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Small-scale Method for the Determination of Permethrin Residue on 
Cattle Hair by Gas-Liquid Chromatography with Electron Capture 
Detection 

Jupita M. Yeung,l Joseph A. Shemanchuk,* and Roy W. Spooner 

A simple small-scale method for the determination of permethrin on cattle hair by gas-liquid chro- 
matography (GC) with electron capture detection was developed. This cost-effective method would 
allow mechanization and automation and would be faster and more accurate than previous pesticide 
residue procedures. A 10-mg hair sample, with added internal standard, in 1 mL of hexane was sonicated, 
vortexed, and centrifuged for 5 min during each step. Supernatant (1 pL) was injected on a DB-1 capillary 
column for GC analysis. Averaged recoveries of the permethrin on cattle hair were 95% for the cis isomer 
and 100.7% for the trans isomer. The on-column sensitivities were 10 pg for the cis isomer and 1 pg 
for the trans isomer. This method was used to determine the coverage and persistence of permethrin, 
applied by an electrostatic sprayer, on cattle hair coat. 

Permethrin [ (3-phenoxyphenyl)methyl3-(2,2-dichloro- 
ethenyl)-2,2-dimethylcyclopropanecarboxylate] is one of 
the synthetic pyrethroids commonly used on livestock for 
pest management. Evaluations of insecticides for the 
protection of animals from biting flies are normally carried 
out in field trails a t  arbitrarily chosen doses. Efficacy is 
then determined by the fly counts on the treated animals 
(Lockwood et al., 1985; Hogsette and Ruff, 1986). Present 
field trials lack the ability to determine the actual delivered 
doses, the distribution pattern, and the persistence of the 
insecticide administered. I t  is conceivable that incorpo- 
ration of residue analysis of hair samples with activities 
in field trials would optimize the dose and the application 
technique. This in turn should improve the safety and 
effectiveness of insecticide use. 

Residue analysis of pyrethroids has recently been re- 
viewed (Papadopoulou-Mourkidou, 1983; Sherma and 
Zweig, 1985; Ambrus and Thier, 1986; Hill, 1986; Sherma, 
1987). Published analytical procedures for the determi- 
nation of pyrethroid residues mainly use gas-liquid chro- 
matography (GC) or high-performance liquid chromatog- 
raphy. Various GC methods for permethrin residue 
analysis in different matrices have been reported (Wil- 
liams, 1976; Oehler, 1979; Carroll et d. 1981; Chapman et 
al., 1981; Reichel et al., 1981; Braun and Stanek, 1982; 
Marie et al., 1982; Hansen et al., 1983; Schimmel et al., 
1983). Other workers have reported HPLC methods as 
alternatives to GC for analyzing permethrin (Kikta and 
Shierling, 1978; Lam and Grushka, 1978; Papadopoulou- 
Mourkidou et al., 1980,1983; Rando and Hammad, 1985; 
Sundaram et al., 1985; Leidy et al., 1986), but none pertain 
to cattle hair. However, several reports discuss the 
quantitation of pyrethroids in cattle hair, but without 
detailed procedures (Taylor et al., 1985a,b, 1986; Kumar 
et al., 1986). 

Traditional pesticide residue analysis requires a large 
sample size and a large volume of extraction solvent, 
followed by sample cleanup steps. Conversely, the electron 
capture detector requires only a small portion of the pu- 
rified extract for injection into the GC for quantitation and 
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is very sensitive and selective. With the ever-increasing 
sample load and cost of solvent and chemicals, these la- 
bor-intensive and uneconomical procedures should be 
reexamined. 

The purpose of this study was to develop a simple, ef- 
ficient, and cost-effective small-scale GC procedure for 
routine monitoring and quantitation of permethrin on 
cattle hair. 
MATERIALS AND METHODS 

Chemicals. Analytical standards of cis- and trans- 
permethrin and the internal standard (is.) p-chlorophen- 
oxy analogue of cis-permethrin [3-[4-(ch1orophenoxy)- 
phenyllmethyl cis-3-(2,2-dichloroethenyl)-2,2-dimethyl- 
cyclopropanecarboxylate] were synthesized in our labora- 
tory according to Nakatsuka et al. (1977). The 3-(4- 
ch1orophenoxy)benzyl alcohol was obtained by sodium 
borohydride reduction of 3-(4-~hlorophenoxy)benaldehyde 
(Yeung et al., 1982). The crude is .  was purified by silica 
gel column chromatography. Elution with hexane (Om- 
niSolv, BDH) afforded 45% yield of pure is .  as a viscous 
colorless oil. All compounds were fully characterized by 
NMR, IR, and GC-MS, and purities (>99%) were checked 
by GC with flame ionization detection. The insecticide, 
Ectiban 25% emulsifiable concentrate (EC), formulated 
by Chipman Inc., Ontario, was used in this study. The 
ratio of cis- to trans-permethrin was found to be 4555. 

Insecticide Application. A dual-cloud electrostatic 
sprayer was used to apply 2 mL of Ectiban 25% EC in 500 
mL of water onto a 451-kg steer. Weather conditions were 
overcast with a wind speed of about 10 km jh. The sprayer 
was mounted on the back of a truck stationed 7 m from 
the left rear of the tethered steer. The permethrin applied 
onto the steer was allowed to dry for 2 h before the steer 
was put into a barn for hair sampling. 

Hair Sampling. Prior to permethrin spraying, 10 
control hair samples, 25 cm2 each, were collected from 
different representative areas of the steer with a livestock 
hair clipper. Hair samples were also taken at 0.1- (2-h), 
4-, 7-, and 14-day intervals after spraying. Each time, 39 
samples of 25 cm2 each were collected Le., two sites from 
the head, four from the dewlap, nine from the back, three 
from each side, nine from the belly, two from each leg, and 
one from the tail. Each hair sample was individually 
wrapped in tin foil and put into a thick plastic bag. The 
clipper was thoroughly rinsed with methanol between each 
clipping to avoid cross contamination. The hair samples 
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were then stored a t  -40 "C until analysis. Between hair 
sampling, the steer was isolated in an outdoor pen. 

Extraction. The weights of 25-cm2 hair samples ranged 
from 40 to 600 mg. A subsample of 10 mg of hair was 
weighed into a culture tube, and 0.5 pg (20 pL) of is .  was 
added. The hair samples were extracted with 1 mL of 
hexane in an ultrasonic bath (Branson) for 5 min. The 
tubes were then vortexed (Vibrax) for another 5 min and 
centrifuged (Silencer) a t  2400 rpm for 5 min. The su- 
pernatant was transferred to sample vials. A 1-pL sample 
was injected by an autosampler on a DB-1 capillary column 
for GC analysis. 

Standard Curves. The standard curves were prepared 
by spiking 10 mg of untreated hair with authentic stand- 
ards at  eight increments (0, 0.01, 0.05, 0.1, 0.5, 1, 2, 3 pg) 
and a fixed quantity of is .  (0.5 pg). These hair samples 
were extracted and anayzed along with extracts from 
treated and untreated hair samples. 

Recoveries. The recovery study was carried out by 
fortifying 10 mg of the untreated cattle hair with per- 
methrin at  levels of 0.1, 0.5, 1, and 1.5 pg along with 0.5 
pg of i.s. The samples were air-dried for 2 h and stored 
a t  -40 "C for 24 h before the entire analytical procedure 
was performed. 

Quantitation. The calibration curves were constructed 
by plotting the ratio of peak areas of cis- and trans-per- 
methrin to peak areas of i s .  against the respective con- 
centrations. The amount of cis- and trans-permethrin in 
the treated hair samples was calculated by least-squares 
linear regression analysis. For quantitation and data 
analysis, the statistical analysis system (SAS) program 
(SAS Institute Inc., 1985) was used in a VAX 11/750 
computer. 

Instruments. A HP 5890A GC equipped with a 15-mCi 
63Ni source electron capture detector, 7673A autosampler, 
and 3292A integrator was used. The capillary column used 
was a DB-1 fused silica column, 15 m X 0.25 mm (i.d.) (J 
& W Scientific). Helium at 2 mL/min was used as carrier 
gas, and argon-methane (955) at  61 mL/min was used as 
makeup gas. Head pressure was maintained at 10 psi. The 
following oven program was employed Initial temperature 
of 170 OC was maintained for 0.6 min and was increased 
a t  a rate of 20 OC/min to 260 "C. The temperature was 
increased again a t  a rate of 3 "C/min to 270 "C and was 
maintained a t  this temperature for 4 min. The tempera- 
ture of the injection port was 230 OC, and that of the 
detector was 300 "C. Injection volume (splitless) was 1 pL. 
Gas chromatography-mass spectrometry (GC-MS) was 
conducted using a HP 5985B spectrometer to obtain con- 
firmatory electron impact spectra. 

RESULTS AND DISCUSSION 
Analytical Method. Typical chromatograms obtained 

from GC with electron capture detection of spiked, treated, 
and control cattle hair samples are shown in Figure 1. The 
chromatograms were clean and with no interfering peaks, 
even without a cleanup step. The cis- and trans-per- 
methrin were reasonably well resolved within 1Zmin run 
time. Structures of the permethrin and is.  in a treated 
cattle hair sample were confirmed by GC-MS. Mass 
spectral data were isolated from agreement with that re- 
ported by Reichel et  al. (1981). 

Calibration linearity (0.01-3 pg) for both cis- and 
trans-permethrin was excellent, with correlation coeffi- 
cients of >0.99 obtained routinely. The recoveries of these 
isomers were good, with an average of 95% for cis-per- 
methrin and 100.7% for trans-permethrin (Table I). 
Standard curves prepared with or without hair gave the 
same quantitations in the recovery study. The on-column 
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Figure 1. Typical GC chromatograms for the determination of 
permethrii on cattle hair (A) extract of control cattle hair sample 
spiked with 0.5 fig each of cis- and trans-permethrin and is.; (B) 
extract of treated hair sample; (C) extract of control untreated 
cattle hair sample. 

Table I. Recoveries of cis- and trans-Permethrin from 
Fortified Cattle Hair 

recovery," % 

spiked,b fig cis trans 
0.1 107 (2.9) 104 (5.7) 
0.5 100 (4.4) 101 (5.5) 
1.0 89 (2.8) 101 (3.6) 
1.5 85 (1.8) 97 (2.7) 

a Mean value (SD), n = 4. Untreated 10-mg cattle hair samples 
were fortified with 1:l cis- to trans-permethrin. 

sensitivities were 10 pg for the cis and 1 pg for the trans 
isomer, with a signal to noise ratio of at  least 51. Using 
this cost-effective procedure, all precautions mandated for 
pesticide residue analysis (Fehringer and Walters, 1986) 
were observed. 

The growing demand for pesticide residue monitoring 
in livestock, crop, and enviromental samples means that 
an ever-increasing number of samples require analysis. 
Traditional methods of analysis usually involve large 
sample size and large volume of extraction solvent followed 
by sample cleanup steps (Williams, 1976; Oehler, 1979; 
Carroll et al., 1981; Chapman et al., 1981; Reichel et  al. 
1981; Braun and Stanek, 1982; Marie et  al., 1982; Hansen 
et  al., 1983; Schimmel et  al., 1983). With the advent of 
capillary column and electron capture detection, only a 
small portion (usually 1-2 pL) of the purified extract is 
injected in a GC for quantitation. It is not logical to clean 
up large sample volumes just for disposal. 

The use of an internal standard in pesticide residue 
analysis has not yet been commonly accepted because 
internal standards are not commercially available and need 
to be synthesized. The p-C1 analogue of cis-permethrin 
was therefore synthesized as an appropriate i.s. for this 
assay. There should be little question that the use of an 
is .  will improve the precision and accuracy of a chroma- 
tographic assay (Marie et al., 1982; Hill, 1986). To handle 
a small volume of extraction solvent (1-2 mL), the use of 
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Table 11. Distribution and Persistence of Permethrin on the Hair Coat of a Steer Treated with 2 mL of 25% Ectiban EC 
Applied by a Dual-Cloud Electrostatic Sprayer 

mount,’’ Pg/g 
0.1 day 4 days 7 days 14 days no. of 

location samDles cis trans cis trans cis trans cis trans 
head 2 7.7 (2.2) 
dewlap 4 6.9 (1.0) 
back 9 33.1 (20.1) 
side 6 43.6 (44.3) 
belly 9 13.1 (13.0) 
legs 8 10.8 (3.9) 
tail 1 68.1 

Mean value (SD). 

9.3 (2.9) 5.8 (0.5) 
7.8 (1.4) 5.9 (0.4) 

42.6 (26.1) 11.4 (8.4) 
33.7 (32.8) 7.6 (2.4) 
15.8 (17.0) 6.0 (1.1) 
13.5 (5.1) 6.8 (0.8) 
88.4 8.4 

0 4 8 12 16 

Time (day) 

Figure 2. Dissipation of cis- and tram-permethrin on the treated 
hair coat of a steer. Each value is a mean of all 39 sites sampled 
on the steer. 

is .  is deemed necessary (Ramsteiner, 1986). 
We have developed a simple, small-scale permethrin 

analytical procedure with low running cost suitable for 
routine analysis of a large sample load. Reduction in the 
scale of analysis opens new ways of mechanization or au- 
tomation of residue analysis (Forbes and Dutton, 1985; 
Ramsteiner, 1986). This small-scale approach is particu- 
larly useful in long-term studies, such as the persistence 
of insecticide on cattle hair coat from insecticide-impreg- 
nated ear tags. About 10-20 mg of hair can be sampled 
from each site. This way, the hair coat of the cattle will 
not be altered significantly by hair samplings throughout 
the pest season. 

Permethrin Levels on Cattle Hair. Initial residues 
on cattle hair collected from the 39 sites on the steer in- 
dicated that the electrostatic sprayer was capable of pro- 
viding a total body coverage of cattle (Table 11). At 0.1 
day (2 h) after spraying, the average amount of total 
permethrin (cis- and trans-permethrin) loaded onto the 
steer was 45 pg/g of hair. Areas closer to the sprayer, such 
as the tail, the back, and the left side, received a higher 
dose of permethrin, up to 160-180 pg/g of hair. The 
amount of permethrin on other areas was relatively even 
as indicated by the standard deviations in Table 11. This 
uneven distribution of permethrin was no longer apparent 
from day 4 onward. The data showed that some of the 
areas had an equal or slightly higher amount of permethrin 
on day 4 than on day 0.1. This indicated that a redistri- 
bution process was occurring, probably due to self-groom- 
ing activities. 

The persistence of permethrin in cattle hair is summa- 
rized in Figure 2. Slopes in semilog plot did not show any 

9.9 (3.0) 6.5 (0.4) 9.1 (0.5) 6.6 (0.8) 6.9 (1.9) 
7.3 (1.1) 5.9 (0.5) 7.3 (1.0) 5.3 (0.3) 5.8 (0.8) 

14.2 (10.8) 7.2 (1.7) 9.1 (1.9) 5.9 (0.5) 6.1 (0.5) 
10.0 (3.4) 7.1 (0.8) 9.4 (1.2) 5.6 (0.5) 6.1 (0.7) 
8.4 (2.9) 5.8 (0.4) 7.1 (3.6) 5.5 (0.2) 5.5 (0.2) 
8.6 (0.9) 6.2 (0.5) 8.0 (1.0) 5.8 (0.8) 5.8 (0.3) 

10.6 7.0 9.9 5.0 5.5 

appreciable differences in dissipation rates of cis- and 
trans-permethrin up to 7 days. This finding was different 
from that reported on the metabolism of permethrin in 
animals and soil where the trans isomer was metabolized 
faster than the cis isomer (Gaugham et al., 1978; Ivie and 
Hunt, 1980; Jordan et al., 1982; Marie et al., 1982; Jordan 
and Kaufman, 1986). The reason for the lack of differences 
in our study is not known. Perhaps the process of dissi- 
pation of permethrin on cattle hair coat did not signifi- 
cantly involve microbial metabolism, which was the case 
in permethrin-treated soil (Jordan et al., 1982; Jordan and 
Kaufman, 1986). 

ACKNOWLEDGMENT 
We thank W. G. Taylor for the generous supply of cis- 

and trans-permethrin, J. L. Elder for obtaining the mass 
spectra, and L. R. Golsteyn for the excellent technical 
support. 

61949-76-6; trans-permethrin, 61949-77-7. 

LITERATURE CITED 
Ambrus, A.; Thier, H.-P. “Application of Multiresidue Procedures 

in Pesticides Residues Analysis”. Pure Appl.  Chem. 1986,58, 

Braun, H. E.; Stanek, J. “Appication of the AOAC Multi-residue 
Method to Determination of Synthetic Pyrethroid Residues 
in Celery and Animal Products”. J. Assoc. Of f .  Anal. Chem. 

Carroll, B. R.; Willis, G. H.; Graves, J. B. “Permethrin Concen- 
tration on Cotton Plants, Persistence in Soil, and Loss in 
Runoff”. J. Environ. Qual. 1981,10,497-500. 

Chapman, R. A.; Tu, C. M.; Harris, C. R.; Cole, C. “Persistence 
of Five Pyrethroid Insecticides in Sterile and Natural, Mineral 
and Organic Soil’’. Bull. Environ. Contam. Toxicol. 1981,26, 

Fehringer, N. V.; Walters, S. M. “Evaluation of Capillary Gas 
Chromatography for Pesticide and Industrial Residue Analysis. 
11. Comparison of Quantitative Result Obtained on Capillary 
and Packed Columns”. J .  Assoc. Off. Anal. Chem. 1986,69, 

Forbes, S.; Dutton, A. J. “A Small-scale Method for the Deter- 
mination of Pyrethroid Insecticide Residues in Crops and Soils”. 
Pestic. Sci. 1985, 16, 404-408. 

Gaugham, L. C.; Robinson, R. A,; Casida, J. E. “Distribution and 
Metabolic Fate of trans- and cis-Permethrin in Laying Hens”. 
J .  Agric. Food Chem. 1978,26,1374-1380. 

Hansen, D. J.; Googman, L. R.; Moore, J. C.; Higdon, P. K. “Effects 
of the Synthetic Pyrethroids AC 222705, Permethrin and 
Fenvalerate on Sheepshead Minnows in Early Stage Toxicity 
Tests”. Environ. Toxicol. Chem. 1983, 2, 251-258. 

Hill, D. F. “Principles of Pesticide Formulation Analysis”. Anal. 
Methods Pestic. Plant Growth Regul. 1986, 15, 135-160. 

Hogsette, T. A.; Ruff, T. P. “Evaluation of Flucythrinate and 
Fenvalerate-Impregnated Ear Tags and Permethrin Ear Tapes 
and Fly (Diptera: Muscidae) Control on Beef and Dairy Cattle 
in Northwest Florida”. J. Econ. Entomol. 1986, 79, 152-157. 

Registry No. Permethrin, 52645-53-1; cis-permethrin, 

1035-1062. 

1982, 65, 685-689. 

513-519. 

90-93. 



1290 J. Agric. Food Chem., Vol. 36, No. 6, 1988 

Ivie, G. W.; Hunt, L. M. “Metabolites of cis- and tram-Permethriin 
in Lactating Goats”. J.  Agric. Food Chem. 1980,28,1131-1138. 

Jordan, E. G.; Kaufman, D. D. “Degradation of cis- and trans- 
Permethrin in Flooded Soil”. J.  Agric. Food Chem. 1986,34, 

Jordan, E. G.; Kaufman, D. D.; Kayser, A. J. “The Effect of Soil 
Temperature on the Degradation of cis- and trans-Permethrin 
in Soil”. J .  Environ. Sci. Health. 1982, B17, 1-17. 

Kikta, E. J.; Shierling, J. P. “The Liquid Chromatograpic Assay 
of Permethrin”. J .  Chromatogr. 1978,154, 318-320. 

Kumar, Y.; Humphries, D.; Philip, H. G. “Cypermethrin Con- 
centrations in Cattle Hair after Use in Backrubbers for Pro- 
tection from Black Flies”. Sixth Int. Congr. Pestic. Chem. 
Abstr. 1986, 5E-02. 

Lam, S.; Grushka, E. “Separation of Permethrin and Some of Its 
Degradation Products by High-Performance Liquid 
Chromatography“. J.  Chromatogr. 1978, 154, 318-320 

Leidy, R. B.; Sheets, T. J.; Nelson, L. A. “Residues of Fluvalinate 
and Permethrin on Flue-Cured Tobacco”. Beitr. Tabakforsch. 

Lockwood, J. A.; Byford, R. L.; Story, R. N.; Spark, T. C.; Qui- 
senberry, S. S. “Behavioral Resistance to the Pyrethroids in 
the Horn Fly, Haematobia irritans (Diptera: Muscidae)”. 
Environ. Entomol. 1985, 14, 873-880. 

Marie, A. E .3 .  M.; Ruzzo, L. 0.; Casida, J. E. “Analysis and 
Persistence of Permethrin, Cypermethrin, Deltamethrin, and 
Fenvalerate in the Fat and Brain of Treated Rats”. J.  Agric. 
Food. Chem. 1982,30,558-562. 

Nakatsuka, I.; Shono, F.; Yoshitake, A. “Improved Synthesis of 
Carbon-14 Labeled 3-Phenoxybenzyl [ lR,cis]- and [ 1R- 
trans]-3-(2,2-Dichlorovinyl)-2,2-dimethylcyclopropane- 
carboxylates”. J .  Labelled Compd. Radiopharm. 1977, 13, 

Oehler, D. D. “Gas-liquid Chromatographic Determination of 
Permethrin in Bovine Tissues”. J .  Assoc. O f f .  Anal. Chem. 

Papadopoulou-Mourkidou, E. “Analysis of Established Pyrethroid 
Insecticides”. Residue Rev. 1983, 89, 179-208. 

Papadopoulou-Mourkidou, E.; Iwata, Y.; Gunther, F. A. 
“Utilization of an Infrared Detector for Selective Liquid 
Chromatographic Analysis. Formulation analysis of the Py- 
rethroid Insecticides Resmethrin, Permethrin, and Fenvalerate”. 
J Agric. Food Chem. 1980,28, 1043-1049. 

Papadopoulou-Mourkidou, E.; Iwata, Y.; Gunther, F. A. 
“Application of a High-Performance Liquid Chromatographic 
System with an On-Line Infrared Detector to the Residue 

880-884. 

1986, 13, 191-203. 

561-569. 

1979,62, 1309-1311. 

Yeung et al. 

Analysis of Permethrin”. J .  Agric. Food Chem. 1983, 31, 

Ramsteiner, K. “HPLC Column Switching, a Step toward the 
Automation of Sample Cleanup”. Int. J .  Environ. Anal. Chem. 

Rando, R. J.; Hammad, Y. Y. “Filter Collection of Airborne 
Permethrin with Determination by HPLC”. J.  Liq. Chroma- 
togr. 1985, 8, 1869-1880. 

Reichel, W. L.; Kolbe, E.; Stafford, C. J. “Gas-Liquid Chroma- 
tographic and Gas-Liquid Chromatographic-Mass Spectro- 
metric Determination of Fenvalerate and Permethrin Residues 
in Grasshoppers and Duck Tissue Samples”. J.  Assoc. Off .  
Anal. Chem. 1981,64, 1196-1200. 

SAS Institute Inc. SAS User’s Guide, version 5 edition; SAS 
Institute: Cary, NC, 1985. 

Schimmel, S. C.; Garnas, R. L.; Patrick, J. M., Jr.; Moore, J. C. 
“Acute Toxicity, Bioconcentration, and Persistence of AC 
222705, Benthiocarb, Chlorpyrifos, Fenvalerate, Methyl Par- 
athione, and Permethrin in the Estuarine Environment”. J .  
Agric. Food Chem. 1983, 31, 104-113. 

629-633. 

1986,25, 49-65. 

Sherma, J. “Pesticides”. Anal. chem. 1987, 59, 18R-31R. 
Sherma, J.; Zweig, G. “Pesticides”. Anal. Chem. 1985,57, 1R-15R. 
Sundaram, K. M. S.; Feng, C.; Broh, J. “High Performance Liquid 

Chromatographic Method for the Determination of Permethrin 
Deposita in a Forestry Spray Trial”. J. Liq. Chromatogr. 1985, 

Taylor, S. M.; Elliot, C. T.; Kenny, J.; Blanchflower, J. 
“Cypermethrin Concentrations in Hair of Cattle after Appli- 
cation of Impregnated Ear Tags”. Vet. Rec. 1985a, 116,620. 

Taylor, S. M.; Mallon, T.; Elliot, C. T.; Kenny, J.; Blanchflower, 
J. “Effect of Flucythrinate Impregnated Ear Tags on Fly Attack 
in Cattle”. Vet. Rec. 1985b, 116, 566-567. 

Taylor, S. M.; Elliot, C. T.; Kenny, J.; Blanchflower, J. “A Com- 
parative Investigation of Experimental Prophylactic Methods 
for Tick-Borne Diseases Transmitted by Ixodes ricius”. Br. 
Vet. J.  1986, 142,453-457. 

Williams, I. H. “Determination of Permethrin by Gas-Liquid 
Chromatography with Electron Capture Detection”. Pestic. 
Sci. 1976, 7, 336-338. 

Yeung, J. M.; Corleto, L. A.; Knaus, E. E. “Synthesis of N -  
(Carbonylamino)-1,2,3,6-tetrahydropyridines with Analgesic, 
Antiinflamatory, and Hyperglycemic Activities”. J. Med. Chem. 

8, 2607-2624. 

1982,25, 191-195. 

Received for review November 4,1987. Accepted April 18, 1988. 


