CHEMISTRY GROUP

vv

ISSN:

2689-7628

DOI: https://dx.doi.org/10.17352/ojabc

Received: 24 January, 2022
Accepted: 26 April, 2022
Published: 27 April, 2022

Research Article

Dissipation kinetics and the
pre-harvest residue of
chlorantraniliprole in pigeon
pea Cajanus cajan L. succulent

pods Using Ultra-HighPerformance Liquid
Chromatography with
Photodiode array detector
(UHPLC-PDA)

*Corresponding author: Devaki K, Department of
Entomology, Institute of Frontier Technology (IFT),
Regional Agricultural Research Station, Tirupati
(ANGRAU), Chittoor District, A.P, India,

Keywords: Pigeon pea; Succulent pods; Chlorantraniliprole dissipation; Half-life; Waiting period
Copyright License: © 2022 Murali Krishna T, et al.
This is an open-access article distributed under the
terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.
https://www.peertechz.com

Murali Krishna T1, Devaki K1*, Kiran Kumar K2 and Prasanthi L3
Department of Entomology, Institute of Frontier Technology (IFT), Regional Agricultural Research

1

Station, Tirupati (ANGRAU), Chittoor District, A.P, India
Project Associate, Pesticide Residue Testing Lab, IFT, RARS, Tirupati, India

2

Associate Director of Research, RARS, Tirupati, India

3

Abstract
Studies were conducted to evaluate insecticide residues of Chlorantraniliprole in pigeon pea succulent pods after foliar application. Chlorantraniliprole was sprayed at
0.6ml/l on pigeon pea crop at the pod formation stage to control pod borers like Helicoverpa armigera and Maruca vitrata. Samples were drawn at 0, 1, 5, 10, 15, 20, 25, and
30 days after spray. A validated liquid chromatography method with a Photodiode Array (PDA) detector was used for the residue analysis of chlorantraniliprole. Separation
was achieved through the C18 column in the reverse phase. The calibration graphs of chlorantraniliprole in acetonitrile solvent or five blank matrices were linear within
the tested interval of 0.1 to 1ppm with a coeﬃcient of determination over 0.9990. Dissipation of chlorantraniliprole was studied in first-order kinetic models (for which the
coeﬃcient of determination, R2 was 0.8684). Residues of chlorantraniliprole was 3.57, 3.16, 1.61, 1.13, 0.49, 0.21, 0.05 and 0.00mg/kg at 0, 1, 5, 10, 15, 20, 25 and 30 days
after spraying. The residue level reached below the tolerance limit (MRL) (2mg/kg BW) of Codex Alimentarius Commission (CAC) on Pesticide Residues after 5 days of
spray and below the detectable level after 25 days of spray in succulent pods and recorded a biological half-life of 4.36 days.

Introduction
Chlorantraniliprole [3-bromo-N-[4-chloro-2-methyl-6[(methyl-amino) carbonyl] phenyl]-1-(3-chloro-2-pyridinyl)
-1H-pyrazole-5-caroxamide] is a novel insecticide that belongs
to the Anthranilic diamide class. It is a potent and selective
activator of insect ryanodine receptors, which are critical for

muscle contraction [1-3]. Activation of ryanodine receptors in
insects affects calcium homeostasis by the unregulated release
of internal calcium in the cell, leading to the cessation of larval
feeding, lethargy, muscle paralysis, and ultimately death of
the insect [4]. Chlorantraniliprole is extremely potent against
lepidopterous pests, including those resistant to neonicotinoid
and pyrethroid insecticides [5]. It is also effective against
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dipteran, hemipteran, and coleopteran pests [6]. The higher
efficacy of chlorantraniliprole has been reported against pod
borers in pulses [7-10]. Besides, bio-efficacy studies about
residues, dissipation patterns, biological half-life, and safe
waiting periods have also been conducted in various fields,
including horticultural crops. Even though it is the most
commonly applied insecticide in legume crops like pigeon pea
against borer pests, viz., Helicoverpa armigera, Maruca vitrata,
etc., However, no study of its contributions to environmental
degradation of Chlorantraniliprole has been reported so
far. The studies related to environmental degradation of
chlorantraniliprole in pulse crops like pigeon pea, black
gram, green gram, field bean, and cowpea are not conducted
which are being consumed as both succulent pods and as well
dried grains. Keeping this in view, the present studies were
conducted at the Department of Entomology, Institute of
Frontier Technology, Regional Agricultural Research Station,
Tirupati, Chittoor District, Andhra Pradesh, India during the
2017-18 cropping season.

Materials and methods
Chemicals and reagents
Technical grade standards of chlorantraniliprole (purity:
99.8%, Sigma-Aldrich), HPLC grade acetonitrile, n-Hexane,
and water Merck make, QuEChERS extraction salts like
sodium sulphate anhydrous, sodium acetate, magnesium
sulfate anhydrous were purchased from local vendors. Primary
Secondary Amine GCB was also obtainedSigma-Aldrich make.
Formulation of chlorantraniliprole (18.5%SC) for a field
experiment was purchased from a local agricultural pesticide
market.

Instrument
Ultra High-Performance Liquid Chromatography (UHPLC)
Shimadzu make, with SPD-M20A, PDA detector. Deuterium
(D2) and tungsten (W) lamps, which can read a wavelength of
190 to 800nm were used for analysis.

Instrumentation
A UHPLC system equipped with the following specifications
was used for standardizing the method for estimating
chlorantraniliprole followed by detecting and quantification of
chlorantraniliprole residues from pigeon pea succulent pods at
different intervals of spray i.e., 0, 1, 5, 10, 15, 20, 25 and 30 days.
Chromatographic separation was achieved XR-ODS II (150mm
X 2.0mm), The column oven temperature was set at 40oc. The
injection volume was 10μl, the pump was LC-30AD which
was set at a low-pressure gradient equipped with a flow rate
of 0.8μl/min. The mobile phase was set with Pump A- Water
(40%), Pump B: Acetonitrile (60%) at a Pump Flow of 0.8ml/
min. The detector was a Photodiode array (PDA) detector in the
SPD-M20A model consisting of a D2 (Deuterium) lamp. The
conditions pertaining to LC conditions were presented in Table 1.

Preparation of standard solution: An accurately weighed
amount of 100mg of chlorantraniliprole was dissolved in
a minimum amount of acetonitrile and made up of 100ml
with acetonitrile to obtain 1000μg/ ml of chlorantraniliprole
solution. The stock solutions were further diluted to get linear
concentrations (0.1 to 1.0μg/ml) and a calibration curve was
plotted.

Quantitative analysis of chlorantraniliprole
Method development: The following parameters were
validated in method development (based on the external
standard method).
1.

Linearity and range

2. Limit of detection (LOD) and Limit of Quantification
(LOQ)
3. Accuracy
4. Precision
5. Specificity.
Linearity, range, and calibration: Calibration of
instruments is essential in obtaining accurate analysis.
Linearity of an analytical procedure is its ability to obtain test
results within a given range that is directly proportional to the
concentration of an analyte in the sample. It is evaluated by
linear regression analysis of the plot of signals as a function
of analyte concentration with a minimum of five linear
concentrations. The correlation coefficient and slope of the
regression line should be satisfactory. A stock solution of
chlorantraniliprole (1000μg/ml) pipetted out and was diluted
with acetonitrile to give different concentrations and injected
into UHPLC-PDA. The peak areas were measured and tabulated.
The detector response in terms of peak areas by standard
solutions of chlorantraniliprole (0.1 to 1μg/ml in mobile phase)
was measured.
Limit of detection (LOD) and Limit of Quantification
(LOQ): Chlorantraniliprole was considered the concentration
that produced an S/N ratio of 3:1 and the LOQ was defined on
an S/N ratio of 10:1. These values were estimated from the
chromatogram corresponding to the lowest concentration that
could produce a response of 3:1 from different concentrations
injected.
Precision was arrived at by injecting the chlorantraniliprole
1ppm concentration in six replicates.

Sample collection and storage
A field evaluation trial was conducted for evaluating the
efficacy of chlorantraniliprole against pod borers in pigeon pea
at the Regional Agricultural Research Station, Tirupati. The
trial was sown during kharif, 2017 (rainy season) with normal
agronomic practices recommended by ANGRAU, Guntur.

Preparation of solvents for HPLC: Acetonitrile 60 percent

Spraying of chlorantraniliprole @ 0.6ml/l (300ml/ha) was

was prepared by adding 600ml of acetonitrile in 400ml of

done by using a knapsack sprayer at peak flowering to the pod

HPLC grade water.

formation stage. A random sampling method was adopted for
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Table 1: Particulars of chlorantraniliprole used in the study.
Chemical substance
Chlorantraniliprole

Group
Anthranilic diamide

Dose

Pests targeted

Date of sowing

Date of spray

Harvest

0.6 ml/ litre

Helicoverpa armigera,
Maruca vitrata

03.08.2017

04.12.2017

06.02.2018

sampling and approximately one kilogram (kg) of green pods
were collected at 0, 1, 5, 10, 15, 20, 25, and 30 days after spray
in sealed covers under refrigerated conditions and brought to
the laboratory and stored in deep freezer @ -20oc for further
analysis.
Quantitative Analysis of Chlorantraniliprole in pigeon pea
succulent pods: About 5g of sample was weighed followed by
extraction and clean up process.

Sample extraction
Extraction of chlorantraniliprole from red gram succulent
pods was done by following the QuEChERS method suitable for
UHPLC with a PDA detector [11]. Five grams of the homogenized
pigeon pea pod sample were taken into a 50ml centrifuge tube
and added to 30ml of 1 percent acetic acid in acetonitrile. The
contents were homogenized, followed by centrifugation at
15000rpm for 3min intermittently followed by the addition of
6g of Na2SO4 and 1.5g of sodium acetate. The contents were
vortexed for 1min and centrifuged for 2min at 2500rpm to
separate the organic layer. After centrifugation 9 ml of the
upper organic layer was transferred into a 15ml centrifuge tube,
to which 1.4g magnesium sulfate and 0.45g Primary Secondary
Amine (PSA) were added and centrifuged at 2500rpm for 2min.
After centrifugation 2ml of the supernatant layer was pipetted
out into a 15ml centrifuge tube and filtered through a PTFE
filter (0.2μm) and 1ml filtrate was taken into an LC vial to fed
directly into UHPLC autosampler.
The residue was calculated by the following formula
Residue μg/gm  =

Area of sample
Conc. Of Standard in μg/ml
X
X Dilution factor
Area of standard
Weight of sample  g 

Method validation
After a 5-g sample of finely blended pigeon pea was placed
in a conical flask, an appropriate volume of chlorantraniliprole
stock solution of standard (250 and 500μg/ml in acetonitrile)
was added. This spiked sample was blended and allowed to air
dry. Sample extraction, cleanup, and CE quantitation were done
as usual. Recovery was obtained by comparing the amounts
that were found with the amounts that were added (based on
the external standard method).

Dissipation kinetics of chlorantraniliprole residues in pigeon pea

Rt ¼ R0e−kt
Where Rt represents a concentration of pesticide residues
at any time t,
R0 is an initial residue concentration and k is the constant
rate of the pesticide disappearance per day.
From this equation, the dissipation half-life period (t1/2 =
ln(2)/k) of the pesticide and the time that must elapse until its
residues reach the concentration level of 0.01 mg/kg (tR=0.01 =
ln(0.01/R0)/(−k) were calculated.

Statistical analysis
The dissipation pattern of chlorantraniliprole in pigeon
pea pods over time was expressed by the following firstorder kinetics, which is a function of exponential decay. The
biological half-lives, which means the time required for the
initial residue to decrease by ½, were also calculated as follows
[12,13] Table 3.
Ct = C0 × e-kt, DT50 = ln2/k (1) ijvsr 236
Where C0 is the initial residue concentration of pesticides

Table 2: Details of the UHPLC -PDA Operational Parameters.
S. No

Parameter

Conditions

1

Liquid chromatograph

Schimadzu

2

Pump

LC-30AD

3

Pump mode

Low pressure gradient

4

Column

XR-ODS II (150mm X 2.0mm)

5

Pressure

261-262kgfm

6

Oven Temperature

40oc

7

Injection volume & Interval

10 μl in in 10 min

8

Total ﬂow

0.8 ml/min

9

Mobile phase

Pump A- Water (40%)
Pump B: Acetonitrile (60%)

10

Wavelength

244nm

11

Detector

Photodiode array (PDA)

12

Detector mode

SPD-M30A

13

Lamp

D2 (Deuterium)

14

Total run time

8.0 min

15

Retention time

3.402 min

Table 3: Calculation of residue from pigeon pea pods.
Days

Residue (mg/kg)

The dissipation kinetics of insecticide residues were

0.00

3.57

0.00

determined by plotting the residue concentration against the

1.00

3.16

11.62

time elapsing from treatment (in days); then, curves of bestfit equations were determined, for maximum coefficients
of determination (R2). It was identified that an exponential
relationship existed for the chlorantraniliprole dissipation in
pigeon pea, corresponding to the general first-order kinetic
(Table 2, Figure 1).

Dissipation %

5.00

1.61

54.90

10.00

1.13

68.35

15.00

0.49

86.27

20.00

0.21

94.12

25.00

0.05

98.60

30.00

BDL

100.00

*MRL of chlorantraniliprole in Peas (pods and succulent=immature seeds): 2mg/kg
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Chloƌantƌanilipƌole ƌesidues in pigeonpea
y = -0.1372x + 2.9493
R² = 0.8684

Residues (mg/kg)

5.00
4.00
3.00
2.00
y = 4.0785e-0.159x
R² = 0.9696
1.00
0.00
0.00

5.00

-1.00

10.00

15.00

20.00

25.00

30.00

Figure 2: Acetonitrile chromatogram.

Days aŌĞƌ applicĂƟon

y=-0.1372x+2.9493

R² = 0.8684

Figure 1: Dissipation of chlorantraniliprole in pigeonpea succulent pods.

from field experiments ‘t’ is the days after pesticide application
and k is the rate constant of dissipation.
According to the dissipation pattern data and MRL, the
PHRLs on the day before harvest that is the allowable limit of
the pesticide residues before the harvest was estimated from 0
to15 days before harvest based on the following equation.

Figure 3: Chlorantraniliprole chromatogram.

PHRLd = MRL _ ekmin _ d (2)

Results

100000

The Chlorantraniliprole retention time was observed at
3.403 min for the standard solution at five different
0.75 and 1.00ppm.
Standardization of the chlorantraniliprole was done at five
different concentrations, 0.10, 0.25, 0.50, 0.75, and 1.00ppm,
and found retention time at 3.402 min Simultaneously blank
was run with acetonitrile for comparison (Figures 2-4).

Calculation of linearity and instrument sensitivity (LOQ
& LOD)
The limit of quantification (LOQ) was defined as the
minimum concentration that gives a sufficient signal-to-noise
of 10 in the chromatographic signal. The standards treated with
the sample preparation method described above were injected
into the ultra-high performance liquid chromatography
(UHPLC) instrument to compare the signal-to-noise ratios.
The LOQ was estimated to be 0.07μg/mL in chlorantraniliprole
and LOD was estimated to be 0.02μg/mL.
The results of the present study indicated that residues
of the chlorantraniliprole from pigeon pea succulent pods
were 3.57 at 0 days (2h) after spray, followed by 3.16, 1.61,
1.131, 0.49, 0.21and 0.05mg/kg bw at 1, 5, 10, 15, 20, and 25
days after spray. It reached below the detectable level 30 days
after spray as chlorantraniliprole dissipated from pigeon pea
pods. The residues of chlorantraniliprole reached below the
tolerance limit by the 5th day (given by Codex Committee on
Pesticide Residues in succulent pods) and a biological half-life
of 4.36 days for chlorantraniliprole was observed for pigeon

60000
Area

concentrations. Linear concentrations were 0.10, 0.25, 0.50,

Chlorantraniliprole Linearity

80000

y = 80846x - 2361.2
R² = 0.9992

40000
20000
0

0.00

0.20

0.40

0.60
0.80
Concentration

1.00

1.20

Figure 4: Linearity of chlorantraniliprole.

pea succulent pods.

Discussion
The present studies are supported by the earlier findings
of rapid degradation of chlorantraniliprole with half-lives
of 4.9–5.4 days in corn straw [5], 1.25 and 1.36 days in
cauliflower [14], 2.7 days in grape (Malhat, 2014), 3.3 days in
tomato, 0.93–1.33 days in berseem leaf, 0.48 to 1.47 days at
30 and 60g a.i. ha–1 in pigeon pea [15]. This is supported by
the statement of Fritz and Hoffmann [16] who reported that
atmospheric effects on the fate of agricultural sprays and found
that no single meteorological factor dominated the downwind
transport of aerially applied sprays. Generally, lower relative
humidity decreased the amount of downwind deposition
due to evaporative effects. Increasing wind speeds decreased
deposition and increased the amount of mass that could not
be accounted for in the experiment. Similarly [17-22] reported
the factors affecting the degradation behavior of pesticides
applied to crops to include the physicochemical characteristics
016
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of a given pesticide (viz., vapor pressure, water solubility,
hydrolysis), characteristics of the crop commodity (ex, growth
rate, ease of penetration, translocation, excretion), microbial
activity, and environmental factors (ex., rainfall, temperature,
sunlight, humidity).
Contrary to the present studies, the slower dissipation
tendencies of chlorantraniliprole were observed and relatively
long half-lives of chlorantraniliprole were reported by several
other researchers. He, et al. [23] reported 9.0–10.8 days in
maize straw, Szpyrka, et al. [24] identified 16-17 days in apple.
Similarly, Jonghwa, et al. [25] and Rohan, et al. [26] noticed 15.2
and 30 days in kimchi cabbage and in pigeon pea, respectively
[27-29].

Conclusion
The present investigations were carried out on the
Dissipation pattern of chlorantraniliprole residues in an openfield experimental system from pigeon pea succulent pods. To
determine the residues, simple and rapid analytical methods
were developed and analyzed using a UHPLC. In the field study,
the dissipation dynamics of chlorantraniliprole in the pigeon
pea succulent pods were identified with a biological half-life
of 4.36.
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