52- Wang Z., Lin T., and Chen W. 2020a. Occurrence and removal of microplastics in an advanced drinking water
treatment plant (ADWTP). Science of the Total Environment, 700:134520.

53- Wang Z., Sedighi M., and Lea-Langton A. 2020b. Filtration of microplastic spheres by biochar: removal
efficiency and immobilisation mechanisms. Water Research, 184:116165.

54- Wei R., and Zimmermann W. 2017. Biocatalysis as a green route for recycling the recalcitrant plastic
polyethylene terephthalate. Microbial Biotechnology, 10:1302.

55- Yuan W., Liu X., Wang W., Di M., and Wang J. 2019. Microplastic abundance, distribution and composition
in water, sediments, and wild fish from Poyang Lake, China. Ecotoxicology and Environmental Safety,
170:180-187.

56- Zhang M., Yang J., Kang Z., Wu X, Tang L., Qiang Z., Zhang D., and Pan X. 2021. Removal of micron-scale
microplastic particles from different waters with efficient tool of surface-functionalized microbubbles.
Journal of Hazardous Materials, 404:124095.

57- Zhou G., Wang Q., Li J., Li Q., Xu H., Ye Q., Wang Y., Shu S., and Zhang J. 2021. Removal of polystyrene
and polyethylene microplastics using PAC and FeCl; coagulation: Performance and mechanism. Science
of the Total Environment, 752:141837.

YFY



Vol (1)
No (2)

Serial Number (2) . . . .
Autumn-Winter (2023) New Researches in Sustainable Water Engineering

Pages: 129-143

Review of Advanced Techniques for Removal of Microplastics in Water
and Wastewater

Saeid Avazpour?!, Masoud Noshadi*?

DOI: 10.22103/nrswe.2023.20931.1022

Abstract

Plastic particles (microplastics and nanoplastics) are considered as an emerging pollutant and
a serious threat to the environment which are distributed all over the world. The presence of
plastic particles in various ecosystems, especially aquatic environments, is very life-threatening
to diverse organisms. Therefore, it is urgently needed to find an effective treatment technology
or to develop and improve conventional treatment technologies for the removal of
microplastics and nanoplastics. So far, the scientific community has carried out some research
on various options for treatment and removal of plastic particles. Currently, multiple
technologies have been developed by researchers, including physical, chemical and biological,
among which, few have shown good efficiency for removing microplastics and nanoplastics.
Filtration technology has a various removal efficiency, but a relatively high cost due to
membrane fouling and replacing new filters. The magnetic absorption and separation process
is also considered as a simple removal method; however, the addition of absorbents may cause
secondary pollution. Likewise, there is a similar problem of chemical residues in the chemical
precipitation and oxidation techniques. In contrast, biodegradation technologies are often of a
low degradation efficiency. In this review, major techniques for the removal of plastic particles
and the mechanisms, efficiency, advantages, and disadvantages of these technologies have
been discussed.

Keywords: Water and wastewater treatment, Microplastics, Removal techniques, Pollution
control.

"- Ph.D. Student, Water Engineering Department, Shiraz University. Shiraz. Iran
2%_ Professor, Water Engineering Department, Shiraz University, Shiraz. Iran. Corresponding author’s email: noshadi@shirazu.ac.ir

VFY


mailto:noshadi@

