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Fig. 2 Structure and operating voltage of ion reflection and ion elicitation zones
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Fig. 3 Schematic diagram of vacuum ultraviolet single
photon ionization source
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Fig. 6 SPI mass spectrum of the odorous gas released from a pesticide site

&2 P&T GC-MS MBI FHRSHFHUFRD
Table 2 List of the chemical composition of odorous gas identified by P&T GC-MS
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2 23.538 2-T i 72.11 3.65x107°
3 20.850 A 76.14 2.57x107°
4 32.731 LiF S 92.14 1.54x10°°
5 36.910 LA 106.17 1.50x107
6 37.274 X Z HIZR 106.17 7.71x107°
7 38.254 AP HI2R 106.17 2.43x107°
8 18.274 ZEHE N 137.37 0.863x107°
9 20.265 AL 84.93 19.2x10°°
10 29.464 =R 131.39 247 %107
11 34.862 WE N 165.82 97.1x10™°
12 14.753 ke 44.1 3.87x10°°
13 24.885 ECkE 86.18 3.19x10™
14 34.422 IE=FELE 114.23 121x10°
15 38.560 Tkt 128.26 2.51%10°
16 42.473 IE3SLE 142.29 121x10°
17 25.004 = 119.38 21.5%107°
18 13.564 ZH 30.07 1.70x10
19 22.470 ZHk 26.04 2.61x107
20 14.019 N 28.06 1.75x107
21 19.815 TR 62.13 8.29x10°°

2 31.470 ZHETH 942 84.6x10™°
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Development of a compact and highly sensitive vacuum ultraviolet single-
photon-ionization time-of-flight mass spectrometer and its application in
odorous analysis of a contaminated site
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Abstract Vacuum ultraviolet single photon ionization mass spectrometer (SPI-MS) has unique advantages in
on-line monitoring of volatile organic compounds (VOCs). However, the low sensitivity of the commonly used
SPI-MS limits its wide application in environmental monitoring. In order to effectively improve the detection
sensitivity of SPI-MS and realize the goal of real-time online monitoring of trace VOCs in the environment, a
compact and highly sensitive vacuum ultraviolet single-photon-ionization time-of-flight mass spectrometer (SPI-
TOFMS) was developed using a high-flux vacuum ultraviolet lamp combining with low-pressure
photoionization technology and compact time-of-flight mass spectrometry. Then the SPI-TOFMS and purge-
and-trap gas chromatography-mass spectrometry (P&T GC-MS) standard methods were used to analyze the gas
phase samples of odorous substances released from the same pesticide site. The results show that the instrument
exhibited an extremely high detection sensitivity toward gaseous benzene, the detection limit (in terms of
volume ratio) was as low as 0.09 x 107" in 10 s acquisition time, the detection accuracy was 95% ~ 109% with
standard deviations less than 8%. In the analysis of odorous gas released from a pesticide site, the SPI-TOFMS
could not only detect methanethiol, dimethyl sulfur, and dimethyl disulfide in a very short detection time (10 s),
but also detect more odorous that cannot be detected by P&T GC-MS standard method, such as pyrrolidine,
pyridine, ethyl propyl amine, aniline, o-phenylenediamine, and nitrobenzene. The SPI-TOFMS and P&T GC-
MS had a good agreement on the quantitative analysis results of the main component of the odor substances
(dimethyl disulfide) in the odor samples. The compact SPI-TOFMS developed in this study has a much higher
detection sensitivity compared with other analogue instruments, which can provide an efficient technical method
for laboratory simulation and real-time online monitoring of trace VOCs in the field environment monitoring.

Keywords ultraviolet single photon ionization; volatile organic compounds; on-line monitoring; mass

spectrometry; pesticide contaminated site; odorous
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