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Abstract

Tire wear particles(TWPs), regarded as a microplastic, is generated in significant quantities each year and exist in
various spaces and have a negative impact on the surrounding environment. Particularly, roadside environments fall
within the direct influence of TWPs, necessitating proactive investigation for contamination management and response.
Therefore, this study aimed to investigate the soil acidity and electrical conductivity(EC) and TWPs in the roadside soil of
six sites based on traffic volume. The analysis revealed that the soil in all sites exhibited subacidity, and there were no
significant differences in EC. Microscopic and FT-IR analysis revealed the presence of microscopic particles in soil
samples that exhibited common visual characteristics of TWPs. In the road with the highest traffic volume, 48,300 TWPs
were detected per unit area. Furthermore, a proportional relationship between traffic volume and TWPs particles was
established. However, influences other than traffic volume on TWPs particle count within the soil were observed.
Therefore, for the management of TWPs contaminated roadside soil, a proactive response is necessary in areas with high
traffic volumes. However, in order to effectively address the factors contributing to the generation and dispersion of
TWPs, further research is required with a multidimensional approach.
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1M 2 o]t TWPs)= $/dal2Aket 7H3A], ol A~ 't (fillers)
& Zdote] nAIESAE S Fa HEr AR
a4l E2t2E(Microplastic)> 8 97F EE2}EA] (Baensch-Baltruschat et al., 2020) & AAHSZ

Rotort drkd o g 37174 5 mm olskel 1A 3 AZF 6HRE E(ton) ool TATATHKole et al.,
V22 nYPAE A]A 5 (Kang and Kim, 2022) A 2017). 'TAE TWPse dl7] $o= vt e =i
frfibers), TH(fragments), B&(films), HI= o2 BitEn | glgoluf upgy} 22 g akgof| o5
(beads)E 23Rt hgt FHIE 7 H(Frias and ot F3toll EAstAA FH el FFE n|Xt
Nash, 2019). Eto]o] ot J2K(Tire Wear Particles, (Baensch-Baltruschat et al., 2020). °]+= & 54
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2 JFolH TWPs A 9] =384t o2} S3% &
£ U 3eEdo] il Hatdo] wep 27l @
Aol & 4= thLiu et al., 2018).

TWPs+ dHHA 0 & gfojo]ef &= ¥ o] npautA] o
A S o] A e, Ao BA|, FPEKE, B
olo|9] T, =R I O] Zpo] 5 ThFRt 8Rlof 7k
< W= 70 2(Basensch-Baltruschat et al., 2020)
adHA 9ot o]F TWPs DA 9] 1= AHsate] 4=
oF 72 #Ho] QtHDi and Wang, 2018). Lee et
al.(2020)2 ATFollA =l el A5t 47} wid S7Fe
of w2} 3070¢] OECD =71H& 712 W3 =] bl ¥
A2 e 40 AFAHE Bk oke & 940
of o] & Ql5f B2 o] TWPs7H AT Aoz =43}
art. Addo= &2 o] it W] A9 TWPsE =4
gt A7(Gao et al., 2022)° THEW WF o] W T
2AFE B4R Yol TWPs YA B2 AR
et Z2oflA S TWPsE 2 37|2 4t
AL A fES T EYoRE FYEH(Kole et
al., 2017) &RHAQ 70 71&= AA7L o8] EYS
W 215491 4 o] TATH(Xiang et al., 2022). ©]
£ B0l wEHe] EF HH2 TWPs S8 kol J7F
= 1E Aoz A ¢ Qlov AFSA AT flol=
7H el Bttt £39), 712 ¥ E2 TWPsS] $437]
oA 1A A= A HA A FFd &) lol &4
Tt 32 YoliAe T A7t g ofof gt

EZ Heoll EAste vAlEetAE 24 ATE 27
GAlo|H(Zhang and Liu, 2019), & =HrEGH
(Raman Spectroscopy) E+= 2] He Hed &
FHFT-IRNT 22 7|Ho] F-gE]o] gt} FT-IRS
EAe obge] Ao ZAE o) E2of uhet Atsr
She ALt e o]&ste] 7I=EY7|(carbonyl
group)et B2 749 75715 2A5Hs Hnt] AAL
How B AEC IR Y(beam)s £ASHA &4
E3EE R A%E o IR I (wavelengths)ell o
Zsto] ~AHEH O] P2 S5 W ol whebA
n|AlEetAE o] A qlo] FT-IRO] olw’t A7
(visual method)®E ot &3F4olz2tal & 4= Itk (Song
et al., 2015).

olof] & A= Wl whet gl A E skl E
FO AL E MV HAEEE ZA5to] 7t EGY A
HlE mtefstal FT-1R 7192 283 424 &4l
7t2H ECFO] TWPs £ o7& &<lstiat shalct.

Eg, BE) 2 thA] EF o] TWPs A4S
Aegetstol WERT TWPs Y44 7o) BAS W

al
omy B0 TWP LHES B 2 thee
94T 7122 =S AFok 1A set,

2 AFE 93 A= T2 u T FEAFA (R

& AR Al&R)7E AR E FFA] 57| =Wt
A2k F5go] FAE 4 HREE AAskrt. &5
A& AFF-S AR 7= F 1470 AR =] o] 9lon o)F
TAZe 2FFe] F3o] B APARE SHeE 57K
A= o] §lo] wFEL] AT|ARI AHEo] 7Hssttt. o
A 9] BE k2 ofAE ZAolH E2 A B
Z AF57 7] oF 20 cm®] HAF ek TS i
2|9 EALS HRtA o 8 AISE B AFAYER 2
2 o] H]&o] oF 63%, HIAFS] H]&0] oF 27%, HEL] H]
£o| oF 20% =& RISt

PAAE YA W5 (Average daily traffic;
ADT)2 KXE27} 10,024.2 vehicles a day'& 94
2] 7hed] 7HE & 1ol A-gAto] Fago] Al
T YWHE AQStY CE27F 5,061 vehicles a
day 2 A-gAte] gl 7Hg A2 m=olct, o]yt
GEE¢ Fr=, SE=9 ADT+ 2 7,433.6, 5,855,
5,167.3 vehicles-a day ‘o]t

Table 1. Average daily traffic of the soil sampling sites in
Chungju-si

Soil sampling sites ADT (vehicles-a day-1)

Park 0
K 10,024.2
7,433.6
S 5,855
G 5,167.3
C 5,061

ESF Y nAEetad 24 AT] A9 AR AF,
A 9 2Augo] ZEILE o] IA] oK(Prata et
al., 2019) 7]1& A+(Klockner et al., 2019)5 L5}
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g. 1. Comparison on a; acidity and b; eclectric conductivity of the soil samples of each experimental sites per unit area.

Park: 0 vehicles-a day™, K: 10,024.2 vehicles-a day™!, F: 7,433.6 vehicles-a day™’, S: 5,855 vehicles-a day™,
G:5,167.3 vehicles-aday ™!, C: 5,061 vehicles-a day™. Different letters indicate significant differences at p { 0.05 using

Duncan’s test. **: p {0.01.

of Wi Agstert, tA) A Eokol
37k Uro] 297H0] 144 S A 2 o 5k
97h Qb g Aste] HEATH) EFARAF
py

=

o rlo

(Rural development administration, 2018)°ll
w2t o] Fol ok, ZF thAAE 15709] 20x20 cm 271
o] MEHY F8S Fa oz AF Heo A2
1-2cm 2ol & H A& F29]9] 10-15cm =S

£ T79 nAESAE 2 A-E LA5H] Qs Fol
Bl oF 150 g# AF sttt

AHNF EFAES AFAH U= &4 A 49
A, SAERE FdstA o] A3 $12] E Zlol9] 2
olof ;g RAHE Folal A} Sttt RE EFES ¥
FH02 2 mm ZEFA(Standard sieve, 10mesh,
Chung Gye Industrial MFG., Co., Korea)$} HAIE
ol-gsto] & Ad 9 YR 55 A A% & Egfo]
E(C-DF, Changshin Sci. Co., Korea)2 ©]85}
70T oA 72417t @FAZE AF T EFAES] Aot
A7NAEE BAS Qo Axd EY /45 155
Hl-&& 3]4ste] oF 7AI7E AR & 5B A (4 m
Quantitative filter paper, ADVANTEC, Japan)&
o]-g-ste] ofsteint. TWPs B8 2 AFEAS sl
AzHE HE x3 AMEF Z3HEH(Sodium
Chloride saturated solution, 58.44M)= * 2|3t &
24A1ZF AAISFALL olF  AWA(F= 20 m,

S O oF
TT= 1

zaArs

Whatman 41, Cytiva, Belgium)2 o¥}st= B2t
A (Thompson et al., 2004)S AASFATE. ]3]
of A=jxl YAkl 30% FHitstg=44~(H,0,, 100 mL)
£ A5t 7241 AAst] AME W f7le= AAR

T 2320 m A2 oA Tetelrt.
2.3. 2 U ZnpEM g

A EFAES 4t 9 A7) AEEE ZF pH
meter(ST-3100pH, Ohaus Corp., USA)?} EC
meter(ST-3000C, Ohaus Corp., USA)E AM&sto] =
Jsteict. TWpse| FHIE st s =gt
dul7(nverted microscope. Ezscope I-900PH,
MACROTECH, Korea)& AH&stala d2% 7hzt
(Ezsscope DCM510 digital camera, MACROTECH,
Korea)E 5oll 12785 o|n|2] & LUt A& 53l
A=Y 24 5 TWPE S5« SRS e s
F1k4= 4000-500 ecm ™' 2 ATHAIZHS 16X o)A, Fat
& WIEE =4 om'2 g FEolAgH AT g
(Fourier transform infrared spectroscopy; FT-IR)&
AHgot] 1 H(peak)E 21 § AAstATE EGA 2
e g N s O HAESAE S FEe B B
A J2po] 742 vrehd 4= ltk(Lee and Kim,
2017). A8 TWPsS] A= 218 20-250 m =71
o] YAE 7|0 & WA F YA e Sl

i
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Fig. 2. Images of microparticles suspected as TWPs microplastics. a: imaged microparticle in soil sample from site C, b: from

site S.

AZEE S 715297 PASW statistics 18(SPSS
Inc., USA)E ol-&st AZ(Duncan)?] tHEH<4A
& Sl atake] ztolE EjIstal TWPse] dAt4
ot wE 7+ AR A (Pearson correlation)= A

S

=9

EG A= GollA 6.74= 7V
o] FAIE A HF] B AlE] 6.45 7P HFU
o}, Jejv BE EF AlEo] pH6-7 H9l o] okt
= Hlom wEEe] e e W B AT 7He] 9]

0] gt Pt gho] Apol & Hol7] o= 2 o 2 vepytth A

7= E—C>G>K>F>Park> S <& E260.6
uscem’t, 254.8 pscem™, 238.6 us-em’l, 212.5
uscem’t, 210.0 usrem’, 207.4 ps-em™ o] A E R
ek BE tdAe] ArHEEE 7E 23AAVE
(The Korean institute of landscape architecture,
2002)ll = Aol 2A FallohA] G2 o r o
¥ 1.0 dS'm™'(1,000 gs-cm™) olat=2 Uebt 7h2
H B A7 AT 51 Aol m 2= g2 2

o Y5 B W AEES BAG 21,

Rspom 4570 5

A ke Ao BekHct
3.2. EQME L TWPs HHEM
321 B0/EEA

W AR Y] 2 EFEE W TWPs 4 4=
olu|z| s}t A= Fig. 29} 2t A% v 1A
E2lstA AAZ Fefo] oA xZto] BE tiidA]
o] EFHENA FLHA =, o= 7|E AT
(Milani et al., 2004; Chae et al., 2021; Kovochich
et al., 2021)E Fal 9rad TWPs2] <= Fefet
T Hilste Ao=E YehgTh TWPse 2% 159
SES ]34 Fejot mHe B R dAHS Tl

2 o)A JRe} 2] Zhssith TWPsE 92 At
Zr7 moFS 7 o2 2714z T2 A H2M4 0]
H(Chae et al., 2021) AXA R} EE= Fgnoko]
2235t e 5 7Hth(Kovochich et al., 2021). ©]&
SF 2]g4 EAL 7|Fo 2 du|FEHES 5o dld

o=
A4S TWPs= 40| 7Fs 3t

i

3.2.2 FT-R &4

AA Y & Fol 2elE A 7k A
& tdo & FT-IR #4918 27} 995-1,052 cm ' oflAl
7P 7% M35 B3 0m 457-478 cm’!, 524-547
cm’, 3,388-3,490 cm ol A X o] 37}t YEpsET B

ojoje] R o2 = MJIR(SR), AATF(NR) 59
DRt B} SXAQ] 7HEEH(carbon black) &
= Ag7HKsilica), £, 7FEA(vuleaizing) S°1 31
o R 2 AE-EFETN(Styrene Butadiene

A 27}

Rubber; SBR)Z Z#|HElM(poly butadiene
rubber; BR)¢| & AH-EHRafique, 2012). &4
Heprjdl 1R ie-1,4-unit(720-740  cm™),
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Fig. 3. FT-IR spectrum of a; black microparticles in soil samples and b; SBR-SiOs(Tancharenrat et al., 2014).
trans-1,4-unit(967 cm™), 1,2-unit® 37FA bA] ADTZ} 10,0249 th3A] K9] A% 12+ &7 Al

4

FZE 71 Qlon g4 mgo] BE tf2K(Choi, WA F 48,300709] TWPs7F AEE R e o=
2019). Tancharenrat et al.(2014)2] A-ol|lA gl AA] 7Y 7P w2 =91 A0 2 YR ol Ed

2glAetdd FEA(SBR-Si0)2] FT-IR 2 wEFol & Agz @2 23 FE AQsiy
HEHE EFME Y M X27He] FT-IR AHEH S(45,40071) > G(43,1007H) » C(31,7007h) +=S&2 W

3 0| @IES o) fARE P YoM BAIES Yol A ERUST 2 59 TWPs Y447} A
5o} BelRertie selstct, AMEY 7o) uld  ZEgich TWPs: SRR 544 Azto] At &

St ztol= QR SA | & H TWPsoA &3] Weht of mat HxH oz o]Fofx]=d thiA] FO] F¢ 7t
o A3} rolo] AR SOl odl AT 2 Au7h ¥ ol o]F oA 37 43372 A
tHLeads and Weinstein, 2019). wehA] 5o Aoz Ao 20 Twps/t AZ2H Aoz Aadct

wet TR A EPEE feld BEH R 5 Ao W EPUBA AEH T
Q1% A4 Ak TWPsel A0 ke A TWPs QA4 0.877°9) A(+)0] 4BASE 2
Gow] §olskg 05% oluo] A7t SHelw glct.

3.3. TWPs Hzes et wEee] Z1H4E B oli AEss

TWPs®] 47} ol 102 o 5% 4 it
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Gunawardana et al.(2012)<2 s+ oF 84
9] Egjo] b= EROA oF 7ol E-lo] A=
T2 B2 ko] TWPs7H AE =t steeH,
Ol WEFY] Zpolof 7]QIgt ATl Ao ' AAFSHS
t}. Kim et al.(2021)& =& FHolA HEH A=
ZAE O] Y= kg 4,9870= 2,673707 AER
TUET AA)s] oty Skl A E nAlESAE
AR e] 79 SHEZHTWPsE F88) 2] vl&o] 71
=doha 9o E=3$F Yoon et al.(2021)2 A2 ot
£ 85299 T BRI TWPs HEFS =
Astes o, AR oA AFAHof e o 2.5H]
O] TWPs7t SIStk stglom o= w-segit 2]
2 B EA7Y Ak Skl

2HH 2HEAte] Falo] FAIE T W2 EelA
T oF 479719 TWPs7t SIS TWPs= &%
A Es R aso gt vitEo] 22 RE 4 4=
njE Gojzl 72| o]F0] 7Fs s HWagner et al.,
2018). EFAEo] AHHE 59 W 32 7P 7t
2 E228E oF 150 m 7FF EolX o2 TWPs7}
Hj4tsto] 3 W) E) f9E Ao= A= Hr,
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Fig. 4. Comparison on TWPs particles(20-250im) in the soil
samples of each experimental sites per unit area.
Park: 0 vehicles-a day™!, K: 10,024.2 vehicles-a day™,
F: 7,433.6 vehicles-a day™, S: 5,855 vehicles-a day’’,
G: 5,167.3 vehicles-a day™, C: 5,061 vehicles-a day™.
Different letters indicate significant differences at p <
0.05 using Duncan’s test. **: p < 0.01.
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Table 2. Result of Pearson correlation analysis for traffic
voloume and TWPs particles per unit

Variables TWPs particles
r 877"
Traffic volume p .05
N 60

* p<0.05, " p(0.01

E AL wESf mE 712 ¥ EFe] TWPs 24
A g mtelote] g 2 3-8 fIt 7124 A= E Al
ol Ae BHog o7 gAY EFEAT EF
W TWPsE A4 2 A=F 24t om ik o3t
2t

Wl w2 7hRH BT g Aol 7t
e}z ggow EQstA| pHe-7 9o S
Tjolct MM EE O] Fe A Folgt Aol g B
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