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Sources, Behavior, and Effects of Tire Wear Particles in Soil
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and Engineering, Nankai University, Tianjin 300350, China)

Abstract: With the rapid global increase in the number of motor vehicles, the release of tire wear particles is also
growing significantly. Tire wear particles can enter the soil through multiple pathways, such as atmospheric
deposition, rainfall, and surface runoff, and pose a potential threat to soil ecosystems. The complexity of separation
and detection technologies has limited in-depth research on tire wear particles in soil. In recent years, with the
continuous improvement of detection methods, research on the behavior and effects of tire wear particles in soil has
developed rapidly. This paper summarized the sources of tire wear particles and their primary pathways into soil,
analyzed the key behaviors of tire wear particles and their additives in soil, and reviewed the toxicological effects of
tire wear particles and their released compounds on plants, soil fauna, and soil microorganisms. On this basis, it also
identified the shortcomings of the current research and proposed future research directions, aiming to support a
deeper understanding of the behavioral mechanisms of tire wear particles in soil and their ecological risk assessment.
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TWPs £ 24 FHLA A AEE B ATR R b WTFUSREL, (EFRRSIE RS 10 m VRN,
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RAAGANTFF R L3 TWPs (193 25 A 7 A0, B RAZFAR SIS, TWPs #EA
TR IS AR KEB AN Ye A I, 3k TWPs B A @A A 1 s

(DThe friction between the tires and the road generates tire wear particles.
1 EIER AR RRBEARIURL (TWPS) (¥ 32 BRIF R N & 12

Fig. 1 Main sources and input pathways of tire wear particles (TWPs) in soil
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1.1 BERERIR

TENBIZEAT SIS RRE S, TWPs |z A6 Tl A AR BB I, S 20X Be iR K 2 4001
FRLETE % S M ) T3 . TWPs 78 T3 R B BGR T T 5 E I PR B . LR IRE
ACEBRAE . BT R R AR TE BRI HEK RGN E R, B S e
(3, 3 TWPs (IR R HT R, ghah, B L3RRI N, TWPs [ B3
N R 1R T AR ALIE % 5% DL KA [R) B B8 FOER BE 1) - 3% b TWPs (& & i, A
FRDL, TWPs W f i BLE BE B8 830 0.3 m i () B2 -3, kN 15898 mg-kg?t, i
FEFEES N 5 m AL 1006 mg-kg 2T,

* 1 FEIER MM XERSS I8 TWPs B2 BHFE

Table 1 Characteristics of TWPs concentrations in roadside soils across different countries and regions

3 5 E B
G LS E BN ik TR TWPs &
TR x I EEPEN
Annual average daily Soil Concentration of
Road type Country  Distance between Reference
traffic/(v-d?) depth/cm TWPs/(mg-kg™)
soil and road/m
RN IE 650~14 250 ok 0~5 0~30 11 4009 =
Rural road Norway
[ERUENT 71250 £ 0~4.5 xE 4800V (22
Highway Norway Soil
surface
LA 36 000 T 0.3 0~2 158982 (23
Highway Germany 2~10 4648
2 0~2 2657
2~5 674
5 0~2 1006
2~5 383
bk plin 10 000~250 000 =H 0~15 xKE 9 100V 24
TH % France Soil
Roads near 5% surface 1 400
the river America
basin HA 1 400
Japan
Al ] 3192 e Wik 0~20 349 (251
RFIE China  Near the roadside 20~40 31
Urban 40~60 38
secondary
arterial
road
e A 2400 Tify i 17 10~20 9 266Y (261
Highway Sweden 20~30 7 666
30~40 8800
40~50 1236
21 10~20 2233
20~30 3866
30~40 1166
40~50 2233
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S TE B AR

N IR H AL i R . e TWPs ¥ & -
TEH T % [ 2R
Annual average daily Soil Concentration of
Road type Country  Distance between Reference
traffic/(v-d?) depth/cm TWPs/(mg-kg™)
soil and road/m
25 10~20 2800
20~30 4 866
30~40 5500
40~50 3500
31 10~20 933
20~30 700
30~40 2500
40~50 1166

W 1) TWPs B &R 7 i A AR - S il BTS2 (Pyr-GCIMS), AT 2RI (SBRO #'T M4 (BR)
HbRED: 2) TWPs & A I T7 VR RS I AL - A (3% BTS IBEHT% (TED-GCIMS), LU T IR (SBR) b E4:
3)  TWPs & &AM 75 9 H R & 25 8 TR R 99 6% E (ICP-OES), LA AArEW. Note: 1) The detection method for
TWHPs is pyrolysis-gas chromatography/mass spectrometry (Pyr-GC/MS), using styrene butadiene rubber (SBR) and butadiene
rubber (BR) as markers; 2) The detection method for TWPs is thermal extraction and desorption-gas chromatography/mass
spectrometry (TED-GC/MS), using styrene butadiene rubber (SBR) as a marker; 3) The detection method for TWPs is inductively

coupled plasma optical emission spectroscopy (ICP-OES), using zinc as a marker.

X2 (B oA 2 2 HOAm PR R 38 (T i 55 ARG =) g2, 1, TWPs 45 %)
DURTEARAC I & A3 AN AR 1) 1358 5 A7), Redland 250 E R I, 7EARACHEE
AT I 1 b B A R TWPs. IX AT e BT AR B 55 BON T3 A, 18
ik T FIAR 2 B TWPs, FRAEE AR I/E R MR R TR A N5 i 358 AR ) B AH OCHL
i, ALE RGN TWPs fi BEAER, LR Fhi BEX TWPs ik N 1381 57
[

1.2 (AR

1.2.1 PR M HBRAZIN PN RO TR . 25 S T B S5 A 0 I T ¥ 9 1) TWPs il 22+
Herp o Zuk KR, T G 55 R A TR B ) TWPs i B /D 29 50%1271, Mahjoub %52
RIN, PEFIEES S TWPs AlikF4TT 3.3~60.5 4, NS IEE KHER, MR &L
AT TWPs [H] -3 NG EEAEH . K ER TWPs 385 4 R ) 2238 B 42 i b
)t T2 52 A T 5 R R R 5 DR R B o B8 R N RE o 4% T ) KB 40 TWPs
MR ZR AR 20, i R A S g N AR AL R ARORE B s 1T A 2 301

TWPs =25, —iBor ]2 B T R4, BEJS 8% B KA A R PR A o s,
Forp R 7 TWPs i 2SR T IE I 55 1) 338 b . TWPs i ik 4 R sl S Hb R AR A gk N
TIRAEREZ TWPs 3 SR RAR A% FE 5200 o T8 B KR 1) TWPs =2 FH kL, R
JSFRT 100 pm 253621, X3 RO AS 5 AR IR R A3 /% . AHELZ T, TE B K AR
H TWPs i/ 2 4 T 20~100 pm, XEEHE/NRIART TWPs B 5 B2 LR i gk N\ 145
[32] R
1.2.2 KAMEMSIE RS EUN TWPs 5 2t NZS, SRS AR (PM2s)
AT IRA) (PMio) A B 3& 5TmkER. T TWPs (R SFRIZINT 10 umiB34, K] i ] K fif 1]
5 RAE A, FRRE SRS B0 A& AR 7 BE B A5 5% . Evangeliou S 1 A BROK S A& st
B, R, KRAAEARZ X TWPs 15 44 R &%, thah, 50T a2 FR I %
i _FFF) TWPs, {232 3 ) fozt b DX 5% , 0 RAE ML FE SR ALL TR A LIS Gl i)« e
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I B A7 1B8), B TWPs W] 3 ik fse 5 i 6e F T P E A BRI FE P Se s 246 B e A2 o o, e
IR G L AAERR K R R BT TWPSEe-371,

1.2.3 FAKBEBATS e FA KRB A S Ve A F & TWPs #E A £+ 3 i) 5 B 4200,
75 /KALE X TWPs 18 ik 31 90% LA b, FEEG LB E s v, (454 10%[ TWPs
W% K HER e, Shi 25BN 5T KB, & TWPs [1i5 /K Z A3 (B B TR M IS . AR RE
JE A3 K SLALBUK R 4G TWPs, DIRZE IS Efm . B Ti5 AT S TWPs 7240
bR AR R, oA A 2 R B

2 TWPs 7t 4T R

TWPs — Hit N3, kTR, Bt BEMANRRGRINAISEAT . I8 /K-
EiE, TWPs Aes B B AT AR K 3 b . (T TWPs SR A& Rz
R INZ 5 SRR oy B AERT 400, 25 5 iSON HAS M BdAk . b4k, TWPs ££ 8
THMEMAED, IR, FFIRATE “TWPs fr” (TWP-sphere) (fafK “ Rk
bR (& 2),

358

o  TEHIEHNIRL i
Tire wear particles g

/

. /e

Pl & Photodegradation
it /

PHE/IR /
Tillage/Wind /4 ,a> P
. \ W?/ Physical disintegration

o ¢mmm .
>
S

H: PAHs: ZHIFFRE:  Zn: #; BTHs: RIFBEMALEY: 6PPD:  N-(1,3-HIEETHE)-N-ZREEXS 2K 4. Note:
PAHs: Polycyclic aromatic hydrocarbons; Zn: Zinc; BTHs: Benzothiazoles; 6PPD: N-(1,3-dimethylbutyl)-N'-phenyl-p-
phenylenediamine.

2 TWPs 7£ L3 (1147 0y

Fig. 2 Behavior of TWPS in soil
2.1 TWPs fFE T3 FHITH

HET, Xf T3 TWPs 3B 1w Fe 8D, AR TUA N HE R AL AT HAh S R i 28

I, TWPs FEA L85, HITHE 5 32 SRR R0, AniE s 55 FRE . HIRBh L Kk
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FL 55 5 WV E VR A2 AT IERS 5 TRLAR A5 B AR R AORE DU X1 5 7 520, B 2 i s /0 42
RS, o T A FH 433, BHEWRAEAE TWPs R AKFER M, peah, HIRSMHIAT Hth nl sexs
TWPs BT R 2L oM o fildn, )R s s f ) et OO RUBTRI I, (B B AT sk =
BEXT TWPs HIBEFCUESE « 7ESEPr MR, JKPIER 5 T B Il W R D Rk A . sl 55K
R Y AR HAE LR P IS B, R ARSI BRI oA 3 (et A A 18, (5
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X TWPs & 75 A SAUEH A Fe A .

212 EEILHE HAT, KT TWPs fE L EET BN ARB VAR, AWaEEN, ME
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HE(1) 13019, g2 TWPs [3E BT # K 32 AAEHHE . AW sh AR FLBR AN 56

BHETTEUR H L3R 21 TWPs i # 2 A Z DU R W, 3y ad Piah Lo fd
TWPs [a] FiT#%. LIEAYkR 1l B ahmifest TWPs & BT 40, ik nlimid KILBR s
Wi g (1) SRR, (1R i 2 BT A o RALBRIAR B2 i 3 A W42 408 (1) o SRR i i
BEITA%, Qs R G N T LB R RIS IE R, R TR K A B T
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2.2.1 WIE 2R TWPs 76 L3 (B iE AL 3 R DU NI 5 5. fEER &0 T,
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I 0.3%/ 4, boxfmiig it (ROS) MEMEMEANL (DOM) /=4, 1 ROS A1 DOM
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Rt AR, X RIEPE NS A R B EEE L.

TWPs (1A S A IR RO 38 AR 25 R G R2m H 23 52 #1563 . 38 TWPs 1)
WAL FEAEAE R E A2l BT iR 2 FoNAR R BR, REAFENE R 2. b
fif S o 910 TWPs JE 2L AR, SRSEIREEREAME H 2k (EPFRs) BT A0, oA vk
PIPEAL R e AR K/ RIS IR, b sz H 5 A=Y R A EAEH,
G R AR IR R 3%6], H |, X TWPs 78 -3 (A= 2 A T A IR TR i/, A B
JE— P IRER

TWPs 7£ LI HFa] fE N A ML A0, 1 B A5 A 2k AR BT, X ]
REVAE T TWPs 3R [ 2L AT 5 2 1AW A7 a5 R0 SEALG 1) FELAZ 40T, SR B A7 52 358 pH 2351
M 3l, BRIETEHARIER 4b, TWPs 2L FEE RE (R b5 it . Zi Sl Fi R, SR
f TWPs AHLL, &1k TWPs i 5 4 Ja 47 AR (1) R RH R FRAIR, R 105 1M TWPs B 55 3
WwEEBITIER, NS RN REELSES AR 246, A, TWPs tal{EN
HoAh A 0 R BIFRARD, TS B A R A B L RIS iR B TWPs 1 R L A
MEILER,

2.2.2 Wtk TWPs BASREUKMERT, nIERNTIBFAEY RIS, 5T A FlE 5
EEDD, TR« JikilR 7 07600, 5k br_ b AE VIR AT 1 52 B 38K o S RS, it
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(631, 358 rf TWPs [ 5 fiftig 42 5 A6 B AR A A P i8], 35 vb (B W vl TWPs Hh )
RERIBAE RTINS 25 PRI AL g b () B B 104, WS 3B, Vit 20 B2 v A 25 B 5 B
RSP UG IR 2L ATl 2l T R SR e IR IR e, A B I SR AN S R SR, e Ay
NG FRRIS, {H T TWPs FRER NG IAAAE, AR AR I A% 0T B 2> w4 661,

2.3 TWPs ;RN AR

TWPs 7E H SRPREE o 1A S s s n s RA HLBK (1932 H 71, TWPs [#i2 BB F6 E 4
J& CBE. %) AIANLEY) (25 RAEHFEEMSE) (68701, e SRIFMEM: . N-(1,3-—H
BT HE)-N'-ZRIEXT R % (6PPD) S84k I AF ARNMEM B H TWPs (R ERbricd) (B 2).
UeAh, FERCRRMIA A R, SINNER (BRAGFD . Afbsr (EATD DU A bR kiR
R, SRS RIS A KDL TWPs B2 R&Emes, B LA, EH k.
B AR, AR BRAENL207 ) Zeh 20725} ] TWPS A3 ) 3853047 20 M7 5 8 R BRAEAE R %%
BOAEE, N R H TWPs iR H .

AR, £ TWPs Hkull 25 2 A NUL G Z K5 R, 235 R BEFR S
ke MERE KM, AT RIS tp RS AA e, Jhah, ZRIFEMSRAL AT (BTHs) 1EN
FeRG EEMBRACIEER, AR IR IR EE S TWPs [ 2 IEA RS, SR, Tadhee,
ZINT7IE N BTHs [(IAFRAE, FEAREEHEIE Y] TWPs [ ENSL,

X2 i (PPD) & — R, H BN 250 BEAg i b, DA 1 TR 2R AL B e
HREKATH A a7, 7£ PPD #, 6PPD JfE4CIAtE 8 A &) 2 i 4L 7). 1 6PPD B4
AL F YR N-(1,3- B T JE)-N-ZR L X 2R R (6PPDQ) [81, 43 2 It 9 i B
6PPDQ 7t LIEHFIIAEES TWPs S EA X0, I FERIETEH TWPs FIR SRR Al iE
B IR AR URRTSL R 2 - 3% 1) 6PPD #544>h 6PPDQ £7-7E W 45 i #2551, 78 2 AL B,
6PPD BT A MAE Fe3tik B FE 4k A 6PPDQ. Pl 5, e IR EIf At A h 3
(EPFRs) 53 % H H&: O (ITERG, MIM{ERE 17 6PPDQ HITEES. H Hixt T 6PPD A
A=) 6PPDQ X 7K AE A= W A FLA P I B MR 7T 2, (B L3R AR WA FE AT B R =

3 TWPs XfHBAES RGN

TIERR) TWPs OB 5 e Ji A HLIS G s rl BE a3 sh Al -+ 852
EVIRERANKRE, BENBEET T AGHEIN (K 3). TWPs RILBRIAINFIE 2
A2 L IEEACPE R, AR AL TWPs R R HLRALS A N & B, S+
FLBRFAE BE, 5200 7K 73 AR S e . TWPS H BRI 15 5 7 2 e 82 1358 pHIBY, 9 B2 TWPs
B PR F B I A S KR, TWPs B g m AR A HLY), I3 J5ke, wIRe
fE LI ZRUFIE R EFEN, JLhh, JeALNE TWPs X - IEsh A L Y i)
A1l e N DR AR S Ale B
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L2 e RS S g

T EMR R K NE
TR AR

RatRAIRAE RS R
S HRTUR F ApH™

R LW R BE KR URBIRUR
UAE ES S

DIncrease the content of soil organic matter and total organic carbon, and alter soil porosity and pH; @Affect plant growth and
yield; @Affect the absorption of water and nutrients by plant roots; @Affect soil microbial communities and enzyme activities;

®Alter soil fauna behavior, inhibit growth and development, and disrupt antioxidant defense systems.
3 ek TWPs e 4 A0 3 A 40 7 A A TE 2 R )
Fig. 3 Potential impacts of TWPs in the soil on plants and soil organisms
31 XEYIRIFNE

TWPs £t H 8 (AT N 2 R MR (AR Frah B 1081, s AR 0 2 AU I R, BEAS 7K 7
TR, JETBIE AR K E « ZAH TWPs 55 A5 TUR G - 4 S HAR BRI S5 1) 4
RNAE] . Zeb SUARFFLFR, JEAH TWPs SXHEME KA, R b
TWPs 7E L P BRI T 1, EEAE— 5 T rEREEY A, SN 2R3 i) & B DU
S AR T K AL S AR o

TWPs 7£ L8P IR A AR KA BE M, ORI E s ity 855 Mf
PUELEY) (4 BTHs. 6PPD 55) mIRET-IUHEAMThRE, FHASK 2 MIRD . RN
WAERKKLFITER, H TWPs £ LR R & SBUEY A K2 2HHIE, tbit,
TWPs 5 RSO R L R B8 rT AR FEAR AL, FHAS /K 20 FO3% 20 Wi, 8 T s b 40 A K 5 BRI
Yo &,

BTHs H#HAEARET, BEME 2 LI A AT, H ATt 7T R Y] BTHSs fE
PR A A, (B R RIS I T R MR B T TRl R R ) A R USLe AR, H
sk Z UEHRIE D] TWPs B BTHs ik & OB e E Yy i ey A . ah,
6PPD S AL W) 6PPDQ A MEZ M 52 BI5CUE, BUA W T 32 B4t H /K A AW
BEVEIS 87, A /D R T B0 W L B P ORI 35 A P OV B, (Lo AL A2 P
T WARTE . PRIk, AR TR I TWPs 78 L3 B ) 6PPD. 6PPDQ 2 BTHSs i
VIRV AL o
3.2 XTHIEFNMIRIFAN

TWPs X L8z o7 A 2 J7 s, B4R T . IR H BLABIA SR
Wi 2 G 51 K B RLEAR A« Liu SEBWITTER W], 0.1~10 pg- L™ ) 6PPDQ # ik 2 it 2 411 il
5N BEAT £ L (Caenorhabditis elegans) HIIZZNAT A, KHHZ fE B 2431428 R s 3l A&
WARLETC, FEUSE S MERIE . Kim SR e 5 ik SL B, TWPs AR B [ FE X% 4%
R A H A U R .

TWPs X LIS 5 BN B <. B, AR, EREPIH, TWPs
XTEak gl (Enchytraeus crypticus) Jo i35 5200, (HEEAE BUKAE B3 24k, HErE g om
67, B R 5E TWPs X LIS E. B, Chen ZEBOIRETTAIL, SeBIEH
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TWPs 3 ik il PR ] () H A AL B 18 R G 5| R A0, S B0l 4 Sk FAE T 2R BT itk
A, ZA TWPs 12 W Bir & IR I070) (i 6PPD. 4% #%45) AT Slimis] i ist i 2 e ok
W, Bt fEE MR . XEIR YR QRS S IR R AR d RN, B AR
PRI BHE A i ) BRI R IR IR T 52 8 25 TEAH SR 0.

HAT, &) TWPs Xt L 3Ezh P ee v It FU A X e b, Sl xt LI ik & . B SAT
IR B AR AL AN 28 . IUE TF AL 2 A T ls] . 28 USSR M L3 sy, et oA
TIEFVN IR FARRT B Z o ST IR TE SR LI AEAR LIR A S R G R IO E R, R
KA FER SiE TWPs B R s -3 sh P i) 4 i Bse g, DA AE R 3R AE 25 v K 2R
33 XTIEWMEMRRIM

TWPs x5t 3 AR 077 A 58 3 M), TWPS o 358 (A I RS 4352 3] - 8 e AR
AR IR o B, 3K oA B R AR AL I TWPs I8 5 3 U M S O B 2E
TR AEROU, Ak, TWPs BRI 2 i pl - S A B VR A AL i — AN R 2K . Peng %5079
Wt t, L3 BTHs S5 BEAEY B R EE M5, £U BTHs & TWPs 0 + 15
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