This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

URNAL OF Journal of Liquid Chromatography & Related Technologies
Ll OU_ 1D Publication details, including instructions for authors and subscription information:
CHROMAT http://www.informaworld.com/smpp/title~content=t713597273

High Speed Determination of B-Cyfluthrin in EC and SC Pesticide
Formulations by Reverse Phase and Normal Phase Liquid Chromatography

Lila Vodeb?; Biljana Petanovska-Ilievska®
| @ Laboratory for Pesticide Formulation Control, Department of Chemistry, Faculty of Agricultural
Sciences and Food, Skopje, Republic of Macedonia

Proparaisg & Anakytical Sapg

Exfitess by
dack Cazes, Ph.D.

I l(::_;r_hl.!lf.rl:... s ‘

To cite this Article Vodeb, Lila and Petanovska-Ilievska, Biljana(2006) 'High Speed Determination of f-Cyfluthrin in EC
and SC Pesticide Formulations by Reverse Phase and Normal Phase Liquid Chromatography’, Journal of Liquid
Chromatography & Related Technologies, 29: 5, 649 — 660

To link to this Article: DOI: 10.1080/10826070500509207
URL: http://dx.doi.org/10.1080/10826070500509207

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826070500509207
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 25 23 January 2011

Downl oaded At:

Journal of Liquid Chromatography & Related Technologies®™, 29: 649-660, 2006
Copyright © Taylor & Francis Group, LLC

ISSN 1082-6076 print/1520-572X online

DOI: 10.1080/10826070500509207

High Speed Determination of 3-Cyfluthrin
in EC and SC Pesticide Formulations
by Reverse Phase and Normal Phase

Liquid Chromatography

Lila Vodeb and Biljana Petanovska-Ilievska
Laboratory for Pesticide Formulation Control, Department of Chemistry,
Faculty of Agricultural Sciences and Food, Skopje, Republic of
Macedonia

Abstract: The isocratic HPLC procedures for determination of B-cyfluthrin in two
different (SC-suspension concentrate and EC-emulsifiable concentrate) pesticide for-
mulations are described. High speed analytical columns for normal phase (HS
Pecospher 3x3 Silica (3 wm, 3.3 x 0.46cm)) and reversed phase liquid chromato-
graphy (HS Pecospher 3 x 3 Cyg, (3 um, 3.3 x 0.46cm)) were used. Normal phase
liquid chromatography was conducted using a mobile phase of n-hexane/dichloro-
methane (60/40, v/v) at UV detection of 265nm; and acetonitrile/water (70/30,
v/v), with UV detection at 220 nm for reversed phase liquid chromatography, respect-
ively. The statistical evaluation for intra-day (n = 8) repeatability and inter-day
(n = 3) precision assays was found to be satisfactory with high accuracy and
precision results as indicated by the ANOVA test. The average percent of recovered
analyte, at three concentration levels, was 100.8% with RSD = 1.68% for the HS
Pecospher 3 x 3 Silica column and 101.69% with RSD = 3.25% for the HS
Pecospher 3 x 3 C;g column. The sensitivity of the NP and RP HPLC procedures
for investigated pesticides were evaluated by calculating the limit of detection
(LOD) and limit of quantification (LOQ). The separation of two dominant isomers
of B-cyfluthrin were obtained with a selectivity factor («) of 1.41 for HS Pecospher
Silica column, and 1.06 for HS Pecospher C,g column.

Keywords: 3-Cyfluthrin, NP-HPLC, RP-HPLC, High speed columns
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INTRODUCTION

3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylic ~ acid  cyano
(4-fluoro-3-phenoxyphenyl)-methyl ester (IUPAC), with the common name
B-cyfluthrin (ISO), is a synthetic pyrethroid insecticide of the parent
compound cyfluthrin. B-Cyfluthrin and cyfluthrin have the same toxicological
profile, but B-cyfluthrin has an approximately 2 to 5 times higher acute
toxicity than cyfluthrin.!"! B-cyfluthrin is a mixture of four diastereomers
(diastereomer I, max. 2.0%; diastereomer II, 30.0-40.0%; diastereomer III,
max. 3.0% and diastereomer IV, 57.0-67.0%). Percentage of the sum of the
four diastereomers is 98.7%. It is assumed that only two of these diastereomers
(I and IV) contribute directly to the biological performance'? against most
species of pest organisms. This photostable synthetic pyrethroid has an ester
and an ether linkage in addition to a dichlorovinyl group attached to a cyclo-
propane moiety (Figure 1).

The actual CIPAC Handbook"' referee method for analysis of S-
cyfluthrin is by normal phase HPLC, using UV detection at 235nm with
external standardization. Harbin,l4J in his collaborative study, has developed
an isocratic reversed phase HPLC method (250 x 4.6 mm analytical column
packed with 5pum cyanopropylsilane modified silica gel) with 55% (v/v)
acetonitrile in water as mobile phase, UV detection at 230 nm, and decanophe-
none as an internal standard, to determine total cyfluthrin levels in liquid and
solid formulations. Liu and Gan'' applied the GLC system with an HP-5
column, with electron capture detector (ECD) and mass selective detector
(MSD) for separation and analysis of diastereomers and enantiomers of cyper-
methrin and cyfluthrin. The quantitative estimation of -cyfluthrin was carried
out from Saikia and Gopal'® by using a gas chromatography instrument
equipped with a Ni®® electron capture detector.

The stability and biological activity of cyfluthrin and B-cyfluthrin isomers
were examined from Leicht et al.!”! In their assays they used several strains of
lepidopteran larvae and found that the isomers I and III were much less bio-
logically active than the isomers II and IV. Therefore, they applied a GC
method equipped with a HP-1 capillary column and a mass selective
detector, capable of completely separating the four pairs of diastereomers of
cyfluthrin. Isomers of four commonly used pyrethroids, including cyfluthrin
were separated at the enantiomeric level by enantioselective HPLC on two
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Figure 1. B-Cyfluthrin.
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chained Chirex columns, using hexane/1,2-dichloromethane/ethanol as the
mobile phase, and UV wavelength for detection was set at 230 nm. The
polarity of each resolved enantiomer was determined by an in-line laser polari-
meter detector.’®! Some other authors using chiral phase HPLC to the separ-
ation of pyrethroid enantiomers have proven that several investigated peaks
were not completely separated.””'®! Most of these methods require either
expensive speciality columns or relatively long retention times. The difficulty
is manifested by a general lack of standards that are hard to synthesize or
purify.’”! Therefore, the aim of this paper is to investigate the possibility
of developing a relatively fast, accurate, and economically high speed
HPLC method for determination of two dominated and biologically active
diastereomers (I and IV) of B-cyfluthrin in its EC and SC pesticide
formulations.

EXPERIMENTAL
Equipment and Materials

A Perkin Elmer HPLC, equipped with Binary LC Pump (model 250, Perkin
Elmer) and UV Diode Array Detector (model 235, Model Perkin Elmer)
were used. Constant column temperature was maintained with a column ther-
mostat Spark Holland “Mistral” (type 880). The investigations were
performed with a high speed Pecospher 3 x 3 Silica column, with particle
size of 3 um, and column dimensions 3.3 x 0.46cm (Perkin Elmer), and
high speed Pecospher 3 x 3 C;g column, with particle size of 3 wm, and
column dimensions 3.3 x 0.46 cm (Perkin Elmer). HPLC grade acetonitrile,
n-hexane, dichloromethane, and methanol were supplied from Sigma-
Aldrich (Deisenhofen, Germany). Water was deionized and after that
distilled from a glass apparatus. All solvents and solutions for HPLC
analysis were degassed in an ultrasonic bath before use. Beta-cyfluthrin
analytical standard (98.7%), the pesticide formulations Responsar SC 025
and Bulldock 025 EC, were procured free of charge from Bayer (Germany).

Preparation of Standard Solutions

A primary standard solution of beta-cyluthrin for NP-HPLC was prepared by
dissolving 0.0311 g of pure analytical standard with n-hexane in a 25 mL volu-
metric flask and stored in a refrigerator at 4°C. Working solutions were
prepared daily from 0.15, 0.3, 0.6, 1.2, 2.4, 4.8, 7.2, and 9.6 mL of stock
solution in 10 mL volumetric flasks and dissolved with n-hexane. The B-cyflu-
thrin stock solution for reversed phase HPLC was prepared by dissolving
0.0142 g of analytical standard B-cyfluthrin with methanol in a 25 mL volu-
metric flask and stored in a refrigerator at 4°C. Working solutions were
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prepared daily from 0.2, 0.4, 0.6, 0.8, and 1.0 mL of stock solution in 10 mL
volumetric flasks and dissolved with acetonitrile. The calibration curve of 3-
cyfluthrin was obtained with triplicate injections (20 pL each) of working
solutions. The area and height counts of individual peaks and the correspond-
ing amount of B-cyfluthrin were used to construct the standard curve using the
least-squares method by the OMEGA statistical program!'"! with external
standard multilevel calibration by linear fit.

Preparation of Sample Solutions

For NP liquid chromatography the sample solutions of pesticide formulations
Responsar SC 025 (1.2639 g) and Bulldock 025 EC (0.908 g) were prepared in
25 mL volumetric flasks by dissolving the weighed amounts with n-hexane,
and for RP liquid chromatography samples were prepared in a 25 mL volu-
metric flask by dissolving 0.5695g (Responsar SC 025) and 0.5532¢g
(Bulldock 025 EC) in methanol. The samples were degassed for 20 min in
an ultrasonic bath and from each sample solution, 5 mL (for NP HPLC) and
1mL (for RP HPLC), were transferred in a 10mL volumetric flask and
dissolved with the adequate solvents. All the sample solutions were filtered
through 0.45 pwm Spartan-T syringe filters. From these solutions, three injec-
tions were performed with 20 wL each.

RESULTS AND DISCUSSION

An isocratic HPLC method for determination of two dominated and biologi-
cally active diastereomers (II and IV) of B-cyfluthrin in its EC and SC
pesticide formulations was accomplished on HS Pecospher 3 x 3 Silica
columns (Method I) with a mobile phase of n-hexane/dichloromethane
(60/40, v/v). The flow rate of 1.3 mL/min at a constant column temperature
of 25°C, resulted in two completely separated peaks. The retention time (,) of
the first peak was 2.65 min (RSD = 0.902%), and for the second peak was
3.60 min (RSD = 1.133%) (Figure 2). The obtained peaks of interest were
sharp and symmetrical. Beta-cyfluthrin consists, predominantly, of two dia-
stereomeric pairs (diastereomer II, 30.0—-40.0% and diastereomer IV, 57.0—
67.0%) of enantiomers;'?! therefore, it was possible to tentatively identify
the resolved peaks like diastereomer II and diastereomer IV.

In addition, to confirm the specificity of the developed method, UV diode
array detection was used to check the peak purity and analyte peak identity. !
Figure 3 shows the overlay spectra with a purity index of 1.1, obtained by
comparing the absorption spectra of a pure analytical standard and absorption
spectra of an active ingredient in both formulations.

The absorption spectra of B-cyfluthrin has a band with maximum absorp-
tion approximately at 267 nm. The chromatographic peak, obtained at a
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Figure 2. Chromatograms of -cyfluthrin from: standard solution (a), pesticide for-
mulation Responsar 025 SC (b) and Bulldock 025 EC (c), eluted on a HS Pecospher
3x3 Silica, mobile phase n-hexane/dichloromethane (60/40, v/v), flow rate
1.3 mL/min, column temperature 25°C, UV detection 265 nm (Method I).

wavelength of 220 nm, had a high intensity, compared to the chromatographic
peak intensity obtained at 267 nm. Accordingly, the wavelength of 220 nm
was chosen as the monitoring wavelength for HS Pecospher 3 x 3 Cig
(Method II), but in this UV region, n-hexane and dichloromethane gave a
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Figure 3. Overlay spectra of B-cyfluthrin from a pure analytical standard and S-
cyfluthrin from pesticide formulations Responsar 025 SC and Bulldock 025 EC
(Index purity = 1.1) (Method I).

significant absorption, which has a negative effect at the base line; therefore,
measurements on HS Pecospher 3 x 3 Silica column (Method I) were
performed at 265 nm.

When the high speed Pecospher 3 x 3 C;g column (Method II) was used,
the mobile phase consisted of acetonitrile/water in a volume ratio of 70/30.
The flow rate of 1.0mL/min and column temperature of 30°C gave the
retention time of B-cyfluthrin diastereomers around at 3.56 min and at
3.77 min (Figure 4).

In the chromatogram obtained with Method II, it is interesting to note
the appearance of two peaks approximately at 1.30 min and 1.52 min, with
a maximum absorption at around 211 nm. From day to day, the area of
these peaks (1.30min and 1.52min) increased compared to the area of
both dominant peaks that decreased (Figure 5). It is evident that isomerisa-
tion of B-cyfluthrin isomers in methanol is possible. A similar fairly rapid
isomerization was observed by Leicht et al.”! when cyfluthrin isomer-I
was incubated in methanol or methanol + water, at room temperature and
in darkness. It’s possible that using the chromatographic condition
described, the inactive diastereoisomers I and III eluted ahead of the biologi-
cally active diastereoisomers II and IV, although, no standards were used to
validate the peak assignment. The overlay spectra of the four obtained chro-
matographic peaks showed the same spectral characteristics with index
purity of 1.1 (Figure 6).

The values for the capacity factors are 5.76 for the diastereomer II, and
8.17 for the diastereomer IV. The column dead-time (z,) on the HS
Pecospher 3 x 3 Silica column (Method I) for B-cyfluthrin was about
0.39 min. The evaluated value for the separation factor («) measured from
the adjacent peaks was 1.41, which implies that these chromatographic
conditions gave a high efficiency of separation to both diastereomers of
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Figure 4. Chromatograms of B-cyfluthrin from: standard solution (a), pesticide for-
mulation Responsar 025 SC (b), and Bulldock 025 EC (c), eluted on a high speed Peco-
spher 3 x 3 Cg column, mobile phase acetonitrile/water (70/30, v/v), flow rate
1.0 mL/min, column temperature 30°C, and UV detection at 220 nm (Method II).

beta-cyfluthrin, in contrast to the HS Pecospher 3 x 3 C;g column (Method II)
where the obtained values for the capacity factors (k) were 10.14 and 10.80.
The dead time for this column was 0.32 min. The calculated value for the sep-
aration factor between adjacent peaks (diastereomer II and IV) was 1.06. Thus,
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Figure 5. Chromatograms of B-cyfluthrin standard solution obtained during the first
day of preparation (a), after seven days (b), and after fourteen days (c), on high speed
Pecospher 3 x 3 C;g column, mobile phase acetonitrile/water (70/30, v/v), flow rate
1.0 mL/min, column temperature 30°C, and UV detection at 220 nm (Method II).

the high efficiency of separation and reduced time of analysis consumption''*

made the HS Pecospher 3 x 3 Silica column (Method I) for HPLC analysis of
[B-cyfluthrin more suitable than the HS Pecospher 3 x 3 Cg column (Method
1D).
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Figure 6. Overlay spectra of the four diastereomers of p-cyfluthrin (Index
purity = 1.1).

The day to day and within day repeatability!'*'>! of results was evaluated

from obtained values for retention times and peak areas of B-cyfluthrin dia-
stereomers (II and IV), after eight successive injections of analytical
standard of B-cyfluthrin, with concentrations of 1.244 pg/pL for HS
Pecospher Silica (Method I) and 0.580 wg/pL for HS Pecospher Cig
column (Method II). The results were tested with an ANOVA test.
Excellent repeatability of all tested parameters was achieved using the con-
ditions described under Method I (Tables 1 and 2). The attempts of determi-
nation of 3-cyfluthrin using HS Pecospher 3 x 3 C;g column (Method IT) were
not successful enough for both diastereomers, due to the problems with irre-
producibility of the retention times (diastereomer II), and peaks area (diaster-
eomer II and diastereomer IV).

Calibration graphs were constructed by plotting the injected amount of the
standard of active ingredient as a function of the peak area and height. The
peak areas and heights were used as dependent variables and their values
were treated with the OMEGA statistical program''? using external standard
multilevel calibrations by linear fit. The results for statistical estimation for

Table 1. Statistical data for intra and inter day precisions of retention times/min for
HS Pecospher 3 x 3 Silica column (Method I)

Within day Between day
(P =0.05) (P =0.05)
RSD
Diasterecomer  Mean SD (%) Fora Foiaerivy Fria Fri4 @iy
1T 265 0.024 090 0.652 3739 1.464 2764

v 360 0.041 1.13 0.108 2.746
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Table 2. Statistical data for intra and inter day precisions of areas for HS Pecospher
3 x 3 Silica column (Method I)

Within day Between day
(P = 0.05) (P = 0.05)
RSD
Diastereomer Mean SD (%)  Fria Fausericy Fraa  Fri4 (eriv
I 11555248 99781.6 0.863 2.647 0918
v 18802115 166084.1 0.883 2.222 3.739 1.061 2.764

Method I are presented in Table 3. It is evident that the obtained results for
multiple correlation coefficients indicated, preferably, the use of peak area
as a variable. Method I with the HS Pecospher 3 x 3 Silica column showed
good linearity, because the obtained values for multiple correlation coefficient
were 0.9998 and 0.9995 for the diastereomer II and IV, respectively.

The sensitivity of the method for both diastereomers of B-cyfluthrin was
determined by construction of a calibration curve in the low concentration
region (0.018-0.149 wg/pL for Method I, and 0.011-0.045 pg/pL for
Method II). The limit of detection (LOD) was calculated as three times the
ratio between the SD and the slope of the low concentration curve
(LOD = 3-SD/Slope), and the limit of quantification (LOQ) as ten times
the same ratio (LOQ = 10-SD/Slope)." When the HS Pecospher Silica
column was used (Method I), the obtained results showed that LOD for dia-
stereomers II and IV is 10.03 pg or concentration of 0.501 ug/pL, and
LOQ for both diastereomers is 3.00 pg (0.15 pg/pL), while in the case of
the HS C;g column (Method II), the LOD is 3.22 g (0.161 pg/pL) and the
LOQ is 0.966 pg (0.048 pg/pL) for both diastereomers.

The accuracy was determined by the method of standard addition.
According to this method, known amounts of analyte are spiked at three
different levels (20, 40, and 80%) into a sample matrix that already contains
some quantity of the analyte. The percentage of recovered analyte at three

[17]

Table 3. Statistical evaluations for calibration curves for HS Pecospher 3 x 3 Silica
column (Method I)

Multiple correlation

Diastereomer Regression equation coefficient
Area

II y = 478561x + 23824 0.9958

v y = 775305x 4 4820.8 0.9822
Height

II y =51.164x — 12.471 0.9810

v y =56.058x 4 1.0482 0.9885
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concentration levels with the method of HS Pecospher 3 x 3 Silica column
(Method I), were 99.61, 98.7, and 100.86% for the diastereomer II and
99.72, 102.23, and 103.68% for the diastereomer IV, with relative standard
deviation (RSD) of 1.68% (n = 9). The values of B-cyfluthrin diastereomers
recoveries for the Method II with HS Pecospher 3 x 3 C;g column, varied
from 94.95 to 104.69% with RSD = 3.25%.

The active substance quantity in pesticide formulations Responsar 025 SC
and Bulldock 025 EC has the mean value equal to 2.52% (sum of both diaster-
eomers) with RSD = 1.68 % (n = 24) (Method I). The determined content
corresponds to the value (2.5%) declared by the manufacturer.

CONCLUSIONS

This study shows the possibility for determination of 3-cyfluthrin in pesticide
formulation Responsar 025 SC and Bulldock 025 EC, by the normal phase
HPLC using Pecospher 3 x 3 Silica column (Method I) and with reversed
phase HPLC with HS Pecosphere 3 x 3 C;g column (Method II). Validation
of the methods in selected conditions shows that the method with HS
Pecospher 3x 3 Silica column (Method I) is more selective and precise with
linear response of the detector for both pairs (I and IV) of enantiomers,
than the method with HS Pecospher 3 x 3 C;g column (Method II). The
tested NP HPLC method, showed a high value of multiple correlation coeffi-
cient and reproducibility of retention time and peak area. The high speed
method with HS Pecospher 3x3 Silica column (Method I) is simple, fast,
economical, and precise enough for routine analysis of S-cyfluthrin in the
pesticide formulations Responsar 025 SC and Bulldock 025 EC.
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