HELMHOLTZ
Centre for Environmental Research

FRIEDRICH-SCHILLER-

o = S ——
A OXEITDOCHR 5 e—HPiR
7 20 7. b SO
7 ST
73 y A B A A N
y /& - B / AL
/ o \ A
/ A
)
s/ At \ ome®
/ N fi
e o3 o S
‘ ! 3 3 5 2k
| % TS N iﬁ}‘ir
2 > o0 2l
N L e

e S
ol | 8
A ey Nl
L K41 yw Q.»‘Q‘ 8 sl ]
W e e 7 AR R E SR Y
\ W= 7 o, B 2 o)
N\ g
73 Y. 83 = 45 / 4
s V.' 7 /4
Sl U &
* oy 4
?« =S o °
o e
,
]
-,
o
Ei

Binding Properties of Heavy Metals on Tire and
Road Wear Particles in the Aguatic Environment

Angus Rocha Vogel2?”; Swetlana Swonarjow?¢; Wolf von Tumpling2®

2Helmholtz Centre for Environmental Research — UFZ, Water Analytics & Chemometrics, Bruckstral3e 3a, 39114 Magdeburg, Germany

bEriedrich Schiller University Jena, Institute for Inorganic and Analytical Chemistry, HumboldtstraRe 8, 07743 Jena, Germany

cUniversity of Applied Science Emden-Leer, Constantiaplatz 4, 26723 Emden

*e-malil address: anqus.rocha.vogel@ufz.de

Motivation

* tire wear particles (TWP) are a major source of microplastics (MP)

IN the environment
» TWP estimated to make up to 30% of MP emissions 1

« up to 20,000t TWP emitted into German surface waters per year 2
» main entry paths: surface runoff and sewerage [

« TWP incorporate other traffic-related particles, becoming

Methods

sequential extraction (F1-4) adapted from Ure et al. (1998) ]

(BCR extraction) for different tire-related samples

TRWHP (tire and road wear particles) 123l
» TRWP have higher amount of heavy metals due to attached
traffic-related particles (brake lining, road wear particles) 4l
» attached heavy metals can lead to a deterioration of the
chemical water quality bl

=» still unclear: bioavailability of heavy metals
from TRWP in the aguatic environment
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additional incubation experiment adapted

from Rocha Vogel et al. (2025) ']
» 350 mg tire-related sample incubated in 20 L pre-filtered (0.2 um)

water sample of the Freiberger Mulde (high in heavy metals) for 24 h

» tire-related sample recovered through filtration
» BCR extraction of dried tire-related sample
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100% = SED FM 100% ReS u I tS
0% SEDELS | s * F1and F2 are considered to be bioavailable to organisms
g S TRWP+RSH | 5 » F1 under aerobic, F2 under anaerobic conditions
S 60% - B TRWP+RS/K | S 60%
s S I - * in general behavior of heavy metals from tire-related samples
& ] & ] . . . . .
S S IS similar to sediment samples (Fig. 1)
20% A 20% - . .
» heavy predominantly from other particles than TWP (rubber)
0% R = = ” 0% - > tire-related samples have higher amounts of heavy metals
cu compared to sediments from Elbe (Tab. 1)
100% 100% . . .
« Zn & Cd easlily bioavailable
B Lo * Pb mostly in F2, F3 pattern similar to Zn and Cd
5 o0% - 5 o0% - * Cu evenly distributed among the fractions
S 40 - S 40 - * Cr & Ni mostly in residual fraction (F4)
20% - 20% -  freshly adsorbed Cd and Zn are highly bioavailable (Fig. 2)
0 | 0 | » potential health risk for (micro-)organisms after uptake of TRWP+RS/t
_ Tab. 1: Element and approximate TWP content of different tire and road wear particles including road sediment
Cr Ni (TRWP+RS) as well as of river sediment from Freiberger Mulde and Elbe. Theoretical classification of trace element
100% - 100% contents by LAWA [8l, Values including first standard deviation.
5006 - 5006 - } TRWP+RS/tla TRWP+RS/tlb  TRWP+RS/tlla TRWP+RS/t IIb
= = size 20—200 pum 200-630 pm 20—200 pm 200-630 pum
2 s 2 6o Cr / mg kg 237 + 27 147 + 4 381 + 28 183 + 13
3 3 { Ni / mg kg 105 + 13 115 + 8
S 400 | S 400 | Cu / mg kg 214 £ 40
o o Zn [ mg kg 974 + 60 666 + 130 1350 + 300
20% - 20% - Cd / mg kg 2.0+ 0.8
. I I ___Pb/mgkgl 10711
0% Jme - J | i 0% - TWP content /% 9.4 6.4 21 13
F1 F2 F3 F4 F1 F2 F3 F4 TRWP+RS/k | TRWP+RS/K I Elbe Freiberger Mulde
Fig. 1. Relative element distribution of Cr, Ni, Cu, Zn, Cd and Pb as derived from BCR extraction for sediment Size 20—200 pm 20—200 pm 20—200 pum 20—200 pum
samples of the Freiberger Mulde (SED FM) and Elbe (SED ELB), as well as for TRWP+RS/t from the Elbtunnel Cr / mg kg 337 £ 110
(la = beginning, lla = middle) and TRWP+RS/k from kart tracks (I & Il). Standard deviation given as uncertainty. Ni / mg kg 107 £ 15
Cu /mg kgt 142 £ 12
Cd Zn Zn / mg kgt
10.0 1750 Cd / mg kg
00 | = TRWP+RS/t la I  Pb/mgkglBi®3 | 383+29
< g0 1 I TRWPHRSHIC | 2580 TWP content /% 69 71 n. a. n. a.
£ 4 4 TRWP+RS/t lla 2 1250 I
E 60 - TRWP+RS/t lic = I
c < 1000 :
Conclusion and Outlook
= 40 - S L . . L
5 30 S 500 - : » the BCR extraction is a suitable method to describe the binding
o 2.0 - Q . . .
e : S 250 | i S properties of heavy metals on tire-related materials
0.0 il ) = H S S 0 | | im0 : _n )
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Fig. 2. Element distribution of Cd and Zn as derived from BCR extraction for TRWP+RS/t from the Elbtunnel

(I = beginning, Il = middle) before (a) and after (c) incubation experiments. The uncertainty is given by the first °

standard deviation. Standard deviation given as uncertainty.

Important for water retention projects like Blue-Gree

risk assessment of heavy metals from tire-related samples possible

tire and road wear particles including road sediment
tire and road wear particles
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