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Colorimetry, thin layer chromatography, and capture gas chromatography was most versatile 
electron-capture gas chromatography have been and specific. Its sensitivity limit is 0.01 p.p.m. 
applied for residue determination of GS 13005, Excellent recoveries were obtained from known 
a new organophosphorus insecticide, in various amounts of insecticide added t o  the crop material 
crops. Of the methods evaluated, a combination before extraction. 
of thin layer chromatography and electron- 

~~ 

GS 13005 is the active ingredient of a new organo- 
phosphorus insecticide of J. R .  Ceigy S.A., Basle, 
Switzerland, registered under the trademark of 
Supracide or Ulti-acide, with the structure 0,O-di- 
methyl - S - [2 - ni:thoxy - 1,3,4 - thiadiazol - 5 - (4H)- 
onyl-(4)-methyl]-dithiophosphate ( 4 ) .  Its potent in- 
secticidal activity toxicological behavior (3), and 
metabolic pathway ( I ,  2) in animals and plants have 
been described. 

The mode and rate of dissipation of GS 13005 residues 
depend on the type of crop, temperature, concentration, 
and other factors. A sensitive and specific method of 
analysis is required for registration of the compound for 
use on various crops. 

Different analytical procedures have been developed 
in these 1aboratorit:s. Because of its extreme sensitivity 
and high selectivity, a combination of thin layer chro- 
matography and electron-capture gas chromatography 
was best. 

Appurutus 

Spectrophotometer. Beckman DU, tungsten lamp, 
slit width 0.01 to 0.04 mm., 1-cm. glass cuvettes. 

Branson Sonifier. Type S 110, 20 kc. per second, 
110 watts. 

Gas Chromatograph. Aerograph Hi-Fi with a 
tritium electron-capture detector and a Honeywell- 
Brown electronic 1-mv. recorder. The column was a 
60-cm., 2-mm. glass tube packed with 5z Silicon Oil 
Dow 11 on Chromosorb W, 60 to 80 mesh. Purified 
nitrogen was used as the carrier gas a t  a flow rate of 
60 cc. per minute. The column was operated at 
160" C. and the injection port a t  200" C. The 
amplifier was set sit 1 x ampere sensitivity and the 
detector voltage a t  90 volts. Under these conditions, 
GS 13005 has a retention t me of 6 minutes. 

Analytical Department, J. R. Geigy S.A., Basle' 
Switzerland. 

Reagents 

Petroleum ether, b.p. 50-60" C., reagent grade. 
Acetonitrile, reagent grade. 
Methylene chloride, reagent grade. 
48 z hydrobromic acid, reagent grade; add 5 nil. of 

water t o  95 ml. of acid before using. 
Zinc acetate reagent: Mix 130 ml. of 1 %  aqueous 

zinc acetate with 5 ml. of 12 z sodium hydroxide. 
Ferric chloride reagent: Dissolve 0.62 gram of FeClr 

6 H,O in 9.6 ml. of concentrated hydrochloric acid 
and make up to  100 ml. with distilled water. 

p-Aminodimethylaniline reagent: 0.1 gram of 11- 
aminodimethylaniline hydrochloride dissolved in 100 
ml. of 1 : 1 hydrochloric acid. 

Sodium hydroxide: 12 aqueous solution. 
Silica gel: Silica gel G fluorescent UV 254zIllp 

(Macherey, Nagel & Co.). 

Extraction and Cleanup oj' Crop Sainples 

The crops are cut into small pieces and 200 grams are 
macerated in a mixer with 100 ml. of water. The 
macerate is rinsed with an additional 100 ml. ofwater 
into a 1-liter flask. Four-hundred milliliters of 
petroleum ether are added and the flask is shaken 
mechanically for l/! hour. The mixture is stored 
overnight. The next day, 200 ml. of the petroleum 
ether extract (equivalent to  100 grams of sample) are 
decanted through a fluted filter into a 500-ml. separatory 
funnel. The petroleum ether phase is extracted twice 
with 20 ml. of acetonitrile and the acetonitrile is trans- 
ferred t o  a second 1000-ml. separatory funnel which 
contains 400 ml. of water. The insecticide in this 
aqueous solution is extracted with two 20-ml. portions 
of methylene chloride and the solvent evaporated t o  
dryness on a flash evaporator. 

Colorinzetric Suljide Procedure 

Procedure and hydrolysis apparatus are similar to 
those described for Diazinon (5).  
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Hydrolysis. For the colorimetric procedure the 
residue is transferred quantitatively to  a 50-ml. hy- 
drolysis flask with a few milliliters of ethyl ether and the 
solvent removed by a gentle stream of air. Fifteen 
milliliters of hydrobromic acid are added to  the flask 
and 7 ml. of zinc acetate reagent are placed in the 
receiver tube. Nitrogen, washed by bubbling through 
pyrogallol, is passed through the apparatus for 10 
minutes t o  displace all air in the system, the flow being 
adjusted to  a rate of 40 t o  50 bubbles per minute. The 
acid solution is heated electrically just to  boiling and 
maintained a t  a reflux rate of 3 t o  4 drops per minute 
from the condenser tip for 11/2 to  2 hours. Nitrogen is 
bubbled through the system for the entire heating 
period (see Figure 1). 

T'0'37 
Figure 1. Hydrolysis apparatus 

Color Development. To the zinc acetate reagent in 
the receiver tube are added 1.4 ml. of p-aminodimethyl- 
aniline and 0.3 ml. of ferric chloride reagent. The 
solution is stirred well, allowed to stand for 15 minutes, 
and the volume made to  14 ml. with distilled water. The 
color is read on a spectrophotometer a t  665 mp in 1-cm. 
cells against a reagent blank. 

The amount of GS 13005 is determined from a 
standard curve prepared by following all the above 
steps with fortified crop extracts containing 5 t o  500 
pg. of GS 13005 per 200 ml. of petroleum ether. Five 
micrograms of GS 13005 (equivalent t o  0.05 p.p.m.) 
give an absorptivity value of 0.12. 

Thin Layer Chromatographic and Gas 
Chromatographic Procedure 

For thin layer chromatographic identification of GS 
13005, the residue of the methylene chloride extract is 

dissolved in 100 p l .  of acetone. Five microliters 
(corresponding to  5 grams of crop sample) are spotted 
on a 200 X 200 mm. plate together with a 0.05-, 0.1-, 0.2-, 
O S - ,  1.5 ,  and 10-pg. standard of the pure compound and 
the plate is developed with methylene chloride (un- 
saturated chamber). After drying, the plate may be 
sprayed with a 0.1N aqueous silver nitrate solution and 
irradiated for 15 minutes with unfiltered short-wave 
ultraviolet light. GS 13005 yields a brownish spot a t  
Rf 0.65. The limit of detection is 0.1 pg. (equivalent 
to  0.02 p.p.m.). The amount of insecticide in a crop 
sample is determined semiquantitatively by visual com- 
parison with standards. For  the gas chromatographic 
identification the R f  area corresponding t o  GS 13005 
is marked with a pencil and scraped off. The spots are 
extracted in a small test tube with 0.5 ml. of hot benzene 
by agitating the mixture by ultrasound (20 kc. per 
second and 110 watts) for 1 minute. A 10-pl. aliquot of 
the benzene solution (100-mg. crop) is injected directly 
into the gas chromatograph. 

Determination oj'Standard Curue and Per Cent Recowry 

The standard curve is determined by scraping and 
extracting the standard spots (0.05 to  10 pg. of pure GS 
13005) from the thin layer chromatographic plate as 
described above and injecting a 10-pl. aliquot of the 
benzene solution. The area of the insecticide peak, 
calculated from peak height times half width, is plotted 
on double logarithmic paper cs. nanograms of GS 13005 
injected. The standard curve is almost linear from 1 
to  200 nanograms. It should be checked occasionally 
during the day since changes in column conditions, 
oven temperature, or flow rate will affect the calibration. 
The comparison with standards of directly gas chro- 
matographed GS 13005 (without prior thin layer chro- 
matography cleanup) shows that the extraction with 
benzene from silica gel gives a recovery of 45 to  5 5 %  
only, but if the silica gel-benzene slurry is exposed to 
ultrasound the recovery can be increased to  85 to  95 %. 

Results and Discussion 

For determination of GS 13005 residues in apples, 
pears, potatoes, potato vines, cherries, peaches, grapes, 
prunes, Brussels sprouts, and cotton foliage, the above 
procedure can be applied as described. 

Crops with higher oil content like nuts, olives, and 
olive oil demand extraction with methanol instead of 
petroleum ether, followed by a n  additional cleanup 
step. The methanol solution has then to  be diluted 
with 300 ml. of water and shaken with 100 ml. of 
methylene chloride and the extract passed through a 
Florisil column 1.5 cm. in diameter and 10 cm. in 
height, The eluate is evaporated t o  dryness, redis- 
solved in petroleum ether, and partitioned into aceto- 
nitrile as described above. Methanol also may be used 
for extraction of all the above crops if emulsions occur. 
Only 50z of GS 13005 is extracted from olive oil with 
methanol. 

Of the analytical methods described, the sulfide pro- 
cedure provides low selectivity and only medium sensi- 
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Table I. Recovery of Added GS 13005 

GS 13005 
Added Recovered Equivalent 

Sample Weight 
crop Injected, Mg. P.p.rn. Nan o g r a rn s P.p.m. Nanograms % 

Apples 

Cherries 

50 1 . 0  
50 0.16 

100 0 .08  
100 0 .02  
100 0 . 0  

50 1 . 0  
50 0.16 

100 0 .08  
100 0.02 
100 0.01 
100 0.0 
50 1 . 0  

100 0 .10  
100 0.02 
100 0.01 
100 0 . 0  

50 
8 
8 
2 
0 

50 
8 
8 
2 
1 
0 

50 
10 
2 
1 
0 

0 .84  
0 .15  
0.06 
0.015 
0 . 0  

0.92 
0.15 
0.088 
0.012 
0.0065 
0 . 0  

0.80 
0.065 
0.015 
0.0055 
0.0 

42 
7 .4  
6 
1 . 5  
0 

46 
7 . 6  
8 . 8  
1 . 2  
0.65 
0 

40 
6 . 5  
1 . 5  
0.55 
0 

84 
95 
75 
75 

92 
95 

110 
60 
65 

80 
65 
75 
55 



cherries, check sample 
100 mg extract 

cherries, 100 mg extract 
sample fortified 
0,Ol ppm GS 13005 

1 2 3 4 5 6 7 m i n  1 2  3 4 5 6 7 m i n  

Figure 3. Gas chromatogram of cherry extracts 

This example shows the superiority of this combina- 
tion of two modern analytical methods. Thin layer 
chromatography provides medium sensitivity and good 
specificity and it can serve for cleanup, identification, 
and measurement of the parent compound with most 
crops being analyzed routinely. The combination with 
gas chromatography as a second sensitive and selective 
instrumental method yields a significant increase in 
versatility, specificity, and sensitivity. 
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