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Online headspace-SIFT/MS was evaluated by comparing performance with headspace-GC/MS for 20 types of
VOCs. Performance evaluation was determined by comparing the linearity of the calibration curve, the detection
limits, and the quantitation limits. The accuracy and precision of the two analytical methods were also compared.
Online HSS-SIFT/MS possessed quantification almost equal to HSS-GC/MS. In the case of analysis accuracy and
precision, inaccuracies were observed at low concentrations. However, overall, online HSS-SIFT/MS presented
sufficient accuracy to determine the concentrations for that defines chemical accidents.

Key words: Chemical accident, Online real time mass spectrometry, Headspace, SIFT/MS, GC/MS, Com-
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Table 1. Target compounds list for comparative evaluation of two analysis methods

No Compound CAS Structure No Compound CAS Structure
H O
1 Methyl chloride 74-87-3 H+.;. 11 Butanone 78-93-3 )K/
/-:- /o
2 Vinyl chloride 1975-01-04 e 12 Methyl acrylate 96-33-3 \l
=
o Cl cl
3 Propylene oxide 75-56-9 / 1\ 13 Tetrachloromethane 56-23-5 \—<
cv cl
4 Acrolein 107-02-8 o~ 14 Benzene 71-43-2 @
5  Carbon disulfide 75-15-0 g—C—5 15 1,4-Dioxane 123-91-1 |/ :l
~o
. |
6 Allyl chloride 107-05-1 A~ 16 Toluene 108-88-3 @
Cl Cl
7 Dichloromethane 1975-09-02 C '\/'3 I 17 Tetrachloroethylene 127-18-4 >:<
Cl Cl
8 Acrylonitrile 107-13-1 \ . 18 Bromoform 75-25-2 o o
= T
S
9 Methyl vinyl ketone 78-94-4 | 19 Naphthalene 91-20-3 @@
/k.j.
I P
10 Nitromethane 75-52-5 " 20 p-Nitrotoluene 99-99-0
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Reaction chamber®] Wkg- W9-& tj23} 7},
R*+A — P"+N

&J7]4 R*'=Reagent ion, A =Analyte sample, P"=
Product ion, N =Neutral product.

o] & flow tube FTHolA AFFSAE AXHA 2
FREE]7h o] Fo AAl Ho] At dREY At 2
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2.3. HSS-GC/MS 24=74
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Fig. 1. Online headspace-SIFT/MS system (left) and headspace-GC/MS system.

Table 2. Operating conditions of online HSS-SIFT/MS and HSS-GC/MS

Online Headspace Sampler (CTC PAL)/
SIFT-MS (Syft Tech, Voice 200)

Headspace Sampler (Agilent 7694)/
GC(Agilent 6890)-MSD(5973N)

Inlet pipe temp. 110°C Inlet condition 220°C/ Split 2:1
Upstream pressure 1.6E-04 torr Column DB-624 (60 m x 0.25 mm x 1.4 um)
Flow tube pressure 140 m Torr Flow rate 1 mL/min
Flow tube temp. 120°C Oven temp. 40°C(5m1;2); r&f(f(;/;rgorézmziﬁg)"C(Zmln)
Downstream pressure 1.0E-06 torr Source temp. 230°C
Source pressure 420 m torr Quad. temp. 150°C
Transfer line temp. 90°C Transfer line temp. 100°C
Agitation time 15 min Headspace Oven 80°C (30min)

Agitator temp. 80°C

LOOP

°C(Loop fill time : 0.5 min)
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Table 3. Reaction ion and reaction ratio condition in online HSS-SIFT/ MS

Reaction Reaction Reaction Reaction
Compounds m/z . Compounds m/z .
Ton ratio Ton ratio
50 0.48 NO* 102 1
Methyl 0, Butanone N
chloride 52 0.52 0O, 72 1
HOo" 63 0.07 H;0" 87 1
3 +
65 0.93 NO 116 1
Vinyl chloride Methyl acrylate
. 62 0.73 N
0, 0, 85 1
64 0.27
119 0.48
57 0.90 H,0"
Propylene NO' Tetrachloromet 117 0.52
oxide hane 117 0.52
88 0.10 0,"
119 0.48
55 0.7 78 0.68
Acrolein NO* Benzene NO*
86 0.3 108 0.32
H,0" 77 1 87 0.53
Carbon > 1,4-Dioxane NO*
disulfide 0, 76 1 88 0.47
HO* 77 0.87 H;0" 93 1
3 +
79 0.13 NO 92 1
Allyl chloride Toluene
. 76 0.75 .
0, 0, 92 1
78 0.25
84 0.61 166 0.43
chhlo;;)metha 0, y 030 Tetracll;f;oethy 0, 164 034
’ 168 0.23
H;0" 54 1 175 0.26
Acrylonitrile o+ 53 | Bromoform 0, 173 0.48
2 171 0.26
Mool i H,0" 71 1 H,0" 129 1
e;(eytonvemy NO* 100 | Naphthalene NO* 128 |
0, 70 1 0, 128 1
H,0" 62 1 H,0" 138 1
Nitromethane NO* 91 1 p-Nitrotoluene NO* 167 .
0," 61 1 0, 137

S
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Table 4. The retention time and SIM conditions of each compound in HSS-GC/MS analysis.
Compound Betentiqn Quant. Ion  Ref. Ion Compound Retentioin Quant. Ion  Ref. Ion
Time (min) (m/z) (m/z) Time (min) (m/z) (m/z)
Methyl chloride 5.23 50 52 Butanone 11.64 43 72
Vinyl chloride 5.59 62 64 Methyl acrylate 11.78 55 58
Propylene oxide 8.20 58 29 Tetrachloromethane 12.79 117 119
Acrolein 8.30 56 55 Benzene 13.08 78 77
Carbon disulfide 9.06 76 78 1,4-Dioxane 14.44 88 58
Allyl chloride 9.24 76 78 Toluene 15.89 91 92
Dichloromethane 9.45 84 86 Tetrachloroethylene 16.73 166 164
Acrylonitrile 9.89 53 52 Bromoform 19.20 173 171
Methyl vinyl ketone 11.38 55 70 Naphthalene 24.90 128 129
Nitromethane 11.46 61 46 p-Nitrotoluene 25.73 91 137
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Table 5. Comparative evaluation of linearity, MDL and LOQ of each compound

Online Headspace-SIFT/MS Headspace-GC/MS

Compound o MDL LO o MDL LO

Calibration Curve R? (mg/l) (m g/%) Calibration Curve R? (mgll) (m g/(E)

Methyl chloride y=0.5x-15.9 0.998 0.089 0.283 y =55x - 1950 0.998 0.004 0.013
Vinyl chloride y=37.2x— 1558 0.998 0.175 0.558 y=99x — 3420 0.998 0.001 0.002
Propylene oxide y=87x+73.5 0998 0.057 0.181 y=1070x+4450 0.996  0.010  0.031
Acrolein y=0.9x +106.1 0991 0.084 0267 y=202x+ 15200 1.000  0.021 0.066
Carbon disulfide y=150.8x—-13939 0988 0.155 0.495 y =333x —-9330 1.000 0.001 0.002
Allyl chloride y =8.7x +506.7 0.995 0.062 0.198 y=>5840x—82400 0.999  0.001 0.002
Dichloromethane y =31.4x —3668.8 0.999 0.026 0.082 y=5880x—4140 0.999  0.001 0.002
Acrylonitrile y=1.7x+33.7 0.993 0.020 0.064 y=138x+2260 0.996 0.009 0.029
Methyl vinyl ketone y=02x+7.1 0.998 0290 0.923 y=695x+ 12100 1.000  0.026  0.084
Nitromethane y=02x+7.8 0.938 0.071 0.226 y=207x+3450  0.999  0.007  0.022
Butanone y=13x+144.1 0990 0.062 0.197 y=2700x-6050 1.000 0.016 0.051
Methyl acrylate y=2.1x+296.5 0999 0.034 0.109 y=3550x+2140 0999 0.007 0.021
Tetrachloromethane ~ y=14.4x-1199.8 0980 0.057 0.181 y=278x-6790 1.000 0.001 0.002
Benzene y=11.6x+718.7 0998 0.037 0.119 y=289x+ 1470 0.998  0.001 0.002
1,4-Dioxane y=0.3x+299 0.942 0.070 0.222 y =105x + 1830 0.997 0.014 0.046
Toluene y=11.5x+59.9 0.998 0.042 0.133  y=364x—2900 0.999  0.001 0.002
Tetrachloroethylene ~ y=21.6x+34451 0.992 0.063 0202 y=130x—3550 1.000  0.001 0.002
Bromoform y=4.4 x-1006.5 0.999 0.035 0.110 y=23350x+24000 0.999 0.001 0.003
Naphthalene y=1.1x +208.1 0991 0.059 0.188 y=190x+5820 0.995 0.001 0.002
p-Nitrotoluene y=0.1x +4.8 0986 0.172 0.548 y=415x+2070 0.997  0.005 0.016
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Table 6. Accuracy evaluation of online HSS-SIFT/MS and HSS-GC/MS analysis method.
¢ 0.2 mg/L matrix matching spiking test (n=4, Effluent from sewage treatment plant)
Online Headspace-SIFT/MS Headspace-GC/MS RPD
Compound Average SD Relative RSD Average SD Relative RSD (%)
(mg/L) (mg/L) error (%) (%) (mg/L) (mg/L) error (%) (%)
Methyl chloride 0.21 0.07 3.8 34.8 0.14 0.00 -28.0 1.8 29.7
Vinyl chloride 0.27 0.07 355 25.0 0.15 0.00 -26.9 2.4 26.6
Propylene oxide 0.18 0.07 -12.5 414 0.16 0.01 -20.0 9.1 40.4
Acrolein 0.18 0.04 -10.5 22.0 0.15 0.01 -23.8 8.1 10.0
Carbon disulfide 0.30 0.07 50.3 229 0.14 0.01 -28.7 3.6 27.8
Allyl chloride 0.16 0.07 214 42.7 0.15 0.00 -27.0 3.1 13.9
Dichloromethane 0.31 0.05 56.7 14.7 0.19 0.01 -7.0 7.7 25.0
Acrylonitrile 0.19 0.03 -5.8 14.2 0.16 0.03 -17.7 15.4 26.1
Methyl vinyl ketone 0.36 0.20 79.0 55.4 0.16 0.01 -20.4 8.5 33.8
Nitromethane 0.17 0.04 -15.6 26.6 0.17 0.02 -13.1 14.2 17.4
Butanone 0.19 0.02 5.0 8.5 0.19 0.01 5.5 7.5 1.4
Methyl acrylate 0.16 0.02 -21.5 13.4 0.16 0.01 -18.9 8.6 13.6
Tetrachloromethane 0.22 0.07 7.8 30.8 0.18 0.01 -7.9 3.4 21.7
Benzene 0.14 0.10 -30.4 71.3 0.16 0.02 224 9.8 422
1,4-Dioxane 0.26 0.07 28.0 28.6 0.17 0.02 -14.3 13.5 5.30
Toluene 0.16 0.09 -18.2 53.6 0.16 0.02 -19.9 10.2 41.4
Tetrachloroethylene 0.27 0.03 32.7 10.6 0.19 0.01 -5.1 4.2 5.4
Bromoform 0.33 0.01 63.0 2.1 0.20 0.02 -0.5 7.6 0.50
Naphthalene 0.17 0.02 -15.1 10.4 0.21 0.02 3.5 8.9 28.6
p-Nitrotoluene 0.27 0.03 33.8 10.6 0.21 0.03 2.8 15.3 29.0
¢ 1.0 mg/L matrix matching spiking test (n=4, Effluent from sewage treatment plant)
Online Headspace-SIFT/MS Headspace-GC/MS RPD
Compound Average SD Relative RSD Average SD Relative RSD (%)
(mgL) (mgL) error (%) (%) (mg/L)  (mg/L) error (%) (%)
Methyl chloride 0.95 0.03 —4.6 2.8 0.73 0.02 —26.6 2.7 26.1
Vinyl chloride 0.83 0.07 -17.2 8.3 0.72 0.02 -27.7 3.4 13.5
Propylene oxide 1.27 0.13 26.8 10.4 0.73 0.02 -26.9 2.8 53.7
Acrolein 1.05 0.12 5.0 114 0.76 0.03 -24.3 3.6 30.0
Carbon disulfide 0.86 0.12 -14.2 14.5 0.73 0.02 273 2.7 16.6
Allyl chloride 0.98 0.05 -2.1 5.1 0.72 0.02 -27.6 2.9 30.0
Dichloromethane 0.87 0.09 -13.5 10.4 0.77 0.04 -22.6 5.3 11.1
Acrylonitrile 1.11 0.08 11.2 6.9 0.78 0.07 -22.0 9.3 35.1
Methyl vinyl ketone 1.21 0.15 21.5 12.4 0.76 0.07 -23.7 9.5 45.7
Nitromethane 1.18 0.13 17.6 11.2 0.78 0.08 -21.8 9.6 40.2
Butanone 0.96 0.08 —4.5 8.2 0.78 0.04 -21.7 4.6 19.9
Methyl acrylate 1.01 0.09 1.5 8.4 0.76 0.04 -23.9 5.0 28.5
Tetrachloromethane 1.12 0.07 11.9 6.1 0.76 0.05 -23.7 6.7 37.9
Benzene 1.36 0.02 35.7 1.8 0.73 0.04 -26.7 5.2 59.7
1,4-Dioxane 0.92 0.09 -8.1 9.4 0.80 0.09 -19.6 11.7 13.3
Toluene 1.37 0.07 37.2 4.8 0.77 0.04 -22.9 5.8 56.1
Tetrachloroethylene 0.85 0.04 -154 5.3 0.78 0.08 -22.0 9.7 8.1
Bromoform 0.72 0.05 -28.0 7.4 0.83 0.09 -16.9 11.0 14.2
Naphthalene 1.21 0.16 21.0 12.9 0.78 0.07 224 9.1 438
p-Nitrotoluene 1.13 0.20 12.7 17.7 0.80 0.06 -20.2 7.4 34.1

Relative error = (experimental value- theoretical value)/theoretical value
RPD (Relative Percent Difference) = experimental value C,— experimental value C,|/(C,+C;)/2 x 100
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