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Abstract: To obtainthe physical and chemical characteristics of particulate matter emitted from the tire wears of on-road vehicles, 17
kinds of selected tire tread were worn away by use of the tire profile simulation abrasion instrument. Tire wear particle samples were
obtained, and 18 kinds of elements and 20 kinds of polycyclic aromatic hydrocarbons (PAHs) were extracted and detected. The
results showed that the content of elements and PAHs varied significantly with different brand and speed level. The average content
of 18 kinds of elements was (99.04+68.43) mg/g, accounting for 9.90% of the samples according to weight percentage, the average
content of Si(88.97+67.85) mg/g, Zn(6.77£1.64) mg/g and Na(1.05+0.75) mg/g exceeded 1mg/g, the average content of Cd was
(0.43+£0.31)ug/g. The total content of 20kinds of PAHs changed from 12.13 to 433.64pg/g, the average content was (94.13+110.18)
pg/g. The most abundant component was PY (30.98+31.27) pg/g, followed by CHR, BaP, FA, PHE and BghiP. Among them, AC
contributes the lowest share with (0.58+0.2) ng/g on average. In term of the ring number, 4-ring PAHs were the major contents
(accounting for 45.03%~67.93%), followed by 3-ring (15.45% on average) and 5-ring (12.62% on average) PAHs. In general, the
contents of elements and PAHs in tires of foreign brands were slightly higher than those of domestic brands, while the numbers of
PAHs rings were slightly lower than those of domestic brands.
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Table 1 Parameters of 17tires selected in this experiment

eIk BUE 514 (kg) s AL HEER b

1 650 215/55R16 A

2 630 205/60R16 \%

3 615 195/55R16 H

4 615 205/55R16 R [ESPANT
5 615 205/55R16 T i

6 710 215/60R17 T

7 1250 215/75R16C H

3 925 235/55R19 H

9 690 215/60R16 H

10 850 225/65R17 v

11 580 165/70R14 \%

12 615 205/55R16 \% 1
13 670 215/55R17 \% i
14 710 215/60R17 H

15 710 205/60R16 \%

16 850 275/35R20 \%

17 800 245/1.45ZR18 w
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Fig.2 Characteristics of 18 elements in TWPs samples
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Fig.4 Average contents of each element in the samples of

different speed grades of domestic andforeign brands
2.2 RJAFESH PAHs & ERHIE

3 TWPs B PAHs BI2 E(ug/g)
Table 3 The content of PAHs in TWPs (ug/g)

PAHs M I 7 e KAE fe/ME
NA 0.60 0.25 1.15 0.31
1-Me 1.95 0.70 3.48 1.21
2-Me 0.96 0.33 1.72 0.61
ACL 2.09 2.23 8.19 0.70
AC 0.58 0.20 0.98 0.33
FL 1.04 0.54 2.81 0.56
PHE 4.90 5.21 22.54 1.48
AN 0.75 1.08 4.72 0.20
FA 8.75 8.68 25.21 1.18
PY 30.98 31.27 87.86 4.23
BaA 191 3.93 14.09 0.01
CHR 12.85 24.56 82.08 0.13
BbFA 0.76 1.39 5.90 0.04
BjFA 2.15 5.01 20.84 0.02
BkFA 2.58 5.75 23.95 3.63E-03
BeP 2.61 4.19 16.73 0.08
BaP 11.67 31.31 130.30 0.06
IND 0.97 1.60 6.19 4.50E-03
DBA 1.24 2.20 9.10 0.01
BghiP 4.78 6.23 20.27 0.03
Y PAHs 94.13 110.18 433.64 12.13
2.2.1 PAHs &8 £ 3 4 174 TWPs FEid

PAHs [ & G il 4 3. 45 F4 1,20 P PAHSs 35145 K
B B2 FI(Y20PAHS)TE 12.13~433.64pg/g JilH
W, 35 8 (94.13+£110.18)pg/g; &% FF i 2 1] 22 5+
B AN S G T PAHSs R0 735 18k (74.88+
65.64)ug/g, % T [F P 5 i A (111.24+£140.75)
ng/g e PY (P34 A ik (30.98+31.27)pg/g,
TR N 4.23~87.86pg/g; HUUE CHR, BaP. FA,
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PHE A1 BghiP, F-34& 707 4 (12.85+24.56),(11.67 KK 10 F PAHs & &, LS5 EWWE Y 0.8~
+31.31),(8.75+8.68),(4.90+5.21)H1(4.78+6.23)ug/g; V- 34pg/g.PY FEASHIFST K Hts 3B /3 WF 5% Hh 5 14

SR IRARIE AC h(0.58+0.2)ug/g, SRS @;PHE. FA I BghiP [{F45 35 34/ T35 1 224
0.33~0.98ug/g;1ﬂ:9l\,NA\ 2-Me. AN. BbFA. IND  FlHAMHIIE mABFH BaP (5 & T HiAt
(71 AR BRAR ST 1pg/g. BT, 2 dm g BaP SR 5.3 i, S 2 1Y

4 AR LA ST TWPs 1 PAHs [ 3 5. 2% b AHF A0 2 HOFE AR il b A I 31 T
({15 YL M Rogge 5PV L TWPs th PAHS (W78 B i) PAHSs & &, FLELAT SR B0% 30N 1) Bap 15 &
2105 200pg/g;Oostergo! il T HATI I LG  wm TILAhE X 0ot

*F2 HMMxET TWPs tZHEEILE(ug/e)

Table 2 Contents summary of TWPs elements in other studies

AW s seml o g Al 22212000 4F) AAMT @i Sm)

JG

= i1 [ THME (1990 4F) (19914F) (1997 4F) (1997 4F) (1999 4F) T4 BAIEE  FRIRAE (2004 4) (2004 4F) (2010 4F)
Al 182~2048 7255 - 470 80.9~181 - - 7~129 9~13 51~139 27000 - 28200
Ca 166~1537 6475 - 2000 113~562 - - 100~1680 60 150~230 14000 - 65300
Cd  0.04~1.29 0.4 0.28~4.96 - 0.56~1.07 1.5 2.6 <0.05~0.34 <0.5~0.10  0.28~0.56 - - -
Cr 2.17~5.10 3.1 - 30 2.46~6.73 3 - <1~2 <1 1~2 - - -
Cu  1.61~5.25 33  55~293 490 0.04~0.4 - 1.8 <1~2 1~3 1~2.5 - - 634
Fe  192~505 2914 - 4600  2.12~113.66 553 - 40~220  100~110 195~210 - 27700
K 59.90~1104 279.3 - 380 - 180 - 110~410  <50~120 200~430 - - 5810
Mg 55.80~252 1529 - - 39.17~105.5 32 - <4~37 5~37 10~15 - - 14500
Mn 2.04~7.31 4.5 - 100 - 2 - 0.8~2.5 0.7~1.0 3.2~6.1 - - 607
Na 226~2493 1050.1 - - - 610 - 120~530  <20~80 530~590 - - 4750
Ni 1.46~1020 4.0 - 50 - - <1~3 <1 <1 - - 52.6
Pb 3.38~3530 183 - 160 0.99~38.94 - 6.3 1~5.7 0.8~1.5 3.2~9.7 - - -
Si 2593~180338 88967.5 - - - - - - - - 28000 - 87000
Ti 15.40~264 108.2 - 560 - 195 - - - - - - 1390
Zn 2876~9372 6771.6 - 430  8378~13494 10250 10250  5650~9640 1190~3640 13800~180300 174000 400~15500 3000
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Fig.5 The contents of 8kinds of PAHs in TWPs

Bl 6 Kl PAHs THH%&ZI@H@&WJ?&%
Fig.6 The proportion of different PAHs cycles in the sample

FRIE K No 1907/2006 15 4(Bl REACH 4 40),
H 2010 %5 1 F 1 Hig, %17 BaP #id 1 pg/g,BaP.
BeP. BaA. CHR. BbFA. BkFA. BjFA. DBA iX A LA H AN ] i 2 1] PAHEs (1) 75 i 22 BRACK,
8 Bl PAHSs [ R il 10 pg/g MIAFEMAS R iFdE BEEI SR TWPs P& 3k 8 Ff PAHS RSP 8%
A rE e G j?ﬁb B AT Y AR g B 8 AT [ SR AN R S R RE R 21 3L 6 F T
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PIF AT S T BaP HI& @l T g/ rh A 6
JEE bR b 7 IA B) 23.7Tpg/gs Rl 246 FI1 T RS iR
JEg L3R 8 B PAHS 155 52 REbR FF 5 6 B bR
YA 78.15ug/g L T IRZ, M 27.80ug/g. [E 7=
JRES AR BES 94 114 134 16 A1 17 IR IEREE b
BaP & & bR, PSS 13 @ bR b,
130.30pg/g, L ZEFESY 16 AT 17,70 5#bR 16 £5F1
12 1%;8 Fl PAHs 75 1t 2 A AR RIAC A FE i AL 55 A
11, 13+ 16 1 17,53 5L AR 15 %, 270 i, 40 f5 A1
127 fi5. SRR A, B 7= 58 G & R O AS 52 BROER
REACH VA1) B i, 8 A 155 150, LU 161 A0 it 7™ B R
AERE 13 v BaP &8 LU 8 i PAHs 2 FIH bR

In] 5k S
2.2.2 PAHs [M¥H WY R ERIA R, 0
TWPs 1] PAHs 434 5 282 S (NA . 1-Me F12-Me).
3 #/(AC. ACL. FL. PHE. AN). 4 }{(FA. PY.
CHR F11 BaA). 5 ¥ (BbFA. BKFA. BjFA. BaP.
BeP F1 IND)#il 6 1(DBA F BgihP)PAHs.

MWK 6 AT & Th 20 4 38 PAHs (5 EE
15 151(45.03%~67.93%);3 FA A 5 31 PAHSs [19°F 34
FLEIT, 5 5 A 15.45%F0 12.62%;6 ¥4 PAHs [¥]°F
B AR, 6.78%. 52 Wk B REACH ¥4 FiL PR,
[ Ah i R 5 BR S LA ) PAHSs o BGAH 42 [ 7=
JHRHE A BEAI.

Fx4 EMFFZRH TWPs B PAHs B2 2(ug/g)
Table 4 Contents of PAHs in TWPs in other studies

AR 2 [@*11993 3?[24]1294 £M™N997 HAMI997 Z[EPD007  EIERT A g Hp [ 2
PATS WE T RGRRZE) i;fzf;;? O ECRME) ORI 20104 201248 20134
NA 0.31~1.15 0.6 - 486~816 - - - - - -
AC 0.70~8.19 2.09 - 562~861 - - <10 - - -
ACL 0.33~0.98 0.58 - 290~2446 - - - - - -
FL 0.56~2.81 1.04 - 187~261 - - - - - -
PHE 1.48~22.54 4.90 11.8 238~253 - 18 <10 5.3+0.1 3.7 -
AN 0.20~4.72 0.75 - 50~56 - 1.6 - - 0.5 -
FA 1.18~25.21 8.75 11.1 339~458 - 30 <10 4.340.1 11.4 -
PY 4.23~87.86 30.98 54.1 34~452 41.4 - 6.3 26.4+1.7 32.4 -
BaA 0.01~14.09 1.91 - 82~102 - 3.8 - - - -
CHR 0.13~82.08 12.85 8.2 71~92 - 13.5 - - - n.d.~0.004
BbFA 0.04~5.90 0.76 - 70~88 - - - - - -
BjFA 0.02~20.84 2.15 - - - - - - -
BKFA 0.00~23.95 2.58 - 74~99 - 0.8 - - - -
BeP 0.08~16.73 2.61 5.2 - - - - - n.d.~0.009
BaP 0.06~130.30 11.67 3.9 85~114 - 6.4 - - 2.2 n.d.~0.003
IND 0.00~6.19 0.97 - 52~86 - - - - - -
DBA 0.01~9.10 1.24 - - - - - - n.d.~0.018
BghiP 0.03~20.27 4.78 - 66~159 - 34 <10 17.8+1.6 12.7 -
Fond oy AR .
3 g IND (13 & 8T 1pg/g.
3.3 M PAHs J % _E4r#7, TWPs H 4 F1 PAHs [ tb
3.1 17 4 TWPs FEf P AEC R PSS EES i, N 45.03%~67.93%,6 A 73] by L fik, A

PEECR,ST P38 i fe i, 4 168.0mg/g,Cd 133
eI, 0.8mg/g. 18 Fin R M 1245 & ff TWPs
JFUER 1) 9.90%, FEl A1 it JE 4 T s v T L pAy 5t .

3.2 20 PAHs & 2 FIFE 12.13~433.64ug/g 2 1],
Hrp PY P35 B, 00 (30.98+31.27)ug/g, AC 5
K 4 (0.58+0.2)ug/g;NA. 2-Me. AN. BbFA I
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