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Abstract: A headspace—solid—phase microextraction/gas chromatography—mass spectrometry (HS—
SPME/GC-MS) method was developed for the analysis of trace odorants in common substrates col-
lected from gas explosion sites. The background interference effects within complex matrices were sys-
tematically investigated. The method exhibited excellent linearity (7*>0.99) for tetrahydrothio-
phene (THT), dimethyl sulfide (DMS), and ethyl mercaptan (EM), with limits of detection
ranged of 0. 05-37. 59 ng/g. The spiked recoveries ranged from 87. 3% to 115%. The intra-day and in-
ter—day relative standard deviations (RSDs, n=3) were 4.4%-8.3% and 4. 2%-8. 9%, respec-
tively. An interference system was constructed using gradient spiking at mass ratios of 1-200, and a
first—order exponential decay model (r*>0.93) was established to describe the relationship between
signal response and interferent concentration, revealing the signal suppression pattern under matrix
interference. Results indicated that competitive adsorption at the fiber coating sites was the dominant
mechanism for signal suppression, showing a distinct selectivity order: naphthalene>toluene>n—
pentadecane. Among the target odorants, the resistance to masking followed the order: THT>DMS
>EM. Regarding matrix effects, cotton fibers demonstrated the highest resistance to interference,

while soil exhibited the most pronounced suppression. Full-scale simulated explosion experiments
further confirmed that soil and sponge, owing to the physical encapsulation within their microporous
structures, could retain detectable THT for up to two hours post—explosion. This study quantifies the

interference resistance thresholds of common matrices for the first time, providing a scientific foun-
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dation and strategic sampling recommendations for gas explosion investigations and forensic evidence
identification.
Key words: gas odorants; matrix effect; HS—-SPME/GC-MS; simulated explosion experiment
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Fig. 2 Peak area responses of three odorants in different matrices at various temperatures
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Fig. 3 Peak area responses of three odorants on different substrates under varying heating times
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Table 1 Analytical performance and validation of the developed method in different matrices
LOD  Spiked -
Regression Linear range 2 L ey Interday RSD  Intraday RSD
Odorant Sample . i r / (ng* ery
equation / (ng-g™") o 1% 1%
g") 1%
L y=877. 44x+
Soil 0.20~10. 00 0.997 0.05 96.5~113 4.4 4.9
THT 220. 19
PU sponge y=34. 23x+ 184. 42 1.53~76.92 0.996 1.07 95.3~107 5.3 4.4
Cotton fiber y=264. 49x+ 178. 66 0.90~22. 62 0.999 0. 45 94. 0~106 5.1 5.0
Soil ¥=372. 01x+ 395. 11 4. 00~40. 00 0.997 1. 00 91.4~111 4.8 5.9
DMS PU sponge y=6. 86x— 107. 49 76.92~769. 23 0.992 15. 00 87.3~107 6.7 7.4
Cotton fiber y=4. 37x+ 349. 06 37.59~751. 88 0.991 18.79 95.8~115 8.9 8.3
Soil y=272. 46x+ 303. 18 4.00~40. 00 0.997 1.00 93.9~106 5.6 5.0
EM PU sponge y=7.15x+99. 71 76.92~769. 23 0.993 15.00 91.4~111 7.2 7.2
Cotton fiber y=3. 56x+95. 04 75.19~751. 88 0. 998 37.59 89. 3~108 7.3 8.2
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Fig. 4 Impact of typical interferents on the response of trace odorants in different matrices and the corresponding exponential de-
cay fitting curves
A-C: THT, DMS, and EM under toluene interference; D-F: THT, DMS, and EM under naphthalene interference; G-1: THT,
DMS, and EM under n—pentadecane interference (A~C: 23 HZEFHL T THT, DMSHIEM; D~F: 437l hZ5 4 Fil) THT . DMSFI
EM; G~L: 20 0IE ke PO A THT . DMSHIEM)
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TB 15 A7 R g 2 FE 60~80°CIY P S84 T, AAH P R IR 28 SR i T 1E Tk,
Eﬁ%%muMﬁEE%%W WA, IET Tk SiRZ 0B 08, (0 EARAE &P A K ) 4y
TR 7 2SO, s B IR, BRI AR L85 o

AEEARPPTTREIHET . MRAFdE>igan> 13, MeF4Enym b T BRAERER S K, H
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JEfEAE TR A,, WA G ™Y IO ol B, X BN T HAR A s R A ) R R A A
FAFNFHRZH 53 0 BRSRN, , —38 DI F 5 350 H AREH 2 (ke H R B0 e T e

XA B ARgH 4> & B, THT PR R S EE D & T DMS 5 EM . 20l %1, THT 1Yy, fE4L
F0.35~0. 50 X[8], 1] DMSHIEM Y y, T ik T 0. 20, HAE TP R 8T 200 ) 5 & Ak . 204
I, ERERFEJET THT 5 CAR IR ER BE, EE T o R AL S5 4y 1, il
Wik 7 HAEE AT T R AR S A I R B, B, THTVE MR R R S A B
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Table 2 First—order exponential decay fitting parameters for odorant inhibition under typical interferences

Odorant Interference Matrix % A I r
PU sponge 0.459 0.499 6.53 0.98
Toluene . .
Cotton fiber 0.476 0.523 1.54 0.97
(Panel A) .
Soil 0.473 0.526 1.04 0.97
PU sponge 0.382 0. 542 22.82 0.96
Naphthalene . .
THT Cotton fiber 0.357 0. 642 0.96 0.95
(Panel D) ..
Soil 0.210 0. 682 5. 80 0.94
PU sponge 0. 488 0. 499 13.78 0.95
n—Pentadecane )
Cotton fiber 0.380 0. 620 1.88 0.97
(Panel G) .
Soil 0. 598 0.395 10. 04 0.94
PU sponge 0.221 0.676 11.98 0.97
Toluene .
Cotton fiber 0. 190 0.810 1.23 0.94
(Panel B) .
Soil 0. 240 0. 668 6.12 0.94
PU sponge 0.203 0. 693 6.93 0.97
. Naphthalene ) .
DMS Cotton fiber 0.324 0. 600 6.58 0.94
(Panel E) .
Soil 0.259 0.741 1.06 0.95
Pentad PU sponge 0.562 0. 397 9.41 0.94
n—Pentadecane
Cotton fiber 0.339 0.562 7.63 0.95
(Panel H) ..
Soil 0. 360 0. 670 1.34 0.95
PU sponge 0. 100 0. 900 0.559 0.94
Toluene .
Cotton fiber 0.220 0. 682 6. 44 0.95
(Panel C) .
Soil 0.326 0. 674 0. 84 0.94
PU sponge 0.112 0. 888 0.82 0.95
Naphthalene .
EM Cotton fiber 0. 166 0. 833 1.36 0.95
(Panel F) .
Soil 0. 154 0. 846 0.92 0.94
PU sponge 0. 266 0.734 1.07 0.93
n—Pentadecane . .
Cotton fiber 0.572 0. 428 0.82 0.95
(Panel 1) .
Soil 0.312 0. 689 0. 82 0.94

RN A SRS T TR A R TR, AR SR EL<SO BT, 3 TR 5 A AR X ]
W R A5 E 85%~110%; 16T B Fh ik 2] 200 ), B S B0 Z 44k, {H THT A7 0] 4% 35%~60% 1)
Wi R TR, DMS 5 EM 43 {5 52 20%~56% 55 10%~57% 0 )57 T R o 4% & & 24 100 fig 0z Fft 23 o 24
fE Y, 3 AR RREI AR SR E B S T I PR I R
2.4 RIBSIBRIEIIKEN LR

RIS 7 AR S PR SR S d P, OSSR e S8 P R B EAS AR EAT 1 A
SLERZER LA 3,

3 AU KE SR A, SR

Table 3 Examination results of simulated explosion experiments

Gas source Sample matrix Sampling point THT DMS

. Proximal site
Soil . .
Distal site

Proximal site
Natural gas PU sponge

+ o+ [+ o+

Distal site

. N Proximal site - _
Cotton fiber . )
Distal site - _

+
|

. Proximal site
Soil . .
Distal site

Proximal site

+ o+

LPG PU sponge
pong Distal site

: ) Proximal site
Cotton fiber . .
Distal site - -

“w “w w

+” indicates detected; =" indicates not detected. The detection and identification were performed using SIM mode; +7 results

met the criteria of signal-to—noise (S/N) ratio>10
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Fig. 5 SIM chromatograms of odorant components in samples collected from gas explosion experiment scene A: DMS; B: THT
3 & g
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