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Abstract: The organic molecular tracers such as branched alkane and alkylcyclohexane
in PM2.5 were determined using direct thermal desorption-gas chromatography-mass

spectrometry (GC/MS). In order to improve selectivity and sensitivity of method,
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various parameters such as desorption temperature, desorption time, cooling trap pack-
ing. and cooling temperature were studied. Results showed that the correlation coeffi-
cients of organic molecular tracers in the range of 0. 25-50 ng and 0. 025-0. 5 ng are all
above 0. 990. The recoveries of the target compounds in blank quartz filters and actual
particulate matter samples are 86.2%-110% and 97.1%-113%, respectively. Besides,
the limits of detection (LODs) of the target compounds are 0. 004-0. 020 ng/m’ with the
sampling volume of 24 m®, which is much lower compared with accelerated solvent
extraction method, because of no solvent extraciton and less target compounds loss.
The actual samples of PM2. 5 collected in heating season and non heating season in Bei-
jing were determined using this method. The results showed that the target compounds
are all detected, and the total concentrations of branched alkane and alkylcyclohexane in
heating season are significantly higher than that in the non heating season. Besides, the
concentration of branched alkane is two orders of magnitude higher than alkylcyclohex-
ane both in heating season and non heating season. This method is simple and fast, and

has great application value in the rapid detection of non polar compounds in particulate

$39%

matter without complicated pretreatment and organic solvent.
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Table 1 Retention time, qualitative and quantative ions of target compounds
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Compounds Molecular Molecular Retention Quantative Qualitative
formulas weights time/min ions(m/z) ions(m/z)
[ 4% 15 4% Norprisstane (W1) Cis Hys 254 31.526 85 99
+ T H PR T 4% Dodecyleyclohexane (W2) Cis Hag 252 35. 410 83 82
2-H1 #:+ Juk 2-Methylnonadecane (W3) CaoHyz 282 37.013 85 99
3-F 3| JUb% 3-Methylnonadecane (W4) CaoHz 282 37. 130 85 99
+ F A SR O 4% Pentadecyleuhexane (W5) Co1 Hyy 294 40. 414 82 83
Uk S FR O %% Nonadecyleyclohexane (W6) Css Hso 350 45. 928 82 83
Ff1 %4 Squalane (W7) Cs0 Hey 422 46.703 85 99
7S B 3% Hexamethylbenzene (IS) Ci2Hs 162 27.724 147 162
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Effect of desorption temperature

on the desorption efficiency of target compounds
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Fig. 2

Effect of cooling trap temperature on the collecting efficiency of target compounds
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Table 2 Thermol desorption efficiency of spiked blank quartz filter under the selected conditions
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Compounds

55 2 YA B

Second time of thermal

BRE T L

Percentage of

55 3 UL I

Third time of thermal

FRE T o L

Percentage of

desorption desorption residues/ % desorption residues/ %

Wi 3897811 3546 0.091 513 0.013

w2 20846324 2103 0.010 348 0.002

W3 4441048 350 0.008 0 0. 000

W4 4066169 462 0.011 0 0. 000

W5 19936084 2358 0.012 329 0.002

W6 13303994 3578 0.027 415 0. 003

w7 3175511 512 0.016 0 0. 000
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Fig. 4 Total ion chromatogram of target compounds
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Table 3 Calibration curve and detection of limit of the method
LA B 0. 025~0. 5 ng LRPEEH 0. 25~50 ng
ity Linear range of 0. 025-0. 5 ng Linear range of 0. 25-50 ng B
Compounds i £E 0L 2 )y 2 EES i £E 40125y LEES LODs/
Calibration Correlation Calibration Correlation (ng/m*)
curves coefficients R? curves coefficients (R)
AVA! y=0.99x 0.990 y=0.62x 0.998 0.020
w2 y=1. 64z 0.998 y=1.192 1. 000 0.011
W3 y=0.62x 0. 999 y=0.40x 0. 998 0.014
W4 y=0.69x 0.996 y= 0.45x 0.997 0. 009
W5 y=1.76x 1. 000 y=1.07x 0. 998 0. 004
Wweé y=0.41x 0.990 y=0.39%x 0.990 0. 005
w7 y=0.20x 1. 000 y=0.55x 0.990 0. 005
R4 F7iEBYINAR E 4 ZE A0 AR R AR R E
Table 4 Recovery and relative standard deviation of the method
A7 Gk H A B
ot % AR D AR *ﬁjzzg SRR A1 T 2
Compounds Recoveries of spiked M 22 of actual Recoveries of spiked
blank samples/ % RSD/ % actual samples/ %
samples/ng
W1 92.1 4.3 0. 680 98.5
w2 98.9 4.0 0. 430 107
w3 93.2 2.5 6.16 97.1
W4 94.9 6.5 7.46 108
W5 99. 4 4.0 0. 190 102
W6 110 2.1 1. 32 113
w7 86. 2 2.7 0. 320 102

T 1) a8 FIbR IR A INAR I 2.5 ngs2) SEPRAE S IAR IR B AR 429 1 ng

TSR RE A% (16.7 L/min) Fl A7 9% 8 I R 4 #F
fi s TE R — 3K PM2. 5 J8 I8 I, &k ) 8 HBCR /N
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Table 5 Comparision of thermal desorption method and accelerated solvent extracton method

A th R
LODs/(ng/m?®)

A% B RSD
Precision RSD/ %

25 E MR FHILZE Recoveries of
spiked blank samples/ %

aw

o P 50 A T o 3R 2 I F Y IRPR TS 7R 2 Tk N IRES
Commo IG5
~ompounds Accelerated Accelerated Thermal Accelerated Thermal
Thermal
solvent solvent extraction/ desorption/ solvent extraction/ desorption/
desorption
extraction 25 pg/L 2.5 ng 250 pg/L 2.5 ng
Wi 0. 085 0. 020 2.6 5.0 105 92.1
W2 0.052 0.011 1.7 3.0 94. 3 98.9
W3 0. 048 0.014 1.5 1.2 103 93.2
W4 0. 064 0. 009 1.9 5.9 112 94. 9
W5 0.082 0. 004 2.6 3.8 117 99. 4
W6 0.082 0. 005 2.5 5.8 123 110
W7 0. 141 0. 005 4.1 2.8 118 86. 2
6 ItETHEERESMRES PM2.S FEHIRYHESE
Table 6 Contents of target compounds in PM2. 5 during non heating season and heating season of Beijing
PM2. 5 t HFr¥) 9 & & Contents of target compounds in PM2. 5/(ng/m?®)
feat — —
Compounds
Non heating season Heating season
Wi 1. 29 0. 780
W2 0. 340 0. 570
W3 45. 6 61.9
W1 52.6 71.3
W5 0.130 1. 06
w6 0. 440 1. 49
w7 1.43 4. 40
F R A (WL W3+ W4+ WT) 101 138
B EA Ok B (W2 + W+ W6) 0.920 3.12

3 it

A5 R F L 4 i R B -G C/MS 3%
I KA PM2. 5 r SCBE Jo8 48 R B 31k A L o8 288
AHUREEY) . B S8 S pF i e T Bt
F18 1 B 3 52 ¥4 P A R T 8 R 50 A [ 45 280
7 R LR B A H B TE 0. 004~0. 020 ng/m’
ZIA) 28 FUINRR R AR 86. 296 ~110% Z []
FERT AT HE IR 22 B/ F 10 % . SZBRAE & bz [l ik
RAE 97. 1% ~113% Z 1], B A 5 v 1 Tl e %,
T2 7 A6 30 XK B8 2 Ll SR B2 2 PM2. 5 #F
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