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Abstract

A simple, accurate, and reliable high-performance liquid chromatography (HPLC) method was developed for
determination, separation and estimation of clopyralid active ingredient in its formulation. The active ingredient in
formulation was estimated by two methods and cleanup was performed using C18 SPE. Estimation was done by
HPLC using 5 ym, C18 column, and mobile phase 0.02 % acetic acid in methanol: acetonitrile (90:10 v/v) and
detection at 229 nm. The efficiency of clean up for standard clopyralid was found to be 98.02-98.66% at different
concentrations. Overall recoveries for different methods ranged from 98.3-100.1 %. The LOD and LOQ were 0.1
and 0.3 ng respectively. The detector response was linear within concentrations range 0.25-10.0 ng at RSD 1.87%.
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Introduction

Pesticides are indispensable for sustained agricultural production.
The successful employment of any pesticide depends upon stabilities
of its formulation. Every formulation contains a toxicants mixed with
an inert diluents or carrier. The active ingredient in a formulation
sometime does not contain the reported concentration for various
reasons. Indian farmers spend about US $2.6 billion on unregistered or
counterfeit chemicals. The untested and unregulated products in turn
cause about $1.3 billion in crop damage, according to a new report by
the Agrochemicals Policy Group (APG) [1]. In order to check passage
of spurious/sub-standard formulation to the consumer to save him
from avoidable losses from pests, it is necessary to develop a convenient
and reliable method of estimation of active ingredient in a formulation.

Clopyralid (3, 6-dichloropicolinic acid) is a selective, auxins type
herbicide of pyridine carboxylic acid group used to control broad
leaf weeds of the family polygonaceae, compositae, leguminosae and
umbelliferae in sugar beet, fodder beet, oilseed rape, brassicas, onions,
strawberries, flax and grassland (lawn and turf also) and commercially
available as Soluble liquid (SL), Emulsifiable concentrate (EC) and
Water Dispersible Granules (WDG) formulations [2]. About 8,91,662
Ibs active ingredient of clopyralid was used in the US for controlling
weeds in various crops [3] .

Persistence/dissipation studies of clopyralid in soil/water/crops has
been reported by various workers [4-9]. As per our literature search,
no method has been reported for the estimation of clopyralid in its
formulation using SPE method and determination by RP-HPLC. The
registration of clopyralid is proposed for use is under consideration by
Central Insecticide Board, India. Thus, the present investigation was
undertaken to optimized method that would be rapid, efficient, precise,
accurate, specific, economic and green method for estimation of active
ingredient (a.i.) in formulation (10 SL) by reversed phase HPLC.

Experimental

Chemicals and glasswares

The formulation clopyralid, 10 SL and technical (95% pure) were
obtained from M/S Willowood Ltd, Hong Kong. The technical sample
was recrystallized prior to use. All the glasswares used were of Corning
or Borosil make. All the solvents used were of analytical (AR) or

HPLC grade. Triple distilled water was prepared in the laboratory by
double distillation of single metal distilled water in all quartz double
distillation assembly.

Instruments

Beckman model 322 Gradient HPLC systems equipped with 100
A pump 420 gradient microprocessor controller, 7725i rheodyne
injector, 160 selectable wavelengths UV detector, 5 pL loop and HP
3395 series integrator recorder. Systronics P.C. Controlled Double
Beam (PMT detector) UV-Visible Spectrophotometer Model 2101.
Buchii rotavapour, Analytichem International SPE VAC ELUT Model
AT 6000, SPE miniplastic C-18 columns (6.0 x 0.75 cm id) packed with
500 mg C-18 packing material (Varian/Supelco, USA) were used for
estimation.

Calibration curve

Different concentrations ie. 0.05, 0.1, 0.2, 0.5 and 1.0 ppm
concentration of clopyralid were used for preparation of calibration
curve. Five L of each concentration in duplicate was injected in HPLC
by full loop injection method. The average detector response in terms
of peak area of each concentration was used for plotting the graph.

HPLC optimization

The Beckman Gradient HPLC system was used for estimation.
The operating parameters were Discovery C-18, 5 um, (150 x 4.6 mm)
column, mobile phase 0.02 % acetic acid in 9:1 v/v methanol:acetonitrile
with isocratic mode at a flow rate of 1 mL/min and UV detection at
229 nm, aufs 0.02. Five microliter volume of sample was injected each
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time in HPLC by full loop injection method and chromatograms were
recorded by HP (model 3395) integrator.

Formulation analysis

Liquid-liquid extraction (Indirect method): Formulation of
clopyralid (0.1 mL) was mixed with water (50 mL) and liquid-liquid
extraction was repeated three times with ethyl acetate (30 + 20 + 10
mL). Organic layer was collected, dried and dissolved in 2 mL mobile
phase and one part was used for analysis by HPLC while other was
subjected to cleanup.

Clean-up of sample was done using SPE C-18 cartridge. The SPE
C-18 cartridge was prewashed and conditioned with 3 mL each of
acetonitrile and methanol. One mL of sample was loaded on cartridge
and washed with 2 mL water followed by 1 mL methanol and washings
was discarded then finally eluted with 2 mL methanol. Eluent was
collected, dried under the stream of nitrogen and re-dissolved in 2 mL
mobile phase and used for HPLC analysis. The samples were filtered
through 0.22 pm PTFE disc filter prior to HPLC.

Solid phase extraction (Direct methods): For formulation analysis
two methods were used. First method involved preparation of 100 ppm
stock solution by dissolving 0.1 mL of formulation (clopyralid 10% SL)
in 100 mL of distilled water. From this solution serial dilution of 10, 5,
2, 1, and 0.5 ppm were made. In another method methanol was used
instead of water. Lower concentrations (2, 1 and 0.5 ppm) were taken for
cleanup and analysis. The concentration of formulation reported by the
company i.e. 10% was assumed to be correct. The percent a.i. obtained
from formulation was compared with pure standard compound of
clopyralid and percentage of a.i. in formulation was calculated. All the
experiment was done in triplicate. Since pure formulation contains lot
of impurities which may cause damage to the column hence, diluted
formulation was not injected and cleanup was done prior to analysis.

Cleanup: Clean-up of formulation is necessary before analysis as
it may have non-polar impurities which may interfere with the object
peak of interest. Clean-up of formulation of both methods were done
using SPE C-18 cartridges. The SPE C-18 cartridge was prewashed
and conditioned with 3 mL each of acetonitrile and methanol. Diluted
solution (2, 1 and 0.5 ppm) of formulation was loaded (0.5 mL) on
cartridge and washed with 2 mL water followed by 1 mL methanol and
washings was discarded then finally eluted with 2 mL methanol. Eluent
was collected, dried under the stream of nitrogen and re-dissolved in
2 mL mobile phase and used for HPLC analysis. The samples were
filtered through 0.22 pm PTFE disc filter prior to HPLC.

Recovery: For recovery of clopyralid from its formulation between
two batches of 1ml each were taken in graduated stopper test tubes.
In one batch 1 ml of 1 ppm standard solution in methanol was added
while in other only methanol was added which was treated as control.
Extraction and cleanup procedure were followed as described above.
Difference between peak areas of both batches was taken for recovery
calculation. All samples were taken in triplicate.

Validation: The method was validated by evaluating it in terms of
specificity, linearity, precision, accuracy, Limit of Detection (LOD) and
Limit of Quantification (LOQ).

Results and Discussion

The chromatograms obtained using mobile phase, 0.02 % acetic
acid in methanol: acetonitrile (90:10 v/v) at a flow rate of 1.0 mL min!,
showed retention time 9.8 minute for clopyralid. The Indirect method
of formulation analysis which was without cleanup showed many

interfering peaks at retention time of clopyralid which were removed
after cleanup but overall recovery was poor (around 80%) (Figure 1).
The efficiency (recovery) of cleanup by SPE for standard clopyralid
was 98.02-98.66% at different concentrations Table 1. Hence direct
method was adapted using methanol and water as diluting solvent.
The recoveries using water and methanol as diluents were almost same
and ranged from 98.3-100.1%. The chromatogram revealed that there
was no interference or co elution of any peak at the time of clopyralid
elution peak. Among all methods for the analysis of active ingredient
in formulation the method using water seems best in terms of recovery
and cost effectiveness. The average active ingredient in the formulation
using methnol/water as diluting agent (direct method) was found to be
about 9.91%.

Method validation

Specificity: Specificity of the assay was demonstrated by obtaining
chromatograms for blank and observing the lack of interfering peaks
at the retention time for the clopyralid. Since there was no interfering
matrix peak showing good specificity of the method

Linearity: Linearity of the HPLC assay was evaluated in triplicate at
five concentration levels consisting of 0.05, 0.1, 0.2, 0.5 and 1.0 ug mL-1
clopyralid. Average detector response in terms of integrator counts was
used for preparation of calibration curve. Detector response was linear
to the concentration as the value of coeflicient of determination (R2)
0.9995.

Precision and accuracy: The intra-day and inter-day precision of
the HPLC analytical method were evaluated at different concentration
and estimated variation was between 4 percent. The accuracy of an
analytical method is defined as the closeness of measured values to
their known nominal values. Accuracy of the method was deemed
acceptable if the value of percent RSD value is lower than 2. In our
study the value percent RSD was 1.87 which is acceptable.

LOD and LOQ: LOD and LOQ were the concentrations of a
compound at which its signal-to-noise ratios (S/N) were detected as
3:1 and 10:1 respectively. They were obtained by diluting the reference
standard in a stepwise manner using the established LC conditions. The
LOD and LOQ of clopyralid were 0.1 and 0.3 ng respectively.

Conclusion

The proposed method was developed and validated and shows
method is simple, rapid, accurate, precise, sensitive, and eco-friendly.
The detection of clopyralid by the HPLC method can be performed
rapidly as there is noteworthy less retention time with less or no
interference of matrix. Therefore, the method would be useful for both
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Figure 1: Chromatogram of formulation before cleanup (A) and after cleanup (B)
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Method used Concentration (ppm) | SPE Efficiency
2 98.66 + 0.03
Standard pure compound 1 98.30£0.2
0.5 98.02 + 0.09
2
Ethyl acetate’ 1 -
0.5
2
Methanol* 1 -
0.5
2
Water* 1 -
0.5

* Indirect method (LLE)
# Direct method (SPE)

qualitative and quantitative analysis of clopyralid

Application of the proposed method

% Recovery | Average Recovery (%) | % a.i. in formulation = Average a.i. in formulation

86.37 +£2.13
79.24 £ 4.33
74.53 + 4.56
96.98 + 0.21
94.10 £ 0.01
91.00 £ 0.12
96.56 + 0.34
93.51 +£0.30
89.08 + 0.46

Green, rapid and sensitive method developed may be used for
determination of active ingredient in the formulation of clopyralid for
the purpose of quality control of the commercial product and routine
analysis by Agrochemical and research laboratories.
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