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Ulﬁl—ﬁ—ﬂ*gfﬂ A AAL S ABEAll A 1eHA it A, o2 IgE Az 313 wAl7E o AL Ik, vAlE
ZAE B Yollx] 2] F2E A HFHoR Y HH=ol FHEW, A=) S A= AoR &
214 3}3%, nAEERAE o] A9 HEA E A=) A wigte] wX|i= el Bet A7 AlgHA otk & A= &
222 J(PP) VAIEEAE S S AR (MP)E E 98] 2 thETH(CONYE thd ez
o] Shdel wE A= 9 E2E A4 MskE Brksisich A3 A, nAlEekaE £ 0w AT Sl 1~2%
S7FE 207 Uehgst), o] W sl nAlEEAE o] BA o] s At Avtw dekev) ek g9l 3
B A AT Yot A diab FH O oz AR {2l u|et pH e YERITH B8 Ee] A
R AES B Avh, A8 A% W(1,528-171,542 mPa-s)y= th22] A% W$(1,854-237,159 mPa-s)k.
oF Sdeh, BEgh, /R0 vAlEek g el o)gh et 314 a9l B Apdow Qe kol lﬂtﬂ AE 7%3}:
Age Bylon, olof wet AFe] VEF FAE(SAR) ol Wk S (CEC)KS 42t 0.2~1% T2 7148}
Atk o8] AE Fal nAEHAE S 4 7)) oA E B = A i Ads °E§W = 30=
SRIFSITE & AT iz vAlEekago] A AR EHEe] v)A] 5%, At 54 Fof HiFow ©gs)
o AT BoldS TTMIA, 750 24F 29E T A 7 AES HolEt

Abstract — Microplastics are widely distributed across global marine ecosystems, posing emerging environmental
concerns. While they accumulate in marine sediments by multiple pathways, thereby altering sediment properties,
studies on their effects on cohesive coastal sediments remain limited. This study evaluated viscosity and physico-
chemical property changes during consolidation of cohesive coastal sediments, comparing polypropylene (PP)
microplastic-amended treatment (MP) with microplastic-free control (CON). Microplastic incorporation increased
water content by 1-2%, attributable to low-density MPs inhibiting consolidation. Furthermore, MP under a reducing
environment exhibited a significant increase in pH, contrasting with the CON, driven by the stimulation of ammo-
nia-producing pathways. Analysis of the apparent viscosity of sediments revealed that the viscosity range of the MP
(1,528-171,542 mPa-s) was lower than that of CON (1,854-237,159 mPa-s), indicating that the influx of micro-
plastics inhibits the development of the sediment structure. In addition, the dilution of charge density and physical
blocking by the inert microplastics led to a slight decrease in cation concentrations, which consequently reduced
the sodium adsorption ratio (SAR) and cation exchange capacity (CEC) of the MP by 0.2—1% relative to the CON.
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These results confirm that microplastics progressively weaken interparticle bonding during extended consolida-
tion. The results of this study demonstrate that microplastics complexly disrupt the microstructure and rheological
properties of cohesive coastal sediments, thereby enhancing resuspension potential and potentially aggravating sec-

ondary water column contamination in coastal ecosystems.
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A AR o= Zepag Aol Sl B vl F o Q8| ek
U mMEetaE o] Aslelal §lem, ol st 3 AR
55 1 9lthJaikumar ef al[2025]). S 3
g, VAR wke, R, A=), Tkl 5 = -3
A=A S AH 5 mm vIRte] wAlEERAE o R el
TH(Andrady[2011]; Coyle ef al.[2020]). 53 Ze}re] glap= 1]
A F7EE QlEl Al WlellA] A AFE-E vEE, &
F-5%] (Homoaggregation) %! ©]%-5-% (Heteroaggregation)ys 53
EZ(Flocys FAJ3taL HFH o= At E|d el FAHTHLI er
al.[2022al]).

E2| D (PE), E2]| 223 (PP), Ee] el (PS) 2
A M AESAEE B2 AFAE AU, o|R Al FEE
ofue} thehF=reksla=Ax(PAHSs), & A 31| #H (PCBs), 7]
A2 w5 2T 7] 29 EXE aRoR Sk low
R 1537 §JtH(Menéndez-Pedriza and Jaumot[2020]). 3i%F 23 ollA
nAEERY Ee F3lel AER 348 AXWA ~OH, -COOH,
C=0 52 715717 =951 359 A7} S71sict ol 2eh
EA Wl a7 A3, rn A EE, AR71A Y, 4
A & fresto] 2d=del gk vAEEAE ] 54 sHS
<7712t (Agboola and Benson[2021]). ©]AH w|A| &t A~E2
koA tiofst @ @EH ] R U 55 A2 7]sshe, gt
HaE U 094 As 9 o= A 22 et =2
Ao T3 29107 g3},

AM H A= g AeAlN FED =3 st A
=9 AARAE AlFet, sl AeAY HPAARA BE Ves T
et 2ok el HA o] AdshE, EE W s5E 4
FAF, 7715 L A4 4H] E4(0Oxygen Demand Unit)o] 575
o7 §EEo] Az viakagy 3 2 S 7 o 9s
AU A1 (Kwon and Cho[2010]). E| & & AFAAS T2 25,
Z 2 9 IRl sl e, 11 A BAEe] fH
812 B0 2]8)] A7 F h(Leighton and Acrivos[1986]). 53] S
H5e] AEA EZHEo] i oz -2 i wate = fA Al
gk 4= 9lo](Reeks and Hall[2001]), A} 7+ Ad+ 737} eH4

55l A AAPL At o]w)] 31w EekAES
HSAIA, =2 8]

9 A S HPAE 5 STk A ATelME wAlE
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THKim et al.[2016]). WA l|F 87 27208 Wt njalEeks
g &3 At HH =] fusta] 5/ Wl ek A7t Hest
t} ofe]] & A mAIEEAE ] S5t wE At A= A
=5 e % 7% AR, ez A(PP) vAZetAY
o] £3tel AEA S|k A= fHEtA wigls dgHow 3
7¥eh=s Als HAOR sith,

2. M= 3 U

21 A M=

Zez 2 PPy A AAd ez g AaksElx 37 ) %4
HlFo] w2 A 24 5 sl (Geyer er al[2017]), 555
2 f7] 2952 S2ks Bt 87 el Basa 9lth(Bhagat
et al.[2022]; Eom et al[2019]). & Ao = A E7} oF 0.83—
0.85 g/em’?(Andrady[2011]) 73$1-& PP A|H 9] Eekihy ~FS
2] 721 (UDT 4" ANGLE GRINDER UD-100GB, China)%
wafste] ARgBIATE e EekAE YARE 1 mm AlE S
# JAF Z71E 1 mm PP R AFERon, B 3G9 EA
24 B472) 3t 319 (Fragment) JEIE W= AR5 ERSISICH

8o ALgst HEZ A9t Bl4E-2 Van Veen Grab(CL-VG 351,
HY Science, Korea)ye AH8-8F0] H-4:H3H(35°06'39" N; 129°03/04”
E)e] siAHOZHE 30 em Zlo7HA] AFsISITE AF et HA =S
EF 2 mm AE FHAA UE AMTE L o]EAS A ¥
Argsiodnt. sl 4]k SIS Q14(35°08'18” N; 129°06'51”
Bl A5=stsior, 5=t dll<= Glass Microfiber Filter(GF/C 47
mm, Whatman, China)= J¥}3}0] BE-8 A7 & Agde] A
L3l3ith Aol ARE 271 BAE W allre] =eEetd] 549
Table 1°]] AASIATE

Table 1. Initial Physicochemical Properties of Sediment and Seawater

Parameter Sediment Seawater
pH 7.92 8.19
ORP (mV) -115.3 78.1
Water content (%) 111.2 -
Ignition Loss (%) 6.97 -




Al S ek

Ze|z=2ad glo] HE
2.2 A8 UYH
A= FEA AF FAE vAERRAE 0] £} of
sk 54 Waks BAs] flel AT o ®
T3 AHT(MP) A== F2E 600 mLe|
&9 2.5%°) HFst= PP H] A EEFAE (SF 10°
particles/LYyS 78] E31810] FHISIITE. Wu er al. [2024al
AellA 0.5-2% 552 mAlEeEA
E3ke Haslglont, 2 A7 on] A
FAEA FAE T2 HelMe vME
geks] o] vehe ol s
olof] wha} £ Aol = AR
(1 10 particles/L)R.0} %2 g0 2
=R = gAE g4 ¢y
Ak} Stk (Lenz et al. 2016).
%—E] & (HDPE) €711 B ¥,
°J [e) tq \:HZiLT‘E’__ D]/Kﬂ———ﬂ_/\
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1—:/]7’% A Q8 FAsE oM = FHE BE Alg= A
2k 25T )ellA ZH2E 593 1547 by /\]ﬁ ]| AAR9] 529]

& Il A1 -r]ffﬂ
Folli= AlolES o] &3 2
3iglet. olo] FA =2
Potential, ORP)E *’52']@ j.—, A5 *]E
oY ar, B2 Al g ol w3k 28 (Cation Exchange Capacity,
CEC)} YEF S H&-(Sodium Adsorption Ratio, SAR) 445
Q13 ARg-sk3ATE.

A& IKA ROTAVISC lo-vi Complete =AI(IKA,
Germany)E ©]€-5t3It}. T-bar 3]:2k2] 781812 5407 =+t 4
st 4w AR UellA e S5t ddges aElsted, 2 At
e FAGFRPM) e B E7] = (Apparent viscosity)= U
ERJIICE. T-SP-3 33AFE ARgslo] A £5=5 1 RPMelA 200
RPM7HA] WA 0 2 F7MAZ1 oM, o]of b A= WslE =71
#ow wgkete] YehQlct. 72 Ak oA 9 HAE eHgdS
2a3l7] 918l 1 RPMelA= S, 20 RPM oVdellrl= 205 5
=3 AZFS 25 A8t 53 &9 pHH 2l ORP =72 pH/o]_Q_
t]E](Laqua F-73, Horiba, Japan)E A3t S43FSIT 3]
(Water Content)= 58 HZE2] FAL 100ColA 617F AZ3
T A& Ax HAE M AlolE 7EoR AkEsigi o, g

Aprae (13 2.

1_—11__

HZ33ict o
]71?5} FAEES
H(Ox1dat10n Reduction
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Moist Sediment (g) - Dried Sediment (g) <100

WaterContent(%6)= Dried Sediment (g)

CEC ¥ SARZ 100TCollA 2417k 52t
slo] SAsiInt 2 A alle 31
o]E‘:A = x}];ﬁo] ﬂsw@ B3 }\]—ﬂ.]i Oxlg—}_ ] 54
43

Jol22l Na', K, Ca*, Mg %%@s}ﬂ ﬁsﬁ Zii E]E,%E} 05 M

A ek 88§

1 3HA

812 Bl A= 4

it

237

K,SO&HE 1:4 &= E3alqlth. &3t -, 7} A5+ 045 pm
membrane syringe filter (MILLEX-HV, Millipore, USA)E 53|
3T} FEAL Dol =2 10,0008 A3 F F A%
St F8 WE A (Agilent 5800 ICP-OES, USA)E AR

3lo] ol E=E w4513t Mohd Noor and Kim[2025]). CECS}
SARE ol % o E 247} o] 2] 2)~(3)= ol-8-3td

A3 tH(Zhou et al.[2019]).

K+Ca+ Na+ Mg

CEC (cmol(+)/kg) =

Na

SAR(mmol, | L)"® = ———=——
Ca+ Mg

3)

23 34 2N

Al A2 R AZE 0] (ver 4.4.1)5 ARES1
Z%&2] pH, ORP, 3= 217 33] 59
HeRHSL o, wlAlEelaE e AR

;Jﬂﬁ B7¥sp| S8l 1 A7 ARSI p

SRR RS 7412*_%’ Freletotal 1kt

5, CEC ¥ SAR 42 A8 277 vl
oz ah AT 3ke] ] wg) gl
v EA8k= d) 28519t

Tt =
W SAste] Fgte =
[Rlo] gj&E EA4e 1]
-4ko] 0.05 vlRt
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3.1 §|X-I | A-Ijg |:|:12|_
Fig. 1= 'Y 71240, 5, 159)°) & 54 %J pH, ORP
tﬂﬂfa y_oqﬁ%r:} CON3] pHE %7] 7.92014 524 3 7.90, 15¢

% 7.88%2 FARIA o7 Tasilet], ol& el ost E714d 3
7 2=, %_‘H& QA F71E 23l A AAE f7)ke] &
Aol %ﬂﬂ &0 2 A Fth(Kim and An[2022]). ¥FH,
n|HZetsEe] 23k MPoll e 593 159 & 77} 8.099) 8.15%

frou|gt pH ol FHEEUTHp < 0.05). 15U2F MPS] ORPE
-114.5 mVE YeRskor, 891 s fH8chs e 13 g o,
°o]2fgt pH s 54 é 1’4 B4 tiALe] A3z sfjAlshs Zlo]
ERgettt. S, nlAlEeRAE 2] 28] 37 stellA] daA 7152
713 wsl ot é AE7F @At E o] A
D%, ofuf st A EZR AREUOHNH,VF 4 o] 2(H)YS
123FAA MP2] 50]4Rl pH A5 s Ao x Jelgnt
(Zhao et al.[2021]).
$hH CON#F MP B Z71%k thn] 5449} 1594kl 4 ORP
#hol S7Rk=E AdE B oL, 7 Fell= 2lo)7F IStk CONG
ORP:= %7] —123.8 mVellA] 1582} —102.4 mVE A& J55H=
b MP= Z71%F tiv] 544 —102.5 mVell AAF o2 A5 &

Rl

o O ‘F
15U} —114.5 mVE TA] 74381900, Zwkze] Wgl =2 CON
o] vl&l] 2t o)X H MP7F thZrE U B2 ORP ZJE]o] Mt
AL, A AFst AaA 71 drE QdEl pH} gl ot



238 AHA -

2 CON mMP 8.09 8.15
3.0 _ 7.92 7.90 7.88

Days

ORP [mV]
Iy
(=]
(=1

-90.0

-102.4
-114.5

ECON mMP

-120.0 4 -100.9 -102.5

-123.8

-150.0

0 5 15
Days

Fig. 1. Changes in pH and ORP in Sediment.
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Fig. 2. Changes in Water Content of Sediment.

110%%2 78Il o= H2=e] el o 2 &4 A=
A E Tk (Skempton[1969]). ¥HH, MP2] 1= 54 F 115%2
ol/\]ﬂi v—7]—z§]— > 501 112%%2 7L/\—5—]_ 14_ ﬁﬂx%_i
drih 28 SRR FAI5H 4TS ekl ol vl
~a}m4 sk ulFo] HHR hg AsIE) WEoR B
TETHWu er al.[2024a]). 123 A= vA|ZEAE 30|
A B2 Bl U 54T 58 FHFS W

AJAFEHEE.

e

—\—‘

2

0& B
TS

3.2 E|ME9| ME HiF|

Fig. 301 9 334l w2 B9E9] dur| 4% W=
BRI 7] A= 1,437-141,545 mPas@ o, BE A
A F-AFRPMYF S71el wek A 5245] ashs A
3l(Shear-thinning) ¥/de] It o= FEA FZEo]

+ A3 221 ¥]578 (Non-Newtonian) £ 5402 Hdekdo
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Fig. 3. Apparent viscosity changes of sediments according to RPM.




ZeE g v S

Sl wet BAE Ul g4 T2t BeAow e f

/40 S7Vsl] wlEeltt. i 717to] Zojel wel CoNe| A
L= 27] Ao vl 59 xK1,910-237,159 mPa-s)$}t 154 =}

(1,854-212,318 mPa-s) B A4 0 2 Z7leh= ek Rt
ol B = UIF 727 g stE ar ehdel 2ls) iR} 7 mpaE Y
S o] ZA3tE 7] WEo 2 FetkEth(Kaveh and Malcherek
[2024]).

Wb, MPE] A& 59U 2K(1,528-148,576 mPa-s)?} 15 =
(1,678-171,542 mPa's) &5 CONK.T} SHA =3 =gt} o] u]
AEErAE Bl e 54w & 318k W A& 54
W7} B3kA o7 283t Az et vAEEkaE k=

FAE 72 W 1= @40 7IE HAE R 1 ARk =2
okslE Zafato] HA Al Y-S At = UTHWu er al.
[2024a]). o] ¢} 22 WSt <3l BAE At 7 ST 2y
o] ekslsto] mA|EetaE 3t HAEe] o] 1A Zlow

T Otsubo and Muraoka(1988)= HEZ EAES] 84 A
s7F 2ol gt Aake 2l kA Adek-g-2 o] Thael WA s A
TAPE Slers Hash vl Qlek. o]2fgh A8 ATE v e s & o,
2 ATl 2RI A5 e vAZERAagel gt fRiskE] gk
e Asleks Qe r Ag3E AAKeH, o) = I 25
T 9ol 7AW HlAEo] AFAE] A B4 BEE =
48 7FsAdol At ool whet ARl F2 Asel nX|E ] of

3.3 CEC % SAR 5}
v AEEE =% -F BAE U o] 55 9 CEC % SARY]
W3S Table 20 QoF3It), & QoA &% CEC #lo] Uyt
A1 Ek 7l vlEl] & FAE 715S A, sl Ul §<50]
3 EAE QJAf ghe] 2 slekA] WE s wksk] o) 9
3 RS MH S AXA| e AlRE Al AR Wi
olt}, THTE o83 Bk AlF 3 HFE AF T2 o]
BEE WA fH] Ass A= et o, 7HeAd
QO] IS 3 BHE AA)e] ARV ol 8 (Apparent
cation capacityys RF33aA} SIATHWu er al.[2021]). oA 3]
T 55 avl ot w7 ol F2TF =2 A mlAlEet
2~ge] o5t AR 7| =E A o ghdeby] s, tlar
(CON)S] Adjzks 714 o= sty A3 (MP)Q] 4] A

gol FE4 o

B2 5] fsky 5] vlAle 9 239

v
it

S (A%)S AFESH] dloly B daks 48-sisint.

olefgh B A|%E v O 7} o] 29 AFS wAg A,
EF 0]&(Na*) ¥ CON thH] MPellA] 50.82% S| LERE O
], ZHF 0] &(K) ¥ CON thH] MPoIA 4.03%% 743813
Tk AREE SARS %71 58.00014 CON- 60.0°0-% A% 753181
O}, MPOAE 5930 % CONEUY Ygton BHAX 7|50z
1.17% 31222 velllct. SARS Wl8-r0] 23S sk %
=, SARO] 13 ol % AFA (Sodic) HAER FHEH
E QIAke] Aol ol 724 E/MA-S vrebdth(Kharel ef
al.[2018)). L}E%(Na*) o] o] AuAl & A-] At FH B
HE Z0A 2 SAR #hs HERlo], o= 724 ERds
yiaEstar glo] 2RI 31T} (Kim and Kim[2020]). SARS] 7= &

S feke 17h UEE ol &0) Jula Qo] ZolEar <)
A 23S FESE 27} ol 29 7k o] SIS
VSIER, oA 0 2t HAR T2 VI Wt 35

of vhgstck, 1o} A fsta 57 AnlAs ols) W

AFTe) Fer) izl vish s Askl @ol v

it

f‘zbd_ CEC:= %71 2,768 cmol(+)/kgolli] CON- 2,814 cmol(+)/kg
S7FF3 o}, MPoX= 2,807 cmol(+)/kg® % CONY A
Ao g Foulgh xfo]E Ho|A] oW (p>0.05), Y| 7|5
HE Z Ik 025% 2] AR u|u|3iich U¥kE o 2 CECT
25 cm ol(+)/kg— ZHe= A, f7lee] T8 1A E 34
RS oulah, WO cke] ko) 2S AE Afe] PN F
= 7% 2 58S YERATH(Bashour and Sayegh[2007)).
ARA o7 2 AFrelx mAlEEk~E Zell Wt CECS} SARY]
2 Wzh= mudl o) SAR Aol whE AR AR oS} 4

%
A A8 AFEE Ashe] i AEE el e, ¥
Hge] B4o] B8 o] o] okl wlga}mq 2/ 7

L%7]7} ﬂoi xﬁlﬁi T@
u= H]%"é Inert) A ]U]-(Fotopoulou and Karapanagioti[2012]).
o]9} ¥HA3te] Hou er al[2023] A% F A& $H49] A5 o]
AEe] AxA skt 7k 7o) 22 293 7)eketA v
TE7F =4S Alishs T8 QRIS AAIEE vt Qi)
2 W 2 AE FET A71ES] S48 Al E (Negative sites)
ol sk, SR PAEEAE APt AR W 9

=, ool

Table 2. Changes in lon Concentrations, Cation Exchange Capacity (CEC), and Sodium Adsorption Ratio (SAR) in Sediments before and
after Microplastic Exposure (A% is calculated relative to the Control to eliminate background ion interference)

Item Initial Control MP(PP) A%
Na (mg/kg) 57,073 59,220 58,732 -0.82
Ca (mg/kg) 54,146 53,854 54,341 +0.90
K (mg/kg) 19,805 19,873 19,073 -4.03
Mg (mg/kg) 12,878 13,268 13,268 0
SAR (mmol/L)* 58.0 60.0 59.3 -1.17
CEC (cmol(+)/kg) 2,768 2,814 2,807 -0.25
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o] AT, oleiek HH1714 9l B o) el HE A%
70] Floc 72 F4& Bel st 0w Welslel Qb ik Agele

A7} Eek, e, A8 AH(Li e al.[2022b]; Wu et al.[2024b])
oA AuE nABE 7y ek 9 EPS Ak kA T AESH] &
Qlo] & Ao sk kA Astell v AR AIAAIE
48] ysl] Y8iME 9 EPS A% w4 50 74 A

So] 1 ofol & Zlojtt,

4.4 E

A 2]
g4 EAo] Wiglsh= 21e gl 53], niMZekry &%
o7 o8 H4E Ul ¥= 727F AskE WA pH A, &) S
7}, SAR-CEC 74 & =8 -38t2] E/do] Wglalgion, 53] ¢
4 Ao we} 2] A S8 b, v A EekaE &35t
FAES dd oz vk Mg fA8ks 2SRl olz st
AT H3te HAE Y 32 2 1y A 3 A okElE
Bl B2 s dekg-Ho] hAstar A 7Fs/do] T
S ousitt. &, pIMEERAER Wt @ A} ofE) F
AL F= 725 nwaste] AR RS Asllehs aRlow
2-g3ks SRISIGITE. # AqrellM A AREHE A S7dsiAl=
Agkot, W& Fhae] W AdY oksle] o] 24 JddE v
o= g, uAEeRAE 9L oY oA BHAES] ARY
7FsAdE Eole 3744 9% 4 Ao sakdn) ok, A
Al A vAUGTS B e8] sk feiAe 35 32
4 3 A9 54 5 w4 AEel oig AEA $5 A
1

& s = ek Ao ke A (2025 )l ©fste]
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