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Abstract

The amount of the plastic waste has been increasing according to global demand for plastic. Microplastics are the
most hazardous among all plastic pollutants due to their toxicity and unknown physicochemical properties. This study
investigates the optimal methodology that can be applied to sewage samples for detecting microplastics before discussing
reducing microplastics in MWTPs. In this study, the effect of different pretreatment methods while detecting microplastic
analysis of MWTP influent samples was investigated; the samples were collected from the ] sewage treatment plant.
There are many pretreatment methods but two of them are widely used: Fenton digestion and hydrogen peroxide
oxidation. Although there are many pretreatment methods that can be applied to investigate microplastics, the most
widely used methods for sewage treatment plant samples are Fenton digestion and H,O, oxidation. For each pretreatment
method, there were factors that could cause an error in the measurement. To overcome this, in the case of the Fenton
digestion pretreatment, it is recommended to proceed with the analysis by filtration instead of the density separation
method. In the case of the HO; oxidation method, the process of washing with distilled water after the reaction is
recommended. As a result of the analysis, the concentration of microplastics was measured to be 2.75ea/L for the
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sample using the H,O, oxidation method and 3.2ea/L for the sample using the Fenton oxidation method, and most
of them were present in the form of fibers. In addition, it is difficult to guarantee the reliability of measurement results
from quantitative analysis performed via microscope with eyes. A calibration curve was created for prove the reliability.
A total of three calibration curves were drawn, and as a result of analysis of the calibration curves, all R? values
were more than 0.9. This ensures high reliability for quantitative analysis. The qualitative analysis could determine
the series of microplastics flowing into the MWTP, but could not confirm the chemical composition of each microplastic.
This study can be used to confirm the chemical composition of microplastics introduced into MWTP in the future

research.
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6,800%F £9] ZetAgo] AZEHJoH(Plastic Europe 2020).
ErAE Y]t A2 nlA] EetAgo|etl ol ETfAE
TS BAste] s Al mhaer 22 2 2AIE oF
719tk Jose, 2004; Gregory, 2009; Lozano and Mouat,
2000). HAIZEAEL 1~5mm 27]0] 2o Selae] Qo]
2 1 Aol wiet 121 nlAEetaE 23 v EetAE
S WLk 12} vjA| ESfAE2 vt AT 9, 2o, AR
T 8o BA 2agog AxH EAES oulobd 23}
nAEtA e Al SetaE 2x2A7L 2 ke =24
oz Hafxlo] npHstE S WethLee. HS and Kim. Y],
2017). =A BESE 717ISO)= ol=fgt v EEtAES AR
E7ol2, B& T 13 22 FHIE 7Hte R uiA &2
2ES —r~n—3]-§1 ATHISO, 2020).
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Atk ol2fgt oFyS Heksl]
=5 ARESHl Bt L2y of=gt
sst %7.%_1%% 71EA o8 HA4e WaEsty qlo] FHE
E Al oGRS rIAA Aot diBA o= AR EE 7Y
Ter|o]E(Phthalate) @t H]AH|=A(Bisphenol A+ WEH| W
2= (EDCs : endocrine disrupting chemicals)= AJ&22] W
wHAl] wihe oA A7)F FolE FEdteh w3 nAlE
gtAg o] H4=A] H(Hydrophobic surface)® DDT(Dichloro
— diphenyl - trichloroethane), DDE(Dichloro — diphenyl —
ethylene)?t 22 F7197Ad ASAet 22 ARdLd=2
(POPs : persistent organic pollutants)Ate]e] FzHdo] 77|
o] vl ESAE2 POPs T8 SHEDE Xt #gt b
= TrE 4 AchMatthew et. al, 2011; Yukie et al, 2001).

T ggolA ] nA Et2H FUABRE T2 F =R
5 4 Stk s Eolo] o, 98 E=, WA 5
o] oS EAY o gle v HHel, tE shue
7Holu 3743 o] e @] WA sk= AAE HA werd
= Lotk (Kang. HJ et al., 2017). ¢17+e] Zak~
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ETtAgo] et A5k As F2 i 73 (Sunitha et
al., 2021)3} 2% T 2(Roychand and Pramanik, 2020)°fA]
A= glom ol (G gFol) 7]|&ol mAEtAE S
8 ogYoer I 7] fEo|th(Uheida et al., 2021). ©]
o ¥kl MWTP(Municipal Water Treatment Plant)ol] thgh
DA RS 5 ol o4 eotch MWTPE o
71 Hole Aol ol & 7oA WSk nAl &S
g2 HFHor steAEdor §9o] "ok s A2y
of 2 MWTPE == nAESGAE S = A% 580
Eoz F4HEtHLee and Kim, 2017). wabA 717gollA] 24
SRe wAlEeLAE ] A%S HAsH] SlhAE MWTP §4)
o] thet mlA| SRRl 240 ‘é-’F@mO]‘:} ShARE =74 3y
oA MWTP A&7} vtk & 3= A
7] 2ol MWTP A&l 54 #HS 4
g A ESAE S A4S Qo B HHE °] Xﬂ/\]—qﬂ 2%
Ak, wlAE Aol tie 52 BAo] ZAatA ot oo
9 2 A= tig A4S MWIP Az &-8ok= Z2
Aze] B4o] thehe AP Qo] B8ah] o, met
7HellA ARt mAIERIAEES] A5 olsish] fld A
AR GAE MWTP §94 MElA vlA E2t2EE Bt
57 Qs & % HAES|H I} Jhrt, Jff}#iialﬂ
T A 270 S ARgSERl o AR aeS
b e A B b 2 i B B B = ] A

2.1 MY 4

% A EefaES A4S Qe AES Sk I
o= 2 7FA)7}F 9ltk(Joana et al., 2019; Jessica et al., 2022;
Riaz et al., 2022). A A& HH2 vrePd(Manta net)o]H A
(sieve)2F =2 o] Q= 15 AREsto] 59 24
e A og £AUStE Zlo|tH(Vermaire et al., 2017;
Rachid et al,, 2015). & HA e HIE A8

2]9ot /\V:Q—J 5 HMES 7IAFCE SFHste Aotk
(Rachid et al., 2015; ]ean—Plarre et al., 2014). & 7}x] W

T ARESE] ol A IS ARgSl ARAoR AlES
T;S SH= Zo] tigto] % 4= QIttlenz and Labrenz, 2018).
AF o= A=Y T FFHE A AR 44 o=t
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o] HeE=r stAEge] 4
o] ARgeHMichielssen et al 2016). &
AEAlel SRR JokrAREe] fUrE
Manta net2 AR A& Wz] ggrom I°} R = e
AMEES A4sh719e a2 o2 AR HIot glol7] wiol
Feoldl & %"1 7 }O] HZS o] 94 160LE iHZ.\—ﬁ]-
ot Et i gl EA5= nMIEE A & ThE
s717F fE71 ‘IH*Oﬂ Mz Hule J0LE 7][EoZ shgirh
MES 92 oo 5HEANAY nMEetrE S38S
Lol s17] Yall, £Fo At 1PEST uz A
ozt ek mebA &2 AddolA= Al 2] 2717F 5mmel 4
H ALk, 75 pm 1 20081 A& o]-8-oiA Wet sieving= %13Y
Shltt. ZF Wet sievingoll AFSRE A=) oF2 10Lo|th

© HE 10 ~ 20LE A5t
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xH /\61— 7(]-/\‘_—_

2.2 Az oy

nAEetAES Wk 7HY HoliEe E42 ERkiE
o] F2H 7180tk MEERE 7152 AASH] sk
TRt o] ARSI} Fig. 104 &RIg 4= glo] i
o7 4712 "o A5 ARSEICHDubaish and Liebezeit, 2013).

2 WA "o Ak AFRsk= Zlo|t}h AR AFRE A &
ole EX kol e g XASo g2y o2 HHHHTE U5
2 ¢ 8Fo g AAT = Utk Naidoo et al. (2017)9] &
T Ao w2 @ﬁ(HNOg)—J AF 55% 54 80° C
9] 25 XAFH 5 AlZA 2E4E9] Eofgel e
HFHHC} 268) o2t Karami et al. (2017) 9] A2}
w2H GAHHCD O] A9 37%sEoA 25T 28 ZA

5 f71=9] 2ofige] o Wl vis Hd 95% 7t
S Oqaﬂ}(Karami et al, 2017). SR AHAg-golo] 7]
g Eolloled 22 £88 HYox @ol A8EZR] o=
olg= %E}/‘F’]C’] w2 pH 279 digh Wigdo] ALl g7l of
ol AAR o] 2712] Aol FEH o= uAEe
N

ol BEHGIT A ol§d AHe] YU BE
Zolut olF o] el EAsH: nAEe LTS B

)
oz 1o 4§
IH rl_} m>~
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o et

T 9 e gZelE ARgshe Zolh shr|Rk s
EAT 5ol RuoA Ao BE&S
HolF2g, A2 b5 nAEetAES 2oid = oL
718 AHEE A nMIERRAE o] Eaivt =l §/4(0ily) &
52 Hr} ¢ mpEstE EefagoR Wots AE o
Z= 9lth(Alexandre et al, 2016; Thomas et al, 2017).
89 WA e A2 olgd A
AR Bl ojR el Shdel ZAlsR: nAlEe)
2EE EAS= ARSET
Al A e ABHAIE AMESHe Aol AR AS
HO0)E F= ol ARgSHH, Bitstrisrs AHSS e
olEeE] die AR st 4] ne sl 7}
5ot Aol oz AGdHtMarie—Theres et al, 2014).
apzet o] A “c]"?aﬂ% AAE ARl ot d3do=r
E M (Tripsin)2t T2 EJUobA] K(Proteinase

of

C

e

K)7} ek (Courtene—Jones et al, 2017; Therese et al ,
2017). EAE ARRSIA S7)E9] B2 Rst A =40

glon] SepaEe] Jgkol gltke Aol it skt a4l
2 aEo=r 2ge £ e f71E TR AljtHe)]
ool Aol thet & WAt Ado] Aok wEkA 84E
ol golA AADE AL A itEtrigE ol8o) WA
e oA=AE 9A AASH: Y& AXITHEllika et al,
2017). offd HHES YA WE mAEetAES 246
Lo 72 AgEd

2 AFE ARt SlojA 71 skpA ol wAE
2w B0 A% ALEER AA2) H4S AFe S
gAgo] FFo] glom Rt fUlE AA av= d5H
H,O,F o]83t 4P o] 85| & Fitt. T3t H,O, AFahy

of A A (FeSOnE H7Iste] A2EE =9 481=t] ]
25t 2] 9] Arshiral-s MEASHFenton digestion)2tal gk
(Wang et al, 2016).

H=qteket dibekeaet 271 Hol w
Ao & gekgo] WAk 285 ougitt. dubal &
AollA o] HEMNSE 2k 4418t 2] A (Free— OH radical)
HAYEE o83l siao] 7Hssitt.

o

oo Eg) At}

[s] QB L

12 o

H,0, + Fe** — Fe** + «OH + OH"

RH + «OH — HO + Re

Re + HO, — ROH + «OH

Re + O, — ROO- .1
*R = Organic *R = Organic Radical

A2.1)- WELSE A IAshs 4kl etojzo]] digk vt
A& Ui Aot} gHZ-2 £32HUnpaired electron)&
7R A2 T EAEA §EgAo] Fold EAHIE Eittt
Tpatsteaet A1 (Fe’)o] HhEsh S4te) gt o] WA
SHA| HH, o] 4te} et A vl frlEat HEgste] {71
= gEe AR AEE f71E S EE A B
THiekrAd WSS sto] ARShHch

Fe** + H,0, © Fe — OOH* + H'
Fe — OOH?* — HO,* + Fe* 2.2)
*HO, = slol=am e atrz

AQ2. DA AreE Al 2229 T2 IS AXA
THA] ShlEich o BAAS B & 4 Qo] f7]80] &
AgE o] WERESS A1 AFe-2ke ¥go] Eduj7iA]
58S 4 4 ok olEgt EA wiiEe] HEAS = I EAt
SEA 2R (AOP : Advanced Oxidation Process)% sh=E £
FEI glow, WE fr1ES AAsheT HEd 45
HIth(Lim HG et al, 2004).

H,O, AFebolut WE4Istet o] MRS o837k XA
U2 st e gol stk MEEY RMERAE &
= éﬂg}htﬂ FE A %‘:} ufEhA % ﬁ:r"‘”ﬂ/ﬂ“ =)
P
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Protocols Matrix type for each protocol
Acid Matrix
1M HCl : 60°C 24 hours - Biological material
5M HCI : 60°C 24 hours - Solid sample

5M HNOj : 60°C 24 hours

10M NaOH : 60°C 24 hours

Alkaline Matrix
's ~\
- 10% KOH : 60°C 24 hours - Biological material
1M NaOH : 60°C 24 hours - Solid sample

Pretreatment method

H,O, oxidation

Oxidation Matrix Fenton digestion
- 30% H,0; : 60°C 48 hours - Solid sample

Fenton digestion : < 40°C - Raw wastewater L J
Enzyme Matrix

Proteolytic Enzyme : 37°C 30 mins - Biological material

Fig. 1. Pretreatment method for microplastic analysis.
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=59 2@‘357} o} %E/] 044413% AR e ASol=
S vAESAE Y fpE AR FuE Uiro] nAlEet
289l ¢kS yepfic(National Oceanic and Atmospheric
Administration, 2017). AZFEAS Q5] AMFESE 5= =
TR HPS py-GC/MS B TED/GC/MSS 28 a5 1
HoltkNasa et al,, 2020). o] WH-E wA| EpAEL] 5
Aitstz d de] ARgHETE oAE o PVC(Poly Vinyl
Chloride)+= &= 7FotAl =W B4 m/z(A2 df/e) HIEE
A, =294 9 [ -wgurgRl 37k JEoR FofjE
thFischer and Scholz—Bottcher, 2017). o] &A= GES]
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F AT FAr2o] Wk Atstel nl| Setrgo] »2
ZAT 4 9lck o e BA Azte] 3 Aiae 219
3 S % e Aol 4

=
73743]7]' st JP=|A] Aok A
o] 9= & Uck(Nasa et al., 2020).
A4 BAE Qe =t B ®= FT-IR(Fourier-
transform infrared reader) ¥4 o] AM2-HrHAdithya et al.,
2022). FT-IR % 2het g2 s 2dios Hiwd
nlA] EetAE AR 24 7P g AR Holth o]
T 7] AE 23718 AR 582 AEY vA| E8iiE
s YA =2 AL E B (Mallow et al,
2020). FT-IR2 “g=7F EHIES] Hsjof ojsf A4 MM
2HERS AR nNIESAES ok B
# 740l 2] el Aoldo] L EE T5e ~HEY
S gtk ol=et g v e = FT-IR2 33t 249

=
A HEEle 78351 AHEZS ThESlo] _ﬂ_a]-/\El v H (o=}
3

r —T1—ua=

SRR SIS vl BAjslo] Ao, et R 4
o AFgsHe FT-IR¥ T ol AFgae). dlolA]

wlo] BAlo WAEl Fow AtE: oAt B Fut
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Table 1. Method for quantifying and qualifying microplastics

Quantifying method

Qualifying method

Microscope Thermo analysis

FT-IR Laman spectrometer

* Quantifying through the mass
balance

* Need a skill to use the
Thermo analyzer

« Counting the number through
the optics

* Using Infra red spectrometer

« Identifying the chemical by

* Using laser for analysis

* Identifying the chemical by
analyzing frequency of
scattered laser

for analysis

analyzing unique radiated
spectrum

* Pretreatment process is necessary to decrease the error

* Sample is fully preserved during analysis

¢l A glo] Aax]o] Aart 24 Al Aol X8
=t} (Song YK et al., 2021; Jung SY et al., 2021; Shim W]
et al, 2017). o5& E2 AHlshd o3} At

2 AfeMdEe ofray glo] Fskan| A (SZ-7XB/TXT

Human Instrument Co., South Korea)& ©]-&5}o] A=FE A
< Yoot nAlEeAE MES AlSs] & dnlEs

ARgShE 22 Algto] Ho] AQ 5= wo] Jlout g4
o] vl A9 Adule] AF &#H 7]eo] BaskA] kot
Jo] golsith= o] Stk skt FlH 7AE ERt
ZJo] opd {etow |ETh= Zlo)7] wiEe] 4 Al
g AFAE HET 4 QoA SHE Ao
S~Imm 2712 Adst k1
b Qe TRl 9] &
4 a9y 79l EE4S
Mg 257 Y8l 10 ~ 50719] ZejoAs2 ohE 4]
26 7N o1& 2@ Atk Marie-Theres et al
2014). wASetaE e 40ugR FPElen olF
FT-IR(Nicolet Summit FT-IR Spectrometer; Thermo
Fisher Scientific)& ©]-8%t RIMIEetAY AdEM oz Y
= gh=olelth B2l nlA SekAaE mHoA Al A~
HEHS APA5H7] Y5l ATR(Attenuated total reflection) &
&o°| FT-IRe| F7t=3int. E2taE /e Aldske o A
45= Zan] glo|Hejgls F2 FT-IRUH gl Sigma
Aldrich2 %8 =85ttt
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TS 571 3HAH o2 FQlote] nlAEetAE HARGHS Aot
k. ofd §AEZ WEMNSLE Foff AAE Bsisinh &
37He] HABTAES ARFIon ATk= Fig. 1of] Hol= Hieh &
o} Ist Calibration curve®| 79 AAIZH} S74gEe] 2217}
24 0 H 47F Uitk 2nd Calibration curve®] 739 AAg;
I A7) et 24 0 g 70] WUtk 3rd Calibration
curve®] 79 AAIGLE} S893Ee] 27t XA 0 X 60] U
gtk o5 Ao R FHEAA 7 RAE0] BEwHAF 3
o] 1st Calibration curve:= 6.24 2nd Calibration curve= 9.59
J2]1 3rd Calibration curve®] 7% 7.747F Ugto™ o] 3719]
S vlus|RA 2nd Calibration curved] thell Bxpt & 2

A=

sRelet 4 9lrk. oS EEWAR o A AT gSo] AT
G gl 54X WAS] 915 H2ASH(Least square

method)-& AHE3tel AAAS RS Fal9ict. dutdoz R?
ol 1ol 7k 4127t il whekshs K 0.901d<]
& HolH dfg Jefz= A=t wobal Thasich Al=|e
E AdHEYA 1st Calibration curve® 79 0.9763, 2nd
Calibration curve®] 79~ 0.978, 12|11 3rd Calibration curve
O] 7% 0.9757F ugleh. ool 2vks FRtehH Table 1.3+ 2
o] LRl &= 9k, 37kA] AATA IE R? Fho] 0.9 ool

= o A8=dEe] AFde il g & 9lor ol

T

S8 AnlAe ol nASeraE 24 AAYL v AR
A we 4 odrk WHE 4 gk

3.2 dEFES 21

_

3. 23 & =
3.2.1 H,0, 4tk
HAM A RFA A7
3.1 #8298 23 Fig. 38 H,O, 45142 283 nAZeiag 42 ofs)
Soton Zgek Aol WS ool do) A= FFRAL WYY ANE UehiT ok BES AAT o)
2 woluA AnAS BE AHA WY AYTAS 200 Hro] AEES A8t fUre vlhZetrE BE
ARSIk, AFRAS e Sl 1Le] 712 % ERG SAL A5 REu A2 B b 459 4%
Table 2. Statical data of each calibration curve
Statical value 1st Calibration curve 2nd Calibration curve 3rd Calibration curve
Max 4 7 6
Min 0 0 0
Standard deviation 6.244 9.591 7.745
R? 0.9763 0.978 0.975
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Fig. 2. Calibration curve for counting microplastics.
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Fig. 3. Number of microplastics from hyderogen peroxide
digested sample.

i 12 ea
Sediment -

o9 ....
®
00 o

18 ea

s

ZejolaE| 2ot T2 AR, AUE BefaEe] FE RS}
H 29 4% Uk E2]odAHDPE © High density

SREAISE H24A AH2Z, 2022

poly ethylene)? Zo] Wi} & ZefAtElo] Fxgict wef
A 0L A5Eo] 971 ABE 10L ASAT} 10L JHE A2
i o] HAEE Hdote] HgAS et 244
Z 55709 mAlERAE AEo] AEENeH o] F 457
AAE2HE 107e Federre AZFHAr A= 7t
A olF nAEAY AlE BHof| MAH R AFelr} ¢ 6]
olFo|2]7] ¢F2 f7EEol Wol Z2ESIML ot fUE
9] EXE AdAHo7 Jdu|Fe &St AFEAS 437
Qo] FolEEA 2Hgatgirt. o
23 AR His) FR4R A2 sk Aol
go] Eobd Zlog d/fErt

m{ru il
el
o
olt
ol
N,
S0
%
)
2
i)
o

322 HEMS f

e %l%é‘?l a"’ S UERAL Sl H,OE ]%OH 1*7431
Z 20L°] ME-2 10L9 A5H3t 10L9]



Sediment

-

10 ea 11 ea

8ea |20ea

®
o0y

Fig. 4. Number of microplastics from Fenton digestion sample.
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