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Abstract products, meat and fat using UPLC-MS/MS.

METHODS AND RESULTS: Sample extraction was
BACKGROUND: The residual analysis of polar pesticides carried out using acidified acetonitrile and water and re-

has remained a challenge. It is even more difficult to extracted with acidified acetonitrile and combine the
simultaneously analyze multiple polar pesticides. Diquat, extracts followed by centrifugation. The extract was then
paraquat, and chlormequat are typical examples of highly cleaned up with a HLB cartridge after reconstitution with
polar pesticides. The existing methods for the analysis of acidic acetonitrile and water. The method was validated in
diquat, paraquat and chlormequat are complex and time quintuplicate at three different concentrations. The limits of
consuming. Therefore, a simple, quick and effective method detection (LOD) and quantification (LOQ) were 0.0015 and
was developed in the represent study for simultaneous 0.005 mg/L, respectively. Matrix suppression effect was
analysis of diquat, paraquat and chlormequat in animal observed for all of the analytes. A seven point matrix

matched calibration curve was constructed for each of the

compound resulted excellent linearity with determination
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CONCLUSION: The recovery and repeatability of the
developed method were in the acceptable range according to
the Codex Alimentarius guideline. The developed method
can be applied for the routine monitoring of diquat, paraquat,
and chlormequat in animal products, meat and fat.

Key words: Chlormequat, Diquat, Paraquat, Simultaneous
Analysis, UPLC-MS/MS

Introduction

Diquat, paraquat and chlormequat (Fig. 1) are
quaternary ammonium, non-selective and nonsystematic
contact herbicides. They are widely used for controlling
broadleaf, grassy weeds and aquatic weeds [1, 2]. These
compounds are commonly known as QUATs and
considered as toxic herbicides [1, 3].

Herbicides can enter human body directly or
indirectly through food chain. Residues can also be
accumulated to the livestock animal via contaminated
feed [4]. Various international organizations regulate
pesticide residues in foods using maximum residue
limits (MRL). According to the Codex guideline, the
MRLs of diquat, paraquat and chlormequat were
determined 0.005 mg/kg or above for most of the food
products of animal origin. Therefore, a sensitive
analytical method is needed for monitoring of these three
herbicide in livestock animal products. Several analytical
methods have been developed for the analysis of diquat
and paraquat in various matrices [2, 3, 511]. A few
methods were also published for simultaneous analysis
of diquat, paraquat and chlormequat using LC-MS/MS
[12-16]. Due to high water solubility, these compounds
are not included in multi-residue analysis as they required
specific types of separation column and mobile phases.
However, existing single residue methods are time
consuming associated with complex sample preparation
involving heating step during sample preparation. The

VS .
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detection of these methods also requires addition of ion
pair agent in the mobile phase which demanded continuous
cleaning of the instrument after application [6, 7, 10-12, 14,
15].

To overcome such problems, QuPPE (Quick Polar
Pesticides) method has been introduced and used for
the analysis of polar pesticides such as QUATS in various
matrices [8, 17, 18]. The method involved extraction with
methanol and acid aqueous solution resulted a high
amount of matrix co-extractives and the measurement
was carried out using isotope labeled internal standard
that make the experiment expensive and difficult.

Therefore, the aim of the present study was to develop
a simple and effective method for the analysis of diquat,
paraquat, and chlormequat in livestock animal products
using UPLC-MS/MS.

Materials and Methods

Chemicals and Reagents

Standard diquat and paraquat calibration mixture
(1000 mg/L) in water was purchased from Restek
(Bellefonte, PA, USA). Chlormequat standard (purity
98.2%) was supplied by Sigma Aldrich (St. Louis, MO,
USA). HPLC grade acetonitrile and water were purchased
from Honeywell (Muskegon, MI, USA). Analytical grade
formic acid (purity = 95%) and ammonium format (purity
> 99.995%) were obtained from Sigma Aldrich (St. Louis,
MO, USA).

Preparation of standard solution and calibration
An amount of 10.18 mg of chlormequat was dissolve
in 10 mL water to prepare 1000 ppm chlormequat. The
mixed diquat and paraquat solution was added with the
standard chlormequat to provide the mixed solution at
100 ppm of each. The intermediate standard solution was
prepared by diluting the standard solution to 10 ppm
and 1.0 ppm with mobile phase B. The working standard
solutions were prepared by diluting the intermediate
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Fig. 1. Chemical structures of diquat dibromide (a), paraquat (b) and chlormequat (c).
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standard solution to 0.001, 0.002, 0.004, 0.006, 0.008, 0.01,
and 0.012 mg/L with the same solvent.

Sample Preparation

An each 5 g of homogenized livestock animal
products (chicken, pork, pork fat, beef, beef fat, egg and
milk) was taken in a 50 mL Teflon centrifuge tube to
which a 15 mL of 0.5% formic acid in acetonitrile and
5 mL of 0.5% formic acid in water was added and extract
with a Geno Grinder (SPEX Sample Prep., USA) for 2
min at 1200 rpm. The extracts were then centrifuged at
3500 rpm for 5 min. and transferred the whole solution
to another centrifuge tube. The remaining samples were
re-extracted with 10 mL of 0.5% formic acid in acetonitrile
and transfer and combine the solution to the centrifuge
tube following centrifugation. The mixed solutions were
vortexed for 10 s and evaporated the organic layer
through a gentle N, stream at 40°C. The remaining
aqueous solution was adjusted to reconstructing until
6.25 mL with 0.5% formic acid in water and additional
6.25 mL of 0.5% formic acid in acetonitrile was added.
The total 12.5 mL of mixed solution was vortexed for
10 sec. prior to purification.

An aliquot of 2 mL of extract was loaded to a HLB
(500 mg) LP cartridges (Oasis, Waters, Milford, MA,
USA) that was previously conditioned with 6 mL of 0.5%
formic acid in water and 6 mL of 0.5% formic acid in
acetonitrile with an solid phase extraction (SFE) manifold
under a reduced pressure. The loaded extract was then
eluted with a 1.6 mL of 0.5% formic acid in acetonitrile.
The eluents were combined in a 15 mL Teflon tube and
added with 0.4 mL of 0.5% formic acid in acetonitrile
followed by vortexing. One mL was transferred to a 2
mL plastic vial followed by addition of 10 uL of 5000
mM ammonium formate.

Method validation

The method was validated according to the Codex
Alimentarius guidelines in term of limits of detection
(LOD), limits of quantification (LOQ), linearity, matrix
effect selectivity, specificity, accuracy and precision. LOD
was the lowest detectable amount of analyte that
produced signal three times higher than the background
noise. The lowest quantifiable amount of analyte was
termed as LOQ that generated a signal ten times higher
than the base line noise. Linearity is determined from the
co-efficient of determinants (&) obtained from the seven
points calibration curve. Matrix effect was compensated

by constructing matrix matched calibration and the effect
was calculated by comparing the slope of the matrix
matched calibration and the slope of the matrix free solvent
calibration. Accuracy was determined from the recovery
of fortified standard following sample preparation
procedure and according to the guideline recovery must
be within the range of 50~120% depending on the spiking
concentration. Precision was the outcome of five times
repeatability of the recovery experiments and was
expressed as a relative standard deviation, RSD. According
to the Codex guideline the valid range for precision is RSD
< 22~32% of the spiking concentrations.

Instrument

An ultra-performance liquid chromatograph (Waters
AQUITY UHPLC H Class, Waters, Hertfordshire, UK)
coupled with a mass spectrometer (AB SCIEX QTRAP
3500 mass spectrometer, SCIEX, Redwood, CA, USA) was
employed for detection and quantification of diquat,
paraquat, and chlormequat. The MS/MS was carried out
in multi-reaction monitoring mode (MRM) with positive
electron spray ionization. For MRM method development
a syringe pump was equipped with the MS/MS system
for standard infusion and optimization of compound
ionization. The chromatographic separation was carried
out on a HilicSi column (50 x 2.1 mm, 2.7 um). The
column oven temperature was maintained at 45°C. A
binary solvent system composed of 50 mM ammonium
formate and 0.5% formic acid in water (A), and 50 mM
ammonium formate and 0.5% formic acid in 75% ACN
and 25% water (B). The gradient mobile phase started
with 100% B which was reduced to 65% B at 4 min.
At 4.1 min it was suddenly increased to 100% B and
remains constant until 7 min. The column flow was
maintained at 0.60 mL/min with the injection volume
of 10 uL. The ion source temperature was 500°C and
the spray voltage was 5500 V. Nitrogen was used as
nebulizer, curtain, and heating gas. The optimized
MS/MS parameter is shown in Table 1.

Results and Discussion

The extraction method was optimized based on the
physicochemical properties of diquat, paraquat, and
chlormequat. The negative octanol-water co-efficient of
these three compounds indicated that the translocation
of these three analytes from aqueous phase to organic
phase is almost impossible. Therefore, the most popular
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Table 1. Multiple reaction monitoring (MRM) conditions for diquat, paraquat and chlormequat

Compound Precusor ion Product ion RT DP? EPY CE? cxp?
P m/z m/z (m) ) ) (v) v)
_ 183.300 130.1 3.79 100 10 50 12
Diquat
183.300 157.2 3.79 150 10 35 3
171.300 77.2 4.14 100 10 43 14
Paraquat
185.300 170.3 4.14 150 10 23
122.652 59.1 0.57 81 10 47
Chlormequat
122.652 58.6 0.57 81 10 47

“Declustering potential, “Enterance potential energy, “Collision energy, “Collision cell exit potential

sample preparation method like QUEChERS (Quick, Easy,
Cheap, Effective, Rugged, and Safe) is not applicable as
the method involved salting out for transfer of target
analyte to the organic phase. Since all these three
compounds are stable in an acidic environment, formic
acid was therefore used with acetonitrile and water for
extraction, purification and detection. During MS/MS
analysis it was observed that if the compounds are
dissolved in mobile phase B (0.5% formic acid in 75%
ACN and 25% water), a good separation and sensitivity
of these three compounds can be then achieved. Since
extraction and purification procedure were subjected
with water, it was difficult to evaporate and reconstitute
the purified extract in mobile phase B. Therefore,
extraction and purification steps were designed in such
a way so that the final purified extract was exactly the
same as the mobile B. To do so, during extraction, acidic
acetonitrile and water fraction was maintained a fifty-fifty
ratio; after complete evaporation of organic phase, it
turned to 75:25 (ACN:H,O) after cartridge purification.

During optimization of HLB cartridge cleanup
conditions, none of the compounds were retained in the
cartridge after loading. After a 2.0 mL of extract
containing 0.5% formic acid in fifty-fifty (ACN:H,O) was
loaded on a HLB cartridge, elution was performed with
05% FA in 1.6 mL ACN. Finally, the volume was
adjusted to 4 mL with the addition of 0.4 mL of 0.5%
formic acid in ACN. This volume adjustment was
utilized for the matrix matched calibration. From this
4 mL purified extract, 1 mL was transferred to a 2 mL
plastic vial flowed by addition of 10 uL of 5000 mM
ammonium formate for exact matching of mobile phase
B. In the whole extraction, purification and detection
process, no glassware were used due to the glass
adhesive properties of these compounds [17].

The LOD and LOQ of the method for the three
compounds were 0.0015 and 0.005 mg/kg respectively.

The LOQ of the established method was either at MRL
(maximum residue limit) level or below the MRL
regulated by Codex Alimentarius guidelines for animal
food products.

Fig. 2 shows the total ion chromatograms of matrix
matched standard mixture, blank, and recovery. Similar
retention time between standard and recovery, and
absence (or less than 30% of LOQ) of interferences at
the blank represents the selectivity and specificity of the
method.

Extensive matrix suppression effect for all of the three
compounds was observed (-25.37 to -80.34%) even after
cartridge purification and fivefold dilution. It might be
due to the addition of high amount of buffering salt (50
mM ammonium format) required for optimum column
efficiency. Therefore, a seven point (0.005, 0.01, 0.02, 0.03,
0.04, 0.05, 0.06 mg/kg) matrix matched calibration curve
was constructed for all of the compounds in each of the
matrices that provided good linearity with determination
coefficient (R = 0.9912. The recovery and repeatability
of the present methods were ranging 62.4~119.7% and
RSD < 18.8% respectively in all of the matrices. The
linearity, matrix effect, recovery and repeatability of
these three QUATSs are shown in Table 2. In the case
of paraquat, below 70% recovery was observed at LOQ
level and 2LOQ level (only in egg matrices) indicated
that low concentration of paraquat is bit unstable. Even
though recovery of paraquat was below 70%, it was still
within the acceptable range according to the Codex
Alimentarius (60~120%) (CAC/GL 90-2017). Likely, the
matrix suppression effect showed maximum over 80%.
The 20% of matrix effect recognized by the Ministry of
Food and Drug Safety is a standard guideline for
whether matrix matched should be performed or not,
and the percentage of matrix effect is meaningless if
matrix matched is conducted. Diquat, paraquat and
chlormequats are cationic compounds that ion suppress
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Fig. 2. UPLC-MS/MS TIC chromatograms of matrix matched standard (10 LOQ level) mixture of diquat (A), blank
beef matrix (B), recovery at 10 LOQ level (C) (a; chlormequat, b; diquat dibromide, ¢; paraquat). The numbers are
as 1: chlormequat; 2: diquat dibromide; 3: paraquat. The arrow symbols in the panel B represent the retention
times of chlormequat, diquat dibromide and paraquat, respectively.

takes a place by using solid phase extraction method
with ion exchange resin other than HLB cartridge. While
SPE SCX (Strong Cation Exchange) cartridge was used to
utilize strong cation exchange chromatography, binding
of compounds in the SPE occur but them did not eluted

from the cartridge. An ion enhancement or ion suppression
occurred when SPE purification with dispersive SPE and
Envi-carb was carried to purify the compounds from the
animal products. It was same as the elution solution of
the compounds was passed through a syringe filter
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Table 2. Linearity, matrix effect and recovery of diquat, paraquat and chlormequat livestock animal products

Matrix Pesticides Linearity Matrix effect Recovery<RSD" (%)
(R 1 LOQ 2 LOQ 10 LOQ
Diquat 0.9973 -25.371 81.0+7.3 80.618.06 90.5+9.9
Chicken Paraquat 0.9949 -25.641 64.743.8 78.0£9.5 99.5+6.3
Chlormequat 0.9922 -80.079 90.2+19.6 99.6+10.3 107.9+3.9
Diquat 0.9986 -33.665 89.246.0 92.5+9.0 92.5+4.6
Pork Paraquat 0.9981 -40.773 71.247.7 83.845.6 96.145.6
Chlormequat 0.9938 -80.338 107.0+14.2 116.3+10.6 111.6+3.7
Diquat 0.9980 -29.470 87.747.0 88.149.2 94.4149.3
Pork fat Paraquat 0.9968 -37.472 65.247.3 80.949.3 102.1+6.8
Chlormequat 0.9973 -78.126 118.449.6 106.2+7.4 109.2+4.6
Diquat 0.9964 -40.935 84.9+11.8 85.946.2 85.448.1
Beef Paraquat 0.9966 -60.380 67.245.0 76.9£9.3 98.2+4.2
Chlormequat 0.9935 -87.923 99.4+17.3 111.6+18.8 118.944.3
Diquat 0.9968 43.472 84.149.4 92.849.9 83.745.6
Beef fat Paraquat 0.9993 -57.767 68.745.6 81.2+7.2 93.1+7.4
Chlormequat 0.9912 -87.356 119.7+11.0 107.1+10.5 106.749.2
Diquat 0.9920 -36.528 79.3+7.8 79.3£5.6 84.9+4.9
Egg Paraquat 0.9933 -49.098 62.449.5 67.0+4.8 87.0+2.3
Chlormequat 0.9991 -73.546 116.3+11.7 99.3+10.9 90.1+8.3
Diquat 0.9930 -31.865 86.448.1 86.149.3 86.7+4.6
Milk Paraquat 0.9954 25.972 64.8+4.8 73.5£6.2 79.245.0
Chlormequat 0.9988 -73.788 102.6+8.8 94.145.8 91.3+3.7

“Mean values of 5 time repetitions with relative standard deviation

An analytical method for diquat and paraquat have
been developed involving extraction with a mixture of
methanol /water /hydrochloric acid and heating at 80°C
(Thomas, 2017). The method provided recoveries of
92~120% in potato, cereals and pulses. However, the
LOQ of the method was set at 0.05 or 0.1 mg/kg.

[18] published a method for QUATS in food of plant
origin involving acidified mixture of methanol-water for
extraction resulted 64~97% recovery with the LOQ of
0.01 mg/kg.

[2] determined diquat and paraquat in potato using
acidic methanol and a heating step during extraction.
Although method provided good recovery (87~106%),
it still
Chlormequat was not included in that study.

required time consuming heating step.

[8] tried to recover QUATS in olive oil and olive using
a QuPPE method. Poor recoveries were observed for
diquat and paraquat. Therefore, the developed method
that satisfies all of the parameters of international
standard can be used for regular monitoring of QUATs

in livestock animal products
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