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ABSTRACT

This study evaluated the behavior of microplastics (MPs) in a riverbank filtration (RBF) system using radial collector
wells. To ensure sampling representativeness, large-volume sampling (20~100 L) with five replicates was conducted,
utilizing median values for comparison. The p-FT-IR results revealed a discrepancy between particle count and surface
area; while raw water was dominated by small particles, RBF water exhibited a significant increase in surface area within
larger size classes. Notably, PTFE accounted for 83% of the total MP area in RBF water, alongside facility-related
polymers (PA, PMMA, and POM) absent in raw water. These findings indicate that the mechanical wear of internal
components, such as pumps and seals, serves as a secondary source of MPs. This study underscores the necessity of
surface area-based assessments and the management of infrastructure-derived MPs in water treatment processes.
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Yebdth UHA F 10%08Y Exe 27 1%(19 By
AR, T2 60%2] oF 499 Eo] Hr|E=
ZAE] U HGeyer et al., 2017). ©]Z2 A3} sl -2
vl WAe] 1enol] Yshs Al 2:87] AHN(GPGP)YE
FEA o, SAoME SeReHo| ARAET YA Eo
ThE017l A1 FAIQ1 ZE~ElE 2 Y| 0| E (Plastiglomerate)
7} AR =)@sks W3l o713}kl Atk (Corcoran and
Jazvac, 2020; Egger et al., 2020).

Zelrgle AR 2 AE S YA,
2341 vlslie= piAl o] A 2ol FIPdF A5
doA M Tte] fridoltt. 53] nAdAE T, 48}
713, HAE 92 o, mAEHe] Fste
el BhakE Q13 o] EA)SH K Lehner et al., 2019). ZFEEQ1
el Az eI 7R TkeA ezgelo =R, Tk
FERBA(PAHS), 737181 (POPs) & 13l 2.4
EAS SRl ke S.9EA vi7lA| (Vector) G
Z=8§o|tHAlimi et al., 2018; Bakir et al., 2014).
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(IS0, 2018, 2025). 12} VAIZE}~ES %, AIGA,
A7 HY 5 o=Foz A AxH AolH, 23} WA
FeRage & FEkego] AR g 7] AAelA &
sletz o g AEE Aotk A nAZEAge A9}
2A9A9E Fol EME 119, Ak} A, A 5 Q1R
o] B7) ere A XA QoA BRI waE A
SJth(Allen et al., 2019; Zhang et al., 2022b).
HAIEERE o] AL Rfe] i, A7), Eet FElE
ZAsl= s E34H (vibrational spectroscopy)d AR
AHFS Ssh= A7 3% (mass spectroscopy) o=
vt} % B FRIR 5 21 KRaman) #-34H0)
isEF o], 1~20 um o] PAIIAE & 31t w8
o7 AEat(Ivleva, 2021). A EFHLE Py-GC/MS
T TED-GC/MS 58 83ty Zgixge| 335ty
AR} AR AS- B4 Okoffo et al., 2020).
kA, ] A #e]+F2 (MCEE, 2025)0 waw

AR U, AR, Sh, Ak, o, T2l
Ao ysz EBREn o] F 4o <4 (Riverbank

Filtration watery= 311 Q1te] ARES R 2 245
TR ES ov]gith(Ray, 2002).

7 oAie 1397 SA ties S8k HHYelA
ek =214 o7, sleky &3, e 2alf 2he-=
B3l PSS T3 R R AEES s
AAstE A 218H4 Fx]2] 7'M o]th(brahim et al.,
2024). 18700 19 2RI, =4 59 FolA
Al o] Wale Sl M= 1990 ARl o] %
Y54 S FHeE HA A5 FRE S8 N "
9= Ath(Lee et al., 2010).

Azl A wAEEY Qo] Asldel wet, HA
APl Ui &85 7 o] A A w8-Adol tigh
Y& 7AFo] sty B A= 70 o) Al e
BEY Ar W vAlEEEEY A, 27108E 2
xWA), @ FTHE Y B8] vt} st ol
53l T4 vl Tl UE nAZE g MianE
I8k, FTRY FRE AL RIgtozn 7 o
Aol A4 A A mAE dE VdeEs
HAESR= RS HHo= ).

2.2 B
2.1, o471y

2.1.1. 97AY
AFA G L oEF GAMH GAdHeY AFA|Ee

Fig. 1. Geology of the study area and conceptual diagram of
radial collector well.
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PN A|47] SHFe] 5 Fig. 1914 A-A9] B-
AFFATAS-EREE o2 BRI FAe}F A
R JF=KChoi and Yeo, 1972; Kim and Lee, 1969). &
o] FA= AFERY ARYEle] dERE s2=
737, B A o] oM Aldsle] BEFshs Alvkdo]
kil b R B s A A S

AR JE e G T A7) SHF
AR (point bar)elth. Aol Hage] 2
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20 98A .ol
422712 quoi I3)E 77 $E(Caisson),
1 spelA] ther 7 ERY] WARE o= wof Uk
o 7N 3 QTJ&(Lateral Screen)o.& TAET
AR S 2 B8l sl ek H]"j'j”}gl ko
w5l ol A4 A7t AFsal, ol B4 el
AFAES SHAIZIT 3] £+ *% ]'“]":]'-4 AH
Zee) 9 A)e Bsie) sk s, o] Yo
5] AtigE M A3 (Natural Filter) S-S St
T Jras B3 A5E dage 74 =2 =29
3 o FE B A 3o SEEn gy T
A 20~25 mAT. FHYFES] Zol= 40 mol,
Mare 67l, sk olAAEE ¢F 50 mo]al, 232
ATE oF 27 mz, A8k o} 3,000 m/dayo]Th.

2.12. AEAIH = Y

AlEeF FAE B Ve Fol, ZERIE: Y Ee
fre] AES ARSIt AlE AFH 87191 S AL
A AN Asla &¢Frlg L2 Bl B
ST ARk o= AgAlFH Al & S04 miAlEet
2EY] Y T3 299 7FsAde] 7] wiEelth

AN8E 95EE, RW)E 20 L, 35RF)9 32
E(ST) 100 LA AAFsIATE. A9} AHx &
nAEeR=E o] FET BE = Qlo], 100 L ol A

i‘N

T ro

24 - ol - 7]

of

SHATHISO, 2025). =olX] wiAlEeksE hge o)L
M= FrRRitt. 3789 Al AlFe SD‘JWORM Ag=
A& ZDE(20 pm mesh, 27 47 mm 2EQ2 A%
IS Yo I HS FHsl, o) visEl AZdsa,
=5 HEZ 718 HehE ol &3ll, delA AF3A.
20~100 L o7} & 258 JEl= HEZ )4 (petridish)°l
Hol, dFnlE YR U5S & epslal, AdolA
Al Hol, Az eRkslgh
‘011*1 A& E= 40 mL FAGFTE 211 HIAe
Z5=E 5§ o= IE 919 vAEERES
3 :LELL AT AF AR B A oA7E-
P E o] g3l F498 FE(20 um mesh, 27 25 mm
N2 HE )yl thA] At 418 FE9] A
Z= 23 gEuHe] Yo Az 9-BlA 40°C-12A13t
o eyt vk, X & #4148 T EEo] Bol
F-2jo] ofgdriar ke, Aol thA] Yol HAElE
HHESIRTE BHEE HARE EE A7 FETH,
dx By g8 olgs] 1243 AAE T AedS
A7zl FEE 30% 827 50 mL7kA] A%
HIA Yo, GFu)E FUE G & 40°CollA] oF 247
Rk, Aol A 24417 B3 WS, F1ES g
AAG. 12]a1 ThA] HIAS] IRISIATE A8 TEo]
gt & JAFZ AlF ] gt
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RW (Raw Water)

RF (Fivertank Fivated water) =

is Sampling volume: 20 L
i« Single-stage filter (20 pm, 45 mm)

Sampling volume: 100 L
ST (Sedimentation Tank water) i+ Single-stage filter (20 pm, 45 mm)

Density separation

» Density separation reagent (1.6~ 2.3 g/cm®
« Sedimentation for at least 12 hours

|

Digestion
(acid to remove

» Filtration using supernatant fitter (pore size 20 pm, 45 mm)
+ Ultrasonic desorption (supernatant filter — within 5 min)

organic matter) ' 40C - 30% H0z, 2 hr stirring and 24 hr incubation

If necessary, repeat from density separation to digestion again.

Filtration

- Analytical filter (pore size 20u m, 45 mm filtration)

Filter Drying

s Oven drying (40T, 12 hr)

» -FT-IR Analysis (Micro-Fourier Transform Infrared Spectroscopy)

Fig. 2. Flowchart for sampling and analysis of microplastic.
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Table 1. Abundance and surface area of microplastics in RW, RF, and ST samples
Number and Times

Area of MPs 1 2 3 4 5 Avg. Mdn SD
RW 530 7.10 345 5.60 2.20 4.73 530 1.92
Abundance  pp 112 122 1.20 1.76 1.30 132 122 025

(MPs/L)

ST 0.85 0.15 2.29 2.30 0.61 124 0.85 1.00
RW  31,937.50 1437500 25687.50 26,875.00 834375 2144375 2568750  9,736.58
Sur(fa;ez /I‘:“)rea RF  10,887.50 14,893.75 21,075.00 39,037.50  73,725.00 3192375 21,075.00 25,730.28
H ST 6,081.25 81250  20937.50 18,712.50 296875 990250  6,08125 928297

Abbreviations: RW, River Water / Raw Water; RF: Riverbank Filtered Water; ST: Settled Water / Sedimentation Tank; Avg., arithmetic

mean; Mdn, median; SD, Standard Deviation.
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Fig. 3. Comparison of microplastic abundance and surface area in RW, RF, and ST samples (n=5 per site).

ISR 42 etk A eeE 717199
u-FT-IR (Nicolet iN10 IR Microscope (iN10), ThermoFisher
Scientifi, USAYS o]&3te] #4351t} 4] AH|=
s & (vibrational spectroscopy)o-Z F]A|ZE}2H
W) A5, 2], R FRE S B B (2
48 ZH fll e vHEEEE omAIE QA
(AD) Al2=E(K-spot)o. & w}e}star, 2312 B4R} A
helo] A 9 3RS st the 1H-(Fig 2)S
54 9pge e o,

o723
(RW), 912=(RF) 2 IAZST)Y] & AlgolA 242}
A8 ARE A& vAEER=E 9] 7l (abundance)
A4 (surface area)® 2 &g Ao T HE(Table 1)
b, o B xR0 & AR wMEERRY
= Z7F 4.73+1.92 MPs/L, 1.32+0.25 MPs/L, B
F7F & SMe e

22.
3

53]

sl

o]

N

=)

°

Be}
<
T
1.24+1.00 MPs/Lo)1L, A&

b
M

(SF 2.1 x 10 cm/L), 31,923.75:25.730.28 p?/L(2k 3.1 x
107 em?/L), 2 9,902.50+£9,282.97 um*L(2F 0.9 x 107 em?/L)

o], AE FWF o] F A AIFESRHZ o)

X =HAK(SD, Standard Deviation)’} £
AAZ>AYS Folal, HE WA 35

Z SHMe AReidEddE ot Fals,

Azl & AlmolA 742 534
? PSR Y et EA e R
Fig. 30|t} JAZ(ST)Y & Alg= vlA
ZeREle] i) EHA S A7 HsP L AR, AT B
o FHHE AR IAIE BAFTE 23y FERW)
AAFRF)E PIAIEEREE S 7ol thell sEH2 Y =717}
HlE3IA] eheth e 2304 mAIEEE Y HE
Mee BXw, 1z 7] 7P Jo oakee
nAEEREe] Tt A 0] 7S} 33, 48], 53]=
22 A4 o AR TEAL 749 ZohEG Ex
At 53], oA 28joA] nAIEE=ES] et 32
o] Z¥z} 122 MPYL# 2,978.75 um*Lo) A9t 53] & z+z}
1.30 MPs/L¥} 14,745.00 pm%Lolth. 7F¢] ol
A9} QUANE, wAEEtE Y] EH AL 53]ol|A] oF suj
Ax7t o =

Al o]
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Table 2. Abundance and surface area of microplastics by size class (length) in RW, RF, and ST samples

Length (um)
Number and
Area of MPs Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Total
(20-45) (45-100)  (100-300)  (300-700)  (700-1000)  (1000<)

RW 1.420 1.740 1.480 0.080 0.010 - 473

‘A‘(tl’\‘/’llll)‘:j‘s)ce RF 0.374 0.374 0.380 0.152 0.016 0.024 1.32
ST 0.248 0.392 0.542 0.052 0.004 0.002 124

RW 887.50 336250  12,750.00 3,243.75 1,200.00 - 21,443.75

Surface /I‘:“rea RF 233.75 730.00 499250  11,091.25 2,780.00 1209625 3192375
(/L) ST 155.00 768.75 5,831.25 2,742.50 180.00 225.00 9,902.50

Abbreviations: RW, River Water / Raw Water; RF: Riverbank Filtered Water; ST: Settled Water / Sedimentation Tank
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Fig. 4. Size distribution of microplastic abundance and surface area based on length in RW, RF, and ST samples.

738, g 9 7z & Al il FS(Length,
um)O 2 HEE vAEERRE S e WAoo R R
Zlo] Table 201t} FolA 6452 T2 ASTM E-11E5
Fzate] FEE Ho|tHASTM El11-24, 2024). 718 ©o)
HER NF 7 AE ABA Class 2(45-100 pm)al,
ozl 2 WAz & A|FoIA Class 3(100-300 um)©O-Z,
Hdl #E 73to] AEY YRRl Ao 9 HHx &
Alge} tk=rh. 12]al Class 6(1000 um <pPlA] 25 A5
HAEERE AEL glov, i B 3z A4
Z}z} 0.024 pm/Le} 0.002 pm/LE AZET}. Class 5(700—
1000 pm)ellA] wAlEFe=g ] AE Ve Ao B
ARAzANA 2+2F 0014 /L 0.004 pm/LE, 55
Class 6(1000 pm <)E.C} F 28} Ha1, WAZE oF ou)

o}
B}, 2o oo o] viEERE S FHAS
Class 6(1000 pm <)HT} ZF2} oF 4309} oF 1302 W7

At FE AlFEE 200y 53], oy} ARz Alge=
100 L% 53] pFFom g Fox mAZekaE 75t
FHZ) 3 A (totaly= FE-S 100LE, o3} 3
500 L2 v

, s 9 JAze] E ARl dis] A5(Length,

i LI

Hxe

T=
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um)© 2 AEF vaEeREe Tt s 0= UERd
Ao] Fig. 40]th. A= =710 W& T (class)E NS
¥ &3 1™ (Fig. 4a)2] = AJ=H(break axisye 0.3~0.5 MPY/
Lo]ar, ¥HZS 33 17 (Fig. 4b)2] == RS 6000~8000
um?/Lolth. 7 AlRoA HAEERHe] HE N
Class 37FA] 1 MPs/L ©}’d0]al Class 3 9JAE] 0.1 MPs/L
olstot}. o=} HAZ AlFNA HE W4 Class 3
(100-300 pm)eiA] 718 =T}, Fig. 4a4] Class 4(300-700 pm)
o] A= 7i57t 71E ol Koy S Ao = Qls) oi=w
ZAxjo|t}, Fig. 4bollA] & E A5 3HA9]
7] BEE Class 3(100-300 pm)S 4102 HFEE
(normal distribution) FEjo]th. 1ejuE FEa} M FoA
AZE vAIZekge] x-S Class 3914 7174 A
A= Class 4% 6ollA] w)AM|Eek~ge] U ZFo] 713+
A},

AE, o 9 Az B Algd s AEE vA
ZefnEle] FRE el HH o R FES A0 Table 3
ot} A& A5l HEH ZTE 5/ F PA(Polyamide,
Nylon), PMMA(Polymethyl Methacrylate, Acrylic), =
POM (Polyoxymethylene, Acetal) 5 3% $IA|TH o1}

ez
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Table 3. Abundance and surface area of microplastics by polymer type in RW, RF, and ST samples

Number and Type
Total
Area of MPs  EpOXY EVA PA PC PE PET PMMA POM PP PS PTFE PU PVC

RW 001 003 - 006 007 033 - - 033 001 38 004 003 473

Abundance
(MPSL) RF 005 020 006 - 0.17 014 003 002 009 001 049 003 002 132
ST 001 001 001 - 004 006 002 002 005 0004 1.00 0.02 0.002 1.24
RW 50 44 - 919 381 1,725 - - 2950 25 15206 38 106 21,444

Surface Area
(/L) RF 146 754 175 - 432 3046 79 84 590 8 26427 120 63 31,924
ST 29 18 37 - 79 1,060 32 30 274 3 8307 29 5 9,903

Abbreviations: RW, River Water / Raw Water; RF: Riverbank Filtered Water; ST: Settled Water / Sedimentation Tank

ot IHE AFAA oS0 ASHTE 18al FE AR
o AZEA, oo} Az & AR fls FEks
geo] Z5F+= PC (Polycarbonate) 1550t} gtidog A&
Zo] & ZFFE PET (Polyethylene Terephthalate), PP
(Polypropylene) 2 PTFE (Polytetrafluoroethylene) 5 3%
I, FE, e 2 AARY] B ABAN 3EOoR
ot

3=, A 2 Az E AR g HEE vA
Zengo] FHE Jigeel ¥ oe® Yehd Ao Fig. 5
olt}, Zekng FR0 WE vAZEERREe AE NFE
X33 I (Fig. 5a)°0A = A Z(break axis) TIH
1.0~3.6 MPs/Lo]1L, ¥HAS &3 13 (Fig. 4b)ollA]
= A= 772 6000~9000 pm¥/Lo|th e A]Zol| Mgt
A& vHEeE Fels PC 1501, oJuare) HA
Z & ABdAMT HAEEE vHEEaY FEHE PA,
PMMA % POM % 3%°%, EPOXY, PS, PU @ PVC
5 450 AE e e XUHI FARE Yot FE
AlFolA Bo] AZs= vAlEe~H9] JEl= PC, PET,
PP ¥ PTFE & 4%°|th. o359 3z & A|5A
2ol AEs)= rAEEHe] FHl= EVA, PE, PET, PP
9 PTFE & 5&°l|th. A=, o742 3z & AlgolA
nAlEeksE g FHZ R F{T W 7Y Hol
AZH= vAEFe=ge] JEl= PET, PP ¥ PTFE &
3&oloh.

o]
%

N

2.3. =9

A8 F3(volumeys 25, =7t Jof 7
o] Aok 22} dAxEle] SHAIR I8, rMEER~E )
HrEo] B2 Aoz FHH= AEe F2 FIE,
o] AL ZoE FPE e AEe B 799 o7
o] Hargltt, 1A o]59] disAdS Sl f1aiA
3~53] HFE- 2| (replicate sample)’} 2 3FHISO, 2025;

Koelmans et al., 2019; Tamminga et al., 2019). A
A o] 7 AAFre] AL FERW)S AN FA
< 3l AW ATJHRFAIA 2 (STl FH=2
(suspended solidyS HAAIZITE JHEE B A7E oA
EZ(1S0)oN A B 20~100 LY th-& % o IHLarge
volume sampling)®} 34 534 HkE =748 W35}
g xS Srstarat g Aot

AZE PAIZEEREY Aot EUAS Hit(Avg) + 3
FHAKSD)E H & (Table 1 FHE)eh= 212 73 wiA] W
nAEER 3] B dAelE Bkl w AlEd
AlEAFe] dBEs wolEd F e FEYS Ve
o}, 53k, A EEHAHRSDYF 30% PIREeE fA]E AL
oujgtt}. o]l AN EFHXKRSD, Relative Standard
Deviation)= ¥FHXH(SD)E Hi(Mean)o 2 Ui F
S (%)= UERd eXx]o|tt. Btgk tiv] @&}t deht
THE iAo R HoFrld A= tE Jde] JUxs
e ) wje- F23h Table 4= A&, oo 2
Az 2 A FoM A PSR JEEa1xE
Mot A AE FREste] vk Alojd

e, AT 2 ARx E AR HER vAEE
28] 5] FUEFHARE Z2H2 40.58%, 19.25% 2
80.27%°Itt. WA ] FEFHAA= 22t 45.41%,
80.60% = 93.74%°ltt. A3 AE JNae) AdhEEd
25 ALJBlaL B 30% oPdo|BE, Pk 2 HE] Holx

Ir

Table 4. Relative Standard Deviation (RSD) of microplastic
abundance and surface area in RW, RF, and ST samples

Abundance Surface Area

RW RF ST RW RF ST

RSD (%) 40.58 19.25 8027 4541 80.60 93.74

Abbreviations: RW, River Water / Raw Water; RF: Riverbank Fil-
tered Water; ST: Settled Water / Sedimentation Tank; RSD, Rel-
ative Standard Deviation.
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EEsit) T2 2 3E 84S U Mdn) £ B
HAKSD)= F3aHoF gt} =, o 9 Az & A
FolA HEd vERRNE Tige, SYRMdn.) + 53
ZHSD)E E&5PH, 212} 5.304£1.92 MPs/L, 22+0.25 MPs/L,
2 0.85£1.00 MPs/LO|th. 3EHZA2 712} 25,687.50+9,736.58
um%/L(%F 2.6x10™ ecm*L), 21,075.00+25,730.28 um?/L
(F 2.1x10™* cm¥L), ¥ 6,081.25+9,282.97 pum?/L
(2F 0.6x107* em/LyeIth ke FHz AlRoNA vMEeks
g9 HE et Fo] oF 4260 tiFE TS
HojFEo) nAlEeReE S Huaho = 33 A g,
TYHOE RdT uf, HEE MG} xEE EFoA
BE>ARe>AAx £o2 vAEeaYo] Bt
o] sAE AHdTs 38 g gorn=w FA
e mAIdAP} A= FoE ATk a9 3
2 N Aol thg BAIR Fod AR SR X
F 558k 7] wiZeltth. AxIgh 3k
4 (trend)o] T}
ol wAlEER=Ele] ME HAA Jheet
AAY Zols 5 Aot A A7l
nAEEsE o] TS f1iA Tl 20071
JHZeY A e B498 ZE WA gigt
nAEERE YAk AA ol 1%~10% Aol = A
THXu and Arakawa, 2022; Hagelskjer et al., 2023).
, A 2 AHE E AIRA HEE vAEERY
H20] Zogto] 24zt 25,687.50 um?, 21,075.00 pm?,
2 6,081.25 um*|CHTable 1 %), B8 Ly W3 o]
4.9(1.25°x3.14) em’Z, 73E, A5 2 JHx E A5
A AEE vAZEege] aHAe 48 e wAe]
oF 0.005%, 2F 0.004% 2 <F 0.001%°]t}. 2822 7
ZE vAIEEREE 248 g 9o H-3] ik
HAZ ARS B2 dEH, NG £4 A9x F
A3k o7 et
SHH, High(Avg) 02 F3E W), i A= %
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AERW)E AZFRF)Q] 59 1A A7Hsk=s
Hlg|EHA] et 2] 7, 23] AlsAlF oA mME
gixEo] Jirt BA, ¥dE =271 7P Fg
o] AL nAZek~Y FHE (abundance)2] NG} vAE
2ge] o g e AARRA] 55 HoFT) 53],
oo 23)9) 53]9] mAZERaE B4 Aie T5]
2ol A gIARE, WA o] Zjol= suf o] dolnt. 34
< /Mol Wshs 33kd ZekEe] Mgz B 4 9l
Ak, FHZ 0] W= o] mAlEekE o]
A7k ohd gE AY S ok

3 AZH AIEEREE ] =718 45 (Length, pm)
71522 Class 1(20-45 um), Class 2(45-100 pm), Class
3(100-300 pm), Class 4(300~700 pm), Class 5(700-1000 pm)
2 Class 6(1000 um ©%) 5 /) AFo=Z EF3sP4d, v
AlEekEe] A A= NG 7 A= AECA
Class 2, 9¥9} "AZ2] & Algo)A] Class 3°]t}.
T mAlEERg e g A A ke e
A Z A|FolA Class 3, A3+ AlFolA] Class 6°]t}.
ARz & AlER vAEek=ge] Ho Jig9 Al
¥ 7o) UX|FcK(Table 29} Fig. 4 %), 348 %
AP =)o) vAEEE AE 7159 THHL Class 4
A Al xS & AlEe] AR ZARE, Class 5
OPREE el HHFe B AR ARG A9t
JYEZ Class 5 °P3FE #AEE nAEERES 35
dog FEo] opd 4 Ut

AE, o 9 Az B Al UiE] AEE
2Elo] F7E /e duAoR RSP, de) 3
Az B AT AFE e 3509, o] PA,
PMMA, 2 POM, Solt} W2 FENAMT HEH=
THE PC 150tk 3 AAA oz HES =
ZH+T PET, PP, ¥ PTFE, 5 3%t o5 4= AlF0
A PTEF A% 7|5 049 MPs/L=Z, 253} 3dxo] &
A7e] Aol vls) 2z oF guje} vl A= ZA|uk, ¥
2o zyzy oF 3uj9} 2v] A% =TH(Table 33 Fig. 5
2z, Mg7E A& Aol vis)| ko] & olf= A<
AFollA 7E%F PTFEZ| Class 5 oPg2] =7] wjE-02 34
ok T} PTFES o2 AEollA] 5HAE 26475 um?/L
2,975 AFAA HER vAZEage FHA
(31,924 um¥L)2] °F 83%= A3} PTFEE 313H4
o2 g Aol whE AlGrt Wol ke AHA
Elol=Z, &, dZhHE de] 200} ¥HE gEAY YA}
Ab e = ) ARSE PTFE A9 Hlo|x=rt 71414
718 % vlE (mechanical wear)Z V|AMISHA ZrAUAY,
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S E i Al2"le] PTFE A& 7l2Alolu} A (seal)o]
=%3}(infrastructure aging)Z A3l F-2=AY AL
A2 Fej= g3t (Dalmau-Soler et al., 2022). o2
of| ] TtFFe] PTFE A& 54, v, Haz W H 5ol AL
S8 AYAZ FGH, =30 o] FI= Qla Al
5] 7|RT} £710] Class 59} 677t 8%2] =71(700 pm ©]

‘hE AZE Zo= Azt
AZ" Zgv F PA(Polyamide, Nylon)& o]
AR I A=t a1 Wekde] Hold Aol

A, o, o, B, Hlofd, 710 5ol AREH. PMMA
(Polymethyl Methacrylate, Acrylic)2 F&|Rt}h 7PEaL,
FHE7} vl gostar, & 4 4l o)t 1,
=, 2 7AW 59 AF-ETE POM(Polyoxymethylene,
Acetal)} 2 TAAA AXYAAY Zgfxgoz FE534
SARE AL AU R AGE R R A 2
@ FA=E)e] Holuh A Bl A== Al-olth
A 7, AA FURHE, SHHEE BE, A9, 5
AHEEITH PASE POME F5HZo Qdeld AREE =
Ao}, olgtel] PP(Polypropylene), PU(Polyurethane) 3!
PVC(Polyvinyl Chloridey 75H22] &}9-7, vl 5ol A}
L5e AoF I FHTH(Brydson, 1999; Pivokonsky, M.,
et al., 2018; Dalmau-Soler, J., et al., 2021). ¥R}
APdellA B g riAlEEREo =5 7FsAdo] T
2 A7 Pz, uE ) v Aol tigh AA A =E
g AV A ARE gRekA] vk 3 5 F9
Aol tial & 25-2] BRI (blank test)E & 5 ]1
Aok ey AT Ao 3 Al ARSE AEETE
|52 vAIEFEReEe| i 352 T IS AR
ok WEgt 23 =25 SlsiA F7HQ A oY
Aol AElZARE Bl Ar 38 AHERE 2S5

ok viZesEe) Pe) wieke AREolol & Aol

o U1

FHAIE T T FEES), A
AlFollA mAlEERRES A8, HE X
o2 nMEEge] FH = (abundance)s FIEE
sidth. 1Ejal wAlEeag ] 279 FRE 3EE
Hluste] mAlEeRag ] & HskE AEsI

34 mMEERRE HES vk 9 AlEe] o
#FAo] Ta3it. AlRe] FY(volumeyt &5 T
7F ) 7 f1e] A, o]& WA 98] 20 L
~100 L o-8-3F o7} (Large volume sampling)e} 534 Hk
5 3788 sttt AEFTAHRSDyS HESH 3
TR Y3 3798 vl gre g gt 315 m)
A&k HEF] Zfol7t 217] wiZolth. A2 HE J
o] 24 AL vlashr] S 33] o) o] &4 A
2RE i3 gHI} Fasith

n|MEek~g 2412 Z1E 3 (vibrational spectroscopy)
70191 u-FT-IRZE 43tk AHl= 20 um ©]42] blA
P =2 37 EdleoE APEeitt. ey gl
S48, & IH S0l wAlEEgo] MR AR
Aok FRAo] FHoAAAY 205 F= Ut 20070
n|Rke] mAlEERAY R} B vAEERSY YRke] WA
glo] ¥-438- =y R 10% vIvkd uf, ZHHs ¥4 A
=2 Gk o Utk 2 Ae 38 2ol 248 2
B WZ9] 0.01% olate] wAlEeY &S FA5HR S
B2 AHg #4o] o|FHthar 71 4= Sk
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