
Introduction

Tear gas, classified as a noxious substance, is
regulated under Gun, Explosives and Weapons
Control Act 2021 (GEWCA) in Singapore [1]. One of
the active compounds in tear gas is 2-
chlorobenzalmalononitrile (CS), a synthetic chemical
irritant known to cause serious eye, skin and
respiratory irritation [2]. This poses significant health
risks, particularly for individuals with pre-existing
respiratory conditions.

To detect CS in air, a reliable approach is to sample
the environment by collecting a defined volume of air
through a suitable adsorbent medium with a
calibrated sampling pump, followed by desorbing the
collected sample and analyzing it using gas
chromatography mass spectrometry technique (GC-
MS). Desorption of the collected sample can be
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performed either by solvent extraction or by thermal
desorption technique. Using thermal desorption
coupled to GC-MS (TD GC-MS) enables direct
introduction of the desorbed analyte into the GC-MS
without inconvenient sample preparation (such as
solvent extraction), enabling sensitive and precise
detection of CS in air.

This technology brief describes analysis of the tear
gas compound CS by TD GC-MS. Method
development was performed in collaboration between
Chemical, Biological, Radiological, Nuclear, and
Explosives (CBRNE) Centre of Expertise (CoE) from
Home Team Science and Technology Agency (HTX)
and Shimadzu Asia Pacific. A five-point calibration
curve from 20 ng to 500 ng was established with R2

value of 0.999, indicating excellent linearity across
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this range. At the lowest calibration point (20 ng), the
signal-to-noise ratio exceeded 800 and the area
%RSD (n=7) was 3.8%, demonstrating the method’s
sensitivity and precision.

Experiment Design

Analysis Condition
The instruments utilized in this experiment were
GCMS-TQ8050 NX and TD-30R, both from
Shimadzu Corporation, Japan. In this study, a
GCMS-TQ8050 NX (triple quadrupole GCMS) was
employed because the TD-30R thermal desorption
unit was connected to this instrument. However, only
the single quadrupole functionality (Scan and SIM
acquisition modes) was utilized, as it was sufficient to
meet the analytical requirements of the experiment.
Therefore, a single quadrupole GCMS system would
also be suitable for this application.

The TD-30R is a thermal desorption system designed
to thermally desorb analytes previously collected on
adsorbent–packed sample tubes (e.g. Tenax TA).
This approach minimizes sample loss associated with
conventional sample preparation steps, such as
solvent extraction from the adsorbent material.
Moreover, TD-30R has a short transfer line to
minimize dead volume, as well as a heated sample
line with no cold spot which enables high sensitivity
detection. The analytical conditions are presented in
Table 1.

Standard and sample preparation
Standards were prepared at concentrations of 20
ng/µL, 50 ng/µL, 100 ng/µL, 200 ng/µL, and 500
ng/µL in hexane. Subsequently, 1 µL of each
individual standard was injected into a Tenax TA
sample tube using the Calibration Curve Creation
Tool (GL Sciences, Japan). The Tenax TA sample
tubes were then loaded onto the TD-30R autosampler
for analysis.

In total, two samples were collected from the
sampling site. In this study, tear gas was released to
a chamber. Air from the chamber was then collected
at two different times, namely Sample A and Sample
B. To ensure CS can be detected without saturating
the analytical system, an appropriate air sampling
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volume must be defined. In this experiment, 106 mL
of air was collected using a calibrated sampling pump
onto each Tenax TA sample tube. The tubes were
then loaded onto a TD-30R autosampler for analysis.

Results & Discussion

Linearity, precision, and accuracy studies were
conducted for this experiment. A 5-point calibration
curve ranging from 20 ng to 500 ng was plotted to
assess linearity within this concentration range. To
check for precision and accuracy, CS at 20 ng was
spiked into seven conditioned Tenax TA tubes and
each tube was analyzed by TD-GC-MS.

The calibration results yielded an R² value of 0.999,
demonstrating excellent linearity for CS within this
concentration range (Figure 1).

Instrument GCMS-TQ8050 NX

Autosampler TD-30R

TD

Tube Desorb Temp. 250 oC

Tube Desorb Flow 70 mL/min

Tube Desorb Time 10 min

Trap Cooling Temp. -20 oC

Joint Temp. 180 oC

Valve Temp. 190 oC

Transfer Line Temp. 200 oC

GCMS

Flow Control Mode Column Flow

Column Flow 1.15 mL/min

Injection Mode Split (Split Ratio = 40)

Carrier Gas He

Column

SH-5MS
P/N: 221-75855-30

30 m x 0.25 mm I.D. x 0.25 μm df

60 oC (1min)  10 oC/min to      
280 oC (5 min)

Interface Temp. 200 oC

Ion Source Temp. 200 oC

Solvent Cut Time 6 min 

Acquisition Mode
FASST (Simultaneous Scan/SIM)

SCAN (m/z: 40 to 600)
SIM (m/z: 153, 188, 126)

Table 1. GC-MS Configuration & Parameters
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No Area S/N Concentration 
(ng)

Accuracy
(%)

1 103791 1099 20.235 101
2 111839 1030 21.405 107
3 115468 896 21.933 110
4 111332 874 21.332 107
5 108610 972 20.936 105
6 104225 943 20.298 101
7 109324 877 21.039 105

%RSD 3.8
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Figure 2. Mass Chromatogram of CS at 20 ng
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Figure 3. Mass Chromatograms of CS in Sample A and 
Sample B
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A mass chromatogram of the lowest concentration
(20 ng) CS standard is shown in Figure 2. At this
concentration, the method produced precise results,
with an area %RSD (n=7) of 3.8% (Table 2). The
signal-to-noise ratio (S/N) for all 7 repeated run
exceeded 800, indicating excellent sensitivity of the
TD GC-MS for this application and suggesting that a
lower concentration could be used as the lowest
calibration point. Furthermore, good accuracy was
achieved at 20 ng, with all 7 tubes falling within the
±10% range (Table 2).

Table 2. Accuracy, precision and S/N ratio of CS at 20 ng 
(n=7) 

Sample Concentration (ppmv)

A 0.54

B 0.23

Table 3. Concentration of CS in Sample A and Sample B

Conclusion

A TD GC-MS method was successfully developed for
detection of 2-chlorobenzalmalononitrile (CS) in air.
The lowest calibration point concentration (20 ng)
produced high S/N values and a good area %RSD
(n=7) of 3.8%. Accuracy at 20 ng was within ±10%
and the 5-point calibration (20-500 ng) yielded an R2

of 0.999. These results demonstrate the method’s
accuracy, linearity, sensitivity and precision,
confirming the suitability of the GCMS-TQ8050 NX
coupled with the TD-30R for analysis of the tear gas
compound in air.
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Based on the volume of air collected in each Tenax
TA sample tube (106 mL), the concentration of CS in
air was calculated and is reported in parts per million
by volume (ppmv) in Table 3. The mass
chromatograms for both samples are shown in Figure
3.
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Figure 1. A 5-point calibration curve of CS 
ranging from 20 ng to 500 ng

R2=0.999

https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.police.gov.sg/Business-E-Services/Apply-for-Gun-Licence/FAQ-for-GEWCA-Regulatory-Regime
https://www.cdc.gov/niosh/npg/npgd0122.html


Technology Brief | No. EC-2523

EC-2523 First Edition: Mar 2026

Acknowledgement

We would like to thank Home Team Science and
Technology Agency for their collaboration in this
work. Their expertise in tear gas was invaluable to the
successful development of this tear gas analysis
using TD GC-MS, and we sincerely appreciate their
assistance in providing reference standards and
samples.



Technology Brief | No. 

Read More

EC-2523

The TD-30R is a powerful solution for gas and materials analysis,
designed to support applications ranging from research to quality
control. With a 120-sample capacity, it enables efficient overnight
and weekend batch processing. Its retrapping function allows split
samples desorbed into the GC-MS to be recaptured for
remeasurement, ensuring reliable analysis of precious trace samples.
The system’s fully heated sample line and short transfer path
minimize dead volume, enhancing sensitivity for highly adsorbent
and high-boiling components.

TD-30R

Learn More

The Shimadzu triple-quad GCMS-TQ8050 NX, equipped with a
highly efficient detector and three noise-reduction technologies,
offers femtogram-level sensitivity for precise GC-MS/MS analysis.
Its ultra-high sensitivity and high mass resolution support
advanced quantitative applications while minimizing maintenance,
operating costs, and downtime. This versatile system is ideal for
industries such as food safety, cannabis testing, aroma analysis,
forensics, and dioxin analysis in food and environmental studies.

GCMS-TQ8050 NX

Learn More

Harmful substances are often present in atmospheric air, and even
low concentrations can raise concerns about carcinogenicity with
long-term exposure. Gas Chromatograph-Mass Spectrometry (GC-
MS) provides a powerful solution for analyzing volatile organic
compounds (VOCs) in the air. Here, we showcase applications of
GC-MS for detecting and monitoring these compounds, supporting
efforts to safeguard human health and the environment.

Volatile Organic Compounds (VOC) in Air

Learn More

https://www.shimadzu.com.sg/an/products/gas-chromatograph-mass-spectrometry/gc-ms-system/td-30-series/index.html
https://www.shimadzu.com.sg/an/products/gas-chromatograph-mass-spectrometry/triple-quadrupole-gc-msms/gcms-tq8050-nx/index.html
https://www.shimadzu.com.sg/an/products/gas-chromatograph-mass-spectrometry/single-quadrupole-gc-ms/gcms-qp2020-nx/index.html
https://www.shimadzu.com.sg/an/industries/air-analysis/volatile-organic-compounds-in-air/index.html
https://www.shimadzu.com.sg/an/industries/air-analysis/volatile-organic-compounds-in-air/index.html
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