Fire Sci. Eng., Vol. 33, No. 6, pp. 80-86, 2019
DOI: https://doi.org/10.7731/KIFSE.2019.33.6.080

[Research Paper]

: 2508-6804 (Online)
: 1738-7167 (Print)

UAHO| H[HARE ZEEATIS 0188t 2l E=EE 24
U
WA ARSI BT

Analysis of Chemical Accident—Causing Substances Using a
Proton Transfer Reaction—Time of Flight Mass Spectrometer

So-Young Kim

Senior Researcher, Ministry of Environment Han River Basin Environment Office, Siheung Joint Inter-agency Chemical

Emergency Preparedness Center

(Received September 17, 2019; Revised November 7, 2019; Accepted November 8, 2019)

2 o

FURAlE 2012958 20189 744 % 556719] Pl MBS AL F F 744 olge] sherEa
ol kgl ofs) WAISHE ATt T YIRS setshen] B Azte] Wastel AaAQ AT} S5 9]
A4 A4 £l WasT) & ERe ol ugel olal WA Aol el Hotg ol bl v
AR A7) E AT 0] B471E ARAAS} AAE glol ME FHARRS 714 HAzE B4o) Fhs et
E9 FANSET} e tiRRe] HWHRISNFEAY FFRY BAjo] hsste] ol gutgo] ojs) B 3
spaaLe] el B 2ARskeE Agsith A1 20104 OLol OO Ao} shshaba w4y A Ghao] mlah Azt
AYRAY|E ol g3le] 24T A ke BTN Fo| AEHE 2e Bgkor] oSl ofs) WA F A
@ shgtRol Al o] 4 ool €AY & 4 ek

ABSTRACT

In Korea, a total of 556 chemical accidents occurred from 2012 to 2018 caused by adverse reactions of two or more
chemicals, which required significant amounts of time to identify the causative chemicals. Rapid analysis is required for
effective incident response and probing. In this study, a quantum transition time-of-flight mass spectrometer was used to
identify the causative agents of chemical accidents caused by adverse reactions. The analyzer enabled fast real-time analysis
without the need for sample collection and pretreatment. Quantitative and qualitative analysis of most volatile organic
compounds with high hydrogen affinity was performed to investigate the cause of the chemical accidents. In fact, in the
month of 2010, methanol and toluene were detected as causative agents of the accident using a quantum transition time
mass spectrometer, and were also the cause of the reported odor.
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Table 1. Analytical Pvarameters for PTR-TOF-MS
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Parameters Values
Drift tube pressure 2.3 mbar
Drift tube voltage 600 V
Drift tube temperature 60 C
Electric field (E/N) 135 Td (1 Td = 1077 V-cm)
Proton ion H;0"
H,O flow 5 mL/min
ToF mass range 0 ~ 280 m/z
TOF chamber pressure 1.99E”7 mbar
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Table 2. Isotope Mass Correction for Standard VOC Concentrations

%

Formula Name Mass Concentration (ppb) Isotope corrected concentration (ppb)
CeHe Benzene 78.04695 104.0 97.48
C7Hs Toluene 92.06260 110.0 101.93
CsHio Ethylbenzene 106.07825 110.0 100.81
CsHio Xylene 106.07825 300.0 275.12
C¢H;sCl Chlorobenzene 112.007878 110.0 78.12
CoHy» Trimethylbenzene 120.09390 200.0 181.43
CeH4Cl, Dichlorobenzene 145.9690 300.0 161.43
CeHsCl3 Trichlorobenzene 179.9300 98.0 39.96
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Figure 2. PTR-TofMS transmission test.
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Figure 3. PTR-TofMS transmission curve.

k = VOC ion/molecule reaction rate coefficient, cm’
molecule s
t = Residence time of the ions in the drift tube, second
i(H;0") = H;0" ion count rates corrected for transmission
through the mass spectrometer
i(VOCH") = VOCH'" ion count rates correct for transmission

through the mass spectrometer
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Figure 4. PTR-TOF-MS Spectrum for site Primary and Secondary accident spot and Dry air zero base.
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Figure 5. PTR-TOF-MS spectrum for site primary and secondary accident spot and dry air zero base.
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Figure 6. Comparlson of the major VOCs compounds assigned from the three types mass spectra (black line
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Table 3. Summary on the VOCs Concentrations from 1% and 2™ Point (unit : ppb)
Methanol Acetonitrile Acetone Benzene Toluene Phenol Xylene
Items 1 st 2nd 1 st znd lst 2nd lst 2nd 1 st 2nd 1 st znd lst 2nd
point point point point point point point point point point point point point point

SN.” 692 883 692 883 692 883 692 883 692 883 692 883 692 883
Mean 402.93 27674 213.68 21477 6489 22951 5.73 6.31  459.53 2791 23577 24943 4394  23.68
S.D.,c” 8.04 5.09 4.21 5.17 2.31 4.64 0.41 0.46 14.95 0.76 2224 2537 1.61 0.98
S.E? 0.31 0.17 0.16 0.17 0.09 0.16 0.02 0.02 0.57 0.03 0.85 0.85 0.06 0.03
Max. 425.69 29244 22472 23286 7461 24516 7.13 733  489.97 29.93 283.85 286.65 4841 2541
Min. 378.52  260.58 19838 20043 60.63 211.95 4.83 457  404.05 23.89 195.14 129.79 40.24 18.64

DSN. : Spectrum Number, ?S.D. : Standard Deviation, YS.E. : Standard Error (S.E. = %)
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Figure 7. Comparlson of the Sulfur compounds assigned from the three types mass spectra(black line :

2" accident point, green line : dry zero air).
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Table 4. Summary on the Sulfur Compounds Mixing Ratio from 1% and 2™ Point (unit : ppb)
H,S Cs;HsS C.HsS C;HeOS C3HeS» CsHsS
Class I ond I ond It ond It ond I ond I nd
point point | point | point point | point point | point | point point | point point

SN 692 883 692 883 692 883 692 883 692 883 692 883
Mean 0.46 0.26 1.58 1.05 1.91 1.08 4.27 5.53 3.32 3.97 9.84 56.11
S.D. 0.08 0.06 0.21 0.29 0.56 0.54 0.37 0.99 0.21 0.49 2.05 3.24
S.E. <0.01 | <0.01 0.01 0.01 0.02 0.02 0.01 0.03 0.01 0.02 0.08 0.11
Max. 0.71 0.43 2.17 1.75 3.07 2.38 5.51 7.04 4.07 4.85 19.17 | 61.81
Min. 0.22 0.07 0.98 0.31 0.24 0.14 3.41 1.45 2.78 1.81 7.76 36.81
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