
Radiochemical Analysi!i and Purity. 
The \‘an Slyke wet-combustion method 
for radioactivity analysis as described by 
Neville (.5) was employed to oxidize the 
radioactive organic materials to carbon 
dioxide. The carbon-14 dioxide was col- 
lected in an ionization chamber. The 
ionization current produced in the cham- 
ber by the radioactive gas was determined 
on a vibrating-reed electrometer (Model 
30. Applied Physics Corp.. Pasadena, 
Calif.) This current \vas converted to 
microcuries of radioactivity by applying a 
previous calibration of the instrument ob- 
tained with a sample of radioactive ben- 
zoic acid which was standardized against 
a radioactive sodium carbonate solution 
as provided by the Sational Bureau of 
Standards. 

‘The radiochemical purity was deter- 
mined by an isotopic dilution analysis ( 7 ) .  
.I known quantity of pure nonradioactive 
Sevin was added to a carc:fully weighed 
sample of the radioactive preparation. 
The mixture \vas repeatedly recrystallized 
from p-xylene, by the procedure described 

above. until a constant specific activity 
\vas obtained. From this result and the 
known amounts of radioactive and non- 
radioactive Sevin used, it was calculated 
that the radiochemical purity of the prep- 
aration was 99.776. 

Recovery of Radioactivity. To the 
mother liquors from the recrystallization 
of the radioactive Sevin, nonradioactive 
Sevin was added as a carrier. Evapora- 
tion to dryness and recrystallization from 
boiling p-xylene, as before. gave additional 
pure radioactive Sevin. of a lower specific 
activity. Rlother liquors from this treat- 
ment were hydrolyzed back to 1-naphthol 
by heating with an excess of 5% so- 
dium hydroxide solution. After acidifi- 
cation of the hydrolyzate with lOy0 sul- 
furic acid, ether extraction. and drying of 
the extract over anhydrous sodium sulfate! 
evaporation of the ether gave the impure 
naphthol. Purification by vacuum sub- 
limation yielded I-naphthol-l-Ci4 of melt- 
ing point 92-3’ C. This procedure per- 
mitted recovery of nearly all of the original 
radioactivity in useful material. 
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A colorimetric. method of analysis for the insecticide 1 -naphthyl N-methylcarbamate 
(Sevin) is described. Alkaline hydrolysis of Sevin produces 1 -naphthol which is  reacted 
with p-nitrobenzenediazonium fluoborate to produce a color with maximum absorption at 
590 mp. The method responds in the range of 5 to 40 y of Sevin. 

E\YS (1-naphthyl .\7-methylcarbam- S ate) is an insecticidc i~cent ly  intro- 
duced by Union Carbide Chemicals Co. 
A cholinesterase inhibition method of 
analysis \vas recently publirihed by Zlveig 
and .Archer ( 1 ) .  .4 more specific colori- 
metric method of analysis for this com- 
pound and one of its breakdojvn products 
\vas developed at the .Berkeley and 
Yakima laboratories. The method is 
based upon the coupling of a diazonium 
salt with 1-naphthol. a product of the 
alkaline hydrolysis of Sevin. 

Sevin is extracted from plant tissues 
Ivith chloroform. The chloroform is 
evaporatcd and the residue taken up in a 
1 to 1 ,  by volume? Lvater-methanol solu- 
tion. Fruit \vases are removed by filtra- 
tion of the cooled \vater-methanol solu- 
tion. The filtrate is madr alkaline with 
sodium hydroxide to hydrolyze Sevin to 

1 -naphthol. After acidification Lvith 
phosphoric acid. the 1-naphthol is ex- 
tracted Ivith chloroform ( 3 ) .  The 
chloroform is evaporated, and the residue 
is taken up in methanol. Sodium hy- 
droxide is added folloived by p-nirro- 
benzene diazonium fluoborate to produce 
a color ivhich measured at 590 m p  by 
spectrophotometry. 

Preparation of Sample 

Apple samples are ground in the pres- 
ence of anhydrous sodium sulfate to pro- 
duce a dry crumbly mass and are tum- 
bled for 30 minutes Tvith chloroform. 
Leaf samples are extracted for surface 
deposits by shaking them for 5 minutes 
ivith chloroform. 

Prar. peach, and grape samples arc 
homogenized lvith chloroform in a LVar- 

ing Blendor. separated, dnd the chloro- 
form is dried bv passage through anhy- 
drous sodium sulfate. The peaches did 
not give completely satisfacroiy results 
(Table I) .  

Procedure 

Evaporate an aliquot of the chloro- 
form extract to about 3 ml. in an evapo- 
rative concentrator ( 7) .  Using chloro- 
form, Xvash the concentrated solution into 
a 50-ml. beaker. Evaporation is con- 
tinued just to dryness Xvith an air stream 
only. Continued blowing of air after 
removal of solvent resulted in the loss of 
Sevin ; holyever. incomplete removal of 
chloroform gave erratic results. Take up  
the residue in 5 ml. of anhvdrous meth- 
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m o l  with gentle warming. To this solu- 
tion, add 5 ml. of a 2y0 aqueous ammo- 
nium chloride solution and cool in freezer 
for 5 minutes. After cooling, filter into a 
250-ml. separatory funnel using a paper 
such as SBrS 589 or Whatman No. 1. 
(Use of finer papers should be avoided as 
filtration time increases.) Rinse the 
paper twice using a total of 5 ml. of a 1 
to 1, by volume, methanol-water mix- 
ture cooled to about 5" C. Add 25 ml. 
of 0.5Ll' aqueous sodium hydroxide to the 
solution in the funnel and mix by shak- 
ing. After 3 minutes, add 10 ml. of 
19.676 by volume aqueous phosphoric 
acid solution and mix. Extract the 
solution with 25 ml. of chloroform by 
shaking it for 1 minute. Transfer the 
chloroform phase to a 50-ml. beaker and 
evaporate to dryness as before, observing 
rhe same precautions. The residue is 
transferred to a 10-ml. volumetric flask 
with 5 ml. of methanol, using gentle 
warming to facilitate solution. 

The colorimetric reaction is produced 
by the addition of 1 ml. of 0.5,V sodium 
hydroxide followed by 1 ml. of 0.01% 
methanolic solution (bv. v.) of p-nitro- 
benzenediazonium fluoborate. The di- 
azonium salt reagent must be made 
twice daily and kept in the refrigerator. 
No appreciable deterioration occurs in 
the first 3 hours, but a noticeable reduc- 
tion in absorbance at  590 mp was ob- 
served after 3 hours (Table 11). Make 
up to a 1 0-ml. volume with methanol and 
filter the solution through paper into 
colorimetric or spectrophotometric tubes. 
Allo\v the color to develop for 30 min- 
utes. A rapid increase in color occurs in 
the first 30 minutes but only a slight in- 
crease at the end of 2 hours (Table 111). 
The readings are consistent and repro- 
ducible when taken at the 30-minute 
interval. Read absorbance or trans- 
mittance at  590 mp using methanol as a 
reference. 

A standard curve is prepared using a 
methanolic solution of Sevin containing 
10 y per ml. Aliquots from 0.5 to 4.0 
ml. are introduced to 10-ml. volumetric 
flasks, and the volume is made to 5 ml. 
\vith methanol. The procedure is then 
the same as that described for the sam- 
ples aftcr introduction to the volumetric 
flasks. 

Interfering. colors that appear in 
analyzing for Sevin in pears can be 
eliminated by the use of an alumina 
(Fischer Adsorption Alumina)-celite col- 
umn 2 to 1. using chloroform as the elu- 
ent (2). Standard curves obtained from 
the tivo mentioned laboratories showed 
uniform and similar results, and the 
method can be used to analyse for as 
lirrle as 5 y. 

Table 1. Recoveries of Sevin Added to Indicated Materials 
Sevin Sevin 

Sample Added, Found, Recovery, Sample Added, Found, Recovery, 
% Amount, G." î -1 % Amount, G.a 

30 
30 
30 
30 
20 
20 
20 
20 

36 .6  
36 .6  
36 .6  
36 .6  
36 .6  
36 .6  
36 .6  
36 .6  

Y Y 
APPLES 

0 . 0  1 . 3  
12 0 1 1 . 8  

1 . 5  
12 .0  1 2 . 3  

1 . o  
. .  1 . 1  

1 0 . 0  1 0 . 8  

1o:o  1 0 . 9  

A P P L E  LEAVES 

1 . 1  
1010 1 1 . 8  

. .  0 . 9  
1 0 . 0  10 .4  

. .  1 . 1  
1 0 . 0  11 .1  

1 . o  
1o:o 11 .2  

. .  
87 

90 

99 

97 

. .  

, .  

. .  

. .  
107 

95 

100 

. .  

. .  

102 

20 .8  
20 .8  
20 .8  
20 .0  
1 0 . 0  
10.0 
1 0 . 0  
1 0 . 0  

10 .0  
1 0 . 0  
10 .0  
10 .0  

10 .0  
1 0 . 0  
1 0 . 0  
1 0 . 0  
2 0 . 0  
2 0 . 0  
20.0 
2 0 . 0  

PEACHES 
4 . 0  

20:8 21.0 
3 . 0  

20:8 31.0 
0 . 3  

1 0 . 0  9 . 3  
1 0 . 0  9 . 4  

PEARS 

5:0 4 . 3  

7 . 5  
1010 1 7 . 5  

12 .5  
1o:o  22 .0  

GRAPES 
. .  2 . 2  
5 . 0  6 . 0  

1 0 . 0  9 . 7  
2 . 5  4 . 0  

5 . 0  
2010 26.0 
2 0 . 0  23.0 
2 0 . 0  2 7 . 0  

a Sample amounts formapple leaves given in square centimeters, 

. .  
81 

134 

80 
90 
91 

. .  

. .  

. .  
100 

95 
. .  

. .  
76 
75 
72 

105 
90 

110 

. .  

Table 11. Effect of Time on Diazonium Salt Stability Prior to 
Color Development 

Hours 
0 1 3 5 6 2 3  

Absorbance at 590 M p  with 20 7 Sevin 
0.362 0 ,322  0 .315  0.280 0,275 0 ,242  

Table 111. 

Sevin,? 
Blank 

5 
10 
20 
30 
40 

Effect of Time on Absorbance at 590 Mp 
Minufes 

0 15 30 45 

0,004 
0.098 
0.182 
0.362 

Absorbance 
0 ,004  0.004 0.003 
0 ,099  0.106 0.109 
0.191 0.198 0.203 
0.378 0.390 0 .397  

0 .515  0.560 0.567 0.580 
0 .655  0.720 0 ,745  0 .760  

Table I shows recoceries of Sevin lege. Corvallis. Ore.. private corre- 

(3) Union Carbide Chemicals Co., un- 
published method. 30-UlA5-4, Feb. 

added to plant extractives. spondence. 
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