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Thermal Desorption Ion Mobility Spectrometer for
Measurement of Anticoagulant Rodenticide
Diphacinone in Beverages via In-situ Acid-assisted
Conversion

Liying Peng,™* Xin Wang,* Wendong Chen,*" Qinghua Zhou,*” Weiguo Wang,"*
Haiyang Li **

Anticoagulant rodenticide diphacinone (DPN) with common form of sodium diphacinone
(SDPN), playing an important role in controlling field rodent and mice in homes, is harmful to
both human beings and domestic animals while taken mistakenly or poisoned intentionally. In
this work, we proposed a simple and rapid method based on thermal desorption ion mobility
spectrometry (TD-IMS) for detecting DPN and SDPN. SDPN, with ultra-low vapour pressure,
was essentially measured in the form of DPN after its in-situ conversion with assistance of
acid. Under the optimal conditions, the limits of detection (S/N = 3) for SDPN and DPN were
less than 0.15 ng pL™! while their recoveries were 96% and 97%, respectively, and the relative
standard deviation for five measurements was less than 6.15%. Finally, the current method was
used to detect the DPN and SDPN in beverages including green tea, cola, and coffee,
demonstrating its capacity in the application for actual samples.

Introduction

Rodenticide diphacinone (DPN) and sodium diphacinone
(SDPN, the common form of DPN), the first generation of
indandione anticoagulant rodenticides, play an important role in
controlling field rodent and mice in homes and have been
reported to be hazardous to predatory and scavenging birds on a
worldwide scale.'”* Empirical formulas of DPN and SDPN are
C,3Hs03H and C,3H;s03Na with molar mass of 340.36 and
362.36 g mol’!, respectively, and their structures were presented
in Fig. 1. Due to the potential toxicity, it is dangerous if these
two compounds are taken mistakenly or poisoned intentionally,
particularly for children and other non-target species.*® The
acute median lethal dose for rats is 2 mg kg™ and that for adult
is 0.5-5 g, and even the intake of 0.06-0.25 g can cause
poisoning.” Moreover, these two compounds can be
cumulated in the living body, and small amounts of feeding
over several days to a week can cause death, blocking the
identification of poison in time.” '® Whereas, in many criminal
cases, it is important for forensic scientists to discover the
rodenticide DPN or SDPN in real samples in time, so that they
can establish a chain of evidence and link criminals to the crime

scenes of poisoning.'" '?

This journal is © The Royal Society of Chemistry 2013

Diphacinone

Fig. 1. Chemical schematic of DPN and SDPN.

Many traditional methods have been performed on the
detection of trace anticoagulant rodenticides, including

spectrophotometry, ' 14

gas chromatography-mass spectrometry
(GC-MS)," liquid chromatography with ultraviolet detection
(LC)'® and liquid chromatography-mass spectrometry (LC—
MS).'> " However, the limit of detection (LOD) of

spectrophotometric method for anticoagulant rodenticides is
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about 20 uM, which is not suitable for the trace detection. For
those methods involving chromatography techniques above, a
complicated pretreatment procedure is usually required and the
analysis time is relatively long, hampering their application in
fast detection. What’s more, it is notable that the traditional
methods are almost aimed for DPN detection but not for its salt
form (SDPN). Thus, a rapid analytical method is desired to
certify the suspected poisoning of SDPN as well as DPN for
both domestic animals and human beings in accidental and
intentional cases."’

Ton mobility spectrometry (IMS) is a separated technique for
gaseous ions basing on their different mobilities in an weak
electric field.”° With the advantages of simple even no sample
pretreatment, high sensitivity, rapid analysis speed, and good
portability,”’ IMS is commonly employed for the detection of
toxic industrial compounds,??* chemical warfare agents,”

2627 narcotic drugs 2**° and illicit addition in food.*'

explosives,

Mass flow meter

L -

In order to accomplish the IMS detection of liquid and solid
samples, some vaporization pretreatments are usually used,*?
among which the thermal desorption is one of the simplest
way.> Currently, the thermal desorption ion mobility
spectrometry (TD-IMS) is being deployed for rapid on-site
screening, such as explosives and narcotics.>* *° In this
technique, analytes on a sampling swab are thermally desorbed
by rapid heating (typically 230 °C to 280 °C), producing
corresponding vapor molecules for further IMS analysis.
Nevertheless, it still remains a great challenge for TD-IMS to
detect non-volatile salt such as SDPN owing to their ultra-low
vapor pressure. Therefore, in this work, TD-IMS with in-situ
acid-assisted conversion was developed for the fast detection of
rodenticide DPN and SDPN. After the optimization of acid
kinds, desorber temperature and tube temperature, this method
was implemented for analysis of SDPN and DPN in different
beverages.
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Fig. 2. Schematic diagram of the thermal desorption ion mobility spectrometry (TD-IMS).

Materials and methods

Apparatus

The TD-IMS used in this study was constructed in our
laboratory, which consisted of a thermal desorber, a radioactive
Ni ionization source, a reaction region, a Bradbury-Nielsen
(BN) gate, a drift region, an aperture grid, a Faraday plate, and
an amplifier, as shown in Fig. 2.’ In the reaction region, the
inlet at the vicinity of BN gate was connected with a thermal
desorber for sample introduction, and the ®*Ni source was
flushed by a purge gas to protect it from acid corrosion. In the
test, the analytes vaporized from the thermal desorber were sent
into the ionization region by a carrier gas. Air, dried by
purificant traps containing silica gel, activated carbon and 13X
molecular sieve, was divided into drift, carrier and purge gases
via mass flow meters (Beijing Sevenstar Electronics Co., Ltd.).
The IMS apparatus was operated in the negative mode, and the
operating parameters were listed in Table 1.

2 | J. Name., 2014, 00, 1-3

Tablel. Operational conditions for TD-IMS.

Operating condition Setting
Ionization source ONi
Drift region length 6.5 cm
Drift field 225 Vem'
Shutter grid pulse width 300 us
Tube temperature 110 °C
Desorber temperature 210 °C
Flow of drift gas 800 mL min™!
Flow of carrier gas 400 mL min™
Flow of purge gas 400 mL min™

Chemicals and reagents

DPN and SDPN (analytical grade) were offered by Dalian Test
Chemical Plant (Dalian, China). Methanol, phosphoric acid
(H3POy,), hydrochloric acid (HCI) and acetic acid (CH;COOH)
used in experiments was analytical grade and purchased from
Tianjin Chemical Reagent Factory (Tianjin, China). Beverages
including green tea, cola and coffee were purchased from a

This journal is © The Royal Society of Chemistry 2014
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local supermarket and stored in a refrigerator (4 °C) until
required. Distilled water was used throughout the experiment.

Methods and calculations

500 ng pL™' DPN and SDPN standard stock solutions were
prepared by weighing sample and dissolving them in methanol.
500 ng uL' DPN and SDPN test stock samples of green tea,
cola and coffee were prepared by directly adding a known
amount of DPN and SDPN into corresponding beverage. The
standard and test samples were obtained by gradually diluting
the relevant stock solutions with distilled water and
corresponding beverage.

1 mL SDPN samples were acidized by adding 15 pL 3 %
acid including H3;PO,, HCIl, CH;COOH, followed by an
ultrasonic treatment for 3 min. Then, 5 pL sample solution were
deposited on the sampling swabs (Teflon coated fiber glass, 2
cm width x 8 cm length), after the solvent was evaporated, the
swabs were inserted into the thermal desorber for IMS analysis.

Reduced mobility, K, (cm?® s V') of analytes can be
calculated by Eq. (1) , where K, is the reduced mobility of the
analyte, 7, and t,, is the drift time of the standard and the
analyte, respectively.’” *® In this work, TNT with K, of 1.54
cm?s™ V'at 110 °C was used as the standard.

K()a :K()s x (tds/tda) (1)

Results and discussion

Detection of SDPN via in situ acid-assisted conversion

From the ion mobility spectra of the background and 5 pL 10
ng puL™' DPN standard solution in Fig. 3, we can observe the
prominent ion peak for DPN with K, of 1.04 cm®s' V™
However, when the same amount of SDPN standard solution
was directly detected by TD-IMS, no product ion peaks can be
found, which might be attributed to its ultra-low vapor pressure.
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Fig. 3. lon mobility spectra recorded for background and 5 pL 10 ng |.1L'1 DPN.

DPN is the corresponding acid of SDPN, thus, it might be a
potential method to detect SDPN by TD-IMS after its
conversion to DPN with assistance of acid. In order to confirm
this hypothesis, three common acids including H;PO,, HCI and
CH;COOH were chosen to in-situ acidize the SDPN samples,
and their corresponding ion mobility spectra were shown in Fig.
4(a). From the spectra, it is clear that no ion peaks can be
observed for SDPN acidified with CH;COOH, whereas, when
the SDPN solution was acidified with H;PO, or HCI, an ion
peak (K, = 1.04 cm?s” V') can be readily detected, which was
the same as that of DPN. And more, the matrix interference
from H;PO, was much less than that of HCI, and the peak
intensity (K, = 1.04 em? st v using H;PO, was about 1.7
times higher than that obtained using HCI, therefore H3PO,
solution was chosen for the acid conversion in the following
experiments.

(b)

%
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Fig. 4. (a) Detection of 5 uL 10 ng uL'1 SDPN with TD-IMS by using H3PO,, HCl and CH3;COOH to perform acidification, respectively; (b) the variations of SDPN response

versus H3PO, volume added in 1 mL sample solution

To optimize the acidification degree, we prepared 1 mL 10
ng pL™' SDPN standard solutions by adding different volumes

This journal is © The Royal Society of Chemistry 2012

of 3% H3PO,4 solution, and the peak intensities for 5 pL
samples were illustrated in Fig. 4(b), from which we can see

J. Name., 2014, 00, 1-3 | 3
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that the dosage of 1 pL H3;PO, solution promised the best
response of SDPN, afterward, its response remained almost the
same. Whereas, taking account of PH differences in beverages,
15 uL 3% H;PO, was added into 1 mL real samples to ensure
the efficient conversion of SDPN to DPN.

1.0- ) miz= 339
“01sDPN with H PO,
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Fig. 5. lon patterns of DPN and SDPN with H3PO, acidification in the negative SN
source identified with a homemade ion trap mass spectrometer.

Demonstrating the conversion of SDPN to DPN by ion trap
mass spectrometer (ITMS)

In order to demonstrate the conversion of SDPN to DPN via
acidification, the product ions of DPN and SDPN in negative
Ni source were studied by a homemade ion trap mass
spectrometer (ITMS). As depicted in Fig. 5, the product ion for
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DPN was assigned to C,3H;5s0;™ at m/z = 339; but no product
ions can be detected for SDPN without any treatment, which
was quite similar to result of IMS experiment. When the SDPN
solution was acidified with H;PO,4, a product ion peak at m/z =
339 was observed in the mass spectrum, well proving the
reaction of SDPN with hydrogen ion (H") in solution to
produce DPN. Therefore, both DPN and SDPN could be
measured by quantifying of Cp3H ;505"

Optimizing the temperature of desorber and drift tube

Fig. 6(a) presented the effect of thermal desorber temperature
on the detection of DPN and SDPN, from which we can see
that as the temperature was increased from 170 to 210 °C, more
samples could be evaporated into the gas phase, resulting in an
enhancement of responses for 5 pL 10 ng pL™' DPN and SDPN,
Nevertheless, a higher temperature would release more
interfering substances, which would competitively react with
reactant ions and decrease the response of DPN and SDPN.
Hence, the thermal desorber temperature of 210 °C was selected
as the optimum temperature.

Plotting the peak intensities of 5 uL 10 ng pL™' DPN and
SDPN versus drift tube temperature in Fig. 6(b), it is clear that
the peak intensities of DPN and SDPN gradually increased to
the maximum at 110 °C and then slightly decreased as the
temperature was further increased. With the increase of drift
tube temperature, the shorter drift time of DPN and SDPN was
trended to increase their responses due to the decreasing ion-
molecule collisions in drift region, while the enhanced radial
diffusion in drift region would boost the ion loss, so it was
understandable that an optimized drift tube temperature of 110
°C can be observed.
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Fig. 6. Peak intensity variations for 5 uL 10 ng |.1L'1 DPN and SDPN versus different (a) desorber temperature and (b) drift tube temperature.

Quantitative analysis

Under the optimized conditions, the calibration curves of SDPN
and DPN were obtained, and the quantitative results were listed
in Table 2. The linear response range of SDPN and DPN were

4| J. Name., 2014, 00, 1-3

2-20 ng uL™' and 1-20 ng puL™', with LODs (S/N=3) of 0.15 and
0.13 ng puL™", respectively, and their relative standard deviation
percentage (RSD) for 5 times measurement of 5 pL 10 ng puL™!
SDPN and DPN was 6.15% and 3.47%, respectively. The
recovery rate of the detection of 10 ng uL™' SDPN and DPN

This journal is © The Royal Society of Chemistry 2014
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added in water was 96% and 97%, respectively, indicating a
satisfactory repeatability for measurement.

Table 2 Quantitative results for DPN and SDPN.

Calibration R’ linear range LOD RSD

curves (gpl)  (mgul) (%)

DPN y=4.98x+20.61  0.977 1-20 0.13 3.47
SDPN  y=4.15x+24.32  0.961 2-20 0.15 6.15

Detection of DPN and SDPN in beverages

The ion mobility spectra of 5 pL beverage samples (cola, coffee
and green tea) containing 20 ng puL™' SDPN or DPN were
shown in Fig. 7. Via in-situ acid-assisted conversion, SDPN in
different beverage can be detected by its ion peak with K, of
1.04 cm?® s' V™', as shown in Fig. 7(a), while DPN can be
directly detected in Fig. 7(b). The peak intensity of SDPN in
cola, coffee and green tea was 25, 26 and 30 mV, respectively,
while that of DPN was 43, 45 and 76 mV. The ion peaks of
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2009SDPN in cola 223V
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other annexing agents such as sugar and honey in beverages
were far away from the PIP, not disturbing the identification of
DPN or SDPN. Their concentrations in actual samples could be
qualified by standard addition. And the total amount of DPN
and SDPN could be also measured by analysis the results with
and without acid treatment.

Conclusions

In this work, via the pre-conversion of SDPN to DPN with
acid-assistance, we accomplished the fast detection of trace
rodenticide DPN and SDPN in complex matrixes such as
common beverages by TD-IMS, and their LODs can be
achieved sub ng pL™" level. In future studies, we will apply the
current acid-assisted TD-IMS method to measure DPN or
SDPN in other matrixes, such as food and saliva, which might
have stronger clinical and forensic relevance.

(b)
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Fig. 7. lon mobility spectra recorded for 5 pL 20 ng |.1L'1(a) SDPN and (b) DPN in cola, coffee and green tea.
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Graphical Abstract

TD-IMS was constructed to fast detecting rodenticide diphacinone via in-situ

acid-assisted conversion and applied for its on-site determination in beverages.
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