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ABSTRACT: The detectability and stability of lachrymators [2-
chloroacetophenone (CN), o-chlorobenzylidene malononitrile (CS)
and synthetic capsaicin (nonivamide)] were investigated using
dichloromethane extraction followed by gas chromatography-mass
spectrometry. Ultrasonication at 40°C slightly improved the extrac-
tion yields of nonivamide to almost quantitative yield, compared to
low yields (30 to 40%) of CN and CS. In terms of the stability of low
spiked concentrations (6 to 7 �g), from the surface of glass and
stainless steel (60 to 100 cm square), CN rapidly disappeared, CS
disappeared gradually, and nonivamide was almost quantitatively
recovered. The three lachrymators in absorbent cotton (0.3 g) grad-
ually disappeared. From water (20 mL), nonivamide gradually dis-
appeared and was undetectable after eleven days. CN decreased
gradually, and instead, acetophenone appeared. CS disappeared
rapidly, and o-chlorobenzaldehyde, o-chlorobenzyl alcohol, and o-
chlorobenzoic acid were produced. The stability of high spiked con-
centrations of CN and CS in water (0.5 to 0.6 mg per 20 mL) was
also investigated using liquid chromatography. CN was quantita-
tively recovered. The concentrations of CS decreased to about an
8% recovery level within 2 h. Concomitantly, o-chlorobenzalde-
hyde appeared at a concentration of about 80% recovery.

KEYWORDS: forensic science, lachrymators, evidence samples,
stability, solvent extraction, gas chromatography-mass spectrome-
try, high performance liquid chromatography

Lachrymators are usually classified as nonlethal chemical war-
fare agents (1–3). Lachrymators exert their effect by causing in-
tense sensory irritation such as ocular erythema, local inflamma-
tion, and respiratory distress (1,2). They have been widely used by
law enforcement agents as a means of nonlethal control of crowds
and riots. Lachrymators are also used in tear gas sprays, which are
widely marketed for the purpose of personal protection on a world-
wide scale. In Japan, the purchase and use of tear gas sprays is not
regulated. Recently, crimes involving robbery, pickpocketing, and
rape using tear gas sprays have increased. In addition, a number of
criminal cases occurred wherein people were attacked via the use
of dispersed offensive odors in public places, and some of these
cases have been attributed to tear gas sprays.

2-Chloroacetophenone (CN), o-chlorobenzylidene malononi-
trile (CS), and oleoresin capsicum (OC) are representative active
ingredients in tear gas sprays (4). OC is an oily hot pepper extract
and many compounds in OC are responsible for pungency (5). The
most active ingredients in OC are capsaicinoids with a basic struc-
ture of vanillylamide: capsaicin, dihydrocapsaicin, nordihydrocap-
saicin, homocapsaicin, and homodihydrocapsaicin. Capsaicin is
the most predominant and active compound among the capsaici-
noids. A considerable number of studies have been performed in
terms of its usefulness as a medicine (6) and as a food additive (5).
Commercial tear gas sprays contain single or plural active ingredi-
ents, the total concentrations of which are less than 10% of the to-
tal spray formulation (4).

Criminal investigation teams should often be involved in
the identification of tear gas sprays that have been used in crimes.
It is usually impossible to identify the causative substances by
on-site detection of an air sample because of their low volatility.
Instead, off-site detection of an on-site evidence sample is more
realistic. In Japan, on-site evidence samples, such as spray con-
tainers, water, and wipe samples taken from the on-site surfaces
with absorbent cotton, and victims’ samples such as clothes and
wipe samples taken from their skin and clothing, are collected and
sent to forensic science laboratories. Numerous types of analyti-
cal methods for lachrymators have been developed: thin
layer chromatography (7,8), gas chromatography (GC) (9–11),
high performance liquid chromatography (HPLC) (12–14), capil-
lary electrophoresis (15,16), gas chromatography—mass spec-
trometry (MS) (17–20), LC-MS (21), nuclear magnetic resonance
spectroscopy (22), and ion mobility spectrometry (23). It is, how-
ever, very difficult to identify such materials in offensive
odor cases. There have been also only limited reports on
the analysis and detection of lachrymators from evidence
samples (17,19,24–26), and these reports do not provide
sufficient information on the stability and the detectability of
lachrymators.

In this paper, we selected CN, CS, and nonivamide (synthetic
capsaicin) as lachrymators tested (Fig. 1). Considering the real
on-site evidence samples collected in offensive odor incidents, we
selected “absorbent cotton” as wiped samples taken off the sur-
faces and “water” as the aqueous liquid, and reported on the study
of the extraction efficiency of three lachrymators from these sur-
faces by solvent extraction followed by GC-MS analysis. Consid-
ering that tear gas is often sprayed in public places, we selected
“glass” surfaces representative of windows and victims’ specta-
cles, “stainless steel” for metals, and “absorbent cotton” for vic-
tims’ clothes, have investigated the stability of lachrymators on
these materials, and also the detectability of the degradation
products.
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(ionization energy 69.9 eV, ionization current 34.6 �A) was used
as the ionization mode. The oven temperature was controlled by a
program [starting at 100°C (1 min hold), increasing to 290°C at
20°C per min (5 min hold)]. The acquisition mass range was 50 to
550, and the scan rate was 0.8 scans per sec. A 1 �L volume of
sample was applied to the GC-MS system. Acquisition was started
just after the sample injection. The extracted ion chromatograms
were obtained at m/z 105 for CN and acetophenone, m/z 153 for
CS, m/z 137 for nonivamide, m/z 139 for o-chlorobenzaldehyde
and o-chlorobenzoic acid, m/z 142 for o-chlorobenzyl alcohol, and
m/z 178 for I.S., respectively. The analyte concentrations were ob-
tained from the peak area ratios of the analytes to I.S., using the
standard calibration curve which was made by plotting the peak
area ratios against the designated concentration of the analytes.

High Performance Liquid Chromatography

HPLC system consisted of a 600S controller, 626 pump, and 996
photodiode array detector (Waters Corporation, Milford, Mas-
sachusetts). The stationary phase was a J’sphere ODS-H80 column
(150 � 4.6 mm I.D., Yamamura Chemical, Kyoto, Japan) which
was maintained at 40°C. The flow rate was 1.2 mL/min. For the
analysis of CN and acetophenone, the mobile phase was a mixed
solution (35:65, v/v) of acetonitrile and 1.3% (v/v) acetic acid in
water. For the analysis of CS, o-chlorobenzaldehyde, o-chloroben-
zyl alcohol, and o-chlorobenzoic acid, the mobile phase was con-
trolled by a solvent linear gradient program [mixture of acetonitrile
and 1.3% (v/v) acetic acid in water from 25:75 to 65:35 in 15 min].
A 10 �L volume of sample was applied to the HPLC systems. The
signals were monitored at 260 nm for CN and acetophenone, 252
nm for o-chlorobenzaldehyde, 267 nm for o-chlorobenzyl alcohol,
280 nm for o-chlorobenzoic acid, and 300 nm for CS, respectively.
The analyte concentration in samples was obtained from the peak
areas of the analytes, using the standard calibration curve, which
was made by plotting the peak areas against the designated con-
centration of the analytes.

Experiment for Stability of Lachrymators

A 100 �L volume of an acetonitrile solution containing 6 to 7 �g
of CN, CS, or nonivamide was spiked on the previously cleaned
surface of five glass plates (60 cm2) and five stainless steel plates
(100 cm2), and to water (20 mL) in six glass tubes and absorbent
cotton (0.3 g) in five glass tubes.

The spiked surfaces of the glass and stainless steel plates were
covered with aluminum foil and allowed to stand at 20°C. After ap-
propriate periods of time (2 h, 1, 3, 7, and 15 days), the spiked sur-
face were wiped off with 0.3 g of absorbent cotton dampened with
CH2Cl2, and the lachrymators were extracted with two portions of
CH2Cl2 (20 mL) from the wiped cotton. The organic layer was con-
centrated and analyzed by GC-MS.

The absorbent cotton samples spiked with the lachrymators were
allowed to stand at 20°C in closed tubes. After appropriate periods
of time (2 h, 1, 3, 7, and 15 days), the lachrymators were extracted
with two portions of CH2Cl2 (20 mL) from the cotton samples in
the tubes and analyzed by GC-MS.

The spiked water samples were allowed to stand at 20°C in
closed tubes. After appropriate periods of time (2 h, 1, 4, 7, 11, and
15 days), the lachrymators and degradation products (acetophe-
none for CN, and o-chlorobenzaldehyde and o-chlorobenzyl alco-
hol for CS) were extracted with two portions of CH2Cl2 (20 mL)
from the water samples in the tubes and analyzed by GC-MS. For
the determination of o-chlorobenzoic acid, the extracted aqueous
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Materials and Methods

Reagents

CN, o-chlorobenzaldehyde and o-chlorobenzoic acid were pur-
chased from Kanto Chemicals (Tokyo, Japan). o-Chlorobenzyl al-
cohol was obtained from Sigma Chemical (St. Louis, Missouri).
Nonivamide, acetophenone, and the other reagents used were ob-
tained from Wako Pure Chemical Industries (Osaka, Japan). All
reagents were of analytical grade. CS was synthesized by the con-
densation of o-chlorobenzaldehyde with malononitrile (27), re-
crystallized from cyclohexane (m.p. 94 to 95°C), and structurally
confirmed by 1H-NMR and 13C-NMR in CDCl3 (22).

CN, nonivamide, CS, o-chlorobenzaldehyde, o-chlorobenzoic
acid, o-chlorobenzyl alcohol, and acetophenone were dissolved in
acetonitrile (1000 ppm, w/v) respectively, and stored at 4°C as
stock solutions. A working solution was prepared by diluting the
stock solution with acetonitrile.

Extraction of Lachrymators

A 100 �L volume of an acetonitrile solution containing 6 to 7 �g
of CN, CS, or nonivamide was added to 0.3 g of “absorbent cotton”
and 20 mL of “water” in a glass tube, and were then allowed to
stand at 20°C for 2 h without closing. The lachrymators were ex-
tracted from the absorbent cotton with two portions of
dichloromethane (CH2Cl2, 20 mL) by ultrasonication (US-1, Iuchi,
Tokyo, Japan) for 10 min at 40°C. From the water, the lachryma-
tors were extracted with two portions of CH2Cl2 (20 mL) by shak-
ing for 10 min at 20°C. The collected organic phase was dehy-
drated over anhydrous sodium sulfate and filtered through No. 2
filter paper (Advantec, Tokyo, Japan). A 100 �L volume of an ace-
tone solution containing 44.4 �g/mL of anthracene [internal stan-
dard (I.S.)] was added to the extracted organic phase. The mixed
solution was concentrated under reduced pressure at 30°C, and an-
alyzed by GC-MS.

Gas Chromatography-Mass Spectrometry

GC-MS was performed basically according to a previous de-
scribed method (28) with minor modifications. The GC-MS system
consisted of an HP 6890 series gas chromatograph combined with
an HP 5973 quadrupole mass selective detector (Yokogawa Ana-
lytical Systems, Tokyo, Japan). The stationary phase was a capil-
lary column HP-5 MS (30 m � 0.25 mm i.d., 0.25 �m in thickness,
Yokogawa Analytical Systems). The carrier-gas (helium) flow-rate
and the splitter ratio were adjusted at 1.0 mL/min and 20, respec-
tively. The injection port, transfer line and ion source were main-
tained at 200, 250, and 230°C, respectively. Electron ionization

FIG. 1—Chemical structure of lachrymators.
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phase was adjusted to pH 1.5-2.0 with 1.0 M hydrochloric acid so-
lution and extracted with two portions of CH2Cl2 (20 mL). The or-
ganic phase was concentrated and analyzed by GC-MS. The re-
covery yields of the degradation products of lachrymators were
expressed as molar percentages, compared to the spiked original
lachrymators.

In a second stability experiment, a 100 �L volume of an ace-
tonitrile solution containing 0.5 to 0.6 mg of CN or CS was spiked
to 20 mL of water. The spiked water samples were allowed to stand
at 20°C in a closed container. Ten �L aliquots were periodically (2
h, 1, 3, 7, 11, 15 days) sampled and injected to HPLC. The recov-
ery yields of the degradation products were expressed as the molar
percentage compared to the original spiked lachrymators.

Results and Discussion

Analysis of Lachrymators and their Degradation Products by Gas
Chromatograph-Mass Spectrometry

As shown in Fig. 2, CN, CS, nonivamide and their degradation
compounds were clearly separated from one another by GC-MS
analysis. Their mass spectra are shown in Fig. 3. Molecular ions
(M�) were clearly observed for all compounds except CN. For CN
and acetophenone, the peaks of m/z 105, which correspond to the
ions [M-49 (CH2Cl)]� and [M-15 (methyl)]�, respectively, were
identified as base peaks. For CS, the peak at m/z 153, which corre-
sponds to the ion [M-35 (Cl)]� was identified as a base peak. For
o-chlorobenzaldehyde and o-chlorobenzoic acid, the peaks of m/z
139, which correspond to the ions M� and [M-17 (OH)]�, respec-
tively, were identified as base peaks. For o-chlorobenzyl alcohol,
the peak of m/z 77, which corresponds to the ion [M-35 (Cl)-31
(CH2OH)]� was identified as a base peak. For nonivamide, the
peak of m/z 137, which corresponds to the ion [M-156 {NH-CO-
(CH2)6CH3}]�, was identified as a base peak.

The detection limits for GC in the split mode (splitter ratio of 20)
are listed in Table 1. The repeatability (n � 5) for the determina-
tion of lachrymators and related compounds (each 20 ng), in terms
of injection volume (1 �L) ranged from 0.66% (CS) to 10% (o-
chlorobenzoic acid) expressed as the relative standard deviation
(R.S.D.). Nonivamide and o-chlorobenzoic acid showed low de-
tection levels.

Extraction Yield of Lachrymators from Forensic Samples

Absorbent cotton and water were fortified with CN, CS, or
nonivamide (about 20 �g/g for absorbent cotton and 0.30 �g/mL

for water) and the efficiency of the extraction methods and the ex-
traction yields of lachrymators were examined. If the concentra-
tion of lachrymators in tear gas spray is assumed to be 1%, the
amounts of lachrymators spiked in this experiment correspond to
1 mL of the sprayed contents dispersed in about 450 g of cotton
of 29 L of water.

The efficiency of organic solvents (CH2Cl2, n-hexane, di-
ethylether, ethylacetate) in the extraction of CN, CS, and noni-
vamide from water and absorbent cotton was examined. The ex-
traction yields of CS were very low and not so different among the
solvents examined. The extraction yields of CN from cotton were
also low (around 20%) and not so different. Those from water were
high (over 70%) and not so different among the solvents. However,
the yields of nonivamide from water and cotton by CH2Cl2 were al-
most quantitative, compared to the low yields (� 50%) by the other
solvents. Therefore, we selected CH2Cl2 as the extraction solvent.
As shown in Fig. 4A, the yields of nonivamide from the water sam-
ple were nearly quantitative by the extraction with shaking (300
strokes/min, for 10 min) at 20°C. The yield of CN was also fairly
high. On the other hand, less than 3% of CS was recoverable. In-
stead, large amounts of o-chlorobenzaldehyde were detected. CS is
easily hydrolyzed to o-chlorobenzaldehyde and the half life of CS
in water at neutral pH (25°C) is reported to be 15 min (1). In this
experiment, spiked water samples were allowed to stand at 20°C
for 2 h prior to solvent extraction.

FIG. 2—Total ion chromatogram of standard solutions of lachrymators and their degradation products [20 ng for each in injection volume (1 �L)].

TABLE 1—Detection limits for lachrymators and their degradation
products by gas chromatography-mass spectrometry.

Detection
Extracted Limits,* R.S.D.,†

Compounds MW Ion ng %

2-chloroacetophenone 154 105 0.19 2.0
Acetophenone 120 105 0.081 2.3
o-chlorobenzylidene 188 153 0.10 0.66

malononitrile
o-chlorobenzaldehyde 139 139 0.037 2.0
o-chlorobenzyl alcohol 142 142 0.39 3.2
o-chlorobenzoic acid 156 139 10 10
Nonivamide 293 137 0.41 7.7

* Detection limits are defined as the level of analyte that gives a signal-
to-noise ratio of 3:1 and are represented as ng in injection volume (1 �L).

† R.S.D. (relative standard deviation) are defined as the repeatability (n
� 5) in the determination of 20 ng of each compound in injection volume
(1 �L) by GC-MS.
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FIG. 3—Mass spectra of lachrymators and their degradation products: (A) acetophenone; (B) o-chlorobenbzaldehyde; (C) o-chlorobenzyl alcohol; (D)
CN; (E) o-chlorobenzoic acid; (F) CS; (G) anthracene; (H) nonivamide.



48 JOURNAL OF FORENSIC SCIENCES

The efficiency of ultrasonication and warming during the
CH2Cl2 extraction from absorbent cotton samples was examined.
As shown in Fig. 4B, yields of nonivamide were high, and were
only slightly improved by both ultrasonication for 10 min and
warming at 40°C. As a result, ultrasonication at 40°C for extrac-
tion of absorbent cotton was used. CN and CS were extracted in
yields of around 25%, and ultrasonication and warming failed to
improve the yields of these materials. The vapor pressure of CN
and CS at 20°C are 5.4 � 10�3 and 3.4 � 10�5 mmHg, respec-
tively (1), and the spiked absorbent cotton samples were allowed
to stand at 20°C for 2 h in opened tubes prior to extraction. Thus,
it is probable that CN and CS were partially vaporized. In addi-
tion, spreading CN and CS on the cotton surface by dilution with
acetonitrile may promote the vaporization of lachrymators. Low
spiked levels of lachrymators may be another reason for the ob-
served low extraction yields.

Stability of Lachrymators—Low Spiked Level Experiment

Volatility and stability of lachrymators appear to be the main
reasons for the difficulties in detecting lachrymators in cases
where tear gas sprays are intentionally dispersed in public places.
In this experiment, we examined the stability of lachrymators in
various samples. The surface of materials (glass plates and stain-
less steel plates) and samples (water and absorbent cotton) were
spiked with trace amount of lachrymators and allowed to stand at
20°C. After appropriate incubation, each sample was extracted,
and the organic layer was analyzed by GC-MS. From the surface
of glass and stainless steel plates, similar behaviors of lachryma-
tors were observed (Fig. 5A and B). CN rapidly disappeared
within one day. CS gradually disappeared, but remained de-
tectable even after seven days. Degradation products of CN and
CS were not detected from the surface of any of the materials. It
is probable that CN and CS easily vaporize from the solid surface.
In contrast, nonvolatile nonivamide was stable and more than
60% could be detected, even after 15 days.

Figure 5C shows the stability of lachrymators in the absorbent
cotton and the water samples. The recovery yields of all three
lachrymators from the absorbent cotton samples gradually de-

creased in similar manners. The initial recoveries of CN and CS
from the absorbent cotton samples were higher than those found af-
ter 2 h storage at 20°C in opened tubes (Fig. 4B). In the experiment
on the stability of lachrymators, the spiked absorbent cotton sam-
ples were kept in closed containers, which may prevent the passive
diffusion of lachrymators out of the samples. Therefore, forensic
scientists should pay attention to the proper storage of evidence
samples. Even nonivamide, a chemically stable and nonvolatile
compound, disappeared gradually.

Regarding the water samples, nonivamide disappeared gradu-
ally, and was undetectable after eleven days (Fig. 5D). The rea-
son why stable nonivamide disappeared is not clarified. For CN
and CS, complicated patterns of appearance and disappearance of
lachrymators and their degradation products were observed (Fig.
5E and F). CS disappeared within one day, and o-chloroben-
zaldehyde appeared in its place (Fig. 5F). The concentration of o-
chlorobenzaldehyde gradually decreased, and instead, both o-
chlorobenzoic acid and o-chlorobenzyl alcohol, the oxidized and
reduced forms of o-chlorobenzaldehyde respectively, were de-
tected after four days. When o-chlorobenzaldehyde and o-
chlorobenzyl alcohol (each 6 �g) were spiked to 20 mL of water
at neutral pH, the extraction yields using CH2Cl2 as the solvent
were 80 and 77%, respectively. On the other hand, o-chloroben-
zoic acid was not detected in water by solvent extraction at neu-
tral pH, but was detected at acidic pH. The pKa of o-chloroben-
zoic acid is 2.92. The extraction yield of o-chlorobenzoic acid at
acidic pH was 96% when 6 �g was spiked to 20 mL of water.
Benzaldehyde is unstable and is oxidized to benzoic acid in air
(29). A portion of the o-chlorobenzaldehyde can be converted to
o-chlorobenzoic acid during the solvent extraction.

CN disappeared gradually. In contrast to CS, CN was more sta-
ble, and remained detectable even after eleven days (Fig. 5E). Ace-
tophenone, a dechlorinated form of CN, was detected after four
days. The issue of how acetophenone is produced from CN in wa-
ter was not investigated further and remains unexplained. It has
been reported that CN is slowly hydrolyzed to hydroxyacetophe-
none (30). This compound may be unstable in water and thus, un-
detectable. CN and acetophenone could not be detected at all after
15 days.

FIG. 4—Extraction yields of lachrymators from water (A) and absorbent cotton, (B). 20 mL of water and 0.3 g of absorbent cotton spiked with 100 �L
of an acetonitrile solution containing 6 to 7 �g CN, CS or nonivamide were extracted with two portions of CH2Cl2 (20 mL). The organic layer was ana-
lyzed by GC-MS. The vertical line depicts the percentage yield of the lachrymators.
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Determination of Lachrymators and their Degradation Products
by High Performance Liquid Chromatography

Determination of the degradation products of CN and CS from
water samples by GC-MS may be difficult because the unstable
degradation products may be susceptible to further decomposition
during analysis (from extraction to GC injection). HPLC provides
a simple and direct analysis for unstable compounds in water
samples. CN, CS, and their degradation compounds were clearly
separated from one another (data not shown). Ultraviolet ab-
sorbance spectra of the peaks enabled the identification of the
separated compounds. The detection limits under HPLC condi-
tions are shown in Table 2. The good reproducibility was ob-
tained in the HPLC determination of lachrymators and their
degradation products.

Stability of Lachrymators in Water—High Spiked Level
Experiment

20 mL of samples of water were spiked with 100 �L of an ace-
tonitrile solution including high levels of CN or CS (0.5 to 0.6 mg),
and periodically analyzed by HPLC. The spiked amounts of these
lachrymators correspond to 1.0 mL of the sprayed contents dis-
persed in about 350 mL of water, if the concentration of lachryma-
tors is assumed to be 1%. The recovery yields of CN were in excess
of 80%, even after 15 days (Fig. 6A). The concentration of CS im-
mediately decreased to a recovery level of about 8%, and remained
nearly constant for 15 days (Fig. 6B). Instead, o-chlorobenzalde-

hyde was detected at a nearly 80% recovery level, and the concen-
tration also remained constant for 15 days. o-Chlorobenzyl alcohol
and o-chlorobenzoic acid were not detected in the water samples.
These results are inconsistent with those for the low spiked levels
of lachrymators (Fig. 5E and F). The difference in the spiked
amounts of lachrymators between the low level (6 to 7 �g) and the
high level (0.5 to 0.6 mg) experiments should significantly influ-
ence the stability of lachrymators in water. When higher levels of
CS (1 to 3 mg) were spiked to water (20 mL), the recovery of CS

FIG. 5—Stability of lachrymators on the surface of glass and stainless steel, and in absorbent cotton and water samples. (A), (B) The surface of the glass
(60 cm2) and stainless steel (100 cm2) plates, spiked with 100 �L of an acetonitrile solution containing 6 to 7 �g CN (�), CS (�) or nonivamide (�), were
wiped off with absorbent cotton dampened with CH2Cl2. The wiped cotton was extracted with 20 mL of CH2Cl2 and the organic layer was analyzed by GC-
MS. (C-F) 0.3 g of absorbent cotton and 20 mL of water, spiked with 100 �L of an acetonitrile solution containing 6 to 7 �g CN (�), CS (�) or nonivamide
(�), were extracted with CH2Cl2, and the organic phase was analyzed by GC-MS. Degradation products of lachrymators: acetophenone (•); o-chloroben-
zaldehyde (�); o-chlorobenzyl alcohol (�) and o-chlorobenzoic acid (�) are also shown in (C) and (D). The horizontal line depicts the incubation peri-
ods (days) after the lachrymators were spiked. The vertical line depicts the molar recovery percentage corresponding to the spiked lachrymators.

TABLE 2—Detection limits of lachrymators and their degradation
products by high performance liquid chromatography.

Detection Detection R.S.D.,†
Compounds Wavelength, nm Limits,* ng %

2-chloroacetophenone 260 2.3 3.2
Acetophenone 260 1.6 2.6
o-chlorobenzylidene 300 1.5 5.4

malononitrile
o-chlorobenzaldehyde 252 9.0 3.8
o-chlorobenzyl alcohol 267 74 4.1
o-chlorobenzoic acid 280 16 5.1

* Detection limits are defined as the level of analyte that gives a signal-
to-noise ratio of 3:1 and are represented as ng in injection volume (10 �L).

† R.S.D. (relative standard deviation) are defined as the repeatability (n
� 5) in the determination of 500 ng each compound in injection volume
(10 �L) by HPLC.
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was about 40%, and the detection level of o-chlorobenzaldehyde
became lower (about 50%, data not shown). The solubilities of CN
and CS in water at 20°C are 0.68 mg/mL and 0.038 mg/mL, re-
spectively (1). With high spiked levels of lachrymators, especially
CS, a significant fraction may not be soluble in water, but, rather,
could exist as micelles or in the form of a membrane layer on the
surface of the water. Small portions may be solubilized in water
and subject to degradation. With low spiked levels of lachrymators,
all portions may be solubilized in water and subject to degradation.

Conclusion

Our in vitro experiment on the stability of lachrymators demon-
strates that within a few days after spiking, 2-chloroacetophenone
(CN) can be detected from water or cotton, but not from the surface
of glass nor stainless steel. o-Chlorobenzylidene malononitrile (CS)
can be detected from cotton and wiped sample from the surface of
glass and stainless steel, but not from water. Instead, degradation
products of CS, o-chlorobenzaldehyde or o-chlorobenzoic acid can
be detectable from water. Nonivamide, synthetic capsaicin, can be
detected from cotton, water, and glass and stainless steel surfaces.
Therefore, in crimes in which tear gas sprays are used, the surface(s)
stained with tear gas should be collected as soon as possible, and
then such samples should be sent in closed containers to the foren-
sic science laboratory, where lachrymators and their degradation
products can be detected by CH2Cl2 extraction followed by GC-MS.
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