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Development of Online Headspace with Direct Mass Spectrometry
for Online Monitoring of Chemicals in Water
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In the present study, real-time analytical method was developed to monitor the sudden chemical discharge
or accident. Selected Ion Flow Tube-Mass Spectrometry (SIFT-MS) coupled with online headspace technique
was applied to evaluate the feasibility of 12 organic compounds in aqueous samples for the first time in Korea.
Target compounds were calibrated at five points ranged from 0.5 to 5 mg/L. As a result, the correlation coef-
ficients of calibration curves were in the range of 0.92-0.99. From the repeated measurements, the limit of
quantification (LOQ) was ranged between 0.11 and 1.28 mg/L. In the fugacity approach (closed system,
steady-state assumption) transport of chemicals into the headspace is highly correlated with the air-water par-
tition coefficient (K,y). 1,1-dichloroethene and propylene oxide showed quadratic types of calibration curves
due to relatively high K,y, values. These studies showed that the most organic compounds were clearly
detected compared with Korean ambient water analytical guidelines. Thus, with further improvements in the
increase of sensitivity and the number of detectable compounds could be a valuable online aquatic monitoring

Key words: SIFT-MS, Chemical accident, Analytical technique, Volatile organic compounds, Online head-

strategy.
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= Water analysis method
Sampling

(1) Inflow and effluent from the
treatment plant are introduced
in real time

module

Agitator

(4) Heat the vial containing the
sample.

(2) Sample injection using pipette

Syringe/Change module of the pipette

(5) Switch to a gas injection module and
inject the pretreated gas sample into
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Vial capper

(3) Use capper/decapper to hold
sample and close cap to prevent
volatilization

Analysis

(6) Analysis of SIFT-MS capable
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Fig. 1. Configuration of autosampler based online headspace and instrumentation with SIFT-MS.
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Table 1. Most likely substances when a chemical accident occurs in the water system (Key Info Guidebook, Ministry of

Environment)
M.W. B.P Solubili VP

Substance CAS (g/mol) ©C) (m g/L;[y (mmHg) Log K,
1,1-Dichloroethene 75-35-4 96.95 31.7 2,420 600 2.13
Acrolein 107-02-8 56.07 52.3 221,000 274 -0.01
Benzene 71-43-2 78.13 80.08 1,790 94.8 2.13
Benzyl chloride 100-44-7 126.6 174 525 1.23 2.30
Ethyl acetate 141-78-6 88.11 77.1 80,000 93.2 0.73
Methyl acrylate 96-33-3 86.09 80.7 49,000 86.6 0.80
Methyl chloride 74-87-3 50.5 -23.7 5,040 4300 0.91
Methyl ethyl ketone 78-93-3 72.11 79.59 223,000 90.6 0.29
Methyl vinyl ketone 78-94-4 70.09 81.4 >100,000 152 0.41
Propylene oxide 75-56-9 58.08 34.23 590,000 538 0.03
Toluene 108-88-3 92.16 110.6 526 284 2.73
Vinyl chloride 75-01-4 62.51 -13.8 2,700 2980 1.62
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Table 2. Conditions of headspace experiment 3. 231 o st
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2. Fast detection of target compounds in water by headspace with SIFT-MS.
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Table 3. Reaction ratios between library database and experiment data

Substance Reagent m/z lerary' Databgse Thl§ Study
(reaction ratio) (reaction ratio)
97 0.61 0.59
.
1,1-Dichlroroethene o 99 0-39 041
’ 0.+ 96 0.63 0.59
2 98 0.37 0.41
55 0.8 0.7
: +
Acrolein NO 36 0.2 03
78 0.76 0.68
"
Benzene NO 108 0.24 0.32
91 0.6 0.7
Benzyl chloride 0,* 126 0.3 0.2
128 0.1 0.1
H,07 89 1 1
Ethyl acetate NO* 118 1 1
0, 88 1 1
H,0* 87 1 1
Methyl acrylate NO* 116 1 1
0,* 85 1 1
49 0.75 0.48
: +
Methyl chloride 0, 51 0.25 0.52
NO* 102 1 1
Methyl ethyl ketone 0,* 7 1 1
H,07 71 1 1
Methyl vinyl ketone NO* 100 1 1
0, 70 1 1
. 57 0.35 0.90
+
Propylene oxide NO a8 0,68 0.10
H,07 93 1 1
Toluene NO* 92 1 1
0, 92 1 1
63 0.75 0.07
.
Vinyl chloride o 65 025 0.93
v o 62 0.75 0.73
2 64 0.25 0.27
ol T HAl B4 wRdME oY AolE iolb 3.2. ==Y ME Ms "t
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Fig. 3. Averaged calibration linearities of headspace with SIFT-MS (The x-axis represents spiked concentration in water,
and the y-axis represents the ppbv concentration provided by the quantitation software of SIFT-MS).
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Table 4. QA/QC (calibration curve, LOD, LOQ and recovery) of target compounds

2Rl slessol A AR N
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. 9 LOD LOQ Recovery
Substance Equation R (mg/L) (mg/L) %)
1,1-Dichloroethene y = 509.9x - 374.9 0.93 0.04 0.14 84.91
Acrolein y = 111.7x + 355 0.99 0.25 0.80 95.24
Benzene y = 135.9x — 4.8 0.99 0.13 0.41 101.83
Benzyl chloride y = 99x + 69 0.97 0.40 1.28 108.20
Ethyl acetate y = 424.3x + 133.8 0.99 0.08 0.25 103.79
Methyl acrylate y = 496.6x + 3424 0.99 0.07 0.21 111.08
Methyl chloride y = 3984x + 49.9 0.99 0.09 0.27 97.19
Methyl ethyl ketone y = 307.2x + 94.6 0.99 0.07 0.24 100.99
Methyl vinyl ketone y = 200.4x + 68.2 0.99 0.24 0.77 91.25
Propylene oxide y = 3184.9x — 2427.7 0.92 0.03 0.11 79.45
Toluene y = 324x + 2.8 0.99 0.10 0.32 101.72
Vinyl chloride y = 893.4x — 71.6 0.99 0.19 0.61 108.25
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