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Sources, Behavior, and Effects of Tire Wear Particles in Soil

LIU Chunguang, WU Zhouyu, ZHAO Ziqing, LIU Xiaotong, WANG Lei, SUN Hongwen

(Key Laboratory of Pollution Processes and Environmental Criteria (Ministry of Education), College of Environmental Science 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
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Fig. 1 Main sources and input pathways of tire wear particles
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Table 1 Characteristics of TWPs concentrations in roadside soils across different countries and regions

. AR 14 H A T3 IR TR TWPs ¥ JiE
TE A P EEPUN
Annual average daily Distance between Soil Concentration of TWPs/
Road type Country Reference
traffic/ (v-d™") soil and road/m depth/cm (mgkg!)
AR 7199
650~14 250 0~5 0~30 11 400" t
Rural road Norway
[N S M E=
71250 0~4.5 4 800" 1221
Highway Norway Soil surface
0~2 15 898%’
0.3
2~10 4648
LA T 0~2 2657
36 000 2 (23]
Highway Germany 2~5 674
0~2 1 006
5
2~5 383
®E
T T 9 100"
France
BLEr S
Roads near 10 000~250 000 0~15 1 400 1241
America Soil surface
the river
H A
basin 1400
Japan
T AL I U 0~20 343
TiE 20~40 31
LE [Upiis
Urban 3192 (23]
China Near the roadside
secondary 40~60 38
arterial road
10~20 9 266"
20~30 7 666
1.7
30~40 8 800
40~50 1236
10~20 2233
LA Fitj L 20~30 3 866
2 400 2.1 1261
Highway Sweden 30~40 1 166
40~50 2233
10~20 2 800
20~30 4 866
2.5
30~40 5500
40~50 3500
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9 F R ORI SR TWPs Yk
HpZen P 275 3k
Annual average daily Distance between Soil Concentration of TWPs/
Road type Country Reference
traffic/ (v-d™") soil and road/m depth/cm (mgkg!)
10~20 933
[EEN Fiit 20~30 700
2 400 3.1
Highway Sweden 30~40 2500
40~50 1166

e 1) TWPs & R 75 vk A<M @ 3% BT RS I 2 (Pyr-GO/MS ), LT 2RIRAE (SBR) FI'T g i ( BR) MR&EY
2) TWPs & R J5 35k S UK OHAUBE B -0HE 65335 B 1 3 FH L ( TED-GC/MS ), BATZRRE (SBR) MAnai#); 3) TWPs & kil Jy
LA S TR ESHOEIE (ICP-OES ), LISFE PR . Note: 1) The detection method for TWPs 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.
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(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.

B3 L sErh TWPs XA A 384 7= A A 9 £ 52 il

Fig.3 Potential impacts of TWPs in the soil on plants and soil organisms
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