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SUMMARY 

A simple and rapid analytical method is described for the detection and de- 
termination of the diastereoisomers of the synthetic pyrethroid, fenvalerate. It in- 
volves cleanup of the sample followed by chromatography on a PPorasil column in a 
high-performance liqnid chromatograph using a solvent system of hexane-ethyl ac- 
etate (97525, v/v) as the mobile phase. Under the conditions employed, the dia- 
stereoisomers were separated from one another within 12 min. The method was 
successfully employed to determine fenvalerate concentrations in hexane extracts of 
chicken excreta from a metabolic study of the insecticide. There was an indication 
that metabolites might be measured as well. 

INTRODUCTION 

Even though fenvalerate [( +) y a-c ano-3-phenoxybenzyl-( +)2-(4-chloro- 
phenyl)3-methyl-1-butyrate] is not a cyclopropanecarboxylic acid ester. it is 
still considered a pyrethroid. It is a mixture of two diastereoisomers in a constant 
ratio. A variety of methods including thin-layer chromatography (TLC) and auto- 
radiography1*5*7*8, gas-liquid chromatography (GLC)“*‘*9*‘o, GLC-mass spectrom- 
etry (MS)3, liquid scintillation radioanalysis4, and high-performance liquid chromato- 
graphy (HPLC)6*9*‘1*‘2, have been reported for the study of this insecticide. Methods 
for TLC and autoradiography are time consuming and insensitive for the small quan- 
tities expected in metabolic and residue studies. Separation of the diastereoisomers in 
technical preparations has been achieved by the GLC techniques reported above. 
However, during GLC, thermal decomposition might occur which would impair 
quantitative estimation and yield metabolites similar or identical to those produced in 
normal metabolic processes. 

In this respect, HPLC analysis at ambient temperature appears to be more 
suitable for metabolic studies of this synthetic pyrethroid. Earlier HPLC methods6*9 
that used a normal-phase system at ambient temperature and an ultraviolet (UV) 
detector separated the two diastereoisomers of fenvalerate. When an infrared (IpR) 
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detector was used”, fenvalerate exhibited a single peak. An analytical method by 
HPLC was reported for the separation and determination of the four stereoisomers as 
their I-menthyl ester derivatives ‘I. It is excellent for determination of the optical 
isomers in commercial preparations and thus efficacy as an insecticide. However, 
since high temperature is involved in the esterification technique, it does not lend itself 
to metabolic studies. 

The ‘method for HPLC analysis of fenvalerate at ambient temperature with a 
normal-phase system is presented in the following report as it was applied to a 
metabolic study of the synthetic pyrethroid in laying hens. 

METHODS 

Fenvalerate (Belmarka, Technical, 93.2 % pure) was a generous gift of Shell 
Canada (Toronto, Canada). All solvents used for the mobile phase or in the extrac- 
tion techniques were of HPLC-grade or pesticide-grade (Caledon Laboratories. 
Georgetown, Canada) and employed as supplied. 

Chromatographic system 
A Waters Assoc. Model 6000 high-performance liquid chromatograph equip- 

ped with a Waters Assoc. Model U6K loop injector and a Waters Assoc. Model 450 
variable-wavelength UV detector was used. A 300 x 3.9 mm I.D. PPorasil liquid 
chromatography column was used and was protected by a 70 x 2.1 mm I.D. What- 
man “guard column” packed with Co:Pell PAC. All separations were made at am- 
bient room temperature and no attempt was made to control the temperature of the 
mobile phase or the column. Hexane (975 ml) and ethyl acetate (25 ml) were mixed as 
the isocratic mobile phase. Air bubbles in the mixture were removed using a combi- 
nation of magnetic stirrer and aspirator. 

Initially, a study was made of the relative UV absorption of the dia- 
stereoisomers of fenvalerate. Isocratic elution was carried out with the hexane-ethyl 
acetate mobile phase described above using a flow-rate of 1.2 ml/min; 5 pl(894.72 ng) 
of a solution of technical grade fenvalerate (Belmark) in hexane was injected; chro- 
matograms were obtained over the range of 243 to 264 nm at intervals of 1 or 2 nm 
with a detector sensitivity of 0.02 a.u.f.s.; peak heights were used as a measurement of 
detector response. 

This was followed by a study of the absorption of several different amounts of 
fenvalerate at 243,254 and 264 nm. All other conditions remained identical while the 
amounts ranged from 504 ng to 5.3 17 pg. In order to test suitability of this method for 
analytical purposes, calibration curves were prepared which showed I/2 peak height 
sei-sils amount of fenvalerate. 

Cleanup techiqwe 
Since a metabolic study of fenvalerate in laying hens involves examination of 

extracts of excreta, eggs and various organs and tissues, a cleanup technique was 
developed. Recovery of fenvalerate (101 pg) from SEP-PAKT” Florisil cartridges 
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(Waters Scientific, Mississauga, Canada) which had been washed with hexane (20 ml) 
was evaluated by elution with hexane-toluene (30:70, v/v)_ Each eluate (20 ml) was 
taken to dryness on a rotary flash evaporator at 65°C. The resultant residue was 
transferred with hexane (5 x 2 ml) into screw-capped graduated tubes ( 15 ml) and 
taken to dryness again at ambient temperature under a gentle-stream of dry nitrogen 
gas. The residue was made up in hexane to a final volume of 1.0 ml from which 
suitable aliquots (5. 25 ~1) were taken for HPLC injection using identical conditions 
to those outlined above. 

Recover-y of Jen vaaler-ate front chicken esueta 

A sample of fresh chicken excreta ( 1.5 kg) was thoroughly mixed in a Waring 
blender and divided into two equal portions. To one portion, sufficient fenvalerate in 
solution in a small volume of acetone was added to make 50 ppm and to the other 
sufficient was added to make 100 ppm. The individual portions were thoroughly 
remixed in a Waring blender. Each portion was further divided into 2 equal parts, one 
of which was analyzed directly while the other was freeze-dried prior to analysis. 

Extraction from fresh escretu. Several aliquots (10 g) of the ‘*spiked” fresh 
excreta samples were placed in glass-stoppered erlenmeyer flasks (50 ml). Methanol 
(20 ml) was added to each flask and the contents shaken vigorously for 1 h (Lab-Line 
Junior Orbit Shaker). The mixtures were filtered carefully through Whatman No. 1 
paper into round-bottom flasks (100 ml)_ The erlenmeyer flasks were washed with 
methanol (5 x 2 ml) and the washings added to the round-bottom flasks. The filter 
paper and residues were replaced in the erlenmeyer flasks and reextracted with meth- 
anol (20 ml) as above. The combined methanol extracts were taken to dryness on a 
rotary flash evaporator at 35°C. 

Extracted residue with hexane (6 x 2 ml) and placed clear coloured extracts 
into screw-capped centrifuge tubes (15 ml). Extracts were taken to dryness by means 
of a gentle stream of dry nitrogen at ambient temperature. Repeated hexane extrac- 
tion of residues from methanol extracts once more. Reduced volume of hexane ex- 
tracts to I ml with the aid of dry nitrogen at ambient temperature. These entire 
extracts were subjected to cleanup as described above and just prior to HPLC analy- 
sis. an appropriate dilution of 0.1 to 1.0 ml was made with hexane so that a 5-/A 
injection would contain amounts of fenvalerate in the useful measurable range. 

Extraction jl-om freeze-dried excretu. Several aliquots (2 g) of the freeze-dried 
“spiked” excreta samples were placed in hexane-washed extraction thimbles in Sox- 
hlet apparatus and extracted with hexane (150 ml) for 7 h using round-bottom flasks 
(300 ml). In another trial, the extraction was carried out overnight (16 h). The extracts 
were taken to dryness on a rotary flash evaporator at 30°C. The resultant residue was 
redissolved in hexane (5 x 3 ml) and transferred to screw-capped centrifuge tubes ( 15 
ml). The hexane was reduced in volume (1 ml) by means of a gentle stream of dry 
nitrogen at ambient temperature. The entire coloured extracts were subjected to 
cleanup by the method outlined above. Just prior to HPLC analysis, an appropriate 
dilution, 0.1 to 1.0 ml with hexane, was made so that a 54 injection would contain 
amounts of fenvalerate in the useful measurable range. 

Technique applied to u tnetuboiic stud]* in iqing hens 

Excreta was collected individually on a daily basis from 2 groups of Single 
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Comb White Leghorns, each of 6 hens at >80% production which had been fed ad 
libitunz a standard growing ration containing either 50 or 100 ppm fenvalerate and 
which had each received a daily oral dose of “%-fenvalerate, a mixture of carbonyl- 
and phenoxy-labeled compounds, in Risella oil (Shell) -0.108 &i/OS ml, 2.4- IO” 
dpm, for 7 days. The excreta samples were freeze-dried, ground thoroughly in a Wiley 
mill and stored at 4°C in screw-capped glass jars until analysis. 

Duplicate aliquots (2 g) were extracted with hexane (150 ml) for 7 h by the 
Soxhlet technique followed by methanol (150 ml) for 16 h. Each extract was taken to 
dryness on a rotary flash evaporator, redissolved in its respective solvent and transfer- 
red to centrifuge tubes (15 ml)_ The volumes were reduced to 2 ml by means of a 
gentle stream of nitrogen at ambient temperatures. Aliquots (0.1 ml) were taken for 
radioactivity measurements by combustion and scintillation counting. The remaining 
extract from each hen was pooled by group on a daily basis and reduced in volume to 
10 ml under a flow of nitrogen at ambient temperature_ Several aliquots (1 ml) were - 
subjected to cleanup and HPLC analysis by the techniques described herein. 

RESULTS AND DISCUSSION 

In the normal-phase system employed, replicate injections resulted in de- 
creased retention times and a slightly poorer separation of the diastereoisomers during 
a single day’s operation. Insertion of the “guard column” between the injection loop 

TABLE I 

RELATIVE UV ABSORPTION OF DIASTEREOISOMERS OF FENVALERATE 

HPLC conditions: column, ~orasil(300 x 3.9 mm I.D.); mobile phase, hexane-ethyl acetate (975:X, v/v) 
at a flow-rate of 1.2 ml/mm; detector sensitivity, 0.02 a.u.f.s.; injection volume, 5 ~1 (894.72 ng) of a 
solutioo of fenvalerate in hexane. 

Wave Ekrly peati 
lengrh I /2 peak height 
(nm) (cm) 

Lnrer peakff 
I/2 peak height 
(cd 

243 5.5 4.6 
245 4.4 3.5 
252 2.6 2.1 
253 2.4 1.9 
254 2.1 1.7 
255 2.0 1.6 
256 1.8 1.5 
257 1.6 1.4 
258 1.7 1.3 
259 1.4 1.1 
260 1.5 1.1 
261 1.3 1.2 
261 1.3 0.9 
363 1.2 1.0 
264 1.2 1.0 

* Under the conditions described the retention time of the early peak was 9.27 f 0.23 (S.E.M.) min. 
* The retention time of the later peak was 10.25 f 0.24 (S.E.M.) min. 
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Fig. 1. Linear plots of amounts of diastereoisomers of fenvalerate rersns l/2 peak height from HPLC on 
PPorasil column of ~-PI aliquots of hexane solutions prepared by serial dilution of fenvalerate standard 
(69.3 mg/lO ml). Mobile phase, hexane+thyl acetate (975:25, v/v); flow-rate. 1.2 ml/mitt; detector at (a) 
243 nm, (b) 254 nm; sensitivity, 0.07 a.u.f.s.; chart speed, 0.5 cm/mm. 
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FENVALERATE DIAS-I-EREOISOMER (1.19) 
Fig. 2. Linear plots of amounts of diastereoisomers of fenvalerate versus l/2 peak height from HPLC on 
PPorasil column of ~-PI aliquots of hexane solutions prepared by serial dilution of fenvaierate standard 
(69.3 mg/lO ml). Mobile phase, hexane-ethyl acetate (975:X, v/v); now-rate, 1.2 ml/min; detector at 264 
nm; sensitivity, 0.02 a.u.f.s.; chart speed, 0.5 cm/min. 



308 T. S. FOSTER, M. H. AKHTAR 

and the PPorasil column prevented this from happening and extended the life of the 
latter column to 3 or 4 weeks before it required regeneration in the recommended 
(Waters Assoc.) manner. 

The data for the relative UV absorption study are shown in Table I. Under the 
HPLC conditions described, the diastereoisomeric mixture of technical fenvalerate 
was separated into two diastereoisomers, an early eluting peak with a retention time 
of 9.27 _t 0.23 min (mean + se-m.) and a later eluting peak with a retention time of 
10.25 + 0.24 min. As was expected, the greatest relative absorption as measured by 
l/2 peak height was 243 nm. However, if substances which interfere with absorption 
at that wavelength are present in extracts under examination, any of the wavelengths 
up to 264 nm would be satisfactory if the amount of fenvalerate was about 900 ng. 

The data in Figs. 1 and 2 indicate that a straight line function exists between 
amount of fenvalerate and absorption expressed as l/2 peak height for each of the 
three wavelengths investigated. At 243 nm the useful measurable amount of fenva- 
lerate falls in the 250-lOOO-ng range; at 254 nm, in the 25&2X0-ng range; and at 264 
nm, in the X0-5000-ng range. 

The recovery of fenvalerate from SEP-PAK Florisil cartridges by elution 
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Fig. 3. HPLC on FPorasil column of 25~1 aliquot, prior to cleanup, of pooled hexane extracts of chicken 
excreta from a metabolic study of fenvalerate. Mobile phase, hexane-ethyl acetate (975:25, v/v); flow-rate, 
1.2 ml/m& detector at 243 nm; sensitivity, 0.02 a.u.fs.; chart speed, 0.5 cm/min. Peaks: 1 = injection 
artefact; 2, 3 = diastereoisomers of fenvalerate. 
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Fig. 4. HPLC on PPorasil cclumn of 5~1 aliquot of hexane eluate of pooled hexane extract of chicken 
excreta from SEP-PAK Florisil cartridge during cleanup technique. Mobile phase, hexanexthyl acetate 
(97525, v/v); flow-rate, 1.2 ml/min; detector at 243 nm; sensitivity, 0.02 a.u.f.s.; chart speed. 0.5 cm/min. 
Peak: 1 = injection artefact. 

with hexane-toluene (30:70, v/v) as described above was 98.3 to 100.3 T/h. No fenval- 
erate could be detected in other than the first eluate (20 ml). 

The recovery of fenvalerate from 50 ppm “spiked” fresh chicken excreta was 
105.2 & 4.7 y0 (100.5-109.8 7;) and from 100 ppm “spiked” fresh chicken excreta was 
98.1 + 5.8 % (92.3-103.9 %)_ 

The recovery from freeze-dried 50 ppm “spiked” chicken excreta was 90.7 f 
2.5 y0 (83.6-96.3 %) and from freeze-dried 100 ppm “spiked” chicken excreta was 88.7 
+ 2.8 y0 (79.9-96.1x). There was no significant difference between a 7-h and a 16-h 
extraction. Similarly, a further 7-h or 16-h Soxhlet extraction with fresh hexane (150 
ml) did not recover additional fenvalerate. 

The data indicate that for residues up to 100 ppm, quantitative recovery is 
obtainable by extraction and analysis of fresh chicken excreta by the methods de- 
scribed herein. However, it is often more convenient to freeze-dry excreta samples in 
order to store them prior to analysis. The data indicate that this technique results in 
some fenvalerate loss; only approximately 90% recovery is obtained. This phenom- 
enon has been noted, in this laboratory, in previous analyses for radioactivity in 
excreta from fenvalerate-fed laying hens which had also received oral doses of *V- 
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fenvalerate. Some of the radioactivity remains bound to the residual excreta after 
extraction with hexane followed by methanol. The amount of radioactivity remaining 
can be con&n& by combustion and conversion to carbon dioxide. The type of 
binding is currently unknown but is under investigation. 

Fig. 3 is a tracing of a chromatogram which resulted from HPLC analysis, 
prior to cleanup, of 25 ~1 of pooled hexane extracts of chicken excreta from a meta- 
bolic study of fenvalerate. Figs. 4 and 5 are tracings of chromatograms of eluates 
from the SEP-PAK cleanup technique. Prior to cleanup, the hexane extracts of chick- 
en excreta are highly colored. This color remains on the SEP-PAK cartridge_ In Fig. 
3, in addition to the injection artefact, several other peaks, including those for the 
diastereoisomers of fenvalerate, are evident. Some or all of them may be due to 
metabolites of fenvalerate and their identities are currently under investigation. Fig. 4 
indicates that, during the placement of *he sample in hexane on the SEP-PAK car- 
tridge for cleanup, no fenvalerate or other compounds were eluted in the limited 
volume of hexane which was employed. Fig. 5 indicates that a single 60-ml eluate of 
hexane-toluene (30:70, v/v) contains the diastereoisomers of fenvalerate and the ear- 
lier, less polar peaks. However, all the more polar peaks remained on the cartridge. It 
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Fig. 5. HPLC on ~Porasil column of 25-~1 aliquot of hexane-tolueae (30:70, v/v) eluate of pooled hexane 
extract of chicken excreta from SEP-PAK Florisil cartridge during cleanup technique. Mobile phase, 
hexane-ethyl acetate (975:25, v/v); flow-rate, 1.2 ml/min; detector at 243 nm; sensitivity, 0.02 a.u.f.s.; chart 
speed, 0.5 cm/m& Peaks: 1 = injection artefact; 2, 3 = diastereoisomers of fenvalerate. 
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is evident that if a standard fenvaierate sample has been run just prior to or just after 
the unknown sample, the separation of the diastereoisomers is such that determi- 
nation of the amount of fenvalerate is no problem. 

The methods described are being used to analyze all the excreta samples from 
the metabolic study. Identification of metabolites by combined chromatographic and 
spectroscopic techniques is anticipated. In addition, quantitative analysis of these 
metabolites should be possible by HPLC. 
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