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Table 2.1: Comparison of the two most commonly used literature methods, and the TNO TED-GCMS and TGA-TED-GCMS methods used in the 

LEON-t project.  

Description TNO (2012)1 ISO/TS 
21396/205933,4 

Bundesanstalt für 
Materialforschung 

und -prüfung 
(BAM)5 

TNO (2021)1 

Analysis technique Pyrolysis + TD-
GC-MS 

Py-GC-MS TGA-TED-GC-MS TGA-TED-GC-MS 

Pyrolysis conditions 550 °C, 15 min, 
N2 

670 °C,  5 sec, H2, 
induction  time 

<0.2 sec 

25-600 °C , 
10 °C/min, N2 

290-550 °C, 
20 °C/min, N2 

Pyrolysis system tube furnace 
sample with 

stainless steel 
tube 

micro-furnace 
with quartz tube, 
Curie-point with 

holder,  Pt-
filament with 

holder 

TGA with 150 µL 
alumina crucibles 

TGA furnace with 
Tenax tubes 

Adsorption 
medium 

Tenax-TA - SPE Sorbstar / 
PDMS Twister 

Tenax-TA 

Sample 
pre-treatment 

- - pre-heating 25-
290 °C (optional) 

- 

Pyrolysis markers : 
   

 

Styrene (SBR) qualifier qualifier - qualifier 

Isoprene (NR) - qualifier - - 

Butadiene 
(SBR+BR) 

- qualifier - - 

Dipentene (NR) qualifier/quantifi
er 

quantifier qualifier qualifier/quantifier 

Iso3/Isi4 (NR) - - qualifier/quantifier - 

DMVCH (NR) - - - - 

4VCH (SBR+BR) quantifier quantifier - quantifier 

SB (SBR) quantifier - quantifier quantifier 

SBB (SBR) - - qualifier - 

Pyrolysis internal 
standard 

4-fluorostyrene 
(dissolved in 

DCM) 

d-PI and d-PB 
(dissolved in 
chloroform) 

d-PS (dissolved in 
DCM) 

4-fluorostyrene 
(dissolved in DCM) 

Injection internal 
standard 

toluene-d8 / 
ethylbenzene-

d10 

- - - 
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Quantification 
method 

external 5 points 
calibration with 
decomposition 
products spiked 

on Tenax-TA 

matrix-free 
external 5 points 

calibration by 
pyrolysis of 
IR2200 and 

SBR1500 
(dissolved in 
chloroform) 

standard addition 
with SBR / matrix-

free external 6 
points calibration 

by pyrolysis of SBR 
(dissolved in 

toluene) 

External 5 points 
calibration 

through the TGA 
pyrolysis of pure 

standards 

Quantification 
result 

TWP SBR+BR and NR SBR TWP 

Conversion T(R)WP average 
concentration of 
pyrolysis markers 
in car- and trucks, 

with correction 
for freight traffic 

(6% in NL); 
conversion 

factors VCH, PCH 
and dipentene 

are ca. 1.0, 0.17 
and 1.2 mg/g 

TWP; no 
conversion to 

TRWP 

 rubber content 
(SBR+BR+NR) in 
tyre tread is ca. 

50% (SBR in 
passenger tread 

is 44%, NR in 
truck tread is 

45%); correction 
factor of 0.9 for 
styrene content: 
styrene content 

in SBR+BR in tyre 
tread is 15% 

(reflecting 65% 
SBR and 35% BR) 

and styrene 
content in 
SBR1500 is 

23.5%; content 
tyre wear in 
TRWP is 50% 

average content 
SBR in tyre tread is 
ca. 11.3%; content 
tyre wear in TRWP 

is 50% 

average 
concentration of 
pyrolysis markers 
in car- and truck s, 
with correction for 
freight traffic (6% 
in NL); conversion 
factors VCH, PCH 

and dipentene are 
ca. 1.0, 0.17 and 

1.2 mg/g TWP; no 
conversion to 

TRWP 
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Name Quantifier Average 
Response 

factor TNO 
Fmix (n=5) 

RSD 
(n=5) 

Average 
Response 

factor RWS 
Fmix (n=5) 

RSD 
(n=5) 

Average 
recovery 

(n=5) of TNO 
standard, 
quantified 
with RWS 

RSD 
recovery 

(n=5) 

PA6/66 mz 113 
Caprolactam 

x 1,7E+04 26% 7,4E+03 16% 233% 27% 

PE mz 81 1.13-
Tetradecadiene 

x 6,7E+01 30% 4,3E+01 16% 156% 29% 

PE mz 81 1.14-
Pentadecadiene  

x 3,4E+01 31% 2,4E+01 17% 148% 33% 

PE mz 81 1.15-
Hexadecadiene  

x 1,9E+01 32% 1,3E+01 16% 148% 34% 

PET mz 150 
Ethylbenzoate 

x 2,1E+06 9% 1,2E+06 31% 190% 39% 

PMMA mz 100 
Methylmethacrylate 

x 1,0E+08 5% 8,2E+07 6% 126% 8% 

PP mz 111 2.4.6.8-
Tetramethylundec-
10-ene 

x 1,1E+03 29% 9,7E+02 20% 119% 36% 

PP mz 111 2.4.6.8-
Tetramethylundec-
10-ene 

x 3,9E+02 29% 3,5E+02 19% 116% 35% 

PS mz 208 2.4-
Diphenyl-1-butene 

x 9,7E+02 20% 4,7E+02 24% 217% 28% 

SBR mz 104 
Cyclohexenylbenzene 

x 2,2E+03 41% 1,2E+03 21% 199% 38% 
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Compound: Average Recovery of 
new Fmix, quantified 
with old Fmix (n=7) 

RSD (n=7) 

PA6/66 mz 113 Caprolactam 142% 8% 

PE mz 81 1.13-Tetradecadiene 115% 8% 

PE mz 81 1.14-Pentadecadiene  116% 6% 

PE mz 81 1.15-Hexadecadiene  118% 5% 

PET mz 150 Ethylbenzoate 126% 26% 

PMMA mz 69 Methylmethacrylate 92% 23% 

PMMA mz 100 Methylmethacrylate 92% 24% 

PP mz 111 2.4.6.8-Tetramethylundec-10-ene 108% 8% 

PP mz 111 2.4.6.8-Tetramethylundec-10-ene 108% 8% 

PS mz 208 2.4-Diphenyl-1-butene 127% 9% 

SBR mz 104 Cyclohexenylbenzene 117% 7% 



 

Marker Afkorting CAS Structuur 

Furfural FUR 98-01-1 

 
5-methylfurfural 5MF 620-02-0 

 
1-Indanone IND 83-33-0 
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  Tapwater  Tapwater Tapwater 

-  detergent detergent / SBL 

Average 
(mg/L) 

(+/-) Average 
(mg/L) 

(+/-) Average 
(mg/L) 

(+/-) 

Polyamide 
(cyclopentanone) 

0,04 0,04 0,05 0,01 0,14 0,02 

PET 
(vinylbenzoate) 

0,01 0,004 0,31 0,06 0,86 0,07 

Katoen (furfural) 0,04 0,01 2,27 0,23 28,17 5,10 

 Cotton Cotton Cotton 

Water Water/Detergent Water / Detergent / SBL 

Average 
(mg/L) 

(+/-) Average 
(mg/L) 

(+/-) Average 
(mg/L) 

(+/-) 

Polyamide 
(cyclopentanone) 

0,02 0,0001 0,05 0,01 0,13 0,01 

PET 
(vinylbenzoate) 

0,06 0,01 0,29 0,05 0,84 0,01 

Katoen 
(furfural) 

11,66 2,86 10,47 0,41 25,34 3,10 
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