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Analysis of Roadside Soil Characteristics and Tire Wear Particles(TWPs)
According to Traffic Volume
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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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1.ME oJ5F TWPs)= R L&A e} 71eHA], o A=l (fillers)
& Z3doto] nAIESAE Y F8 HFR AR
v Z et E(Microplastic)> J27F BESHEA] (Baensch-Baltruschat et al., 2020) A AAHL=

getont Aty oz 3717 5 mm ©Jsk] 1A &4 AT 6HTE E(ton) ool WAYSHKole et al.,
12 v PAE A4 (Kang and Kim, 2022) 4 2017). BHE TWPs 7] Z02 uAt B m2H
Frfibers), TH(fragments), BE(films), HI= o2 BtEn Hlgolu} upgy} 7o g akgof| o5
(beads)E =3t thggt FHIE 7K (Frias and cheket F3toll EAstHAA FH A JFe mjxict

Nash, 2019). Bto]o] ufE 12K(Tire Wear Particles, (Baensch-Baltruschat et al., 2020). °l+= F= §4
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A JFolH TWPs A 9] =484t ople} S5% &
= UE 3eEdo] mrlo)] Hatdo| uep 7l @
Aol @ 4= 2k (Liu et al., 2018).

TWPs duH4 0 & gfojojet L2 ¥ o] npakulAof
A BASHY o] FHAY, 2] B, FHEE, B
olo]o] T, LRI ] 2to] F thFgt adlol| FF
< Ht= 7 0 2(Basensch-Baltruschat et al., 2020)
A=A ot o]F TWPs TR L] 1= At &
o} 712 o] JtKDi and Wang, 2018). Lee et
al.(2020)2 AolA =2l AFsat 47t oid F7Fe
o w2t 307119] OECD =7Hs 7hetl || o] o] #

A2 2 40 e Bgot Qs A A5t
of o] 2 Q& W2 ko] TWPs7t AT Ao 7 A5}
ot AdH o 7 2 o] BAt 2] A9 TWPsE EA
SF A7(Gao et al., 2022) =W wE5Fo| 2
2ALE B AR Y] TWPs YA 7 E2 o=
LebTh E2oA WA TWPse T2 3712 25t

HAY A fES Bl EYOR FU=EH(Kole et
al., 2017) &RHAR1 /A 71&= AA7L o8 ES
W 24421 2 o] HA¥SItH(Xiang et al., 2022). ©|
£ B0l wEHe] EF HH2 TWPs S8 kol J3F
= 1A Aoz e 4 Qlovt AFH AT glol=
7Hdo] Extsict, £5], 7I2H EFL TWPs| 2=
ol Al E24 Al AxA N dFH i glo] o4
FE ot tf-3-2 HoliAe T A7t A ofof gt

EF ol EAoh= niMEetAE EAATE 27]
GAo|H(Zhang and Liu, 2019), & ZFrEGH
(Raman Spectroscopy) E+= F2jo]] He Held &
FHET-IRT E2 71Ho] A-g= o] £t FT-IR2
Egh opye] A o)d-g 2AE o B of uhet At
She L7t e olgste] ZI2EY7|(carbonyl
group)2t B2 49 7|571E A5k HlTa AAL
Hog EQF ME IR W(beam)S AN 4 4
FEitEl= R AEE o2 IR tPH(wavelengths)l th
Zsto] AHER ] P2 S5 W o)) whebA
n| A Eetag o] o] glo] FT-IRo] ojH gt AJZHH
(visual method)Eth E3tHolzty & 4= SItk(Song
et al., 2015).

olof| i A= wEel et A E et E
F AT D M7 AL E SHcto] 712 EGY A
HlE mtefstal FT-1R 71982 283 424 &4l
7t2H EoFo] TWPs £ o7& &<lstzt syt

=

Sepk TWPs A4 ko] TAS W

T 1470 AR =] o] glom o]
ZAZo 2FFe] Fao] B AHAYE SHLE 57K
AR = o] §lo] wFEe] AT|ARI AHEo] 7HEsttt.
AR RE E2 = ofAE ZAFo|H E2HIF EQFE
E AQFAFZ 72 2F 20 cm @] SR Qlek =5 oAt
2|9 EAL ARtA o 8 AISE B APAAYER 2
2l o] Hl-&0] oF 63%, HIAS] H-&o] oF 27%, HES] H|
&0l oF 20% HE=E AR,

PAAE A WS Average daily traffic
ADT)2 KE27}F 10,024.2 vehicles-a day'2 i
2] 7hed 7P & 1o Agate] Fago] Al
T YWEE AQSt CE27F 5,061 vehicles a
day'2 Apeate] Fago] 71} A m2oltt. ofgte]
GEEe Fre=, SE®9] ADT+ 2t 7,433.6, 5,855,
5,167.3 vehicles-a day'e]tt.

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
F 7,433.6
S 5,855
G 5,167.3
C 5,061

EG U SR AE 24 A B A=) AF,
A ® 24 o] BEFE 0] A ¢foK(Prata et

al., 2019) 7| A1 (Klockner et al., 2019)5 &5}t
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Fig. 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-a day’!, C: 5,061 vehicles-a day™. Different letters indicate significant differences at p { 0.05 using

Duncan’s test. **: p {0.01.

o W& AAskt. thAdA] 7t=9
AR o] 2974 7HA& a1 A
27t gle E& At 52184
Y (Rural development administration, 2018)°]l
whe} o] ol ek, 2t tid A 15709 20x20 cm 271
o M2 FES Ty AoR AF o &S oF
1-2cm Zojdll & H &AE 2919 10-15cm AEE

£ T79 nAETAE QS TA5H] S5l Fol
Bl oF 150 g# A skt

AHN EFHES AFAH U= &4 dAT 49
A, AR FLotA Alof 3 $12] L Zlol9] 2
olof g QAHE FolA} SIlth RE EFHES T
B407 2 mm EFA(Standard sieve, 10mesh,
Chung Gye Industrial MFG., Co., Korea)$} HAIS
ol-gsto] & 244 W UFEE 53 AARH & Efole
E(C-DF, Changshin Sci. Co., Korea)& ©|-85}¢]
70T olA 72417 @FAX A FTH ESFEE L] Aot
AHEE EA4E 9o HxE ESL S/5E 155
H-&& 3]Aste] oF 7AI7F AAIX & 5BATA(4 m
Quantitative filter paper, ADVANTEC, Japan)&
o]-gste] AAFlstTE TWPs A4 2 24 216k
AzxH HEo x3} AMMEF Z3HEH(Sodium
Chloride saturated solution, 58.44M)< # 2|3t &
24A1Z7F AASFAL ol AWA(F= 20 m,

ol

oo

Whatman 41, Cytiva, Belgium)2 o#}st= D2t
A (Thompson et al., 2004)& AAISFATE. ]3]
of A=xl YAkl 30% FHiretaA4=(H,0,, 100 mL)
£ APsta 72417 AAst] AE W {712 AAR

F 3520 m oTAR of skt
2.3. 24 U ADpELM dhH

g AE EFAEES] 4t 9 A7) AE T ZF pH
meter(ST-3100pH, Ohaus Corp., USA)?t EC
meter(ST-3000C, Ohaus Corp., USA)E A-&3te] =
Jst3ict. TWPse| FHIE ¥Eat7] Sl = eldat
do]Z(nverted microscope. Ezscope I[-900PH,
MACROTECH, Korea)& Ar&stlal 444 it
(Ezsscope DCM510 digital camera, MACROTECH,
Korea)E &0l 1% o|n|2 & Aich. WA= E Bl
AZH 24 5 TWP= 85+ SAx4E didoe=
Zu4 4000-500 cm™' &2 AZAIZRS 16& o)A, Fut
5 A EE =4 em'2
(Fourier transform infrared spectroscopy: FT-IR)<
ARgato] WA peak)s B 5 ekt B 2
o T4 A2 o] nlAlEekAE e S Beln &
= 9 Ao = LR 4 2leHLee and Kim,
2017). AFAE TWPse] &2 915 20-250 m 271
o] 742 71E0 2 oA B QAL tehiglct,
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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.

A2 S 7|E0 2 PASW statistics 18(SPSS
Inc., USA)E °]&sty @7 (Duncan)® thHEHYA
AE Bl B Aol &stal TWPse] YAt

9} wETF 7+o] AHE A (Pearson correlation)S A
Aottt
3. Zata nzk

31 EQRUE U MVIMET
oF

A EFO 4t 9 M7 A 5 B4 24,
EGFAEE GolA 6.742 7 =9koH AEate] &
o] FAE A HF] EF AlEC] 6.45 7P WF
of, 28y BE EY AlEC] pH6-7 9] W9 ofitd
= Hglom e whE 7R EF4HE 7He] f-9
0] 3t Pt gho] pol= Hol7] 9= 2 0 2 vepytth A
ZIMEEE=C )Y Gy K ) F) Park ) S22 260.6
usrem’l, 254.8 uscem™, 238.6 uscem’l, 212.5
us-em’), 210.0 gs-em™), 207.4 pscem o £ E H
k. BE gAY AN Ae k= 71E 23 HAAVE
(The Korean institute of landscape architecture,
2002)°ll 5= Aol 2A FaliohA] g2 Eor A
¥ 1.0 dS'm™'(1,000 us-cm™) olst= Yehd 7t2
H B A7) ATt 1 Aol mA]= g2 2
2] S A o7 wE)

2 M
o‘c

QS 24

3.2 LH TWPs

3.2.1. 80|1FEA

T gAY 2 EFEE W TWPs 4 A=t
£ o|n| 2|35t Avt= Fig. 29t 2t Z2Z&sh vlw A
ErE oA AR FEfo] H2M 2Zbo] e thiA]
o] EFHE A LA A= o] = 7E AT
(Milani et al., 2004; Chae et al., 2021; Kovochich
et al., 2021)E Sl 95X TWPsS] <132 Feiet
EEqE Q9 et mHO EA o7 dn|FS
o2 nA| et o] 7Hsshtt TWPsE B2
74 BeFE 7 2 F719dR et th2 A ga2Ao
™(Chae et al., 2021) &AIX RS B FEEFI]
2%35t & 7HtHKovochich et al., 2021). °1&
St 2] EAL V|Fo dnFRHe 55 gl
4

A2 TWPsz 3] 7Hsshaict,

3.2.2. FT-IR &M

AA P B Fol 22E A2 7k AR 27t
St o= FT-IR 2417 27} 995-1,052 cm ™' ollA]
7V 739t I35 B0 457-478 cm™, 524-547
cm’, 3,388-3,490 cm ™' lA = ®27F VrErgdTh B
olojo] JE o 2= ISR, HATLF(NR) 52
nRFet B, S3A1Q1 7HEE#(carbon black) &
= AF7Hsilica), 24, 7FHA(vulcaizing) 51 9
o IR 2 AEREETN(Styrene Butadiene
Rubber; SBR)¥ E2|%Et<l(poly butadiene
rubber; BR)o| 2 AH-HHRafique, 2012). &)
kil cis-1,4-unit(720-740

I15= 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® 371A vlA]
TZ25 7L Qe &4 ahgo] B th=tH(Choi,
2019). Tancharenrat et al.(2014)%] SAlA] 8139l
~ElfIEET A FEHA(SBR-Si0)2] FT-IR &
HEH S EFME Y HAPM 27t0] FT-IR AHEH
I U WSR-S o FARRE S o S4ntE
Foll E2YFET A SRIstTt. AHER 719] ulA|
gt zfol= QRIA | EH TWPsOlA 5] UErLY
H A X3} grolo] AR Foll Qo TS 4
AtHLeads and Weinstein, 2019). wehA] w53
upef 23 R o] EGHE oA TEHes &
QHE AARA A= TWPsS Ao= mtErt

Tt

3.3. TWPs Haes

o

ADTZF 10,0249 T2 K9 A 1 S Al &
A2 F 48,300712] TWPs7} AEE o™ o= tf
g2 74 7H g2 4291 A o2 ekt shEE
nFFo] & AR @2 E=Ql FE ALsta
S(45,4007H) > G(43,1007H) > C(31,7007H) &= 2& W
T A2 B2 UdsE A2 49 TWPs A&7 A
Z5th TWPse SATHg o] B4 Alzto] 7t ¢
of mat HrlH o2 o]fo|z) =t A F] H¢ 7t
2 U7} A Hof| o]F oA 37,4337k A
Ho= A2 40 TWPs7t AEH Ao 2 AlmHt,

AAH o2 wEit EFHEANA A 99
A TWPs A= 0.877*2] H(+)Q] AHATE B
Hom {OlgE 95% ol <] ATTA7} SHRI= STt
ueba] wEge] SUHeE EY WA AEEE
TWPs® 47} ot Ao 2 of| &3t &= Q)
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Gunawardana et al.(2012)2 sH#H+ oF 8o
o] Egjo] Zuh= R4 of 7] o] E-lo] A=
T2Eth g o] TWPs7t AE= At shlom,
ol W-EFL ztolof 7]Q1g Al AR AAKSHE
o} Kim et al.(2021)2 =& FHA HEH vAlE
ZAE ] A= kg 4,9870= 2,673707 AEH
TUET AA)s] Wbl skl A E Al EeAE
Yo 74 S XZ(TWPsE 439 H-&o] 71
EUT A Yo S Yoon et al.(2021)2 A2 o
£ 85799 T2 BAARY TWPs HEFS &
A5kl o, AFARISollA AF2] ol H]s oF 2,54
O] TWPs7t ShR1=| itk st o o= w-sgt 7]
2 EEATY At skl

2 2}-52te] Fafo] FAIE T WFEe EglA
T oF 47970°] TWPs7t SRIE . TWPs= &3 %
A E= R aso o vitso] LR HE 4 4=
uje Gojzl Z7A] o]F0] 7Fs o Wagner et al.,
2018). EFAEC] AFE 59 W 302 7P 7t
2 E228E oF 150 m 7FF olXl o2 TWPs7t

Hitete] 39 ) mogel 49l o2 Aat
800007 Py 1t
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Fig. 4. Comparison on TWPs particles(20-250um) 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

4.7

r

B e gEIk| m2 72 ¥ EFO] TWPs 9
e sotste] gl 2 B8-S 95t 7|24 RS A
Fole AL BH o= 67 A o] EFEANT EF
W TWPsS A4 2 Aok BAstdon] Ak ohga
2,

WE] T2 Fh2H BT TR Hol7}
U] ko n] FASH pHe-7 W919] optS

>i":‘ l

ol WA AEE 0] A A Folat Aol S v
%t

BE 9} 4E YolH FEH R TWPse| 284
=491 Fesolu] 27 AAK Fee] nALA} o
Q=|oAc. T3 o YA AEARE A, Fare
a5 Holoje] £ T4 847} 1AL G}
GAVG PR Blol W FEHOR TWPso] %
o] stk

o] 14 e R4 TR AT 48,3007
o] TWPs7} A&Egon, wEwo] 44e4E 8l
S} TWPs QA7 4 Ao ettt wsast

Zh2 B9 ) TWPs A9t 8 JUUAS Rof
BEF| B EZASF 712 EF ] TWPs 24
=7h 2 A0 wog ueh 442 e Gue
BRAgE A vwa Ae) 248 F 22wel 3
S AR e WEFE MOl 275 37,433
Nz Ao AL 4o TWPsH AEHIgomn, 1
Fo] EAE B WiolAE Twps7h Selge] uket
24 A7) i AA 5 B 9] alo] £
5 TWPs k4ol vl ol Akl giet,

webd £ A8 B wEY stz Eo)
TWPs 9J7H0] 4BRA7} 98] he} Eopol 7
20992 TWPs B2 Slaf WEFo] Be £ o)
7hmo) A9 N RE TWPsEEHAL iAle 94
B3] WAL A £ o] Akt FF st
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