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ABSTRACT

Microplastics have become a rising issue in due to its detection in oceans, rivers, and tap water. Although a large number
of studies have been conducted on the detection and quantification in various water bodies, the number of research conducted
on the removal and treatment of microplastics are still comparatively low. In the current research, the inflow and removal
of microplastics were investigated for various drinking water treatment plants around the world. Addition to the investigation
of filed research, a survey was also conducted on the current research trend on microplastic removal for different treatment
processes in the drinking water treatment plants. This includes the researches conducted on coagulation/flocculation,
sedimentation, dissolved air flotation, sand filtration and disinfection processes. The survey indicated mechanisms of microplastic
removal in each process followed by the removal characteristics under various conditions. Limitations of current researches
were also mentioned, regarding the gap between the laboratory experimental conditions and field conditions of drinking
water treatment plants. We hope that the current review will aid in the understanding of current research needs in the
field of microplastic removal in drinking water treatment.
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ol At} mA|EetAEe] Ho
S mm v]g 27]e] EehaEg A Qstol,
AFolA AfAer dojuye= &5 13 nAlE
28, AR Foll ko] o3t &S T2 23 vNE
ehaglolat ) g Sol, 71HE AE A, 7]
S SPE(Napper et al.,, 2015)3} *]2F(Ustabasi and
Baysal, 2019)2} 2> Z9-ol= AFWF S nAlE2t
28] A FEH= 1A vAETagol, B
(Hernandez et al., 2019), 248 7|(Du et al., 2020)2}
BESON $EHE AL 2% |y Eetagol
et FREI QI B3 o FolA = AlEE 55t
fiber W] w]ASetaE o] 4155 BoIA F 40.19
mg/kg 7} A & E = %lt} (Fontana
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et al, 2020). o|ejdt ZetiEl A BSL Thoret |

2 gEs0l 4 gHAoR e goR wE
ol A Hot. Yy steATder FUHE vAE
ehaEo] 79, choket FAOIA oF 4894% A7
Slom, i thal sHHeE Fel ol Aew
gkolo] Ut (Talvitie et al., 2017).

n A S EE sk A 2 S 2Rske] TRt B =

£ Fofo] S OR o] B AOR selo] Hglrk
o2 Eol. WA Fo| B B A4L Tt sh

O] AL, 71-334.1 #/L9] ==& WAHo] H Aow Hl
7} E At} (Deng et al., 2020; Xu et al., 2018). E3t v
2918 Fak A%, 29 ol Foliz 05237 n)A e}
2glo] Hyo] Hi= Aem Hirl Edrt (Liu et al,
2019). A AAAH R H=E9] 47} B= shdat &
2ol A mM &Rt E S S e A7 A6t
U}, Fig. 104 Hol= vie} Zro] tigH, 1| 574
o Ax} gho] vl vhefgk Ao ' ERIFU o=
EE A7HE E9AE AEY AR, " ST
2 A& o] EAdo] Hido] ' Ao et
&)7]= st AR A5 7He ST olu A
2] 2e|al SO Apolof ofsto] WgR At 4=
T )t (Shen et al., 2020).
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Fig. 1. Occurrence of microplastics in global raw water, tap water, groundwater and bottled water (Shen et al., 2020).
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0-1247 #L9] =2 WhAE Ao Kyl 5o
(Lam et al., 2020; Tong et al., 2020), WA Z 2] 720
= At ¥ oA Hat oF 18 #Lo A&
gfAglo] dhdol Hlokal FAE E It} (Shahi et
al., 2020). g=9] ¢, AFE HE AmE S5}
2000 B 5 370 AeelA 19 E T 0.2-0.671 9
A EefAE o] HEEHNCH AR HHo=es 2Y
= 0.057h2fa2 R AT (Ministry of Environment,
2017). et o]t o= EFskal AR FY
4 TAE A Aato] 487120 oz u|Ro] vl
o Hrop g2 AE7t o] Fo| Aok = Aol

oleiFt v Bet A S clto] HAT B9 cord

FARgo] WASE 4= itk A A o= A4 o] H HlA|
SHAE 5 F YA Afele 9 Hel AR &
Rom, 277t AZ5E oE VHe R IS T Ut
5730] Sltt. oA AFH nAEHAHE Y,
= "HIZTWE S5 ol T 4 o, HIF e
Y go] ZFo] € 4 2t} (Bouwmeester et al.,

2015; Schmidt et al., 2013). o]&]3t 4%, Y1 &
AW TP AL AR ST A% olstel 7}
435} E =% QIt} (Schmidt et al., 2013). E3F t}oF3t
A+E FlA vAESAE(F= 10 um polystyrene,
40-250 nm nano-particles, 0.25 £ 0.06 um polystyrene)
of ti¥, AU, T3 HIAE 48} AEHAE
WAEE 4~ ka9 Aot (Schirinzi et al., 2017
Triebskorn et al.,, 2019). ¥ul o}y g} njA|ZeAg o
S2E gkt frlEEel Al f9E Beole
FHE BRL A4 Wil Qe wom §7 5
Q= 7= AAE ST (Wang et al., 2018).
n|AlEet2gol tf-3-5te] w9 79 Interagency
Marine Debris Coordinating Committee(IMDCC)& %53}
of nAZeaEo] dhat AT A B 9l
onj, S, 29 tefet ws eI st
o A& SH 9k (NOAA, 2017). §312] B 5ol
Marine Strategy Framework Directive(MSFD)& 5359
ujEe] At W 54 ZREE JH, 2Eal vlA
Zolay $2 TAYRL A &S P
(Galgani et al.,, 2010). 18} 99} 22 AL =2
S Fo] nAlEetAE S 94 AH ol oA of
% sl g Eakeh Aetlo] Bet dAe 0 ge A4
ofty. @il ol M= HgH ol Ao mAEet
28 AHE AR Ak 1 JfaofA 1 #L Z218aL 3

Mol 0206 #LO| mlA|Bekielo] A& Aoz
2APh 5 gom moh FYoE Aol et mlA)
Zajay ojglo] AlFeirhi webErh (Minisry of
Environment, 2017).

ofof ¥ AT A Felo] Thopet H4HelAo) 1]
AZehiE 59 W AAG BE 2AE ANsHc
Z A= ScienceDirect(http://www.sciencedirect.com), Web
of Science(https://webofknowledge.com), SpringerLink(http://
link.springer.com), ACS Publications(http://pubs. acs.org),
RSC  Publishing(http://pubs.rsc.org), Google scholar(http://
scholar.google.com) MRS &-835flo] Al =ES
Hio = g shith dAo ARES 2 7]fI=
+— microplastic, drinking water treatment,
filtration, disinfection, dissolved air flotation®|t}. A1EH
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Table 1] Uhebt ket gro], chsibte] A4 ej4ol
79 89l nAZetAE el F7]= 100 um ©]3}+e]
A7|Pen, e AfolA =71 10 um o|5te] wNE
epaEjo] 7bg 2 ulgg A el U4
o= polypropylene(PP), polyethylene(PE), polystyrene
(PS)o} o] H|Fo] B nmA|EefAE o] EAsh= A
2 3¢10] Y9Itk o2 Bato] 1 W Eol EAISH:
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Table 1. Microplastic detection and removal from various water treatment plants (WTP), drinking water
(DWTP), advanced drinking water treatment plants (ADWTP), and simulated WTP1,2

treatment plants

Vit N Microplastic amount #/L o]
Classification Ly O e (Fragment/Fiber Ratio, %) ooy Treatment process Reference
microplastic size microplastic efficiency (%)
Raw water | Treated water
Czech 1-10 pm PET. PP. PS 1473 * 34 443 £ 10 70 Coagulation/flocculation, | Pivokonsky et al.
WTP1 (over 90% of detected MP) Y (88.3/11.7) (70.8/29.2) sand filtration (2018)
Coech 110 jm PET, PP, pVC | O35 338 =76 81 cze;%iﬁzggggﬁcilﬁn
0 , PP, )
WTP2 (over 90% of detected MP) (93.9/6.1) (97.0/3.0) Hltation, CAC
Crech 110 PRA, PET, pp | o000 £ 497 628 * 28 83 gﬁiﬂ?iﬂ Cffﬁlriﬁﬁﬁ
WTP3 (over 90% of detected MP) T (59.9/40.1) (51.5/48.5) ' CAC '
Caech Fragment: < 50 pm
Mfilence Fiber: > 50 pm CA, PET, PVC, 23 £2 141 0 Coagulation/flocculation, | Pivokonsky et al.
(Over 90% of the MP based | PE, PP, PBA (80/20) (80/20) sand filtration (2020)
DWTP
on detected number)
%Zzegs <100 um CA PET, PVC, | 1206 +35 | 151 +4 " Cosaegd‘lﬂ;zggggﬁcfiﬁn
) a9/ )
DWIP (over 90% of detected MP) | PE, PP, PBA (87-92/8-13) (92.1/7.9) Hltation, ozonation, GAC
China <50 um brpppp | SMEILZ L G0ETL L Cﬁiﬁfjﬁgﬂgﬂfﬁf Wang ef .
0, ) y » A y
ADWTP | (over 90% of detected MP) (35.1/64.9) (33.3/66.7) Sltration, ozonation, GAC (2020b)
106-125 pm:
. 1800, 45-53 pm: Based on ) .
'Detr01t 180 nm, 1.2 . 2000, 10-20 ym: | Unknown | filtration alone: Coggﬂahqn/ﬂocculauf)n, Zhang et al.
simulated | 10-20 pm, 45-53 um, 106-125 PE, PS sedimentation, ozonation,
WIP 7000, 1.24 pm, (100/0) 869 + 4.9 sand filization (2020)
H 180 nm: 999 + 0.1
9500 (100/0)
' The following graph is reconfigured based on the data from Pivokonsky et al., (2018), (2020), Wang et al (2020b),
Zhang et al., (2020)
®CA : cellulose acetate, GAC : granular activated carbon, PBA : poly-butyl acrylate, PE : polyethylene, PET :

polyethylene terephthalate, PP : polyethylene, PS : Polystyrene, PVC : polyvinyl chloride

”nga}’\a-‘ﬂ 785 2717k 500 um oo AL
Hjgo] & ZAgol thaket Ao 44 W WAL
Bato] SANA AT H AoR f33 & Utk
ol EekaE o) folge 7} AeA e 20 5
ol wrel WS} Gl A sels 4 olrh Czech
Milence drinking water treatment plant(DWTP)x} Czech
Plzen DWTPQ] 79, Z+Z} Uhlava 739] A}F(Milence)
2} 3}F(Plzen)ol| A == 3tt} (Pivokonsky et al.,
2020). o] HAoA sHH 9 ShF= o]Fvtol wet u|
AZehate] ool Zlahthe AL BT 4 AU
t}. ESF Czech water treatment plant(WTP) 3%} China
advanced drinking water treatment plant(ADWTP)2] 7
ol % 49 A0 9105 9, ol

o] 8olEko] =& A8 sholgk 4~ 9Jt} (Pivokonsky et

al.,, 2018; Wang et al., 2020b).

Al E2AE O] A A= AeA ol webA] g
Hol7t Gl A STt 4 00, of DolA] A
Al Aedat AP 2049 Zpo|7t EAfst= A
skl }Oﬂ‘:} A4 g FUy
= E'Jr"E‘—J A AEo]
o A AT S YUk 22 A
73, E= RS AR S oo} e dE
(granular activated carbon, GAC)S # % ZAH A= &
UL tfn] AA v)A|Eek2E O] 81-88.6%7HA] A A
0| == AS AT 4 AU (Pivokonsky et
al., 2018; Pivokonsky et al., 2020; Wang et al., 2020b).
35t Detroit simulated WTPI} ZH2 A& Al 2 A A=
<3 - ARABAH M= 2% o5t A AEE Ko,
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mefoiat B o A= 99.9%7HA] AlAE A& e
A8 Al Ao} A Al uko zjo|7} Q)
} 4= It} (Zhang et al, 2020). ]2t Z}o
J2182] 745, Huh theRt 271, FE 3
ZalAglo] 8olgl o ol5le] WHAElE Zloa .%_7‘,:
7} ¥t} o] Detroit simulated WTP2] 1] AjZ g}
sto] &2lgk 4= Qlt} (Zhang et al., 2020). O‘HP
g e 4 w2 Fel vAlEetsg ol 1-10 pm
Alo]9] 7|9} fragment®} fiber & E Q] v|A|EZ2tAE o]
ZAo S-QlE oLt Detroit simulated WTPO] A= ©]
= g o]—X] ofol Bt} &2 AAEo] e Ao=R
N<h = Ut} (Zhang et al., 2020).
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geri2ldel MelSYE

o] W 2ALE 3 AA S 2AbE A
o] 79 Table 1042} 7Po] 90% o|AFel
Elo] 10 um ©]&te] 27|
H|go| Hr} =&

AR
SR ETES
. o] % 1-5 um 217]9]
fom Hzol BTt (Fie 1)

China ADWTPS] - §-¢<pof vlAEZetAd 5 1-5
um =7] 9] H|E&0] oF 54.6-58% ©| S (Wang et al.,
2020b), Czecholl A ZAME RE AA2]3o] 799

= 25-65%9%1 Ao 2 FQlo] HATt (Pivokonsky et al.,
2018; Pivokonsky et al., 2020). T3}t 1-5 um 27| 9] u]
AZehato] ARTHe &S 1F Aeldole
oS MR AEEol, A} ojele AR B
2 Aom 29 QO“’%

%7]\:] . ;‘d;q _Tf_ﬂgq @_7@} /\].53]r /\104/&10“/\1
o Aakel B Aot AT Aoz LA 5l
o AR AN £ - AUA vl EetaE] A7)
&2 °F 2% &5l e, China ADWTPO| A= ©F

O

o]
-
= 40.5-54.5%92] A|ALo] TEEQO Wang et al.
Z A2 AAEHT o] TR A A a el 7 o A|A&o] 451 oo;‘i (Ok 65;—4 ﬂ,
- 2020b), Czech Plzen DWTP2 08| *
oM 49 - REHE vlHEetAEe] 27 9 Fy ) "
7000 T T T T T T 7000 .
@ - 15 ®
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Fig. 2. (a) Size fraction of detected microplastic in ADWTP (Wang et al., 2020b), (b) Fiber and fragment fraction of detected

microplastic in ADWTP, (Wang et al., 2020b), (c) Size fraction of detected microplastic in Plzen DWTP (Pivokonsky

et al,

2020), (d) Fiber and fragment fraction of detected microplastic in Plzen DWTP (Pivokonsky et al.,

2020).
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Ago] Folx gt (Plvokonsky et al., 2020). o= tj (Pivokonsky et al., 2020). China ADWTP2] 739 GAC=
BRo) Ao A vlF0] LS PES} PSE o83l 568609%2] AALS WO, 15 um 27]9] v
AL 3l Ao g olsle] WAsl= Aol Ao STAES 73.798.5%9] A AES HAATE (Wang et al,
ool =m, o]F Foto] 7= AT AFolA= 2020b). =3t Czech Plzen DWTP2] 7-9-oli= GACE &
AN HON AALS HeB S Aol U ool 110 um 217]9] vl A|EekaEo] of 33330.7%7}
L Aoz 3slolxect A =2 A7AE&S Bt (Pivokonsky et al., 2020).
E3 SH - A A mAEEAE Y A27)7} LEFTHE o|F9 vAMEHLAE g AR A
252 A7 Be AoT BREYL o7l oATTAML 15 um A|E FHeR 2% 2

China ADWTP«] 78 1-5 um =7]9] mAlEeAES oF
70.5%2] AAL-E Held ¥kl =7] 50 um ©o]Ae] 4
oF 69.2% ol A|A7L | Ao=E gjlo] =itk (Wang
et al., 2020b). -3-% 2 z#]| 2] polydiallyldimethylammonium
chloride(polyDADMAC)E 75k A|AE0] 3 (5
3] 45-54 um 7] 9] wA|EFAE: 0.3 £ 0.3%0] 4] 13.6
+ 6.8%=2) = Z02 Felo] Eglont, 1 o]e]of A7
ol A= pAlEELE o] AlA o= dFo] ASlH A=
ghelo] it 712 nA|EetAE o) FH | Hiol
&Y EA Al SH - A BHA 9 AAES 03 £
0.3%0°1 4] 16.5 + 7.3%% Z7}FA1F T} (Zhang et al., 2020).
el oz 84 WAl sl We AAEE W
%t} Czech Plzen DWTP A 2]#e] wajolits
B3 AARL oF 515%S weon], 97 - HATH
o] oF 62%9°] H|3}lo] ko (P1v0k0nsky et al.,
2020), China ADWTPY] 7%, °F 35.8%%] A|7A&=
oF  40.5-54.5%9 3F - JAFH|  H|ste]  oF
29.0-44.4% W& A Ago] WEE AT (Wang et al,
2020b). L1} o]l g ZAA T S3 - WA B
A 50 um o]4He] A em A77F 2 YAHE0] o]
u] o] AAEe] 2AME dAFORE oifo] Het
A AtollA 2 AE AR nAlEEAE
A7) RS 2ARRE A3 50 um o]/4e] wAEetaY
o] thF& AA7E H Ao= 2glo] H]lem, 5 um o]
5] A7|% =2 HEE AAE AeRE ZRIFI
o] #H7gofl A 1020 um o mA|lEeAEo] 7HE W& A
AeS Bow Otk g 1-10 um =7]8] v]A|&2t
2go] W2 AAES Btk ol AYA 2ofA
ARt A St o) Aot fARE A3 Helck
(Pivokonsky et al., 2020; Wang et al., 2020b).
Ro]ate} GAC FA o] FE8t= A= =2 H)
22 wH|ZetATe] AARE Aow BT & 95
o BE AT70IA GACE 5 umolste] Z-& n)HZeta
g9 AASEE  mEbdel Aem  sRlEglt

a9tk ol && k&, 1Al o
2 Qsto] nlHZetaglo] Br} 2pe 2
Ao ozt
et al., 2020; Wang et al., 2020b).
ArAgdoen fodEe od 242
go] AAgS vlws

]t} (Pivokonsky

RS

A3}, €, total organic carbon

(Toc)g Z343E okl @ G2 o) H|Ete] e A4
= B9l 2ls 2RI 4 Al ol w9 deeet
HE A= nAEEaE HES $35ke] Felo]

Z]¢Jth. Chinese ADWTPL] ZL 4o A oF 25-50%
9el nAEetaEe) vgo] HE Aeliel AL of
45-65%= =715} 29, Czech Plzen DWTPS] 7o

= Q4 B O 100%7} AARE Fob )4 S
2EE oF 8% AARE ROR 2helo] Hgit
(Pivokonsky et al., 2020; Wang et al., 2020b).

nhEetay Amo wE AlAEe BS54 Ads
B vl A SeaEe) vl go] HlaE AoR 2AH
of, Ae]gda} Aol 2 Ao R el oyt
SA), B SR EAE AT 42, polyacrylamide
(PAM)®] ZAzko] %7 g 4 lrks Aol Bhalo]
ek E3 v AlEetE 2] & E(fragment 3, fiber &)
8 AARS 2R A3} e 5RO 2E At
e AAES By, O FHAdulet ol wet AlA
&9 Zpol= AUNE Ao ® 2lE T} (Pivokonsky et
al.,, 2020; Wang et al., 2020b).

3. Lab—scale X4-X2|Z2X0|M OJMIE
StAEIOf XA

3.1 S& SEIM D|MIS2tAEL| K7

£ ot A ATHT Ut S - W T4
o thste] Helstect. mA|SekaEe) 271, 44, 11
om A4S P R0l HE G nelR A7
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3.1.1 DIMISELAEIS] Salx SX0| SO /Xl &

Slo] Aol A Uikt ujeh o] @AzAbet AHA
oo g - WA BAL wlmst Ak F 74K 24
o A mA|Zetaeo] AARE Aut thEchs AL

12 stk Aol At v e hehy

L AYABE Q¢ oL} (Shahi et al, 2020), e 7
S BUXG o)tk o] U@ 9, PES} PS
of o] wlZo] Wi, 9% gl o3t EAAS
Aol e AEeAY S FHOE APL AA
H97] Hel Aos FYHct oed BAX | 2
Toha B oAt g4 B B Heo) A
4 o] AAHE 373

3111 AHEARe] 207} AAge] MR g
FERCRDIEE RERE S EIEVEE
o= N EeAE ) AR 2717t e &
anHer dojubs For AL Hith o]
A 15-140 um 912} 0.5-5 mm H L2} wlA:
LA FEA R WHEUM Hoh 22 1)
gtago] F3o] & H&= e, A WAYUS &
Aol Ho| Q= Aor FAEHM, SHIFANA A2
nMlEetaEo] e & JE7L He doer F4H
t} (Lapointe et al.,, 2020; Ma et al., 2019b). 121} S
Ait= G Z7]o W vNEHAY Y AAES
Ho} opefgt Aoz B E ik 0.5-5 mm =7]2] PE
E 2 A3F (Ma et al., 2019a; Ma et al., 2019b), &
(Fe)t AFrlw(ADS] = 7HA] S5 A o thsto] mf-¢-
2 AAESE Eeloh 0.5-5 mm =79 PES] 9,
Fe S314) alolAl 27] @ < 0.5 mme] H$ 2
13.27 £ 2.19% AAE R oW, 2 <d <5 mmoj|A Z|
2.81 £ 0.69%7} A A= Ak E3F Al A sholl A=
7] d < 05 mme] A< 2] 8.28% + 1.06%7} A|A
Fom, 2 <d <5 mmoA H 1.02 £ 0.37%7} A
A=t o] =7]9] HjollA ¥HEE PES] H-f-oll=
@2 vFom Qste] & YASYSE Stock’s H A
of whet Felo] A 2R-gsto] A|AEC] RolX= A
o7 dAto] "ok a8; =7]17}F 10-100 um Q1 HE)
o] PES ¥Rt A3k, 10-30 um 7|04 7H 2

al

N

]

2o o of

My Mo O |

AAES BALHE0 mg/l AlflA Xt 52% A7),
b ARRE AAE] B A0 LERFTH
mg/L ©]/42] Al g 1= Sfofl 50 um o]/4F =719 HlAE
22 El 9] oF 99% A|A)(Shahi et al., 2020; Skaf et al.,
2020). o]FHA thFet 2710 wE SR AAETH]
FEA ] HeiA = F7HAQl A7 od Ao R
FA =

3.1.12 nAEetAE e EASA0] AAL mA=

9%
FAH9 Yo Alsto] mAZetaEe] WYL
$3 - AA 3ol GFL AL Jo® B0 o

it} z}e]Alof PEQ} natural organic matter(NOM)E- 2
Y =% 3 Fourier-transform infrared spectroscopy
FT-IR)= 4] 3+ A3}, njA|EekAE o] He) 443}
7|(-OH), H|E7|(-CH=CH,), “Le|il 7}=5-417](-COOH)
7 Mzo] wrdo] Hlt) olF, AkE7| 9 7= R4
7l A =E= Qlsto] WA Aom 7o)
Hu, Bd7]= NOM} zejide= Qlsto] Abshe
NOMOJA L2 Ao m FHECh o] vpgofA] 2]
of k=¥ vNETLY e A, ARlE Qlsto] W
o AA7|9) F7tet @A, wtHI7} Eof A7|7F &0
=%, NOM F2F&o] 5713k Al o= gelo] &gl
t} (Lapointe et al., 2020).

olggr matHel 2v] W EHASLR lsto] A
Aol =Fo] H uASEAES YA} Aol
Z7Fst] S - WAL RE g A|AEo] 98%=E, A2]
A eE A 64%e) Hste] 7tk S Al e vlAl
ZetAg o Adase A4 4 (quartz crystal
microbalance with dissipation monitoring, QCM-D)& %
sto] EARF Aap o]24 Al AL} aluminum
chlorohydrate 5% 29| A1of 12l u] | Zef A of A
ot w2 AgEE 2olov, auetR st of
ol SHBEA} Soleo SAnaA Tt Aol
Aol & wAlEetAgo Aol Kot £2 A
S 2 3lo] weit} (Lapointe et al., 2020).

3113 A ESAEY Yeprt AALe] MNE 9%

n| et aEl o] dee] ., fiber Wehot 2L ]
9% 77k oA P2 fragment Fe) Rt AA
& °F 3040% T & A0 Uehgth Bt o) 1]

AEetage] Eo] AWSE A7 F71E A
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o® Uiy, o)k 271 d m whigo
stof 3R A9 Feto] go|ste| bridgingy} -
7} E713t Ao & A= (Lapointe et al., 2020;
Shahi et al, 2020). EHI} Fejo W= AALEL
elongated-rough(ER) > clongated-smooth(ES) >
spherical-rough(SR) > spherical-smooth(SS)2} 72 =4]
2 YeEhtE= Ao 7 ElEQlt) (Shahi et al., 2020).

AFAT oA M EetAE F3(PE, PS, polyethylene
terephthalate (PET))ol| wh& A A& W3t= gle A&
2 2Qlo] FHlow, nAEetag e oF B3 39
FEME= & ko] gl Ao Z FHelo] F ik E3t
n| Al Zgk2El o] S-F o] ofele] @ P& E= humic acid
9] ¢, o] ¥k, I29al e} v FFE nngt
Ao Zholo] Tt (Ma et al, 2019a; Shahi et al.,
2020).

3.1.2 SE7} OMIZ2IAE! MAHo|| O|X|= H&t

2 HoA hofst SAAll o SHFEH U
Agol B A5 AT PES AMESE A
£ vt 237, Al A9 AT Fe A9 &
A By AALC] w2 AOR Vet 2AEY
Fe AQ9] A= oF 2 mg/L o|4e] FEoA d
0.5 mm =7|8] wAEetAE A|AE] H= oF
12.65 + 1.09% <1 Zof ¥hafl, Al Ald -SHA9] 3%,
10 mg/L ¥t} =2 FEoAE A AEo] F7keh= A
o7 gelo] Hglon, d < 0.5 mm =279 w|AEet
A8 A ALo] HHE oF 36.89 + 3.24%2] Ao 3}
olo] Hitk o= Al st Y= S99
A3 ol e Ao R Eao] Hrh Fe &3
Aol eJste] A7 EFof H|sto] Aloll 2Jste] g E
289 A7+ AYou AebATE w4E Ao
gelo] =of, o] AetAE 7HA= uAEEkAY
of Xr} 2 Fzbo] o AAV} Hi= AoR FHH
t} (Ma et al., 2019a).

PAMI} ZH2 S EZAE A7} @ 75‘% v Al &2t
AE 0] AAgo] o] H= AoR el HIr &
2l Exxﬂo PAMO] 5% 2 0.1 g/LoﬂAi 0.3 mg/LZ
ZIMAHS A =89 A7|7F 504 umo) A 977 pm

—ﬂoFﬁiEEﬁ AAEE FdE= A Al sHA
t} (Lapointe et al., 2020). =3t SR ZAE A7 &
8g, Fol2AW Sol2A &3 HEA BE 99
a71et d=s

})J o]o

o

A

'6‘
S7HI7I= e Fdsten, &o

=

HA9F ool A Aol AlA
B e Ao ekt o nlyZets
of EUAT S0 ghom Zgo] B ul, ol &
AAlo) viAlZekat EW F23 WA gole
A 2] bridging &0 25t A A &o] AL
o2 A=} (Lapointe et al., 2020; Ma et al.,
2019a; Ma et al, 2019b). oFo]2A SHHZA &
HA7Fek< 4% 2717Fd < 0.5 mmQl PE =9 A
20| 2583 + 291% (without PAM)O|A] 4534 +
3.93%(15 mg/L PAM)O.2 2712 s}9om, 2 <d <5
mm Z7]9] PE v|H|&ZSFAEL 427 + 1.91% (without
PAM)O 4] 5.83 + 1.77%(15 mg/L PAM)2 Z7}514ith
ol FHEEAY Ae, SHERA S H7t

S A% 2717Fd < 0.5 mm Q1 PE &S] A A=
0] 25.83 + 2.91%(without PAM)]| A 61.19 + 3.67%(15
mg/L PAM)2. 2 Z7}5 31901, 2<d<5mm =

719] PE u]A|ZatAEL 427 + 1.91% (without PAM)
oAl 1834 + 3.28%(15 mg/L PAM)C.8 Z7}atgict
(Ma et al,, 2020). ¥, So]24 PAMY} Fe A&
do] AT Afoll= AAEo] 2L 9091 + 1.01%
7HA] SFAFo] EQIth (Ma et al., 2019b). E3F % &
Trojit AEE Foto] mAlEetAg o 279 FHA
o WE Y9 54 wET 43 meE SRA
a717F & vAERERES SRS Y YWY

o] ZUlsh= Ao 2 YERYYTE (Ma et al., 2019a;
Ma et al., 2019D).

PAMI} Zre S H 2A| Qo dXIAF H7E Sl
polyamine coated(PC) Z#|E AMES Qo= A|AE&
O] ol dojuf= A= gelo] E It} (Oriekhova
et al., 2018; Shahi et al., 2020). % FA oA L714H
WA lAEeiage] wule] AEAsE 349 +
1.3 mV Wolxon, F2E A7like] oste] umAE
~go] F7® Z1EHnh ol2 clskel SA9}
1714be] ATOR bridging EaH7E Aot Al Zet
2EE I3 E9 A7t FUhskleH, f7lE
I} Ca*' o] H7t Al 9] A7) S7p) Hop avF <l
Ao 7 Q%] ¢t} (Chen et al., 2020; Oriekhova et al.,
2018). PC =eff {7} Al mA|&etE o) A A& F
7} kg om, 500 mg/Le] PC =& H7FA| oF 92.7%
(20 mg/L Al), 90.2%(30 mg/L Al)2] A7 &o] &lo]
ik of7lo SHEZRA F7H & ()= | vAlE
2tAE FHI F (He® sHHE PC Heff Abo]o] &

MOO
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N

fr ox ox 10 fob rlo
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e\

- 27|

Ho
o
i>
B

6

dE 3 F2 Aol s, dxr
ol A collector2 = &}
(Shahi et al., 2020).

o
Q‘L
fr
pay
o
U
i)
(]
o
i od
32,

weol wAEetag o) 49, v
23} wjZeiAL e Ao w shelo] Ak, ol
37 el mABdaEe AR g
° 1 itk o] Table 19 YeRS
57g0] Blgto] AL &
88 AASo] &S AL Folol 1 ATE
shelgh o= Qlrh && 37] AW S & PE, PET, nylon
(PA) ZAFATY}, 0.4 MPaol| 4] PEQ} PETO] A A& 7t
7} 48.7%, 38.9%, o|%lom] PAS] AL 0.5 MPao|Al
32.7%2] AAES Atk ol A= 7t nAlE
ehaelo] WEwh 3 - AggThE dA4o] gk Ao
2 gelo] Hglct o], PETE} PAE F3dlo] Il
Lo
4gio] wo PAR §F B9 vl4] 7)Es
ot T Adhe SA4S 7HAAL Qo] AAEC] =
o2 3kolo] gt} (Wang et al., 2020a).
T, St aEe] QA Arke] avi9kE A
L oz F9lo] Hgrt ulHSelage] 2
AgS shols 4w, §27129) 719} 71y
17]9] 2040 um YAS0] 7 AARo] %
e Aom 2AT} HYT ol §& 7] Weol 2
79} w5t m7]e] vl A Eelago] 53 Askrbs
Kol 2 Aoz 7)& Aol A 2elo] T (Wang
et al., 2020a).
HZA el cetyltrimethylammonium  bromide
(CTAB)9| H7IA| & 57 FAHO R QI agol
PEL 68.9%, PET 58.8%, PAL 43.8%% #|7&o0]
F7Fk= Ao gRlo] itk CTABY 712 <l
sfo] 42 3719 RUE Yo UL NS B
obfet ofne] MRS ofshA $& F71HEo)
A7) EJF Eo{F3Uth CTABR Qlsto] ms =27]9
ul g Seagle] A7 o] Zrlshet,
PolyDADMACS| 71|, Ze2lw] Aole] 82 27
of o clstel B71ee] HEWAE F7HAA

]
7

_

u| Al Z2tAE 719 bridging 7S FE=5F%tE ol &
Folol AALE PAS A% oF 99%7HA] F7HIA
t} (Wang et al., 2020a).

3.3 o2i5EollA nIME2tAEIL] HIA
3.3.1 2ejofntE Set OIME2tAEL] MiHE

Lefjoimkol e, A FAol o 7 |y
AHEE= FAY ShuEA, Ko °]-g-5}o]
LHAEES AAstE ook dA 2AME HfFE
o] Ao AL Eoj o, mm o] vNET
252 AASEY Yol £ AARE 715 A
oz sjelo] HYith o] FHHe W oke, sk
%) 2](Talvitie et al, 2017) % W] 2 A (Pankkonen,
200)00 % 22 ATHE vepelc el 919 A
oA ZAFE vhet ol 110 um 7]9] u A Eetag
o A7 o] 71 mLAo] FAIL O BHelol
EPES

31190
o 1=

3.3.2 22{joiofet HiO|2XIe| ot HFLIE H|w

H Hof A= Wang et al. (2020c)2] S5 vlgto =
wefolate} uto] 9.3t ofbe] vl WS Fso] mlAme}
2] ofut wAYS dof ek 2AFE AAIS)H
At} (Wang et al., 2020c).

Fig. 30]4 HoJ= v} Zro] 10 ume| PS JA=
dsy 7} 0.60.7 mmQl weleh vho] @ 3}S o] galo] of
BAEE wlLst A3 vhol 23S o] &3 ojahis
ol mste] oF 2.68f o4 oyt AES Hlom,
o= oA o] FAIhH] oF 108 Q1 Ao R =Rl
Hole. Ea ol uHAE F A ZeAE e §2 AF
o= Hefjofapx|of Z2tE wMEEAE Y OF 6.85%,
aem weledeld  EaE  njMSelade
0.1-023%7} f+&°] d ZAo= gjlo] Utk ol&
=ato] 10 um 27]9) v M Sebael o] Ao, uho]oa
7} Wefojato] w|ste] wlA|EetAE A|AFo] FHold
Aoz zkolo] FQt} (Wang et al., 2020c).

ol ARe] EA4L Belst vl E A B EHo|
= ()&= shrlo] Ho glZo] gdlo] Hglen, o]&
Foto] I ol4je] ojutg Aol Ewlstslol 7|elat 3}
o7} obd B A3l Feo] olgt Aol H 4
olct. vpol o 2ke] A9, AR ask A% Hof ufet ok
oFak EUFEE ek, olo] wE n)x Zela )
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| EaARIE Uol DMSeRRel /Y 2 AiRlVis S0l aet 0
Biochar Filter
Trapped

T ()

77NN\

(i)

Fig. 3. Three mechanisms for microplastic immobilisation ‘Stuck’ (a); ‘Trapped’ (b); ‘Entangled’ (c), corresponding ESEM images -
sand filter (d, g); biochar filter (e, f, g and optical microscope image (i) (Wang et al., 2020c).

AlA Fef E3t bt Aoz gelo] EHgiek vio] 2Bt
9 YRR ZEE= 244 t(com straw)2} L+F(hardwood)
7h dflen, S o] A9, A 2=E 300, 400,
500°C= gefste] Alz7t H]lth 1 Ay}, &= S
245 vho] oxjo] who] FolSgom, P& Eel ¥
3 wepe) 327k 271 40w Aslo] Holth RS
ol g3te] A28 sl @.3}e] 49, Az oA Eul
of g whrlo] 71 Aglom, W mepe] P27} 7h
4 shedg Aew felo] Er,

Scanning electron microscope(SEM)2- 5t w29} v}
o|ex}e] nlAlEEAY AA 7|22 FRIg Ayf, AAE
(stuck), 7441 & AN(trapped), 12|11 3] & AH(entangled)

= &5t AAZ == AL ® gdlo] F it (Fig. 3).
el o] A, 22 AAEE Foto] nAEetago] A
AZb B AL glsigith 2t viol e 2po] AL,
Az ol o] o whef 21 F-29f FEj7} o
A|A 7]2o] Hrt thekgt Ao Ik
n|N|EetAElo] Hio] @zl oJske] 7+ (trapped)
Ao FE AAZ} Hls A vpo] @ A}o] FHEH Es
HWHEE FYuo AsS Wae “23” FHE 535
A Ee7t e 2ol o= = AFHY 27}
7 ghdgt 500°CE Al2E S44= o) YR Az
H Hpol e zpoll A 7H F5EHA HAE = d4dol ik
vpol @ zpo] Az mpAofA Az o] Pl st

366
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o
of W(flake) Fe)| At ZAE T 4 oUrk oz (Kelker et al, 2019). 9| E Fof PETS| 39, w5
3k AHe] 49, vlolox} Hulo] BolglAL H4T  AelME BF drid FHow Zehado) ssb
% gltk. oleidt Awe] 49 fUE vASTAE  Aojubd] Hul, o] Folo] Bejujo] o|AF Lol

H2Eo] A Yol AsS TaAA EeA7A =
t}. o]#3t AHL 300°C, 400CE A|RE L54 o
oA F£& WAo] Eglon 500CE ARE 2454
ol A= whdo] =9t

o] Falo] AALES el 2 At 400°C, 500°
C, UFE o] g3t A=H viole XA 71 w2
AAES BAHAl AF 25 fE704 S4THA
ojgt2 &4). olF S5t A AE(stuck), ¥ o}
73] & XK(trapped), 3131 &Ak(entangled)o| v A|Z2t~
g AA @ I F= AR Flo] Hh
E3E G2 ol A FEHES 500°C < 400°C < U <
300°C < Befjo] A' F2lEo] F7IgE A or Hot
13 e e d4do] AlA Fast 7|Fo R 2}
fot o, o3 A4t e dAo] FEdhe Hlhol
QAK500°CE Az2H S5 )7t 7P AAEo] H
o Ao g Felo] H3r

olo] mejE B3t A|A7|Ze| H|ste] Hio]QAE
F3 AA 71%o] By Edsivt= o] gl
ayuy dR Aol A= ofate] dhgh Atel g A m
AEGAES AAT 4 = teFet oo gt <
7 opzl 2 HE3E Aot o]of nlEo= thef
oAZfje gt A7 Basgh Aol

¢

ot

4. D|MIZEIAEIL| HY I BME RF

B FHoIA Gast go| A AsS 7t
A spebEe] el Qlste] nAZetaee] Wy
o Yol % glom, o] TN MRS AKRAE
o] WA 4 glrk. ol ol 7o) mlA|Hers
Yol 24 stoll G2 Qlste] WA & Y A5
AR @ olefd ABRAE] v M EetAE
A L L EN Tt
o} Fato] A Zetio] Ph 2EFH 4D
Aol A 4 gl Aol et

Zepae o] 49,
wEEA gk A ZeAE o] ulsto] Qo] wheA
L ooF 10087HK Fol7h = o] gl

MA 72 EA7|(COOH)Y B 7|(-CH=CH,)2 &4
= A 22 HPo] dojubA =l (Gewert et al,
2015). o]Hgt WHPL Fato] uAZepAEe HH
AL dojuA =Heol, §F0] 7143 2 4 v
(Ateia et al., 2020).

oheFeh nAlESAE Y §E5S AR A3 Y
22.8 mg-Clg-MP(747t f-&49)o] PEOA =
o, PPo A= e 2 Ao 9F 42.1 mg-C/lg-MP2] &-7]
g7t Z3o] =tk o]#gt e AW
u A EetaE AREY] Hof ofF 3.2%E AT I
o} u A E A ] A, 7]s 7T 2Fo
AU Aol 919 Ao A2 o 0] gl
o] Eqltt. o] & PA AF9] ulAZetAE ] 9 oF
3.35 + 0.7 mg-C/g-MP2] §-=0] ZlE Ut (Lee et al,
2020). A7HEo] 23 nAEEAE Y] Ao E A9
Aol =& Ee|HoA Hoh @& f&o] dojv= A
< SIS 4= Qe v ARbE o g HrhEo] 23t
Elo] Q= mAlEgAE Y A HrkEo] 2FE ] 9
A G2 v ZEtAE E 22 o] fEo ERIE9
C}. o]+ antioxident®} -2 EA R QIdlo] 2elof 9
g EAE Eole AeR F4d

F2H F7189 9ol i EARe] W2 <350
Da®] §7|&°] 7MY U = glom, o] 24¢]

= 1 HlE0] F7bek=

Ao g gjlo] Hurt ALjAel &= Qlste] PEC]
A, ARG EO] BEo] 61%0lA] 80%R F71E
ggl o, PPo] o= AEARF7IES H&ol 77%
of| A 87%E F7I5FG ol AL Aol §71=2 olF
A F2E B0 st f71EY 27|17t ZobA]
= Aoz FAE (Lee et al., 2020).

—

5. O|MIZ2tAES| B4=0] A= FHo
O0|xl= S

AEFHAA vHSGAY T v BeaE 95
& o] ofste] Wgo] ol TpsAo] EAfa

AlEetaE oA o
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| el Uil DIMEetAsle] R 2 Xellis HEo| aet 0

o} ¥ 4 B E3fo| A= high-density polyethylene Zgl2rEy S22 xo . A Adlo] nE
(HDPE)2} PP 9} A2 7Solls o] dojubAl gt SAEEOIA 7 2 9wzl Ae=m FQlo] H
o} PSS} 22 A9oli b BN 400 enr'eh Ik ol wASelaEle] AsAT Fawkel uh

445 cm'loﬂﬂi T 390] Mgo] PAELE £ dAhE g BAE 53te] Blo] = ok Mk ofyel A
T (25 grdL)9] 75, HDPEo|A i} AFE o A3 ¥ ofyet =443} thin-film diffusion E3F &
(Cl CHy-C-H) 678 cm’'ol|A Aj2-& w7} FAo] = 2 JiAYZ| 7]olshe Aoz lo] Hich 18

= AL AT 5 9d%lon, PSe 9, T =(2940 U o]t f71E FEo Tt AERALES
cm’ )4 HaR Qlste] EAF J-&(backbone)7} H.Th FAE TAA7|E AoR o] it

o oUA AHz Ade Ao FlEHIG oje} gol] mAETLE| A% T e 4
(Kelker et al., 2019). o nAEZctAE Yo $7E 82 ol Ak H

el o7t AxfabEe ., EgEdw AbEo] 42 & e 7ol AL o] mAIE
(trihalomethane, THM)o] 717 o] &3 = lem, o] StAgo] FAkEO % AFolE d¥e nE e

= HAlEEAE Y H7HEY EgojRels AHglol 2 ol4fo] "k 2, 89 =(Ateia et al., 2020)
ol HSlth H7H=o] §le wAlEeEEE Y A5 2 lab-scale 7oA AAIE T dAtolH, o]= AA|
?‘QEO]-H]EWE%(haloacetomtrlles HAN) E3t X**Xiﬂﬂ./] A 2 4= Qi) uHEEAE 5
o] it &pejAo] A stof] U NS L) ozt Aatol w|R= FFo|wie- =7] o

o 2 o
rﬁ o A

O A9 aERANE EIE oF 36 J=r Uo] 5 o S8 nEHo §7EY §2F 9 253
Aom, Hrkee] EAste AlESAE Y Feole  oid 9FS F7F A5 dasith B3 o9 HE
2] slofl oF 300 Hf o] o] = Ao® gel  of Hrf thefdt &5 AR SR A4, 17
o] gtk 4o EA ® ofyet BRuYY &4 I o]F°] uA 4 e Il dEiAE St A
slo| A= e #gFo] wFAHo] HQrh (Ateia et al., 7} Adgo] Eojof & Fojrt.

2020).

nAESAY e f1E fE2Y B AR Q] 6 2 =
dlstel fEFol 7L ggkont, wEA 4 T =
HZ BT rEUAe AelMe AlA 3l STt n g Zataelo] SoF W A, A - sl X @] o]
o et ael Weh EXstE AR SRl g wrdo) wwA oo T AT AT} IS
o] Hglon, Ao mebAs AHlA Slg=of whebA o|=olx|7] A|ZksrAT) skl tist nlAZataEL

ol 771 E Stk ol ThEd WAlE Azro @ s @ A - 3k Aa]&o] gisk s} o

F A7HES & (Takahashi et al., 2008)= o115} 2o]x) 1 Qleh. et dAo] AT 34 Yo A
PRl Aol e frEwe] S7hR ool Ha ke mlAIEEAE e 2 FHoR offolAw 9l

o 223l EollA ] ol WhE FE2 STFOIF o o2 Eato] thakst 34 Yo 2Ass ujA|=e}

;9 o o

of 22| AL A|H Sl WE {59 F7Ht o] Fof 28] L2pe}t 27], 2E|a AR TE RA} AA]
A olfolls 2= nAEEteY 28 FHOE g3 gk aeu sjok @ ko] B =AM} vl
Qlsto] F7H4Q 52 A7 o]Foxl ALeg 4 slo] obz] HiAuFoz S ul¥ZatAEl)
ol Hoh et AR7E wo] RE3E AAolr}, oo 2 Al A
oje} o] mAETAH = {752 2] o|F L Aaz)@] Aol 905 n | ZalAE o Bat ZAF
ﬁ”#=“bﬂ ol #Ed #7l1E & otdEt & 2 gaFa} FAlol, ol welW AMEA Q] T of
AL 8t St 3 dAEsre ek

o) 1 4 sick. SR T2
8% PPOA &2 F2to] o] Fofx A =

1%l om™, PET, Poly-lactic acid(PLA), polyethylene 2}
elycolPEG)OI A Fto] o] ol 2|tz o] BRlo] & o]
At} (Liu et al., 2020; Tubié et al., 2019). ©]&3t u]|A| o

JN'

AHE St Al AeARdeR #dd vAlE
g 9 ol5of gt AA Al "t A7 AA
oA tt= Aol AP EHH 1y FA
o] foll= PE, B PSE}F o] B|Fo] wron
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TR vAEEAEe] FE o R Stk ol &7
ol EAsk= EP"’WP Aol Bt Aol A= 4
AEAL QAT 7 A olnk TR 2 wiof EAsh
Al EetAE e A, A, Be ned 22
& Bzl oste] smwol Wah Ao
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