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ABSTRACT

Chemical accidents occur in various forms, such as explosions, leaks, spills, and fires. In particular, chemical accidents
caused by fires seriously affect the surrounding air environment due to soot, causing anxiety to the residents. Therefore,
it is important to identify the causative substances quickly and examine the influence of air quality in the surrounding area.
In this paper, proton transfer reaction-time of flight mass spectrometry(PTR-ToFMS) was used to identify the causative
material in a fire and monitor the air quality in real time. This analyzer is capable of real-time analysis with a rapid
response time without sample collection and pretreatment. In addition, it is suitable for quantitative and qualitative analysis
of most volatile organic compounds with high hydrogen affinity, to identify the cause of fire and examine the influence
of ambient air. In April 2018, when a local fire occurred, methanol, acetone, and methyl ethyl ketone were the main
causative agents in PTR-ToFMS.
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Table 1. Weather Conditions Before and After the Incident Time
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Date Weather | Temperatures (‘C) | Humidity (%) | Wind Direction | Wind Speed (m/s) | Atmospheric Pressure (hPa)
’18.4.13. 11:00 | Fog 16.4 17 Southeast 5.2 1024.2
’18.4.13. 12:00 | Fog 17.2 16 East 5.1 1023.5
’18.4.13. 13:00 | Fog 17.5 14 Southeast 3.7 1022.9
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Figure 1. Smoke rise at the fire point (left) and direction (right).
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Mobile analysis result Data acquisition during moving cars

Figure 3. Sampling collection using PTR-ToFMS.

< AAE glo] AAztew A = g,
PTR-TofMS T4 o} 2] Figure 40 LERNATE PTR-
ToFMS+ (1) H;0'0l 22 A4ksh= o] 23 (ion source),
(2) H;0'2} VOCs Atololl A ofztzlo] HH-g-& 3l o] L29]
S H(drift tube) 12|31 (3) A2 AES 91T B
AZHEA A e} o] A 3RE SR FAE o] UTh VOCs
=42 A O]H}—(proton transfer reaction) M|AUZS
3 AT AP olRkg-2 8}8F4] o] 23] (chemical lonization)
e bR, GC-MSe o3t WSl AAFA o3}
(electron impact ionization)Holl H]S}e] w9 2 o %]
3o 2 AHES] FAHAAANA ARGl ojuA] &
o REgE9] 273} Aol wj$- At PTR-ToFMS®| ©]
23kl A DA E H:O'E H0 AT S oAzl
(Proton affinity, PA)= 7} = AEF7] T 0, Ny,

ksl A Aeks] =5, A323 A6s, 20183

CO; 59 AEH= & whgakA] rom, vOCse| thi-E2
H,O (165 keal/mol) B0t T & A} 318}& 7FA| a1 Q1o
I8, o]ZlE ol s = A B GE oA o] F=

A W
gEof nlgste] g2 (1) B4 o= 7hEks vehd
AT

A" + R — products @))

ol A'E H;0' 0|22 S
SE[R)2 VOC o|EZ oA T2 (2)
R

H;0" + VOC — VOCH™ + H,0 )



Azl NN AFEHIE ol §F B A WA A B 24 AT 87

Drifttube

lon ransfer optic

on SoUrce

BHH”“IIIIIIII

Field-free time of flight region

Double-stage ion mirmor

T

Orthogonal ion acceleratar  Post-accelerator and multichannel plate

Housing and mounting pars

Figure 4. Schematic drawing of the PTR-ToFMS instrument.
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Table 2. Analytical Parameters for PTR-ToFMS

Items Contents
Model/Manufacture PTR-ToFMS/Ionicon
Sampling Flow 100 ml/min
Primary Ion H;0"
H>O Flow 5 ml/min
Ion Source 3 mA
Temp. 60 C
Voltage 250~900 V
Drift Tube E/N 60~200 Td(townsend)
(Electric Field) (1 Td = 10-17 V-cm?)
Pressure 2.3 mbar
Time of Mass Range m/z 20 - m/z 300
T\/lhagshst Ion Extration Rate 80 kHz
Analyzer Spectrum every 1 s

gJom 20 x 107 em’ st S ARSI,
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Figure 5. PTR-ToFMS Spectrum of each substance.
Table 3. Concentration by Measuring Point (ppb)
Distributi Radius 130 m Radius 300 m Radius 1,000 m
1stribution
@ @ ©) @ ® ® @ ©)
Toluene 1,080 208 97.0 67.8 45.0 4.9 5.6 5.4 5.6
Acetone 206 22.6 75.3 554 44.8 11.9 8.7 11.0 7.4
Methanol 177 124 79.3 69.7 90.5 38.5 64.8 25.8 15.4
MEK 7.6 3.1 8.1 5.9 6.8 3.1 2.6 2.6 2.9
a2 EHY] FEE o9 o|F A o]2EAEe| I 2T FEoAE EFQ wEF M =4 A=
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Figure 6. Concentration change by measuring point.

Table 4. Physical and Chemical Properties of Hazardous Chemicals

126.665 12657 126545 12665 126,655 12666

D R EA R R SAREE 89

3749

100 3749

3748

cCaNsAas = a8

3748
126665 12667 126545

T T
12665 126,655 12666 126665 12667

. Molecular Weight Boliling Point Density IDLH
Chemicals Structure CAS Number Formula (e/mol) (C) ( g/cm3) (ppm)
Hy

Toluene é 0000108-88-3 C7H8 92 110 0.8636 67 (AEGL-1)

Methanol H,C—0CH 0000067-56-1 CH;OH 32 64.7 0.7866 670 (AEGL-1)
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