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SUMMARY 

The gas chromatography (GC) of a number of carbamate insecticides as their 
heptafluorobutyryl derivatives has been studied. The reaction makes use of hepta- 
fluorobutyric anhydride with trimethyiamine in benzene as a catalyst. Conversion of 
the insecticides to their products is complete in 15-20 min at room temperature_ The 
same reaction proved satisfactory for trifluoroacetylation. The excess reagent and 
trimethylamine are removed by partitioning with water in the reaction test tube. An 
aliquot of the organic phase is used for analysis. The heptafluorobutyryi derivatives 
are stable for several days on the lab bench without removal of the aqueous phase from 
the test tube. GC detection was carried out with a Coulson conductivity detector in 
the halogen (reductive) mode. About 1.0 ng produced a 50% full-scale response for 
most of the carbamates (3 min retention time) on 3 % OV-1. This method was applied 
to the analysis of several carbamates spiked in corn, mustard greens, turnip greens, 
lettuce and cabbage. 

INTRODUCHON 

The routine screening of food for cvbamate insecticide residues by gas chro- 
mato_rrraphy (CC) has been hampered by the fact that these compounds are not com- 
pletely stable at normal column temperatures. Methods utilizing the direct chromato- 
graphy of carbamates have appeared in the literature1*2 but many workers prefer to 

3 analyse them as GC suitable derivatives - 5_ The direct trifluoroaeetylation of N- 
methylcarbamate insecticides has been reported6-g. The reactions produce a single prod- 
uct sensitive to electron capture detection. However, the conditions used were rig- 
orous and required a minimum of 2-16 h for complete reaction depending upon 
solvent and temperature. The use of trilmethylamine as a catalyst for amides and non- 
insecticidal carbamates which are difficult to trifluoroacetylate directly has been re- 
portedl”xll. 

The present author has found a dramatic increase in rate of trilluoroacety- 
lation and heptalluorobutyrylation of carbamate insecticides by the addition of tri- 



me&&mine. The hNaBuoro derivatives were stndied in detail &a-use of their giod 
resporise to electrolytic conductivity detection af%er C&C. 

MATERIALS AND METHODS 

An HYFI Model 6C!Cl C gas c’hromatograph (Varian Aerograph) equi_@ with 
a Coulson electrolytic conductivity detector in the halogen mode and a 2 m x 6 mm 
0-D. glass column packed with 3 % OV-1 on Chromosorb W HP (SO-100 mesh) was 
employed. Operating condiitions were : transfer unit temperature, 210”; pyrolysis 
furnace temperature, 8CO”; helium carrier flow-rate and sweep, 50 mljmin; hydrogen 
Bow-rate, 50 ml/min; d-c. bridge potential, 30 V. _A 0.~in. diameter stain!ess- 
steel wire was inserted into the capillary water entrance to the mixing chambeP. 
This improved sensitivity 3-fold. 

Table I lists the chemical names of the insecticides used in this work. Stock 
solutions were prepared at 1 mg/ml in acetone. Working solutions were prepared by 
appropriate dilution with acetone. All or,oanic solvents were glass-distiled residue- 
free materials. The heptafluorobutyric (HFB) and t&luoroacetic (TFA) anhydrides 
were used as received from the supplier (Pierce, Rockford, Ill., U.S.A.). The trimethyl- 
amine (TMA) solution was prepared by adding cooled (O”) ampoules of anhydrous 
trimethyfamine (Eastman-Kodak, Rochester, N.Y., U.S.A.) to cool tared benzene to 
produce a molarity of 1.0. The solution was then diluted to 0.1 M in a lOO-mf vol- 
umetric flask. The solution is stable for longer than 6 months. 

The foods studied welt corn, lettuce, cabbage, mustard _mns and trlrnip 
greens. 

TABLE I 

NAMES OF CARBAMATE II%ECTICIDES USED IN THLS WORK 

Carbamate Chemical name 

AIcIic.arb 
Aminocarb 
Ban01 
Beno.nyl 
Butacarb 
BUX 

CarIX%yl 
Carbofbran 
Carbofuran-3-OH 
La&l-In 
Meobaf 
Methiocarb 
Mettomyl 
Mobam 
Propoxllr 
z- 

2-Me~yl-2-(methylto)prop~o~I~ehyde_ 
4-Dimethylamino-3-methylphenyl-N-methykarbamate 
2-CXloro-4.5-dimethylphenyl-N-methykarbamate 
Methyl-~~l-~outyIcb~oyl)_2-~~i~oIe) carbamate 
3,5-Di-tPrt.-botyIp~~yI-~-~~yI~b~t~ 
Mixture of m-<I-methylb~I)-phe~yI-N-~~yI~~~~ .m-(l-ethyl~~~p~lI- 
phezyI-N-methykarbamate and their isomers 
I-Naphthyl-N-methykarbamacarbamate 
~3-D~y~~~2-dime~yl~~f~~-?-yl-N-~~yI~b~ate 
2,3-Dihydro-3-hydroxy-2,2~~t~~I~~of~~-7-yl-N-methyl~~~mate 
3,4,5-TrimethylphsnyI-N-methykarbzmate 
3,~Dil~elhylphenyI-N-me~y~~a~ 
4-Methylthi~3,S-xyIy~yI~~mafe 
I-<hfethyI~o~y~den~~N-rn~yI~a~ 
4-BeozothienyI-N-meffiykarbamate 
2-Isopropoxyphenyl-N-methykarbamate 
9_Dimethylamino_3,5-~IyI-~-~~yI~te 
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Derivatization. A 15-,zl volume of HFB anhydride was added to a 20-ml test 
tube with a PTFE-lined screw cap contaking the insecticide_ FoZlowicg this, 0.4 ml 
of 0.1 M TMA in benzene was added. The test tube was capped, gently shaken and 
allowed to stand at room temperature for 30 min. The cap was removed and 4.5 ml 
hexane was added and the contents shaken. Then, 10 ml of distilled water were added, 
the cap replaced and the contents vigorousIy shaken. Au aliquot of the hexane layer 
was used for GC. 

Sample extractian. Spiked food (50 g) were blended for 4 min in a Sorval 
homogenizer with 100 ml of ethanol. The homogenate was suction-filtered through a 
I50-ml medium-porosity siniered glass funnel. One-half of the filtrate (equivalent to 
25 g of sample) was transferred to a 500~ml separatory funnel contzining 300 ml of 
distilled water. The mixture was extracted with 3 x 50 ml of chloroform. Thz com- 
bined orgauic extracts were dried by the addition of about 5 g anhydrous sodium 
sulphate and were carefully decanted into a 500-ml round-bottom 3ask. The sodium 
sulphate was rinsed twice with 3 ml of chloroform which were added to the round- 
bottom flask. The solution was reduced just to dryness at 30” by rotary vacuum eva- 
poration. The residue was transferred with hexane to the top of a 15 x 2 cm 2% 
deactivated FIorisil column and eIuted with 250 ml of 20% ethyl acetate in hexane. 
This fraction was evaporated just to dryness by rotary vacuum evaporation at 30”. 

The residue was transferred with a small volume of acetone to a 20-ml screw-- 
capped test tube. The acetone was evaporated under a gentle stream of nitrogen_ The 
remaining contents were treated as described in the derivatization procedure. 

RESULTS AND DISCUSSION 

Fig_ 1 shows two composite chromato_mms of the HFB-carbamates. Only 
aldicarb and benomyl (fungicide) did not give a response by GC. 
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Fig. 1. Chromatogram A: 1 = methomyl, 2 = propoxur, 3 = carbofuran, 4 = arninocarb, 5 = 
zectra, 6 = mohm_ Chromztogrsm B: 1 = Iandrin and meobal, 2 = ban01 and bux, 3 = 3-OH 
cubofuran,::= butacarb, 5 = carbaq4,6 = methionrb. Abour 50 ng ezch injected; attenuation, 
64x ; potezhal, 30-v. 
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Fig. 2 Comparison of corn analysis for propoxw (I). carbofurm (2) aad methiocarb (3) spiked at 
1.0 ppm (3) with florisil cleanup and (A) without. 5 ng of equivaIe2t carbamates were injected (5 mg 
sample); attemsthn, 4 X ; potential, 30 V. 
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33~~ ret&ion ccinditions de&b& in the exptien~al section were determined 
for piopoliu?, c!@o~uuran and methicxarb_ Propoxqr reacte-d COmpkQ& in ljmin 
while the other two taok 5-10 min longer. Mowiug the reactiou to proceed for up 
-td 90 tin had. no effect QD the yield. Thirty minutes wes chosen to ensure acetyfztion 
was complete. The remaining carbamates were &r&d ‘t&rough this rehction pmce- 
dure. Sensitivities of the derivatives were-similar. From 2-2 ng produced a 50 % full- 
scale de&e&ion at 3.00 min retention time. Fluorine was found to respand with similar 
sensitivity as chiorine in the halogen mode of the Co&on. The sensitivity was propor- 
tional to the number of fluorine atoms present. The TFA derivatives of the same, car- 
bamates produced slightly less than half &e sensitivity of the HFB derivatives. 

Fig. 2 shows results before and after Florisl column ckam~p of the corn 
samtiles spiked with propoxur, carbofuran and methiacarb at i-0 ppm. The Florisil 
removed the large tiling solvent front and made analyses at the lower levels possible. 
The Florisii however, did not provide as good a cleanup of the leafy green crops stud- 
ied. Fig. 3 shows the analyses at I .Q ppm for propoxur in these samples. Background 
interference (high baseline) was much greater than for the corn and only 2 mg of 
sample material could be injected on the 4 x attenuation. Aiso a 2 min vent time was 
used to avoid as much interference as possible at the solvent front. Fig. 4 shows 2 

chromatosam of 2 ng of proposur and methiocarb injected with 20 mg of mustard 
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Fig. 4. C%zomatogrz~~ obtained for 2 ng each of propoxur (I) and rr.etticcxrb (2) injxted with 20 
mg ti_uivaknt of mWt greens_ Attenuation. 4 x ; potential, 30 V; coIumn tempeature, 170'. 



greens to sintufate a O.l-ppm sample. The results sh9-i~ that 0.1 ppm can rcadiry be 
detected for these two insecticides assutig high recovery through the extraction pro- 
cedure. Recoveries at the l.O-ppm spiking level svere ~40 for propoxur and methio- 
carb in all samples studied. Carbofuran gave simi&r results in the corn sampl& 

CONCLUSIONS 

The use of heptafiuorobutyryl derivatives of carbamate insecticides for GC 
electrolytic conductivity detection shows much potential for screening samples_ The 
reaction used is much faster and simpler than previously reported for these com- 
pounds. The use of perfluorooctanoic anhydride (15 fluorine atoms) should increase 
the sensitivity of the derivatives more than two-fofd comparzd SO HFB anhydride. 
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